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PREFACE.

The object of the writer of the present work has been twofold

,

first, to lay before the Naturalist a complete view of the organisa-

tion and physiological relations of every class of living beings ;

and, secondly, to offer to the Anatomical Student a succinct

account of the structure and development of the vital organs

through all the modifications they present in the long series of

the animal creation.

Such were the intentions of the Author, as announced at the

commencement of his undertaking ;
and the reception the fiist

edition received at the hands of the public has heen such as

to afford gratifying proof that his efforts to facilitate the piogiess

of the cultivators of a science, the importance of which is becoming

every day more conspicuous, have not been unsuccessful.

Since the publication of tlie preceding edition, however, great

and important advances have been made in our knowledge : many

and earnest have heen the labourers in this enticing field, and

proportionately encouraging have been the results. I he inde-

fatigable industry of Professor Owen, conspicuous in every de-

partment of our science, has, by his invaluable analysis of the

vertebrate skeleton, not only re-modelled the nomenclature of the

osteologist, but placed in the hands of the Geological 'Student a

light wherewith to guide his steps amid the darkness of departed

worlds. The improvements in our microscopes, and the zeal ol

our microscopists, have much advanced our knowledge of the In-

fusorial organisms. The researches of Van Beneden and Siebold

relative to the embryogeny of parasitic worms open before us a

new field of research ; while the observations of Steenstrup, Dalyell,
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and Agassiz, on the “ alternations of generation " among tlieHy-

driform Polyps and Acalephse, promise results of the utmost

interest to the Naturalist.

The discoveries of Milne Edwards have importantly increased

our information concerning the organisation of the Mollusca as

well as of the Alcyonoid Polyps, and those of Muller, revealing

the metamorphoses of the Echinodennata, add new lustre to a

name already so distinguished in science.

To particularise our own countrymen and fellow-labourers, whose

names give value to the following pages, would he an invidious

task ;
suffice it to say that the Author has endeavoured, to the

best of his ability, to keep pace with their diligence and onward

progress, so as adequately to record and acknowledge their con-

tributions to the general stock of scientific lore.

To Mr. Van Voorst, the liberal Publisher of the present volume,

the Author cannot hut offer his best thanks ;
the numerous and

costly illustrations that adorn the work speak for themselves,

while his endeavours to publish it at a price placing it within

the reach of every student, will, it is hoped, be extensively ap-

preciated.
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PHYSIOLOGICAL INDEX

NERVOUS SYSTEM.
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A GENERAL OUTLINE

OF

THE ANIMAL KINGDOM.

CHAPTER I.

ON CLASSIFICATION.

(1.) From the earliest periods to the present time, the great de-

sideratum in Zoology has been the establishment of some fundamental

system of arrangement, which, being universal in its application, should

distribute the countless beings surrounding us into natural groups 01

divisions, such as might be subdivided into classes, orders, and genera,

by obvious differences of structure in the tribes composing them, and

thus enable the Zoologist at once to indicate the position which any

unknown animal ought to occupy in the scale of existence, and its

relations with other creatures.

(2.) Ai'istotle, the father of our science, was the first who attempted

a scientific division of the animal world ;
* the outlines of his system

were rude in proportion to the necessarily limited knowledge at his

disposal, although his efforts were gigantic, and still excite our warmest

admiration. This acute observer admitted but two great sections, in

one or other of which all known beings were included, the highest

comprehending creatures possessed of blood
(
i . e. red blood), corre-

sponding to the verlebrata of modern authors ; the lowest embracing

animals which in his view wrere exsangueous, or provided with a colour-

less fluid instead of blood, and corresponding to the invertebrata of

more recent Zoologists

(3.) Linmeus, like Aristotle, selected the circulatory system as the

foundation of his arrangement,;; dividing the animal creation into three

great sections, characterized as follows :

—

* Ilistoria Animalhim.

+ n got St rourois ra ftiv haifta ruy^dvn ovra, otov uvOgourfos xa) 'Itrtos xa) •rivF oera rj

axoha ierrt riXia ovra rtr^d'To'ha, ra S’ dvaifta, olov ftiXtrra xo) er<P/i% xa.) ruv
Sakarrlew avixta xa) Ka(>ufio{ xa) xdvff otra <r/.ttous xohas %X,U rirraguv.

n«£/ Zua 'lcrogiov. K i<p. A.

X Systema Nature, Vindobonre, 1767. Thirteenth Edition.

B
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I. Animals possessed of warm red blood, and provided with a lieait

containing four compartments, viz. two auricles and two ventricles.

Such are the mammalia and birds.

II. Animals with red cold blood, their heart consisting of but one

auricle and one ventricle, as he believed to be the case in reptiles and

fishes. •

III Animals possessed of cold white sanies instead of blood, having

a heart consisting of a single cavity, which he designates an auricle :

under this head he includes insects and all other invertebrate animals,

to which latter he gives the general name of vermes, worms.

We shall not in this place comment upon the want of anatomical

knowledge conspicuous in the above definitions, or the insufficient data

afforded°by them for the purposes of Zoology. The apparatus of cir-

culation, being a system of secondary importance in the animal economy,

was soon found to be too variable in its arrangement to wanant its

being made the basis of zoological classification, and a more permanent

criterion was eagerly sought after to supply its place.

(4.) Among the most earnest in this search was our distinguished

countryman John TIunter, who, not satisfied with the results obtained

from the adoption of any one system, seems to have tried all the more

vital organs, tabulating the different groups of animals in acccordance

with the structure of their apparatus of digestion, of their hearts, of

their organs of respiration, of their generative organs, and of their

nervous system, balancing the relative importance of each, and sketch-

ing out with a master hand the outlines of that arrangement since

adopted as the most natural and satisfactory.*

The result of the labours of this illustrious man cannot but be of

deep interest to the zoological student, and accordingly an epitome of

his ideas upon the present subject is here concisely giveu.

The apparatus of digestion appears to be among the least efficient

for the purpose of a natural division ;
as the separation of animals iuto

such as have a simple digestive cavity, receiving and expelling its

contents by the same orifice, and such as have an aperture for the

expulsion of the contents of the alimentary canal distinct from that by

which food is taken into the stomach, is by no means of practical

utility, although this circumstance, as we shall afterwards see, has

been much insisted upon.

Hunter’s arrangement of the animal kingdom in conformity with the

structure of the heart, was a great improvement upon that of Linmeus,

founded upon the same basis. He divides in this manner all animals

into five groups.

* Descriptive and illustrated Catalogue of the Physiological series of Comparative

Anatomy, contained in the Museum of the Royal College of Surgeons in London.

—

Vol. iii. part i. 1R35.
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I. Creatures whose hearts are divided into four cavities

—

Mammalia

and Birds.

II. Those having a heart consisting of three cavities

—

Reptiles and

Amphibia.*

III. Animals possessing a heart with two cavities

—

Fishes and most

Mollusca.

IV. Animals whose heart consists of a single cavity

—

Articulated

Animals.

V. Creatures in which the functions both of stomach and heart are

performed by the same organ, as in Medusae.

We shall pass over Hunter’s sketches of arrangements founded on

the respiratory and reproductive organs, as offering little satisfactory ;

but the researches of this profound physiologist upon the employment

of the nervous system for the purpose of zoological distribution, did

much to approximate a more natural method of classification, afterwards

carried out with important results.

(5.) The appearance of the “ Animal Kingdom distributed iu ac-

cordance with its organisation ” of Cuvier, formed a new and important

era in Zoology. In this we find all creatures arranged in four great

divisions, Vertebrata, Mollusca, Articulata, and Radiata. These

divisions, with the exception of the first, are named from the external

appearance of the creatures composing them, nevertheless the three

first are defined by characters exclusively drawn from their internal

organisation, the arrangement of the nervous system being essentially

the primary character of distinction, and have been found to be strictly

natural ; whilst the last division, characterised by the appellation of

Radiata, in the formation of which the structure of the nervous system

has been allowed to give place in importance to other characters of

secondary weight, obviously embraces creatures of very dissimilar and

incongruous formation.

(6.) The Vertebrata are distinguished by the possession of an in-

ternal nervous centre or axis, composed of the brain and spinal cord,

which is inclosed in an osseous or cartilaginous case, and placed in the

median plane of the body, giving off symmetrical nerves, which are dis-

tributed to all parts of the system. This general definition indicates

a large division of the animal world, which, by secondary characters

drawn from the structure of their organs of respiration and circulation,

is separable into mammals, birds, reptiles, amphibia, and fishes.

(7.) The Mollusca have a nervous system constructed upon a very dif-

ferent type, and do not possess any vertebral column or articulated

skeleton. The nervous centres consist of several detached masses
placed in different parts of the body, without regularity of distribution

* For the important discovery that the heart of the Amphibia is divided into three

cavities, instead of being composed of a single auricle and ventricle, we are indebted to.

Professor Owen.—Vide Zool. Trans., vol. i.

I! 2
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or symmetrical arrangement; and the entire groupis obviously natural,

although Cuvier has ranged in it some creatures which, in the struc-

ture of their nervous system, differ essentially from those comprised in

his own definition. . . ,

(8 ) The class of Articulated Animals is likewise well characterised

by the nervous system, which, in all the members of it, is composed of

a double series of ganglia or masses of neurine, arranged in two

parallel lines along the abdominal surface of the body, united by com-

municating cords, and from which nerves are given off to the different

segments of which the body consists.

(9.) But the fourth division of Cuvier, namely, that of Zoophytes or

Radiated Animals, is confessedly made up of the most heterogeneous

materials, comprising animals differing in too many important points

to admit of their being associated in the same group ;
and the efforts

of subsequent Zoologists have been mainly directed to the establish-

ment of something like order in this chaotic assemblage.

(10.) The evident relation which the perfection of the nervous system

bears to that of animal structure, and the success of Cuvier in select-

ing this as the great point of distinction in the establishment of the

higher divisions of the animal kingdom, necessarily led succeeding

naturalists still to have recourse to this important part of the economy

in making a further subdivision of the Radiata of Cuvier. In some of

the radiated forms, indeed, nervous filaments are distinctly visible, and

such are among the more perfectly organised of the group ;
these,

therefore, have been classed by themselves, and designated by Mr.

Owen the Nematoneurose* division of the animal world; while those

which are apparently without the least trace of distinct nervous matter,

have been formed by Mr. Macleay into a group by themselves, to which

he has given the denomination of Acrita.1'

(11.) There can be no doubt that the nervous matter must be re-

garded as the very essence or being of all creatures, with which their

sensations, volition, and capability of action are inseparably connected ;

and such being the case, it is a legitimate inference that the capacities

and powers of the several tribes are in immediate relation with the de-

velopment and perfection of this supreme part of their organisation,

and their entire structure must be in accordance with that of the

nervous apparatus which they possess. The nature of the limbs and

external members, the existence or non-existence of certain senses, the

capability of locomotion, and the means of procuring food, must be in

strict correspondence with the powers centred in the nervous masses of

the body, or in.that arrangement of nervous particles which represents

or replaces them.

(12.) Granting the accuracy of the above view, it is obvious, that if

N»/ua, a thread ;
Neujov, a nerve. t a, priv.; xgt vu, to discern.
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exactly acquainted with the structure and elaboration of the nervous

apparatus in any animal, we might to a great extent predicate the

most important points in its economy, and form a tolerably correct

estimate of its powers and general conformation. But, unfortunately,

such knowledge is not always at our disposal : in the lower forms of

the animal world especially, we are far from being able to avail our-

selves of such a guide, and it will probably be long ere our improved

means of research permit us to apply to practice the views which

Physiology would lead us to adopt.

(13.) The grand divisions of the animal kingdom, grounded upon the

principal varieties in the arrangement of the nervous system, we shall,

however, proceed to consider, leaving to future occasions those com-

ments which a consideration of the structure of particular groups will

force upon our notice.

1st Division.

—

Acrita* (Macleay); Cryptoneura (Rudolplii),t Protozoa ,(

Oozoa.%

(14.) In animals belonging to this division, no nervous filaments or

masses have been discovered, and the neuriue or nervous matter is

supposed to be diffused in a molecular condition through the body,

mixed up with the gelatinous parenchyma of which they consist.

Possessing no brain or central mass, to which external impressions

can be transmitted, or nervous filaments calculated to conduct sensa-

tions to distant points of the system, or associate muscular movements,

they are necessarily incapable of possessing those organs which are

dependent upon such circumstances ; instruments of the external senses

are therefore totally wanting, or their existence at least is extremely

doubtful ; the contractile molecules of their bodies are not as yet

aggregated into muscular fibre. The alimentary apparatus consists of

canals or cavities, permeating the parenchyma of the body, but without

distinct walls, as in the higher divisions, where it floats in an abdominal

cavity. The vascular system, where at all perceptible, consists of re-

ticulate channels, in which thp nutrient fluids move by a kind of

cyclosis. Their mode of reproduction is likewise conformable to the

diffused state of the nervous and muscular systems
;
not only are most

of them susceptible of being multiplied by mechanical division, but

they generate by spontaneous fissure, as well as by gemmae, ciliated

* Horse Entomologies, vol. i. part ii. page 202. We adopt the term, however,

according to its improved application by Mr. Owen, viz. to the exclusion of the higher

organised Polyps and Entozoa, and the admission of part of the Itadiata of. Macleay.

t Beytriige sur Anthropologie, 1812. J Tlguret, first
;
Zuev, animal.

$ ’n»v, an egg ; Zuev, animal, so called by Caras, because they resemble the eggs or

rudiments of more perfect forms.
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gemmules, ami true ova. Many appear to be made up of a repetition

of similar parts, forming compound animals of various forms, and dif-

ferent degrees of complexity. In this division are included

1. Protozoa.

2. Phytozoa.

3. Hydrozoa.

4. Entozoa.

Second Division.

—

Nematoneura (Owen).*

(15.) In the second division of the Radiata of Cuvier, the nervous

matter is distinctly aggregated into filaments, and m some cases nuclei

of neurine, which may he regarded as rudimentary nervous centres,

have been noticed. It is to be lamented, however, that in this most

interesting group of animals, in which we have the first development

of most of the organs subservient to the vital functions, the extreme

minuteness of some genera, and the difficulty of distinctly observing

the nervous system in the larger species, has prevented our knowledge

regarding their organisation, in this particular, from being of that

satisfactory character which it is to be hoped it will hereafter attain to.

(16.) Owing to the want or imperfect condition of the nervous centres,

the nematoneura are necessarily incapable of possessing external organs

of the higher senses, the general sense of touch being as yet the only

one of which they are indubitably possessed; yet in their muscular

system they are much more efficiently provided than the acrite orders,

as the development of nervous threads of communication renders an

association of muscular actions possible; and therefoie, co-appaient

with nervous filaments, we distinguish in the structure of the nemato

neura distinct fasciculi of muscular fibre, and powers of locomotion o

a much more perfect description.

(17.) The digestive apparatus is no longer composed of canals merely

excavated in the parenchyma of the body, but is provided with distinct

muscular and membranous walls, and loosely attached in an abdominal

cavity.

(18.) The circulation of the nutritious fluid is likewise carried on in a

separate system of vessels, distinct from the alimentary apparatus, yet

still unprovided with a heart, or exhibiting pulsations for the forcible

impulsion of the contained blood.

(19.) The fissiparous mode of reproduction is no longer witnessed, an

obvious consequence of the increased complexity of structure, and

these animals have been considered to be for the most part andro-

gynous, or capable of producing fertile ova, without the co-operation of

* Cyclopaedia of Anatomy and Physiology. Article, Aciuta.
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two individuals ;
nevertheless, from recent observations, it would ap-

pear that their bisexuality can no longer be a matter of doubt.

(20.) Among the nematoneura are arranged

—

1 . Bryozoa, or Polyps, with ciliated arms.

2. Rotifera.

3. Epizoa.

4. Cavitary Eutozoa, or Ccelelmiutha.

5. Echinodermata.

(21.) The reader will perceive that this division, however well separated

from the preceding by physiological characters, is, in a zoological point

of view, principally composed of groups detached from the members of

other orders. The Bryozoa are evidently dismemberments of the

family of Polyps, from which they differ in their more elaborate in-

ternal organisation. The Ccelelmiutha are more perfect forms of the

Parenchymatous Eutozoa. The Rotifera, formerly confounded with

the Infusoria, exhibit manifest analogies with the articulated Crus-

taceans, as in fact do the Epizoa. The Echinodermata alone appear

to form an isolated group, properly belonging to the division under

consideration.

Third Division.

—

Homogangliata (Owen); Articulata (Cuvier) ;
*

Annulosa (Macleay); Diploneura (Grant).)

(22.) The articulated division of the animal kingdom is characterised

by a nervous system, much superior in development to that possessed

by the two preceding, as indicated by the superior proportionate size

which the ganglionic centres bear to the nerves which emanate from

them. The presence of these central masses of neurine admits of the

possession of external senses of a higher class than could be expected

among the Acrita or Nematoneura, and gives rise to a concentration of

nervous power, which allows of the existence of external limbs of

various kinds, and of a complex muscular system capable of great

energy and power of action.

(23.) The nervous centres are arranged in tsvo parallel lines along the

W'hole length of the body, forming a series of double ganglia or brains,

belonging apparently to the individual segments of which the animal

is composed. The anterior pair placed invariably in the head above the

oesophagus, and consequently upon the dorsal aspect of the body, seems
more immediately appropriated to the higher senses, supplying nerves

to the antennae, or more special instruments of touch, to the eyes,

which now manifest much complexity of structure, to the auditory

* The Cirripeda are excluded from the Articulata of Cuvier,

t The Entozoa and Rotifera are included in the Diploneura of Dr. Grant.
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apparatus where such exists, aud probably to the senses of taste and

smell. This dorsal or anterior pair of ganglia, which evidently is in

relation with the higher functions of the economy of the creature, is

brought into communication with the series of nervous centres placec

along the ventral aspect, by means of filaments that embrace the

oesophagus, and join the anterior pair placed beneath it; the whole

system may therefore be regarded as a senes of independent brains

destined to animate the segments of the body in which they are in-

dividually placed. Such a multiplication of the central organs of the

nervous system is obviously adapted to the elongated forms of the

vermiform orders, but from the want of concentration implied by such

an arrangement, this type of structure is still very inferior in its

character. As the articulata become more perfect in their outward

form, the number of the brains becomes diminished, while their pro-

portionate size increases; and thus in the carnivorous Insects, Arachnida

and Crustacea, they are all united into a few great masses, which, be-

coming the general centres of the entire system, admit of a perfection

in their external senses, a precision iu their movements, and an energy

of action, of which the detached character of the ganglia in the lower

tribes was incapable.

(24.) This dependence of the perfection of the animal upon the

concentration of the central masses of the nervous system, is strikingly

proved by the changes perceptible in the number and arrangement of

the ganglia, during the progress of an insect through the different

stages of its existence. In the elongated body of the worm-like cater-

pillar, each segment possesses its appropriate pair of ganglia, aud the

consequence of such diffusion of its nervous apparatus is apparent m
its imperfect limbs, its rude organs of sense, its sluggish movements,

and general apathy; but as it successively attains to more matuie foirns

of existence, passing through the different metamorphoses which it

undergoes, the nervous ganglia gradually coalesce, increase in power

as they diminish in number, until in the imago or perfect state, having

arrived at the greatest concentration compatible with the habits of the

insect, we find it endued with new and far more exalted attributes : the

organs of its senses are more elaborately formed, it possesses limbs

which previously it would have been utterly incapable of wielding, its

movements are characterised by their activity and precision, and its

instincts and capabilities proportionately enlarged and exalted.

(25.) The Homogangliate division of the animal world is extremely

natural, and includes the following classes :

—

1. Annelida. 4. Arachnida.

2. Myriapoda. 5. Crustacea.

3. Insecta,
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Fourth Division. — Heterogangliata (Owen); Mollusca (Cuvier); *

Cyclogangliata (Grant).

(26.) The characters of this division are well defined, and the irre-

gular and unsymnietrical forms of the bodies of most of the geneia

which compose it, in exact relation with the arrangement of the

nervous apparatus.

(27.) As in the articulata, there is a large nervous mass placed above

the oesophagus, which supplies the principal organs of sense, hut the

other ganglia are variously dispersed through the body, although always

brought into communication with the supracesophageal portion by con-

necting filaments. Throughout all the forms, we find a distinct re-

lation between the size and development of the nervous centres, and

the perfection of the animal, indicated by the senses and organs of

motion with which it is provided.

This division includes

1. Tunicata. 4. Pteropoda.

2. Conchifera. 5- Gasteropoda.

3. Brachiopoda. 6. Cephalopoda.

Fifth Division.

—

Yertebrata (Cuvier)
;
Myelencephala (Owen)

;

Spinicerebrata (Grant).

(28.) The arrangement of the nervous centres in the highest or

vertebrate division, indicates the greatest possible concentration and

development. The ganglionic masses assume a very great propor-

tionate size when compared with the nerves which emanate from them,

and are principally united into a long chain, denominated the cerebro-

spinal axis or cord, which is inclosed in a cartilaginous or bony canal,

occupying the dorsal region of the animal. The anterior extremity of

the cerebro-spinal axis is made up of those ganglia which are more

especially inu'clation with the principal senses and the higher powers

of intelligerf&e, forming a mass denominated, from its position in the

skull which incloses it, the encephalon. It is with the increased pro-

portionate development of this portion that the intelligence of the

animal becomes augmented ; in the lower tribes, the cerebral masses

scarcely exceed in size those which form the rest of the central chain

of ganglia, but as we advance from fishes towards the higher forms of

the vertebrata, we observe them to preponderate more and more in

bulk, until at last in man they assume that extraordinary develop-

ment adapted to the exalted position which he is destined' to occupy.

It is in the cerebral ganglia, therefore, that we have the representative

* The Cirripeda are included in the Mollusca of Cuvier.
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of the supracesophageal masses of the articulated and molluscous classes,

which, as we have already seen, preside especially over the senses, and

correspond in their proportions with the capabilities of the tiibes ot

animals included in those divisions. The spinal cord, as the rest of

the central axis of the nervous system of vertebrata is denominated, is

made up of a succession of ganglia, in communication with symmetiical

pairs of nerves connected with them, and which preside over the gene-

rally diffused sense of touch, and the voluntary motions of the body.

But besides the cerebro-spinal system, we find in the vertebrated

classes another set of nervous centres, to which nothing corresponding

has been satisfactorily identified in the lower divisions ;
namely, the

sympathetic system, wherewith the involuntary movements of the body

connected with the vital functions are mainly connected.

(29.) The vertebrata are further distinguished by the possession of an

internal organised skeleton, either composed of cartilage or bone, which

is made up of several pieces, and serves as the general support of the

frame, forming a series of levers upon which the muscles act,

(30.) This last division of the animal world embraces the following

classes :

—

1. Fishes. 4. Birds.

2. Amphibia. 5. Mammalia.

3. Reptiles.

Such will be the classification adopted iu the following pages ;
and

although, perhaps, the definitions of the five great groups may be con-

sidered by the scientific reader as somewhat scanty, enough, we trust,

has been said to render intelligible the terms which we shall hereafter

have frequent occasion to employ.

(31.) A question naturally presents itself in this place which re-

quires consideration :—May we expect, as we advance from the lower

types of organisation to such as are more perfect, to be led on through

an unbroken and continuous series of creatures, gradually rising in im-

portance and complexity of structure, each succeeding tribe of beings

presenting an advance upon the preceding, and merging insensibly

into that which follows it? A very slight investigation of this matter

will convince us of the contrary. Each group, iu fact, will be found

to present points of relationship with several others, into all of which

it passes by connecting species ; as a circle would, at different points

of its circumference, touch others placed around it. This, however,

will be best illustrated as we proceed.
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CHAPTER II.

PROTOZOA.

Animalcula Infusoria (Auct.)—Polygastria (Ehrenberg)— Ehizopoda

(Dujardin)—Foraminifera (D’Orbigny )—Oozoa (Carus).

(32.) Previous to tbe discovery of tbe microscope, it was little sus-

pected that animals existed of such minute size as totally to elude tbe

search of unassisted vision ;
much less that every drop of watei in

which animal or vegetable substances have been allowed to decay,

swarms with numberless forms of living beings ;
that countless

millions inhabit every stagnant pool or running stream; nay, that

every drop of the surface of the ocean is in itself a little world,

peopled by innumerable active creatures, as various in their outward

forms as they are elaborately adapted by their internal organisation to

the circumstances in which they live.

(33.) The terms Infusoria and Animalcula, as first used by the

earliest discoverers of these beings, were applied to an immense

number of creatures widely differing from each other in every par-

ticular except in the minuteness of their size, which had previously

concealed them from observation. The germs of embryo polyps, the

larvae of insects, and all microscopic forms of being, including the

wonderful tribes of living atoms which inhabit various secretions in

the interior of other animals, were thus thrown together in one hetero-

geneous and chaotic group, without reference to the structure, relations,

or habits of the creatures so denominated. This motley assemblage

has, however, by subsequent laborious investigations, been separated

and arranged, so as in some measure to enable us to acquire accurate

notions concerning the animals formerly confounded under one common

designation.

(34.) In order to investigate the facts which will be hereafter stated,

connected with the history of these animals, the young naturalist

must be provided with a good microscope, furnished with glasses

capable of magnifying objects from 200 to 1000 diameters,—the last

will be seldom needed; but a power of one-fourth of an inch focus

will be indispensable. As some practice and dexterity is requisite

in prosecuting researches of this description, a few hints relative

to the best methods of procuring and observing animalcules will not

be improper in this place. It would be needless to advert to the

situations in which they are to be found ; every stream and stagnant

pool contains some forms in countless numbers; but, in order to
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obtain many uncommon species, a little care is necessary. The

lemnce, or duck-weed, should be skimmed from the surface of ponds

which are exposed to the rays ol sun, or the green film tshich

not unfrequently covers stagnant waters ;
and from these sources ex-

amples of most tribes may readily be collected : or else recourse may

be had to infusions of various vegetable substances, of hay, chopped

straw, or the leaves of plants, which, if left in open glass vessels, and

fully exposed in the open air to the influence of the sun, will in a few

days swarm with infusorial animalcules, sometimes not to be procured

by other means.

(35.) A drop of water derived from any of these sources, if placed

upon a thin plate of glass, and covered with a film of glass, will readily

enable the observer to examine the beings which inhabit it; or, if it be

deemed advisable to insulate the larger species, they may be separated

from the rest with a feather, and placed in small tubes or flat troughs

in filtered water, and their development and mode of increase watched

from day to day.

(36.) We shall now proceed to describe some of the most common

forms which the minute beings thus procured exhibit. In all water con-

taining putrefying vegetable matter, innumerable moving points are

visible, scarcely distinguishable except under the highest powers of

the microscope, but, when magnified to the utmost, assuming the

appearance represented at fig. 2, l: these have been termed Monads

;

and, as they may well be supposed to be the smallest creatures in ex-

istence, have been regarded as the limit of the animal world ;
their

minuteness, indeed, is incalculable. Dr. Ehrenberg* has described

monads which are not larger than from -j-^Vo to ToVo of a line> aild

which appeared to be separated from each other by intervals not

greater than their diameter. Each cubic inch of the water m which

they are found must contain, therefore, 800,000 millions of these aui-

malcules, estimating them to occupy but one-fourth of its space. Well

may the mind, overwhelmed with wonder at such an astounding fact,

launch into visionary speculations when contemplating it ;
and we are

little surprised to see the fertile imagination of Buffon figuring all

animal and vegetable bodies as composed of aggregations of these

living particles, believing them to be the primitive materials of which

organised substances are made up.

(37.) This theory of Buffon, although it was regarded when first

enunciated as merely a fanciful and wild hypothesis, has within late

years assumed a continually increasing importance, and those very

notions which only earned for their far-thinking originator sneers and

obloquy from contemporary writers, are now regarded as forming the

* Ehrenberg’s valuable researches concerning the Polygastrica are to be found in the

Transactions of the Berlin Academy, Abhandlungen der Academie von Berlin, vols.

lxviii., Ixix., and lxxi.
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fundamental basis upon which the entire superstructure of modern

physiological and pathological science is established. The whole doc-

trine of cell-development, indeed, is a simple revival of the Buffonian

dogma, now for the first time rendered intelligible ; and as the rapid

advance of microscopical research brings new discoveries to light, every

day only adds to our surprise that facts so obvious should have hitherto

remained unknown, or their importance unappreciated. That all

animal and vegetable tissues are primarily either composed of or

developed from cells is a fact now universally recognised, and that

these cells, under the influence of vitality, are individually endowed

with the attributes of self-nutrition and self-reproduction, is admitted

on all hands, as well as that to their agency must be attributed the

phenomena of secretion, of generation, of the general growth of the

body, and of the restoration of lost parts. Many of them, moreover,

are essentially foreign in their nature to the tissues wherein they are,

under certain circumstances, developed, as in the unfortunately too

frequent instances of diseased growths and morbid deposits of various

kinds,—nay, in the ciliated epithelial cells, so universally disseminated

throughout various organs of the animal economy
; even a locomotive

apparatus is superadded to their structure, so that, when detached

from the body, they would seem to be in all respects independent

existences.

(38.) The Spermatozoa—those moving corpuscles, upon the presence

of which, in the spermatic fluid, the vivifying influence of the male seems
in all animals to be dependent, and which up to a recent period were

universally looked upon as animalcules in every way entitled to the

appellation—are of kindred structure.

(39.) The Spermatozoa generally present themselves under the form
of long slender filaments, or corpuscles, the shape of which varies to

a remarkable extent, and nevertheless is so constant in individuals

belonging to the same species that it is frequently possible to identify

by their form the particular creature to which each modification is pe-
culiar. Generally speaking, among the higher animals the Spermatozoa
are found to consist of an extremely attenuated linear body, either

filiform throughout or swollen and enlarged at one end, so as to present
something like the appearance of a microscopic tadpole {fig- 1 , l)- They
are exceedingly minute, seldom exceeding a line in length, but much
more generally of far smaller dimensions, so that the highest powers
of the microscope are requisite for their examination. These micro-
scopic atoms may be regarded not merely as abounding in the seminal
secretion of all animals, but in fact as constituting that important
agent the presence of a fluid or liquor seminis appearing, when re-

garded in a physiological point of view, merely the vehicle in which
the active Spermatozoa are suspended.

(40.) Until very recently these minute bodies were regarded as in-
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dividual animated creatures, and many authors have fancied that several

forms of them at least pre-

sented a somewhat compli-

cated organisation, such as an

intestine, gastric sacculi, and

even generative organs * More

recent researches have, how-

ever, satisfactorily proved that

they are in all cases composed

of a uniform homogeneous sub-

stance of a yellowish colour, in

which no traces of complexity

of structure are discernible.

Their movements, however,

are in most cases exceedingly

vivacious, and, were it not for

the now well-ascertained fact

that many other constituent

elementary tissues, both ani-

mal and vegetable, exhibit equal

activity even long after their

separation from the organisms

to which they belong, we might

still be tempted to assign to

them a much higher position

Fig. 1.

This figure represents the several stages of evo-

lution of the spermatozoa in the common creeper

(Certhiafamiliaris), magnified about a thousand

diameters. I, an adult Spermatozoon, taken from

the orifice of the vas deferens ;
a, b, c, seminal

granules, which are probably nothing more than

altered epithelial cells
;

d, e,f, cysts or vesicles

inclosing one or more round granular globules ;

g, a similar cyst containing, besides the two

globules, a finely-granular mass in which the

tnem a mucn niguer tjosiwuu fa ’
"

,
. - ,,

.
*?. .

A
, Spermatozoa may be seen to form, tnecjst,

in the scale of vitality than that
containing finely-granular matter, has as-

to which they are really entitled. sume(j an oval form, and the bundle of spermatic

animalcules, increased in size, lies bent up with-

in it; i, a cyst still more developed, the in-

volucrum, pear-shaped, covers the bundle of

animacules where their spiral extremities lie

;

Jc, a cyst arrived at maturity, still covered by

the involucrum. (After Wagner.)

The motions of the Spermato-

zoa are, however, evidently only

comparable to the automatic

movements of cilia, and the

relationship which they bear

to ciliated epithelium cells is

rendered abundantly manifest by the revelations of the micioscope to

modern observers.! From these researches it would appear that the

origin of the Spermatozoa is invariably to be traced to nucleated cells,

in the interior of which they are individually developed. These de-

veloping-cells, or vesicles, as they are termed, are found at ceitain

* Vide Leuwenhoeck, vol. iv. pp. 268, 284. Ehrenberg, Infusionsthierchen, s. 465.

Valentin, Nova. Act. Acad. Leopold, vol. xix. p. 239.

f Vide Von Siebold, in Muller’s Archives, 1836 and 1837 ; R. Wagner, Fragmente

zur Physiologic der Zeugung ;
Beitrage zur Geschichte der Zeugung und Entwickelung,

in den Abhandlung. der Konigl. Baeierisch. Acad. Munich, 1837 ;
Kolliker, Beitrage

zur Kenntniss der Geschlectsverliiiltnisse und Samenflussigkeit wirbellosen Thiere,

Berlin, 1841; Die Bildung der Samenfiiden in Blasclien, Nuremberg, 1846.
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seasons crowding the seminiferous tubes of the testes in immense

numbers. Taken from the body after death they are seen to be

perfectly transparent and filled with a fluid which on coagulating

becomes somewhat granular. Most of these developing cells
(fig . 1,

a, b, c) are found freely floating in the minute seminal canals, but

frequently they are inclosed in another cell-like envelope, either

singly (d) or in numbers of three, four, six, or seven in each ;
the

existence, however, of a more considerable number (e,f) in one com-

mon cyst is unusual. Whether single or more numerous, however, it

is in the developing cells that the Spermatozoa are formed by a kind

of endogenous growth, at first appearing like dim shadows lying

amongst the contained granules, but gradually assuming a sharper

outline as the body, and subsequently the tail, are perfected. The

entire Spermatozoon at length becomes visible coiled up in the in-

terior of the cell, which, when the development is completed, bursts

and discharges its contents. A circumstance, first noticed by Kolliker,

seems to be constant, namely, that only one Spermatozoon, and never

a greater number, is formed in a given cell. In those cases, how-

ever, where numerous cells are developed in a common capsule, the

Spermatozoa when liberated are still retained in the external cell-

membrane, or mother-cell (i, 7c), for some little time before they

escape into the seminiferous ducts.*

(41.) The Proteus (Amoeba

E.),fig. 2, 2, is not frequently

met with, but affords a singular

example of an Infusorial ani-

malcule. It appears, under a

good glass, to be an atom of

transparent jelly, which per-

petually changes its form by

contractions of different parts

of its body; at one time being

a roundish mass, then expand-

ing into a linear figure, and

again shooting out processes of

.

its substance in various direc-

tions, so as to assume all kinds

of shapes with the greatest fa-

cility.

(42.) The Flask animalcule

(
Enchelis

), fig. 2, 3

;

the Acti-

nophrgs sol, fig. 2, 4 ; the Eu-
glena viridis, fig. 2, 5 ; the Oonium pectoralc, fig. 2, G

;

' the Tra-
I ide Dr. Todd’s Cyclop, of Anat. and Pliys., art. Semen, by Drs. Wagner and

Leuckardt.

Fig. 2.
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chelias anas, Jig. 2, 7
;
the Paramecium aurelia. Jig. 2, 8; theAWula

Jin. 2, 9; the Vibrio Spirillum, Jig. 2, 10; and the Vorticella Stentor,

fig. 2, 11,-will give the reader an idea of the most common forms

of these creatures, the structure of which we shall now proceed to

(43.) Actinophrys.—Amongthe most interesting contiibutions to °ur

knowledge of these simple organisms are those of the distin uis

German micrologist Kolliker, whose researches relative to the> BUuctuie

of the Actinophrys sol * are calculated to clear up many d°ubtful points

connected with the physiological history of numerous allied genera

of infusorial beings. The Actinophrys (fig. 2 4) is a minute a““ '

cule nearly spherical in its shape, having the surface of its body

covered with closely set delicate filaments, the length of which fre-

nuentty exceeds the'diameter of the creature’s body. These filaments

have been represented as forming a locomotive apparatus composed of

vibratile cilia, although in their structure they differ essentially from

cilia properly so designated. According to Ehrenbergs views con-

cerning the structure of these minute living masses, each of them is

described as having a proboscidiform mouth, an aual aperture, and

as containing in their interior numerous stomachs connected to each

other by an intestinal canal, and thus belonging to the division

Enantiotreta of his class Polygastria. M. Dujardiu, however, who

repudiates altogether the views of Ehrenberg relative to their po y-

gastric organisation, characterises them as “ animaux sans organisation

appreciable,” and considers their whole substance to be made up of a

peculiar soft contractile substance, to which he applies the name

of Sarcode, wherein nothing can be discovered but a soft grumous

substance filled with various-sized granules, but m which irregular

cavities of various shapes and sizes (vacuolce) may frequently be

detected.
,

.

(44.) K6Hiker’s observations f go far to prove the accuracy of M.

Dujardin’s opinions, and show that in this case, as m mnumera e

similar instances, the hypothesis of the illustrious Professor of Beilin

is founded on mistaken views. Actinophrys, in fact, does not present

a trace of mouth, stomach, intestine, or anus, but consists entirely

of a perfectly homogeneous substance of a soft and delicate con-

sistence. Examined under a very high power, the whole animalcule

appears to be made up of a most regular and delicate tissue of rounc

or polygonal cells, although on closer inspection such is found not to

be really the true structure. When the animal is torn or crushed it

becomes evident that it is entirely composed simply of a homogeneous

substance inclosing vacuoles ;
for it will be found that the supposed

cells may at pleasure, under pressure, be made either to coalesce into

• Siebold and Kolliker’s Zeits. vol. i. p. 198.

t Quarterly Journal of Microscopical Science, October, 1852.
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larger or be divided into smaller cavities, presenting in all respects the

character of the normal ones.

The filamentary appendages to the periphery of the body, er-

roneously compared to cilia, are, it would seem, essentially tentacular

organs, composed of the same substance as the rest of the body, from

which they differ only in never having vacuoles in their interior ;
and

if granules are to be detected in their structure, these are very few

in number.

(45.) The mode in which the Actinophrys is nourished is a subject

of the highest interest in studying the physiology of the infusorial

animalcules generally. Although, as has been stated, the creature

has neither mouth nor stomach, yet it lives upon solid nutriment and

rejects such parts as are indigestible. The Actinophrys, indeed, feeds

upon Infusoria of all kinds, on the lower Algae, such as the Diato-

maceee, and even on minute Ilotifera, as the young of Lynceus, Cyclops,

Ac., which it accomplishes in the following manner :—When, in its pro-

gress through the water, it comes in contact with fitting food, the

Fig. 3.

Actinophrys sol.— 1. a, the cortex; b, nucleus of the animalcule; c, homogeneous

basal substance
;

el, vacuoles
; e, tentacular filaments. 2. The same, less magnified, at

the moment of feeding.

—

a, c, as above
; J\ an infusorium which has just entered the

substance of the body, while the surrounding filaments inclose it on all sides. 3. Another
specimen.— a, e, as in jig. 1 ; /, a Vaucheria spore wholly imbedded in the cortical sub-

stance, the opening through which it entered entirely closed, although its situation is in-

dicated by a slight depression
; g, another spore already entering the nuclear substance;

h, an infusorium lying in a special cavity
;

i, a spore in the nuclear substance
;

/,-, half-

digested morsels; l, a swallowed Lynceus ; m, excrementitious matter beginning its exit

from the cortical substance.

object, whether of animal or vegetable nature, as soon as touched by
one of the tentacular filaments, usually becomes adherent thereunto.
The filament, with its prey thus attached, then slowly shortens itself,

dragging the object seized towards the surface of the body, all the

c
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surrounding filaments gradually seizing hold of it, by bending then-

points together so that the captive becomes at last inclosed on eveiy

side (fig. 3, 2,/) ;
according to all appearance, moreover the filaments

become more or less shortened. In this way the morsel is gradually

brought to the surface of the body.
, ,

(40.) The following proceeding now tabes place :—the spot ot

surface upon which the captured animalcule is lying slowly retracts,

and forms at first a shallow depression that gradually becomes

deeper and deeper, in which the prey, apparent y adherent to the

surface and following it in its retraction, is finally lodged. The

pression, by the contiuued retraction of the substance, now becomes

deeper; the imprisoned animalcule, which up to this time had pro-

tected from the surface of the Actinophrys, disappears entirely within it,

and at the same time the tentacula, which had remained with then-

extremities applied to each other, again erect themselves and stretch

out as before (Jig. 3, 3, /). Finally, the depression assumes a flask-

like form, by the drawing in of its margin, the edges of which

coalesce, and thus a cavity closed on all sides is formed wherein e

prey is lodged. In this situation it remains a longer or shorter time,

gradually, however, approaching the central portion of the body. In

the mean time the periphery of the Actinophrys regains m all respects

its pristine condition. The engulphed morsel is gradually digested

and dissolved, as is readily seen by its change of apearance from time

to time. If entirely soluble, as, for instance, an Infusorium, the space

in which it is contained contracts as the dissolution of its contents

goes on, and finally disappears altogether: should there, however, be

an indigestible residue, a passage for its exit is formed, and it is ex-

pelled by renewed contractions of the homogeneous substance, and in

the same direction, or nearly so, as that which the morsel followed in

its introduction. The passage and the opening through which the ex-

pulsion was effected disappears again without leaving a trace.

(47 )
The number, as well as the size of the morsels taken at one

time, in the manner above described, by an Actinophrys, is very various.

Very frequently there may be two, four, or six, at the same time, ie

quently also more than ten or twelve. Elirenberg counted as many as

sixteen stomachs, which, according to KSlliker, may be looked upon as

60 many distinct morsels taken into the body of the animal.

(48.) Among the most simply-organised of animal existences, an

nearly related in this particular to the delicate film that constitutes

the living portion of the Sponges, are the Rhizopoda, a race of beings

for whose discovery and strange history modern science is indebted to the

persevering researches of M. F. Dujardin * The body of one of these

remarkable organisms {fig. 4, l) consists of a minute spherical vesicle,

Recherches sur les Organises inffcrieures, par F. Dujardin, An. des Sc. Nat., 133a
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ever, in a glass of sea-water, its native element, it is found in the

coarse of a few hours to have attached itself to the aides of the vessel

by means of numerous long and ramified filaments of hyaline trans-

parency, which soon begin to reveal their office to be that of a loco-

motive apparatus, by whose aid the animal can transport itself from
place to place, but with such extreme slowness that its movements are
hardly perceptible. The locomotive filaments thus displayed are per-
ceptible by the naked eye, their length being, when fully extended,
four or five times greater than the diameter of the body ; still they
exhibit in their interior no appearance of organisation, but resemble
so many threads of molten glass. When protruded from the body,
each of these filaments, at first simple and of equable diameter,
through its entire length, soon begins to elongate itself in a very
mysterious manner, moving in different directions, as though seeking
some basis of support. As the elongation of the filament continues,
apparently owing to a constant influx of new material into its suh-

c 2

something resembling a globular flask, provided with a short narrow

neck, and apparently filled with a fawn-coloured glutinous substance,

containing numerous minute grannies, and apparently unprovided with

any external appendages. On placing one of these creatures, how-

f 'iy. t.
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stance, it is seen to give off here and there secondary branches which

in turn dividing dichotomously, give to the whole structure the root-

like appearance represented in the annexed figure. ie ie
,

ia° 1011

these singular organs is accomplished by a sort of -vers on of^he

above process, each filament shrinking as it were into itself u

totally disappears. The most remarkable circumstance

servable in the economy of these cieatuies is, . 1

filaments ate able to coalesce, and as it were to become

forming a gelatinous network that spreads outm all directions (fig. 4,2).

(49) When a Rhisopod, having all its filaments thus extended

wishes to advance in any given direction, those tab which ,

directed in front become elongated, and those placed behind, on the

contrary, are drawn forward, while the intermediate move so as

accommodate themselves to each change of position, tin. y

exhibiting a consentaneity of action.

(50 Internally, no traces of any special nutritive apparatus are

discernible, neither are there any organs appropriated to reproduction,

their multiplication being apparently accomplished mther
^

gern^

tion or by simple division, as an, portion of the mass separatedl from

the* rest seems capable of living and of forming a new centre of

organisation
Chroma, above described is unprovided

XIX like a shell, but there are many forms of on,ma s tha

nresent structure in ever, way analogous, such as the MilwU, tl

Crislellarice, the Vorticiala, and others, constituting
;

t ie Sr0"P

minifera of authors, that possess the power of secreting shells of )

exquisite texture, many of which form extremely beautiful objects

when examined under the microscope.

(52.) Very nearly allied to the Rhizopods in their organisation aie

certain minute gelatinous masses Fig 5

found in our fresh-waters, which

have long been puzzles to the

microscopist, and a fruitful theme

of discussion among naturalists

[fig- 5 )-
Tliese creatures appear

under a good glass as minute

masses of transparent jelly, hav-

ing, under ordinary circumstances,

a diameter of from -j-j (flh so

of an inch, hut remarkable for

perpetually changing their form

by the contraction or expansion of

various parts of their transparent

and semi-fluid bodies—at one time
.

shrinking into the appearance of a little globe, then expanding into
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a flattened radiating disc, and again shooting out processes of then-

substance in various directions, so as to assume all sorts of shapes

with the greatest facility, deserving well the names of Proteus and

Amoeba bestowed upon them by zoologists.

(53.) Some of the Proteidce, whose bodies are in all respects as

contractile and diffluent as those of the Proteus figured above, are

able, notwithstanding the mutability of their shape to construct for

themselves a delicate shelly covering, somewhat resembling that of a

limpet in its general shape, and which, when examined under a good

microscope, is found to be an object of great beauty and elaborate

workmanship. In the Aracella, for example, the existence of such

a structure is sufficiently conspicuous.

(54.) The Foraminifeea constitute a very curious and remarkable

group of animals, important from the immense numbers in which they

occur in a fossil state,* and interesting from the peculiarities of struc-

ture whereby they are distinguished. The shells of these singular

organisms {fig. 6) are polythalamous, that is, divided into distinct

compartments, so as almost exactly to

resemble in their form the camerated

shells of the Nautili, Ammonites, and

other highly-organised mollusca. Exa-

mined, however, in a living state, they

are found to belong to animals of a very

different type, as remarkable for the

simplicity of their organisation as their

elegance and delicacy. The shell, as

represented in the figure, consists of

numerous chambers divided from each

other by calcareous septa, the walls of

which are perforated by innumerable

minute orifices, or foramina,—from which

circumstance is derived their character-

istic uame. Internally these chambers are

entirely filled with a crystalline, trans-

parent, glairy substance,which constitutes

the body of the animal, and which being

soft and diffluent, like the body of the

Amoeba described above, can be pro-

truded through the numerous apertures

m the periphery of the shell in the
shape of long, contractile filaments

(Pseudopodia), by the aid of which
the movements of the creature are performed.

* The shells of the Rhizopods in general have been described bv Soldani ; those
having the externa1 appearance of Nautili have been specially studied by Fichtel and
Mold, in Germany; but the principal work upon the subject is that of M. A. d’Orbigny.
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(55.) On removing the delicate calcareous shell by the assistance

of a weak acid, the body of the animal denuded of its covering (fig.

G, 2) is found to be entirely soft; that portion which is lodged m the

first compartment of the shell is colourless and of a crystalline trans-

parency, but in each of the succeeding segments there may be detected

a granular mass of a brownish colour, and no. unfrsgnonrty the m.nut

silicious shells of Naviculce, DacciUarice, and other forms of Infusorial

organisms, the remains of which maybe traced nearly as far as the

umbilicus of the spiral. The simple connecting pedicle, which in

Nonionina, the species figured, unites the contents of the individual

chambers, indicates the only way by which these solid parts can have

advanced into the otherwise everywhere closed interior.
. .

(56.) In each of the joints or chambers may be detected a yellows i

granular mass, regarded by Ehrenberg as possibly representing an ova-

rian apparatus. . „ -m - .

(57.) The Noctilucaj constitute another interesting group 0

pod animalcules. The general shape of the Noctiluca * is that o a

minute melon deeply indented at one extremity, at which point is

attached a sort of proboscidiform ap- Fig 7 .

pendage: externally, its body seems

to consist of two membranes of ex-

treme delicacy, which are apparently

filled with a clear fluid. At the bottom

of the indentation above-mentioned,

close to the insertion of the appendix,

there is always found a little mass

of mud, or other detritus, which it is

very difficult to wash away ;
but when

this is accomplished, it becomes per-

ceptible that these foreign substances

are adherent to a semi-transparent

granular substance which here pro-

trudes through a little aperture ge-

nerally called the mouth, and which

is continuous with a quantity of the

same substance situated in the in-

terior of the little globe. No di-

gestive apparatus is visible, but

frequently numerous vacuokc of va-

riable size are discovered in the interior of the granular substance

within. No rhizopodic expansions are in these organisms protruded

externally, but in the interior the microscope reveals a delicate network

of irregular filaments that ramify in every direction and exactly re-

M. de Quatrefagcs, Observations sur les Noctiluciucs, Ann. lies Sc. Nat., 18o0.
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semble in their character the anastomosing threads of Oromia, re-

presented in a preceding figure.

(58.) In the neighbourhood of these internal filaments the vacuol®

seem to be developed, in which it is easy to perceive particles of green

matter or other foreign substances, which doubtless afford nourishment

to the animal, so that these cavities doubtless perform the functions of

temporary stomachs, although they are constantly changing their shape

and situation in a most remarkable manner.

(59.) No reproductive apparatus is apparent in these little beings,

yet sometimes individuals are to be met with double bodies, indicating

a capability of multiplication by spontaneous fissure.

(60.) The name Noctiluca, conferred upon these minute Rhizopods,

is indicative of the extraordinary faculty that they possess of emitting

a brilliant phosphorescent light. When a vase filled with sea-water

containing these little creatures is placed in a dark chamber, the

slightest agitation is sufficient to excite this phenomenon, and the

smallest undulations upon the surface are indicated by luminous

circles. On examining one of these animalcules attentively with

the microscope, it is further observable that the light given out is

not universally diffused through the substance of its body, but is con-

fined to minute luminous points scattered here and there, which make
their appearance in rapid succession and as suddenly vanish ; so that

evidently there is no special organ to which the luminous appearance

can be referred, as in the case of the glow-worm and other phospho-

rescent creatures. In size these stars of ocean are almost microscopic,

the largest of them not much exceeding the dimensions of a pin’s

head, but the amazing numbers in which they crowd the ocean amply
makes up for their minuteness ; at certain seasons, indeed, it may be

literally said that every drop of every wave contains one or more in-

dividuals belonging to the brilliant host. On taking up at random a

flask of sea-water from any highly phosphorescent wave, and allowing

the little creatures to accumulate, as they always do when at rest, at

the top, it will be seen that their bodies will form a stratum equalling

in thickness from one-seventh to one-third part of the entire contents

of the vessel. After such demonstration as this, it is easy to compre-
hend how the entire sea, rendered luminous by the presence of Nocti-

lucffi, seems to burn with phosphorescent fire. When the surface of the
water is tranquil in some well-sheltered bay, these living gems, accu-

mulating from their specific gravity at the top of the water, form a
kind of cream of liquid light, or if a wave disperses their myriads
through the mass of water, and at the same time calls forth by agita-
tion all their brightness, it is easy to imagine how a flame is thus
evoked that spreads for miles, giving at a distance the appearance of

a uniform sheet of light, but, when closely examined, resolvable, like

the nebul® in the firmament, into constituent stars.
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(01) The great circles to which we may compare the animal and

vegetable kingdom, like the smaller circles to which allusion was made

at the close of the previous chapter, touch each other ;
or, in other voids,

there are certain forms of organisation so closely allied to both, that it

is difficult to say precisely in which they ought to be included Such

are the sponges, which, although by common consent admitted into

the animal series, will be found to be excluded, by almost every point

of their structure, from all the definitions of an animal hitherto de-

vised What is an animal ? How are we to distinguish it as contrasted

with a mineral or a vegetable ? The concise axiom of Linnams upon

this subject is well known,—“ Stones grow ;
vegetables grow and live ;

animals grow, live, and feel.” The capability of feeling, therefore,

formed, in the opinion of Linnaeus, the great characteristic separating

the animal from the vegetable kingdom ;
yet, in the class before us, no

indication of sensation has been witnessed ;
contact, however rude, ex-

cites uo movement or contraction which might indicate its being pei-

ceived; no torture has ever elicited from them an intimation of suilei-

ing; they have been pinched with forceps, lacerated in all directions,

bored with hot irons, and attacked with the most energetic chemical

stimuli, without shrinking or exhibiting the remotest appearance ol

sensibility. On the other hand, in the vegetable world we have plants

which apparently feel in this sense of the word. The sensitive plant,

for example, which droops its leaves upon the slightest touch, would

have far greater claims to be considered as being an animal than the

sponges of which we are speaking.

(62.) The power of voluntary motion has been appealed to as exclu-

sively belonging to the animal economy
:

yet, setting aside the spon-

taneous movements of some vegetables, the sponge, rooted to the lock,

seems absolutely incapable of this function, and the most microscopic

scrutiny has failed to detect its existence.

(63.) The best definition of au animal, as distinguished from a vege-

table, which has as yet been given, is, that whereas the latter, fixed in the

soil by roots, or immersed perpetually in the fluid from which it derives

its nourishment, absorbs by its whole surface the nutriment which it

requires ;
the animal, being generally in a greater or less degree capable

of changing its position, is provided with an internal receptacle for

food, or stomachal cavity, from whence, after undergoing the process

of digestion, the nutritious matter is taken up. But in the case of

the sponge, no such reservoir is found; and in its place we find only

anastomosing canals that permeate the whole body, and convey the

circumambient medium to all parts of the porous mass.

(64.) The common sponge of commerce is, as every one knows,

made up of horny, elastic fibres of great delicacy, united with each

other in every possible direction, so as to form innumerable canals,

which traverse its substance in all directions. To this structure the
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Fig. 8.

sponge owes its useful properties, the resiliency of the fibres com-

posing it making them, after compression, return to their former state,

leaving the interstitial canals open, to suck up surrounding 11 aids by

capillary attraction.

(05.) The dried sponge is, however, only the skeleton of the living

animal : in its original state, before it was withdrawn from its native

element, every filament of its substance was coated over with a thin film

of glairy semifluid matter, composed of aggregated transparent globules,

that constituted the living part of the

sponge, secreting, as it extended it-

self, the horny fibres which are im-

bedded in it. The anastomosing

filaments composing the skeleton of

such sponges, when highly magnified,

appear to be tubular, as represented

in Jig. 8, c.

(60.) Many species, although exhibit-

ing the same porous structure, have

none of the elasticity of the officinal

sponge, a circumstance to be attributed

to the difference observable in the com-

position of their skeletons or ramified

frame-work. In such the living crust

forms within its substance not only

tenacious bands of animal matter, but

great quantities of crystallised spi-

cula, sometimes of a calcareous, at

others of a silicious nature, united

together by the tenacity of the

fibres with which they are surrounded. On destroying the softer

portions of these skeletons either by the aid of a blow-pipe or by the

caustic acids or alkalies, the spicula remain, and may readily be exa-

mined under a microscope : they are then seen to have determinate

forms, generally in relation with the natural crystals of the earths

of which they consist; and as the shape of the spicula is found to be

similar in all sponges of the same species, and not unfrequently pecu-

liar to each, these minute particles become of use in the identification

of these bodies.

(07.) Crystallised spicula of this description form a feature in the

structure of the sponge which is common to that of many vegetables, re-

sembling the formations called Raphidea by botanical writers. Some of

the principal forms that they exhibit* are depicted in Jig. 8, a
}
b, d, e,J, g,

which likewise will give the reader a general idea of the appearance of the

Savigny (Julea Cajsar) Zoologie d’jjgypte—gr. fol. Paris, 1809.
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silicious and calcareous sponges, after the destruction of their soft paits

has been effected by the means above indicated. The figures cl, e,f, and

g, likewise represent detached spicula of different shapes highly magni-

fied. The most convenient method of seeing them is, simply to sciape

off a few particles from the incinerated sponge upon a piece of glass,

which, when placed under the microscope, may be examined with or-

dinary powers.

(68.) On placing a living sponge of small size in a watch-glass or

small glass trough filled with sea-water, and watching it attentively,

something like a vital action becomes apparent* The entire surface

is seen to be perforated by innumerable pores and apertures, some ex-

ceedingly minute, opening on every part of its periphery ;
others of

larger dimensions, placed at inter- Fig- 9.

vals, and generally elevated upon

prominent portions of the sponge.

Through the smaller orifices the

surrounding water is continually

sucked as it were into the interior

of the spongy mass, and it as con-

stantly flows out in continuous

streams through the larger open-

ings. This continual influx and

efflux of the surrounding fluid is

produced by an agency not yet dis-

covered, as no contraction of the

walls of the canals, or other cause

to which the movement may be re-

ferred, has ever been detected ;
we

are assured, however, that it is

from the currents, thus continually

permeating every portion of its substance, that the general mass

is nourished. The annexed diagram, fig. 9, A, will give the reader

an idea of the most usual direction of the streams : the entering

fluid rushes in at the countless pores which occupy the body of

the sponge ;
but, in its progress through the canals in the in-

terior, becomes directed into more capacious channels, communi-

cating with the prominent larger orifices, through which it is

ultimately ejected in equable and ceaseless currents. Organised

particles, such as necessarily abound in the water of the ocean,

are thus introduced into the sponge on all sides, and are probably

employed as nutriment, whilst the superfluous or effete matter is con-

tinualiy cast out with the issuing streams as they rush through the

fecal orifices. The growth of the sponge is thus provided for, the

* Dr. Grant, in the New Edinburgh Philosophical Journal, 11)27.
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living gelatinous portion continually accumulates, and, as it spicads in

every direction, secretes and deposits, in the form peculiar to its

species, the fibrous material and earthy spicula constituting the

skeleton.

(69.) From this description of the structure of a sponge, it will

be apparent that all parts of the mass are similarly organised:, a

necessary consequence will be, that each part is able to cany on, in

dependently of the rest, those functions needful for existence. If

therefore a sponge be mechanically divided into several pieces, eveiy

portion becomes a distinct animal.

(70.) The multiplication of sponges, however, is effected in another

manner, which is the ordinary mode of their reproduction, and foinis a

very interesting portion of their history.* At certain seasons of the

year, if a living sponge be cut to pieces, the channels in its iuteiior

are found to have their walls studded with yellowish gelatinous granules,

developed in the parenchymatous tissue ;
these granules are the germs

or gemmules from which a futui'e race will spring ;
they seem to be

formed indifferently in all parts of the mass, sprouting, as it were, from

the albuminous crust that coats the skeleton, without the appearance of

any organs specially appropriated to their development. As they in-

crease in size, they are found to project more and more into the canals

ramifying through the sponge, and to be provided with an apparatus ot

locomotion of a description such as we shall frequently have occasion

to mention. The gemmule assumes an ovoid form, fig. 9, B, and a

large portion of its surface becomes covered with innumerable vibrating

hairs or cilia, as they are denominated ;
these are of inconceivable mi-

nuteness, yet individually capable of exercising rapid movements,

whereby they produce currents in the surrounding fluid. As soon

therefore as a gemmule is sufficiently mature, it becomes detached

from the nidus where it was formed, and being whirled along by the

issuing streams is expelled through the fecal orifices of the parent,

and escapes into the water around. Instead, however, of falling to the

bottom, as so apparently helpless a particle of jelly might be expected

to do, the ceaseless vibration of the cilia upon its surface propels it

rapidly along, until, being removed to a considerable distance from

its original, it attaches itself to a proper object, and, losing the

now useless locomotive cilia, it becomes fixed and motionless, and

develops within its substance the skeleton peculiar to its species, ex-

hibiting by degrees the form of the individual from which it sprung.

It is curious to observe the remarkable exception which sponges ex-

hibit to the usual phenomena witnessed in the reproduction of animals,

the object of which is evident, as the result is admirable. The parent

sponge, deprived of all power of movement, would obviously be in-

* Professor Grant— loc. cit.
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capable of dispersing to a distance, the numerous progeny that it

furnishes ;
they must inevitably have accumulated in the immediate

vicinity of their place of birth, without the possibility of their, is

tributiou to other localities. The seeds of vegetables, sometimes

winged and plumed for the purpose, are blown about by the winds,

or transported by various agencies to distant places; but m the present

instance, the still waters in which sponges grow would not have served

to transport their progeny elsewhere, and germs so soft and delicate

could hardly be removed by other creatures. Instead, therefore, of

being helpless at their birth, the young sponges can, by means of then-

cilia, row themselves about at pleasure, and enjoy for a period powers

of locomotion denied to their adult state.

(71.) In Cliona celata, one of the fresh-water sponges, M. Dujardin*

discovered, mixed up amongst the pin-like spicula that constitute

their skeleton, irregularly-shaped globules, composed of a contractile

glutinous substance, which, when examined under the microscope, were

seen continually to change their shape, presenting a constantly-varying

outline, exactly similar to what is witnessed in the Protean animalcules,

Amccba difluens ,
above described; and to this contractile substance,

whereof the living substance of the sponge seems principally to consist,

he proposed to give provisionally the name of Halisarca (sponge-flesh).

Subsequent observations have shown that these proteiform bodies are not

only thus changeable in their shape, but are able to exercise a distinct

power of locomotion by agitating long flagelliform filaments that are

appended to their bodies {fig. 30, 1) ;
in fact, all the living portion of the

sponge seems to be made up of agglomerations of these amoip 10US

bodies, spread over the spicula or skeleton of the sponge, all individu-

ally capable of changing their form by emitting processes in different

directions, so as to increase their means of contact with the surround-

ing fluid, from which they evidently derive materials for assimilation.

(
72 .) These sponge-celis of the fresh-water sponges, according to Mr.

Carter,f are about the ^th part of an inch in diameter. If one of

them be selected for observation, it will be found to be composed of its

proper cell-wall, a number of grauules fixed to its upper and inner

surface, and towards its centre generally one or more hyaline vesicles.

(73.) The granules are round or ovoid, translucent, and of an emerald

or yellowish-green colour, varying in diameter below the T -a J g

P

art

an inch, which is the average linear measurement of the largest. In

some cells they are so minute and colourless as to appear only under

the form of a nebular mass, while in others they are of the largest

kind, and few in number.

(74.) The hyaline vesicles, on the other hand, are transparent, colour-

* Ann, des Sc. Nat., tom. x. 1838.
,

.. ...

t On the Fresh- water Sponges of Bombay, by Mr. II. J. Carter, Mag. of IN at. Hist.,

181 .').
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less, and globular, and, although variable in point of size like the green

granules, are seldom recognised before they much exceed the latter in

diameter. They generally possess the remarkable property of slowly

dilating and suddenly contracting themselves, and present in theii

interior molecules of extreme minuteness in rapid commotion.

(75.) The sponge-cell when in situ is constantly changing its form, both

partially and wholly ;
its granules also are ever varying their position

in unison with, or independently of, the movements of the cell, and its

pellucid vesicle or vesicles may be seen dilating or contracting them-

selves, or remaining passively distended, exhibiting in their interior

the molecules above-mentioned in rapid commotion. When first

separated from the common mass, an isolated cell for a short time

assumes a globular form, and afterwards, in addition to its becoming

polymorphic, evinces a power of locomotion ;
it emits expansions ol

its cell-wall in the form of obtuse or globular projections, or digital

and tentacular prolongations. If in progression it meets with another

cell, both combine; and if more are in the immediate neighbourhood,

they all unite together into one globular mass. Should a spiculum

chance to be placed in the path of a cell thus in motion, it will ascend

it and traverse it

from end to end

;

subsequently quit-

ting it, or else as-

suming its globular

form, it will em-

brace some part of

the spiculum and

remain stationarily

attached to it. The

changes in shape

and position of the

sponge-cell are for the most part effected so imperceptibly that they

may be likened to those which take place in a cloud. Its granules,

however, are more active ;
but there appears to be no motion in any

part of the cell, excepting among the molecules within the hyaline

vesicle, which in any way approaches to that characteristic of the pre-

sence of cilia.

(76.) The intercellular substance that forms the bond of union between

the sponge-cells is of a mucilaginous appearance. When observed in

the delicate pellicle, which, with its imbedded cells, it forms over the

surface and throughout the canals of the sponge, it is transparent, but

when a portion of this pellicle is cut off from its attachments, it col-

lapses and becomes semi-opaque. In this state the detached portion

immediately evinces a tendency to assume a spheroidal form, but

whether the intercellular substance participates in this act or remains
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passive while the contraction is wholly performed, by the habit of the

cells imbedded in it to approximate themselves, is not evident.

(77.) The fresh-water sponges are reproduced from seed-like bodies

which are found in the substance of the oldest or first-formed portions of

the sponge, never in its periphery. They are round or ovoid according

to the species, and each presents a single infundibular depression on its

surface which communicates with the interior. At the earliest peiiod

of development at which it is recognisable, it is composed of a number

of cells united together by an intercellular substance similar to that

described above. In this state, apparently without any capsule, and

about half the size of the fully developed seed-like body, it seems to

lie free in a cavity formed by a condensation of the common structure

of the sponge immediately surrounding it. The cells of which it is

now composed appear to differ from those of the fully-developed

sponge-cell only in being smaller, in the colourless state of theii

contained granules, and in the absence of hyaline vesicles. The seed-

like body gradually passes from the state just mentioned into a more

circumscribed form, then becomes surrounded by a soft, white, com-

pressible capsule, which finally thick-

ens, turns yellow, and develops upon

its exterior a firm crust of silicious

spicula, presenting in some species

a hexagonally tesselated appearance

(fig. 11, c, d, e,f). The spicula are

arranged perpendicularly to the sur-

face of the capsule, and the interval

between them is fitted up with a

white, silicious, amorphous matter,

which keeps them in position. Each

spiculum extends a little beyond this matter, and supports on its free

end a toothed disc, similar to a corresponding one on its fixed end,

which rests on the capsule, so that the external surface of the seed-like

body is studded with little stellate plates. In other species, where

there appears to be no such regular arrangement of these spicula, a

number of smooth spiniferous points is presented.

(78.) If a seed-like body which has arrived at maturity be placed in

water, a white substance will after a few days be observed to have issued

from its interior, through the infundibular depression on its surface

(fig. 11, i), and to have glued it to the glass: if this be examined with

the microscope, its circumference will be found to consist of a semi-

transparent material, the edge of which is notched or extended into

digital or tentacular prolongations, precisely similar to those of the

protean cell, which in progression or in polymorphism throws out parts

of its substance in the same way. In the semi-transparent substance

may be observed hyaline vesicles of different sizes, contracting and

Fig. 11 -
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dilating, as well as green granules, so grouped together as almost to

enable the practised eye to distinguish in sittt the passing forms ot

the cells to which they belong. Subsequently to the development

of this fleshy substance comes that of the horny skeleton and its

spicula, but here Mr. Carter’s observations are deficient ;
his im-

pression, however, is, that both the horny skeleton and the spicula

are formed in the intercellular substance and not in the cells.

(79.) The spicula (Jig. 10, 2
)
are at first membranous, and at an early

period of their development pliable ; they afterwards become firm and

brittle. They are hollow, and the form of their cavity corresponds

with their ow7n shape ;
sometimes, moreover, they contain a green

matter, like the endochrome of the cells of Conferva3.

(80.) The movements of the Infusoria, when seen under the micro-

scope, are frequently exceedingly vivacious ;
and although many of them

inhabit a space not larger than the point of a needle, they swim

about with great activity, avoiding each other as they pass in their

rapid dance, and evidently directing their motions with wonderful

precision and accuracy. Our next inquiry therefore must he con-

cerning the organs of locomotion which they possess. These are of

various lands, and are arranged differently in different species. In

the smallest animalcules, monads, &c., no locomotive organs have been

satisfactorily detected; yet even in some of these Mons. F. Dujardin

perceived one or more filaments of extreme tenuity attached to their

globular bodies, which he regards as instruments for progression. These

filaments he describes as not exceeding of a millimetre in dia-

meter, and consequently requiring the utmost penetration of the micro-

scope for their detection. In Amaiba, and other Rliizopod families, organs

of locomotion are formed at the pleasure of the animal, by shooting out

processes from different parts of its semifluid substance, which may he

used as fins or legs, as occasion requires. Some are provided with

styli, or articulated, stiff, bristle-like organs, which are movable, and

perform in some measure the office of feet, and with uncini, or little

hooks, serving for attachment to foreign bodies ; these are seen in

Euplata Charon {fig. 12, 4, b).

(81.) But the most important locomotive agents are the cilia,* with

which the Infusoria are generally furnished. On attentively examining

most forms of these creatures, especially those of comparatively lai’ge

size, the body will be seen in some cases to he entirely covered

with minute vibrating hairs, or at least furnished with such appendages

on some part of its surface (fig. 12, 1, 2, 3). The existence of these

cilia is readily detected by a practised eye, even when using glasses of

no very great magnifying power, by the peculiar tremulous movement
which they excite in the surrounding fluid, somewhat resembling the

Citium, an eye-lash.
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oscillations of the atmosphere in the neighbourhood of a heated sur

face; but on applying higher Fig 12<

magnifiers, especially if the

animalcule is in a languid

state, the motion is seen to

be produced by the action of

the delicate filaments of which

we are speaking. It is ex-

tremely difficult accurately to

define the motion of the indi-

vidual cilia ;
it is obvious, how-

ever, that the combination of

their movements gives rise to

currents in the water, serving

a variety of purposes in the

economy of these minute crea-

tures. The vibrating organs,

notwithstanding their indescrib-

able minuteness, vary consider-

ably in size ;
and it is more

than probable that in those

monads, and other species, in

which their existence has not been detected, the apparent want ot

them is owing to the imperfection of our means of investigation. A

few years ago, indeed, some species now distinctly proved to be

covered with cilia, were looked upon as being absolutely deprived of

locomotive apparatus ;
and few greater proofs can be given of the

superiority of the microscopes now at our disposal.

(82.) The cilia, as has been already observed, are sometimes dis-

persed over the whole body, either arranged in parallel rows or scat-

tered irregularly ;
they are, however, most frequently only met with in

the neighbourhood of the mouth, in which position they are al s\ ay s

most evident : here they produce, by their vibration, currents in the

surrounding fluid which converge to the oral aperture, and bring to the

mouth smaller animalcules, or particles of vegetable mattei, which

may be floating in the neighbourhood, and thus ensure an abundant

supply of food, which, without such assistance it, would he almost im-

possible for these little creatures to obtain.

(83.) We may be expected, in this place, to make a few observations

concerning the agency by which these numberless and almost invisible

organs are made to perform their rapid movements. The subject is

one of no little difficulty, and, in the present state of our knowledge,

probably inexplicable. Ehrenberg indeed asserts, that round the base

of every cilium is an apparatus of radiating muscular fibres, to the

successive contractions of which the rotation of the cilium is owing.
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Such au arrangement is, to say the least, hard to be conceived, for in

this case we must attribute to these acrite beings an elaboration of

structure of infinite complexity ; and in creatures so small, how can

the human mind imagine the cilia to be wielded by many millions of

distinct and independent muscles, as such a supposition would infer ?

Some authors attempt to get rid of the difficulty by ascribing the

apparent ciliary movement to the rapid undulations of membranous

fins
; others altogether deny its existence, asserting that the vibratory

appearance is caused by the mingling of some secretion which exudes

from the surface of the animalcule with the surrounding fluid, in the

same manner as the union of spirit of wine and water gives rise to an

oscillation of particles visible to the naked eye : to these suppositions,

however, we barely allude, because we are convinced that any one, who,

with a good microscope and an unbiassed mind, investigates the subject,

will be convinced that the cilia are such as we have described above,

however unable he may be to conjecture the cause of their move-

ment.

(84.) With the locomotive organs of these minute beings must like-

wise be classed the delicate and highly irritable stems of the Vorticellce

{Jig. 13, 2), which qn the slightest touch shrink into spiral folds, and

again straighten themselves to their full extent. The agent by which

this contraction is effected is a delicate spiral thread contained in the

interior of the flexible stem, regarded by Ehreuberg as a muscular

filament; its muscular nature is, however, doubted by Dujardin, who
regards this as being one of the most inscrutable points connected

with their economy. That a cental canal exists in the retractile

stem is generally admitted, and likewise that it contains a fleshy

substance less transparent than the rest of the tube
; but according

to M. Dujardin’s observations it is the diaphanous substance around
this cental cord that contracts, and as it forms a band, one border

of which is much thicker than the other, the more powerful action of

the thicker portion gives that helical curvature to the stem which
forms so remarkable a feature in its movements.

(85.) The mouth of the Infusoria is generally a simple and ex-

tremely dilatable orifice, and, with a few rare exceptions, is unprovided
with any masticating organs

;
yet. in Nassula elegcins {jig. 12, l), aud a

few kindred species, Ehrenberg describes a dental system of a most
extraordinary description : this consists of a prominent cylinder (a), of
which an enlarged view is given at a composed of numerous long teeth
fffiapted to seize and bruise materials used as food.

(86.) I he digestive apparatus itself is described by Ehrenberg as
consisting essentially of a number of internal sacculi, varying from
four to two hundred in number in different species. These sacs are
stated to be readily distinguishable without any preparation, but are

rendered more conspicuous by feeding the animalcules with pure car-

n
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mine or indigo, the coloured particles of which substances they eagerly

swallow. In one large division, called Anentera, the sacculi or sto-

machs are said to arise by separate tubular pedicles from the mouth it-

self ( fig. 13, l); whilst in others, Enterodela, there is supposed to be a

complete intestinal canal, terminated by a mouth and anus, to which

the sacculi or stomachs, as they are called, are appended : sometimes

the mouth and anus are lodged in the same fossa, and the mtestma

canal forms a circle in the body (Anopisthia, Ehren.), as m the Vorticella

( fin 13 2); or else the mouth and anus are placed at opposite extre-

mities of the body, through which the intestiual tube passes either in

a straight course, or exhibiting several flexuous curves in its passage.

(Enantiotreta and Allotreta,

Ehren.) {fig. 13, 3 and 4.) When
2 i

neither the mouth nor anus is

terminal, as in Kolpoda {fig. 14 5

7 , a, l), such animals belong to

the group denominated Katotreta

by the same author.

(87.) However imposing, from

their completeness, the views of

Ehrenberg concerning the diges-

tive system of the polygastria may

be, and sanctioned as they have

been by almost general consent,

we cannot pass over a subject of

so much importance without ex-

pressing ourselves as being farfrom

admitting their accuracy, and we

must say that our own obser-

vations upon the structure of the

polygastria have led us to very

different conclusions.* vp-n

(88.) The positions of the mouth and anal apertu

assured by frequent examination, to be such as are indicated byt

rsHio’us^i-ofessor of Berlin; but with regard to the tube named by

i intestine,f and the stomachs appended thereto, our most patrent

and long-continued efforts have failed to detect the arrangement de-

1? his drawings. In the first place, as regards the function of

the sacculi, which he looks upon as the organs in which digestion is

* It may be proper to state that the microscope used in these and similar researches

to which allusion will be made, is a compound achromatic, made y oss, o

and the powers employed, of

. ^ ^^“"^hrenbei haTbeen kind enough personally

remain unchanged.
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accomplished
;
in carnivorous animalcules which devour other species

we might expect, w’ere these the stomachs, that the prey would at once

he conveyed into one or other of these cavities
:
yet, setting aside the

difficulty which must manifestly occur in lodging large animalcules in

these microscopic sacs, and having recourse to the result of actual ex-

perience, we have never in a single instance seen an animalcule, w'hen

swallowTed, placed in such a position, but have repeatedly traced the

prey into what seemed a cavity excavated in the general parenchyma

of the body.

(89.) In the second place, the sacculi have no appearance of being

pedunculated, and consequently in a certain degree fixed in definite

positions : during the last two hours w?e have been carefully examining

some beautiful specimens of Paramecium aurelia (fig . 13, 4), an ani-

malcule w'hich, from its size, is peculiarly adapted to the investigation

of these vesicles ;
and so far from their having any appearance of con-

nection with a central canal, as represented from the figure copied

from Ehrenberg, they are in continual circulation, moving slowly up-

wards along one side of the body, and in the opposite direction down
the other, changing continually their relative positions with each other.

(90.) With respect to the central canal {Jig. 13; 2, 3, 4), we have not

in any instance been able to detect it, or even any portion of the tube

seen in the figures, much less the branches represented as leading

from it to the vesicles or stomachs, as they are called. Even the

circumstances attending the prehension of food would lead us to

imagine a different structure; witness, for example, the chauges of

form which Enclielis pupa undergoes when taking prey, as shown in

fig 2, 3, where it is represented in the act of devouring a large ani-

malcule, almost equal to itself in bulk, and is seen to assume a per-

fectly different shape as it dilates its mouth to receive the victim,

with which its whole body becomes gradually distended. Such a
capability* of taking in and digesting a prey so disproportionate, would
in itself go far to prove that the minute sacculi were not stomachs

;

as it evidently cannot be in one of these that digestion is accom-
plished.

(91.) The views of Professor Ehrenberg relative to the organisation
of the nutritive organs of the so-called Polygastric Infusoria have
been combated by many zealous observers, both in this country and
upon the Continent. Mons. F. Dujardin* attributes the formation
of the internal cells observable in the interior of their bodies to the
propexties of a peculiar glutinous animal substance l'esembliug living
jelly, of which he supposes the lower oi’ganisms to be principally com-
posed, and which he calls Sarcode. This substance, according to the
\iews of M. Dujardin, spontaneously produces in the interior of its

Rechcrches sur les Organismes iuf6rieures. An. ties S. Nat. 1335.

D 2
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mass vacuoles, or little spherical cavities, into which the surrounding

water finds access, conveying along with it the coloured particles, hut

having uo regularity of arrangement.
or. rirri

(92
')
In many Infusoria there certainly exists an apertuie app

printed to the introduction of aliment, and in some Bpecxes this

aperture is provided with special appendages either tk skpe

a circlet of delicate corneous filament, as m Chdodon, Nassu^’
radon, and Chlamidodon, or with. a vibratile amma a ^ of fleshy

valve, as in Glaucoma * It is very certain, likewise, that tlis open ig

•

is capable of voluntary dilatation and contraction, so as to feediM»*b

deglutition of food. But these facts by no means necessarily proie

the existence of a permanent alimentary canal This latter, ndee

does not exist at first, but is formed by the aliments themselves,

they are successively introduced into the interior of the ammal-

CU

(0S.) The existence of an anal orifice in the Infusoria is much less

certainly ascertained than that of the mouth, and although what ap-

pears to be a real excretion is frequently observable m some.part of

the body, it cannot be absolutely affirmed that at this point there is an

anal outiet, for the currents that are produced \**^™*£
surface of the animalcule necessarily carry along with them paiticl

involved in mucosity, which will remain slightly adherent to the little

creature at the place where the influence of the currents ceases, an

at this point an anal aperture might appear to exist

(94.) According to the views of M. Dujardm the phenomena at-

tending the passage of aliment into the bodies of the so-called Poly-

gastric Infusoria are to be described as follows-as they occur m

Imvhileptus In the interior of the body there are generally per-

ceptible five or six vacuolffi distended with water, in which are contained

monads and other substances swallowed as food. These vacuohe diange

their situation, advancing gradually towards the posterior

f
the animalcule, where may be observed a vacuola or vesicle of la! ger

size and frequently irregular shape, its contour being tabulated, and

evidently formed by the union of several smaller vacuolar, which. having

been successively brought into contact, have become fused together like

bubbles of gas. This large posterior vesicle becoming moi e and mo

distended, its walls become thinner, and at last it opens ex eina y y

a wide lateral fissure discharging its contents, and then con^Bg o

a comparatively small size. If this mode of proceeding be that gene-

rally adopted, as it is supposed to be by M. Dujardm, the excretory

orifice will be constantly formed at that point where the internal

vesicles (so-called stomachs) terminate their career, after having passed

through the glutinous interior of the animalcule ;
and m this case

* Dujardin, Hist. Nat. des Infusoires, Paris, tail.
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position, although it is not the termination of an intestinal canal, may

be sufficiently constant to afford a character of classification.

(95.) The celebrated botanist, M.Meven,* regards the true Infusoria

as being vesicular beings, having their interior filled with a kind of

mucous substance. The thickness of the walls of the body, according

to this observer, is in many species such as to be easily appreciated,

and contains a spiral structure, which is readily perceptible, and which,

as he thinks, establishes a complete analogy between these cieatuies

and vegetable cells. In the larger kinds of Infusoria this observer

asserts that a cylindrical canal, the oesophagus, passes obliquely through

the membrane that forms the creature and becomes dilated inferiorly,

when distended with nutritive matter, to the size of the coloured

globules met with in the interior of the body. The inner surface of

this portion of the intestinal tube is lined with cilia, by the action of

which not only alimentary substances but even foreign bodies are kept

in movement until they acquire a spherical shape. When the pellet

thus formed becomes as large as the stomachal sac it is expelled there-

from, and pushed into the cavity of the animalcule ;
a second pellet

then accumulates, if any solid particles are contained in the surround-

ing fluid, which being in like manner impelled into the general cavity

of the body pushes the preceding one—which is now surrounded with

mucosity—before it, and so successive pellets are formed one after the

other with which the cavity of the body becomes filled, giving the

appearance that induced Professor Ehreuberg to consider these little

beings as being furnished with numerous stomachs. If, says the same

observer, no solid particles exist in the fluid surrounding the animalcule

the pellets are less consistent, exhibiting the appearance observable in

specimens living in colourless water, in which case the pellets are made

up of a small number of particles and seem to be principally composed of

mucosity. Sometimes, observes M. Meyen, two of the pellets so formed

are, when forcibly pressed together by the contraction of the body of

the animalcule, observed to coalesce and become united into one

mass.

(96.) In order to witness the formation of the pellets above de-

scribed, it is necessary to begin the examination of the animalcule

immediately on placing it in coloured fluid, as the deglutition of the

coloured particles is very rapid, so that frequently, in the course of half

a minute, the pellets may be seen to issue one after the other from the

stomach and to be gradually propelled along the internal wall of the

cavity of the animalcule. In Paramatcium, Kerona
,
and the Vorticellcc,

each new pellet pushes the preceding one before it, so that they fre-

quently mount up along the opposite wall and are returned down the

* Quelques Observations sur les Org. digest, des Infus., par J. Meyen, An. des S. Nat.

1839.
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other side, until, after having accumulated to some extent, they are

expelled one after the other from the anus.

(97.) The number of pellets thus formed is frequently so consider-

able that they fill up the whole abdominal cavity, and so closely united

together that they form a mass that revolves slowly upon itself, as may

he seen in the Vortwella. This last kind of movement is the effect of

the forcible expulsion of the newly-formed pellets from the stomach

into the common cavity, of which fact M. Meyen assures us that he

has had convincing proof. In other cases when the number of pellets

is small they exhibit the kind of circular movement already spoken of,

the cause of which is not so obvious. ...

(98.) According to the opinion of M. Meyen, therefore, nu n

substances swallowed by the true Infusoria are introduced into the

abdominal cavity under the shape of minute pellets, from which the

stomach extracts the nutritious portions, the residue still retaining its

pellet-like appearance: frequently, however, the mucous material,

whereby the particles are agglutinated, becomes reabsorbed, and t en

the pellet is broken up even in the abdominal cavity.
.

(99) The reproduction of the so-called polygastric animalcules is

effected in various ways, and not unfrequently the same individual

would appear to propagate in two or three different modes.

(100.) The first is by external gemmules or buds, which spi out like

minute gelatinous tubercles from the surface of the body, and, grac ua y

attaining the shape of their parent, develop the cilia characteristic of

their species, and soon become independent beings, althoug i ey o

not attain to their full growth until some time after their separation.

(101 )
The most usual mode of propagation, however, is by spontane-

ous fissure, or division of the body of an adult animalcule into two or

more portions, each of which is perfect in all its parts This singular

kind of generation, by which the old animalcule literally becomes con-

verted into two or more young ones, is accomplished in various ways,

which will require separate notice.

(102.) In the oval forms of the Infusoria, the line of separation

generally divides the body transversely into two equal portions, by a

process, the different stages of which are represented in fig. 14;

l, 2, 3. The body of an animalcule about to divide in this manner

becomes at first slightly elongated, and a line more transparent than

the rest of its body is seen to cross its middle portion : a constriction

becomes gradually apparent at each extremity of the line of division,

which soon grows more decided, and at length the two parts are on y

united hv a narrow isthmus (fig. 14, 3) which, getting thinner and

thinner, allows a slight effort on the part of either of the now nearly

distinct portions to tear itself from the other half, and complete the

S6^in some elongated species (fig. 14, 4) the fissure is effected in
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Fir/. 14.

a longitudinal direction, the separation gradually proceeding from the

posterior to the anterior extre-

mity of the body (fig- Id, G)

;

yet even in these the division

is occasionally transverse, the

newly-formed creature appear-

ing truncated at one end (Jig.

14, 5) for some time after the

completion of the process.

(104.) The above mode of ge-

neration, as exhibited in Conval-

laria, a group of which is seen at

Jig. 14, ll, is very curious ; and

from the different forms which

the young assume during the

progress of development much
confusion has occurred, each

stage of its growth having been

described as the permanent ap-

pearance of a distinct species.

This beautiful animalcule seems

to be propagated in several ways
;
sometimes this is effected by

external gem mules, which appear like minu te points, scarcely more

than yoVo a hue i'1 diameter, upon the pedicles of the adult con-

vallari®
; these in time become pedunculated, and, although still very

small, exhibit the cilia upon the margins of the delicate cups ;
in this

state they were called by Schrank Vorticellce monedicat. The Con-

vallarise, generally, however, multiply by fissure, the bell-shaped cup

at the extremity of their highly irritable pedicles separating longi-

tudinally into two ; but the progress of this division requires our

particular notice, as the unpractised observer might be considerably

puzzled on witnessing some of the phenomena attending it.

(105.) The adult animalcule, seen with its pedicle fully extended

(Jig. 14, 9), when it is alarmed, shrinks by throwing its stem into spiral

folds (to) : in the latter figure, the bell or body of the animalcule is

seen to have extended considerably in breadth, preparatory to its be-

coming divided into two distinct creatures. At 11, the commencement
of its division is depicted

; the separation gradually extending from the

base, or ciliated extremity, to the point where the body is attached to

its stem. When the division has extended thus far (12), the newly-

formed portion is seen with surprise to have become furnished with

cilia at both ends, and, when finally detached
(
13), only at the opposite

extremity to that on which they originally existed ; it then, freed from
its pedicle, and thus losing the great characteristic of its species, swims
about at large, exhibiting forms represented at 14, 15, ig, 17, all of
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which have been described as distinct species bj diffeieut wi"

last it puts forth a new stem, and, assuming the adult form, becomes

fixed by its pedicle to some foreign body.

(106 )
Thisfissiparous mode of reproduction is amazingly productive,

and indeed far surpasses in fertility any other with which we aie ac-

ouainted not excepting the most prolific insects or even fishes 11 -

the Paramecium Ldia, if well supplied with food

to divide every twenty-four hours, so that ,n a fortmght allo^ the

product of each division to multiply at the same rate, 10,864 ammal

coles would be produced from the same stock ;
and in :[oul ‘

astonishing number of 208,435,456 new beings would result fiom a

continued "repetition of the process: we shall feel but little surprise

therefore, that with such powers of increase these minute creatures

soon become diffused in countless myriads through the wateis adapted

to their habits.
. . . f t

(107) The capability of spontaneous division is one of the most

distinctive attributes of the acrite type of structure; and were the

organisation of these animalcules as simple as it was supposed to

be° a few years ago, when they were thought to be mere specks of

living jelly, imbibing nourishment at every point of their surface,

which became diffused through all parts of the ^ogeneo»t«ta»

of their bodies, such a mode of multiplication would be

telligible, and every step of the process easily understood : but, g

aside the conformation of their digestive apparatus there are many

circumstances attending the operation, indicative of a pnw rf dj

veloping new organs in the construction of every fresh individual,

which must be looked upon as a very interesting feature m then

history. Thus a new oral orifice, surrounded with cilia, must be formed

upon the posterior segment of each divided animalcule. In Nassula

eleaans (fin. 12, l) the dental apparatus a, complex as its stiuctuie

2TJ-2, must be formed upon a new part of the body preparatory

t„ over, separation ;
and accordingly, in tbe plates winch Ehrenbeig

gives of tbe reproduction of Ibis animalcule, a new mouth ot dental

cylinder is actually seen to sprout from the hinder half of the cieatuie

before its transverse fissure is complete. These structures, there ore

and others hereafter to be mentioned, must continually be called into

existence at new and distant parts of the system.

(108) Productive as the above-mentioned modes of increase are, i

would seem that they are not the only sources of propagation in this

class of animals ;
many tribes have been observed to be produced fiom

ova or spawn, as well as by fissure and gemmation. The Kolpoda

rundlus ( fin 14, 7) is one in which Ehrenberg succeeded most perfectly

InteZting this kind of generation, but be has likewise observed it rn

nLi The ova seem to be produced m the general paren-

““rn. of the body, without tbe visible existence of an, organ spec,ally
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destined to their formation ;
and, when mature, are expelled in a

delicate reticulate mass {fig. 14, 8). Ehrenberg even describes some

contractile vesicles discovered to exist in many species, which he re-

gards, though perhaps without sufficient grounds, as being a male

apparatus provided for the fertilisation of the ova previous to their

expulsion. In Paramecium aurelia {fig. 12, 2) these are two in

number {a, g), placed at the two extremities of the body, each

seeming to consist of a delicate irritable central portion, from which

he could see, on gently pressing the animalcule between two plates of

glass, eight, canals issuing in a radiating manner and diverging toward

all parts of the body ;
these became gradually enlarged as the vesicle

contracted, and, on the contrary, became narrow and disappeared as

the vesicle dilated. The contractile organs were detected in twenty-

two species belonging to very different families
; but the radiating

cauals were only seen in two, viz. Paramecium aurelia and Ophryoglena

:

their appearance in Nassula elegans, Stentor polymorphus, and Euplotes

cliaron , is seen in fig. 12 ; l, 3 , 4
,

b. The function of these organs

Ehrenberg believes may be connected with the secretion of a fecundating

fluid which, being dispersed by their contraction through the body,

serves to fertilise the ova.

(109.) Nearly all the Infusoria and Rhizopoda have in their interior

a kind of nucleus which is quite different in its compact texture from

the parenchyma by which it is surrounded.* This nucleus, which in

different species varies much, seems to play an essential part in the

fissuration, for every time the animalcule divides either longitudinally

or transversely, this nucleus, which is usually situated in the middle,

divides also
;
so that in the end each of the two new individuals has a

nucleus. This nucleus, which is of a fine granular aspect and dense
structure, retains its form when the animalcule is pressed between two
plates of glass, and the other parts are spread out in various ways. By
direct light its colour appears pale yellow. It seems to lie very loosely

in the parenchyma, and sometimes individuals may be observed turning
their bodies around it as it rests motionless in the centre so as to be
apparently unattached to other parts of the animal, more especially to

the pulsatory cavities {vesiculix seminales of Ehrenberg), mentioned
above.f In many species two, four, or even several nuclei- are co-ex-
istent in the same individual. These nuclei, which make the Infusoria
resemble cells, observes Yon Siebold, deserve a special attention, since
they do not die with the animalcule: thus, in Euglena viridis, the nucleus
remains unchanged a long time, and even increases in size, having no
appearance of a dead body. It may be that the life of this animalcule,
under such ciicumstances, is not finished, but only assumes another

* Vide Anat. of the Invertebrata of C. Th. von Siebold and II. Stannius, transl. by
Waldo [. Burnett, M.D.

t Ehrenberg has denominated this nucleus a seminal gland.
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form, and that perhaps this species, as well as many others, are only

the larval states of other animals whose metamorphoses are as yet

unknown. . , ,, Tv,

(110.) No circulation, properly so called, has been seen in -

fusoria- neither have vessels of any kind been satisfactorily made out.

There is, however, iu Paramecium aurelia, as has t»R> already^ra-

tioned, » constant sap-like movement m the granular of the

hotly, which is easily detected, and was described by Juithhjaen •

this

7
appearance Ehrenberg attributes to the movements of the -

testine but as we have been quite unable to detect the

which he indicates, or to reconcile the apparent course of the g ohu es

with the supposed direction of the alimentary tube, we aie still -

dined to regard the flow of particles alluded to as analogous to what

has been described as existing in the stems of polyps. Neither do

we find any distinct apparatus devoted to respiration m these minute

beings : the cilia upon the surface, by the constant currents which they

excite, necessarily ensure a continual supply of aerated ™tei whic

bathing the whole body exposes every part to the

l
gen and Ehrenberg thinks that he has even perceiv ed the existence

of a delicate net-work of minute canals hollowed out in the penpkey

of some species, which, if filled with nutritive juices, might be re-

garded as the first rudiments of a vascular system.

(Ill) The nervous matter, or neurine, which we must suppose

exist in a molecular state mixed up with the tissues of the body

has never been detected in an aggregated form; nevertheless upo

nT species when observed under good glasses, it is easy to see

Te Ir two extremely minute red or brown specks, which have been

conjectured to be eyes, though probably without further reason for the

supposition than the resemblance which they exhibit, in colour at least,

to the visual organs of some entomostraceous crustacea.

* Fluids as M. Dujardin well observes, cease to permeate capillary tubes of very

minute "calibre even under the influence of considerable pressure Even m ammal

Tvino the action of the heart most powerful, the ultimate capillanes are at least

ife
millim. in diameter ;

is it possible then to »ppo^t m

1 there are vessels as small as the ^^clo minim. . u r
,

-- b

; “rvpr
permeate simply by imbibition.
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CHAPTER III.

ANTHOZOA.

Zoophytes of old Authors—Phytozoa (Ehrenberg).

(112.) It is not surprising that many members of the extensive

family upon a consideration of which we are now entering, should have

been regarded by the earlier naturalists as belonging to the vegetable

kingdom, with which, in outward appearance at least, numerous species

have many characters in common.

(113.) Fixed in large arborescent masses to the rocks of tropical

seas, or in our own climate attached to shells or other submarine sub-

stances, they throw out their ramifications in a thousand beautiful and
plant-like forms

; or, incrusting the rocks at the bottom of the ocean
with calcareous earth separated from the water which bathes them,
they silently build up reefs and shoals, justly dreaded by the navigator,

and sometimes giving origin, as they rise to the surface of the sea, to

islands which the lapse of ages clothes with luxuriant verdure, and
peoples with appropriate inhabitants. Various, indeed, are the forms
which these creatures offer to the zoologist

; and the classification of
them, even at the present day, is a subject of much doubt and un-
certainty. Without entering further into the subject of their division
into groups and families than is connected with our purpose of examin-
ing the main features of their economy, we shall select some of the
most marked varieties for description, commencing with the simplest
and least elaborately formed.

(114.) We have already seen that in the Sponges the living portion
of the animal was composed of a gelatinous film, which, without any
apparent organisation, was possessed of the power of extracting nutri-
ment fiom the water around it, of deriving from the same source
animalised materials and earthy particles, which were deposited within
its texture, and used in constructing a porous framework or skeleton;
and, moieover, that the same semifluid parenchyma could develop
from its substance germs, which became ultimately expanded into other
bemgs resembling that from which they sprung; we shall, therefore, be
prepared to find, in the class upon which we are entering, like results
produced by equally simple means.

(115.) Among the calcareous structures derived from the tropical
seas, usually known by the general terms of Madrepores, Corals, &c.,
anc which, fiom the beauty of their structure, form the ornaments of
our cabinets, few are more common than those denominated Fungice
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and manirin*,-animals belonging to the group Madr^yUicea of

S,

tlTetTho~s consist of thin plates or latninss of calcareous

matter {fig. 15) disposed in

different directions in dif-

ferent species, but, in the

Fungia Agariciformis, which

we have selected as an ex-

ample, radiating from a com-

mon centre, and forming a

circular mass resembling a

mushroom. When living in

its native element, every pait

of the surface of this stony

skeleton was encrusted with

a film of animal jelly, dip-

ping down into the inter-

stices of the plates, and

covering the whole frame-

ZL port *u

e

iudS; it living crust ah.,St from the

it has been removed, to show the Stott, skeleton ite.lt Tta > ate

arms or moving parts adapted to the prehension of food and no s, P

rt
the materials of its support from the water of the ocean and dopes

enlarge?

^
t, however, gives certain dubious

in ic Lis of vitality, and possesses the power of—

J

as to retire between tbe taints of (ttt skeleton when roughly handed,

and thus conceal itself from injur,. Upon the surface of the soft must

are seen a number of vesicles indicated m the figuie, w ic "

carted formerly as rudimentary tentaeula, from the circumstance of

their being able to contract and ™rybetr
flUed

wTttaLLrvtagm important purpose in the economy of the creature,

—namely, that of preventing it from being turned upsrde down by the

V ’tniimi of the ocean These air-vessels may, therefore, be

JoXdLpon as floats, whieh, rendering the upper surface more buoyant

,
i inferior materially assist in preventing such an accident,

m s The reproduction of fungi* is effected b, the development of

1

. \r oemm
l

£B which pullulate from the animal substance as buds

OTfita a plant, and remain for some time fixed to tbe parent by a
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species of foot-stalls, which sustains them until they have attained to a

considerable size; the young fungi© being upwards of an inch in

diameter before they become detached. When mature, they separate

from the top of the stony peduncle which hitherto supported them

;

and at this time, the skeleton of the young fungia, when divested of

its fleshy part, shows a circular opening beneath, through which the

radiating plates of the upper surface are visible. In a short time a

deposit of calcareous matter takes place, which cicatrises the opening,

the marks of which, however, can be traced for a considerable period,

until at length the increase of this secretion continuing with the growth

of the animal, entirely obliterates all appearance of its having existed.

(119.) In the earliest period of its development, the foot-stalk by

which the young is united to the parent, as well as its radiating disc, is

entirely enveloped with the soft parts of the animal
;
but as the upper

portion spreads, and assumes its characteristic form, the pedicle is left

naked, aud the gelatinous coating extends only to the line where the

separation afterwards takes place.

(120.) It is generally supposed that the calcareous matter forming

the skeleton of these madrepores, is perfectly external to the living

crust that secretes it, and accordingly is absolutely extra-vital, and

removed from the future influence of the animal. Such a sup-

position appears, however, at variance with the facts above stated,

and incompatible with many circumstances connected with the history

of the lithophytous polyps. On trying to detach the soft envelope

from the surface of the skeleton, the firmness of their adherence

would render such a want of connection improbable,— they appear to

be, as it were, incorporated with each other; and, besides, the separation

of the fungia from the peduncle whereby it was joined to the parent

fungia during its earlier growth, necessarily supposes a power of re-

moving the calcareous particles after their deposition. It is, therefore,

almost demonstrable that the earthy matter secreted by the polyp is

deposited in the tissue of its substance, and still remains, in a greater

or less degree, subject to absorption and removal : of this, however,

we shall have fuller evidence hereafter.

(121.) It is astonishing how nearly the animal and vegetable king-

doms approximate each other in the lower orders of these calcareous

zoophytes. Admitting the animal nature of Fungia, we find calcareous

skeletons, essentially similar in their chemical composition, produced

by a large tribe of organic forms, long classed with the creatures we
are now considering, but which modern observations have clearly shown
to be of vegetable nature.*

(122.) These are the Corallines (Linn.), which, although so nearly

resembling the skeletons of polyps, that Cuvier, Lamarck, and others,

* Selnveigger, Anatomische Physiologische Untersuch ungen libel' Corallen. Berlin,

1 U19.
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scrupled not to admit them into the animal circle, have been proved

by microscopical researches to possess the cellular
Q

'

f

i„g to vegetable organisation, and are thus placed beyond the limits

AOTHOZOA.-The compound polyps consist

traction upon the «PP^ f

flower4ike JMba ,
which spring from

a great number of polyps^ ^ aui are indWduaUy capable of

Seising and digesting prey, the nutriment thus gained being appro-

common rl's e°nthll, soft and gelatinous, its surface hemg covered

•

tVl • te cells in which the polyps are lodged; such are the a

Ilr treLes the common body secretes large guanUties of

, same manner as the A ungia, wmcn, uemg
ca careo"s “

interior ,
forms arborescent masses, presenting upon

theh surface multitudes’ of cells, generally distinguishable after t ie

lodgeT" thiTrlthTflfiy
cmlu-aUAis not

several pieces united toother by the living crust tot secretes them;

aud, being free and unattached^ are«
position at pteur £« ^^ever, merely modifications of the

type of structure, although d.fferiug iu certain minor

;risTtoir oUsation, so as to render an examination oi each

fc^T^™S^Sfcmily includes several genera, known b,

Th^ central mass
8
or polyp”, ,

Is entirely soft, being
«

J

rather subcartilaginous texture. Tts density varies vith tbe state o

Sfanimal being more firm when the creature is contracted or hardened
the amma , D

. . , •

tpan when alive and expanded. Upon
by immersion m sp t

be

’

illlersected by tough fibrous hands, and

%%%£ coins calcareous splcnla dispersed through its sub-
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stance ;
no muscular fibre or nervous matter has ever been detected in

its composition, and its interior is permeated by numerous wide canals

variously disposed. The Alcyonidte, therefore, may justly he looked

upon as intimately related to the Sponges in the structure of their

common body, differing from

them principally in the polyps

occupying the cells upon their

surface.

(126.) Few objects exhibit

to the naturalist a more beauti-

ful spectacle than the compound
animals of which we are speak-

ing. When found upon the

shore contracted and deformed,

it would be difficult to imagine

that they were really organised

beings, much less possessed of

any elaborate conformation
;

yet, on placing one of them
in a tumbler of sea-water, and

watching it attentively with a

magnifying glass, its true na-

ture is gradually revealed : the

central mass expands in all directions, exhibiting the cells upon its

suiface, from which in time the countless flower-like polyps are pro-
truded, and, stretching out their arms in all directions, wait for the
appioach of prey. A scene like this naturally leads us to inquire
concerning some points of physiology connected with their economy ;

and several questions obtrude themselves upon us, which, as they are
applicable to the whole group of compound polyps, may be well dis-
cussed in this place.

(127.) That there is a community of nutrition,—or, in other words,
that food taken and digested by the individual polyps is appropriated
to the support of the general body,—appears to be indisputable, and is

generally admitted
; but is there a community of sensation so as to

render the entire mass one animal, capable of consentaneous move-
ments ? or is each polyp independent of the rest in its sensations and
actions ? Upon this there are different opinions : some regarding the
whole as a single animal, each part being in communication with the
rest, and thus participating in the feelings and movements of the
others

; whilst some consider each polyp as a distinct creature, inde-
pendent of the rest. The solution of this problem is a. matter of
some difficulty

; but there are several facts recorded by observers,
which may in some measure enlighten us upon the subject. From
the absolute want of nervous filaments, which might bring into com-

Fig. 16 .

i.
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munition distant points of the hotly, we might theoretically den, the

possibility of an, combination of actions ;
and experiment teache

that the assumption is correct.
, ,

, nT1Gnnvpnt

das ) If, when one of these animals is fully expanded, transpaient

and soft an, point of its surface bo rudely touched, the whole body

does not' immediately shrink, but the point only where

was applied appears to feel the impression ;
this Jar sibody be

c

more dense opaque, and a depression is seen gradually to appear.

The shock be severe and extensively diffused over the body the con-

extends to the whole mass; the most violent local

injury indeed^seems to be totally unperceived at remote parts of the

body
3

whilst a general shock, such as striking the vessel which con-

tains the iexpanded polyp, produces a simultaneous cont^ of h

whole * The polyps, however, exhibit much greater irritability

their movements, from their rapidity, form a striking contra®
.

t°

languid contractions of the connecting central mass; but that they

have a community of life appears improbable: they seem to act q

independently of each other; when one is touched and suddenly re-

tracts itself within its cell, it is true that those in the neighbouihood

will likewise not unfrequently retire, hut this circumstance may be

accounted for by the sudden movement of their neighbour ,
for

the polyps are Lely contiguous to each other with their tentacles,

there is no cause for urging a community of substance to explain .f

,
129 .) It has been observed by Milne Edwards,I in Alcyomdmm

(
L 17),-a genus of Alcyonian zoophytes, remarkable from the car-

SsJce that its polypary, or common body, costs*

-

Of very different consistence, the upper part or trunk (c) being quite

soft and flexible, while the lower portion or foot (6), by which it

atLhed is of a hard and solid texture,-that, although under ordinary

circumstances the movements of the individual polyps are quite in-

dependent of the rest, a simultaneous contraction of the whole may b

excited by irritating the common trunk, and that to such an extei

that if the stimulation be excessive the whole of the soft por ion of

the polypary is retracted into a coriaceous sheath afforded by the foot

(130) The history of these compound animals is extremely i

teresting, and, as a knowledge of their economy will serve to throw

much light upon the organisation of other forms hereafter to be noticed,

it will be necessary to enter somewhat minutely into the details of their

Stl

(l3l”on making a longitudinal section of one of the expanded

* Professor Grant, Lectures on Comparative Anatomy-Lancet for 1833-4, vol. ii.

P
'

fo'uov et Guimard, Zoologie du Voyage de l’Uranie. Pans, 1834.

I Mature sur un nouveau Genre de la Famille des Alcyomens (genre Alcyomde).

Par M. Milne Edwards, Ann. des Sc. Nat., 1835.
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polyps {jig. 18, 1 ), tlie main features of its anatomy become at once
recognisable. The alimentary canal

(
c

)

is seen to be a cylindriform
cavity with membranous walls occupying the axis of the upper portion

of the body, and extending from the mouth
(
b

)

to about the middle of
the free portion of the protruded polyp, where it terminates by a
distinct orifice {cl). Internally, the digestive sacculus presents eight

Fig 17 .

Alcyonidium elegans (after Milne Edwards, Ann. des Sc. Nat., 1835, pi. 12, fig. 1).
a, foreign body to which the polyp is attached

; b, the hard portion, or coriaceous foot ;
c, the trunk, or membranous portion of the polypary ; d, polypiferous ramifications of
ditto; e, the soft parts of the trunk completely retracted into the coriaceous stem;/,
yellow spots indicating the ova contained in the lower portion of the polypary.

longitudinal lines, and a multitude of minute transverse folds. Its
inferior termination becomes suddenly contracted as though the ter-
minal orifice were closed by a sphincter muscle, and communicates
vvith the wide abdominal cavity («) that occupies the entire diameter
ot the lower portion of the polyp, and is prolonged inferiorly into the
common body of the polypary. The calibre of the digestive tube is
much smaller than that of the animal in the centre of which it is
suspended nevertheless it is firmly connected with the parietes of the
polyp by the intervention of eight delicate membranous lamellm de-
iived from ns outer surface {jig. 18, t and 2,/) and extending along

: t

''
° 6 eu°,,: ' ^ie Position of these septa corresponds with the

•

aCU U1 sPaces '< ancl as by their upper extremities they are
o t ic pciistomal disc, they form the walls of eight longitudinal
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canals, which are uninterrupte^ ^
corresponding tentacula <J"J- . ’£>

esent „„ eocli side of

dages are completely ho ow, . ,

niimitc apertures

their internal cavity a senes of ten 0 . ™
.

(/,. 18, p'), leading into the marginal pinnules

structure.

Anatomy of f«“ £'i,'tU” ^lit.S
tudinaUy to show its internal orgamsaUon ,

, ^ abJomhial cavity ; /.

canal ;
d, inferior opening of ditto ;

e, upp P ^^ waUs 0f the digestive

tudinal septa passing between the pmetea of b
J ;

anals formed between

cavity ;
/', continuation of the sam into the abdon a

^ one 0f the tentacles

the septa which are continuous with the int

g wkh those of the marginal

opened, showing the holes by which its cavj^
^ ^ . /. filiform appendages

pinnules : h, minute spiculm situated
.

how|n ,T tfie manner in which the longi-

to the alimentary lute. S. » Section U>~»Eh d» b“to

tudinal plicae are connected with the alimentary

portion of the polypary.

(132.) Inferiorly, tho

cate freely with the great abdominal ca } ( ), longitudinal

whereby Ly are arc apparent'^

fnlfl 5! (
f') visible in ids mtenoi. ° „ , .

, t
iip , r o..g t,i\e con-

% thesame structure as the verticoUepU, of ^
tinuations, only they ate nanoivei,

_ inspection they

hang loosely in the abdomen «*£**". membrauous layers folded

“
1z&z—^l—
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parietes ol the body. At the point of continuity the two laminm
seem to become slightly separated, so as to leave a little canal at the
base of each fold, while superiorly, close to the termination of the
stomach, there is a remarkable filiform and very flexuous organ
UlcJ- IB, cl), apparently an appendage to the alimentary cavity.

(133.) As has been stated above, the common polypary consists of
two portions, differing widely from each other in texture, forming the
trunk and the foot. By dissection it becomes immediately apparent
that the softer portion, named the trunk, is made up of membranous
tubes disposed longitudinally parallel to each other, and so closely
connected together that it is difficult to separate them. The foot of
tie polypaiy is essentially nothing more than a continuation of these
same tubes modified in structure

; those situated near the centre of
the stem have their walls only slightly thickened, but those placed
near the periphery acquire a more solid consistence, from having their
parietes encrusted with innumerable fusiform spicula, composed of
carbonate of lime imbedded in a cartilaginous substance

; these are
arranged longitudinally {fig. 18, 3), and give to the stem its solidity
and peculiar aspect. Near the circumference of this portion of the
polypary longitudinal fibres are perceptible, which appear to be the
remains of tubes atrophied by compression [fig. 19, 3

,
a).

(134.) The tubes thus united in fasciculi are evidently analogous to
ie cavities into which the polyps of Alcyons, Corals, &c„ are retracted,

iliese have generally received the name of “ polypiferous cells,” and
some aut ois consider them as being quite distinct from the animals
inhabiting them : in the zoophyte under consideration, however, a very
superficial examination is sufficient to prove that they are really merely
continuations of the bodies of the polyps themselves, no line of demar-
ca ion being distinguishable between them. It is not, therefore, into
polypiferous cells that these little flower-like creatures retire, butecome retracted into their own bodies by a species of invagination,
and the entire polypary which seems to afford them lodging is nothingmt^a mass formed by the aggregated tubes of all the polyps belonging

aiS ?TearS t0 b6 Pr6tty gCnerall>
r Emitted that among theagg .fgated polyps nutntlvc materials swallowed by one individuates

asIdVlT“ f
tha 8T“ opinion seeming

a“faTmiwT
VI V" !

ui’°° “"'O' 1 Sertularian species,—but

1L<1 It r,r
mly °f

,"
Utrition “isls Mcyo re-

test; ZLt It
KSTheS

,

°f M“ne Edwards, unsolved

Shin evistino hot
“"JUlung known precisely as to the relation-

led ,

b
°!men these beings, or even admitting,

nutritive rnntto

16 "*•«• "*»• il «• difficult to conceive hot,

wKLtSP.-"" from »”» PoiJT to another, whether
y Simpl° imblbltl°a or in any other manner
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(136.) In order to resolve these ^e”eSs^^I a

the Aloyonidium under const el “tl0“'
‘

a in the flame of a lamp,

small glass tube having its end drawn °
. of one 0f the polyps,

injected a coloured fluid into t e a
passed into the abdominal

and found that the injection mini
h nutritive substances

cavities of the polyps around
; ^^ ^ted among the different

swallowed by an, indlndua “ f„ Zi foodVen by one

members of these remarkable colonies,

may nourish the neighbouring animals.

Fig. 19 .

j One of the branches of

Anatomy of Aloyonidium elegans (after Mine^
e'xists

‘

between the abdominal

tb, polypary .p«cd to .h.» ““To to
cavity of the principal polyp and the intenor f h ^ longitudinal ovarian

the apertures, it will be observed, are always h^^ ^^ the abdominal

folds. 2. Lower portion of an ovanan.
fold d

^ are developed . 3. A portion

cavity to show the manner m which the ov l
g ous tubes . b,

spicula en-

of the foot, or basilar portion of the polipaij , ,

crusting this portion of the polypary.
.

„ nf these polyps open under a magnifying

(137.) On cutting one of the
p ^omiJunication is effected ;

it

glass, it is easy to explain ™ ^ ^ animals, as described aboveSS

*

he «“” 1 s"
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the polypary seems to be made up
; others, however, sprouting im-

mediately from the parietes of the former, have their internal cavity

continuous with that of the larger central polyp, so that a free com-
munication is kept up between them {Jig. 10, 1 ), the whole forming a

sort of ramified tube, or an animal having one body and one central

stomach, but furnished with many heads and as many mouths.

(138.) The development of these secondary polyps is effected by a
simple process of gemmation. A tubercle makes its appearance upon
the surface of the primary animal, which looks at first like a little

ccecum appended to the integument, having no oral aperture but com-
municating freely, by means of its central canal, with the abdominal
cavity of its parent. When arrived at a more advanced stage of de-

velopment the tentacula make their appearance, and the alimentary
becomes distinguishable, so that the young animal soon becomes an
exact representative of the original from which it sprung.

(139.) But here it is necessary to observe that this kind of vege-
tation does not take place indiscriminately from any portion of the
tegumeutary surface of the polyp. The reproductive gemmae are only
formed immediately over the track of one of the eight longitudinal
membranous lamellae above noticed {Jig. 19, l, c

,
c, c), so that the

apertures of communication between the newly formed polyps and the
original are always so placed as to interrupt the course of one of these
folds.

(140.) It is not, however, only by the development of buds that the
reproduction of the Alcyonidium is effected. These animals likewise
produce ovules or gemmules adapted to spread to a distance their
sedentary race, and it is worthy of remark that the same organs from
which the gemmae above described derive tbeir origin, perform the
functions of the ovaria of higher animals.

(141.) It is in the longitudinal membranous folds above described
that the reproductive gemmules are developed {Jig. 19, 2

), which, as
they increase in size, become pedunculated, and ultimately fall off into
the abdominal cavity, whence they easily escape through the mouth of
the polyp.

(142.) The intestiniform convoluted organs {fig. 18, l, k), situated
beneath the alimentary cavity, are, from what has been stated above
evidently not the ovaria, seeing that the ova are formed elsewhere’
neither, from the simplicity of the structure of the reproductive an-
paratus, can they be regarded as male organs destined to fertilise the
ova

;

so that upon the whole it seems most probable that they repre-
sent hepatic vessels.

J 1

(143.) When the polyps are expanded, their mouths are' frequently
seen to dilate and take in the surrounding water, which, together with
such alimentary substances as may be suspended in it, penetrates into

1C 18estlve canal, and through this passes into the general cavity of
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the abdomen, whence again it mounts up into the

the eight cauals membrane com-

this arrangement that the thin anc j
throughout with the

posing the bodies of these ammals
surface is

water required for respiration, a
less elaborated

:S=^^^e^heheres to be - a
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their escape into the
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’

Hence the distinguished zoologist,

internal cavity of then paten
•

.
,

e band the
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“/ther the excite-
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meat occasioned by the contact of the

this difference of procedure, and that

£

J^Ser ora or gemmae.

l^t^Sr^smore^ulatedupontheln-

St the individuals

whereby an organic continuity is es

cavity of the primitive

of the community; also

zoophyte becomes common to all t y °
, ther reSemble a

in short, how the little beings thus umt^ to^l rather ^^
multiple animal than an assemblage

„ s The com-

the advance of age this polyps,

mumcation between the a u o
the polypary, is first

whose basal portions reach as fai as> the ^ ^ q{^
of all interrupted by the ova, *

gub ntly by the pressure of

cavities becomes filled (Jig- to,
. cotnmUnica-

the surrounding parts, the wall b«omes contused and all »^^
tion between the polyp whose abdominal tube

, instead

the polyp from which it sprung .s—ed-Jh P >
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^ ^

municate by common parts may now b P
and llecfc.

by cutting off the more«"n"5rtps united in the
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and, as may readily be conceived, in time each polyp can become in-

dividualised.

(146.) In the Alcyons, properly so called, a vascular system is very

distinctly developed, and in Alcyonium stellatum, more especially, M.
Milne Edwards was able to study it with facility. In this species

(Jig. 20, l) be was enabled to detect upon the parietes of the abdominal

cavity of the polyp a variable number of minute apertures irregularly

dispersed, which are in immediate communication with a system of

capillary canals that traverses in all directions the spongy portion of

the polypary, formed by the external tunic of its component animals.

For in this species it is very easily seen that while the internal tunic

lines the abdominal cavity of the polyp, the external layer, instead of

being confounded with the former, as in the protractile portion of the

Fig. 20 .

s

animal, becomes perfectly distinct from it where it begins to enter into
the composition of the polypary, at which point its thickness becomes
considerably augmented, its texture spongoid, and in its substance are
deposited a number of irregular crystals, composed of carbonate of
hme mixed with a little colouring matter. In the tegumentary mass
thus formed the vascular canals ramify, anastomosing freely among
themselves, so as to constitute a vascular network. These vessels
are formed of very attenuated membrane of a yellowish colour, which
is continuous with the internal tunic of the polyps, and is perfectly
is inguisbable from the dense tissue with which it is surrounded.
ie istii ution of these canals is best displayed by cutting a thin
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slice of the .ass of the Mcyoo,- removtag U-

it is filled by immersion in some dxlute amd it»

^

extre.

canals are most numerous and of the lal 8e

h establish frequent

mities of the branches of the
cayities of the different polyps

communications between the abdo
‘

b pes are filled must

of the Alcyon. The fluids wrth winch th*r bodres a ^ ,

f

thus necessarily circulate in the ®n “ e “
iudividual sensibility, and

each of the polyps has, on

a distiuct digestive cavity, on the otnei,

common to them all.

Alcvonide, are reproduced by ova,

(147.) The Alcyons, like the Alcy°nKle
1

COnstruc-

which are formed in membranous ovana of preuse^
aromd

tion. and also by gemmae, w
indefinitely the number of
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’
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difference in the mode of
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portion which is formed by the externa] tunic ^f^th
p ^ ^ ^

^

meated by the vascular network) be
g duces a tubercle of

determinate point of its
?
erip ®
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little beings with a sort of living sheath, and produces in the interior

of its own substance new polyps, quite independently of those pre-

viously in existence. These polyparies might therefore be compared
to a sort of common ovary, the products of which are never completely
individualised, but remain permanently lodged in its substance and
minister to the support of its existence and the aggrandisement of its

tissue.

(148.) This singular mode of reproduction, M. Milne Edwards ob-
serves, seems at first sight to be very different from that observed in

the Alcyonidium, but, on reflection, a considerable analogy may be
traced between them. In Alcyonidium the internal tunic of the ab-
dominal cavity fulfils the functions of an ovary, and produces at deter-

minate points both gemma; and ova, whilst in Alcyon, on the contrary,
while the internal membranous layer gives birth to ova, the gemmfe
are developed elsewhere, from the which permeate the common mass.
But the membrane which forms these canals, and which is the seat of
this kind of vegetative reproduction, is merely a continuation of the
internal tunic

; and hence it is easy to understand how it may fulfil

analogous functions.

(149.) Madreporida.—Were we to imagine one of the Alcyonidfe
capable of secreting not merely the calcareous spicula that are mixed
up with the softer portions of its body, but abundant quantities of
carbonate of lime, which, being stored up in the centre of its sub-
stance, should form a dense calcareous axis encrusted with the un-
calcified part ol the living animal, and perforated at its surface so as
to form innumerable cells or lodges adapted to contain the polyps
which provide nourishment for the general mass, we should have a
good general idea of the structure of the tribe of polyps that next
comes beneath our notice.

(150.) The shallower parts of the tropical seas contain countless
forms of madrepores, known to us, unfortunately but too often, only
by detached fragments of the earthy skeletons which the beauty of
their appearance induces the mariner to bring to our shores. These
calcareous masses generally assume more or less an arborescent ap-
pearance, spreading to a considerable extent, so as to cover the
bottom of large tracts of the ocean, and not unfrequently they play
an important part in producing geological changes which are con-
tinually witnessed in the regions where they are abundant.

(lol.) The extent of our knowledge of the animals themselves is,
unfortunately, but very limited. That the entire skeleton, whatever
i s iorm, is encrusted with living substance

; that the cells contain
polyps, resembling more or less those of the Alcyonidfe, and which
plow e oi the nutrition of the whole,—is pretty much the extent

oui in oimation concerning them : and should the scientific natu-
a ist e\ei be placed in circumstances where he can more closely ex-
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amine them in their living state, there is scarf,
“
^rtaen^o

science in which his labours could be more b nelicmlly employed

in the investigation of their str™“'e
mnsses of chalky

(152.) These madrepores, fiom the mime.
hv them not

material which they accumulate in the
tQ the mariner, by

unfrequently become the cause of excess °
frequent, so as to

raising the bottoms of the shallow seas which they^eq
^

render regions once covered with deep
harhours of the South

filling up by their accumulation the b ‘ y ‘

. f t :ustly makes the

Seas,-is undeniable ;
and a knowledge

they most

navigator cautious in passing 10U
8 seldom far exceeded

that madrepores are found m strata much
voyagers.

the seas in .he neighboured,^"ledCLJ in L%.
Yet when we are told of coial reels, s

^significant crea-

entirely formed by the agency o
. depths which are

tures, of perpendicular cliffs rising fro*

‘ ^ to turn t0

altogether the produce of their 8ec^iom,
. aud mode of in .

the details in our possession, concen i

g statements * In the

crease, to assure us of .he inaccuracy of.such s^mtemen.s.
^

srJE 5riy“^^“0? irXosit sue-,y "
ae;S Of 1000 or 1000 fee., their broad W—Lrsc
surface of the ocean, every one mil admit, mil

» nUhoueh
.0 the labours of madrepores to account for tlieir foirnat ,

-

1 1 itred portions of .be summits of such mountain ridges affo d

In elSe poition for their increase. In such situations, therefore

'they accumulate, and slowly deposit continually mcreasmg mass f

earth upon the brow of these

ttC— of the rock, as far as

• Quoy et Gaimard, Op. cit.
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the polyps are concerned in its construction, here ceases; hut a variety

of causes tends gradually to heap materials upon the newly appearing

island : storms, which tear up the bottom of the sea, perpetually throw

to the surface sand and mud ; which becoming entangled among the

madrepore, and matted together with sea-weed, forms a solid bed over

which the waves have no longer any power. The circumference of the

islet is perpetually augmented by the same agency : sea-weeds and

vegetable substances cast upon it, by their decay cover its top with

vegetable mould
; and if its proximity to other land permit the united

action of winds and currents to bring the germs of vegetation from

neighbouring coasts, they take root in the fresh soil, and soon clothe

with verdure a domain thus rescued from the ocean,

(153.) The coasts described by Cook and Bougainville, whereon
strata of coral are found much elevated above the level of the sea, are

undoubtedly of volcanic origin. The bottom of the ocean, crusted over

by thick masses of madrepore, has been suddenly heaved up by one of

those stupendous convulsions of nature, probably produced by the sea

finding its way into some sub-marine volcano ; and rocks and corals,

raised from their beds by the tremendous explosion so produced, give

birth to islands and elevated tracts of country, such as are met with in

the South Seas.

(154.) CoKALLiDiE.—The Corallidae are compound polyps of appa-

rently more perfect organisation than those forming the last family.

The polypary or central axis, which supports the external or living

crust, is solid, without cells, and variously branched
;
the larger species

resembling shrubs of great beauty, frequently coloured with lovely

hues, and studded over their whole surface with living flowers, for

such the polyps which nourish them were long considered even by
scientific observers. The central stem of these zoophytes differs much
in its composition in different families ; sometimes being of stony
hardness, in other cases it is soft

and flexible, resembling horn
;
and

not unfreqently it is formed of both

kinds of material : it is, however,

always produced by the living cor-

tex, which secretes it in concentric

layers, the external being the last

deposited.

(155.) The example which we shall

select for special description is the
Coral of commerce, Corallium rubrum
(fiO- 21), from which we derive the
material so much prized in the manu-
facture of ornaments.

(15G.) The red coral is principally
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obtained in the Mediterranean. When growing

sea, it consists of small branched
IVded *at in-

investment, by which the cenUa
' am8>

’and capable of being

tervals with polyps possessn g g ”
. in„ put „0t pane-

contracted into cells contained in the fleshy coie.m,^^
rf

tinting the stem itself. The skeleton op V
circumstance to
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a

^ fa

which the e^imatmnm^hm >J ^ inBteaa of being con-

le^T«s matter, is^
sembles horn b»* an ^^ ^s* *—
ing—

s t^TemJn. The object of such di-

tshv 1 texture o/the polypary of the CorallU* will be at once

apparent when we consider the Fig. 22.

habits of the different species :

the short and stunted trunks

of Corallium, composed of hard

and brittle substance, are strong

enough to resist injuries to which

they are exposed; but in the tal

and sleuder stems of Gorgoma

and Isis, such brittleness would

render them quite inadequate

to occupy the situations in which

they are found, and the weight

of the waves falling upon theii

branches would continually

break in pieces and destroy

them; this simple modifica-

tion, therefore, of the nature

of the secretions with which

they build up tbe skeleton

which supports them, allows

otherwisei—w » >» “i- - *-
d

arranged

A

in a somewba. undulattog—
successively deposite y t o win*

several years are

111 the ha

t\» mlrity f'ci—ce which has rendered it

“edM to topi strict laws, forbidding the Mediterranean coral-
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fishers to disturb too frequently the same localities, which are only

visited at stated periods.

(158.) The deposition of solid matter in the soft bodies of these

polyps is not confined to the production of the central stem, but in

many even of the Keratophyta* cretaceous particles are extensively

diffused through the cortex, which not unfrequently is likewise gorge-

ously coloured by secretions of different hues. In the Gorgoniae, a

section of one of which
(Gorgonia verrucosa

)
is represented in Jig. 22,

a, the earthy matter in the crust is so abundant, that, even when
dried, it xvill retain in some measure its natural form, and exhibit the

tints peculiar to the species.

(159.) The structure of the individual polyps of the Corallidae, as

far as we are acquainted with their history, resembles that of one

of the polyps of the Alcyonidae already described ;
and the prey

obtained by each, goes to the support of the general mass. Their

reproduction is undoubtedly from germs develoved in internal fila-

mentary ovaria, which escape either through the mouth, as in Al-

cyonium, or else, as Cavolinif supposed, through apertures placed

between the origins of the tentacles.

(160.) Pennatulidce.—This family belongs likewise to the division

of cortical polyps, and agrees with the two last in most points, the

principal distinction consisting in the character of the internal axis

which supports the body. In some species this part is reduced in

fact to a ligamentous mass, interspersed with calcareous granules ; but,

in the most typical forms, the skeleton consists of several pieces,

capable of moving upon each other. The whole animal, in such
cases, resembles a feather, the stem supporting lateral branches, upon
which the polyps are arranged. From the circumstance of these com-
pound animals being unattached to any foreign support, they have
been supposed to be capablo of swimming at large in the sea, by the
voluntary movements of their articulated branches, a fact strongly
contested by many modern zoologists

; but, as we can say nothing
from our own observation upon this subject, we must leave the
question open to future investigation. Many species are eminently
phosphoric.

(161.) TubiporidcB.—We have now to speak of a class of polyps very
different in their construction from those which have been described.
Instead of encrusting an internal solid skeleton, the Tubiporidte are
enclosed in a calcareous or coriaceous sheath or tube, from the orifice
of which the polyp is protruded, when in search of prey : these are
named by authors Vaginated Polyps.

•
°!
d name ^° r PolyPs whh a horny axis, xigas, horn ; <furov, a stem

;
as distin-

guishing them from the stony polyps, Litliophyla, P.ios, a stone ; (fori,.
t Gavohm (Philippe), Memorie per servire alia storia di Polipi marini. 4to. Naples,
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(162.) The T
f

irbeen most carefully studied, and t

t?;,, 93.

anisationwill be found of the highest importance, as affording a clue to

he investigation of other forms, F& - i -

,o be mentioned hereafter. The

[ubiporte live in society, but

lo not appear to be organically

united as the compound polyps;

a group of these animals pre-

sents several stages of tubes,

placed one above another ,
the

tubes are generally straight,

and nearly parallel to each

other, but appear slightly to

diverge, as radiating from a

common centre ;
they are se-

parated by considerable inter-

vals, and reciprocally support

each other by horizontal la-

minte of the same substance

as the tubes themselves, which

unite them. From each tube

issues a little membranous ani-

mal of a brilliant grass-green

^nlSs^ch are feared along their edges with
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two or three rows of minute fleshy papilla;. Within the mouth of the

specimen examined by M. Lamouroux,* was found an oval membranous

sac, but not in sufficient preservation to be properly described. This

was most probably the stomach.

(163.) Around this sac, alternating with the tentacles, are eight

triangular filaments (Jig. 24 ;
l, e), which are at first free and floating,

but they soon become attached to a membrane which lines the cal-

careous tube ; and, gradually diminishing in size, they extend through

its whole length. These filaments are analogous to the ovaries of the

Corallidte and Pennatulidte ; their inner surface, in mature individuals,

is studded with ova of different sizes attached to them by short pe-

dicles (Jig. 24 ; 3).

(164.) At the point where the ovigerous filaments reach the ten-

tacles, a membrane is observable which assumes the shape of a funnel
when the animal retires into its shell, and at the open end of the
funnel the membrane is seen' to fold outwards, and become continuous
with the calcareous tube (Jig. 24 ; l, b)

; its inner surface indeed is

prolonged under the form of a thin pellicle over all that part of the

interior of the tube which is inhabited by the polyp, terminating at a
kind of diaphragm composed of the same hard substance as the tube
itself. The remains of these diaphragms are found in the interior of
old tubes at various distances from each other.

(165.) The funnel-shaped membrane does not terminate suddenly
at its point of junction with the calcareous tube ;

the latter, indeed,
is a continuation and product of the first, the calcareous substance
being evidently deposited in this gelatinous membrane, in the same
manner as phosphate of lime is deposited in the bones of very young
subjects, changing its soft texture into hard, solid substance. The
manner, therefore, in which this tube is formed cannot be compared
to the mode of formation of the shells of Serpula or the shells of
molluscaj in the latter case it is a secretion from the skin, almost an
epidermic product, but in these polyparies there is a real change of
soft into solid substance, which is effected gradually, but not deposited
in layers.

(166.) When the tube has acquired a certain height, the animal
forms the calcareous horizontal plate which unites it to those around

;

the still membranous upper part of the tube extends itself horizon-
tally outwards around the aperture (Jig. 24 ; 2, b ), doubling itself so as
to fonn a circular fold; this part of the membrane is no longer
irritable ; its internal surfaces unite so as not to interrupt the con-
tinuity of the tube

; carbonate of lime is gradually deposited within
it, and soon a prominent partition, composed of two lamella;, soldered

Anatomie de Tuhipore Musical, par M. Lamouroux,—in the Zoology of Quoy et
Gaimard, Voyage de l’Uranie.
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This tubercle gradually elongates, and assu
it is stm

PXS^^emhr=a^ base£-
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CHAPTER IV.

ACTINIZOA.

(170.) An extensive and important group of the Anthozoa, from the
fibrous character which the substance of their bodies assumes, have
been named by zoologists “ Fleshy Polyps." They differ, indeed, re-
markably from the soft gelatiniform structures that have hitherto come
under our notice, exhibiting in their economy various characteristic
circumstances not to be mistaken.

(171.) Although the genera composing this division are exceedingly
numerous, and vary much in their external characters, they will°be
found more or less to con- p . «,

5

form, in the essential points

of their organisation, with

the subject we have selected

as the type of these beautiful

zoophytes, and, being com-

mon upon our own coasts,

the reader will have little

difficulty in procuring spe-

cimens for examination.

(172.) The body of an
Actinia, when moderately
expanded (Jig. 25), is a fleshy

cylinder, attached by one ex-

tremity to a rock, or some
other sub-marine support

;

whilst the opposite end is

surmounted by numerous
tentacula, arranged in se-

veral rows around the oral

aperture (fig. 26). When
these tentacula are expand-
ed, they give the animal
the appearance of a flower,

a resemblance rendered more
striking by the beautiful co-

lours they not unfrequently
assume; and hence, in all

countries, these organisms
have been looked upon by

f
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66 . . ,

the vulgar as gCe“" nlered

fancied resemblance. en “ when expanded at the bottom

evident by a little attention to then mb ,^ tid6j they are

of the shallow pools of salt-wa

J and power of spontaneous

seen to manifest a degree, of sens* j, ^ ^
movement, such as we shou ^^^ tbeir tentacles to fold

aspect. A cloud veiling
ftom tbe passing shadows •- contact,

3—s mass scarcely distinguishable frcra the

substance to which they are attached
however, that the

(173.) It is in seizing and devom g V 7^ for hours

habits of the Actini®“
’
^at/aud motionless, waiting for an, passing

with their aims fully * P
disposal, and when the oppoitunity

animal chance may place at then P
VOracity and for their

arrives are not a
food generally consists

capability of destroymD
tlv far superior to themselves in

of crabs or shell-fish,
easily overpowered by the

strength and activity, u
• assaifant. No sooner are the

sluggish yet persevering grasp ^^ -

t ig seized ,
and held with

tentacles touched by a pass^g
^ ^^ around it ;

the mouth,

unfailing peitinac y
, expands to an extraordinary size ,

and

placed m the centie of tl ’ P
, digestive bag of the Actinia,

the creature is soon engulfed r
«

d)j eftectea ,
the hard

where the solution of all its
'

cast out st the same orifice,

undigestible remnant being subs °

, ffl gear long

(1M-) T1;e AoUm
ttesertd^"v ?

a whole year, or perhaps

fasting :
* they may P

wi thout any visible aliment ;
but when

longer, in a vessel of sea-«te
, ^ ^^ a crab as large as a

food is offered, one of them
day or two the shells

hen’s egg, or two mussels in then she
^ ^^ parts .

are voided through the mouth p 7
changing their position :

(175.) The Actmue possess tl i
gxed tbe base,

they often elongate *“r

food at a° distance; the, can

stretch from side to side,
tte disc that supports them,

even change their p ace y g 1 o
swenin« themselves with water,

or detaching themselves entirely and
ag the element they

they become nearly of the same. p 8 elsewhere,

inhabit, and the le^= so as to use their

Reaumur even asserts that
y but this mode— naturalists.

* Encyclopedia Londinensis, art. Actinia.
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When tliey wish to fix themselves, they expel the water from their

distended body, and, sinking to the bottom, attach themselves again by
the disc at their base, which forms a powerful sucker.

(176.) From the above sketch of the outward form and genei’al habits

of these polyps, the reader will be prepared to examine their internal

economy, and the more minute details of their structure. On exa-

mining attentively the external surface of the body, it is seen to be
covered with a thick mucous layer resembling a soft epidermis, which
extending over the tentacula, and the fold around the aperture of the
mouth, is found to coat the surface of the stomach itself ; this epider-
mic secretion forms, in fact, a deciduous tunic that the creature can
throw off at intervals. On removing this, the substance of the animal
is seen to be made up of fasciculi of muscular fibres, some running
perpendicularly upwards towards the tentacula; while others, which
cross the former at right angles, pass transversely round the body

;

the meshes formed by this interlacement are occupied by a multitude
of granules apparently of a glandular nature, giving the integumeut a
tuberculated aspect : these granules are not seen upon the sucking
disc at the base. The tentacula are hollow tubes, composed of fibres
of the same description. The stomach is a delicate folded membrane,
forming a simple bag within the body

; it seems to be merely an ex-
tension of the external

tegument, somewhat mo- F'9 ' 27-

dified in texture.

(177.) On making a

section of the animal, as

represented in fig. 27,

the arrangement of these

parts is distinctly seen :

a being the muscular in-

tegument
; b the tenta-

cula formed by the same
fibrous membrane

; and
c the stomach. Between
the digestive sac c, and
the fibrous exterior of the

body a, is a considerable

space cl, divided by a

great number of perpen-

dicular fibrous partitions,

l, into numerous compart-

ments, which, however,

communicate freely with
each other, and likewise
with the interior of the tentacula, as seen at c. Every tentacle is

f 2
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uo

perforated at its » ****

water is freely admitted n
f a\arm ,

the animal contracts

the interior of the body ,
an w

’

expelled
in fine jets through

itself, the water so admitted is toi
) ^ ^ nQ doubt that the sur-

the holes by which it entere
•

the body, is the medium by

rounding fluid, thus copiously taken ^ who has been in the

which respiration is e ec
’

gels for tlie purpose of watching

habit of keeping Actimffi m
g ^^ as tbe fluid in which they

their proceedings, mus n
. b m tbe deficiency of air, the

are confined becomes
^dyTenomous, stretchiugt he animal until

quantity taken into the
y tbau fog original shape,

it rather resembles an mflat
the creature,

(H80 * “ TITm ihe of reproduction. which

distended with water, tha w
j,

8
,siat ,ve have noticed in

here assume a development far e ^ membrane forming the

other zoophytes. On rising
p ^ rtition au immense number

stomach, as at/, we see
® J membrane, and arranged m

of ova attached to a delicate tra
1 secretes these eggs is

urge clusters, g. The "'^XtgMts whole extent bathed with

represented unravelled at i

,

wherein it is lodged, a circum-

water, admitted into the C0“Par

g iration 0f the ova during their de-

stance which provides foi the P
.

g ^ tQ terminate by a minute

velopment. The convoluted ova
y whereby when mature,

aperture near the bottom of the stomach, ^^e ronnd and of a

the young escape. The *88? -

ns o{ Ban(j, nud densely ciliated

,

yellow colour, resembling m o
hatched after their expulsion,

it is probable that sometames tlmy^ autborities that the young are

but it is likewise asserted by
m which the ova are ex-

not unfrequently born alive.
Our own dissections

traded has been long a matte,r o

J describe them as

would lead us to concur with th
of tbe stomach,

whence they

passing from the ovana in

h fully formed—a circumstance

have been seen to escape by t
’
obsarvation8 0f Dr. Cobbold.*

which has been recently confiime
ined by Dr. Cobbold, there

In A. Mesembryanthemum, the specie
* ^ ^ stomach, through

exists a considerable opening in
between the interseptal

which a free communication is e tahhshed^b ^ Qf ^
spaces and the gel

^bbo^ ^ch if not functionally, may morpho-

logkally beRegarded as the pylorus) is
are

*—-

-

_ . . . . T Snencer Cobbold, M.D., Annals of

__ tin' Anatomy of Actinia, bj !• &P
Observations on tne Ana j

Nat. Hist., Feb.1853.
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dation of form from the simple sphere up to the complete tentaculate

Fig. 28.
potyp. The largest in Dr. Cob-
bold s specimens were about the

size of peas. On section they

presented appearances similar to

those exhibited in the annexed
diagrams (fig. 28), intended to

illustrate the manner in which
the morphological changes are

brought about, and the several

special organs of the Actinia un-
folded. The figures may be thus
explained : 1. Outline of the mature embryonic corpuscle after the
disappearance of the cilia, with which, at an earlier stage, it is
furnished. 2, 3, 4. Primary involution of the integumentary mem-
brane. 5, 6. Re-induplication of the external membrane, and forma-
tion of a stomachal cavity. In the two latter figures may be likewise
seen the commencement of the tentacula (a), and ovarian septa (b),

which are all formed by the same process of involution.

(179.) The Abbe Dicquemare* relates several curious experiments
on the multiplication of these animals by mechanical division. When
transversely divided, the upper portion still stretched out its tentacles
in search of food, which, when seized, sometimes passed through its
mutilated body, but was occasionally retained and digested. Inabout
two months, tentacles grew from the cut extremity of the other portion,
aud this soon afterwards began to seize prey. By similar sections he
even succeeded in making an animal with a mouth at each end.

(180.) The entire organisation' of the Actinia is evidently very supe-
rior to that of any animals which have been described in the preceding
pages

; the muscular fasciculi, now for the first time distinctly recog-
nisable, give an energy to their contractions very different from the
languid movements of the gelatinous polyps. The Actinia can indeed
lardly be classed in the acnte division of the animal kingdom • the
development of muscular fibre which it presents, pre-supposes the
existence of nervous filaments, and we might, a priori, infer their
existence. Spix, many years ago, described a nervous system, that
he believed he had discovered, in the neighbourhood of the base orsucking disc, whereby the animal attaches itself to foreign objects in
Jlnch situation he was led to look for it, by observing that w’hen
galvanic shocks were sent through the body, convulsive movementswere excited most distinctly in this part,—and also from the sup-
position tlmt the organ of attachment, here placed, must 'necessarilybe the most abundantly endued with sensibility.!

'

* Philosophical Transactions, 1773.
+ Spix (Jean), Annales du Museum, tome xiii.
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(181.) Having raised the he per-

near the middle of the base or disc
. of noduies ,

disposed

ceived an interlacement formed by
1 cylindrical threads;

around the centre, which 'accompanying the

from each nodule two ^V^^trating to the internal

longitudinal fleshy Hscicui,

^ & muscular character Suc-

longitudiual septa, hk »

'totally failed in their endeavours

eeeding anatomists have, Meed, did it

to detect the
every analogy. It is more probable that

exist, would he contiaiy J
thread, that we are pretty

tbe nervous system «-*^*J*£^und the base of the ten-

well convinced we ha\
d of muscle which surrounds

tacles, embedded m a strong circula
powerful sphincter

the orifice of the stomach, and acts the pan t

in closing the oral aperture.
general structure of

(182.) After the expanded and

the Actiuia, the mechanism whe
y do nQtj like the horns

withdrawn will he easi
y ^ ‘

up within the body, but owe

of a snail, become inverted an P
forcible injection

their different states of e—n
tbat the cavity

of water into their mteno
. space intervening

Of each tubular arm ,‘7—^tt^ent, a space which at

between the stomach.and h^ ^^ ilrawn through the

the will of the animal,
, k arm; when these minute

orifices placed at th<
> he creature contracted, the water,

orifices are closed, and he body
. d and erects them,

being violently forced
other hand, when emptied

as when watching for prey,

J’ a collapse .
This circum-

„f the fluid thus injected, they

^ ukewise enable us to ac-

^“TforsimUar phenomena observable in other polyps, Use internal

economy of which is by no means sc
’ ^ of a„ Actinia,

(183.) On cutting off a portion of °°g
n
°
to have, imbedded in the

and subjecting it to pressure, it^is
mmber of miDute

substance of its gelatmou P
’

icr0B00pe ,
and now universally

organs, recently discovere y These remarkable struc-

known by the name offg'T

^

extensively throughout the

tures, which are found to exist
minute saceuli, wherein

entire group of po'ypoi oiganm
,

elastic filament coiled up

may be perceived a slender ^ £ ^ffipressioU) suddenly shoots

spirally within its can
y,

capsule to a length that is perfectly

forth from one extremi
y ^ of these filiferous capsules that

surprising. It w uPon
^tacula is supposed to depend, and from

2 — seize" is destroyed by theu' 8msp ’
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it is probable that a poisonous fluid is emitted along with the thread,

to the virulence of which its paralysing effects are to be attributed.

The presence of these remarkable organs is, however, by no means
restricted to the tentacula ; on the contrary, they are dispersed over

various parts of the body, and exist even in the folds of the ovarian

membrane. In the latter situation, indeed, they are frequently

extremely numerous, and comparatively of large size. The structure

of these filiferous capsules has been admirably described by Mr. Gosse,

as they exist in the actiniform body of the English madrepore
(
Garyo-

phyllia Smithii). The capsules are transparent and colourless

;

in shape a long oval, and some of the largest not less than about

sifff °f an inch in length, so that when examined with a power of 300
diameters the details of their structure were readily made apparent.

In the larger end of each capsule is situated a lozenge-shaped body
reaching to the middle : from the inner end of this, partly coiled

round it, but extending through the remainder of the capsule, is the

thread, lying in an irregular, rather loose spiral, the appearance of

which varies in different capsules. The structure of the contained

thread, or wire, as Mr. Gosse terms it, for it is as elastic as steel,

is marvellously elaborate, especially when we consider its extreme
tenuity, the largest being less than yjt^th of an inch in diameter,
and those of the smallest perhaps not the -os^^th of an inch.

(184.) The basal part of the thread, to a length about half as
great again as that of the capsule, is clothed with alternate series of
triangular plates, laid over each other, or imbricated like the scales of
an artichoke. About half of this portion is furnished with an arma-
ture of hairs rather closely set, standing out at right angles like the
hairs of a bottle-brush ; these are twice as long as the diameter of the
thread in the middle of the brush, but diminish in length towards
either end, the individual hairs tapering to a point. The protrusion of
these wonderfully-organised filaments is effected, according to the obser-
vations of Mr. Gosse, not by a mere act of propulsion, but by an evolution
of the interior, which he believes to extend throughout its entire length.
The act of propulsion, indeed, instead of being effected with flash-
like rapidity, as might be expected, is carried on sufficiently slowly to
enable the observer to watch the process, which seems to resemble
exactly that of a glove-finger being turned inside out, for when fully
protruded the extended thread is attached not to the smaller, but to
the larger end of the capsule, without the slightest appearance of rup-
ture. 1

(185.) On cutting off one of the tentacles, when fully expanded,
ant submitting it to compression under the microscope, the, appearance
oi their formidable armature becomes truly astonishing. The rounded
ieac ol the tentacle at first appears simply rough or hairy, but as
piessuie egins to flatten it, filiferous capsules are seen protruding
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hydrozoa.

from the outline, which,

soon accumulate in amazine mu - £ them • aud “ to see

the organ would seem to he
te vopid

these thousands of Wfle ™
’

iu ancient battles,”* is a sight

succession, like the tlignrs ox «

well calculated to astonish the beholder.

CHAPTER V.

hydrozoa.

(186.) Tsn Htn«, or

and clear waters of our own coun ry, y
readily be procured in

«5ting the remarkable circumstances

connected with their history.

(187.) The body of one of Ftg. 29.

these simple animals consists of

a delicate gelatinous tube, con-

tracted at one extremity, which

is terminated by a minute suck-

er, and furnished at the oppo-

site end with a variable number

of delicate contractile filaments,

placed around the opening that

represents the mouth.

(
138 .)

In the Hydra vindis,

(fig. 29,1,) the
species most com-

mon amongst us, the tentaculai

filaments are short, and, when

elongated to the utmost, are

not equal to the length of the

body; but in the long-armed ,

species, Hydrafusca, (fig. 29,2,)

they are much prolonged, and ot

extreme tenuity. If placed in a

small glass tube, one side o
submitted to microsco-

i • i ^flattened these animals may leaunj
which IS flatter

, A Naturalist’s Hambies on the Devon.

* Vide Mr. Gosse’s delightful
zoologicai research, and, as a companion

*<» -»>' * *»»
to the sea-shore, calculate
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pical examination, and, from their transparency, their entire structure is
easily made out. When moderately magnified, the whole body is seen
to consist of a granular substance, generally of a greenish hue, the
granules being loosely connected by a semifluid albuminous matter

;

but ordinary observation reveals no further appearances of organisa-
tion : there is no trace of muscular fibre or of nervous substance, not
the slightest indication of vessels of any kind, or any apparatus des-
tined to the function of reproduction

; such is the hydra, offering in
o\eiy particular a good example of the acrite type of structure.

(189.) The young naturalist would scarcely be prepared to see an ani-
mal of this description waging continual war with creatures much more
perfectly organised than itself; endowed with considerable capability of
locomotion; possessed not only of a refined sense of touch, but able
to appreciate the presence, and seek the influence of light

; and exhibit-
ing, moreover, a tenacity of life and power of reproduction almost beyond
ehef : a little attention, however, will convince him that it possesses

all these attributes, and enable him to share, in some degree, the
astonishment with which Trembley, their enthusiastic discoverer, first
witnessed and recorded them.*

(190.) The Hydra is not like the polyps, described in preceding
chapters, fixed and stationary

; but cau roam about, and change its situa-
tion according to ciicumstances. Its usual mode of progression is by
creeping along the stems of aquatic plants, or upon the sides of the
g ass in which it is confined : attaching first the little tubercle at its
posterior extremity to the surface upon which it moves, it slowly inflects
1 s 0C 7 \fig- 29, 3 ), and fixing its oral tentacles, moves alon" in the
manner of a leech, by a succession of similar actions. This°metliod
of advancing is, from the small size of the animal, necessarily slow •

and a march of a couple of inches will require several hours for its
performance : but, when arrived at the surface of the water, it adopts
a more speedy course; suspending itself by the tail, as by a minute
oat, and hanging with its mouth downwards, it rows itself about with

its tentacles, or, wafted by the wind, can travel to a considerable dis-
tance without effort.

pvr;)W!r free
’ the Hydra are found t0 select positions most

2!l .

t

^
e

l

influeuce of ]ight> assembling at the surface of the

confined

!

'that

’

01' SeekinS that side of the glass in which they areconfined, that is most strongly illuminated. That they are able to

orrnsT th«

PreSenCe °f **•» is tWore M-MUrfe
i jet with whatE ,t?

,

We “re dri™" *» *><> supposition that, inthis case, the sense of touch supplies, to a certain extent the want of

expresTeTh
’

»

u

ai
'

e able
> as an Italia» auther elegantlyexpresses it,

1 palpare la luce," to feel the light.

1 744

Trembley
, AKm0irCS P°ur k 1’Hi.toire des Polypes d’eau douce. Leyde,
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, rl fVlP mouth are eminently sensi-

(192.) The tentacles placed aroun
those organs in their

ti»e, and the smallest particles. 1
1 tv.eir presence; yet

expanded state appear to ‘ ** body, are extremely

their movements, as well n
therefore, to imagine that ci ea

slow and languid : it would he difioult, th ^^ ,ban

tures apparently so helpless should he

^ ^^ scarcely believe

such as had no power of resmtau
• tbat tl.e most active

were it not a matter of
of ,asccts, and even mmute

little animals, mtomostraca, the Ian®

fishes form their usual iood.
it remams expanded

(198.) When the Hydra is watehmg P
perfectly motionless,

J . J, i. *. 5), its “taenia Widely spreadM ^ „

waiting patiently till some of the cot ^ent in contact with

stagnant waters it frequents, aie ^ ^ )

f ^ than its

it no sooner does an aim
. annears instantly fixed to the

course is arrested as if by

T

8 '
'

of t3 utmost efforts is unable to

almost invisible thread, and in eptt M ^^ are brought in

escape; the tentacle then
^“v'which thus’seized, is gradually dragged

^ that opens to receive tt, and s o»

forced into the interior of the* Btoinach.
.

g^ nature of the action

(194.) We are naturally led to a ^
? Trembley supposed that

by which a passing animal is
adhesive secretion like

ie filamentary arms were hesmeared with a^

^ . ^^ bow-

bird-lime, by which the vie i

cise of the power of retaining

ever, can hardly he the case, as the ex*

h Xm hungry, seven

prey seems quite under t lie con i

shallowed in succession ;
hut

or eight monoculi* will he
tJ take food, although these

- *»•—- *

be more mysterious than this facu y.p ^ efforts at resistance,

and retaining such active Piej,, P,
d t0 depend upon the presence

but which is now satisfacto y •

1 ^ t0 tbe filiferous capsules

of a prehensile apparatus, allied 11 t

_ These wonderful organs

of the Actinia, described m U J
P

surface of the tentacles,

are thickly dispersed - only over
distributed, over

but are likewise met with t
g t r uvidev high powers of

tbe general surface
^^Medly ^^sed of minute 0val vesicles

tlie microscope to
protruded a long delicate filament, having

rr-A'S- --® •>•—

-

• U possessing considerable strength and agility.

Minute crustaceous animals, possessing
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ture, the whole being not inaptly compared by Agassiz to a lasso. The
neck of each vesicle is furnished with three recurved booklets, which,

when the skin of the animal is irritated, or when the arms are prepared
to seize prey, remain erect and prominent. The modus operandi of these

structures is as simple as the result is efficacious
; the “ lasso-threads,”

with their viscid extremities, speedily involve the victim seized in their

tenacious folds, and closely bind it against the booklets, wherewith the
surface of the tentacula are thickly studded : these, probably, in their
turn constitute prehensile organs, and moreover form an apparatus of
poison fangs of a very deadly character, for it is observable that an
animal once seized by the hydra, even should it escape from its clutches,
almost immediately perishes.

(19G.) Arrived in the stomach of the polyp, the animal that has
been swallowed is still distinctly visible through the transparent body
of the hydra, which seems like a delicate film spread over it (Jig. 29, 4

)

;

gradually the outline of the included victim becomes indistinct, and the
film that covers it turbid

; the process of digestion has begun
; the

soft parts are soon dissolved and reduced to a fluid mass, and the shell
or hard integument is expelled through the same aperture by which it

entered the stomach.

(197.) We have already observed that no traces of vessels of any
kind ka\eas yet been detected in the granular parenchyma of which the
creature seems to be composed; coloured globules are seen floating in
a transparent fluid, these, in the Hydra viridis, are green, although in
other species they assume different tints. When the food has been
composed of coloured substance, as, for example, red lame, or black
planariat, the granules of the body are seen to acquire a similar hue,
but the fluid wherein they float remains quite transparent

; each granule
seems like a little vesicle into which the coloured matter is conveyed,
and the dispersion of these globules through the body gives to the
whole polyp the hue of the prey it has devoured; sometimes the
granules thus tinted are seen to be forced into the tentacula, from
whence they are driven again by a sort of reflux into the body, pro-
ducing a kind of circulation or rather mixing up of the granular
matter distributing it to all parts. If, after having digested
coloured prey, the polyp is made to fast for some time, the vesicles
gradually lose their deepened hue, and become comparatively trauspa-
ient The granules, therefore, would seem to be specially connected
with the absorption and distribution of nutriment.

into if

8

it i

Eapid
“J*

tllG aCti°n °f the Stomach UP°U foocI introduced
nto it, it has no effect upon other parts of the animal when immersed

mieSl
ai

T8 ’ f01’ examPle > of the long-armed hydra are fre-
q tly coiled around its prey during the process of its solution, with-
out receiving the slightest injury. This circumstance may not appear

iy remai'kable, but it has been found that other polyps of the same
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species are equally able to resist t le so

which bad seized upon

saw a struggle between two of these
-

n flowing it, when

the same animal; both ha pai J
sallowing its opponent as

the largest put an end to the d

^ ^ naturally regarded so

well as the subject oi conten
•

end of lbe swallowed polyp s

tragical a termination of the affi J ^ deyourer and bis captive had

existence, but he was mistaken
, regurgitated safe and

digested the prey between

sound, and apparently no woi 1
he mode 0f reproduction of

(199.) We will now proceed to cons d

^ lied with food,

these simple animals. e” “
t0 become developed from the

minute gemmules, or buds,
from n0 particular part,

common substance of the^ ;

surfMe. These

but seem to be formed upon any
p

atiUOUS tubercles upon the ex-

gemmte appear, at first h e^e ica^ imYe&se in size ,
they gradually

terior of the parent po jp , > .

'

d at tbeir unattached extremity,

1116 tentaClGS CharaCteriStiCOf

"bU the Z
are evidently continuous with th

. g
! d aJ| possesSed of an m-

arise ;
aud even when consu er y P

^
’

freely communicates with

ternal cavity and tentacula,
go that food digested by the

that of their parent by a distinct open
g, ^^^ tQ nourish

latter passes into the stomach
J is

D
Capable of catching prey, it

it. As soon as the newly-formed Hydra cap
food that it

begins to contribute to the support of ts pa

^ ^ ^ body q{ ^
captures passing through the apei

formed, and ripe for

original polyp. At length, when he young ^ ^
independent existence,.

t M?<*
g] effort on the part of either is

more and more slend
, process is completed.^~ ° of these

that in the propagation of theses
'^ Stored in the body, may

primary impregnated germ-cell,
and nutriment, the same

let up. under favourable stimuli o 1
gh .heat a ^ Qucleated

actions as those to which they owed then
°^^da^011 of the process of

cells do set up such actions, layi
_g

of tbeir inCrease, by assimi-

gemmiporous reproduction ,
ar

contiguous integument m

rirrffs
1

}-; :r;:rvz

iStion fiS
opens into ,0 stomacU of *.

* Owen, Parthenogenesis.



IIYDROZOA. 77

parent, but the communication is afterwards closed, and the young
hydra is ultimately cast off from the surface of the parent.

(202.) This mode of propagation, termed “ gemmation,” differs
from the development of the Hydra ab ovo, inasmuch as the im-
pregnated germ-cell, which sets on foot the process, is derivative
and included in the body of the adult, instead of being primary and
included in a free ovum.

(203.) This mode of increase, when the animals are well supplied
with nourishment, and the temperature is favourable, is extremely
rapid; sometimes six or seven gemmae have been observed to sprout
at once from the same Hydra; and, although the whole process is con-
cluded in twenty-four houi-s, not unfrequently a third generation may
be observed springing from the newly-formed polyps, even before their
separation from their parent : eighteen have in this manner been seen
united into one group, so that provided each individual, when complete,
exhibited equal fecundity, more than a million might be produced in
the course of a month from a single polyp.

(204.) But, perhaps, the most remarkable feature in the history of
the Hydra is its power of being multiplied by mechanical division. If
a snip be made with a fine pair of scissors in the side of one of these
creatures, not only does the wound soon heal, but a young polyp sprouts
from the wounded part

; if it be cut into two portions by a transverse
incision, each speedily developes the wanting parts of its structure; if
longitudinally divided, both portions soon become complete animals

; if
even it be cut into several parts, every one of them will in time assume
the form and functions of the original; the inversion of its body, by
turning it inside out, does not destroy it

; on the contrary, the exterior
surface assumes the office of a stomachal cavity, and that which was
originally internal will give birth to buds, and take upon itself all the
properties of the skin.

(205.) It has recently been discovered, that, besides the various
modes of reproduction above enumerated, the Hydrrn at certain
seasons of the year are reproduced from real ova,* at which period
various observers have proved them to be possessed of a male ap-
paratus, of a most remarkable character. This strange organism makes
its appearance under the form of two, three, or four minute conical
tubercles, which become developed from the sides of the body, at a
shor distance below the tentacula, and in these, under the microscope.

be^ontahied

100^118 b° C 3
’ and muumerable active particles are seen to

(2°°.) The conical eminences, which constitute the spermatic cap-

velonnZfT
1Ve thdr °rigin fr0m the 8reatcr degree of de-

^

P o one or more of the superficial cells, in the vicinity of

Ann°and Na^ SfiO*

N°rthUmberland lake3
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side of the polyp, nearer to the foot than the spermatic capsules, and
is distinguished from the rest by its spherical form and yellow brownish
colour. In the Hydra viridis only one of these ova appears to be
developed on the body of the polyp at the same time, but a number,
varying from five to seven, have been occasionally observed upon the
Hydra fusca.

(20S.) The ovum appears, at first, as a small granular mass in the
thickness of the wall of the animal. As the spherical yolk-mass
enlarges, it projects from the side, seeming at first to carry along with
it the outer or clearer layer of the animal’s body; then the cells of
this layer seem to become thiuner, and to recede from the outer
covering or capsule enveloping the egg-like mass, which at the same
time becomes much thicker, and is left attached to the animal only by
a narrow portion or pedicle. As the development proceeds, a similar
atrophy of the cells of the pedicle is followed at last by the separation of
the spherical mass, which thus becomes detached from the parent polyp.

(209.) From various observations it would appear that while some
of the individuals of the Hydras are hermaphrodite, others produce
the organs of one sex only, but generally there are both kinds de-
veloped from the same Hydra.

(210.) Nearly related to the Hydra) is the remarkable group of
gelatinous polyps, as they are named by Cuvier iu his classification
of the Animal Kingdom, constituting the genus Coryne (Corine of
Gaertner). One of these little animals, seen with the naked eye,
observes Mr. Gosse,* to whom we are indebted for the following
particulars of their history, looks like a very slender branching plant.
It is altogether about as thick as fine sewing-cotton, creeping along a
frond of sea-weed, or other substance upon which it grows, like °an
irregularly-winding thread. This creeping root sends off frequent
rootlets, which, crossing each other, appear to anastomose, making a
sort of net-work, from which free stalks shoot up here and there, some-
times to the length of three inches or more, sending forth the polyn-
branchlets irregularly on all sides. The creeping fibre, the stalk, and
the brauchlets are seen under the microscope to be tubular and
the two latter are marked throughout their course with close-set rings
or false joints, apparently produced by the annular infolding of a
small porffon of the integument. The tube is of a yellowish brown
colour, sufficiently translucent to reveal a core or central axis of fleshrunning along its centre, and sending off branches into the polyp-
branchlets, from the open lips of which the flesh emerges in the form

Co™ 8
, m 'TeWhat c, "b- sl

'“I>ed ' »be,.ce the ...
ou Ir mZ'Z'; ' 116 “'h601' 5he“h becomes- memhran-oos, or .. her gelatinous, at its margin, the ultimate three or four rings

- g evidently soft and scarcely consistent, of undefined outline, and
Rambles on the Devonshire Coast. 1 853.
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a globular form {fig. 81 ; 2, 3 ). This distension continues for about a
minute, when the upper part, contracting in turn, squeezes back the
fluid which fills it into the lower compartment through the opening a,

which then closes preparatory to a repetition of the operation. The
intervals between these actions were, in the specimen observed by Mr.
Lister, very evenly eighty seconds. In Tubularia indivisa the sheath
or cell, b, which encloses the polyp, is perfectly diaphanous, allowing
its contents to be readily investigated under the microscope. When
thus examined, a continual circulation of particles was visible, moving
in even, steady currents iu the direction of the arrows (fig. 31 ;

1
)

along slightly spiral lines represented in the drawing. The particles
ate of various sizes, some very minute, others apparently aggregations
of smaller oues

; some were globular, but they had generally no regular
form. In fig. 3, cl, a series of longitudinal lines are perceptible,
which most probably are ovigerous filaments.

(212.) The mode of propagation iu Coryne, Tubularia and other
genera of Hydriform polyps has occupied the atteution of many
diligent inquirers, the results of whose labours are extremely inter-
esting and important; it is, however, to the researches of Professor
Van Beneden that science is principally indebted for informaiion upon
this subject. According to the observations of that indefatigable
naturalist,* the reproduction of these zoophytes is effected in no fewer
than five different ways.

—

1. By continuous gemmation.

2. By the production of free gemm®.
3. By simple ova.

4. By ova with a multiple vitellus.

5. By free gemmation and ova combined.

(213.) Observation has moreover shown, that in every species pro-
pagation is effected by more than one of these modes of reproduction,
and sometimes by three or four; and it must be remarked, that
in none of them is the co-operation of a male apparatus requisite,
neither have any male organs or spermatozoa been as yet detected.

(214.) Development by continuous gemmation is the simplest pos-
sible, and is effected by mere growth from the original polyp at cer-
tain determinate points of its substance, which points are similarly
situated, with respect to each other in all the individuals belonging to
the same species. At these points gemm® appear exactly similar
both in texture and mode of growth, to the body from which they
spring; and the buds thus produced give birth to others in a precisely
similar manner. All these animals, be it remembered, are, like the
ydr®, capable of being reproduced by the mechanical division of their
0 les, so that if one be cut into several fragments, each portion may

* Nouvellcs Memoires de l’Academie de Bruxelles, 1843-1044.
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however, it is the vitelline vesicle, from the circumstance that it

becomes organised internally, in which case the reproductive process

Fig. 32.

1 Trr7 7 ’ p0lypm'

y’ °r horny sheath
; * living substance of theanimal

; d boundary between the individual and the common stock
; g, tentaculararms; k, tentacular zone

; h, mouth; k, reproduction by continuous gemmation
;

o,
ovigerous capsules. (After Van Beneden.)

b

assumes the third or the fourth form, subsequently to be noticed,
or else it serves for the point of departure, or it might almost
be said the mould for the formation of a free gemma, which
becomes organised around^t, at the expense of the pedicle itself.

is in effect a part of the reproductive appendage that will subse-
quently become detached; but at this period of its development
it is impossible to determine after which of the four modes of repro-
duction the embryo will be formed. The vesicle (fig. 33, a, n, c, a) now
creases lapidly in size, and beneath it another membrane

(fin. 33 a
, c, 6) is soon perceptible, which by its inner surface is in contact with

•

,

C '1CU atlng l ’ ulcL Thls membrane is the origin of the new indi-

sl-in /
111 0t 161 W01 ds, it is a blastoderm, formed by the internal

centi-A

n

r h°i
^ 1 ie Vltehus. Soon there is seen, projecting from its

centie, a little cone (fig. 33, b, t) which, compressing the vesicle, «, forms

o 2
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base of the embryo, and open in front into the hollow zone from
which the tentacula take their origin. These longitudinal vessels,

therefore, communicate with each other by a transverse canal, and at

their origin open into the central or digestive cavity. From this
disposition it results that the contents of the stomach can pass as far
as the extremities of these four vessels, and by means of the trans-
verse canal can be transferred from one to the other. Professor Van
Beneden observed a fluid containing globules moving in this direction
in their interior. The communication by means of transverse canals
is another arrangement exactly similar to what exists in the adult
Beroeform Medusas.

(225.) The outer membrane presents eight longitudinal canals (fig.
33, g, h, 6), which are found to be filled with cellules, but in which no
movement has been observed. It is to the presence of these longi-
tudinal bands that the embryo in this stage of its development owes its
resemblance to certain fruits, more particularly to a melon.

(226.) From the anterior part proceed four appendages (fig. 33, g. cl),

which were still undeveloped at the period of the detachment of the
young polyp, but now insensibly unfold themselves. These are the
tentacula. In the centre there projects a rounded opaque body,
generally of a red or yellowish tinge, which is the stomach. This
viscus communicates, as has been stated above, with the four longitudi-
nal vessels, and is the only opake part of the embryo. It opens in
Iront by an orifice that constitutes the mouth

; the whole organ is
eminently contractile, turning in all directions like the body of a
'.H ia, sometimes elongating itself like a worm, and at others shrinking
so as to be almost imperceptible.
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pacted between the integument and the pedicle, and its augmentation
of bulk still increasing, the upper part of the pedicle becomes covered
with it as with a hood, and at last almost entirely enveloped by it (fig.

3d, c, d, e). At this period the margins of the vitellus become indented
on that side nearest the pedicle, and the tubercles between the inden-

tations soon show themselves to be the rudiments of tentacula. The
tentacula become more and more elongated, the embryo separates itself

slightly from the pedicle, and a protuberance {fig. 34, f, g, h) is then per-

ceived in the centre of the tentacular zone, which becomes the proper
body of the polyp, or rather, forms the walls of its stomachal cavity.

(~3l.) The walls of the bud, which has hitherto contained the
embryo, now become ruptured, and it gains its liberty {fig. 34, h). In
this condition it almost exactly resembles a young hydra in its con-
tracted state, and, in fact, both its body and its tentacula seem to have

Fig. 34.

the same anatomical structure as those of that simply organised polyp.
Having attained to this condition its development proceeds rapidly,
and it soon begins to assume the specific form of the Tubularia from
winch it sprung (Jig. 34, i). Professor Van Beneden likewise witnessed
the same mode of propagation in Syncoryna pusilla.

(2.32.) Fourth mode of propagation by ova, with a multiple vitellus.—

.

lourth mode of reproduction observed by Professor Van Beneden
o occur among the tubular polyps is extremely curious. In this form,

j
la

„
aSt" c esci^ed, the young individuals are developed from ova,

fnm 1

°. USt ®tePs °f the process are precisely similar. A bud is
10m tie surface of the parent zoophyte, in the interior of
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which may be observed a vesicle that soon becomes orgamsed into
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(233.) Fifth mode, by free gemmation and ova com&m^-The last

form of the reproduetive process is merely a combination of two of he

preceding propagation being effected by the development of a free

lemma hi tli interior of which there is formed a divided vitellus

In this'case a free embryo becomes organised, and takes the form o

young Medusa, according to the second mode of development descn e

above and in the interior of the medusiform body is contained an
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are produced, as in the preceding mode of reproduction

(•234.) Sertularid.®. In the Sertularian Hydrozoa, the fle y

substance of the animal is enclosed in a ramose horny sheath which

it traverses like the pith of a tree, following all the ramifications

the branched stem of the polypary.
f l own

(235.) Zoophytes of this description are readily found on our

coasts and the microscopic observer can scarcely enjoy a richei tieat

Z termination of ‘thorn affords. In order to study them salts:&c-

torilv it is necessary to be provided with several glass-troughs of dif-

S; depth Tn which the living animals immersed in them nature

elementmay be placed: in this situation, if the water be carefully

renewed at short intervals, they will live for some^
(236.) Campanularia.—The polypary or common in egumeu of these

Zoophytes is composed of a semigelatinous horny substance {fig. 3o).

The older stems assume a dark brown colour and a consistence resem-

bling that of horn. The young branches on the contrary, and more

particularly the polyp-cells, are thin and perfectly diaphanous. The

polypary always exhibits a principal trunk, from which the different

tranches proceed, every one of the latter being terminated by a bell-

Sh

(237.) In the earlier stages of growth the polypary consists of a pri-

mary trunk, from which alternating pedicles are given off at regular

distances. These pedicles soon become transformed into branches, on

wS new pedicles in turn make their appearance, as they did on the

•
• oi ctfim exhibiting a dichotomous or trichotomous arrangement.

STt^bZof each branch transverse rings are formed

are persistent during the life of the polypary. All



UYDB0Z0A. 80

the branches, as well as the common trunk, increase in their dimensions,

in accordance with the age of the zoophyte and, as in vegetables, there

is a relation preserved

between the thickness
F'3 ' 35 ‘
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number and extent of
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Cells which contain the ced containing several embryoes in various states of de-

polyps, others specially
vel°Pment i /> living substance filling the interior of the

destined to the deve- V™7 po'7pary
; g, annular constrictions of the horny

lopment of the ova/^'
(After Van Beneden->

exist at certain periods of the year (fig. 35, e) they are larger than
ic piece ing, and of a very different shape

; but of these we shall
have occasion to speak more fully hereafter.
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(241.) The general stem of the polypary is entirely filled with a

fleshy substance exactly resembling in its nature the tissue

'

the body of the polyp, whereby all the individuals e ongi g

common stock are brought into communication with each ot •

terually it seems to be hollow, and to contain a fluid in
^

which numer-

ous globules may be observed in active motion. It » ten ft

^

central

fleshy substance that the buds or lateral offsets derive then onD .

(242.) On examining attentively the stem of a living Campanulaiia

the globules are all seen to follow each other in distinct cuu s an

sometimes may be observed to move in opposite directions m the same

branch: on arriving at the bifurcation of a stem some> see

stop, whilst others continue their course to the right or left. H the

branch of a living polypary, while in a state of activity bedmdedw.d

slicrhtly compressed, the globules that escape from the cut extremity

still continue their movements for some considerable time, so“e *

after the manner of zoosperms, and as this kind of motion, "he; b

served externally to the polypary, resembles very closely that. which

they exhibit in its interior, it is apparently not dependent upon any

pressure from walls of the general fleshy substance, but seei" s t0

inherent in the globules themselves. The

fluid contained in a branch, however,

direction depends upon the pressure exercised y P .1 ’

^ set:i individuals on one side of a

they sometimes even force the contained liquid through the mouths

those upon the opposite side.
exudeg

(243.) It has been generally stated, that the g P

from its surface the horny matter which, by its concretion, foims the

[r or external skeleJ investing the whole ;
the

„ supposition, nevertheless, may well be questioned V ehave air,e y

seen in the Tuiipom muska, that the calcareous tube investing

polyP «*• iMoorf b
?
the interstitial

tribe of

membrane that constituted ong. % exterior tu|)e t0 be
neophytes vve are now speaking of we shall

tbe diagram ,— intelligible: the

soft part? or living aais of l polypary, is seen to

distinct layers ;
the inner one, a, being continuous with the digestive _ac

of the polyp, and immediatelyembracing the granular matter, seems to

be the special seat of the nutritive process ;
the outer or tegumei t y

TS Z leaving the tentaeula, may be traced down the sides of

each polvp to the bottom of the cell, where its course is arrested by a

y inn at which point it turns outwards, lining the

tamrio. of the cell as far as its margin, where, as in the TW

^

seen to be continuous with the horny matter itself. It is tins teg

m nw. membrane, then, which forms by its development the entire



HYDROZOA. 91

skeleton : as it expands, it gives origin to the cells and branches cha-

racteristic of the species ; and, from being at first quite soft and

flexible, it gradually ac- pi,h 36 .

quires hardness and so-

lidity, by the deposition

of corneous matter in

its substance.

(244.) The cells thus

formed are inhabited by
polyps, analogous to those

that provide nourish-

ment for the cortical fa-

milies
; but differing in

the number and appear-

ance of the tentacula,

which are here studded

with minute tubercles,

but never provided with

cilia. Few objects are

more admirable than

these polyps, when
watched with a good
microscope

: protruding

themselves beyond the

mouths of their cells, they inflect their bodies in all directions in
quest of prey, waiting till some passing object impinges upon their
tentacula, when it is at once seized and conveyed into the stomach
with a rapidity and dexterity almost beyond belief.

(245.) The tentacula in the Sertularian Hydrozoa are all arranged
in a single row, and form a sort of funnel-like appendage to the oral
orifice of the body. They are susceptible of considerable elougation
and contraction, like those of the Hydra, but in a less degree. Their
number is constant throughout the different periods of growth in each
species, but varies in different genera. In Campanularia gelatinosa
[fig- 35,) there are twenty-four of these organs situated around the
mouth. Internally they are not hollow, as is the case in the Anthozoa,
but under the microscope they have the appearance of being divided
into compartments, by delicate transparent diaphragms, giving them an
appearance like that of some confervse

; they are throughout, of equal
thickness, aud no movement of fluids is perceptible in their interior.

(240.) In the centre of the tentacular circle may be observed
a fleshy protuberance of variable shape {fig. 35), which might be
compared to a proboscidiform elongation of the mouth

; sometimes this
ppen aDc is elongated into the form of a tube, sometimes it shrinks

into a globulai mass, or occasionally it may be seen so completely con-
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tracted as simply to form a broad Up-like ring avouud the oral

°P
(ol°

g

) The stomach is, as in the Hydra, a simple ea.ity excavated

in the interior of the body, without any proper panetes, winch

interiorly communicates immediately with the fleshy substance con-"
the common polypary, so that the contend of e stomadm

sac may, not nr,frequently, be seen to pass into the living pith and

in liltl manner the globules, there, circulating, return into

S

7»48
b

)
The multiplication of these beautiful zoophytes appears to take

nlace in three different modes :—1st, by cuttings, as in plants ;
2nd y,

by off-shoots, or the formation of new branches bearing polyps ,
3d y,

by

(f^
1

)

1

Thelmtmode strikingly resembles what is observedUni the

vegetable kingdom; for, as every branch of the plant-like body

contains all the parts necessary to independent exlste

^
e

J

1 c

hardlv he a matter of surprise that any portion, separated fiom

S7ll continue to grow and perform the functions of the entire

“(250.) The second mode of increase, namely, by the °f

new branches and polyps, seems more like the growth »f a P>“‘

the development of an animal. We will consider it under two point

of view first, as regards the elongation of the stem ;
secondly, as le-

lates to the formation of fresh cells containing the nutritive polyp •

On examining any growing branch, it will he found to be so t and open

Of the extremity, and through the terminal orifice, the soft tegume

tarv membrane, above described, as forming the tube by its c™veiS10

into hard substance, is seen to protrude; the skeleton is not eie oi

m .rpi v secreted by the inclosed living granular matter, hut it is ttie

which continually shoots upwards and deposits

hard material in its substance, as it assumes the form aud spreads mto

the ramifications peculiar to its species.
,

(251 )
Having thus lengthened the stem to a certain distance,

next step s the formation of a cell and anew polyp, which is accom-

pliLd in the following manner:* the newly-formed branch has a

first precisely the appearance and structure of the rest of the stalk o

the zoophyte^ (Jig. 37, l), being filled with granular matter, and exhi-

biting n its interior the circulation of globules already described,

moving towards the extremity along the sides of the tube, and in an

mmosite course in the middle ;
the end of the branch, however, hefoie

soft and rounded, soon becomes perceptibly dilated After a few hours

i
•

"cililv 1 firmer its extremity more swollen, aud the hvin0

77 sepal,J ifself fioin she sides of .he

* Lister, Philosophical Transactions, loc. cit.
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tube, the boundaries of which become more defined and undulating
(
2 ).

The growth still proceeding, the extremity is distinctly dilated into a

Fig. 37 .

cell, in which the soft substance seems to be swollen out, so as to give
a rude outline of the bell-shaped polyp

(
3 ), but no tentacula are yet

distinguishable; a rudimentary septum becomes visible stretching across
the bottom of the cell, through the centre of which the granular
matter, now collected into a mass occupying but a portion of the stem,
is seen to pass. The polyp and cell gradually grow more defined

(•1,5, c), and the tentacula become distinguishable
; the cell, moreover,

is seen to be continued inwards by a membranous, infundibular pro-

longation of its margin
(
7 ), that immediately reminds us of the

funnel-shaped membrane of Tubipora (§ 164), and its office is no doubt
similar. As the development proceeds, the tentacles become more
pei feet (s, 9 ), and the polyp at length rises from its cell to exercise the
functions to which it is destined.

(252.) The main feature that distinguishes the Sertulariau Zoo-
phytes from the Hydrae seems to consist in the fact that, whereas in
the latter, each newly-formed offset becomes detached from the parent
stock, and enjoys a separate existence ; in the former, each new sprout
lemains permanently adherent, the successive generations being united
into a ramified stem, which is common to the entire group. The
Huluu, having no polypary or outer covering, when it dies, entirely



94 HYDROZOA.

perishes, but in the Sertularidro every sprout, when
-_

1

in

horny integument attached to the general commumy, « •

time! there results an elaborately-branched stem, the comple. y

which increases with the age of the colony.
renroductive

(253.) The third mode of multiplication, or <
. V

gemmules, seems to be specially adapted to t ie u

species ;
and as it presents many points of pecuimr mtere J

shall dwell upon it at some length. At certain periods of the yeai

besides the ordinary cells adapted to contain nutritive polyps, otl

le developed from different parts of the stem, which may by ca led

female or fertile polyps, although usually simply termed e : •

The cells of this kind are much larger than the nutntav

^

cells and of

very different form (fig. 38, a) ;
they are moreover deciduous,&g

after the fulfilment of the office for which they are

• ^Jsion

produced in the same manner as the rest of th

^ ^ int0^ itc

:Vz
able operculum. T

° te2umentary membrane, it remains

*** -»

—

developed in its interior. v Beneden* relative

t„rel"ofXte“;Vps, it would appear tha); they

*e“-4o, daring tbeir

.rat

<»*> r*—.
:et;:

~

r
rounded by a membrane analogous to the c t

)
the ‘vesicles of

p t0 liaV

Qf"development "seems to be
/oka \ The next step in the process of cl P , .

thfctveSon” f the external vitelline cells into a layer, situatedInn-

mediately beneath the vitelline membrane, which may e re
p
a

2 ^representative of the blastoderm. Meanwhile the ovum is slightly

‘"^^blastoderm now becomes thickened around the vimllus

J; , o a sort of elevated ring (>„. 33, n) and the positions of the d.f

ferent organs hereafter to be developed become recogn.s b e.

* Nonveaux Mem. de l’Acad. dc Bruxelles, vol. xui. 1843.
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(258.) Certain cells now begin to make their appearance in the
interior of the blastoderm, the arrangement of which is particularly

remarkable {fig. 38, o and d, 6); these cells arrange themselves in

Fit/. 38.

gioups of five around the circumference of the blastoderm, and have
the appearance of so many crystals

; the form of each group is quadri-
lateral

, but, subsequently, at each angle there is developed another cell,

connecting the two groups together, and making the whole number to
amount to twenty-four. These twenty-four cells will afterwards be-
come the tentacles of the polyp.

(259.) Cells of another order now make their appearance {fig. 38,
d, c), grouped together in pairs, behind the preceding, with similar
regularity. These will become organs of sense.

(2li0.) It is difficult to avoid making the comparison between the
above appearances and those of crystallisation—the cells in fact
anange t erase ves piecisely like crystals, with perfect symmetry, and
a

'Si
m *CC°rdailCe With tbe llumber four or its multiple..

,
•) e embiyo, at this period of its development, presents tbe

a iapc o a t nek lens-like disc, and shortly, from the centre of its iu-
enor sur ace, there is developed a tubercle, destined hereafter to
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become the body ot the polyp-it is by this port that it trill ulti-

=s^««ssst*sx
The eight interior cells (c, c.) talte another direction, hot

thSrm remains onchanged, and they exhibit, up to *eter—mt

ot this embryo condition of the animal, a nucleus in the centie of e. ,

utoh m“ht be regarded either as a crystalline lens or an otol.the a -

eoriing these organs are judged to be eyes or andhory capsules,

for such are the designations applied to them by modern sootomists, as

will be explained in the next chapter.

(o G4 ) The marginal tubercles situated around the disc (fig. 88, e.)

now become sensibly elongated, and the whole embryo presents the

appearance of a minute star-fish, the elongated tubercles representing

th

(265) The nuclei in the interior of the marginal (tentacular)

tubercles next become elongated, together with their

rendering the rays hollow in the centre, and soon new cel s aie cUs

coverable in their interior, the number of which is limited, and probably

the same, in all the rays. The appearance of these secondary ce

causes a rapid increase in the length of the tentaeu a, *

remains give rise to numerous septa producing an appeamnee
somewhat

analogous to that of the transverse striae of muscular fibre.

(ogo ) The embryo animal, be it observed, is as yet still contained

the ovary of the polyp, but it already is capable of distinct and con-

tiiiual^movements, perceptible through the walls of the overran

(207 j Mention lias been made above of a tubercle {Jig. 30, F, b), that

is developed from the centre of the under surface of the disc, and which

represents the central pedicle, met with under various ioims am

+1

1

Modus© and which may be called the proboscidiform appenc <j .

»«— 0 extend itself in all directions, constantly

cha'orho its form, and resembling in no slight degree the bod, of a

Hydra
°
At an early period an opening is perceptible at the extiemi y

S’tto appendage, which evidently represents a mouth, because is

in direct communication with the vitelline cavity.
_

” ! i The vitelline or digestive cavity, now that there is a moutl ,

• fits in size in proportion to the growth of the embryo but still—
iL saccifoim shape. It is partially filled up with irregulai
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granules, which become perceptible at a very early period—at first

colourless, but gradually becomiugof a yellowish tinge. Towards the

close of this period of development, the granules seem to be heaped

together into a mass, from which all the nutritive part appears to have

been extracted. This constitutes the meconium.

(269.) In some instances, the nutritious fluid that circulates in the

interior of the pai-ent polypary may be seen to penetrate as far as the

interior of the vitelline cavity of the embryo, which thus seems to

derive its nourishment at the expense of the general community
; and

when it is taken into consideration, that the ova are formed in the

common fleshy substance lining the walls of the ovarian vesicle, and
that the nutritious fluid is diffused throughout its entire mass, it is

easy to understand how, after the external membrane surrounding the

embryo is ruptured, it is enabled to penetrate, by means of the mouth,
into the interior of its stomachal cavity.

(270.) Mention has been made, in the above description (§ 263), of

cells which give origin to organs of sensation, and which make their

appearance at a very early period. These present the same appearance
as the eyes and the ears of the lower mollusca and other inferior ani-
mals, and moreover present a similar organisation, being composed of
two spherical vesicles enclosed one within the other. That the young
polyp possesses these organs of relation with the external world is

undeniable, although no traces of them remain when the animal has
acquired its full development; but, what is still more surprising, accord-
ing to the researches of Van Benedeu, co-existent with these instruments
of sense, there are perceptible a muscular system and an apparatus of
nerves and nervous ganglia which, like the preceding, are only of a tem-
porary character; while the young polyp is still enclosed in its cell, two
bands, apparently composed of muscular fibre (Jig. 38, f, d), make then-
appearance

; these run from one margin of the disc to the opposite
edge, crossing each other at right angles, in the centre, so as to present
a cruciform arrangement. These bands are quite isolated and their
muscular fibres distinct and transparent. By their action the margins
of the disc are approximated, enabling these little animals to imitate
the movements so characteristic of the Mcdusfc.

(271.) Situated upon the course of the bands above described, close
to the edge of the vitelline sac, are little rounded bodies

( fig. 38, f, e, e ),
presenting an irregular and slightly tuberculated surface, considered’ by
' a" Benedcn to be nervous ganglia. These little bodies are four in
number, no filaments of intercommunication or nervous cords have as
yet been detected, even proceeding to the organs of sensation, but the
ganglia seem to be adherent to the muscular bands apparently by the
intermedium of nerves.

(2 <2.) It may appear a little rash, says the eminent observer to
W lom science is so much indebted for these researches, to speak of

H
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muscles nerves and organs of sensation in the embryo of a polyp,

which at a later period presents no traces of the existence of sue 1 ap
wlncli at a pei v

free state, must necessarily

paratus,-nevertheless the polyp du 0
-

t tQ gelect a situation
require such instruments oi i elation, ., ., • i-pu •

life are restricted to those of alimentation and reproduction.

(073) The young Campanula^, arrived at this stage of develop-

( toLnL the ovarian vesicle of the parent polypary, and swim

freely about iu the surrounding medium, exactly resembling so many

t,ie resul,s ot actu
?

on

terminate * and we are still left to conjecture as to the ultimate stages

“less. According to the hypothesis of Van Beneden the ., •

sequent phases of development may be supposed to be the

The Campanula™, during its medusa condition, has hut one

opening situated at the extremity of the central prcboscidrfonn ape

P
i

§
/<;„ « r K) subsequently the body becomes inverted like

the Anger o/a glove, ami the cirrhi, st.-aighteui.ig themselves, are co„-

ferttd into tentacula. The polyp now fixes itself by he> centta

appendage orP— £ tenmcula

tTn1e“rin1t! cemre anew and permanent mouth is formed on

°
i . tl p nvecedina one, communicating with the di-

kTcaTtv ’ -hus fixedly its base, the body of the polyp elongates

Cu IXts"ed Jhile at the same time the superficial layer

becomes hardened and the zoophyte gradually assumes the arborescent

form peculiar to its species.
. +y, ft vpnro-

(
276 .)

According to the observations of Lowen, on the rep

ductive process in Campanularia, the first appearance of the re-

productive germ is a slight elevation, derived from the central mass

contained in the ovarian vesicle, in the centre of which an active

circulation of nutritious globules seems to be concentrate
.

.

protuberance gradually enlarges, and assumes a spherical form the

part whereby it is attached to the central mass becomes ed

and at the same time its cavity becomes enlarged, and divided

72?V)TVo“outer aspect of the newly formed germ, a little

"mtaie
'

Sam cJnto da .a nonpar on pan. « fai™ pm analogic nno idfa da.



IIYDROZOA. 09

spherical body, composed of coloured granular substance, in which a
circular transparent spot is speedily perceptible.

(278.) A delicate translucent capsule, envelopes the parts described,
above which, after a time, exhibits at its upper and outer surface a
circle of minute elevations. This capsule Lowen regards as the body
of a female polyp, of which the little elevations are the rudimentary
tentacula, and its contents manifestly constitute au ovum, enclosing a
Purkinjean vesicle. Several of these ova are formed in the ovarian
vesicle, presenting different degrees of development, the upper ones
being the most advanced in growth. In proportion as each ovum in-
creases in size, the original sacculus, which is merely a prolongation of
the central living substance of the polypary, and which at first formed
the larger part of the germ, is now proportionally of small size, owing
to the rapidly-increasing dimensions of the ovum, and the vesicle of
Purkinje is no longer discoverable. The “female polyp," as it is desig-
nated by Lowen, or “ Medusiform gemma," as it is named by other ob-
servers, is developed between two membranes, the external of which
becomes subsequently ruptured. In the meanwhile, the canal whereby its
cavity communicates with the central mass becomes elongated, so that
its union with the common substance of the polypary is not destroyed,
even when the “female polyp ” has burst through the external membrane
and the thin operculum of the ovarian capsule in which it w7as formed.

(279.) When the “ female polyp ” (medusiform gemma) has thus es-
caped from the ovarian vesicle of the common polypary, it has the ap-
peaiance of a globular transparent capsule, attached by a short pedicle to
the operculum through which it has made its way, the orifice whereby
it escaped having closed around its stem. The tentacles are twelve in
number; and, from the circle surrounding their base, four canals may
be traced, descending in the substance of the globular body to terminate
in the pedicle, or sacculus that occupies the lower part of the (medusi-
form) capsule.

(280.) Thus far, it will be perceived that, by a simple change of the
teims employed, the observations of Lowen are found to correspond very
accurately with those of Van Beneden, and other distinguished natu-
ralists, who have investigated the interesting history of medusiparous
generation. His further researches, relative to the birth and develop-
ment of the young, assume additional importance from the circum-
stance, that they alone furnish a continuous history of the embryo,
rom its first appearance in a locomotive form to its final establishment
as a tixed polypary.

(281.) On the rupture of the external membrane of the ovum en-
closed in the “female polyp ” (medusiform gemma), the young animal

a form not at all resembling that of the parent animal.
'

.

Presents, at this period, the appearance of a little worm, of
ip ica s lape, slightly flattened. Its entire surface is thickly covered

h 2
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**“ ciHa, by a

b
g
0^fttt*zZoTnV:z

while still imprisoned in the body ^ through the oral orifice,

from which it subsequent y ma
tw0 embryos, occasionally to

Each “female” generally gives bath

three. , t free than it begins to

PS3.) No sooner l»s the yon g ° unitorm gliding motion ;

swim about, by means of its ci
, ^ axiSj either horizontally

sometimes it turns room m
varying its shape from that

or in a vertical direct,,

m^ 'dour, hot still suffi-

^eti:—t as glass, the internal sl.gbtly

°T£>
lWs~

dition the little embryo is nouns J
condition,

(235.) After swimming about ™^ sucU as a fucus,

the young creature fixes itse

fo

°

ra begins to be entirely

or other marine production, auc
irculav disc, around which the

changed, and it is converted into a ^ In the centre

cilia, now quiescent, fonn a cn

^

u
makes its appearance, the

of its internal cavity an opaq P
whole body, composed

size of which is abcc^ a

^a^d 'concentrically ,
and occupying the situ-

of a mass of granules, P
y nt polypary is to be developed,

ation whence the stem o
becomes slightly thickened, and.

At this point the external
from the internal cavity,

as it were, furrowe m
,

V®
. ariges a hemispherical protuberance,

From the opaque ceu i. P
cavity loses its semicircular form,

a„d at the same time the central
lobes ,

wMoU sabse-

and becomes divided"J 7L fixed polypary.

quently become the homont > PP
^ M,erea „i th a homy layer,

(S86.) Already ‘h® P
recog„isable at a more advanced stage

but this only becomes distinctly rec b

of growth.
. yei'tically upwards, and ulti-

- £*** *•^ reculiar to the

species.
reader in possession of the principal

(
288 .)

Having thu put
rg of distinguished reputation

facts recorded by so ma
y driform polypg ,

and the various

relative to the reproduction
^ ^ ^mains to take a brief

forms of medusiparous
g

discre

’

ant accounts given above, in order

retrospect of the api^
points, they mutually support eaci

to perceive tnat,
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1

other. That a Medusa should be the offspring of a polyp, seemed at

first so contrary to all analogies, that, no wonder, naturalists of the

highest eminence, by a sort of over-circumspection, refused to give

credence to the evidence, much less wTere they inclined to consider

creatures possessing all the characters of Medusae as being the larvae

of polyps
; and yet nothing has been more clearly established than the

truth of both these positions. That the parents of the marine hydra
are Medusae, has been abundantly established by the researches of Sir

Graham Dalyell and others, and that these Hydrae in turn gave origin

to medusiform animals, is equally certain.

(289.) It would seem, indeed, as has been observed by M. Desou,
that there exists a double mode of reproduction in these creatures,

one oviparous (or by divided vitellus, according to M. Van Benedeu),
producing infusorial-like animals, which transform themselves directly

into Campanulariae
; the other, medusiparous (or by free gemmation as

M. \ an Beneden expresses it), giving origin to young Medusae. This
circumstance is important, inasmuch as it explains the diversity of
opinion that has existed among the most eminent observers ; thus, M

.

Lowen appears only to have recognised the oviparous type, while M.
\ an Beneden s attention was specially directed to examples of medu-
siparous development.

(290.) Another important fact in connection with the history of the
hydiozoais, that in the compound species there exist male branches
as well as female branches upon the same polypary, the latter produc-
ing oiigeious vesicles, whilst in the former the ova are replaced by
seminal capsules; these almost precisely resemble the “female cap-
sules ” (beroeform cjemma), figured by Lowen, and are, in like manner,
surmounted by a circle of tentacula.

CHAPTER V.

HYDEOZOA.

Acalepha (Cuv.).

(29J.) The ocean, in every climate, swarms with infinite multitudes
ot animals, which, from their minuteness and transparency, are almost
as imperceptible to the casual observer as the infusoria themselves

;

their existence being only indicated by the phosphorescence of some
species, which being rendered evident on the slightest agitation, illu-
minates the entire surface of the sea. All, however, are not equally
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various appellations by
from tUsagreeable sensations pro-

sea-blubber, or lelly-fisbes
, ^ -

have been called sea-nettles,

duced by handling most th ^ gti ing is indeed the most

stingers, or stang-fishes.

^ ^ their names in almost all

prominent feature m thei
> thpv were known to the

languages are derived from this crcumstance^ ‘^
"“ e

at the

oUer naturalists % the * °"crTTin^ d« - origi-

head of this chapter, applied by Cuuei to t

rally used by Aristotle, is of similar rmport
Observation of

(*•) There are few U»
the physiologist moie calcu c

iders in the first place, the

history of these creatures.
. i 9 u animated mass of

composition of their bodies, what c oes ie
• take

sea-water, for such in an almost literal sense they are.

^^
an acaleph, of any size,

\ehind but a small quantity

gradually to dram away D $
delicate as a cobweb, which

of transparent cellulai matter, aim
which, in

apparently formed all the soli lamewor^^ amount to as many

a” animal ”e«“n

|^ ^ich has escaped from this cellulosity

grams ;
and even it the wa

„ , . differ in no sensible

he collected and examined, it wi e o

^ liyed
’ Tbe conclusion,

degree, from the element in w m
.

g tbat) in the acalephse, the

therefore, at which he natural
y delicate cells of an almost im-

sea-water collected and deposi e in ^ mauner) instrumental to

perceptible film becomes, in some 1

which these creatures

the exercise of the extraordinary functions with which

ar

(2

e

9t)^e Acaleph, have been divided by -leasts into groups

distinguished by Jnaturei of their means ^f

ing, therefore, the organs of locomotion, wi h
^ mod ifi-

ot these mteresd“s

bei

(S94.) Pulincntyrada.—The most ordinary examples of the aotdepto

— tl—c—

"

to be compose
ch
8
varioug pl.oceSses are pendent, some serving

inferior surface f

£ thc pvebension of food. In Rhizostoma (fig-—8 ’
^ StrUCtU1

'e “ thG
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a plant, being destined to absord nourishment from tlie water in which
the creature lives. The Fiy. 3y.

body of one of these

medusae is specifically

heavier than the water

of the ocean, and would

consequently sink but

for some effort on the

part of the animal.

The agent employed to

sustain it at the surface,

and in some measure to

row it from place to

place, is the umbrella-

shaped expansion or disc,

which is seen continu-

ally to perform move-
ments of contraction and
dilatation, repeated at

regular intervals, about fifteen times iu a minute, having some resem-
blance to the motions of the lungs in respiration, whence the name of
the order

(pulmo , the lung
;

gradior, I advance). By these constant
movements of the disc, the medusa can strike the water with sufficient
force to insure its progression in a certain direction when swimming in
smooth water, but of course such efforts are utterly inefficient in stem-
ming the course of the waves, at the mercy of which these animals float.
The tentacula appendages, situated around the margin of the disc, in
such species as are provided with these organs, are likewise capable of
contractile efforts, and may, iu some slight degree, assist as agents of
impulsion, although they are destined to the exercise of other functions.
I he locomotive disc, when cut into, seems perfectly homogeneous in its
texture, nor is any fibrous appearance easily recognisable to which its
movements could be attributed

; nevertheless, in the larger species its
inferior surface appears corrugated, as it were, into minute radiati.m
plicae, which seem to contract more energetically than the other por-

To,
an

,

reS
,

emble a rudimentaiT development of muscular fibre
295.) In the acalephae, indeed, the substance of the bodv is eene-

jally entirely soft and gelatinous, emulating, in the delicacy of itstexture and perfect translucency, the structure of the vitreous humourof the eye, its entire organisation apparently consisting of a transpa-rent aqueous fluid contained in innumerable polyhedral hyaline cellsIn some species, however, certain parts of the animal are of semicar-

il!
1

nfc... l
8SUe

’

“f I”
“ few instances cartilaginous or calcareous

to a nl ?
ded m th6ir substauce

> which may be comparedto a i udimentary polypary or internal skeleton.
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(206 1 Interesting as these creatures may justly be considered, when

we contemplate the^singular beauty of their external configuration, and

rhe wonderful design conspicuous in their locomotive organs a more
tne wonuenui u 0 i

economy will he found to

intimate acquaintance with their
in a

rl inclose many facts not less curious in themseives i

d sclose many ia

the bi„ber animals we are accustomed
physiological point o • ~

d f several distinct systems;

to find the nutritive appat composed ^ ^ anothfir

one set of 01 8anB

thfl absorpti0n of the nutritious parts of the

t0

y ^'
C'S

^fourth provided for its distribution to every part of the body,

a

T a fifth destined to ensure a constant exposure of the circulatingssasi
“T A fool by a mechanism

the centre of the,1,
^ 11 Aizostoma^ 80), which re-

that diffeis i

’nature of the communication between the

cet.es its name from the na
destined to take in

stomach and the estenor of to^bod, 8
of^ foliated

rtnrliXCglrom
“

centre of to disc. Each of these

appendages is found tojontmn
whilst

SSa«S*ttSSS5S=
probably an amp e pio

ocean The materials so absorbed

abundantly people the waters of the ocean, ine

are conveyed through the canals m the interior of the aims

stomachal cavity, where their solution is e ec e .

medusee

(268 1 But it is not upon this humble piey that some u

"nrxr1•szxttt £
i;i Ip as tb is may seem when we reflect upon the structui

fpphle^heings^ohservation proves that they are fully competent to such

enterprises. The long tentacula or filaments, with which some ai

*
'Pi!%a, a loot

;
trhpa., a mouth.
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provided, form fishing lines scarcely less formidable in arresting and
entangling prey than those of the hydra; and, in all probability, the
stinging secretion, which exudes from the bodies of many species,

speedily paralyses and kills the animals which fall in their way. The
mouth of these acalephse is a simple aperture, leading into the gastric

cavity, and sometimes surrounded with tentacula, that probably assist

in introducing the food into the stomach.

(299 )
In Cassiopea

Borbonica, the prin-

cipal agents in pro-

curing nourishment

are numerous retrac-

tile suckers [Jig. 40,

a), terminating in

small violet-coloured

discs, which are dis-

persed over the fleshy

appendages to the un-

dersurface of the body;

the stem of each of

these suckers is tubu-

lar, and conveys into

the stomach nutritive

Fig. 40 .

Fig. 41 .

materials absorbed from animal substances to which they are attached
during the process of imbibing food.

(300.) The above examples will suffice to give the reader an idea of
the most ordinary provisions for obtaining nourishment met within the
pulmonigrada: we will, therefore, return to consider the structure of the
stomach itself, and of the canals that issue from it, and convey the
digested nutriment through the system. In Cassiopea Borbonica, which
will serve to exemplify the general

arrangement of these parts in the

whole order, the stomach [Jig. 41,
b) is a large cavity placed in the
centre of the inferior surface of

the disc, and is apparently di-

vided into four compartments bv
a delicate cruciform membrane
arising from its inner walls. Into
this receptacle all the materials
collected by the absorbing suckers
are conveyed through eight large
canals, and, by the process of di-

gestion, become reduced to a yel-
lowish semifluid pulpy matter,



106
hvdrozoa.

each other, and ultimately form a perfect plexus i ve s Is as they

^?j95SS«sck
1 ' nlncripfillv to investigate the nature of this simple apparatus

With the arteries ef more perfectly-organised classes

; ^
vascular ram.fications in which these terminate s.hra ^ *e th n

mareins of the locomotive disc, as obviously perform the part ot iespi

ratory organs, inasmuch as the fluids permeating them are contmual y

‘
i f ,i influence of the air contained in the surrounding water,

the°constant renewal of which is accomplished by the perpetual con-

“(30°)nS-1 disc ef Cyan,. auri,a, whose anatomy

ments the stiuctu
. f these tegumentary membranes

sss-—-—

*

th

(”ooT'The
8

'conave or ventral surface of the disc is furnished with a

I l ilt consisting of an outer and inner layer, the ev ernal

which resembles in its structure the dorsal memb^

“

above and constitutes a sort of epidermic covering. The inner layer,

which' in its intimate texture likewise consists of hexagonal cells,

incloses nothing but a number of isolated granules, clear and translu-

cent as water. The interspace between this inner layei and

dorsal integument is considerably greater than that which separates it

from the ventral surface ;
both these spaces, however, are filled up with

a clear gelatinous mass wherein are distinguishable numerous isolated

,-dnnHr bodies of a rounded shape and of unequal size, that seem to

be all connected with each other by fibres or extremely delicate vessels

and not supported by expansions of cellular membrane. The rest of
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the gelatinous mass is too transparent to allow any organisation to be

detected ; this, however, is in small proportion and incloses the large

vessels belonging to the nutritive apparatus immediately to be de-

scribed.

(303.) The opening of the mouth is situated in the centre of the

lower surface of the disc, between the four arms suspended from that

portion of the body. The mouth itself consists of a short quadrangular

tube from the angles of which the arms are dependent. Each arm is

composed of a thick central cartilage, whereunto are attached two mem-
branous laminae, variously plaited and puckered throughout their entire

length, and, moreover, at certain seasons gathered into little pouches or

pockets, to be hereafter mentioned, in connection with the generative

apparatus.

(304.) Superiorly the oral aperture terminates in four short tubes

arising from its four angles, and these diverging mount upwards, sup-
ported by a cartilaginous prolongation derived from the central supports

of the arms. These four tubes evidently represent the oesophagus and
lead into four ample stomachs of a subglobular shape, which are smooth
internally, and lined by a special membrane wherein may be seen

numerous little granular bodies, but no vessels.

(305.) From the above stomachal cavities proceed several large

canals, that diverge towards the circumference of the disc, and consti-

tute a part of the digestive apparatus. One of these vessels arises

immediately from the dilated portion of each oesophageal tube, and
these, dividing and subdividing dichotomously, ramify towards the
margin of the disc. From each of the four stomachs three other
large canals take their origin, aud run in the same direction

; of these
the two lateral ones are simple and unbranched, but that in the centre
ramified dichotomously. These sixteen large vascular trunks, together
with all their numerous ramifications, sometimes anastomotically united,
ultimately terminate in a wide circular vessel that surrounds the
margin of the disc. The nutrient canals are situated beneath the
inner membrane, described above, whereby they are partially inclosed
and supported.

(306.) Before closing our description of the alimentary system of the
pulmonigrade acalephae, we must mention some accessory organs of
recent discovery which are in connection with it. Eschscholtz * de-
scribes a series of elongated granular bodies, placed in little depressions
around the margin of the disc, which seem to be of a glandular nature,
and apparently communicate by means of minute tubes with the nutri-
tious canals : these he regards as the rudiments of a biliary system.
Other observers assign a similar office to a cluster of blffid sacculi or
caeca, which are connected in some species with the commencement of

Sjstem der Acalephen. Berlin, 1822.—Annales des Sciences Nat. vol. xxviii.
p. 251.
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the radiating tubes; it is, however, scarcely necessary to observe that

such surmises, relative to the function of minute parts, are hut little

"^SonPrior to the publication of Ehrenberg’s important researches

it' a tn the anatomy of the Cyanea aurita,* it was generally

believed that in the pulmonigrade medusm the ^en^f ™
zsrcs—,

~
indicated b, «gM

dtoltndrti* had previously been
t”'C6S

,T. be tbTS^ues of a biliary organ. B, beeping the

Uving meduss for sometime in sea-water deeply coloured with md.go

™d thus causing all the ramifications of the alimentary appara us to

become fined with the coloured fluid, while the res. of the bod, re-

mained transparent and colourless, it appeared that

^
of

the above-mentioned spots, the circular marginal canal into wh ell the

nutritive tubes, radiating from the stomach empty themsdves b comes

dilated into a sort of cloacal car,., in whtcb
ifer, Bae“l

materials such as the shells of minute Conchifeia, Rotifera, Baecil

laria &c
’

were easily distinguishable ;
from each of these cloacal dila-

tations canals can readily be traced communicating with the extend,

anTon irritating the living animal it is easy to

of excrementitious matter through the eight marginal onfices

diS

(3081 A
8

M-t’ movement is frequently perceptible in the interior

of the ramifying alimentary tubes which has been mistaken foi a circu-

lation, but wh4 is merely the effect of ciliary act.on, or of penstaltm

movement in the walls of the intestine.
. ,

(309 ) Up to the period when Elirenberg made the important re-

searches we are laying before the reader, relative to the anatomy of

these creatures it was impossible to account for the capability of loco

motion which the pulmonigrade acalephm evidentlypossess which

his researches served to render perfectly mtelh0ib e

formed by the ramifications of the alimentary apparatus, he observed

to he all bordered by two delicate lines of a pale red

the microscope, are evidently of a muscular character ;;

by ^ ^
tions of these, therefore, the most important movements of the an

are accomplished. Besides the above, however, other muscles aie d s

cernible.

1

Tn Cyanea the disc is surrounded with a fringe of tentacula,

each of which exhibits at its base a muscular structure ;
consequen y

the possession of muscular fibre is evidently established as a pait

the economy of these animals.
,

. •h

(3l0.) It is very probable that the older writers, who speak of acir-

* Abhandl. der Konigl. Akad dcr Wissenschaften, zur Berlin, 1835.
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culation of blood in the medusae, only alluded to the movements ob-

servable in the contents of the intestinal ramifications; it appears,

however, from Ehrenberg’s observations, that in the medusae there

exist distinct globules which are of a uniform round shape, inclosed in

distinct vessels, wherein a kind of circulation is carried on : these glo-

bules he describes as being colourless, spherical, simple and varying

from the Tr^th to -j^th of a line in diameter.

(311.) Although the medusae have always been admitted to possess

considerable sensibility, no traces of a nervous system had been de-

tected in their soft and delicate tissues, until Ehrenberg pointed out a
structure apparently of a nervous character. On carefully examining
the eight brown-coloured spots, which are disposed at equal distances
around the margin of the disc {fig. 43, e,e), he found them to present a
very elaborate and remarkable organisation. Each of these coloured
spots is seen, when accurately observed, to be composed of a little

button-like appendage, of an oval or cylindrical shape, attached to the
extremity of a slender pedicle, which in turn takes its origin from a
kind of vesicle, wherein maybe perceived, by means of the microscope,
a glandular looking substance. On the dorsal aspect of each of the
pedunculated brown-coloured appendage, is situated a distinctly marked
round spot of a bright red colour supposed, by Ehrenberg, to be an ocular
oigan, while he considers the glandular-looking substance above-men-
tioned to constitute a nervous ganglion. In addition to this arrangement,
he considers that there exist, running all along the margin of the disc,

in each of the interspaces between the marginal tentacles, a series of
ganglia of a similar character, giving off nerves to the tentacula, whilst
othei ganglia are to be detected in the tentacular appendages situated
in the vicinity of the oesophagus, as well as in the oviferous cavities.
In short he gives the general distribution of the nervous matter in the
Medusiform Acalephre to be as follows. Four groups of nervous
ganglia are situated around the oesophagus in the oviferous cavities
close to the ovaria, which are in communication with as many groups of
tentacula. Upon the outer border of the disc, close to the base of the
marginal tentacles, is another series of nervous nodules, interupted at
regular intervals by the eight brown-coloured corpuscles. Lastly, there
exists a series of isolated ganglionic masses, eight in number, situated
at the bases of the supposed ocular organs to which they give off
nervous filaments.

.

(
3ia0 The so-called ocular organs, named by Ehrenberg unhesita-

tingly “pedunculated eyes,” present a very remarkable structure.
Each “ pedunculated eye ” is directed towards the dorsal aspect of the
disc and has, situated beneath its lower surface, a minute sacculus of a
yellowish colour, but variable in its shape, wherein is contained a
numbei of solid crystals, clear as water, and which the action of acids
proves to be composed of carbonate of lime.
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1313.) Not only eye,, however, but ear, also are conceded by modern

naturalists to these favoured occupants of the ocean

(o->a\ At the base of the marginal tentacula, oi cmhi, )

feslor Fotbes « there are preseu" in a great man, of these an,male
fessoi boibes, tnei I

species these points are so

coloured spots or ^s^and
ce and their magnitude,

strongly coloured, that fromt this ^ ^ appearing like

they indicate the corns
‘ When these bulbs are examined with

a circle of gems m the jater.
r gmaU cayity) quite distinct

trry coloured matter that may be present; the former is regarded

by modern naturalists as an otolitic vesicle, the latter as an ocellus,

ey
(3?5°!'The otolitic vesicle, which, from analogy and its peculiar

structure, is considered as an organ of hearing, is a small sphermal

sac, developed in the midst of the granular Bubstan^of the bulb, a

^
containing more or fewer minute vibrating bodies.

.

be otolitic vesicle and its contents, as they ate ound ,r. «

follows—' The auditor, vesicles are seated in the course of the mar

Zl circular vessel, in very uncertain number

Lr:21?
"s?f

Zi other at the wall of the vesicle. Their erne vanes from ,J-th to

150"' I have never observed them move. Munatic aci is

hem and causes the vesicle to burst." The emstence of secular r

constructed organs has been recognised in man, other

observers. Kblliher noticed, that in Ocean,a and other form .the

otolitic vesicles were lined with vibratile cl,a, and Oat. the ototoes

vibrated. And Professor Forbes has seen them vibrating in
.

the

cavities at the bases of the tentacles of more than one species

Oceania, a genus in which they are highly developed.

(316) The discoveries of modern naturalists relative to the geue -

tion and development of the Medusa, have been most interesting and

important, revealing so close a relationship between the Acaleph® a

thJ hydriform polyps, as to render it probable that ere long then affi

nities will be found such, as to necessitate their association into

one extensive group. We have already seen, at the close of the last

chapter, that the progeny of the hydriform polyps, during one phasis

of their development, were strictly medusoid m heir form andl «gjn

isation ;
and in like manner, it is now mcontrovertibly established, that

* Vide Forbes' Monograph on the British Naked-eyed Modus*.
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the Acalaphae are, at a certain stage of their growth, to all intents and
purposes, hydriform polyps, as will be immediately evident.

(317.) The Acalephs are now universally admitted to be bisexual;

aud the generative apparatus in both sexes is invariably found to be
more or less intimately in relation with the alimentary canal, that is

to say, as in the case of the polyps, the reproductive organs are appen-
dages derived from the internal or nutritive system of the body. In
both the males and females of the great majority of genera, the testes

of the former, and the ovaria of the latter, are similarly disposed, and
present externally precisely the same structure, consisting of duplica-

tures of a delicate membrane, between which, in the case of the
female, ova are developed in great numbers, generally of a rich orange
or purple colour, so as to be conspicuously visible ; in the male
Acaleph, however, instead of ova, the generative membrane secretes
a vivifying fluid, rich in spermatozoa, and consequently easily recog-
nisable under the microscope.

(318.) In Cyanea aunta the generative apparatus of the female con-
sists of tour membranous ovaria, easily recognisable, on account of their
bright colour, which is usually violet, or deep yellow. Their form is

geueially semicircular, (Jig. 42) and they are lodged in as many dis-
tinct cavities, situated in

the immediate vicinity

of the central stomachs.

Each of these cavities

communicates freely with

the external element, by

means of a wide round

or oval orifice, furnished

internally with tentacula,

having suckers at their

extremities (Jig. 42, cl).

The four semicircular ova-

ries are each composed
of a simple contorted

tube (Jig. 42, a b)

;

when full of eggs, its

colour is a beautiful vio-

let, but when empty, or

when the ova are only

partially developed, a yel-

lowish brown.
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‘»o become lodged£
the laminated margin, m which they o

met ^th at

and development. These
are accomplished,

certain seasons, disappearing \s

covered with a smooth,

SSF.rs i"ier-

and present a pale violet

remaika
• minute thick discs, likewise violet,

(3221 Subsequently the ciliated embryos, escaping fiorn hen con

nui sed up
1 chaime in their economy; they then

, to

'little creature assumes completely the polyp form and, what is^ till

same shape, apparently ad infinitum.
development of

(323i This kind of reproduction is effected y I

®s?stsr ?: ^

-

£

X

u), precisely resembling, when mature, the original polypo.d

b

°?Jj4 1 The neat phasis in the development of these Acalephs is one

of the most remarkable circumstances connected with their his or) ,

Id we” t not for the accumulated testimony of numerous observers

rnioht Imiear almost incredible. The polyp, much in the condition

mi° '^1
f r. n 11 11 is immovably fixed by its basis to the sui

rr"s^ sLe ’simila” support; in length it is about *h
face of >

, r inch ;
its surface is smooth, and its

and in diameter be „ h, of an
. ^ m(mlHe io >n airec-

H and -feeding, irritable, and its whole structure and appe.rauee,
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in short, that of a gelatinous polyp, or Hydra. But a groat change is

now in preparation
;
the body of the Hydriforui polyp gradually in-

creases in size, and transverse folds begin to mako their appearance at

equal distances, one below the other, partitioning off its body into

numerous rings or segments (fig. 41, 15).

Development -of Cyanca capillaia (alter Sars, Annales des Sciences Naturelles for
1841, plates 15 B, 16, and 17, pp. 19, 50).— 1. Young Acalephs newly hatched
(natural size). 2. Ditto magnified, showing infusorial condition of development.

2 ’ 'Jr 6ame
7mmal now become attil(;hed by a pedicle, and gradually assuming

the polypoid form. 7. A still more advanced condition, showing the mouth surrounded
by numerous retracted tentacula. The mouth is dilated, exhibiting four longitudinal
eminences, situated in the stomachal cavity. 8. The same individual divided longitu-
dinally, and spread out so as to show the longitudinal eminences in the interior

; the
transverse lines are caused by the contraction of the body. 9, 10. Two polypoid Aca-
lephs, with stolojis developed from the upper part of the body; in fig. 10 the stolon
has become attached to the supporting surface. 1 1 . Fully-developed polyp. ] 2. Another
individual giving off a stolon, from which proceeds a second that in like manner gives
off a third offset. 13. Stolons growing off from the base of the polypoid medusa, which
creeping along the surface of the substance to which it is attached, give origin to new
polyps, a b. 14 Three young gemma sprouting from the body of a polypoid Acalenh
5. A polypoid larva magnified (the natural size is shown at 15 a), having its body

divided by numerous transverse wrinkles.
° J

(325.) In the course of a short time the segments thus formed
become surrounded wxth marginal rays dichotomously divided at their

unwTds 1 r'

86

T’
°r amS

’ are free
’ hftvin " their apices directed

upwaids, and disposed with such regularity that the once polypoid

XuTZ furmSh6d wiUl ei8ht longitudinal ribs (fig. 42, m).
(• - >.) e now arrive at the fourth period of the process, when the

different segments, into which the original polyp has become divided,

1
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S"'.i J£"‘Ss!JS3TS
towards the base, each segment, as 1

Acaleph and in this con

form, characters, and aUntatt-rf =a :

- appearance repre-

dition assumes an independent existence, uuu

sented in fig.
42, 17, a.

Fig. 42 .

-16. Th. polypoid !»iv»(16» 1»™« iu disc

segments piled upon each other, “C

bifiircated at their extremities. These segments

surrounded with radiating Ploce
j. Bummit of the pile successively, assume the

becoming detached one by ^ e ^ ?rogrcS3 of division, in which only

medusiform condition. "•
i „f these the three uppermost are at the point of

fo„ segno-t, ..main
™

tcl„« , Apol.pl.

separation. 17 n. A segmen ° P
alrefd exhibits in its centre the square oval

it is represented as seen from belo
,

tentacula, together with the radiating— ft -*>. •*«**
,

i

tnutritive canals, Ac. 18. lhe s
,

arriyed at its perfect form, furnished

ZSZZZ «*- - - ** pr""lea •*

,h

p^rrjat'Alph, the disc of which is not as jot modi

moSan the 4th of an inch in diametet,

+Vip characteristic organisation of a tiue Medusa

(fia 4S a) the positions of the ovaria, b, the radiating nutritive canals,

circular Marginal vessels, d, the oculiform points, e, the anal

’

. pq f and the rudimentary tentacula surrounding the disc, g, g,

? Zleti y
recognisable. The Medusa being thus far complete,

beu
;
g f

6

tfdvauce is rapid, the rays become gradually shorter m pro-

its'furthei £ marginal tentacles are more and more

and at l’ength the young Acaleph, complete in all its
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parts (Jitj. 42, is), will in

time, by tlie production

of multitudinous ova,

give birth to another ge-

neration destined, during

their development, to ex-

hibit a parallel series of

changes.

(328.) In some of the

Meduste, which are des-

titute of a central pe-

dicle, such as Cuvieria

carisochroma [Jig. 44),

the arrangement, both of

the alimentary and ge-

nerative apparatus, is

considerably modified. In
JEquotea violaceci, exa-

mined by Milne Ed-
wards,* the gastric cavity,

which is very large, oc-

cupies nearly a third of

the whole diameter

fiy. 43.

of

the disc
; the oval aperture, instead

of being pedunculated is simply sur-

rounded with a membrauous border,

hanging loosely down when in a state

of repose, and so short as to be quite

inadequate to close the opening of

the mouth. Superiorly this mem-
branous border is attached to a
ring, slightly more callous in its

structure than the rest of the body,
immediately above which is a circle
of tolerably wide orifices placed very
close to each other, all of which lead
into radiating canals that diverge
towards the circumference of the
disc. These canals, seventy-four in
number, becoming narrower as they
recede from the stomachal cavity, run
in straight lines to terminate in a
circular vessel that surrounds the disc
near its margin, from which little

* Ann. des Sciences Nat. for 1841.

Young Medusa (after Sars).—a, the mouth, sur-

rounded with the as yet undeveloped buccal arms
;

4, b, b, b, ovaria, or testes
; c, radiating nutritive canals

;

d, marginal circle of nutrient vessels ; e, oculiform or-

gans; anal apertures situated on the margin of
the disc.

Fig. 44.
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canals arc given off, apparently analogous to the cntnnctor, vessels

above described as existing in
is m relation xvith this

(329.) The generative system in ^ from the under surface

arrangement of the nutu ive ca

^

‘

‘

membran0Us lamell® disposed in

of the disc there are numei
. . -jhese lamellffi seem

a radiating manner around the gas nc
caual consequently,

to be suspended front benea h -*
ied upol them.

X^Ve^ro onielng formed of a double membmn.

:;e«"
the ovaria and testes of these Aoalephs.^

fcnns of „,hed-eyed

produced either front the nails of the
1 ^ ^^ indi,iauals

or from the surface of the ovaries.
ents, and in one

were not different from
’

,

“

eaaj made ill the newly-formed

instance, provision seemed to he ahead? ^ 0tU9r indi-

effshoots forjntinuing
part 0f the bod, roundish

^Iforth, which grad.,all).assume

ing themselves at the flee en ,
an

mather il}. means of a short

Acaleplis, being meie y a ac

thedisc These develop ill them-

peduncle, derived from the hack « ^ mothe
1

,. lik» the

'after a certain time, tlm, separate from

the parent, and sivirn about as independent tndmd^ ^
(331.) Professor Forbes, in his

important ohser-

tish naked-eyed Medusas, no on
y

d ib four different modes

ration of the Norwegian naturalist, but.
describes

. ^^
of gemmiparons reproduction as ocoumn

Sars, i„

leplite. 1st. Gemmation J
ie

of matio„ from the

Thanmantias multicirrata. 2nd. A o
,

•

pedunculated stomach, which he calls sub-symmetrical, lleoause m .1. s

case, four gemmte are symmetrically arrange ““!' *
/ dOTelopment

rtf which is constantly in a more advanced condition oi u l

In the other three. 3rd. Gemmation irregularly from the walls of a

t itr nmbMcis in which there is no order of development with respect

!“
b

osition individuals variously advanced, springing indifferently fiom

C, n 'rts of the peduncle; and a fourth mode, winch is veiy

remarkable in a new British species, named Sarsia prolifera , ... wind

* Fauna Norwegica.
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the buds are produced at the bases or tubercles of the four nmrgiual

tentacles, and bang from them in bunches like grapes. The degree of

development is not equal in all four bunches, and in each case buds

are seen in very various stages of development from embryo, wart-like

sproutings, to miniature Meduste, simulating, in their essential cha-

racters, the parent animal.

(332.) CiLioGRADA.—In the Ciliograde AcalepJus (Ctenophora), the

organs of motion consist .of narrow bauds of vibratile cilia variously

disposed upon the surface of the animal.

(333.) In the globular forms of the Beroes {jig. 45) these cilia are

Fig. 45 .

arranged in eight longitudinal rows, and appear to be attached to sub-
jacent arches of a firmer consistence than the rest of the body. They
are generally quite naked, but in Pandora are lodged between folds of
the skin, which will close over and completely conceal them

; their
motion is extremely rapid, and sometimes only recognisable by the cur-
rents they produce, or by the iridescent hues that play along the arches.

(334.) The arrangement of the locomotive apparatus appended to
the eight longitudinal costal bands is extremely beautiful. The series
of vibratile fringes is attached to a row of minute transverse ridges
disposed almost like the steps of a ladder, and moreover in their essen-
tial structure they differ very materially from vibratile cilia of the
ordinary character. In their shape they are not filiform, but resemble
membranous laminm deeply fringed around their free margin, having thehape of so many little semi-oval palettes. The movements of these flabel-

d° eS aie ve'T raP'd’ and arc seldom interrupted while the

to stop hl'TbTA ’

!

hG SlighteSb contactis
> however, sufficient

•owZ Si' '
i f lamma3

’ moreover
> belonging to the same

< q independent of each other, neither docs interference with
lie pioc uce le s ightest effect upon the action of the rest. The animal,

neveitheless, seems to possess the power of arresting or controlling their
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i Tf iq likewise remarkable that the vibratoiy

motions at pleasu
.

in fragments separated from

character; bat, U raa,

%££££. in portions thus

CS longieudi ridges^are

(33 o.) me cilia, wi i

ho]low> They are not webbed

t

i

rt
hIrrdtvrno°rmmunication with the vessels that run beneath

together, a
of cilia is mounted on a transverse base,

“
t off

0

it“rof kseff no power of motion, but if the smallest portion

=X-2=-— "
undulatory movements of this peculiar tissue.

ewe.) i- «>- »-*-
i

Ac
thmth«t ;rot t™

principle was
is allot to break up into

substance, which the slight
)n Fmfl ,he surface of the sea covered

pieces ;
indeed, it is not—“^ cilia ma, still be

* *”* ”** a

^it^f^ihat occupies almost -he etttire length

of the bod, of the Deroe, and
constitutes

througbtbe inferior oritoe isperf^r^“"^£
is 8itui,ed a

“ kind of
thickened lips, the texture of which

transverse apertuie guaiae
y These lins only come m

«• *»“ "f$£££ eentrelf'J^ee m^nsf and con-

contact with each othei net
cavity that they

sequently leave on each side a gaping
ds wllh the

e on rlivide each of them into four branches, aud arriving at the

^rface of the body terminate in eight longitudinal canals that convey

t
• or! fluid to the cilia, which latter organs, as they are in con-

tbe contemed flu

r ^ ^ ^ functions of a respiratory appa-

stant vibration, pp l

each of the eight longitudinal

r. » ***••— ot ^ ' esse,s m
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transverse sinuses; these, after intercommunicating with each other, are

lost in the surrounding parenchyma.* Arrived at the margin of the

wide opening, situated at the inferior extremity of the body, the eight

longitudinal trunks terminate in a transverse annular canal that com-
municates in its turn with two vertical trunks much more deeply seated

than the preceding vessels :—these lateral vessels mounting upwards
terminate in the stomachal cavity.

(839.) The vascular apparatus above described is filled with a fluid

in constant circulation, in which may be perceived innumerable round
colourless globules. The course of the current is directed from the

inferior vascular ring through the eight superficial canals situated

beneath the ciliated ribs towards the summit of the body, whence it

subsequently descends in a contrary direction through the two deep
seated trunks, above described, into the annular vessel, thus completing
the circulatory round. The movement of the circulating fluid is

tolerably rapid, nevertheless no traces appear of any central organ of

impulsion, neither do the vessels exhibit tbe slightest contractility
; in

some of the larger trunks, however, the presence of cilia is distinctly

perceptible by the agency of which the circulatory current is pro-
duced.

(340.) From the researches of Milne Edwards, it appears that the
vascular system of the Beroeform Acalephs communicates with the
exterior by means of emunctory canals analogous to the anal tubes,
situated on the margin of the disc in Medusa aurita described above.

In Beroe Forsfcahlii, Milne Edwards was enabled to assure himself
of the existence of two such outlets, situated not at the inferior
margin of the body, as in other Acalephs, but at its upper extremity.
When this portion of the animal is fully extended, it frequently occurs
that a little ampulla suddenly makes its appearance on one side or the
other of the terminal fossa; which, quickly increasing in size, exhibits,
in its interior, movements of rapid rotation, then, suddenly opening at
its summit, it discharges its contents and immediately disappears,
leaving no traces of its excretory functions, except a minute pore, which
is easily distinguishable. These excretory ampullae communicate with
the gastric cavity that forms the central reservoir of the vascular appa-
ratus, and are evidently emunctories through which feculent matters
are expelled.

(341.) The body of the Beroes has generally been described as
having the form of a bag open at both ends, a mistake which is
explicable from the circumstance, that, when the animal is not com-
pletely unfolded, its superior extremity is retracted and puckered up, in
such a manner as to give the appearance of a wide o.rifice placed
opposite to that which occupies the inferior extremity

; this appearance is,

* Milne Edwards, Ann. des Sc. Nat. tom. xvi. 1341.
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however, deceptive, for if one of these Acalep is is caic u y ’

while swimming freely in its native element, it ecomesevi en

supposed upper orifice is only a deep cavity, e o 0

f

furnished with a delicate contractile arborescent fringe, in the centre o

which is situated a little pyriform papilla, regarded as constituting

°C

mV)
P
TliL

tU

oculiform speck, which is situated immediately in the

ais of the body, presents, at its base, a globular spot of a red colour

and granular appearance, in which are contained numerous minute

crystalline corpuscles. The whole apparatus is immediately connected

with a minute rounded mass, apparently of a ganglionic character, fio

which in some genera filaments are distinctly seen to issue.

(343 )
In Leseuria, for example, on carefully examining the bottom

of the wide excavation that exists at the anterior extremity of the

egg-shaped animal, four mammillated processes are appaient eac

occupying the median line of one of the four principal lobes, and u

the midst of these is situated an oculiform tubercle, situated precisely

in the axis of the body, which is remarkable for its bright red™
^

It is of a spherical shape, and presents a granular surface, similar to

that of the brilliant red spots distributed around the margin of th

disc in the Medusae, which Ehrenberg designates the eyes Immedi-

ately beneath the oculiform spot is situated a subpyriform b°^’"

is apparently of a ganglionic nature ;
its substance is more opaque than

aiirJL neighbouring tissues, and from it proceed a great number

of filaments, apparently of a nervous chaiactei . T es

exterual

culi, which run obliquely downwards towards the mfei
.

margin of the principal lobes of the body; some very delicate fi

ments appear to terminate near the base of the accessory

the greater number are continued as far as the row of fihfounappen

dages, situated near the margins of the principal lobes, man}

apparently giving off ramifications in their course Moreover be-

sides tho^above, a small longitudinal filament may be traced, alo 0

the middle of each of the ciliated zones, probably of a nervous c a-

raeter, and which give origiu to a multitude o itt e am

are distributed in a very regular manner, by fasciculi, beneath‘
°/

the little transverse ridges, whereupon the vibratile fringes ai ’

as well as to the mid-spaces intervening between them ,
it

^
ou ®'

seem that there is a little ganglion at the origiu of each of these

ciliary branches, but whether this be the case or not is cou •

At the upper extremity of the body, the vertical or ciliary amen s

are prolonged beyond the ciliated ridges, and, becoming united by pairs

run towards the central ganglion, situated beneath the oculiform spot,

with which, in all probability, they communicate

(344 )
From the above description it will be evident that t

nervous system of Leseuria differs widely in its arrangement from that
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supposed by Dr. Grant to exist in Cydippe,* resembling more tho
arrangement of the nerves in the Tunicated Mollusca, with which tho
Beroid® present many natural affinities.

(3-15.) The arrangement of the generative system in the Beroeform
Acalephffi, is very imperfectly understood

; or, perhaps, we ought
rather to say, that nothing is satisfactorily known concerning this part
of their economy. Signior Delle Chiajef states, that upon the inner
surface of each of the eight ciliated ribs, there is appended a longi-
tudinal oviduct, to both sides of which are appended bunches of ovules

;

an observation, the accuracy of which is doubted by Milne Edwards,
who finds, indeed, on each side of the ciliated bauds a multitude of
little racemose bunches, of a rose colour, having the appearance of
ovaria; but it seemed to him, that these bunches were contained in
the substance of the walls of the body, and were simply dilatations of
the lining membranes of the subciliary vascular canals, which, instead
of communicating with a common oviduct, opened into the vessels them-
selves.

(340.) From the researches of Will,]; it would appear that these
Acalephs are hermaphrodite, the generative apparatus consisting of
elongated utricles, the testes being situated on one side, and tbe ovaria
on the other. Both sets of organs are described as having a nodu-
lated appearance, and from the nodulated part of each, passes off an
excretory duct, which runs towards the mouth; but the terminal open-
ings ol these canals has not been made out. In Professor Grant’s
description of Cydippe pilcus, of which a figure is given above {fig.
4.), i), the ovaries are said to consist of two lengthened clusters of small
spherical gemmules, of a lively crimson red colour, extending along
the sides of the alimentary canal. It is evident, therefore, that fur-
ther knowledge relative to this department of the economy of the
Beroes is still a desideratum in science.

(347.) The Cestum Veneris {Jig. 46) is nearly allied to the Beroe in
the arrangement of its nutritive apparatus, notwithstanding the diffe-
rence of form observable in these ciliograde Meduste. In Cestum the
digestive cavity, which is exceedingly short in comparison with the
length of the animal, passes transversely across the body in a straight
line from one side to the other, as represented in the engraving;
but the details of its structure, and the nature of the vessels arising
from it, will be best understood by a reference to the enlarged dia-
gram of these parts given in the next figure [fig. 47). The mouth,
*’ is a rhomboidal deP'’ession, seen near the centre of tho body, between
the two lateral rows of locomotive cilia, which extend from one end of

• Dr. Grant’s figure of the nervous system as he supposed it to -be arranged in
Cydippe pilous, is given in a preceding page, fuj. 45, 2.

t Mein. sul. Aiiimale senza Vcrtebre, tom iv. p. 12.
•t Horae tergest. p. 38, taf 1, fig. 22, 23.
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the animal to the other. From the mouth arise two tubes, j j, which

terminate in a globular cavity common to both ;
these would seem to

constitute the digestive apparatus ;
and a straig it naiiow u e, o, pio

Fig- 46.

Fig. 47.digestion is dicharged. From around the

oral extremity of the stomach, and from

the globular cavity in which the two

principal canals terminate, arise vessels,

t, t, t, which diverge so as to form a

cone, at the base of which they all empty

themselves into two circular canals, one

surrounding the mouth, and the other en-

circling the anal aperture ;
which precisely

correspond with the vascular rings already

described in the Beroe ;
and, from these,

four long vessels, or branchial arteries as

they might be termed, p, p, q, 4> are F0'

loured beneath the four ciliated margins

all around the body. But, besides these

four nutritive vessels, two others, x, x, aiise

from the anal ring, which run inwards to-

wards the centre of the animal, and after-

wards, assuming a longitudinal direction

seem to distribute nourishment to the median portions of th •

The cmca, or blind tubes, », », appended to the intestine, may p
-

sibly furnish some secretion useful in digestion, although we a .

perhaps, scarcely warranted in saying decidedly that they are

'^'Den^Chfaj^MeL^per servire alia stem degli Animal! senza vertebre del

regno di Napoli. 4to. 1823-1825.
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(348.) Extraordinary as must appear the powers which the Acalephm
possess of seizing and dissolving other creatures, apparently so dispro-

portioned to their strength, and the delicate tissues which compose
their substance, there are other circumstances of their history equally

remarkable, which, in the present state of our knowledge, are still more
inexplicable. If a living Medusa be placed in a large vessel of fresh

sea-water, it will be found to secrete an abundant quantity of glairy

matter, which, exuding from the surface of its body, becomes diffused

through the element around it, so copiously that it is difficult to con-
ceive from whence materials can be derived from which it can be
elaborated. Of the origin of this fluid we are ignorant, although cer-
tain glandular-looking granules, contained in the folds of the pedicle,
have been looked upon as connected with its production.

(349.) TV e are equally at a loss to account for the production of the
inflating secretion, in which the power of stinging seems to reside,
but it is observed that the teutacula seem to be more specially imbued
with it than other parts of the body. Perhaps the most remarkable
property of the Acalephm is their phosphorescence, to which the lumi-
nosity of the ocean, an appearance especially beautiful in warm
climates, is principally due. We have more than once witnessed this
phenomenon in the Mediterranean, and the contemplation of it is

well calculated to impress the mind with a consciousness of the profu-
sion of living beings existing around us. The light is not constant,
but only emitted when agitation of any kind disturbs the microscopic
Medusae which crowd the surface of the ocean

; a passing breeze, as it

sweeps over the tranquil bosom of the sea, will call from the waves a
flash of brilliancy which may be traced for miles

; the wake of a ship
is maiked by a long track of splendour; the oars of your boat are
raised dripping with living diamonds

; and, if a little of the water be
taken up in the palm of the hand, and slightly agitated, luminous
points are perceptibly diffused through it, which emanate from innume-
rable little Acalephse, scarcely perceptible without the assistance of a
microscope. All, however, are not equally minute

; the Beroes, in
which the cilia would seem to be most vividly phosphorescent, are of
considerable size

; the Cestum Veneris, as it glides rapidly along, has
the appearance of an undulating riband of flame several feet in length

;

and many of the larger pulmonigrade forms shine with such dazzling
brightness, that they have been described by navigators as resembling
“white-hot shot,’ visible at some depth beneath the surface. This
luminousness is undoubtedly dependent upon some phosphorescent
secretion, but its nature and origin are quite unknown.

(>50.) 1 hijsofjrada. In the third division of Acalepluc,, denominated
by Cuvier “ Acalephes Hydrostatiques,” the body is supported in the
water by a very peculiar organ, or set of organs, provided for the
pui pose. Ibis consists of one or more bladders, capable of being tilled
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rith air at the will of the animal, which are appended to the body in

•arious positions, so as to form floats Fig. 43 .

if sufficient buoyancy to sustain the

•reature upon the surface of the sea,

vhen in a state of distension ,
but

,vlien partially empty, allowing it to

jink, and thus escape the approach

of danger. In Physalus (fig. 4=8),

known to sailors by the name of the

Portuguese man-of-war, the swim-

ming-bladder is single, and of great

proportionate size, so that when full

of air it is exceedingly buoyant, and

floats conspicuously upon the waves.

The top of this bladder bears a crest,

c, of a beautiful purple colour, that,

presenting a broad surface to the

wind, acts as a sail, by the assist-

ance of which the creature scuds

along with some rapidity. The air-

bladder is endowed with a con-

siderable power of contraction, and,

when carefully examined, two orifices

are observable, one at each extremity, a, b, thiougli w nci, upon

pressure, the contained air readily escapes ; a provision foi eua m0

the creature to regulate its specific gravity at pleasuie, an ,
" ieu

alarmed, at once to lessen its buoyancy by diminishing tie capaci y

of its swimming-bladder, and to sink into the waves. ie na uie

of the air with which the little voyager distends its float has not

been accurately determined; but it is undoubtedly a secietion ui

nished at pleasure when at a considerable distance fiom t ic sui ace,

although the mode of its production is still unknown.

(351.) Cirrigrada. The cirrigrade Acalephce form a very remark-

able family, peculiarly distinguished by the possession o an in eina

solid support, or skeleton, secreted iu the substance o t eir so anc

delicate bodies, lu pig. 49 .

Porpita (fig. 49),
,

2

this consists of a flat

plate of semicartila-

ginous texture, (fig.

49, 2) evidently de-

posited iu thin secon-

dary laminae, which

si2^as
1

the
*

iiniinalTdvances in growth, the inferior being the largest
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aud lust formed. When examined after its removal from the
body, this fragile skeleton is seen to be extremely porous or cellular

;

and the pores, being filled with air, it is specifically lighter than
water, a circumstance that may contribute to the buoyancy of the
creature, even when alive.

(35*2.) The lower surface of Porpita is furnished with numerous
appendages called cirri, whereof some appear to be organs of prehen-
sion, but perform also the office of oars, which, in this species, are the
principal agents in progression; yet in other Cirrigrada, as Velella
and Rataria, besides the horizontal lamella, that forms the whole
skeleton of Porpita, there is a second subcartilaginous plate, rising at
right angles from its upper surface, and supporting a delicate mem-
branous expansion, that rises above the water and exposes a consi-
derable surface to the wind, so as to form a very excellent sail. To
perfect so beautiful a contrivance, in Rataria the crest is found to
contain fibrous bands, apparently of a muscular nature, by the
contractions of which the sail can be depressed or elevated at plea-
sure.

(353.) Diphycla. The last family of the Acalephte derives its name
from the singular appearance of the creatures composing it; each
animal, in fact, seems to consist of two portions, so slightly joined to-

Fi<). 50 .

gether, that it is by no means easy to understand the nature of the
connection between them.

(3u t.) The structure of these strangely-organised beings is composed
of two polygonal, subcartilaginous, transparent pieces placed one behind
the other, the posterior division being implanted more or less deeply
into the anterior. These two divisions are invariably more or less dis-
similai fiom each other, nevertheless, they offer this circumstance in
common, that they aie excavated internally by a deep 'cavity, which
opens externally with a wide orifice of regular shape, although differing
in foim in each division. To these details of their general appearance
must be added, the existence of a long filiform appendage, which issues
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from the upper cavity of the anterior cartilaginous portion, and which

was regarded by Cuvier as the ovai-

y.

(855 )
On more minute examination, there » recognisable m the

anterior division a visceral mass called the nucleus, which is made up

of a proboscidiform oesophagus, terminated by a sucker-like mout ,
an

continuous with a stomachal cavity, whereunto are appended hep^c

follicles of a greenish colour, and sometimes a little vesicle filled with

air

(356.) Besides the above structures there may be remarked, towards

the lower part of the body, another glandular-looking mass—probably

the ovary—which is connected with the long (oviferous| filament above

alluded to. The nucleus is contained in a proper cavity, generally dis-

tinct from the large excavation that forms the locomotive apparatus—

and is connected by filaments apparently of a vascular character to the

soft parts within the body. It has been already remarked that this

latter division is excavated by a large cavity that extends nearly

throughout its entire length ;
from the bottom of this cavity arises

a prolongation, probably of a vascular character, which embraces the

root of the (oviferous?) filament, and is apparently connected with

the nucleus, from which, however, it may be detached by the slightest

effort.

(357.) The bodies of these strangely-constructed creatures are so

extremely transparent, that their presence is discoverable with great

difficulty, even in small quantities of sea-water. They aie geneia y

met with at a great distance from land, abounding more especially m

the seas of tropical climates. They swim with great facility, their

anterior or nucleal extremity being directed foremost, while the water

taken into their bodies, being forcibly ejected by the contractions of

their subcartilaginous parietes, through the wide apertures opening

backwards, propels them through their native element

(358.) Whilst exercising this mode of locomotion, the long slender

filament above alluded to is extended behind, being partially lodged

in a groove excavated in the posterior division of the natatory organ.

It varies considerably in length, being highly contractile, insomuch,

indeed, that it is sometimes completely withdrawn into the body, and

its structure is further remarkable from the circumstance, that, through-

out its whole length, it is furnished at regular intervals with minute

suckers.* But the true nature of this organ is very imperfectly

known ;
most probably it will be found to be analogous in its real cha-

racter to the proligerous apparatus of the Salpse, to be described here-

after; indeed, such is the evident relationship between the Diphyda

and the Salpoid Tunicata, that it is very doubtful whether they ought

not to be classed as members of that group.

Qnoy et Gaimard, Voy. do 1’Astrolabe.
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CHAPTER VI.

ENTOZOA.

(359.) The Entozoa, as the name implies, are nourished within the
bodies of other animals, from the juices of which they derive their
sustenance. It may naturally be supposed that living under such cir-

cumstances, deprived of all power of locomotion, debarred from the
influences of light, and absolutely dependent upon the fluids wherein
they are immersed for nutriment, the Entozoa have little occasion for
that elaborate organisation needful to animals living in immediate com-
munication with external objects.

Fig. 51.

(360.) We find therefore, among these creatures, certain races whose
structure is of the simplest character possible, in adaptation to the
circumscribed powers of which they are capable. Yet, however ap-
parently insignificant some of them may appear, they not unfre-
quently become seriously prejudicial to the animals wherein they
are fouud, by the prodigious numbers in which they exist, or from
their growth in those organs more especially essential to life, and not
a few of them from their dimensions alone sometimes prove fatal, as
may be supposed from a mere inspection of

the annexed figure {fig. 51) representing an En-
tozoon developed in the abdominal cavity of a fish.

(301.) There are probably no races of animals
which are not infested with one or more species

of these parasites, from the microscopic infusoria

up to man himself, and sometimes several dif-

ferent forms are met with in the same species, to

whicji they would appear to be peculiar
; nay, in

some cases the entozoa would seem themselves
to enclose other species parasitically dwelling in

their own bodies. Neither is their existence
confined to any particular parts

; they are met
with in the alimentary canal, in the liver, the
kidneys, the brain, the arteries, the bronchial
passages, the muscles, the cellular tissue, and
in fact in almost all the organs of the body.

(362.) The Cystiform Sterelmintha, generally known by the name of
Hydatids, are the simplest in structure; and with these, therefore, we
shall commence our inquiry into the economy of these creatures. The
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Ommm cereiralU, (Jig. 6%) o„e of the most— , « -not tvith »

the brains of sheep, and is the cause of a mortal disease, but too

Fig. 52.

known to the farmer; it is likewise occasionally met with ™ other

ruminating quadrupeds, and, by partially destroying the cerebial sub-

stance, soon proves fatal. Fig. 53.

This entozoon, repre-

sented in the figure of

ordinary size, consists of

a delicate transparent

bladder, the walls of

which, during the life of

the creature, are visibly

capable of spontaneous

contractions on the ap-

plication of stimuli. To

this bladder, or common

body, are appended nu-

merous heads, or rather

mouths, which are indi-

vidually furnished with

an apparatus of hooks

and suckers, 2
>

a, b,) calculated to fix

them to the surrounding

tissues, whence they de-

rive nourishment. . . f

(303.) The Cysticerci, or common hydatids, agree in the main lea-
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tures of their structure with the Cceuurus, but are provided with only
one head or oral orifice resembling those of Coenurus (fig. 53, 2). These
animals are found in almost all the viscera of the body; and not un-

frequently, especially in pigs, exist in great numbers, not only in the
liver, which is their most usual seat, but in the cellular texture of the
muscles, and even in the eyes themselves. The human frame is not
free from their ravages, and, when they abound, serious consequences
frequently result from their presence.

(364.) The Trichina spiralis (fig. 54) is an entozoon hitherto only
found in the human body, and,

although of recent discovery,
F"J ' S4 ‘

numerous cases of its occur-

an appearance imitated in the

aunexed figure (fig. 54, c)*
On examining the white specks attentively under the microscope, every
one of them is seen to be a flask-shaped vesicle, apparently formed of
condensed cellular membrane, in which the minute animal is lodged ;

and when this outer covering is ruptured, as at a, the worm escapes. A
magnified view of the entozoon is given at h, coiled up in the positionm which it is seen prior to the destruction of the sac that inclosed it.

The body seems to be filled with granular matter, which escapes when
the worm is torn asunder (d)

;

but whether it possesses a true alimen-
tary tube is not as yet satisfactorily determined.

(365.) The Tania;, or tape-worms, are among the most interesting
of the Sterelmintha, whether we consider the great size to which they
sometimes attain, or the singular construction of their compound
bodies. Several species of these worms infest the human body, and
many other forms of them are met with in a variety of animals. Thev

rence are recorded. This mi-

nute worm is found in immense
numbers imbedded in the cel-

lular intervals between the

muscular fibres, and in some
instances all the voluntary

muscles seem full of these

creatures, exhibiting, when
viewed with the naked eye,

K
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they reside, and we are little surprised at the emaciation and weakness

to which they generally give rise.
.

(3G6 .) The Tania solium, the species most usually met with m the

human subject, at least in our own country, is that selected for specia

description. The body of this creature consists o a great

segments united together in a linear series (fig. 86). the segments

which immediately sue- Fig. 56.

ceed to the head (a) are

very small, and so fragile

that it is rarely that this

part of the animal is ob-

tained in a perfect state

;

they gradually, however,

increase in size towards

the middle of the body

(d). The first joint of the

Tamia, generally called

the head, differs mate-

rially in structure from

all the rest. This seg-

ment in the Tania so-

lium, when highly mag-

nified, is found to be

somewhat of a square

shape; in the centre is

seen a pore that has been

considered to be the

mouth, surrounded with

a circle of minute spines, so disposed as to secure its retention m a

position favourable for imbibing the chyle wherein it is—

.

Around this apparatus are placed four suckers, which are no ou

ditional provisions for the firm attachment of the hea o t le wo

In other Tsenke the structure of the first segment is various y moci e .

thus in Tania lata the central pore has no spines in its vicinitj ,
m o n

niocephalus there are only two longitudinal sucking discs ,
m 01 iceps

these are replaced by four proboscidiform prolongations, coieie wi 1

sharp recurved spines, which, being plunged into t le coa s o i

intestine, form effectual and formidable anchors :
yet the intention ot

all these modifications is the same, namely, to retain the iea in a

position adapted to ensure an adequate supply of nutntious jmces.

(307 'j The alimentary canal seems to be represented y ^

tube, which may be traced through the whole length of the body

without any other perceptible communication with the exterior than

the minute pore in the centre of the head : at the commencement of

eve.7 segment, however, there is a cross-canal, which commumcates
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with the corresponding canal of the opposite site (Jig. 56, a), so as to

facilitate a free distribution of the nutrient fluids.*' In some
species a delicate vascular network is perceptible in the parenchyma
of the body, which may likewise be connected with the nutritive

function.

(368.) A distinct generative system is found in every segment of

these remarkable animals
;
and, judging from the number of eggs pro-

duced by each, we are at a loss to

reconcile the disproportion which

exists between the extreme fer-

tility of the Taeniae, and the com-

parative rareness of their occur-

rence. The ovaria in which the

eggs are produced are of great

relative size, occupying the centre

of each joint. In the annexed

figure (Jig. 56), which represents

one of the segments of the Tania
solium highly magnified, the ovi-

gerous organ (b) is seen to consist

of a central cavity, from the cir-

cumference of which radiate a

great number of caecal tubes

;

these at certain seasons are filled

with granular ova.

The reproductive organs in the mature segment or proglottis of a
tape -worm, each of which may be considered as an adult animal,
consist of a male and of a female apparatus ; these two sets of
organs being completely distinct from each other.

The male apparatus consists of a testis, a vas deferens, and an
intromittent organ, the last of which is lodged in a special sac or
pouch.

The Testis (Jig. 57
,
a, a, b) occupies the middle of the anterior

portion of the body, and is of a whitish colour, owing to the sperma-
tozoa contained in its interior. It is composed essentially of a long
cffical tube, folded upon itself in close convolutions, and terminating
in the vas deferens (c), which reaches to the base of the intromittent
organ.

The Penis (fig. 57, d), called also by authors cirrus and lemniscus,
is very variable m its form in different genera

; in its real structure,

* P™ fcsso

(

Van Bencden denies the existence of the central aperture or mouth, or
that the two lateral longitudinal canals with their intercommunicating trunks constitute
an alimentary system

; on the contrary, he regards these tubes as secerning organs, the
secre ion o w ic is discharged from the terminal segment of the body through a
“foramen caudate."

K “2

Pig. 56.
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however, it is merely a prolongation of the vas deferens, just as the

latter tube is a continuation of the testis.

In its size it varies considerably ;
it cons.sts of two muscular

coats invaeinated one within the other, and unrolls itself l.ke the

finger of a glove, until it ac-

quires its full length. ihe

external surface, which is in-

ternal when in a state of

repose, is covered with minute

asperities or rough points, when

fully retracted it is lodged in

the pouch e.

(369.) The female generative

system consists of an ovary

which produces the germ (ger-

migene), of an organ which

secretes the vitelline globules

(vitellogene), of ducts from these

two organs, of a matrix, a copu-

lative vesicle, vagina, aud vulva.

(370.) It seems to have been

by no means a rash supposition

on the part of Siebold, that in

some Entozoa there might exist

a double set of glands for the

production of the ova, one ap-

propriated to the formation of

the germ, the other to the

secretion of the vitellus. In

the Cestoid forms, according

to Van Beneden, the proper

ovary or germigene {fig. 57, i)

is situated at the posterior part

of the body, occupying about

one third or one quarter of its

width. This organ is double,

being exactly repeated on the

right and left of the median

line, the two being united by

a central commissural canal ;*

when empty, the presence of this

organ is discoverable with dif-

ficulty, on account of its extieme

Fig. 57.

Diagram representing the fully-developed

generative system of the proglottis of a Cestoid

Entozoon (afterVan Beneden).

—

a, testis; 5, com-

mencement of ditto ;
c, vas deferens ; <7, penis;

e, sac of the penis
; f,

orifice of vagina
; g,

vagina ;
h, copulative vesicle ;

t, germigenous

organ, or ovary (represented on one side only) ;

l, germiduct
;

in, point at which the vitelline

globules enter the germiduct ;
n, vitellogenous

organ, or vitello-duct
;
o, o, transparent vesicles,

developed at a very early period ; p, oviduct

,

q, matrix ; r, longitudinal canals ;
s, the skin ;

t, cutaneous glands.

delicacy. Its appearance varies much

;

» It is represented in the figure upon one side only, to avoid confusion.
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sometimes it is a bag surrounded with slight depressions in culs-de-

sac, sometimes the whole viscus is divided into lobes, and has the ap-

pearance of an ordinary gland, whilst occasionally it is entirely made

up of long cmeal tubes united together, and opening at the same

point.

On the sides of the body, extending nearly its whole length, are

two slender and slightly llexuous tubes {jig. 57, n, n), whose presence

it is difficult to detect when in an empty condition, but which generally

contain in their interior vitelline globules closely aggregated together,

which by the peristaltic movements of the tube, aided by ciliary

action, are forced onward from before to behind. The two vitelloge-

uous tubes ultimately unite to form a common canal in), situated near

the median line, through which the vitelline globules enter the

germiduct at the point marked m. On passing the opening of this

canal, the germ becomes suddenly invested with a layer of vitelline

globules, and, being thus transformed into an ovum, is carried onwards

through the flexuous canal, or proper oviduct (p), into the matrix (</),

becoming invested in its passage through the oviduct with an outer

covering that represents the egg-shell.

The matrix
(q )

thus receiving a continual supply of ova, becomes

gradually distended, until it occupies almost all the interior of the

body, and branches out in different directions into cascal pouches at

points where the least resistance is offered, until finally the skin

of the proglottis becoming as tightly distended as the matrix,

both become ruptured, and the ova escape in this artificial manner.
The vagina {Jig. 57, g, g) is a large canal, having, like all the organs

belonging to this apparatus, distinct parietes. It commences ex-

ternally (/) in the immediate vicinity of the male organ, penetrates

to the centre of the body, and, bending at an angle, makes its way
backwards to the space that separates the two ovaria (germigenous

organs i). Its length is invariably in correspondence with that of the

penis of the male apparatus. At the extremity of the vagina is

situated the “ copulative sac ” (/<), a small vesicle with very delicate

parietes, the contents of which abound in spermatozoa.

Such being the anatomical arrangement of the different parts of

this somewhat complex apparatus, it now remains to take a brief

survey of their physiological import in the performance of the genera-
tive function. In the living Eutozoa it is sometimes not difficult to

see the germigenous and the vitellogeuous organs opening into a com-
mon canal, and each of them pouring their product into its cavity

;

and if a specimen is selected in which the parts are in full activity,

and the compression used bo such as to render the organs transparent
without putting a stop to their action, the germs may be seen to

arrive, one by one at regular intervals, before the opening of the

vitellogeuous organ, which, contracting forcibly, expels a certain
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quantity of the vitelline substance in which the germ becomes en-

veloped, having previously, on passing the orifice of the copulative

sac, become impregnated by contact with the speimatozoa t erein

contained. As the vivified ovum advances onwards it receives its

outward envelope, arrives in the matrix, and is tlieie letaiued unti

birth is accomplished by the destruction of the animal.
.

A question has often arisen in relation to the manner in w ic 1 1 e

act of copulation is effected in animals presenting this, remarkable

hermaphrodite condition of the generative system, a question to which

Professor Van Beneden has been able to give a satisfactory solu-

tion. In a specimen of Phyllobothrium luca he had ocular demon-

stration that the individual was self-fecundating. Its penis became

unrolled, and passed immediately through the vulva into the vagina,

into which it was deeply inserted. Active peristaltic mov ements o

the vaginal tube were very manifest, and spermatozoa weie seen

abundantly in its interior. These being subsequently conveyec y

peristaltic action into the copulatory pouch. The penis, after some

considerable time, is withdrawn, returns into its pouch, and a t e

organs assume their previous condition.

(371.) In studying the progressive development of the egg, m the

Tcenise and other Cestoid worms, it is only necessary to remember that

all the ova contained in the same segment are of the same age, and that

the age of the segments increases progressively, from the head to the

opposite extremity of the elongated body, to enable the observer

select ova in any stage of their development in older to su mit tiem

to examination under the microscope.
,

(372.) In their general structure, the eggs of the T£emoid Entozoa

are similar to those of the other classes of Invertebrate animals, an

the segmentation and breaking-up of the yolk pioceeds exact y in

same manner.
.

~

(373.) On arriving at maturity, however, a seiies o p enomena o

the highest possible interest begin to develope themselves, w ic we

will proceed to describe with as much conciseness as the su ject vvi

allow.* The worm, when it emerges from the egg, instead of being

composed of a series of segments, consists simply of the fiist segment,

or head as it is called of the compound worm, variously armed with

hooks, suckers, or bothrii, according to the genus, to which is appen ec

a shortcaudal extremity, wherein but slight traces of any internal oigan

is apparent. In this condition it has received the name of Scolex,&n

may be regarded as a sort of root from which all the rest of the animal

is developed, much in the same way as the Strobiles of the Acalephas

are segmented off from their liydra-like parent (§ 324). In this condi-

tion the “ Scolex ” exists for some time, and in some instances, as, for

• Vide Reclicrches Bur les vers Cestoidcs, par P. J. Van Beneden, Nouveaux Mem

de l’Academie de Bruxelles, for 1850.
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example, in the Tetrarynchi, clothes itself in a kind of sheath formed

by a mucous exudation derived from the surface of its body.

(374.) We have already pointed out the similarity of structure that

exists between the armature of the “head” of the Cysticercus {fig. 53)

and that of the Tania {Jig. 55), but the reader, from a comparison of

the two figures, would scarcely be prepared to expect that the one was

the Scolex of the other. Siebold had, indeed, satisfied himself that

the arrangement of the horny circlet of Cysticercus fasciolaris, found in

the liver of the mouse, entirely corresponded with that of Tania

crassicolis, that inhabits the intestines of the cat ;
but it was reserved to

Van Beneden to prove how the two might be identical with each other.

From him we learn, that if young Tsenias and Cysticerci be carefully

examined, and compared with other forms, it is satisfactorily seen that

the Cysticercus is merely the Scolex, from which a Taenia may be

developed, and that its vesicular portion corresponds exactly with the

similar vesicles of some Tetrarynchi in a like state of development. A
Taenia, says Van Beneden, might probably very well acquire its com-

plete development, without assuming the vesicular form, as is proved

by the paradoxical Taenia, but for that it would be necessaiy that the

germ should be deposited in an intestinal tube. The same is the case

with the Tetrarynchi

:

here also the body becomes quite out of propor-

tion with the size of the head, whilst

the germ remains amongst the peritoneal

folds of the fishes in which they are

found, just as the Cysticerci do whilst

imbedded in the peritoneum, or amongst

the muscles. The scolex, when fully

formed, has its own individual develop-

ment arrested at this point, but it now
begins to give off buds, of which the

body
(Strobile) of the Entozoon is com-

posed.

(375.) The Scolex, therefore, in this

stage of development is synonymous
with “ the head,” or, as it might as

well be called, the “ root ” of the worm,
aud as long as this root, head, or Scolex

remains unexpelled from the body, it

will continue to give origin to fresh

segments or joints, ad libitum.

(376.) Gradually the tail of the Scolex,

or the body of the worm, is developed,
and as soon as this has attained a certain
length, transverse markings begin to

Fig. 58.

a, Scolex ; b, c, d, strobile ;
c.

make their appearance, segments are
progloUls ‘
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formed, separated from each other by slight indentations, and the in-

ternal organs, appropriate to each segment, are progressively evolved.

When the segments have attained to maturity, or, in other words, when

the gemma has grown into an adult worm (Proglottis of A an Beneden),

the indentation, separating each from the one preceding it, increases

in depth until, being reduced to a mere pedicle, the segments are sue

cessively thrown off as so many distinct animals. Fiom the above

account, it is therefore evident that the last, or caudal segment, is

always the oldest, the newly-formed segments continually pushing the

others from before, backwards.

(377.) Most frequently the mature segment, or Proglottis, is de-

tached, as stated above, and becomes an independent worm ;
neverthe-

less, this, probably, does not invariably happen, some apparently

remaining permanently connected together, and laying their eggs

without having enjoyed a separate existence, as is the case in various

forms of Ascidians and Polyps.

(378.) While the segments of the Strobile remain conjoined, they

seem to enjoy a complete community of life and of movement. Some

species especially may be observed to become suddenly dilated in one

region and contracted in another ;
these alternate movements, passing

along the entire length of the animal, giving precisely the same ap-

pearance as is witnessed in many Annelidaus when they make violent

efforts for progression— a circumstance which will readily explain how

Tteuim are frequently met with having their bodies tied in complicated

knots,—a very puzzling phenomenon to the older Helminthologists.

(370.) The Proglottis, on becoming detached from the general com-

munity, is provided with all its organs, nevertheless its development

becomes still further advanced ;
it even completely changes its shape

,

the angles of the segment become effaced, the whole body rounded,

and its movements, moreover, more extensive; nay, as Van Beneden

assures us, not only does the Proglottis continue to grow, but some-

times it becomes as large as the entire Strobile—a circumstance which

frequently causes a Cestoid at this age to be mistaken for a Tiematode

Eutozoon.

(380.) Many thousands of eggs must be produced from such multi-

plied sources of reproduction
;
and yet how are they preserved and

replaced in circumstances favourable to their development? for-

tunately it is rare to meet with more than one of these creatures at

the same time, taking up a residence in the same individual ;
and, in

fact, the species which has specially been the subject of our descrip-

tion is often called, par excellence, “the solitary worm,” from this

circumstance. Yet what becomes of the reproductive germs furnished

in such abundance ? Do they, as was the opinion of Linnaeus, live in

a humbler form in stagnant waters and marshes, until they are casually

introduced into the body of some animal, where, being supplied pro-
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fusel)' with food and placed in a higher temperature, they attain to an

exuberant development ? Or are the germs thus numerous in pro-

portion to the little likelihood of even a few of them finding admission

to a proper nidus ? To these questions we can only reply by con-

jectures ; and, interesting as the subject is, few are more entirely

involved in mystery.

(381.) In some Trnnife, as for example in T. serrata, which is found

in the intestines of dogs, M. Dujardin has pointed out, that the enve-

lope of the ova, instead of being, as Rudolphi supposed, more delicate

and frail in their substance than the Entozoa themselves, are defended

by envelopes so strong, that, thus protected, they may be dispersed in

prodigious numbers in various situations, and escape destruction until

conveyed into a nidus proper for their development.

(382.) To form some idea of the number of ova furnished by a

single Taenia of this species, it must be considered that it is furnished

successively with at least two hundred segments, w'hich, in the aggre-

gate, will produce for each Taenia twenty-five millions of eggs. The
mature segments are found loose in the intestine of the dog, and are

able to move about with considerable quickness, creeping sometimes at

the rate of three inches in a minute, by the contractions of which they

are capable. If one of these be placed in a flask, or under a moist
glass bell, they will soon begin to crawl about upon its surface, leav-

ing a sort of milky track wherever they pass, in which, by the aid of a
lens, innumerable eggs may be detected. Under these circumstances,

they will exist for several days, until they are entirely emptied of

their ova, and reduced to half their original bulk, when, their destiny
being accomplished, they perish. It cannot, therefore, be doubted,
that when expelled naturally from the intestines of the animal in

which they live, they are able to deposit their ova in a similar

manner.

(383.) Many interesting facts relative to the development of the in-
testinal worms have been recently brought to light, and promise to
lead to still more important discoveries. In 1840, M. Miescher an-
nounced to a meeting of naturalists at Bale, the discovery that several
genera of Entozoa undergo most extraordinary metamorphoses, whereby
their form and character are completely changed. A Filaria, met
with in a fish, became changed into a flat, oval, leaf-like worm, in fact,

a Planaria. From the interior of the Plauaria there subsequently
issued a Tetrarynchus, armed with four long proboscides

; and lastly,
that the last-mentioned form probably gave birth to a Botliryoce-
phalus.

(384.) Cat lying out these observations, M. A an Beneden* has not
only confirmed the doctrine, but added very materially to our know-

Ann. des Sc. Nat., third scries, tome x. p. 1 5.
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ledge on this subject, by ascertaining that the Tetrarynchus undergoes

no fewer than four distinct phases of development.

(385.) In the first phasis of its existence, the worm is more or less

vesicular in structure, being armed with four suckers, and a soit of

proboscis in the centre. It is possessed of extraordinary conti actility,

and in different species there are spots of black pigment, representing

eyes. In this condition, these worms have received from Helmintholo-

gists the name of Scolex (Scolex polymorphus ; Scolex Acalepliai uni),

Sars, Tetrastoma Playfairii, Forbes and Goodsir, Dithyridium La-

cepta, &c. These are more especially found in the pyloric cteca.

(386.) The second phasis is, perhaps, the most curious. In the in-

terior of the Scolex there is formed a Tetrarynchus, by a process of

gemmiparous reproduction, and from the surface of the latter a kind

of viscid secretion exudes, which becomes solid, and forms a kind of

sheath made up of concentric layers.

(387.) In this state of development there is found a sheath formed

of several layers, in the interior of which is a trematode worm (Arn-

phistoma Hapaloides, Ch. Le Blond), and in the interior of the lattei

may be perceived a Tetrarynchus
,
which moves about vivaciously as

soon as its prison is opened. This Tetrarynchus has been regaided

by naturalists as a parasite, inhabiting the trematode worm ;
M. \ an

Beneden believes it to be a movable gemma (Bourgeon mobile).

(388.) It is constantly, if not always, found in cysts, formed at the

expense of the peritoneum, in a great number of sea-fish, cod, trigla,

conger, &c. In the third state of its existence, the Tetrarynchus is

free, but in all respects resembling that which was inclosed in the tre-

matoda worm
;
in a short time, however, transverse lines become deve-

loped upon the posterior part of its body
;
segments are formed, and

it becomes tamioid. In this condition, it has been named Bothryoce-

phalus, or more recently Bhyncobothrius. It is found in the intesti-

nal canal of the skate, among the first turns of the spiral val\e.

(389.) In the fourth and last phase of its growth, it presents a more

simple structure
;
the perfect animal performing the part of a tube,

destined to disseminate ova. In this condition, it is nothing more

than the last segment of the tamioid form, detached ;
and has been

named by M. Dujardin, Proglottis. In this condition it is found in

the intestine of the skate, in company with the Bothryocepliali ;
this

is the complete or adult animal, provided with complete male and fe-

male sexual organs.

(390.) The adult entozoon, the Proglottis loaded with eggs, is eva-

cuated, together with the feces of the skate, and with its ova serves as

food to fishes of small dimensions. The ova are developed either in

the intestines, or the intestinal cceca of the devourer, and if the fish

which contains them happens to be swallowed by another fish, the de-

velopment still proceeds in its alimentary canal, or the cscca thereunto
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appended. When arrived at the condition of a complete Scolex, after

having, perhaps, passed through the stomachs of several fishes that

have successively devoured each other, it perforates the intestinal walls,

and lodges itself in the peritoneum, in which situation it forms its

sheath, and produces in its interior the “ movable gemma,” from which

is produced a TUrarynchus. The fishes, containing the latter form, are

swallowed in turn by the voracious rays and sharks, and their flesh

having been dissolved in the stomachs of their devourers, the Tetra-

rynchus becomes free, and continues its growth in the intestines until

the last forms
(
Proglottis

)
are complete, which alone are furnished with

a sexual apparatus. Thus, from the production of the egg to the com-
pletion of the mature animal, these parasites are continually passing
into the alimentary canals of new fishes

; and it is only under such
circumstances that they seem to attain their full development.

(391.) In the Fluke, Distoma (Fasciola
,
Linn.) hepaticum, we have

an entozoon of more complex and perfect structure
;

one of those

forms, continually met with, which make the transition from one class

of animals to another so insensible, that the naturalist hesitates with
which to associate it. In the Distoma, in fact, notwithstanding its

intimate relationship with the Toenioid Sterelmintha, the first rudi-
ments of nervous filaments are apparent, and we find its whole organi-
sation approximating the nematoneurose type rather than strictly

exhibiting the simple structure common to the Acrita.

(392.) The Distoma is commonly found in the liver and biliary ducts
of sheep, and other ruminants, deriving nourishment from the fluids in
which it is immersed. The body of the creature, which is not quite
an inch in length, is flattened, and resembles in some degree a minute
sole or flat-fish. At its anterior extremity is a circular sucker or disc
of attachment, by which it fastens itself to the walls of the cavity in
which it dwells, as well as by means of a second sucker of similar
form, placed upon the ventral surface of the body. In the annexed
diagiam (Jig. 59) the posterior sucker has been removed in order more
distinctly to exhibit the internal structure of the animal. The name
which this entozoon bears seems to have been given to it from a sup-
position that it possessed two mouths, one in each sucker; whereas the
anterior or terminal disc (a) only is perforated, the other being merely
an instrument of adhesion. The alimentary canal

(
b

)

takes its origin
from the mouth as a single tube, but soon divides into two large
branches, from which ramifications arise that are dispersed through
the body

,
each terminating in a blind clavate extremity. These tubes,

liom being generally filled with dark bilious matter, are readily traced,
even without preparation; or they may be injected with mercury intro-
duced through the mouth.

(393.) Through the walls of the ventral surface of the body two
nervous filaments (c) are discoverable, crossing over the root of the
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Anatomy of Distonici.— ante-

anterior sucker or acetabulum, and, gradually diverging, may be

observed to run in a serpentine course towards the caudal extiemi y,

where they are lost: it would even Fig. 59.

seem that on either side of the oesopha-

gus there is a very slight ganglion, from

which other nervous filaments arise to

supply the suckers, and the anterioi

part of the body.

(394.) The organs of generation in

the Fluke are very voluminous, occupy-

ing with the ramifications of the ali-

mentary tubes the whole of the inteiioi

of the animal : in the diagram they are

not repi’esented on the right side, in

order that the distribution of the intes-

tine may be better seen ;
and on the

left side the alimentary vessels are

omitted, to allow the general arrange-

ment of the sexual system to be more

clearly intelligible. .amuuuiy ui jswwulv.. —,
-

(365.) These animals would seem to rior sucker and oral orifice ;
b, ali-

be completely hermaphrodite, not only mentary canal
;

c, nervous system ;

possessing distinct ovigerous and semi- d, external opening of female gene-

niferous canals, which open separately at ^ j! accessorv appendage to

the surface of the body, but even pro-

vided with external organs of impreg-

nation, so that most probably the co-

operation of two individuals is requisite

for mutual fecundity.
_

, .

(396.) To commence with the female generative system, we find the

ovaria (h) occupying the whole circumference of the body. When

distended with ova, the ovigerous organ is of a yellow coloui ,
am

,

when attentively examined under the microscope, is seen to be mac e

up of delicate branches of vesicles united by minute filaments, so as to

have a racemose appearance. From these clusters of ova aiise the

oviferous canals, which uniting on each side of the body into two

pi’incipal trunks, discharge their contents into the large oviducts (g)-

The oviducts terminate in a capacious receptacle (e), usually called the

uterus ;
and from this a slender and convoluted tube leads to the ex-

ternal orifice, into which a hair (</) has been inserted. On each side

of the uterus we find a large ramified organ, made up of caecal tubes

(/), which opens into the uterine cavity, and no doubt furnishes some

accessory secretion needful for the completion of the ova.

(397.) The male apparatus occupies the centre of the body. The

testes (7c), in which the spermatic fluid is secreted, consist of convoluted

ditto ; g, oviduct ;
h, ovary ;

i,

common canal, receiving k, convo-

lutions of testis ;
l, vas deferens ;

m, capsule of the penis ;
n, intro-

mittent organ.
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vessels of small calibre, arranged in close circular folds, and so inex-

tricably involved, that it is difficult to get a clear idea of their arrange-

ment ; but towards the middle of the mesian line they become more
parallel, and terminate in two larger trunks (i), (one of which has been
removed in the figure,) which are inclosed and hidden in the seminal
vessels. These great canals, which run side by side in a longitudinal

direction, become gradually much attenuated
(
l
), and terminate in the

root or capsule of the penis (m). The external male organ (n) is

placed a little anterior to the orifice which leads to the female parts

;

it is a short spiral filament, distinctly traversed by a canal, and per-
forate at the extremity, so as indubitably to perform the office of an
instrument of intromission.

(398.) Among the most interesting discoveries of modern times is

the establishment of the long-suspected fact that the Trematode En-
tozoa undergo certain metamorphoses during their development, and
those of a most extraordinary and unheard-of character, exhibiting
remarkable examples of the phenomenon of alternate generation. It
is to the Danish naturalist, Steenstrup,* that science is indebted for
the following account of his researches.

(399.) Although the best known species of the numerous family of
the Tiematoda is the Fluke, or liver-worm, of which the anatomical
details are given above, similar forms are met with in almost all

animals of the four higher classes ; and among the lower, the Mollusca
are equally infested by them.

(400.) It might almost be said, that in these classes every species is

infested by its own fluke
;
in various animals, moreover, several diffe-

rent species of these parasites have been found, which inhabit either
all the organs of the body indiscriminately, or are exclusively confined
to one [liver, kidney, bladder], or to a definite part of an organ.
Se\eial of these Tiematoda, as will be evident hereafter, when young,
are not connected with any organ, but enjoy the power of free locomotion
in water, externally to the animal which, in their future state as Ento-
zoa, they infest. In their free condition they are provided with a
locomotive apparatus, usually a tail of moderate length, by the waving
movement of which the creature propels itself through the water,
like a tadpole, to which, in its external form, it is not dissimilar,
though almost of microscopic dimensions. In this larval state the
Tiematode worms have long been known to naturalists, under the
genenc name of Cercaria; but although it was well established that
this form was not a permanent one, it was not until the researches of
Nitzsch, Siebold, and Steenstrup revealed the true nature of the
changes through which they pass, that we arrived at any satisfactory
knowledge of their remarkable history.

ii

^ L 'jer

^
en Generation s-wechsels in den Niedern Thicrklassen, translated by Mr.

licnfrey in the publications of the Ray Society, 1812.
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(401.) A Cercaria, supposed by Steenstrup to be the Cercaria echi-

nati of Siebold (fig. GO, l), is found by thousands in the water wherein

specimens of the large

fresh-water snails, Fla-

ilorb is cornea and Lun-

inaus stagnalis,have been

kept. The body of this

species of Cercaria is

usually of a more or less

elongated oval form,

which, however, it is

constantly changing, as-

suming, during its move-

ments, every outline,

from the circular figure,

which it has in the fully

contracted state, to the

linear form, that it pre-

sents when its body is

fully extended ; it is fur-

nished, moreover,' with

a triangular head, at the

apex of which is situated

the oral orifice, sur-

Fig. 60.

1 . Cercaria ecliinata ? of Siebold. 2. Distoma pupa,

or Cercaria in tbe pupa state after it has cast off its tail

and inclosed itself in a mucoid case. 3. Ihe animal

proceeding from the pupa a true Distoma, which has

penetrated for a short distance into the body of the

snail. 4. A “ nurse ” containing fully-developed

Cercarife ;
v, the stomach. 5. A “ parent-nurse filled

with partially-developed “nurses;’’'’ v, the stomach.

(After Steenstrup.)
rounded with an appa-

ratus of spinous teeth, and a ventral sucker is visible, situated upon

the inferior surface of its body, while internally, traces of visceia ate

discernible, as represented in the figure, the nature of which is not

clearly made out.

(402.) The swimming movement of these Cerearise is very character-

istic ; in performing it the animal curves its body together into a

ball, by which the head is brought near to the caudal extremity, and at

the same time the elongated tail strikes out right and left into various

segmoid flexures. In this way they may be seen swarming about the

water-suails in great numbers. After swimming about the snails foi

some time, they affix themselves, by means of their suckers, to the

slimy integument of those animals, and all their movements upon it

are readily perceived with a good glass. On examining, with a suf-

ficient magnifying power, a portion of the skin of the snail, with several

of the Cercarife adhering to it, it will be seen that all the efforts of

these creatures are directed to the inserting of themselves deeper into

the mucous integument, and to the getting rid of the tail, which is no

longer of any use to them as an organ of locomotiou ; in this, after

violent efforts, the Cercaria at length succeeds, and the now tailless

animal assumes so completely the appearance of a Distoma or Fluke,
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that it could not fail of being recognised as belonging to that genus,

in case it were met with in this condition in the viscera of other aui-

mals. However, it undergoes a further remarkable transformation

before it becomes a true Eutozoon, in the common acceptation of the

word.

(403.) In various Cercarise, a copious mucous secretion is observable

on the surface of the body, even before the loss of the tail, and this

secretion apparently increases during the efforts of the animal to cast

off this appendage. As soon as the tail has been got rid of, the Cer-

caria begins, by extending and contracting its body, to turn itself

round and round in the same spot. By this sort of movement it

makes for itself a circular cavity within the mucus, which gradually

hardens, and forms a tough nearly transparent case around it. This is

the noted pupu-state of the Cercariae, observed first by Nitzsch, * and
afterwards by Siebold. The tailless Cercame remain concealed under
their transparent case, which is arched over them like a small closely-

shut watch-glass {fig. 60, 2 ). In this condition they remain some
months in a quiescent and inactive state, when they present themselves

with all the characters of real Flukes {fig. 60, 3), and may be found

under this form lodged in the liver or appropriate viscera in the inte-

rior of the snail.

(404.) Having thus seen that the Cercaria becomes an actual Fluke,

it next remains to inquire what is the origin of the Cercaria. The
Fluke deposits ova, from which, either within the body of the parent,

or external to it, oval-shaped young proceed, which move about briskly in

the fluid contained in the interior of the snail, or in the surrounding

water, and bear no resemblance to their parent. In what way this progeny
is transformed into a Fluke, or rather, as we now know, into a Cercaria,

is as yet an unexplained mystery
;
but that this change can and does

take place only by the intervention of several generations, may be as-

sumed as beyond doubt.

(405.) The free-swimming Cercaria), afterwards converted into

pupae, as above described, have been proved by the observations of

Bojanus to be produced from little worms of a bright yellow colour

(fiff-^0, 4
,
“ Konigsgelben Wurmern ”), described by him, and which

occur in great numbers in the interior of snails, especially of Limnceus
stagnalis and Paludina vivipara. It is, consequently, in these yellow
worms, which are about two lines long, that the Cercaria), which are the
larvae of the actual Flukes, are developed

; and since we now know that
the Flukes are perfect animals, which themselves undergo no trans-

formation, and are propagated by ova, we are reduced to the conclusion
that the progeny is indebted for its origin and development to crea-

tures, which, in external form, and partly in internal organisation,

Beitrag zur Infusorienkunde oder Naturbeschreibung der Zercarien und Bacillarien.

Halle, 1817.
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differ from the animals into which that progeny is afterwards developed;

in other words, it may he said that we here meet with a generation ot

nurses, and that the yellow cylindrical worms of Bojanus which inhabit

the snail, are the nurses of the Cercarire and Distomata. -

(400) The “nurses” usually present the appearance of the figure

given above (fig. 60, 4). The body is cylindrical, and is furnished m most

instances with a spherical contracted head, which includes an oral cavity

with very muscular walls, and a small circular mouth. At some dis-

tance posterior to the middle of the body, are situated the two charac-

teristic oblique processes, which, as well as the part of the trunk poste-

rior to them, are simply local dilatations of the cavity of the body.

Of internal organs, there is only to be seen an undivided saccu-

lated stomach (»), very small in proportion to the size of the animal

The whole remainder of the very large body is filled with the brood

of Cercariee. In the instance figured above (Jig 00, 4), all the embryos

have simultaneously reached their full development, which is but sel-

dom the case, since, in the same individual, Cercaria are found m all

stages of development.
. .

(407.) Some doubt exists as to the mode m which the Cercana quit

their “nurses,” since it has been observed under the microscope, that

there are two places where they come away, viz. from each side ot the

body, at a depression under the collar, and from the abdominal surface

between the two oblique processes ;
but they escape from the lattei

situation only when the animal has been slightly compressed between

the glasses; and from the former, on the contrary, when no pressure

at all has been employed.
_

(408.) It next remains to trace the origin of the “ nurses them-

selves. Siebold (who did not regard these as independent animals, but

only as living organs of generation, “ germ-sacs ”) expresses his sur-

prise at seeing them developed from germs which are always contained

in other creatures, having the same outward appearance as themselves;

and Steenstrup saw, with like astonishment, that it constantly oc

curred in some of the snails taken from the same places as the otheis,

that they harboured only Entozoa which had the outward form of the

“ nurses," but which, instead of Cercarim, contained a progeny consist-

ing of actual “ nurses ” in all stages of development. Ibis nas the

case only in some, and those rather young, snails, whilst all the otheis

were inhabited by “ nurses," whose progeny wrere true Cercarise ,
it ean-

* That the Cercarioe arc actually developed in the above-mentioned yellow worms,

any one may be easily convinced who will take a dozen large specimens of Lunneeus

stagnalis from small stagnant pools that have been exposed to the sun
;
the worms will

be very readily found. They are situated not so much in the viscera themselves (the

liver and reproductive organs) as in the membranes covering them, and their long bodies

will be found half floating as it were in the fluid which occupies the space between the

organs’ and which appears to be pure water entering through the water-canals.
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Fig. 61.

not therefore be doubted that it is normal for the “nurses ” to origi-

nate in creatures of similar appearance to themselves, and which are
thus the “nurses'’ of “nurses." These “ parent-nurses however,

(fid- CO, 5,) notwithstanding their great resemblance, were not difficult

to be distinguished from the common ones ; the stomach, for instance,

in the full-grown “ parent-nurses,” is longer and wider than in any,

even of the youngest “nurses.” (Compare fig. 00, 4, with fig. 60, 5.)

(409.) We have thus followed the Distoma to its third stage of
ascent, and, as no more stages in the generations of these animal's have
been detected, are not in a condition to trace the origin of the Di-
stoma further back. Steeustrup, however, entertains the not unfounded
sujiposition, that the “ parent-nurses” are not produced from other
similar creatures, but that they proceed originally from ova derived
from the full-grown Fluke,—a sujiposition which derives additional
importance from observations made upon the development of other
Entozoa belonging to the Trematode group.

(410.) In Monostomum mutahile* for example, which inhabits several
of the cranial cavities lined with mucous
membrane in certain water-birds, the

young embryo is frequently hatched
before or just as the ovum is expelled.

The newly-hatched young (fig. 01, l) are

elongated, oval, and furnished at their

anterior extremity with some short lobes,

which the animal is able to protrude
and retract, and its whole surface is

covered with vibratile cilia, by the aid

of which it moves readily in the water.

In the anterior part of the body are

two quadrangular spots, which can
scarcely be regarded as anything but
eyes. The posterior two-thirds of
the trunk are occupied by a slightly

transparent whitish body, g, which it

might be supposed was one of the - --- -eo
viscera, as Siebold thought it to be, if

al)out at liberty

;

g, internal embryo

it were not that, after a time, and some
“Parenl 'nurss "

2, 3. The same,

rather vigorous motions, it becomes de-
tached, ruptures the body of its parent,
and presents itself as an animal of en-
tirely different appearance to that in
which it lay concealed and was de-
veloped {fig. 61, 2

, 3).

(411.) Now since this inclosed animalcule is constantly present in
* Vide Wiegmann's Archives fiir Natnrgeschichtc, 1836.

L

First stage in the development
of Monostomum mutahile after it has
quitted the egg and is swimming

after its metamorphoses from an
active form into an inactive sluggish

creature, which is not itselfa mother,
hut which nourishes within it a pro-

geny from which in the third gene-
ration a parent animal docs proceed.

(After Siebold.)
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.

the ciliated young Mono.tomnm, and as there .a always but one

rale in each indWidu.1, and always in the same
d o„

necessarily be sense organic connection between the two, and one

entirely different from that which it has
Houe

explained by styling the one a necessary parasite of the other. If one

3SS£ organically speahing, necessarily—«U L
that each can he developed only in or around the other, they must belon

to one and the same unity, or const,lute such a unity ,
and tins

doubtless the case with the animals we are now considering.

(412.) The Planarize, although they do not inhabit the interior of

other animals, are so nearly allied in every part of their ^isaUmi

with the Flukes (Distoma), that their history cannot be moie app o

priately given than in this place. The Plananm are common in

ponds and other stagnant waters ;
they are generally found cieeping

upon the stems of plants, or amongst the healthly conferva, which

abound in such situations, and wage perpetual war with a lanety of

animals inhabiting the same localities. The body of one of these™te

creatures appears to be entirely gelatinous, without any trace of mus-

cular fibre ; t yet its motions are exceedingly active, and it glides

aloim the plane upon which it moves with a rapid and equable pace, of

which the observer would scarcely expect so simple a being to he

capable ;
or, by means of two terminal suckers, progiesses m th

m£

(4*i
T)°Many^f the larger marine species are able to swim freely m

the sea by the aid of violent flappings of the broad margins of then

bodies whereby they beat the water much in the same way as the

broad fins of a skate ;
movements which it would be difficult to explain

except by admitting the existence of a subcutaneous plane of muscuhu

2! IT., is described b, M. de Qua.ref.ges, as being recogu,sable

(nTiTuboir'h .be existence of a nervous system in the Pknnrue

hai been doubted by some observers, tbe researches of M.

assures us of its presence in many species. It consists of two gan

glions, more or less intimately united, which are situated in the mesial

fine near the anterior part of the body. This double ganglion, which may

he called the brain, and which is sometimes visible to the naked eye, is

lodged in a special lacuna or cavity, recognisable from its transparent

outline, and is seen to give off nervous filaments 111 various directions, to

different parts of the body.
. .. . . ... .

(415) M. Blanchard, t in dissecting a large individual belon0 i g

this group, not only found the two cerebroid nervous centres, above

alluded to, closely approximated, but observed that they gave origin 0

two lcnm cords, which exhibited at regular intervals a series of minute

* Steenstrup, loc. cit. +^ Annde. des Sciences Nat.

x Sur 1 ’
organisation des Vers. Ann. des Sc. Nat., 1847.
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ganglia, thus clearly approximating to the type of structure that cha-

racterises the lower forms of the annulose worms.

(410.) Many species of Planarise possess two red specks upon the

anteriorpartof the body,

which, as in other cases,

have been unhesitatingly

pronounced to be eyes,

although their claim to

such an appellation is not

only unsubstantiated by

any proofs derivable from

their structure, but com-

pletely negatived by ex-

periments, which go to

prove that in the pursuit

of prey no power of de-

tecting the proximity of

their food by the exer-

cise of sight is possessed

by any of them.

(417.) Thephenomena
wbichhavebeen observed

connected with the mul-
tiplication of the Pla-

narne by division are

analogous to those which
we have witnessed in

other acrite animals
; for

it has been proved that

if an individual be cut

to pieces, every portion

continues to live and

Fig G2.

Structure of Plctiiuvia (after Guges),— 1. Ramifica-
tions of alimentary canal. 2. Vascular system. 3.

Proboscis unfolded. 4. Represents a Planaria de-
vouring a Nais, showing the action of the proboscis.
5. Generative system

; a, male apparatus
; 6, female

ditto. G. Two Planarise in the act of copulation.

feel, from whatever part of the body it may be taken
; and, what is not

a little remarkable, each piece, even if it be the end of the tail
; as soon

as the first moment of pain and irritation has passed, begins to movem the same direction as that in which the entire animal was advanc-
ing, as if the body was actuated throughout by the same impulse, and,
moreover, every division, even if it is not more than the eighth or tenth
part of the creature, will become complete and perfect in all its

(418.) The mouth, in a few species of Planarise, is placed at the
antenor extremity of the body, but generally it is found to occupy the
middle part of the ventral surface. Its structure is quite peculiar,
an ac mna y adapted to the exigencies of the creature : it consists of
a wide, trumpet-shaped proboscis {Jig. 62, 3 and 4

), which can be pro-

1, 2
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, i t„ tiifl surface of such lame or red*

truded at pleasure, and applied to the sunace o

blooded worms as may come witbin reach, so as to suck f om them the

btooaea woims as 3
be small> animalcules and

juices which they contain, or, it h p I ^ 4i

minute Crustacea arc seised by it a
) raB6mble in all

canals. The internal orgam, “
consist of a multitude of

essential points those of the Hi J
, , , j wi,;cn w}ien

blind tubes, hollowed oat in the parenchyma of he body which, w

distended with coloured substances, are sufficiently dist .

•
• 1 tninlc (fin 62 0 which communicates with the piobosci-

STlS sc ntoid’esLo three primary branches ;
one of which

the median line of the body towards the anterior extremity,

whilst the other two are directed backwards towards tile tail, Fiom

urese central canals secondary ones are given off, %£

£

narts of the body. There is no anal aperture, so that o course the

re idue of digestion is expelled through the mouth ;
but the nature of

he process by which defecation is thus effected is curious : the

Plsnaria, slightly bending its body, is seen to pump up through da

proboscis a quantity of water, with which all the branches of the a

mentary ramifications are filled ;
the creature then contracts, and

forcibly ejecting the contained fluid, expels with it all effete or useless

'S
)
In the larger marine species,* M. de Quatrefages recognises

the existence of an internal general or visceral cavity which lieinvari-

ably found ailed with a transparent fluid kept in continual Jtatw y

the various movements of the body. The flux and reflu of: ta fluid

is rendered conspicuous by the movements hither and thither of

numerous round diaphanous corpuscles which enter as morphotic

elements into its composition, and render indisputable i s idertrty of

character with the cbylaqueous fluid of the more ^8% ». a^ed

worms in which the internal viscera are freely suspended the

narietes being merely kept in situ by delicate membranous fieua.

(420.) Besides the arborescent tubes in which digestion is accom-

plished, a rudimentary vascular system is distinctly visible,

the nutritive juices are dispersed through the system. This consists

of a'tlelicate network of vessels, arising from three urge trunks, one

placed in the centre of the dorsal aspect, and the othei two runn 0

along the sides of the animal {fig. 62, 2).

(421 )
The Planarise are perfectly audrogenous, as each individu

possesses a distinct male and female generative system ;
but they are

pot apparently self-impregnating, as the co-operation of two indivi-

duals has been found needful for the mutual fertilisation of their ova.

Tn everv one of these animals two distinct apertures are seen to exist

upon the ventral surface, at a little distance behind the root of the

* Ann. des Sc. Nat., 1!S45.



ENT0Z0A. 149

proboscis; the anterior of which gives issue to the male organ, while
the posterior leads to the oviferous or female parts.

(422.) In Planaria tremellaris, the penis, which during copulation

is protruded from the anterior orifice [fig. 62,* G), is a white contrac-
tile body, inclosed, when in a retracted state, in a small oval pouch

;

it is perforated with a minute canal, and receives near its root two
flexuous tubes, which gradually decrease in size as they diverge from
each other, until they can no longer be traoed. These are the semini-

ferous vessels (fig. 62, 5
,
a). The posterior genital orifice, which

leads to the female organs, communicates with a small pouch, or uterus,

as it might be termed (fig. 62, 5
,
J) ; into this open two lateral ovi-

ducts which run on each side of the male apparatus and of the
proboscis

; these are very transparent, and only recognisable under
certain circumstances by the ova which they contain. In Planaria
lactea the oviduct opens into the uterine cavity by a single tube,

which, passing backwards, divides into two equal branches; and both
of these, again subdividing, ramify extensively among the cteca derived
from the stomach. We likewise find in this species two accessory

vesicles, which pour their secretions into the terminal sac.

(423.) The Diplozoon pahadoxum is another form, which, though it

cannot strictly speaking be classed with the Entozoa, is so nearly allied

to Distoma in its internal structure, that its anatomy will be most con-

veniently examined in this place.

(424.) This remarkable auirnal, as its name imports, is literally

possessed of two bodies, precisely resembling each other in every par-
ticular, and uniting by a narrow communicating band, so as to form
but one animal, the nutrient canals of each division communicating
most freely with those of the opposite half. We might be led to
imagine such an extraordinary arrangement as the result of some
monstrous connection of two separate creatures, did not observation
show that the conformation is perfectly natural and common to all the
species.

(425.) Each half of the body of the Diplozoont possesses a mouth
and digestive apparatus, a distinct set of vascular channels, in which a
circulation of the nutritive jdices is evident, and, moreover, contains a
complete and independent generative system ; but in the annexed dia-
gram (fig. 63), for the sake of clearness, these are only partially shown,
the alimentary organs alone being seen upon the left portion, whilst in
the opposite the organs of reproduction are displayed; the reader,
therefore, will imagine similar parts to exist on both sides of the
body.

(426.) These animals, which are of very small size, being not more
than two or three lines in length, are found attached to the gills of the

This figure represents two Planaria: as they appear in the act of sexual intercourse.

T Nordmann.
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bream ICyfnnm brama), from which they absorb nutriment. They are

- - . Fig 63.
fixed in this position

by two sucking aceta-

bula, resembling those

of Distoma, b, b, which

are seen on each side

of the mouths, and

also by four oval mem-

branous appendages,

m, in, attached to the

opposite extremities of

the body, upon which

likewise suckers are

placed, so that at all

four extremities the

creature is provided

with instruments of

adhesion.

(427.) The mouths,

a, a, are two orifices

of a somewhat semi-

circular form, and at

the lower margin of

each two teeth are

perceptible, which are

either merely provi-

sions for fixing the

mouth firmly when in

the act of imbibing

Anatomy of Diplozoon paradoxum (after Nordmann).

—a, a, mouths ; M ,
their lateral suckers ;

d, tongue-

,bFd organ , o, C «, ^l
™"

«

on the right half of the animal ;
e, ova

; /, oviducts , g,

uterine receptacle; h, ova discharged from the vulva

the act of imbibing ^ of Z Lay"’
_

a” tmlancets, by scarifying the surface from which nourishment is le-

rived. From the outer orifice we may trace a canal winch «tcnds a Uttl=

way into the body, and becomes slightly dilate ,
into 6

this cavity a small tongue-shaped organ, cl, is seen to projec ,

its surface perforated by a number of exceedingly minute holes

which indeed might be looked upon as the lea moults c es m

imbibe the nutritious juices, and convey them to tie s ornac

stomach, c, c, c, c, c, which has been partly

side of the figure, is a wide canal, extending thiougi i o

of both divisions of the body, and passing by a capacious cross-brancl

from one-half to the other, so that the nutriment taken in by eithe

mouth will pass freely to the opposite side, From ttese central

channels great numbers of blind canals issue resembling those ol

Distoma and Planaria, which ramify extensively ;
there is, howciei,

no anal orifice, or outlet for excrementitious matter.
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(428.) But besides the ramifications of the alimentary canal, other
vessels are discernible, running through the parenchyma of the Diplo-
zoon, where nutritious fluids circulate, and which correspond to the
vascular arrangement met with in Planaria. Of these the main trunks
only are represented in the figure

; the branches given olf from them,
which are very numerous, being for the sake of distinctness entirely

omitted. Each half of the body contains four of these vessels, l, l,

which run from one extremity to the other. In these a fluid is ob-
served to move, running in the directions indicated by the course of
the arrows in the diagram

; namely, in two of them from the head
towards the posterior end of the body, and in the other two in an op-
posite direction. This rudimentary circulation must be for the pur-
pose ol more perfectly diffusing through the system the fluids re-
sulting horn the process of digestion, and which are probably taken up
by immediate osculation, between the terminations of the branches
fiom the stomach, and the origins of the vascular system.

(429.) Upon the opposite side of the figure is given a diagram of the
arrangement of the generative apparatus, insulated from surrounding
parts, so as to give the reader a distinct view of the different organs
composing it.

(430.) As in the two last-described species, we find both ovigerous
and impregnating organs constituting complete hermaphrodism, and
this not on one side only of the creature, but on both ; all the parts
being precisely similar in the two lateral halves.

(431.) The ovarium is not distinguishable as a distinct viscus, the
germs, or granular-looking ova, e, being apparently diffused through
the parenchyma of the body around the alimentary channels. From
this situation the ova are taken up by two long oviducts, which, turn-
ing upon themselves near the mouth, are seen to perform a long course
through the anterior part of the body, until at/ they unite, and imme-
diately expand into a capacious intestiniform cavity, or uterus, g, from
whence the eggs escape when mature through a lateral aperture, h.

(432 )
The male or seminiferous apparatus is quite unconnected

with the female organs, and its structure is easily distinguishable.
The testicle, «, is a small pear-shaped vesicle, from which a duct may
be traced, which ends in a long cirrus, 7c, represented in the figure as
coiled up in a spiral form; but when unrolled it is of considerable
length, and analogous both in structure and office to the male organ of
Distoma. &

J4

pHW,

e n
°:

arri
I
e at the most Perfect type of structure found in

to tL l/7n S Ut°ZOa
’ Which lead3US lWulual transition

ore highly-organised forms that are possessed. of a distinct
nervous apparatus. The reader will observe that in all the preceding
geneia the alimentary canal has consisted entirely of nutritive . canals
lami ying in tie substance of the body, and unprovided with any out-
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let distinct from the mouth adapted to

the discharge of the residue of digestion.

From the nature of their food, indeed,

we might he led to infer the reason of

such a structure ;
for living, as these

creatures do, upon juices already com-

pletely animalised and prepared for the

purposes of nutrition, the assimilation of

the materials provided for them consti-

tutes nearly the entire process of ali-

mentation. The same conformity to one

type has been also visible in the nature

of the reproductive system; all the spe-

cies which we have as yet examined,

except, perhaps, the Planarite, having

possessed independent powers of propa-

gation, either containing no visible organs

appropriated to the development of the

germs which they produce, or possessing

both an ovigerous and impregnating ap-

paratus combined in the same body. The

FjNTOZOA acanthocephala, of which we

are now about to speak, will he found

still to exhibit a digestive system ana-

logous in structure to that which exists

universally among the Sterelmintha ; but

in the organs of reproduction we find a

manifest analogy with higher classes in-

dicated in the complete separation of the

sexes, which we now for the first time

meet with, the ovigerous and impreg-

nating organs being found in separate

and distinct individuals.

Anatomy of Eclrinorynchus gigas, female (after

Cloquet).— 1. a, proboscis ;
b, c, ovarian appa-

ratus ;
d, d, lemnisci ; e, e, retractor muscles of

the proboscis ; /,/, alimentary tubes ;
h, external

opening of the female generative system. 2.

Anatomy of male Echinorynchus ; o, proboscis ;

d, lemnisci ; /, 9, testes ;
li, vasa deferentia,

uniting together at i
;
k, vesiculm seminales

;
l, I,

retractor, and n, n, protruding muscles of the

penis ;
m, their point of insertion into o the

penis ; p, generative aperture. 3. Mechanism of

the proboscis; a, its extremity covered with re-

curved spines; b, c, its protractile sheath ;
d,e, retiactoi
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(434.) The Echynorynchus yigas is the species which has undergone
the most complete investigation,* and will serve as an example of the

usual structure of the Acanthocephala.

(435.) The Echinorynchi inhabit the intestinal canal of various ani-

mals, to the walls of which they fasten themselves by a singular con-

trivance. In the animal under consideration, which is found in the

intestines of the hog, the head
(
a

,
jig. 64, i, 2, 3) is represented by a

retractile proboscis, armed externally with four circlets of sharp re-

curved hooks, which, when plunged into the coats of the intestine,

serve as secure anchors whereby the creature retains itself in a posi-

tion favourable to the absorption of food. In jig. 64, l, 2
,
this acu-

leated proboscis is represented of its natural size relative to the body of

the entozoon, as it appears when fully protruded : but, when not in use,

the spinous part is retracted, and concealed by the mechanism, of which
an enlarged view is given atjig. 64, 3. When extended, the position of
the orgau is indicated by the dotted lines; but in the drawing, the
whole orgau is represented as drawn inwards and lodged in a depres-
sion formed by the inversion of the integument, so as completely to

hide it within the body. This inversion is produced by the contraction

of two muscular bands, d, e,t which arise from the inner walls of the
body, and are inserted into the root of the proboscis around the oeso-

phagus : two other muscles, b, b, antagonists to the former, arise near
the spines themselves; and these, aided by the contractions of the
walls of the body, are the agents by which the protrusion of the head
is effected. Although the teeth or spines, which render this organ so
formidable, are merely epidermic appendages, they are found to be
rendered erect or depressed at the will of the creature

; and it is there-
fore probable that, minute as they are, they have muscular fibres con-
nected with them serving for their independent motions : these spines,
moreover, are not always confined to the head

;
but in many acantho-

cephalic worms are found on various parts of the body, wherever their
office as instruments of attachment is by circumstances rendered needful.

(436.) The digestive system of the Echinorynchus is extremely
simple. The mouth is a minute pore, placed at the extremity of the
proboscis, which communicates with two slender canals, /, /, at first
of great tenuity, but towards the middle of the body assuming some-
thing of a sacculated appearance. Towards the tail, these vessels
gradually diminish in size until they are no longer distinguishable; but
they have not been seen to give off any branches, or ^communicate
with each other.

(43/.) A ear the origin of these nutrient tubes are two large cmca,
nearly an inch in length, called lemnisci (jig. 64, l and 2

,
d, d,) which

are probably connected with the digestive function.

Cloquet, Anatomie des Vers intestinaux. Paris, 18*24.

t 1 liese muscles are seen of their natural size in Jig. 64, 1, at e
,

c.
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(438 ) The female Echinorynchus is, as is usually the case in Dioe-

cious Eutozoa, eousiderably larger than the male, as be

the figure. In the former (fit,. 64, l), the ovary, e, a a capac ous

orean° oceupying the centre of the body, and extendmg along its entireX ’minutely examined, it is found to"f^com-
partments, or distinct sacs, one occupying e oi ,

ventral aspect; tlie two tabes being separated by a septa .

dorsal ovary commences near the tail, at;/, by a cul-de-sac; and enlaiging

iTt rZ forward, terminates near the point, c, by uniting with the

ventral portion. The anterior part of the canal, b, is common to hot

divisions of the ovary ;
and from this the ventral

to the posterior end of the body, where it ends ... a

onens externally at h. It would seem, therefore, that the last men

tioned opening is the only excretory passage from the ovarium

j

®

connection apparent in the figure, between the common sac b and

root of the proboscis, being merely of a ligamentous characte .

(439 ) In the female of some of the Acanthocephah, according to

Siebold, there are neither proper ovaries nor a uterus but in then p

are found numerous oval or round flattened bodies of considerable size

which float freely in the anterior of the cavity of the body ;
they have

regularly-defined borders, and are composed of a vesicular, gianuh

substance ;
in these the eggs seem to be formed, so that they may be

regarded as so many loose ovaries. When the eggs have reached

certain size thev fall from the ovaries into the cavity of the body ,

where they continue to increase in size, and become loosed in*add-

tional envelopes. When mature, the ova are conducted out of

bod; through a muscular canal, which terminates

vulva, the latter being a simple aperture situated at the posteno.

extremity of the body. The muscular canal, through which the e

escape is of a campanulate or infundibuliform shape, opening internally

by an Aperture whose borders float freely in the cavity of the body, and

thus the whole apparatus might be compared to a Fallopian tube.

(440.) The males of Echinorynchus are furnished iuth two oval

elongated testicles, generally situated one before the other: from these

are derived two vasa defermtia, which after becoming connected iuth

an azygos elongated vesicle (yesicula seminalis ?) aie pio ongec m o

copulatory organ. There are six pyriform bodies, winch secrete a

finely granular substance attached behind the testicles o c

deferentia. Their six excretory ducts successively unite, ending ina y

in two which open into the copulatory organ. The penis is usua y

folded ’inward, but when projected outwardly it is a muscular cup-

sliaped appendage, whose fossa receives the posterior extremity of the

body of the female during copulation.

* Siebold and Stannius, Comp. Anat. p. 124.
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Fig. 65.

(441.) The generative system of the male Echinorynchus is re-

presented in Jig. 04, 2 . The organs which secrete the fecundating
fluid (/, g)

are two cylindrical vesicles attached at one extremity by
minute filaments to the walls of the body : from each of these arises a
duct (7i), and the two, uniting at i, form a common excretory canal.

This canal speedily dilates into a number of sacculated receptacles in

which the secretion of the testes accumulates, and from them a duct
leads to the root of the penis (in). The penis or organ of copu-
lation, when extended, protrudes through the aperture p, placed at

the anal extremity of the body
; but when retracted it is folded up,

and lodged in a conical sheath (o). The protrusion and retraction

of this part of the male apparatus is effected by a very simple
mechanism: two muscles (l, l), arising from the inner walls of the
body, are inserted into the base of the sheath (in), and serve to draw
it inwards ; and two others

(
n

,
n), inserted at the same point, but

arising from the posterior extremity of the animal, by their contrac-

tion force outwards the copulatory organ,—an arrangement precisely

corresponding with that by which the movements of the proboscis are

provided for.

(442.) In Distoma perlatum (Jig.

05), we have another example of

organisation intermediate between
that which is most usual among the

Stekeemintha, and what we shall

afterwards meet with in the more
perfect entozoa. The animal in ques-

tion resembles most closely, in its

outward form, the liver Fluke of which

we have already spoken, and pos-

sesses a similar suctorial apparatus.

In the annexed figure (Jig. 05), the

oral disc only is seen, the ventral

sucker having been removed for the

sake of displaying the interior of the

animal, as in the diagram of Distoma
liepaticum already given (Jig. 59). On
comparing the two we are at once

struck with the superior concentra-

tion of all the systems of the body,

visible in Distoma perlatum. The
alimentary canal (fig. 05, a) com-
mences, as in the former example,
by an aperture situated in the oral

sucker
; but, instead of ramifying

thiough the parenchyma of the body, is contained in an abdominal

Anatomy of Distoma perlatum (after

Nordmann).

—

a, the anterior sucker and
mouth

;
b, b, alimentary canal \f h,

convolutions of oviduct
;

c, communica-
tions between ditto and il, the large

sacciform uterus
; e, e, testes ; g, ex-

ternal genital aperture.
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cavity, wherein it floats in common with the other viscera. The

oesophagus (a) is a simple flexuous tube terminating abruptly m twc

lateral and more capacious intestines (b, b), terminated by blind di-

lated extremities, which form the digestive apparatus.

(443 1 Two vascular canals are seen on each sic J >

ramify extensively, but of these the principal trunks only are repie-

(444) The Distoma perlatum is allied to the Sterelmintha in the

kermaplirodism of its generative organs, and the parts subservient

reproduction will be found analogous in structure and amagwn , to

what we observed to be the usual conformation m that order. The ova

would seem to be produced in the parenchyma of the body, as m t

Fluke; from this situation they are conveyed by two canals (e) into a

capacious receptacle (/), from which arises the tortuous oviduct {g),

represented in the engraving distended with eggs.
_

^ear its termin -

tion the oviduct is joined by two secerning vesicles bavin

^

then

interior apparently of a villous texture. These vesicles arejegarded

as being the testes, and are supposed to pour out an impregnating

secretion, whereby the ova are rendered fertile as they pass out of the

body The external aperture through which the eggs are discharge

is placed upon a prominent tubercle (i), and this, if mutual impregnation

is essential in these animals, may indeed perform the office of an mtro-

mittent instrument.

CHAPTER VII.

NEMATONEURA.

CCELELMINTHA * (Owen).

Vers Intestinaux cavitaires (Cuv.) ;
Nematoidea (Rudolphi).

(445.) The entozoa belonging to the nematoneurose division of

the animal kingdom have long been separated in zoologica c assi ca

tions from those which have been described in the last chapter, on

account of the superiority of their internal organisation. In the

Sterelmintha, or parenchymatous forms, we have seen the digestive

process carried on in canals simply excavated in the substance of the

body without any anal outlet for the discharge of superfluous matter ,

the nervous system either perfectly diffused through the tissues, or

* KtiUs, hollow— -iv(W, a worm.
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but obscurely visible even iu the most perfect species, and the mus-
cular tissue, as a necessary consequence, scarcely aggregated into dis-

tinct fibres : the sexes, moreover, except iu the Echinorynchi, that

form the transition from the more imperfect to the more elevated type

of structure, have been invariably combined in the same individual.

But we now arrive at a point in the scale of animal development at

which the nervous fibre becomes for the first time distinctly recognis-

able, forming a more perfect means of intercourse, if we may be

allowed the expression, between the different parts of the body; the

muscular contractions, being thus more intimately associated, assume
far greater energy, and muscular fasciculi are distinguishable, arranged
in precise and definite directions

; the alimentary canal is now a

separate and distinct tube, enclosed with other viscera iu an abdominal
cavity ; and the ovigerous and impregnating sexual organs are found
to exist in different individuals. Still, however, we find no nervous
centres developed, or the ganglia which exist are so extremely minute
and rudimentary that in no case can we suspect the existence of organs
appropriated to the higher senses

; the sensations of all the tribes

composing this division of the animal world are therefore apparently
limited to the generally diffused sense of touch and its modifications, to

which the perception of taste and odours must be referred.

(446.) The only example which will be necessary to illustrate the
structure of the Ccelelmintha, is an evident approximation to the
annulose type of animal organisation. The Ascaris lumbricoides
indeed, as its name imports, so strongly resembles some of the
Annelida in its external configuration, that the zoologist who should
confine his attention to outward form alone, might be tempted to
imagine the affinities connecting them much stronger than a compa-
rison of their anatomical relations would sanction. This entozoon is

found in the intestines of many animals, and is endowed with some
consideiable capability of locomotion adapted to the circumstances
under which it lives ; for in this case the worm, instead of being closely
imprisoned in a circumscribed space, may traverse the entire length
of the intestines in search of a convenient locality and suitable
food.

(447.) In accordance with such an enlarged sphere of existence, we
observe muscular fibre distinctly recognisable in the tissues that
compose the walls of the body, not as yet indeed exhibiting the
complete characteristics of muscle as it is found in higher animals
but arranged in bundles of contractile filaments, running in determined
directions, and thus capable of acting with greater energy and effect in
producing a variety of movements.

(448.) Iu this rudimentary state, the muscular fibre does not
possess t ie c ensity and firmness which it acquires when completely
ceve ope . it has, when seen under the microscope, a soft gelatinous
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appearance, apparently resulting from^a
aolerislio otthe

position ;
the transverse stoat, usually

n
3'

s
“
e not yet distinguish-

muscular tissue of the rnoi e pei «-

> passing over a very small

ahle, and the individual toads {^ligement i these

space before they teimiua . °
layers, in each of which

fasciculi, they are£« to he toposetl_u^ ^^ „ prim

cipal\y arranged in a longitudinal^ ttencScle

f^ ^“^"o,emenresui

yf*“2 ot t

“”
longitudinal fasciculi the whole hod, is shortened

by the action otthe io

opp0site effect is produced,

o?tr“ o,
*. cl^riS portions of the muscular integm

ment lideraTflexions of the body are ^“
These

^

motions m the Imn "
sufficient for tbe purpose of

stimuli ;
they aie rneiei

wn; cb the creature

STS
1

enabled Tchange^ P'aee in the intestines with

faS\ The nervous system of the Ascari, is strictly conformable

to the
*

nematoid type. Areund the mourt. 0.• an« part^
(esophagus there appears to be a delicate

ot the

specially eonuected with the assorna ion .^™JZ»nshment.

KW 00. - as to enclose the termination of

the vagina in a nervous circle.
_ bitestiual worms is

(450.) The digestive apparatus in this oule

cles, and consequent opening of the mouth, wine ^ J r

sphincter muscle provided for the purpose. T
constriction

short oesophagus (jig.M, i& 2
-
b),

\rom the mus-

Trit 0 s wans, to be an agent employed in sucking in the liquid

d unon winch he creature lives. The true digestive cavity

c H i s c c) is a simple and extremely delicate tube, which

W- °.°; ‘ i; oesophagus, and without presenting any appearance m-

Sve oT separation into stomach and intestine, gradually enlarges
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1

as it proceeds backwards, until it ter- Afy. GG.

minates at the binder extremity of the

body by a narrow aperture [Jig. 60, l

& 2, d).

(451.) It would seem that the food of

these entozoa being already animalised

by having undergone a previous diges-

tion, requires little further preparation
;

and we are little surprised at finding

in the generality of the Ccelelmiutha no
accessory glandular apparatus appended
to the digestive canal for the purpose
of furnishing auxiliary secretions. In

two species only have tributary secreting J, | 4.

organs been detected
;

in one example,

Gnathostoma aculeatum (Owen), found

in the stomach of the tiger, and which
is remarkable as possessing a pair of

rudimentary jaws, four elongated caeca

are appended to the mouth, into which
they pour a fluid analogous, no doubt, to

that of the salivary glands.* In a
\ j(

species of Ascaris, found in the stomach
of the dugong, Mr. Owen likewise dis-

covered a caecal appendage opening int<^

the alimentary tube at some distance

from tbe mouth, and which, without

much stretch of imagination, might be
regarded as the first and simplest ru-

diment of a biliary system.

f

(452.) In further prosecuting our in-

quiries concerning the process of nu-

trition in these entozoa, we must now
speak of a peculiar structure first noticed

by Cloquet,! an(l apparently intimately

connected with the assimilation of nu-

Anatomy of Asairis lumbricoidcs.— 1. Female
Ascaris

;
a, oral orifice

; b, muscular oesophagus

;

c, alimentary canal
;
d, termination of ditto at the

posterior extremity of the body
;

e, nervous fila-

ments ; hj convolutions of the two ovigerous
canals

; l, uterine receptacle. 2. Male Ascaris
;

a, b, c, d, e, as above; /, convolutions of the testes

;

gy its terminal dilatation, ending in i, the penis.

Owen, Proceedings of the Zoological Society, Nov. 1836
+ Preparation, No. 429 A.-Mus. Coll. Surg. Phys. Catalogue, p.

+ Cloquet, Anatomie des Vers Intestinaux
; Paris, 1824.

L
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triment Projecting from the inner surface of the abdominal cavity

especially in the dorsal and ventral regions, there is a great number o

gelatinous, spongy processes (appemUm rwnrnmrs), nhtch, although

they have no apparent central cavity, would seem to be appended h,

vascular canals seen upon the lateral aspects of he My^i

'

P“;

bable therefore, that their office is to absorb the nutritive juices

that exude through the delicate walls of the intestine, and convey

them into the circulatory apparatus ;
or they may be reservon's foi

nourishment, analogous to the adipose tissue of higheranimate.

(453 ) In the Ccclehnintha the sexes are separate, and the geneia

organs, both of the male and female, exhibit great simplicity of struc-

ture In the female Ascaris, the aperture communicating with the

ovigerous apparatus is placed upon the ventral aspect of the body a

little anterior to the middle of the worm (fig. 66, l, m). ns opcm 0

leads to a wide canal (l), usually called the uterus; and from the last-

mentioned organ arises two long and undulating tubes, which dimi-

nishing in size, run towards the posterior extremity, where they become

completely filiform, and turning back upon themselves are wound m

innumerable tortuous convolutious around the posterior portion of ie

alimentary canal, until the termination of each becomes nearly imper-

ceptible from its extreme tenuity. In these tubes, which when unra-

velled are upwards of four feet in length, the ova are formed in great

numbers, and are found to advance in maturity as they approach the

dilated terminal receptacle common to both oviducts (l), from which

they are ulimately expelled. * . .
. . .,

(454) The attenuated commencements of the genital tubes in t

female Ascaris may be considered as representing the ovary ;
wherein

may be discovered numerous small round cells which, as they advance

forward, begin to be surrounded with a granular vitelline substance

wherein the primitive nucleated cells are still visible ;
these cells, there-

fore, ought perhaps to he regarded as germinal vesicles. Still further

onward the eggs are of a discoidal shape, and are arranged in a row,

or are grouped closely around a rachis, that traverses the axis of the

ovary. In that portion of the genital canal which may be considered

as representing the Fallopian tube, the ova become more mature, and

having been surrounded by a double colourless envelope pass into t ie

base of the uterus. This last is the widest portion of the genital tubes,

and is distinguished in the living animal by its well-marked peristaltic

action. The vagina, distinguishable from the uterus by its narrow-

ness and its muscular walls, opens into the vulva, a narrow transverse

fissure, sometimes surrounded by a very remarkable fleshy swelling,

generally situated either in front of or near the middle of the body, but

in some cases in the vicinity of the anus. The sperm is usually accu-

mulated in the bottom of the uterus to such an extent as to render it pro-

bable that this is the locality where the fecundation of the ova takesplace
*

* Siebold, loc. cit.
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(455.) The male Ascaris lumbricoides is considerably smaller than the

female, and the structure of its generative system remarkably similar

to what has been just described in the other sex. The testis or gland,

which secretes the impregnating fluid, is a single, delicate, tubular

filament {fig. 66, 2,/), which when unravelled is found to he nearly

three feet in length, and is seen winding in close and almost inextri-

cable folds around the middle and hinder parts of the intestine. The
termination of this tube, g, may be traced to the tail or anal extremity
of the worm, where it ends in a filamentary retractile penis, i, in which
the microscope exhibits a minute receptacle wherein the seminal fluid

accumulates preparatory to its expulsion. During copulation, the penis
of the male is introduced into the vulva of the female, by which it is

firmly embraced, and the different positions which the external parts
occupy in the two sexes is evidently an arrangement favourable to

their intercourse.

CHAPTER VIII.

Bryozoa* (Ehrenberg)
; Ciliobrachiate Polypi (Farre).

(456.) It is only within the last few years that microscopical re-
searches have revealed to naturalists the real structure of a series of
animals originally confounded with the simpler polyps, with which,
as far as external form is concerned, they are indeed intimately
related. The observations of Milne Edwards,! Audouin, Ehrenberg,!
and Thompson, § gradually led the way to more correct and precise
ideas concerning the more highly-organised genera

; while Dr. Arthur
Farre|| and Van Beneden, by a series of investigations, followed up
with exemplary industry and perseverance, seem to have completed
our knowledge of the anatomical details of these creatures, in a manner
which leaves few points of their economy unknown.

(457.) We shall select an individual, named by Dr. Farre Bower-
bankia densa, as an illustration of the general structure of the
Bryozoa, partly from the complete manner in which its organisation
has been developed in the memoir alluded to, and partly because we
have had frequent opportunities of verifying the accuracy of the

* Bgt'»», sea-moss— Zmi, an animal.

t Annales des Sciences Naturelles, for Sept. 1828, and July, 1836.
f Symbol® Physic®.

§ Zoological Researches and Illustrations, Memoir v.; Cork, 1830.
II Philosoph. Trans. Part 2, for 1837.

M
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descriptions, and the extreme fidelity of the drawings b, which it is

'"“(IssTThe auitnal Bomrbankm, which is only about a line m

length, inhabits a deli

cate and perfectly trans-

parent tube of horny tex-

ture, which arises from a

repent stem, common to

a great many individuals,

found aggregated in small

patches over the surface

of Flustra foliacea, upon

which they are appa-

rently parasitic.

(459.) The mouth is

surrounded by long and

slender tentacula {Jig.

67), which, during the

expanded state of the

animal, are kept quite

straight and motionless)

as represented in the

drawing. Each tentacle

is provided upon its outer-

aspect with a series of

stiff and immovable

spines, probably serving

to keep 'off any foreign

bodies, that, by then-

proximity, might inter-

fere with the ciliary

movements immediately

to he described.

Fig. 67.

Anatomy of Bowcrbankia dcnsa (after Farre).

a, the animal with its tentacula expanded. 1. Pha-

rynx. 2. (Esophagus. 3. The gizzard. <6 The

stomach. 5. The pylorus. 6. The intestine. 7. The

anal aperture, b, represents the Bryozoon retracted

into its cell. 1, 2, 3, muscular fasciculi, c, an im-

perfect gemma before the opening of the cell. 1. sto-

machal cavity, d, a gemma sprouting from the common

Kp Hpoprihed stem*
#

(460.) Besides the stiff spines, the tentacula are "over

^
W1̂ n

immense number of vibrating cilia, which, at t e wi o ‘ ’

are thrown into most rapid movement, so as to produce etrongjd

continuous currents in the surrounding fiui ,
eie

J ^elocitv.

floating in the neighbourhood are hurried along wni gl

From the direction of the streams produced by the cilia, name y,

towards the mouth, we at once perceive the utility and beau y

of the contrivance compensating to a great extent foi e xe

condition of the Bryozoon; animalcules floating in the ucim y

no sooner come within the influence of the currents so produced,

than they are forced towards the mouth, situated in the centre of the

tentacular zone, and, being at once seized, are immediately swallowed.
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(461.) The teutacula themselves, notwithstanding their immobility

during the process of watching for prey, are highly irritable, and
sensible of the slightest contact. No sooner does an animalcule

impinge upon any part of their surface, than the tentacle touched

bends with extraordinary quickness, as if endeavouring to strike it

towards the mouth ; and, if the object be sufficiently large to touch

several at the same moment, all the tentacula simultaneously co-

operate in seizing and retaining it.

(462.) The existence of these cilia upon the tentacula would seem
to be characteristic of the Bryozoa, and is invariably accompanied,
as far as our information extends at present, with a digestive

apparatus of far more complex structure than what we have seen
in the unciliated polyps, for in the class before us, besides the

stomach, there is a distinct intestinal tube and anal outlet. In the

specimen under consideration the organisation of the alimentary
organs is rendered even more elaborate than is usual in the class,

by the addition of a gizzard or cavity wherein the food is me-
chanically bruised before its introduction into the proper stomach.
The mouth is placed in the centre of the space inclosed by the
tentacula

; it appears to be a simple orifice, incapable of much
distension, through which the particles of food brought by the ciliary

action pass into a capacious oesophagus {fig. 67, a, l, 2
), this,

gradually contracting its dimensions, ends in a globular muscular
organ, to which the name of gizzard has been applied ( 3 ). The walls
of this viscus are composed of fibres that radiato from two dark
points seen in the figure, and its lining membrane is covered with a
gieat number of hard horny teeth, so disposed as to represent, under
the microscope, a tesselated pavement. The contractions of the
gizzard are vigorous; and, from the structure of its interior, its office
cannot be doubtful.

(463.) To the gizzard succeeds a stomach {fig. 67, a, 4
), which is

studded with brown specks, apparently of a glandular nature, and
probably representing a biliary apparatus. The intestine leaves the
stomach at its upper portion, close to the gizzard (5); and, running
parallel with the oesophagus towards the tentacula

( 6), terminates at
the side of the mouth (7), in such a position that excrementitious
matter is at once whirled away by the ciliary currents. The whole
intestinal apparatus floats freely in a visceral cavity, that contains a
transparent fluid, and incloses distinct muscular fasciculi, to be de-
scribed in another place.

(464.) The process of digestion in this minute, yet highly-organised
being, is well described by Dr. Farre in the memoir above men-
tioned.

(465.) The little animal, when in vigour, is seen projecting from
its cell with the arms extended, and the cilia in full operation ; the

m 2
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upper part of the body being frequently turned s

^
e

jj

over the edge of the cell, the extremity of winch, fiom its peculiar

over me edge oi ui«
> particles carried to the mouth

flexibility, moves along w
actkmof the cilia, after remaining

m the vortex produce
y ^ BwJ1(Wed by a vigorous con-

a little while in 1‘ 3 ’

• d rapidly down the oesophagus

Ae
m
pai5te

r

s

e

ofMorgan contracting firmly

r Lk
however, in this ca

bel0W) where they become mixed

up° with it™ contents, which, during digestion, are always of a dark

i ll *,, being tinged with the secret.cn of ,ts panetal

f

“'(460
S

)
The food appears to be retained for a cor^'.lerable UDre

,^

the stomach, and may be frequently seen to be

the gizzard, whence. after having

^
been^ ^ ^^^ , iy

irSe^ oTr pastes, and at its upper pa, is«
submitted tea rotating mourn, . Th,s - P™-

|SU££ §• :nh“t » anISharinga

:“iparent

m
Urn

*Vrotto°n if« «re dis-

“maS lfter°rot

C

a

e

t'ing for some time at the

pyLL (a prolusion for preventing

retraction of the animal of great simplicity and beauty.

(469.) The inferior two-thirds of the cell in t e sPe°ie® u”

sideration is hard and corneous, but perfectly tr“spar 1
•

^ ^
third, on the contrary, is flexible, and so construe ec

flexible

rmnnlete operculum whereby the entrance is guarded.

SSiS of two portions! the lower half being a simple co^mua-

lion of the rest of the cell, while the upper is composed of a cn elect

delicate bristle-shaped processes or set®, which are arrange pai

i pnch other around the mouth of the cell, and are prevented from sepa-

rating beyond a certain distance by a membrane of excessive tenuity
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that connects them ; this membrane is evidently analogous to the in-

fundibular termination of the cells of polyps already described.

(470.) When the bryozoon retires into its abode, the set;e and soft

termination of the cell are gradually folded inwards in the manner

exhibited in the annexed figures {Jig. 68), representing the various

stages of the process. The oesophagus, surmounted by its tentacula,

descends fii-st, whilst the integument of the upper part of the body

begins to be inverted at the point where it has its insertion around the

base of the tentacles, c. As the descent of the tentacula proceeds,

the inversion of this membrane continues
; and when the extremities

of the arms have reached the level of the extremities of the setae, it is

seen to form a complete sheath around them. The animal being thus

retracted, the next part of the process is to draw in the upper portion

of the cell after it. The setae are now brought together in a bundle

{Jig. 68, 2
,

a), and are gradually drawn inwards, inverting around

them the rest of the flexible portion of the cell until they form a
close fasciculus (Jig. 68, 3 & 4, a), occupying the axis of the opening of
the tube, and forming a complete protection against intrusion from
without.

(4*1.) The muscular system exhibits the earliest appearance of
muscular fibre. The filaments are unconnected by cellular tissue, and
have a watery transparency and smooth surface, neither do they exhibit
cross markings or a linear arrangement of globules, even when
examined under the highest powers of the microscope.

(472.) The muscles may be divided into two sets, one serving for
the retraction of the alimentary apparatus, the other acting upon the
set® around the mouth of the cell, and serving for the inversion of its
flexible portion. The bundles of muscular fibre which act upon the
alimentary canal are two in number, and arise from neat the bottom
ot the cell: one of these is inserted into the stomach (Jig. 67, a, s) ;

the other passes upwards along the side of the oesophagus (Jig. 67, a, 9 ),
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to be attached in the vicinity of the tentacula : the latter fasciculus is

evidently the great agent in drawing the animal into its retreat, anc m

doing so it throws the alimentary canal into close sigmoid fo s.
. _

(473.) The muscles that close the operculum are arranged m six

distinct fasciculi; they arise from the inner surface of be upper hard

part of the cell, and act upon the upper flexible portion of the tube and

UP
(474

h

)

e

The
0

mode in which the protrusion of the tentacula is effected

is not so easily explained; it would seem that the lining membrane of

the shell is furnished with circular muscular fibres, so disposed as y

their action to compress the fluid contained in the visceral cavity, and

thus tend to elongate the body. Dr. Fane, however, believes the ali-

mentary canal itself to be the great agent in effecting this object, a

he conceives it to possess a power of straightening ^elf rom the

flexures into which it is thrown during the retracted state of the

aD

(475 ) The Fluster and Eschars are intimately allied to Bower-

bankia in all the details of their structure, as we are assured

^

searches of Dr. Milne Edwards concerning these smgularly-aggiegatecl

forms of marine Bryozoa.* -i i™

(476

)

The cells of the Flustrce and Escliam are disposed side by

side upon the same plane, so as to form a common skeleton of a

coriaceous or horny texture. The individual cells which are extremely

minute, vary in shape in different species, and the on

generally defended by projecting spines or sometimes by-a. moraUe

operculum, or lid, that closes the orifice m the contmc^ state of the

animal. The extension of one of these skeletons is by

regular addition of net, cells around the Circumference “ ‘

those of the margin being, of course, the most recent “d the UUe

are not uufrequently found inhabited b, healthy animals whilst

older or central ones the original occupants have P®nshe
; f i

(477.) The facts observed by Milne Edwards relative to the formation

of these cells possess a high degree of interest, anc rna eu y PP^

the views already given concerning the formation o

phytes in general
;

proving that the calcareous matter to winch their

hardness fs owing is not a mere exudation from the surface of

animal, but is deposited in an organised tegumen aiy ’

whence it can be removed with facility by means of extremely dilute

muriatic acid. When so treated, a brisk effervescence is Produ^
d ’

cells become flexible and are easily separated from each othei, y

are not altered in form, and evidently consist of a soft and tine
-

brane forming a sac containing the digestive organs of the creatuie.

state the opening of the cell is no longer defined as >t „as

* Rechercl.es Anatomiques, Physiologiques, et Zoologiques sur les Eschares. Ann.

des Sciences Nat. for to 36.
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before, but the membranous cell appears continuous with the tentacular

sheath. We see, therefore, that in these creatures the cell is an

integrant part of the animal itself, not a mere calcareous crust moulded
upon the surface of the body, being a portion of the tegumentary

membrane, which, by the molecular deposit of earthy matter in its

tissue, ossifies like the cartilage of higher animals without ceasing

to be the seat of nutritive movement. It is evident, likewise, that

what is called the body of the Bryozoon constitutes, in fact, but

a small portion of it, principally consisting of the digestive

apparatus.

(478.) As to the operculum destined to close the entrance of the

tegumentary cell, it is merely a lip-like fold of the skin, the marginal
portion of which acquires a horny consistence

; while, at the point

where it is continuous with the general envelope, it remains suf-

ficiently soft and flexible to obey the action of the muscles inserted
into it.

(479.) The tegumentary sac, deprived of its carbonate of lime, seems
to be formed of a tomentous membrane, covered, especially upon its

outer side, with a multitude of cylindrical filaments disposed perpen-
dicularly to its surface, and very closely crowded together. It is in the
interstices left by these fibres that the calcareous matter appears to be
deposited

; for, if a transverse section be examined with a microscope,
the external wall is seen not to be made up of superposed layers, but
of cylinders or irregular prisms arranged perpendicularly to the axis of

the body.

(480.) But the above are not the only arguments adduced by Milne
Edwards in confirmation of this view of the mode in which these
skeletons are held in vital connection with the animal. On examining
the cells at different ages, it is found that they undergo material
changes of form.

(481.) This examination is easily made, since in many species the
young spring from the sides of those first formed, and do not separate
from their parents

; each skeleton, therefore, presents a long series of

generations linked to each other, and in each portion of the series the
relative ages of the individuals composing it are indicated by the
position which they occupy. It is sufficient, therefore, to compare the
cells situated at the base, those of the middle portion, those of the
young branches, and those placed at the very extremities of the latter.

Wheu examined in this manner, it is seen that not only does the
general configuration of the cells change with age, but also that these
changes are principally produced upon the external surface. For
instance, in the young cells of Eschara cervicornis, the subject of these
obsei rations, the nails of which are of a stony hardness,, the external
surface is much inflated, so that the cells are very distinct, and the
borders of their apertures prominent ; but by the progress of age their
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appearance changes, their free surface rises so as to extend beyond t

level of the borders of the cell, and defaces the deep impressions wh.ch

marked their respective limits. It results that the cells cease to he

distinct, and the skeleton presents the appearance of a stony mass

which the apertures of the cells only are \isib e.
. . , ,

(432.) It appears evident, therefore, that there is ntalrty m the sub-

stance composing the stony walls; and the facte above na^ed aOTea

only explicable by supposing a movement of nutr.tron like that which is

Bryozoa differs slightly horn that of

Bmertcmhm. The crown of ciliated tentacula is inserted mto the ex-

tremity of a kind of proboscis, which is itself inclosed in a cyjmtaa

retractile sheath. From the margin of the opening of the cell a

a membrane equalling in length the contracted tentacles, and servrng

inclose them when the animal retires into its abode These

appendages, thus retracted, are not bent upon themselv es, but per-

fectly straight and united into a fasciculus, the length of whic

is nevertheless much shorter than that of the same organs when ex-

11

(484.) By the opposite extremity to that fixed to the margin of the

opening of the cell, the tentacular sheath unites with a tolerab J .lapa-

cions tube, the walls of which are exceedingly soft and delicate and

near the point of their union we may perceive a fasciculus o fib.es

running downwards to be inserted upon the lateral walls of he ceU

these fibres appear to be striated transversely, and are evidently m»

-

cular their use cannot be doubted ; when the animal wishes to expand

itself, .lie membranous sheath above alluded to r0“ed^
wards everting itself like the finger of a glove as the tentacles

advance. The muscular fasciculi are thus placed between the everted

sheTand the alimentary canal, and by their cent,-act,on they must

necessarily retract the whole within the ce
. . _ , mucv.

(485.) The first portion of the alimentary tube is inflated, and much

wider than the rest ;
it forms a kind of chamber, in which the water

set in motion by the vibration of the cilia upon the tentac es appear

to circulate freely. The walls of this chamber are extremely delicate

the soft membrane forming them is puckered, and appears traversed y

many longitudinal canals united by minute transverse vessels ;
this

appearance, however, may he deceptive.
. ,

,

(486.) Beneath the first enlargement, the digestive apparatus be-

comes narrower, but immediately expands again, and offers at this

point a certain number of filiform appendages, which appear to be liee

and floating in the interior of the cell. To the second cavity succeeds

a narrow canal, opening into a third dilatation, generally of a spherical

form From the last-named viscus issues a kind of intestine, which

soon bends upon itself and becomes attached to an organ of a soft and
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membranous texture, having the appearance of a csecum, and which

seems to be continuous superiorly with the digestive tube ; the latter

continues its progress towards the upper part of the cell, and ultimately

terminates by a distinct anal aperture upon the upper aspect of the

tentacular sheath.

(487.) The operculum which closes the cell in Flustrcc and Eschara
is moved by two muscular fasciculi inserted into the internal face of

this valve by the intermedium of two filaments analogous to tendons

;

by their inferior extremity, these muscles are attached to the walls of

the cell
; and when, by its own elasticity, the operculum is turned

back, and the mouth of the cell thus opened, they, by their contrac-

tion, can close it like a door.

(488.) The existence of nervous ganglia has been satisfactorily

detected in many genera of the Bryozoa; it consists of a nervous

ganglion, situated immediately above the oesophagus, from each side

of which proceeds a nervous cord, forming a collar around that tube, as

well as other filaments distributed to the muscular system.

(489.) No organ of special sensation has been discovered in any

animals of this class, either in their adult state, or during the earlier

periods of their development.

(490.) From what is known concerning the propagation of the Bryo-

zoa, it would appear that their reproduction is effected in several

different ways.

(491.) The most ordinary is by the development of gemmte, or buds,

that sprout from the parent stem in the branched species, or, as in

the Flustrte and Escharce, are derived from the sides of contiguous

cells.

(492.) In Pedicellina Belgica, the phenomena attending the gemmi-
parous mode of reproduction are the following :* First there sprouts

from the common stem of the Bryozoon, without any determinate

situation, a minute tubercle, which is simply a prolongation from the

stem itself; this tubercle gradually extends outwards, becomes more

prominent, and soon swells into a vesicle, which is the first appear-

ance of the new individual. Up to this period the interior of the

vesicle is organised precisely in the same manner as the stem itself, of

which it is only an extension ; but now a cellule becomes visible

in its centre, which forms the point of departure, whence the develop-

ment of the embryo proceeds.

(493.) Around this primitive cell a series of other very small cellules

soon group themselves, which seem to constitute the parietes of the

primitive vesicle, or blastoderm, the original cell representing the vitel-

line cavity. The bud now enlarges, and as its growth proceeds, the

* Van Beneden, Recherches sur l’Anatomie, la Physiologie, et la Developpement des

Bryozoaires, qui habitent la Cote d’Ostende. Bulletin de l’Acad. Roy. de Bruxelles,

tom. xix.
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internal tissue becomes thickened, so as to fill it completely ;
subse-

quently an indentation becomes apparent, on each side of the little

cavity, separating the embryo into two halves, the inferior of which

will form the stomach, the superior, the inter-tentacular chamber

(494.) In Laguncula repens, the reproductive gemmse spiout from

the creeping stems, which connect the individual animals appearing at

first as a slight prominence, that soon expands into a rounded tubercle,

which is the commencement of a new cell. On close inspection each

cemma is found to consist of a transparent envelope, that s, in fact,

t continuation of the general investment of the animal, lined through-

out with a soft membrane, having its inner surface studded with

minute globules, by the accumulation of which the polyp is ultimately

formed The bud itself is hollow, and communicates with the parent

stem; it, therefore, has nothing in its composition resembling that of

an neither distinct vesicle nor vitellus. The newly-formed cell soon

grows° taller, and its lining membrane becomes thicker, indicating le

first appearance of the intestinal canal, which is at first a simple

cavity, bounded by the thickened lining of the cell. This cavity once

formed, the development of the different organs proceeds rapidly.

First there appears a longitudinal fold, resembling two lips, that, as

they approach each other, divide the cavity of the body into an anterior

and posterior compartment. The two lips, which have a valvulai

appearance, become very regularly indented along their margins, anc

are soon recognisable as the rudiments of the tentacular circle.

(495.) At this epoch, it must be remarked, the polyp presents two cavi-

ties distinct from each other ;
there is a space between the walls of the

body and the parietes of the future alimentary canal the ^emPace

^
ing in communication with the stem of the parent polyp, and filled with a

fluid that is analogous to the blood of higher animals ;

cavity likewise passes into the tentacles, and the fluid *hich bathes

the exterior of the alimentary canal, thus finds

extremities of those organs. The second cavity, which is the intestinal

canal, has as yet no communication with the external world.

_

£

>

formation of the tentacles proceeds, the portion^which i

front of them will become the sheath, and the other part the n^stine.

As the tentacula are formed by the prolongation of the tubercles

which were their first rudiments, the cavity of the ' “d

rest of the intestinal tube gradually become apparent, and

time, some globules are visibly disposed around the cul de sac of the

former viscus, which gradually become arranged into fibnllm, and con-

stitute the retractor muscles.

(496 ) When the cell has nearly reached its full development, its

parietes become softened, and an opening is formed, which brings the

Ioung polyp into communication with the surrounding element. lhe

Bryozoon has now attained its complete form, and can expand its
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tentacula, but, as yet, there are no traces of a generative apparatus,

which seems to be matured at a subsequent period.

(497.) In the Bryozoa, reproduction is likewise effected by means of

true ova. The ovary in which these are developed is situated immedi-
ately above the stomach, and is generally found containing eggs in

different stages of growth. In the same situation is situated another

viscus, regarded by Van Beneden as the testes, his opinion being

founded on the fact that when a mature specimen of the animal is

placed between two plates of glass and gently compressed so as to rup-

ture its parietes, and cause the escape of the viscera, Spermatozoa are
easily discoverable in its interior.

(498.) The Spermatozoa exhibit considerable vivacity in their move-
ments, have a disc-like body, and a caudal filament, and are propor-
tionately of large size; around them may be seen multitudes of free
cellules, without caudal appendages, which are apparently young Sper-
matozoa. In some individuals the Spermatozoa are so numerous, that
the intestinal canal appears completely enveloped by them, and the
whole peri-intestinal cavity seems alive with their movements.

(499.) In the mature ovary ova are discoverable in different states

of development, in each of which the vesicles of Wagner and Purkinje
aie distinctly visible. In ova approaching their complete maturity,
an external vitelline membrane, or chorion, and a vitellus are percep-
tible, but the two vesicles above mentioned have disappeared.

(500.) When arrived at the proper term, the ova break from their
em elope, or ovisac, and escape into the general cavity of the body,
where they move freely about, surrounded on all sides by Spermatozoa.
At length the eggs accumulate in the interior of the parent, near the
base of the tentacula, and their expulsion is at length accomplished in
the following manner: through a special orifice, in the immediate
vicinity of the anus. When an ovum is thus about to escape, its

external membrane is first seen to protrude partially through the aper-
ture, constituting a sort of hernia

; the vitellus then gradually flows
from the still-inclosed' portion of the egg into that which is external,
and when the vitellus has thus entirely passed out, the egg is found
separated from the parent animal, and falls into the surrounding
water. These eggs are entirely destitute of external cilia, and are
carried off by any casual current to attach themselves where chance
may bring them ; they are also remarkable for the irregularity of their
shape, their form seeming to depend upon the pressure they have been
subjected to in the interior of their parent.

(501.) In Pudicellina, Professor Van Beneden has witnessed the
escape of upwards of twenty eggs from a single individual. They are
of a pyriform shape, and are inclosed in a pellucid membrane, by
the intervention of which they adhere to each other, so that, in the
mteiioi of the body of the parent Bryozoon, they have a racemose
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appearance, and, when extruded spontaneously, are generally united

together in pairs. Between the vitellus and the envelope of the egg

there is always a small quantity of a transparent whitish fluid which

doubtless represents the albumen, while the pellucid external mem-

brane itself is the chorion.

(502.) The vitellus breaks up into granules, at first of large size,

and afterwards by subdivision of smaller and smaller dimensions,

giving a tuberculated appearance, like that of a raspberry, to the mass.

This division seems to be accomplished exactly as in the ova of the

higher animals, the yolk first separating into two, then into four, after

which its breaking up proceeds rapidly.

(503.) The embryo inclosed within the egg at first presents a

rounded form, but soon becomes divided by an indentation into an

anterior and posterior moiety, and vibratile cilia become apparent upon

the anterior extremity. That portion upon which the cilia have made

their appearance next insensibly enlarges, and assumes the shape of a

funnel, while the long cilia with which it is fringed begin to keep the

particles suspended in the water around in rapid motion. The margins

of the funnel rapidly extend themselves; the body exhibits frequent

contractions, and at the end of about two hours little tubercles become

apparent upon its anterior extremity, which subsequently become

developed into the tentacula. Professor Van Beneden thinks that

when the tentacula have become developed, and furnished with then-

proper vibratile apparatus, the original cilia disappear. The formation

of the tentacula at once indicates which are the two extremities of t e

body, and the point by which the embryo will subsequently attach itself.

(504 )
The embryo, when mature, is quite free, and strikingly

resembles some forms of Infusoria; but after a while a pedicle is

formed, whereby it proceeds to fix itself to some foreign body, and

thus permanently assumes the aspect of its race. The pedicle seems

to be formed from a cell, developed below the stomach, which grows

directly outwards, and thus completes the organisation of the young

Bryozoon.
. . 7

(505.) A third form of reproduction is that by ciliated gemmules

common in Halodactylus diaphanus, and other similar species, having

soft and fleshy or gelatinous polyparies. These are readily seen in

spring, when they appear as minute whitish points, imbedded in t e

substance of the mass ;
sometimes, however, they are of a dark brown

colour, and exceedingly numerous, appearing to occupy almost the

entire substance of the polypary (fig. 09). If one of these points be

carefully turned out with a needle, and examined, it is found to consist

of a transparent sac, in which are contained generally from four to six

of the gemmules, which, as soon as the sac is torn, escape, and swim

about with the greatest vivacity. * Sometimes they simply rotate upon

* Dr. A. Farre, Phil. Trans. 1837, p. 140.
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their axis, or they tumble

point, they whirl round it

in rapid circles, carrying

every loose particle with

them ; others creep along

the bottom of the watch-

glass upon one end with a

waddling gait; but generally,

after a few hours, all motion

ceases, and they are found to

have attached themselves to

the bottom of the glass. At
the expiration of forty-eight

hours, the rudiments of a

cell are observable extend-

ing beyond the margin of

the body, but any account

of their further development

is still a desideratum.

(506.) We have hitherto

only spoken of those Bryozoa

over and over ; or, selecting a fixed

Fig. G9.

Thin transverse section of Ilalodaciylus dia-

phanus.—The centre occupied by cellular tissue

and water ; the circumference formed by cells in

close approximation
; the brown bodies scattered

through the substance
; a, a, position of the gem-

mules inclosed in their sac ; b, one of the gemmules

escaped during the section of the central tissue.

whose habitat is the sea; besides the marine genera there are, how-
ever, many individuals belonging to this class that abound in fresh-water.

The polyparies of the Fluviatile Bryozoa are met with in ponds
and streams adherent to any foreign bodies, which may be casually

submerged.* Thus, they are found attached to stones at the bottom
of the water, upon the shells of Anodon, XJnio, and other fresh-water
mollusca

; upon leaves, more especially those of the water-lily (Nym-
phaa), and of the Bistort

(
Polygonum amph ilium), upon floating wood,

upon the stems of Arundo pJifagnites, and of various other plants.
Some genera, Alcyondla and Fredericella, frequently agglomerate into
masses of considerable size, such as might be mistaken for spongillm.
The Paludicellai often form an inextricable interlacement of filaments
spread out over shells and stones. Cvystcitclla and Lophopus are
generally met with upon the stem of some aquatic plant, such as the brook-
lime

(
Veronica beccabunga), resembling, when examined by the naked

eye, a layer of fluid albumen, which might easily be mistaken for the
eggs of Limnams stagnalis. In order to examine these nnimals in a
living state it is necessary to leave the leaf to which they are attached
for some time undisturbed in a glass of clear water, when they will

soon be seen spreading forth their beautiful tentacula as they protrude
from their delicate cells. By frequently changing the water, more
especially if it is rich in Navicidce and Baccilaricc, they. may be kept

* Recherches sur les Bryozoaires fluviatiles de Belgique, par P. J. Van Beneden,
Nouv. Mem. de l’Acad. de Bruxelles, 1847.
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alive for months, affording objects of continual interest for the

microscope.
,

. . , ,

(507 ) In the fresh-water Bryozoa the structure of the external

envelope is similar to that of the marine species, except that m no

instance are the fluviatile genera known to possess a calcareous

^(508.) In Cristatella mucedo* (fig. 70, 3 )
the polypary, or external

envelope (cT), is mem- Fig. 70.

branous, and slightly

cordiform ;
its surface is

tuberculated, and it is

incapable of contraction.

In this outer covering

several individuals are

contained, but, although

produced from one an-

other, they are only

aggregated, being lodged

in distinct tubular cells.

The body of each ani-

mal appears to consist

of a digestive canal, con-

stricted once or twice in

its course, and termi-

nated by an anal orifice. When these creatures are extended, the upper

part of the body protrudes from the cell ;
the tentacular apparatus

being supported on a kind of neck, whereon the mouth (a) is easily

seen, and near it the anus. ...
(509.) On each side of the mouth the body divides into two arms,

which, when spread out, resemble a horse-shoe, being flattened an

blunt; and upon the arms are arranged about a hundred slender,

transparent, and retractile tentacles, disposed on each side and upon

the summit like the barbs of a feather; and all covered with an

infinite number of cilia, whose action produces currents directed

towards the mouth, hurrying in that direction organise paitic es

contained in the water.

(510.) The three individuals that thus inhabit the same geneia

covering are produced at two distinct generations; the two latcia

being the offspring of the central one, derived from it by a process o

gemmation, but, when complete, they are evidently quite separate

from and independent of their parent.

(511.) The number of the tentacular appendages varies very cou-

* M Turpin Etude microscopique de la Cristatella Muc'edo, especc de polype d’eau

douce.—Ann. del Sciences Nat. for 1837. Also, another memoir upon the same subject,

by M. P. Gervais.—Ibid.

Cristatella mucedo.— 1. Egg, natural size. 2. Egg,

magnified. 3. Animal after its escape from the egg

;

a, the mouth ;
b, openings of cell ;

c, the stomach ;

d, shell ; e,f, ciliated tentacula.
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siderably in different genera; in Palludicella and Fredericella, which

have the fewest, there are about twenty ;
while in Alcyonella Plumatella,

and Cristatella {Jig. 70), there are as many as sixty, or even more.

In Paludicella the arrangement of the tentacula is infundibular

;

but in Lopliopes, Alcyonella, Plumatella, and Cristatella {Jig. 70), they

assume the shape of a horse-shoe. In Fredericella they are united

together for one-half of their length by means of an extremely delicate

membrane.

(512.) The digestive apparatus in all these different genera consists

of a stomach, which forms a cul de sac of an oesophagus and intestinal

tube. The intestine is always straight, and without convolutions. Its

cavity is separated from that of the stomach by a pyloric valve that

completely closes the aperture ; whilst the oesophagus is in like

manner provided with a fold, situated sometimes near its middle,

sometimes at its lower part, that performs the office of a cardiac

valve.

(513.) The aliments before admission into the stomach accumulate

in a cavity formed at the com- Fig. 71.

mencement of the digestive tube

{Jig. 71/), which in most genera

is defended by a largely-developed

lip {d), that opens and shuts like

a valve—this lip is densely covered

with cilia, the action of which is

very energetic.

(514.) The anus (j) is always

situated at the base of the ten-

tacular zone.

(515.) The food of the fluviatile

Bryozoa consists of Infusorial

animalcules and the microscopic

Desmide®, which abound in the

waters they frequent, and whose

remains are distinguishable both

in their stomachs and in the con-

tents of the intestine. They are

likewise easily made to swallow

carmine, sepia, and other colouring

substances.

(510.) There seems to be no doubt relative to the nature of the
circulation in these animals. The place of blood seems to be altogether
supplied by the water admitted into the interior of the body. This
fluid is not contained in vessels, unless the cavities of. the tubular
tentacula be considered as such, but moves freely in all directions
around the parietes of the digestive canal. There is consequently
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neither heart nor any vascular system ;
the cliylo-aqueous fluid, which

thus represents the blood, being kept in continual movement in the pen-

intestinal cavity by the action of the cilia that cover the exterior of the

intestinal apparatus. It is, therefore, ciliary action that determines

the course of the aliment in the interior of tne alimentary apparatus

and of the fluid external to its avails; the cilia thus answering

the purpose of a heart, as well as of the muscular coat of -the

1u

^7aii the viscera of lhe body beiug tbus batbed by tbe cbyl °'

aqueous fluid that surrounds the intestinal canal, they receive directly

through the intermedium of that fluid, both the materials for nourish-

ment,°aud the means of respiration.
. . ,

(518.) Among the fresh-water Bryozoa reproduction is accomplished

in two ways, by gemmation and by true ova. The first of these

modes resembles exactly what has been described as existing among

the marine genera ;
but, as regards the process of oviparous repro-

duction, there are some remarkable points of difference that require

TlOtlCG

(519) It is now generally understood that wherever oviparous

reproduction occurs there is a formation of Spermatozoa, and modem

observations have proved the existence of these distinguishing pro-

ducts of the male sex in most genera of the cihobrachiate polyps.

Frequently both the sexes are conjoined, so that there is a complete

hermaphrodism ;
but in some cases the sexes are separate, and the

number of female individuals is greater than that of the males.

Seeing that among these compound animals the blood, or its repi e-

sentative fluid, is common to an entire group, and that the ova a

well as the spermatozoa, are diffused through this liquid before toy

are evacuated, a single male individual may, strictly speaking, suffice

for the fecundation of the eggs of a whole colony.

(500 ) But with regard to the ova themselves a remarkable difference

is observable between those of the fluviatile and of the marine Biyozoa.

Among the Alcybnell® and other genera there exist two sorts of eggs,

the one covered with vibratile cilia, capable of swimming freely about

exactly like infusorial animalcules, and the other inclosed in a hard

shell, having somewhat the appearance of the seeds of some plants.

The first sort, without a shell, is also met with among marine species

;

but the second seems peculiar to the fresh-water Biyozoa. n

Cristatella mucedo, for example, the ova are of this latter description,

beino inclosed in a dense horny shell, the exterior of which is covered

over with sharp booklets, giving them an appearance strikingly like

,ome of the Desmide® {fig. 70, 2). This shell is probably intended to

preserve the ova during the winter season from being destroyed by tbe

freezing of the ponds in which they occur, while the marine polyps

being subjected to no such changes of temperature, can dispense with
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such a covering. It is on this account, apparently, that these ova are

met with sometimes naked, and sometimes provided with a shell
;
and,

in the same way, in the genus Paludicella, in which ova have not been

detected, the gemmae become invested on the approach of winter with

a horny covering.

(521.) As there are thus two modes of reproduction, so are there

two kinds of embryogenic development observable among the fluviatile

Bryozoa ; that is to say, the polyp, which is produced from an egg, is

formed in a different manner from that which is produced by the

process of gemmation. In the mature ovum, both the germinal spot

and the germinal vesicle are distinctly perceptible
;
but in the nascent

gemma the existence of neither of these elements is to be detected.

According to the gemmiparous mode of propagation, the young
individual is formed by direct extension from the tissues of the

parent. In the formation of the embryo from an egg there is, from
the first, a complete isolation of the newly-formed progeny : a vesicle

or cell is formed which, previous to its conversion into a new
individual, requires the co-operation of another cell, or, in other words,

the ovum remains unproductive unless brought in contact with the

male fluid containing spermatozoa ; whereas in gemmiparous repro-

duction such a concurrence is by no means necessary, neither germinal

vesicle nor any male apparatus is required.

CHAPTER IX.

Rotifera*
(
Ehrenherg).

(522.) The class of animals that next presents itself for our

consideration was, until very recently, confouuded with the chaotic

assemblage of minute creatures to which the name of Infusorial

Animalcules was indiscriminately applied
; but the information at

present in our possession concerning their internal structure and
general economy, while it exhibits, in a striking manner, the assiduity

of modern observers, and the perfection of our means of exploring
microscopic subjects, enables us satisfactorily to define the limits of
this interesting group of beings, and assign to them the elevated rank
in the scale of zoological classification to which, from their superior
organisation, they are entitled.

(523.) The character whence the class obtains its name is derived
from the peculiar organs placed upon the anterior part of the body,
which are subservient to locomotion, and assist in the prehension
of food

, these consist of circlets of cilia variously disposed in the

* Itnta, a wheel
; (pro, l bear.
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neighbourhood of the mouth, and having, when in action, the

appearance of wheels spinning round with great lapidity, so as to

produce strong currents in the surrounding water. Yet, notwith-

standing this peculiar structure of the locomotive apparatus, the

Rotifera present very marked relations with the Bryozoa,

described in the last chapter; and the conversion of the ciliated

teutacula of the latter into the rotatory organs of the present class

is effected by several intermediate forms, which distinctly indicate

a closer alliance between the two, than, from an examination of

the more typical genera of each, we should be inclined to suspect.

(524.) The annexed engraving of the Stephanoceros Eichornii

*

(Jig. 72) exhibits an animal p .

72 _

that would seem to be one

of the connecting links by

which this transition is ac-

complished ;
the transparent

cell, and ciliated teutacula

around the mouth, would

indicate this creature to be

a Bryozoon ;
but the ten-

tacula are no longer the

stiff and slender arms which

we have seen in Bower-

bankia, but are visibly stunt-

ed and thickened at their

base, thus approximating in

character the cilia-bearing

lobes of a Rotifer; while

the internal organs, the pha-

rynx, gizzard, and stomach,

in this animal conform ex-

actly to the type of structure

common to the Rotifera pro-

perly so called.

(525.) The body of the

wheel-animalcules is en-

closed in a delicate trans-

parent envelope of consider-

able consistency, often ter-

minating at the upper extremity in wavy indentations or toothlike pro-

cesses, as in Brachionus urceolaris (Jig. 73, c, c). This harder integument

is essentially analogous to the cell of k Bryozoon, but in this class is

so constructed as to allow the animals to move at large in the element

they inhabit, instead of being permanently fixed to the same locality.

Stephanoceros Eichornii (after Ehrenberg). a,

pharynx; b, stomachal cavity; c, ova contained in

the ovary ;
d, retractile muscle ;

c, gizzard con-

taining the masticatory apparatus;/, rotatory organs

resembling those of a Bryozoon.

* Ehrenberg.
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Continuous with the free margin of the shell is a delicate membrane
connecting it with the bases of the cilia-bearing lobes around the

mouth, so as to allow those organs, when not in use, to be retracted

within the cell by a mechanism resembling that provided in Bower-

banJcia for the retraction of the tentacula.

(520.) To the posterior

extremity of the body is

generally appended a pair

of forceps composed of two

movable pieces (figs. 73

and 78), used as anchors or

instruments of prehension

;

and by means of these the

little creatures fix them-

selves to the confervae or

aquatic plants amongst

which they are usually

found. In Brachionus ur-

ceolaiis the prehensile for-

ceps (fig. 73, o,p) is attached

to the extremity of a long

flexible tail, wherein the

muscular fibres destined for

its motions are distinctly

visible.

(527.) The cilia, whose
action produces the appear-

ance of wheels turning upon

the anterior part of the body,

are variously disposed, and
from their arrangement*

Ehrenberg has derived the

characters whereon he bases

the division of the class

into orders. The peculiar

Fig. 73.

Brachionus urceolaris (after Ehrenberg).

—

a, 4, c,

rotatory apparatus and marginal teeth of the shell;

d, “ calcar,” or tubular prolongation of the shell

communicating with the visceral cavity; e, oculi-

form spot;/, gizzard with its inclosed masticatory

apparatus
; g, stomachal cavity; h,h, cnecal appen-

dages to the stomach ; k, common outlet
; l, lateral

canals to which the vibratory organs are attached
;

m, contractile vesicle
;

n, ova
; o, flexible tail, in

which the muscular bands are distinguishable

;

p, terminal forceps.

movements excited by the vibration of these organs, was long a puzzle
to the earlier microscopic observers, who, imagining them to be really
wheels turning round with great velocity, were utterly unable to
conceive what could be the nature of the connection between such
appendages and the body of the animal. The apparent rotation has,
however, been long proved to be an optical delusion, and to be pro-
duced by the progressive undulations of the cilia placed in the neigh-
bourhood of the mouth.

(528.) With respect to the agents employed in producing the
* Abhandlungen der Koniglichen Akademie dor WissenschafUn zu Berlin, for 1(133.
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ciliary movement in the Rotifera, we are as much in ignorance as we

are concerning the cause of the same phenomenon in the olj astiia.

Ehrenberg describes the cilia as arising from a series of lobes as

represented in Notommata clavulata {fig. 78, a ) ;
these he regards as

being muscular, and capable of producing by their contractions the

rapid vibrations of the Mice attached to them. We confess,

however, that such lobes, even was their existence constant, seem

very clumsy instruments for effecting the purpose assigned to them,

and it is not easy to conceive how the rapid and consecutive undula-

tions, to which the appearance of rotation is due, can be produced by

organs of this description.
#

?529.) The observations of Dr. Arthur Farre* concerning tie

ciliary movements visible upon the gemmules of some of the Bryozoa

appear best calculated to throw light upon the nature of the action of

these wonderful appendages, and to explain the cause of the apparent

rotatory motion of the so-called wheels of the Rotifera. The \eiy

accurate observer alluded to remarks that, under high powers, the

cilia have the appearance of moving in waves, in the production o

each of which from a dozen to twenty cilia are concerned, the highest

point of each wave being formed by a cilium extended to its fu

length, and the lowest point between every two waves by one folded

down completely upon itself, the intervening space being completed

by others in every degree of extension, so as to present something

of the outline of a cone. As the persistence of each cilium m any

one of these positions is of the shortest possible duration, and each

takes up in regular succession the action of the adjoining one, that

cilium which, by being completely folded up, formed the lowest
,
pom

between any two waves, in its turn by its complete extension forms

the highest point of a wave ;
and thus, while the cilia are alternately

bending and unbending themselves, each in regular succession afte

the other, the travel onward, whilst the cJ.=
change their position in this direction, having, m fact, no lateiat

m
°(530.) The whole of the ciliary movements are so evidently under

the control of the animal as to leave not the slightest ou t in

mind of the observer upon this point. The whole fiinge o ci ia ™)

be instantly set in motion, and as instantaneously stoppe ,
01 ien

action regulated to every degree of rapidity. Sometimes one 01 two

only of the waves are seen continuing their action, whilst tne

mainder are at rest ;
or isolated cilia may be observed slowly bending

and unbending themselves, while the others are quiescent. It is \v

the constant succession of these movements that the eye is seduced o

follow the waves which they seem to produce, and thus the apparen

rotation of the wheels is easily understood.
^

* Phil. Trans, for 1037.
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4

.

(531.) M. Dujardiu’s explanation of this phenomenon is based upon
the fact that if equal and parallel lines placed at equal distances from
each other become bent at regular intervals, so as to overlap the neigh-

bouring liues, they produce dark intersections somewhat resembling

the teeth of a saw, instead of a uniform surface (fig. 74). In this

manner the vibratile cilia, being arranged parallel to each other and

separated by similar interspaces, would equally intercept the light, so

that none would appear more conspicuous than others ; but if, in con-

sequence of a general movement propagated along such a row of cilia,

some of them, by being momentarily bent down, are placed in juxta-

position with the neighbouring cilia, the light being more intercepted,

a darker or more obscure line will be the consequence. It is easy,

then, to conceive that, when all the cilia thus bend themselves in

regular succession, numerous intersections of this kind will occur

apparently progressively advancing in the direction of the propagation

of the movement
; consequently, if each of these intersections whilst

iu motion preserves the same form, as being formed by the same
number of equal lines, the inclination of which is similar as respects

each other, it will give to the eye the appearance of a solid body of a
definite shape, such as the teeth of a saw, or of a wheel in uniform
movement. In this way it is easy to understand how the rectilinear

rows of cilia iu Plagiostoma and Leucophra among the Infusoria, as
well as those of the Alcyonella and Flustne, give rise to the appear-
auce of an endless chain, and how, in the same manner, the circular

rows of cilia in the Rotifera produce the appearance of a dentated
wheel in motion.*

* To render intelligible the production of this wheel-like appearance by ciliary move-
ment, we annex M. Dujardin’s figure representing the position of a row of cilia at a
given moment. In this it is to bo supposed that the straight cilia which are parallel
and equidistant from each other are susceptible of successive oscillations, like the cilium,
a, b, the first of the series, each capable of describing by a uniform movement the angle
li, A, c, of which the apex is at the point of attachment, by changing, its position from
the perpendicular, a, b, till it attains the position A, c,and then returning with the same
rapidity of motion to its first condition, a, u, repeating continually similar movements in

both directions. Now, as the other cilia of the series only commence this movement one
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(532.) Such being, as we conceive, the nature of the ciliary motion,

we will proceed to examine the uses to which it is made subservient

in the class of animals under consideration. A very slight examina-

tion of one of these creatures under the microscope will show that

the cilia answer a double purpose: if the Rotifer fixes itself to some

stationary object by means of the anal forceps, it is precisely m the

position of a Bryozoon; and the ciliary action, by producing currents

in the water all directed towards the oral orifice, ensures a copious

supply of food, by hurrying to the mouth whatever minute aliment

may be brought within the range of the vortex thus caused ;
or, on

the other hand, if the animal disengages itself from the substance to

which it held by its curious anchor, the wheels, acting upon the

principle of the paddles of a steam-boat, carry it rapidly along with an

equable and gliding movement.
_ . ,

(533.) The whole ciliary apparatus, when not in use, is retracted

within the orifice of the shell, and lodged in a kind of sheath, formed

for it by the inversion of the tegumentary membrane. The muscular

fasciculi by which this is effected, are very conspicuous ;
they arise

from the lining membrane of the shell, and run in distinct fascicu i

in a longitudinal direction to be inserted into the lobules whereon the

cilia are arranged (fig. 78, in, in).
. v f

(534.) But, besides these retractor muscles, other fasciculi o

muscular fibres are distinctly seen to run transversely, crossing

the former at right angles : these are, most probably, the agents

provided for the extrusion of the wheel-like apparatus ;
for, arising,

as they do, from the inner membrane of the hard integument, they

will, by their contraction, compress the fluid m which the visceia

float, and, forcing it outward towards the orifice of the shell, it will, oi

after the other, each being in advance of the preceding one on the le

J
hand

teenth part of the space occupied by the entire wave and the same distance & m t^

which succeeds it on the right hand, at every fourteenth interval, the cilia present them

selves in the same state of flexure, and a row of cilia in motion presents, for the instan ,

the appearance represented in the figure, in which at spaces of from fourteen to fit ee

cilia there is a shaded intersection, which advances with a uniform movement from leit o

right as each cilium successively assumes the position of that w 11c 1 o o\\ s 1

Suppose, now, the duration of each oscillation divided into fourteen instants, a g'

cilium will occupy successively the positions A, b, or, ao, A n, a m, a , a , ,

A h, A c, in the space n, a, c, during the first half of the oscillation, t e

taking place from left to right. The other positions during the second halt ot

oscillations, the movement being from right to left, are, A g, a/, a e, a ,
A c,

A a a ;
the position A d being the same as A, b, or A o, constituting the linn o it-

second half of that oscillation and the commencement of a new one.

In this manner the intersections, having the appearance of the teeth of a saw, will

tn ...I...,..,.,, with a uniform motion in the direction of the movement of oscillation,

l of a chain or row of pearls in motion, in the case of a rectilinear

JoIvTf cilia, or of a toothed wheel, if the cilia are disposed in a circle.—( Vide DujarJm,

Hist. Not. dcs Jnfusoires.)
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course, push before it the wheels, so as to evert the tegumentary

membrane connecting them with the shell, by unrolling it like the

finger of a glove, and thus causing the rotatory organs to protrude

at the pleasure of the animal.

(535.) We have already described the means whereby the Rotifera

procure a supply of food, namely, by exciting currents in the sur-

rounding water ; the materials so obtained pass at once into a

pharynx, the relative capacity of which varies considerably in different

species: from the pharyngeal receptacle it is conveyed into a

singularly-constructed gizzard, to be bruised and broken down by

an apparatus provided for that purpose ; thus prepared, it is allowed

to enter a third cavity, wherein digestion is accomplished, which

may be called the stomach, and this, after becoming gradually con-

stricted in its diameter, terminates at the caudal extremity of the body.

(536.) The usual arrangement of the digestive apparatus will be

readily understood on reference to the annexed figures ; thus, in Ste-

phanoceros Eichoniii (Jig. 72), the pharynx («) is very capacious,

receiving readily the materials brought into it by the ciliated arms

;

the gizzard (e) is a small globular viscus, containing the instruments

of mastication hereafter to be noticed
;

while the digestive cavity

properly so called (b), which presents no perceptible division into

stomach and intestine, extends from the gizzard to the anal aperature.

(537.) In Brachionus urceolaris (Jig. 73) the pharynx or oesopha-

gus
(
e
)

is less capacious ; the gizzard (/) exhibits through its trans-

parent coats the peculiar dental organs placed within it ; and the

stomach (g) is seen partially folded upon itself by the retraction of

the body. We observe, moreover, in this animal, appended to the

commencement of the stomach, two large c;ecal appendages (h, h),

which were scarcely perceptible in the last figure, and which, no
doubt, are of a glandular nature, furnishing some fluid to be mixed up
with the bruised aliment contained iu the stomach, to assist in the

digestive process. To these secreting caeca, Ehrenberg has chosen to

give the name of pancreas, but for what reason it is difficult to con-

jecture, since the first rudiments of a pancreas are only met with in

animals far higher in the scale of animal existence
; every analogy,

indeed, would lead us to denominate these caeca the first rudiments of

a liver, by far the most important and universal of the glandular

organs subservient to digestion, and in a variety of creatures we shall

afterwards find it presenting equal simplicity of structure. In
the Notommata centrum the caeca are merely two pouches opening
into the top of the stomach, whereas in Notommata clavulata there are

six of these appendages (Jig. 78, e, e) communicating with that

enlarged portion of the digestive canal (c) which may be looked upon
as the proper stomach.

(538.) We must now revert to the consideration of the dental
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apparatus contained in the gizzard, represented in situ in fig. 73, /,

and exhibited on a still larger scale in fig. <6. This curious

masticating instrument consists of three distinct pieces or teeth, which

are made to work upon each other by the contractions of the gizzaid,

so as to tear in pieces or bruise all matters made to pass through the

cavity containing them. The central piece {fig. 73, /) may be com-

pared to an anvil presenting on its upper surface two flattened facets

,

and upon these the other two teeth, that might, without much stretch

of fancy, be compared to two hammers, act. Each of the superior

teeth may be described as consisting of two portions united at an

angle : the larger portion, or handle

as it might be called, serves for

the attachment of muscles ;
whilst

the other part is free in the cavity

of the gizzard, and works upon

the facets of the anvil, the edge

being apparently divided into teeth

resembling those of a comb, and

evidently adapted to bruise or tear

substances submitted to their ac-

tion. Such is the transparency of

the whole animal, that the effect

of these remarkable masticating

organs upon the animalcules used

as food is distinctly visible under

a good microscope, and if the

Rotifer be compressed between

two pieces of glass, so as to

break down the soft textures of

its body, the teeth may, from their

hardness, be procured in a detached

state for minute examination.

The whole apparatus described

above evidently resembles very

closely the kind of stomach met

with in the Crustacea, to which

the Rotifera will be found gradu-

ally to approximate.

Fig. 75.

Melicerta ringens (after Prof. A\ illiamson).

—a, a, ciliated lobes constituting tlie ro-

tatry apparatus ;
b, hooks, called by Schafer

“the lips;” c, rotatory flap, or “pellet-

cup” (Gosse) ; d, tentacular organs ;
e, giz-

zard containing the gastric teeth ; /, upper

stomachal cavity
; g, inferior stomachal ca-

vity ; 7j, anal outlet ; i, protuberance occa-

sioned by the act of defecation ;
k, ovary

;

l, dilated oviduct ;
m, filamentary sper-

matic tube (?) ;
n . w, muscles of caudal

appendage ;
o, prehensile organ ; p, corpus-

cles floating in the peri-visceral fluid ; q, q,

ova nearly ready for expulsion.

(539.) In Melicerta ringens the alimentary canal commences with a

small oval orifice situated near the sinuated disc formed by the rota-

tory organs. It opens into an oesophagus that conducts the food

down to the gastric teeth {fig. 75, l, e). These, according to Pro-

fessor Williamson’s very excellent memoir upon the subject, are im-

planted in a large conglobate cellular mass, which completely invests

them. Their appearance, when highly magnified, is accurately re-
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Fig. 76.

presented in fig. 76; they consist of two essential portions, a pair

of strong crushing plates, which bruise the food, and various appen-

dages affording leverage and facilitating the actiou of the muscles

upon them. The crushers are two broad elongated plates {fig. 70, a),

each being about -

35 ,5
th of an inch long, and separated from each other

at the mesial line, near which they become much thickened. From

each of these plates there proceed laterally numerous parallel bars

{fig. 70, b, b), all of which are somewhat thickened at their inner

extremities, where they are attached to the plates, whilst at their

opposite ends they are united with the others of the same side by a

curved connecting bar {fig. 70, c, c), from the outer sides of which

are given off various loops and processes. The three uppermost of

these bars are the largest, the rest gradually diminishing in size and

strength as well, till the inferior ones become almost invisible.

(540.) From the upper extremities of the two crushers there project

upwards and backwards two slender

prolongations {fig. 76, cl), which are

united by a sort of double hinge near

this apex, where they not only play

upon each other but also on a small

central fixed point {fig. 70, e
)
lodged

in a little conglobate cellular mass.

Ehrenberg only describes three trans-

verse bars on each side, which he re-

gards as teeth
; it is obvious that he has

only noticed the three upper and larger

pairs. It is equally evident that these

transverse teeth, as he terms them, do

not move upon the strong longitudinal plates, as he imagines, but
are firmly united with them. Muscles are either attached .to the
divergent peripheral processes, or to the cellular mass in which these

processes are embeded, causing the entire apparatus to separate along
the mesial line, by means of the hinge-joint {fig. 76, e), the so-called

teeth merely transmitting the motor force to the two longitudinal plates.

These latter appendages ar.e thus made to play upon each other with
great power, and to act as efficient crushers, bruising the food before
it passes into the stomach, as is the case with the gastric teeth of the
Crustacea.

(541.) From the above remarks it will be seen, that though, in
its construction, the dental apparatus is more complex than is repre-
sented by Ehrenberg, in its mode of working it is less so. The con-
globate oigan in which this apparatus is imbedded, is transparent and
composed of numerous large cells, each of which contains a beautiful
nucleus with its nucleolus. The cells are only seen when the organ is

ruptured between two plates of glass, when they readily separate from

Gastric dental apparatus of Meli-

certa ringens.—a, crushing plates
;

It,

c, lateral framework
;

d, handle-like

processes
;

e, central fixed point

(after Prof. Williamson).
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one another; but the nuclei, with their contained nucleoli, are dis-

tinctly visible in the living animal. Delicate muscular threads most

probably penetrate this organ to reach the dental apparatus, but then-

presence Professor Williamson has hitherto been unable to detect

satisfactorily.
, ,

(542 )
After passing the dental organs, the food enters an elongated

stomach (fig. 75, 1, f) with very thick pulpy parietes. In young

examples these walls are colourless and transparent, but an more-

matured specimens they exhibit a bright-olive hue. The whole cavity,

as well as the oesophagus leading to it, is lined with cilia that are

constantly playing. On rupturing this organ, it is seen to be composed

of a thin pellucid external membrane exhibiting no distinct structure

;

but, within which is a thick layer of large tinged epithelial cells.

These are easily detached from the membrane, when each one is seen

to be spherical, containing numerous yellow granules and very often

a nucleus with its nucleolus. The cilia are attached to one side of

these cells, the great length of the former constituting the most

marked feature of this arrangement. It often, indeed, equals the en-

tire diameter of the cell. Some of the cells exhibit no cilia, others are

only furnished with them on one side, while a few appear to be fringed

with them throughout their entire circumference. Professor Wil-

liamson supposes that in the latter case the cells liaie piojected con

siderably into the cavity of the stomach. The yellow granules are

absent from those of young animals, showing clearly that it is these

contained granules that give the colour to the parietes of the sto-

(543.) This stomach appears to be chiefly a receptacle for the food.

From time to time, especially when the viscus is distended, portions

of its contents pass down into a lower stomach {fig. 75, 1, g), which is

separated from the upper one, by a marked but varying constriction.

The second stomach is also lined with cilia, even larger than those of the

upper viscus, but the parietes are very much thinner and more trans-

parent, the cells being less easily traced. The diameter of the organ

is nearly the same in each direction so that it is almost sphenca .

The mass of food with which it is usually distended is constant y

revolving, the motion being due to ciliary action. This piocess goes

on for some minutes, after which the creature coutiacts its body an

forces the entire contents out of this viscus into a long narrow cloaca,

that terminates externally by an anal outlet, at fig • 75, 1, h. As it

does this, it everts a considerable portion of the cloaca, thus almost

bringing the cloacal outlet of the stomach to the exterior, and causing

at the same time a large transparent protuberance (fig. 75, 1, i) to be

developed on the corresponding side of its body. At other times the

creature can draw in these appendages so that scarcely any trace of a

cloacal canal is visible.
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Lower half of the body of Meli-

certa ringens, highly magnified.

—

a, lower stomach ; 4, c, lower portion

of ovary and oviduct ; cl, intestine

;

e, filamentary spermatic tube (?) ; f,

g, g, retractor muscles; h, corpus-

cles swimming in the peri-intestinal

fluid, regarded by Ehrenberg as ner-

vous ganglia.

(544.) Notwithstanding the microsco- Fi9- 77-

pic size of the Rotifera, and the conse-

quent difficulty of detecting the more

minute details of their structure, Ehren-

berg thinks he has succeeded in discover-

ing filamentary nerves, and nervous

masses, distributed in different parts

of their body; an arrangement which

not only would account for the complete

association of their voluntary movements,

but would, from the presence of ganglia,

render these animals capable of possess-

ing some of the local senses ; indeed,

Ehrenberg imagines he has discovered

such to exist in the shape of red specks,

to which he gives the name of eyes.

The organ alluded to is a minute red

spot, indicated in the figures (figs. 73

and 78); nevertheless, no organisation

has been described of such a nature as

to entitle us unhesitatingly to designate

it an organ of vision, even if it should, as he intimates, invaluably be

in connection with a nervous mass, which, from examining his drawing

of the arrangement of the nerves, we should have little expected to

be the case.

(545.) The nervous system of Notommata clavulata, as described by
this indefatigable observer, is represented in fig. 78. It would seem
to consist of several minute nodules,

(Jig . 78, i, i,) exhibiting a some-
what symmetrical arrangement, and disposed apparently in pairs

;

some of these nodules, which are about ten in number, communicate
with each other by delicate filaments, whilst others seem to be quite

insulated from the rest.

(546.) Every one who is acquainted with the difficulty of conducting

microscopical observations, especially with the high powers needful in

detecting structures so minute as the nerves of the Rotifera, will be
exceedingly cautious in admitting the complete establishment of facts

involving important physiological principles
; and we cannot help

thinking that Ehrenberg has been misled by some appearances which
it is impossible for the most correct observer always to guard
against, in assigning to the Rotifera an arrangement of the nervous
system so totally different from what is met with in any other class of

animals, as that represented in his figure, from which our engraving
has been accurately copied.

(547.) All our ideas of the physiology of the nerves would lead us

to suspect some error. The uses of ganglia, as far as wo know at
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present, are either to associate nerves derived from different sources,

or to serve as centres for perception, or else they are for the concen-

tration of nervous energy. The position of the ganglia depicted in

the figure as being in relation with the nervous threads would scarcely

seem to be consistent with either of the above offices, and therefore

we cannot but regard the observations that have been hitheito

recorded conceruiug the nervous system of the Kotifeia as fai fiom

being complete.

(548.) Professor Williamson observes that these small organs, which

are so common amongst the Rotifera, and which Ehrenberg regards

as nervous ganglia, are abundant in the Melicerta, but they afford no

countenance to the hypothesis of the great Prussian professor. They

appear to be nothing more than small cells or vesicles, formed of

granular viscid protoplasm, very similar to that into which the yolk of

the egg becomes divided. Sometimes they float freely in the fluid

which distends the integument and bathes the viscera. At others,

thin ductile threads pass from one vesicle to another, as represented

in fig. 77, h, where these objects are delineated as they appeared

in one individual, in the clear space immediately below the viscera.

They differ as widely as possible in their size, number, and proportion.

So far from being nervous vesicles, they appear rather to be cells

modified into a rudimentary form of areolar tissue. That they are

hollow vesicles or cells, very viscous, readily cohering, and, owing to

this coherence, readily drawn out by the movements of the various

organs to which they are attached, are facts capable of easy demon-

stration.

(549.) Leydig conceives the nervous system of Lacinularia to con-

sist of—first, a ganglion situated behind the pharynx, composed of

four bipolar cells with their processes : secondly, of a ganglion at the

beginning of the caudal prolongation, composed of four larger gang-

lionic cells and their processes :—the last-mentioned cells are described

by Mr. Huxley, as vacuolar thickenings, finding no difference what-

ever between them, and the thickenings in the disc, which Leydig him-

self allows to be mere thickenings.

(550.) Mr. Huxley’s own view upon the subject is as follows :
* —

On the oral side of the neck of the auimal, or rather upon the under

surface of the trochal disc, just where it joins the neck, aud therefore

behind aud below the mouth, there is a small hemispherical cavity,

which seems to have a thickened wall and is richly ciliated within.

Below this sac, but in contact with its upper edge, is a bilobed homo-

geneous mass, which Mr. Huxley believes to be the true nervous centre.

(551.) On the nuchal region of many species of Rotifers, are two

remarkable organs {fig. 75, l, d, d), which, from their structure, appear

to perform the office of tentacula, although various uses have been

* Microscopic Journal, No. 1, p. 9.
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assigned to them by different observers. Ehrenberg supposed them to

be connected with the respiratory functions, while Dujardiu compares

them, with much greater probability, to the antennae and palpi of the

Entomostracous crustaceans. In Melicerta ringens,* these organs,

when fully protruded, are seen to be terminated by a brush of fine

divergent setae {fig. 75, 2, a,) implanted on the convex side of a small

deltoid body {l) ;
from the flat side of this latter appendage there

proceeds along the interior of the tube, towards the body of the

animal, a delicate muscular band (c), which by its contractions draws

the deltoid body backwards, thus inverting the extremity of the tube,

and forming a double sheath protecting the setae. The whole appa-

ratus, observes Professor Williamson, is very similar to that seen

in the tentacles of the snail, and appears to constitute rather a tac-

tile than a respiratory organ. This is rendered the more probable

by the fact, that when the animal first emerges from its tesselated

case, the extremities of these two tentacles are the first parts to

make their appearance, the two

curved hooks, named by Schafer

covered a vascular apparatus,

consisting of transverse vessels Notommata clavulata (after Ehrenberg).

-

(fiO • * ^)> ^ which he a, rotatory organs; b
f gizzard; c, stomach;

supposes a circulation of the intestine; e, caecal appendages to stomach;

the lips {fig. 75, l, b), being the

next. The set® are usually

half drawn into the inverted

tentacle, but they project suf-

ficiently forward to constitute

delicate organs of touch, sup-

posing the deltoid body, into

which they are implanted, to

be endowed with sensibility.

Tbe animal cautiously protrudes

these tentacles before it ven-

tures to unfold its rotatory

organs, but it does not direct

them from side to side, as an

insect does its antennas.

(552.) In addition to the

elaborate organisation described

above, the Prussian naturalist

conceived that he had dis-

* Williamson, loc. cit.
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position, is more than doubtful, as there seems every reason to suppose

that the appearance depicted in the figure is due to the existence of

the transverse muscular bands, whereby the extrusion of the rotatoiy

apparatus is effected, analogous to those occupying a similar situation

in the Bryozoa.

(553.) The mode in which respiration is effected, in the class of

animals under consideration, has been a subject of much dispute.

Some have supposed the contact of water, applied to the general sur-

face of the body, sufficient for the aeration of the nutritious juices,

especially as its constant renewal would be ensured by the ciliary

movements. Bory St. Vincent, on the contrary, regarded the lota-

tory cilia as real gills, resembling those of fishes ;
and, mistaking the

movements of the gizzard for the contractions of a heart, conceived

these animalcules to be even superior to insects in the organisation of

their vascular svstem. Ehrenberg, however, thinks that he has dis-

covered an internal respiratory apparatus of a most extiaoidiuaiy de-

scription. In Notommata centrum he remarked seven vibrating points

on one side, and six on the other, attached to twro long and undulat-

ing viscera, which he elsewhere describes as being the testes of

the auimal (Jig. 73, l
) ;

the above-mentioned points were never at rest,

and appeared to be placed in determinate positions opposite to each

other. Accurate observations, he says, have shown each to be a pecu-

liar little organ, provided with a tail resembling that of a note in

music, and to be thrown into vibration by three little vesicles, or folds

of their inflated extremity ; these organs floated freely in the abdomi-

nal cavity by their enlarged portion, while by their tail they weie

attached to the long tubular organ above referred to.

(554.) Ehrenberg's first idea on seeing these organs, was, that they

formed a vascular system, executing movements of pulsation ; but he

now considers them as internal branchiae, or organs of respiration,

to which the external water is freely admitted in the following

manner.

(555.) Tn many species of the Rotifera, we find, projecting from the

neck of the animal, a horny tubular organ, called by Ehrenberg the

Calcar, or spur {fig. 73, d) ;
this he at first considered to be the male

organ of sexual excitement, but he now regards it as a syphon, or a tube

of respiration, through which the circumambient water passes freely

into the cavity of the body. He thinks, moreover, that the periodical

transparency, and the alternate distension and collapse of the animal,

seen to occur regularly in almost all the Rotifera, are produced by

the introduction of water into the visceral cavity, and its subsequent

expulsion therefrom, upon which action the fluctuations observed in

the interior of the body would therefore depend. The supposition

* Diet, cles Sciences Naturelles
;

art. Rotifera.
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that water is injected in this manner into the body seems to be favoured

by other appearances
;

for, when the internal cavity is thus filled, all

the viscera appear isolated, so that the boundaries of each can be dis-

tinctly seen, but when the water is discharged they approximate each

other, their limits become confounded, and the external membrane of

the body assumes a crumpled appearance.

(556.) Upon reviewing the above account of the mode of respiration

in the Rotifera, w7e must say that we consider that the office assigned

to the little orgaus called branchiae is extremely problematical, especi-

ally as we have but the most vague intimations concerning the existence

of a circulating system at all, much less of such a double circulation

carried on in arteries and veins as the presence of such organs would

infer. “ I presume,” says Ehrenberg, “ that the branchiae possess a

vascular system ; for, when the local contractions occur in the body

of the animal, we see distinctly a certain number of filaments (ves-

sels?) loose and delicate.” The opinions of the Professor himself

concerning the nature of the organs which he describes being so indefi-

nite, we must pause before adopting the physiological views to which

their admission would lead ; more especially as, from the very fact of

the whole visceral cavity being perpetually filled with aerated fluid,

the existence of any localised organs of respiration could hardly be

esteemed necessary.

(557.) The two lateral bands above mentioned {fig. 73, /), with which

are connected the “ trembling gill-like organs ” of Ehrenberg, are now
considered as constituting a peculiar apparatus, distinguished as the

“ Water Vascular System ” of which, as they exist in Lacinularia soci-

alis, the following description is given by Mr. Huxley.* In this species

there is no contractile sac as in other genera, but two very delicate

vessels, about WiWh of an inch in diameter, clear and colourless,

arise by a common origin upon the dorsal side of the intestine. The
vessels separate, and one runs up on each side of the body in the

direction of the mouth. Arrived at the level of the pharyngeal bulb,

each vessel divides into three branches ; one passes over the pharynx

and in front of the pharyngeal bulb, and unites with its fellow of the

opposite side, while the other two pass, one inwards, and the other out-

wards, in the space between the two layers of the trochal disc, and

there terminate as crnca. Besides these, there seemed sometimes to be

another branch just below7 the pancreatic sacs.

(558.) A vibratile body is contained in each of the caecal branches,

and there is likewise one on each side in the transverse connecting

branch. Two more are contained in each lateral main trunk, one

opposite the pancreatic sacs, and one lower down, making in all five on

each side. Each of these vibrating bodies is a long cilitlm
(Wo o

th of

* Quarterly Journal of Microscopical Science, No. 1, p. fi.
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an inch), attached by one extremity to the side of the vessel, and by

the other vibrating with a quick undulatory motion in its cavity, giving

rise, as Siebold remarks, to an appearance singularly like that of a

flickering flame.
.

(559.) The last subject that we have to consider relative to the

internal economy of the Rotifera is, the conformation of their genera-

tive apparatus, which here assumes a considerable perfection of deve-

lopment. The reproductive system is composed apparently of two

distinct parts ;
the one subservient to the formation of the ova, the

other destined either to furnish some secretion essential to the comple-

tion of the egg, or, as is more probably the case, secreting a fertilising

fluid by which the impregnation of the ova is effected prior to their

escape from the body.

(560.) In Melicerta ringens, as we learn from Professor Williamsons

admirable memoir, the ovary is a hollow sac, consisting of a very thin

pellucid membrane, filled with a viscid granular protoplasm of a light

orey colour, in which may he perceived some twenty or thirty nuclei,

each containing a nucleolus in its interior ;
these seem to he succes-

sively selected for development after the following manner: One o

the nuclei situated near the surface of the ovary attracts around it a

small portion of the granular protoplasm, which becomes detached

from the remaining contents of the ovary. The portion thus specially

isolated, gradually enlarges, assuming at the same time a darker hue,

and the nucleus slightly enlarges, while its central nucleolus appears

to become absorbed. When the ovum, thus separated from the

ovarian protoplasm, has attained its full size, it becomes invested by

a thin shell, which is apparently a secretion from its own surface. The

ovum being thus ready for expulsion [fig. 75, i, q), is slowly forced

down to the lower part of the ovary, and, sweeping round the inferior

border of the lower stomach, passes through the dilated oviduct { fig.

75, l, l), and enters the cloaca; whence, by a sudden contraction, it is

expelled.

(501.) At this point of development the yolk consists of a single seg-

ment ; but very soon the central nucleus becomes drawn out and di\ ides

into two, this division being followed by a corresponding segmentation

of the yolk. The same process is repeated over and over again, unti

at length the yolk becomes converted into a mass of minute ce s.

The first trace of further organisation which presents itself appeals

in the form of a few freely-moving cilia; these are developed at two

points, one at fig. 79, l, a, c, which corresponds with the future head,

and the other near the centre of the ovum, b, which is destined to

become the cavity of the stomach ;
shortly after this appearance of

cilia traces of the dental apparatus become recognisable ;
this again

being soon succeeded by the union of the entire mass of yolk-cells,

and tie formation from them of the various organs of the animal.



ROTIFERA. 193

The cilia now play very freely, especially at the head
twists itself about in its shell, and two red spots,

c, c, regarded by Ehrenberg as organs of vision, ap-

pear. The young animal now bursts its shell,

and presents the appearance represented in fig.
79, its whole organisation, though obscurely seen,
being that of the perfect animal, and not of a
larval state.

(502.) The young Melicerta, when first batched,
is fiee, and swims about actively in the water for
a short period, when, attaching itself by its caudal
extremity to some foreign object, it proceeds to
manufacture for itself a tube for its future resi-
dence by means of a most remarkable apparatus
appointed for the purpose. This is the appen-
dage called by Professor Williamson the fifth

rotatory flap {fig. 75, i, c), and named by Mr.
Gosse* the "chin," or “pellet-cup," in which the

a, the creature

Fig. 79.

minute masses whereof the tube is formed are prepared. Into this
cup-like organ foreign particles are continually brought, at the will of
the animal, by ciliary action, and collected into little pellets, which
aie deposited as quickly as they are completed in successive rows
around the foot, until a tube is completed of sufficient size for the
lodgment of the little Rotifer {fig. 79, 2

,
a, b).

(563.) In the remarkable genus Asplanchnia it has been ascertained
by Mr. Dalrym pi e f that these animals are bisexual

; and, moreover, that
t le male individual is one of the strangest organisms as yet discovered.
1 n the female the sexual apparatus is very completely developed, consist-
ing of an ovary, an ovisac, vaginal canal, and vulva, the whole beino- so
transparent that the development of the embryo throughout all°its
stages is readily observable, and its progress watched from the time of
the formation of the egg to its birth. The eggs are of three kinds

:

the first, of ordinary structure, wherein the formation of the female
embryo is easily witnessed while contained in the body of the parent;
but towards the latter end of. the season, ova are furnished of a totally
different character, which are apparently destined to remain through the
winter undeveloped until the following year. In a third description ofovum an embryo may be observed to become developed gradually, from
a germinal vesicle until it begins to assume a definite shape and inde-

n!culi«r t

m0Tent

\^
henWe

f
e at once struck with the remarkable

fhe . r^i
111 US f°rm> 8ize

’ ancl organisation
; and this is

the male, which will require special description.
(ob4.) This male is about fths of the size of the female, generally

* Micros. Journal.

t Vide Phil. Trans, for 1049, pi. xxxiii. and xxxiv

o
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resembling it in shape, but more flattened at the lower part, or fundus,

and more prolonged at the side, corresponding to the vaginal opening

in the female which in the male presents a similar valvular opening,
m tlie temaie, wrncu i

Within this vai ve 1S observed
though comparatively smaller in « ^ ^^^ aM„0j

seen°to healedwith molecularbodies in a constant tremulousmovement

r, • cn „ wRipir Mr Dalrymple denominates the sperm-bag, a

projects into the canal, aforementioned

as leading to the lateral opening; and around the extremity of this

nro ecting process, and even within it to a short distance, is a visible

ciliary motion, indicating a canal; on the neck of the sperm-hag is a

fasciculus of delicate muscular fibres, which are inserted along he

commencement of this evident penis, and over the latter oigan i

membranous sheath is reflected. Muscular bands, arising from the

tegumentary parietes of the animal in the vicinity of the valvulai

openhm, go to be inserted into the root of the penis, and may be 1

quently observed drawing it up to the opening, and even extending it

beyond the body of the animal. Muscles also for the purpose

oneuhm the valve, very similar to those employed for the same purpose

in the female, and the bands which bring the penis forward clearly show

it to be an extrusory organ, and to form a complete male apparatus.

The snerm-bag evidently contains active spermatozoa.

(565 )
Although Mr. Dalrymple never had an opportunity of obsei -

itJ any action bevoiul the extrusion of the penis, Mr. Bri0htwell o

Norwich * has observed in seven different instances the direct^copuhu

tion of the two sexes; clearly demonstrating this important feet,

thus establishing the dioecious character of this remailiable fai y.

(566 )
But there is another circumstance connected with thes

Rotifers almost without parallel in the animal creation The ma e as

^ been said possesses the same general figure as the female ;
it lias

also the contractile cloacal cavity, named by Mr. Dalrymple the lespi

ratory sac,” as well as the “water-system,” furn shed with thevxbratory

or ciliated tags. It has also the ordinary rotiferous apparatus

heal through the agency of which its various movements of locomo-

tion are performed; the red “ eye-spot ” likewise is distinct It has

however, no mandibles, no pharynx, oesophagus, panel ea ic g an ,

stomach; there appear to be no organs of de^«tjt.on, 0

assimilation; only, at the lower part of the animal, on ‘he "the. mde

of and opposite to the valvular opening, are thiee small o

massed together, having no communication by tube or otherwise, u

fixed in their places by short ligaments that may be rudiments o

stomach.^ (lifference 0f sex in these two forms, proceeding from

* Vide Annals of Nat. Hist, for Sept., 1848.
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the eggs of the same individual, is plainly evidenced by the fact, not
only of the difference of structure, and the presence of active sperma-
tozoa in the male, but by the observed fact of the intromission of the
male organ into the vaginal canal of the female. That the male
animal is produced by the female, and developed within the ovisac in
the same manner as the female embryo, is also proved by many obser-
vations. The absence of all organs for the sustentation of life by food
leads to the belief that it is created for a single purpose, and that its
term of existence is very short. In this respect it somewhat resembles
the drone, or male Bee, whose utility seems to be confined to the
impregnation of the perfect female or Queen.

(508.) That a single impregnation is sufficient for the production of
many young is proved by the female continuing to breed in water in
which no male can be discovered; but young females so produced will
not go on to develope others, unless a male be born amongst them.

CHAPTER X.

Epizoa.

(o09.) Not only are the internal parts of living animals occasionally
made the residence of creatures adapted by their organisation to live
under such circumstances, but there is an extensive class of beings
destined to an equally parasitical life, so constructed as to be capable
of attaching themselves to the external parts of other creatures, from
which they suck the nourishment suited to their nature.

(570.) These parasites are commonly found to infest Fishes
Crustaceans, and other inhabitants of fresh and salt water; generally
fixing themselves in positions where an abundant supply of animal
juices can be readily obtained, and where, at the same time, the water
in which they are immersed is perpetually renewed for the purpose of
respiration. The gills of fishes, therefore, offer an eligible situation
for their development, as do the branchim of other animals

; or they are
sometimes found attached in great numbers to the interior of the
mouth in various fishes, deriving from its vascular lining, or from the
abundant secretions met with in such a locality, a plentiful supply of
food, while they are freely exposed to the currents of water which themode of respiration in the fish brings in contact with them.

y L
,) ^

llied
’ however, as these creatures are in the nature of their

mode oi life to the entozoa, it is easy to perceive that, from their resi-
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. , tllo w1 „ +hev enioy a far greater capability

leuce upon the surface of

intercourse with the external world ;

0f action, and a more en a ^ possessed 0f organs winch

so that we are not supns «

'JCalJminthoid ent0zoa would have been

in both the Sterelmmtliou ^ individuais 0f either of those

entirely useless
JTfound external organs developed ;

but in the

classes, therefore, have we fo

uterest
.

ng fom> ^ first sproutings

SlreXSaled members, which in higher classes attam then

perfect development.
organised of these animals exhibit,

<»»•) The
,

lef ‘It t Ld ringdar shapes, resembling rather

icfperfec^embryos^than mature beings ;
the firs, buddings of externa!

limbs, in the earlier period Fig. 80.

of foetal development, imi-

tating not very remotely the

appearance of the rudimen-

tary appendages
represented

in the annexed figure* {fig-

80). But this resemblance

is not confined merely to a

fancied similarity iu outward

form ;
it exists in the phy-

siological relation that there

is between the embryo and

the Epizoon, and seems de-

pendent upon that great

principle which inseparably

connects the perfection

of an animal with the cha-

racter of its nervous system

:

the nerves of the Epizoa aie

simple filaments, the ganglia
the inperfection of the

being indistinct or scarcely de,e oped the mp^^
^ ^

limbs is a necessary consequence ^ t the nerves are

earliest stages of foetal growth, w iei

j observe the resemblance,

as yet but mere threads, it ,s rnteestmg to observe

^^
even in outward appeaiance,

lition of the Epizoa which

stage of its growth, and the permanent condition ot the M
" e

(573)°A greatnumber of species of these parasites,
^'“^thors

meTariitics exhibited in their outward form are, of curse,
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exceedingly great
; but tbe examples depicted in the figure, namely,

the Lemma gobina, found in the branchiae of Coitus Gobio and
Lemma radiata, which infests the mouth of Corypheena rupestris, will

make the reader sufficiently acquainted with their general appearance
and external structure. In the former parasite, of which an anterior

and posterior view are given in the engraving (a, b), the appendages
seen upon the head and sides of the body answer the purpose of hooks
or grappling organs, whereby the creature retains its position ;

and so

firm is its hold upon the delicate covering of the gills, that, even
after the death of the fish, it is not easily detached. In the second
example (c, d), besides the rudimentary limbs, the lower surface of the
head and ventral aspect of the body (of) are covered with sharp spines
calculated to increase very materially the tenacity of its hold upon the
suiface from which it imbibes food. The sacculi appended to the
posterior part of the animal are receptacles for the eggs, and will be
explained hereafter.

(574.) These examples, however, are taken from the most imper-
fectly organised Epizoa

; but, as we ascend to more highly-developed
species, we shall at once see how gradually an approximation is made
to the aiticulated outward skeleton, and jointed limbs, met with in the
homogangl iate forms of being, until at last the zoologist remains in
doubt whether the more elaborately-constructed ought not .to be
admitted among the crustacean families, which they most resemble.

(575.) The Adheres percarum (Jig.

81) is one of those species most nearly
allied to the Articulata

; and the
details of its anatomy having been fully

investigated by Nordmann,* it will serve
as a good example of the type of struc-
ture which prevails throughout the class.

(576.) The Adheres is found to infest

the perch
(
Perea Jluviatilis), adhering

firmly to the roof of the mouth, to the
tongue, or sometimes even to the eyes of
that fish ; in which situations it is con-
cealed by a brownish slimy secretion,
so that its presence might easily escape
the notice of a casual observer.

(577.) The female, represented in the
figure, is about two lines in length

; the
male, which differs materially from the
other sex in many points, is considerably
smaller.

Beitdige ZM Natar8es°kichte der wirbellosen Thiere; Berlin,

Fig. 81.
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(578.) The outer covering of the bod, of these little creates is «
A, seen to have assumed a horny hardness approximating the

= J=« --
the Lerneans the

1

p0sterior pair of these appendages is

struction ;
and m

of attachment, whereby

the Actheres fixes itself to the gums of the fish. The hinder pair of

extremities alluded to {fig.
81, b, b) are in fact, enormously ^atopd,

they curve forward after their origin from the posterior pai

tnmk and are so much extended that they project considerably beyon

the head of the creature, where, becoming considerably attenuated, the

inined together by a kind of suture, and suppoit, upon th

noLt where they are united, a cupshaped organ whereby the creature

fixes itself This singular instrument, (represented upon an enlarg

It Aa 80 it is of cartilaginous hardness, and resembles a little

cavity, it is c«p«blo of taking a most teuacous bold upou the

m
(^he "mbets (fig. 81, .) ate much iess developed but

•tie nevertheless so constructed as to assist materia y ®

Episoon ; they are represented upou a

where the outer pair (a, a) aie’Seen o *
articulated limbs;

(M), ’being armed with three spines, will assist in effecting the same

°bj

(5

C

81.) The mouth itself (fig. 8*, a. «) is forced

ciples the external orifice being surrounded with a circle

recurved spines well calculated to ensure its A^m application

surface from which nourishment is obtained ,
au ,

wi
nQ

mentary jaws furnished with strong teeth are visi , P ’

doubt to scarify the part upon which the mouth is placed, n

t ensnrel adequJsupply of food. In the male Adheres, the suck-

ing-bowl possessed by the female does not exist ;
the prehensile organ

being merely four stout articulated extremities, armed at the end wit

Stl

(T4
1
)' aT we might suppose, from , the nature of the food upon

vvhfch this creature lives, the alimentary system is extremely simple.
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The oesophagus, the course of which is represented by clotted lines in
the next figure, terminates in a straight digestive canal [fig. 83 ,«), which
passes through the centre of the abdomen, but no separation between

Fig. 82 .

stomach and intestine is visible : the entire tube, from the transverse
constrictions visible upon its surface, has a sacculated appearance, and
is perceptibly dilated towards the centre of the abdominal cavity

;

after which it again diminishes in size as it approaches the anal orifice

(&), situated at the posterior extremity of the body.

(583.) Near the termination of its course, the alimentary canal
passes through a loop formed by
transverse bands

(
n , n), and, more-

over, seems to be retained in its

position by radiating fibres appa-
rently of a ligamentous character,

but which has been described as

representing a biliary apparatus.

(584.) The muscular system of

this animal is far more perfect in

its arrangement than in the pre-

ceding classes, and the delicate

fasciculi which move the rudi-

mentary limbs are visible through
the transparent integument {fig.

81). In the abdomen, the muscles
form longitudinal and transverse

bands, that intersect each other
at right angles

(fig. 83, cl); an
arrangement not very different from what we have already seen in
the rotiferous animalcules.

(585.) The nervous system appears to consist principally of two
ong filaments (Jig. 83, c), that run beneath the alimentary canal :

ut it is cxtiemely probable that these communicate with some
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minute ganglia in the neighbourhood of the head , at least,

perfect structure of the oral apparatus, and the development of the

limbs, would seem to indicate such a type of stiuctu

(586.) The generative organs in the female AMm. .constat of

ttvo parts- the ovaria, wherein the eggs ore formed, contained in the
t \o pa ts tne ova

external appendages,
abdonnual cavity (fig . bl, d, aim u

^ rinr ex-
„ t qi y {

\

which are attached to the postenor ex

“eSjrf
1

tte body' for the purpose of containing the eggs until their

complete development is accomplished; this arrangement tie shall

again have an opportunity of examining in the eutomostiac

"TsSvTThe internal ovaria {fig. 83, /), when distended with ova,

occupy a great part of the cavity of the abdomen and present a race-

mose appearance ;
but when empty, as represented upon the oppo

side of the same figure (*), each is found to be a simple.U,n^
with sacculated walls, opening externally by an onfic °

which the ova are expelled into the egg-sacs, where then develop

ment is completed. , , ,,

(588 ) It would seem that, even when the eggs are hatched the

excluded young are far from having attained their peifect oi

adult form ;
but undergo, at least, two preparatory changes^

metamorphoses, during which they become possessed of exter

organs so totally different from those they were furnished with

leaving the egg, that it would be difficult to imagine them to be

merely different states of existence through which the same amma

Pa

(589.) On first quitting the egg, the young Adheres is, in fact by

uo means adapted to the parasitical life to which it is subsequently

destined; possessing no organs of prehension lme i°
, h 0f

hut merely two pairs of swimming feet, each armed with a brush of

minute hairs, and calculated to propel it through theater. Be

however, the first change is effected, another set of feet may he^per

ccived through the transparent external covering, encase ,
’

in the first ;
when these are completely formed, the original shin falls

off, displaying, in addition to the two new pairs of swimmi g ,

three pairs adapted to prehension ;
and it is only when t e secon

of feet is thrown off in a similar manner that the annua

perfect or mature form.
TTpi^nA

(590.) The affinities between the more liighly-organ

and the Crustacea are evidently very strong; yet, indepen ent y

of the different character of the nervous system, there is ano lei

important distinction between them, derived from their compara-

tive anatomy. In the Crustacea, the organs of circulation and

restoration are well developed and easily recognisable ;
but, in the

class we are now considering, uo parts adapted to either of those
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functions have hitherto been satisfactorily discovered : neverthe-
less, that the Epizoa form a gradual transition from the humbler
creatures we have hitherto examined to the great division of

articulated animals, must be obvious to the most superficial

observer.

(591.) In Lamproglena pulchella we have a still more decided
approximation to the crustacean type of structure, and the rudimen-
tary feet arranged in symmetrical pairs are as numerous as the seg-
ments of the body. The limbs, however, are

as yet only adapted to secure a firm hold upon
the structures vvhereunto this parasite attaches
itself, namely, the gills of the chub ( Cyprinus
Jeses), in which situation it is most usually
found. The two anterior pairs (fig. 84, b, c)

are far more largely developed than those
which are placed upon the posterior parts of
the animal, and are apparently strengthened
by a cruciform cartilaginous frame-work seen
through the transparent integument. The
first pair of these holding feet consists of

two robust and powerful hooks, terminated by
simple horny points ; whilst the second, which
are likewise unciform, terminate in trifid

prongs, and are evidently equally adapted to
prehension. The four pairs of members that
succeed to these are mere rudiments, and can
be of little service as organs of attachment

;

but, to make up for their imperfection, we
find at the posterior extremity of the body,
between the orifices of the ovaria

(g), a pair
of cartilaginous suckers well calculated to fix

this part of the animal.

(592.) The muscular system is readily seen through the transparent
skm : four longitudinal bauds are visible (d), running from one end
to the other, and, besides these, broad transverse fasciculi are dis-
cernible in the fifth and sixth segments of the body

; from the nature
of the feet, however, and general structure of the creature, we must
imagine the existence of muscles provided for the movements of each
articulated member, although, from their extreme minuteness, they
escape detection.

1 lie opening of the mouth is placed in the centre of the
space bounded by the four anterior prehensile hooks

; and the alimen-
tary canal is a simple tube passing straight through the body to
the tail, where the anal orifice is distinguishable. The walls of
tie intestine have a reticulated appearance, being covered with a
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dud of glandular net-work, that probably constitutes a biliary

iP

(5940

S

in a creature thus highly organised we may well expect to

ind senses of proportionate perfection, and m Larnproglena then

ixistence is no longer doubtful. The eyes are distinctly appa en ,

if a reddish colour; but, as yet, as m the lowest crustaceans

united into one mass. The antenme, likewise, which may be regarded

as special instruments of touch, are well developed ;
and both in

number and position, resemble those that characterise the crus

tacean orders, to which we are thus conducted by almost imperceptible

Sl

(595°)

1

The reproductive organs are entirely similar to those of

Adheres already described. Those of the female, represented m

the figure, consist of sacciform ovaria, wherein the ova are secreted

and from these, when mature, the eggs are expelled through

simple triangular orifices situated on each side of the anus.

CHAPTER XI.

Echinodermata.* (Cuv.)

(596.) The last class of beings belonging to the Nematoneurose

division- of the animal world seems, upon a partial survey, to be

completely insulated, and distinct from all other forms of living crea-

tures ; so peculiar is the external appearance, and even the internal

organisation, of the families composing it. The casual observer who

should, for the first time, examine a star-fisli or a sea-urchin, two o

the most familiar examples of the Echinodermata met with upon our

own shores, would, indeed, find it a difficult task to associate them with

any other class, or to imagine the affinities whereby these cieatuies

are related, either to the simpler animals we have already desen e ,

or to more perfect forms of existence hereafter to be mentioned ,
t ey

would seem to stand alone in the creation, without appealing to oim

any portion of that series of development which we have hitherto been

able to trace so continuously.

(597.) But this apparent want of conformity to the general laws o

development vanishes on more attentive examination ;
so that we

may not only follow the steps by which every family of this exten-

sive class merges insensibly into another, but perceive that, at the

”Ex,uh a hedgehog ;
Vtyta, the skin.
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two opposite points of the circle, the Echinodekmata are inti-

mately in relation with the Polyps on one hand, while, on the
other, they as obviously approximate the annulose auimals, to which
the most perfectly organised amongst them bear a striking resem-
blance.

(598.) It would be impossible within our present limits to do more
than lay before the reader the most important types of structure
exhibited by the Echinodermata; it must, nevertheless, be under-
stood that innumerable intermediate families connect the different
genera ; so that, however dissimilar the examples we have selected
for the purpose of elucidating their general habits and economy
may appear, the gradations leading from one to another are easily
discoverable.

(599.) Cnnoida.—We have already fouud that many tribes of polyps
secrete calcareous matter in large quantities, constructing for themselves
the solid skeletons or polyparies, which generally seem to be placed
external to their soft and irritable

bodies, but occasionally, as in
Fig. 85 .

Pennatula, within the living sub-

stance. Let us for a moment sup-

pose a polyp supported upou a

prolonged stem, and that, instead

of depositing the earthy particles

externally, they should be lodged
in the substance of the polyp
itself, so as to fill the pedicle,

the body, the tentacula around
the mouth, and all the appen-
dages belonging to the animal
with solid pieces, of definite form

;

such pieces being connected to-

gether by the soft parts, and sur-

rounded on all sides with irritable

matter, would thus form a complete
internal skeleton, giving strength
and support to the entire animal,

and at the same time allowing

flexure in every direction. A po-
lyp so constituted would obviously

)

when dried, present an appearance
similar to what is depicted in the
annexed engraving

{fig. 85
), representing an Encrinoid Echinoder

outward r °U - T,mt animals thus alIied t0 Polyps in their
outwaid foim have, in former times, existed in great numbers upon

sin ace o oui planet, is abundantly testified by the immense

rm
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mantities of their remains which are met with in various calcareous

trata, but their occurrence in a living state is at present extremely

•are: one minute species only has been detected in our own seas;*

vhile specimens of larger growth, such as that represented m the

mgraving, derived from tropical climates, are so seldom met with

.hat it is fortunate that one or two examples have been found

reveal to us the real structure of a race of animals once so common,

but now almost completely extinct. The body of the Encnnm (/£

85, a) (or pelvis, as the central portion of the animal is termed by

geological writers) is composed of numerous calcareous plates, varying

in shape and arrangement, so as to become important guic es o m

identification of fossil species ;
from this central part arise the large

rays (b ,
b\ each furnished with a double row of articulated appendages,

which, as well as the arms, are, no doubt, instruments for seizing

prey and conveying it to the mouth, situated in the centre of t le

body near the point «. This part of the animal, when found in a

fossil state, from its resemblance to a flower, has received the common

name of a “lily-stone.”

(600.) The body above described, with the rays proceeding 10m i
,

is supported upon a loug pedicle (e), composed of numerous pieces ;

and, upon the sides of the stem, similarly-constructed filamen ary

brauches are fixed (d, d) at equal intervals. The skeletou of an En-

crinite consists, therefore, of thousands of regulaily-sbape masses,

calcareous earth kept together by the living and irritable flesh m whic

they are imbedded, and it is to the contractions of this living invest-

ment that the movements of the animal are due; but a ter tlie ea i

of the creature, and the consequent destruction of its soft parts, tne

pieces of the earthy frame-work become separated and fall asunaei,

forming the fossil remains called “ Trochi, and known in

northern districts of our own island, where they aie iciy a un a

as “ St. Cuthbert's beads.”
_

(601.) Of the internal structure of the Encrimtes nothing is

satisfactorily known. That they possessed a distinct mout a

anal aperture is evident from the structure of the p ates o

body; but this is the extent of our information concerning

them.-!
.

. ,

(602.) Asteridce.—In order to convert an Encrinus into an annua

capable of locomotion, and able to crawl about at the bottom o t e

sea, little further would be requisite than to separate the bo y an

arms from the fixed pedicle upon which they are supported, am we

* Thompson (J. W.), Memoir concerning the Pentacrinus Europaeus ;
Cork,

18

+^For a detailed account of the fossil Encrimtes, the reader is referred to “A

Natural History of the Crinoidea, or lily-shaped Animals,” by J. S. Miller ;
4to.,

Bristol, 1821.



EC MI NODERMATA. 205

should have an animal resembling in every particular the star-fishes.

The Comatula, for example (Jig. 86), one of the lowest of the asteroid

Echinodennata, might be looked upon as an animal thus detached.

The central part, or body, which contains the viscera, is made up of

numerous calcareous pieces, having in its centre a stelliform mouth,
and near this is a tubular orifice, probably to be regarded as an anus.

Around the margin of the central disc arise five stunted arms, but
these immediately divide into a variable number of long radiating

branches, composed, like

those of the Encrinus, of

innumerable articulated

earthy pieces enveloped

in a living and irritable

integument. We find,

moreover, issuing from

the sides of every one

of the prolonged rays, a

double row of secondary

filaments, each contain-

ing an internal jointed

skeleton, and capable

of independent motion.

The complicated arms
of the Comatula, there-

fore, are not, like those

of the polyp, merely
adapted to sieze prey; but, from their superior firmness, may be
used as so many legs, enabling the animal to travel from place to

place.

Setting out from this point to trace the gradual development of

organisation in the Echinodennata, we shall observe a progressive

concentration of their entire structure. The central part, or visceral

cavity, so small in the Comatula when compared to the complicated

rays derived from it, enlarges in its proportional dimensions as the
viscera contained within it become more perfect in their arrangement;
whilst, on the other hand, the radiating or polyp form, so visible in

Encrinus and Comatula, becomes obliterated by degrees, until, at

length, almost all vestiges of it are lost, or but obscurely recognisable.
In the Gorgonocephalus (Jig. 87), the proportionate size of the rays,

vlien compared with that of the central disc, still preponderates very
considerably, although even here some concentration is manifest.
The secondary articulated filaments appended to the rays of Comatula
aie no longer recognisable, their place being supplied by the continual
division and subdivision of the rays themselves

; the same end, how-
ever, is obtained in both cases, for the numerous jomted and flexible

Fig. 86 .
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rays of OorgonocephaU, still form so man, legs, enabling the creature

to drag itself along the F,fJ B

7

•

liottoni of the sea, or to

entwine itself among

the submarine plants,

as well as supplying

the office of tentacula

in securing food.

(603.) Continuing

our progress towards

more perfect foims of

these remarkable ani-

mals, we at length

arrive at genera in

which the rays be-

come divested of all

elongated appendages,

either in the shape of

articulated lateral fila-

ments or dichotomous ramifications In Opliiurus, for instance

Fig. 88 -

{fig

so

881 the rays are long and simple, resembling the tails of

many’ serpents-a circumstance from whence the name of the
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family is derived
; nevertheless, on each side of every ray we still

trace movable lateral spines, which, although but mere rudi-
ments of what we have seen in Comatula, may yet assist in loco-
motion, or perhaps may contribute to retain the prey more firmly
when seized by the arms. The rays themselves are composed of
many pieces curiously imbricated and joined together by ligaments, so
that they are, from their length and tenuity, extremely flexible in all
directions, and serve not only for legs adapted to crawl upon the
ground, but are occasionally serviceable as fins, able to support the
animal in the water for a short distance by a kind of undulatory
movement. The body, or central disc, is beautifully constructed,
being made up of innumerable pieces accurately fitted together. The
mouth occupies the centre of the ventral surface, and is surrounded
by radiating furrows, in which are seen minute apertures that give
passage to a set of remarkable prehensile organs, to be described
hereafter : these are calculated to act as suckers, and so disposed as
either to fix the body of the animal, or to retain food during the
process of deglutition.

(604.) Leaving the Ophiuri, we are led through a long series of al-
most imperceptible gradations to animals apparently of most dissimilar
structure. The star-fishes (Asterias) (Jig. 92) form the next step : in
these, from the increased size of the body, the rays are united at their
origin, and become so much dilated as to contain prolongations of the
viscera lodged in their interior; an arrangement not met with in
Ophiuri and other slender-rayed Asteridie. The dilatation of the
central part proceeds, and in the same proportion the rays become
obliterated

; so that at length, the asteroid shape becoming totally lost
by the progressive filling up of the interspaces between the rays, we
arrive ultimately at completely pentagonal forms, the sides of the
pentagon being perfectly straight lines.

(605.) It is extremely interesting to remark the changes which
occur in the nature of the locomotive organs during these diversifica-
tions of external figure. We have seen that, in the lower Echinoder-
mata possessing long and flexible rays, such organs were fully adequate
to perform all movements needful for progression

; but as the mobility
of these parts is diminished by their gradual curtailment, and the
filling up of the spaces between them, some compensating contrivance
becomes indispensably necessary, and accordingly we find an apparatus
gradually developed, well calculated to meet the exigencies of the case
In Ophvurus we have already mentioned the existence of protrusible
suckers around the opening of the mouth, well adapted, from their
position, to take firm hold of food seized by the animal

;
{ind it is by

increasing the number of such organs that ample compensation is
mar e oi t le oss of motion in the rays themselves. On examining
ie oner sui ace of an Asterias, even in those forms which most
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approximate a right-lined pentagon in then; mavgn

^
h, a*

number of mys will still be found to be d.s tnotl, md ated by as

man, furrows radiating from the mouth, and mdreatmg the tre of

each division of the hod,. These •• amluha-al furrms « »re

termed, exhibit, when examined in a drted epeotmen tnwtnerable

of being

to this wonderhd me^.,

uism even leaving out of the question the means by which each

individual sucker is wielded, for of this we shall speak hemft,r bu

let any of our readers, when opportunity offers, pick up f om the

beach one of these animals, the common star-fish of our coas ,
w - ,

as it lies upon the sand left by the retiring waves, appears so incapa

movement, so utterly helpless and inanimate ;
lei^*£.

a

]ar2e class iar filled with its native element, and watch, th

spectacle which it then presents :-slowly he perceives its rays expand

to their full stretch, hundreds of feet are gradually protruded thiou

he ambulacra, apertures, and each, apparently P--*
pendent action, fixes itself to the sides of the vessel « th

becins its march. The numerous suckers are soon all e“P in-

fixing and detaching themselves alternately, some
^

adherent while others change tlieir position ;
and tliu y * ^

gliding movement, the star-fish climbs the sides of g*

fvhich°it is confined, or the perpendicular surface of the submarine

10

But it is not only as agents in locomotion that the

suckers are used; helpless as these creatures appear to be they

among the most formidable tyrants of the deep, as will be. rea y

admitted by any one who watches them m the act of tan y.

When seizing its food, the rays of the Astenasare bent towards the

ventral aspect so as to form a kind of cup,m the centre

^

the opening of the mouth; the cup thus formed will to a ce tan

extent, lay hold of a passing victim, but, without o her means of

securing it, the grasp would scarcely be very formidable to animals

possessed of any strength; armed, however, as the rays have been

found to be, with hundreds of tenacious suckers, escape is almost im-

possible, for prey once seized is secured by every pai o 1 ’

and, in spite of its utmost efforts, is speedily draggec in o 1

and engulphed in the capacious stomach, where its soft paits aie soon

dissolved. a , »

But to continue our survey of the class before us. Haying aimec

at the point at which, by the diminution of the rays and consequen

extension of the central part, the body has assumed a pentagonal

outline we may now advance in an equally gradual manner to those
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globular species, of which the Echinus, or sea-urchin, is the type or
most perfect example.

(600.) Echinidec .

—

In the Scutcllat (fig. 89), we have a flat and
shield-like body, in which even the angles of the margin are lost, and
the whole circumference acquires a circular form; but still the five
radiating ambulacra are visible upon the centre of the disc, although
evidently imperfectly developed when compared with those of the
Asterid® above-mentioned. The nature of the integument has, in
fact, become so changed in its texture, that another modification of
the locomotive organs is here imperatively called for, and the means
of progression are therefore proportionately altered. In the Asterid®,
the integuments, especially upon the dorsal aspect, are always more or
less composed of a coriaceous material, or, at least, of solid pieces so

Fig. 89.

articulated together as to permit of considerable flexibility
; but in the

Echinid® the nature of the external covering is very different for
these creatures are completely encased in a dense calcareous shell
composed of numerous angular pieces accurately fitted together and
incapable of movement. The Scutella>, moreover, bury themselves
beneath the surface of the sand, a situation in which suckers would be
of little use, but for which these animals are admirably adapted by a
contrivance not less calculated to excite the admiration of the ob-
server^ The exterior of the shell is entirely covered with minute
appendages resembling, when seen with the naked eye, delicate hairs

;

but these, when examined under a microscope, are found to be spines
of most elaborate structure, as may be seen from the magnified view
of one represented in the annexed figure (fig. 89). Innumerable as
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these spines are, every one of them is f“^L^te^in lil

hind

procuring food, or of eluding

°b

(607t° From the Hat ScuuU*, the passage to the globose Echmida
(607 )

txom
ifd series of connecting forms, many

is most gradual, and a beaut ^ ^ ^ gre|£r number found only

S“U
foliate, demonstrate the gradual expansion of the shell and

us come^ionllo the spherical figure seen in the Ecklm.

(Jig. 90). The Echi- Fiy. 90.

nus inshape resembles

an orange, its dense

calcareous crust en-

closing the viscera

within its cavity, while

the locomotive appa-

ratus is placed upon

the external surface.

The mouth is a simple

orifice in the shell

placed at one extre-

mity of its axis, and

through it, as repre-

sented in the figure,

the points of five sin

tomally^

1

while the^nal aperture is the opposite pole of the sphere.

The instruments of locomotion occupy the entire superfime! f

shell, and consist of two distinct sets of organs adapted to drf

ferent uses. The first consists of a multitude of s P

seines every one of which is articulated to a distinct and p

mined tubercle whereon it moves. These numerous sprues, tta^-

fore, which ere essentially similar in tlreir o ce 0

already described in Sadclla, differing only in propoitionate sme, aie

so many inflexible legs upon which the Echinus rolls itself from place

“
place, or by their assistance it can bur, itself in the sand with the

greatest facility. But these wonderfully-constructed animals

“

e

f
no means confined to this mode of progression; for, *“P0SS1

might appear from their outward appearance, they are a e

“octs in search of food, and thus destroy the corallines and shell-fish

upon which they principally feed. In order to effect this, we i

shell perforated with ten rows of small orifices so disposed as o

tl pairs of ambulacra extending from one pole to the other; through

[hese apertures a system of long suckers is made to issue, wind
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protruding, as represented in the figure (Jig. 90), beyond the points of
the spines, can be firmly fixed to any smooth surface, and, like the
suckers of Asterias, become locomotive agents.

(608.) Holothuridce.— Having traced the development of the

Fig. 91.
Echinodermata from the polypiform En
crinite to the globular Echinus, we now
shall find them perceptibly approximate
an annulose or worm-like form. In the

Holothuria (Jig. 105), the commencement
of this change is perceptible: instead

of being composed of hard, calcareous

pieces, the integuments of the body
now become soft and irritable, a few
thin lamirne of earthy matter around
the mouth being the only vestiges of

the shell, and the spines, of course,

are no longer met with; the suckers,

however, remain, and, when protruded
through innumerable apertures distri-

buted over the surface of the body,
they still form the principal instru-

ments of progression.

(609.) Fistularidcs.—At length, in the
last division of the class, even the loco-

motive suckers are lost, and the only
external resemblance left between the
now worm-like body and the forms above
enumerated is met with in the radiating

tentacula that surround the mouth.
The apodous Echinodermata, “ Echino-
dermes sans pieds”of Cuvier, have in-

deed been expunged from the list of

radiated animals by some modern writers,

but in every point of their internal struc-

ture we shall find them offer too many
points of similarity to permit of their

expulsion from the class under con-
sideration, although they evidently form
the connecting link between the Radiata
and the lowest families of the articu-

lated division of the animal kingdom.
The genus /' istularici {Jig. 9

1) strikingly
ex’ 1 * 1’115 approximation to the outward form of the Annelida; and the
ana omy o t ese cieatures, which we shall afterwards consider,
equally indicates the affinities that unite them.
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(610.) We have already, when speaking of the general division of the

Eebinoderiuata, put the reader in possession of all that is sa . to.nl,

known concerning the structure of the Crinotd* gene on Uow-

leilge of those singular J,e‘“g
c
“

from the mutilated
exterior conformation of two lecent p -

, • tlie

skeletons of fossil Encrinites, which exist m such abundance m the

limeston6 str&tci of our own countiy.
,

(611.) Commencing, therefore, with the AHeridaj we shall now enter

at once upon the consideration of the anatomy of such species as hne

been most carefully examined, and merely notice totally ‘he

modifications which occur in the disposition of vanous oigans

(012 )
On examining a living Asterias the outer covering of its bod)

is found to be composed of a dense coriaceous substance, m which

numerous calcareous pieces are apparently imbedded The>

integument is generally coloured externa ly with

evidently possessed of considerable irritability, as it 1 y

under the knife, or upon the application of various s imuh. m,e„

cut into, it has a semicartilaginous hardness, and fibrous bande

resembling tendon in their aspect, may he seen to

^

radrafci rom the

centre of the body towards the extremities of the lays There s no

doubt that the movements of the rays are effected

of this fibrous membrane ;
and that, especially m the most polyp l*e

forms, as in Comatula and Qorgonocephalus, the lmta e s -in

principal agent in effecting locomotion.
this

(613.) Besides the calcareous matter deposited in its

outer covering of the star-fish appears to furnish severals—s of

different descriptions. The colouring matter upon its s™“ ls "°

doubt one of these i as is a reddish fluid which exudes >Q

tegument of rubem, and is of so caustic a quaUty^

^

produce great irritation of the skin in persons by whom
the

this species are incautiously handled : moreover

whole animal is coated with a thick mucus so Hamen one

that it may be raised in thin films resembling a cobweb, and might

easily be taken for a cuticular covering.

(614.) The exterior of the body is generally rendered rou

^
even by various structures, either imbedded m tie sus

coriaceous skin or projecting from its external surfat>e * e to
already described the articulated pieces attached to t e ia)

tula and others, which seem to be the most perfectly djvdoped o ms

of these cutaneous appendages. In the common star-fish of oui

coast Similar spinous" processes, but composed of but one calcareous

piece’, are attached to the inferior margins of each ray, sometimes n

t Ttrname

i

oV\b?3

0

famUy, and of its typical genus, is derived from a star.
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several rows
; and, being still movable, they may be useful in seizin

Prey, or even as assisting in progression. Upon the dorsal aspect c.
the body are other calcareous projections, exhibiting a great variety of
forms, so as to render the entire surface of the animal uneven and
tuberculated.

(615.) But the most remarkable appendages to the integument of
the Asterias are minute bodies, which have been named by authors
PedicellaricB, and have been looked upon by many naturalists as dis-
tinct animals, allied to polyps in structure, and living parasitically
upon star-fishes and other Echinodermata. Each of these curious
processes consists of a short stem fixed by one extremity to the skin of
the Asterias, and terminating at the opposite end in two or three points
resembling in some respects the prongs of a fork : the stem itself does
not seem to be perforated by any canal; but, nevertheless, the termi-
nating points are found to be highly irritable, and quickly seize hold of
any minute body placed between them. Some writers regard these
bodies as organs of prehension, used under certain circumstances
tor fixmg the animals that possess them ; but, from their small
size and general appearance, they seem but ill adapted to such an
office.

(616.) The skeleton or calcareous framework imbedded in the skin
ot the Asteridai is by no means the least remarkable part of their
structure : this consists of several hundred pieces, variously disposed,
anc foi the most part fitted together with great accuracy

; being eithern mly soldered to each other, as we have seen them to be in the forma-
tion of the calcareous box that constitutes the central portion of
Ophiurus or united by ligaments, so as to allow of a considerable
degree of motion to take place between them, as in the rays of
(Jphiurus, Gorgonocephalus, and other asteroid forms.

(617.) In the generality of star-fishes, the arrangement, and indeed
ie entire character of the calcareous plates, differs materially in

c i erent parts of the body; and, even in the same species, considerable
modifications are observable. In the coriaceous integument forming

alherT
”/ "T*

1 ' tl,e
I>
ie“s cases seem

to be represented by calcareous granules disseminated through
the interior of the skin, or in other cases they are arranged in lines
miastoruosing with each other in all directions, so as to represent, when

o »h,ch U,‘e

* 0f S0lid P"“clc». -pen the exterior

Itaieed
C"taM0,“ dre.dy noticed ere

theTetto toT, l
h

e

e

rf

,e

tT‘^ tb“
rav is made „„

“°St perfect development; the floor of every

as the? are L ,™
nt» Series of detached pieces,' or vertebral,

strong ligame" f

610 Ca ed
’ dtted to each other and united by ar°ng b gamentoua substance, so as to form a succession of joints,

kOQ
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upon which the flexibility of the toy^
the mouth constitute a strong cue*

tbe rest of the skeleton

aperture, from which, as 10111

of the ray succeed to this;

radiates. The joints forming
fjg where the soft parts having

*SSV

—

several “a e“h ^ of unJ» tJt admits of considerable

precede and follow
,

fleldMut„ 0f the ray, so as to render it

TPS of executing ^^ «S££. -^

Cn named

th

tleZZacral holes, while the furrows seen upon the

Q-2.



ECHINODEEMATA. 215

ventral surface into which they open are designated the ambulacral
grooves.

(020.) The singular organs which, at the will of the animal, are
protruded through the ambulacral apertures, forming the principal
agents whereby, in the generality of species, locomotion is effected,

next require our notice. In the annexed figure (fig. 92) they are
seen fully extended, projecting for some distance beyond the margins
of the ambulacral grooves that occupy the centre of each ray, every
one ot them being furnished at its extremity with a sucking disc,
adapted to take firm hold upon any smooth surface. The mechanism
whereby these suckers, or feet, as they are usually called, are extended
fiom the body and again retracted, is very simple. That portion
of each foot which is external to the shell is a muscular tube,
closed at one extremity, namely, that whereunto the sucker is appended

;

w ilst, bj the opposite, it communicates through the corresponding
ambulacra! hole with a globular contractile vesicle situated within the
body of the animal. Both the tubular foot, and the vesicle appended
to it, are endowed with a power of independent action, so that, if the
vesicle contracts, the fluid within it is forced into the external tubular
portion of the organ, which thus becomes distended and rendered
erect

; but if, on the other hand, the muscular tube shrinks in turn,
the contained fluid is forced back again into the internal vesicle, and
the whole foot collapses. The arrangement referred to will be easily
intelligible on reference to the rough diagram in the next page, which
represents a longitudinal section of one of the rays of the Asterias
depicted above. The internal vesicles (fig. 93, 1

, h) occupy the floor
o each segument of the body, and, when viewed from above (fig. 95,
d), the entire series resembles strings of transparent beads placed
above the rows of ambulacral apertures, through which they communi-
cate with the tubular feet (fig. 93, l, g). In fig. 93, 2

, three of these
oigans are represented in different states of extension, and their whole
structure is developed. The foot (d) is shown protruded to its full
extent; the vesicle, much contracted, has forced the fluid which it
contained into the external tube (i), whereby it is rendered tense and
prominent. The muscular coats, that invest the exterior of the pro
traded portion, are likewise depicted

; the internal layer (/,-), imme-
diately in contact with the membranous canal continued from the
vesicle, is made up of longitudinal bands passing from the root of the
organ towards the sucker at its extremity, while the outer layer (/)con^sts of circular fibres,—an arrangement evidently adequate to the
peiioimance of all required movements.

(021.) The other portions of this diagram represent the feet in dif-
ferent stages of protrusion : in fig. 93, 2

, c
, the vesicle being partially

contracted, the tubular portion is seen in a medium state of distension ;and at b, the sucker is shown in a still more retracted state, the
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contained fluid having been completely expelled from the muscular

tube, «ud driven bach into the vesicle, winch ts d.stended to the

utmost.
Fi<j. 93 .

(622.) The fluid that thus fills the suckers, and performs so impor -

ant a part in causing all their movements, is not secreted by the vesi-

cles in which it is contained, hut is conveyed into them hy a specia

vascular apparatus, (fig. 93, 2, gj,) from which branches are given o

to each tube. The nature of the fluid, however, and the arrangeme

of the vessels through which it flows, will he more properly discussed

(023.) The whole inner surface of the elaborately-constructed box,

that forms the skeleton as well as the integuments of the star-turn,

is lined hy a thin membrane, aptly enough called the 2
^itoneum,

for, like the serous tunic so named m higher animals, it no y

spreads over the walls of the body, hut is reflected t ere lom up

contained viscera, so that they are completely inieste J i .

viscus having a distinct mesenteric fold whereby it is supported and

retained in situ. , ,

(624.) The mouth of the Asterias occupies the centre of the

surface of the body (fig. 93, l, a). It is usually described as being

simple orifice entirely destitute of teeth, although it is not impio

bable that the osseous ring around it, and the articulated spines t eie-

unto attached, may, to a certain extent, perform the office of a denta

aP
(625.rThe oesophagus is very muscular, and susceptible of great

dilation, its parietes being gathered into deep longitudinal folds.

The stomach {fig.
93, 1, b) is a wide, sacculated bag, occupying the
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central portion of the bod}', aud, like the oesophagus, is evidently
calculated to undergo considerable distension. There is no anal
orifice, and consequently, as in the polyps, the indigestible parts
of the food are again expelled through the mouth. The walls of
the stomach, as well as those of the oesophagus, contain muscular
fibres, and are further strengthened by fibrous bands, apparently
of a ligamentous character, derived from the peritoneal covering
that spreads over its outer surface. Ten narrow canals open by
as many distinct orifices into the sides of the stomach

; each of
which, after a short course, expands into a capacious ctecum {Jig.
93, l, c).

(626.) The whole of the digestive apparatus is displayed in Jig. 94 ;

every one of the five rays contains two of the ctecal prolongations

Fig. 94 .

derived from the stomach or central bag {a
) ; and in the rays marked

c, cl, e, these organs are represented in situ, but at /, they are seen
raised from their natural position and carefully unravelled so as to
display more distinctly their complicated structure. When thus
unfolded, the caeca present an arborescent appearance, the central
canal being dilated into numerous lateral sacculi, from which in
turn secondary pouches are given off; and in this manner innumerable
ramifications are formed, so that the extent of internal surface is
enormously increased, as may be seen in the ray g, wherein, the
upper walls of the caeca having been removed, their sacculated internal
structure is rendered visible.

(027.) With respect to the exact office of these capacious appendages
to ^to^ch, there exists some diversity of opinion.

'

I

^ 18 scaicely possible that they can be at all instrumental in
lges ion o food, the passages whereby they communicate with
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the central cavity being too narrow to admit any solid substance

into their interior; the digestive process would therefore seem

be entirely accomplished by tbe receptacle into winch the food is

first introduced But there is every evidence to piove that,

although they can have little part in digestion the cieca are inti-

mately connected^jvkh upon

^
^^trictly°analogo

8
us in function to the intestinal canal of other

animals • ^he great extent of surface which they present internally

would alone lefd to this supposition, even did not the natuie of th

material usually found in them, namely a pultaceous cramy
_

flu d

evidently a product of digestion, abundantly confirm this view of

their nature. The matter seems, however, to be put beyond a

doubt by the arrangement of the vascular system connected with

these organs, as the veins that ramify so extensively through then

walls are here, as in other Echinodermata, the only agents y

which the absorption of chyle can be effected ;
this wi l be evident

when we examine the organs subservient to the circulation of

(629 )
Those physiologists who have adopted a different view of the

nature of the cmcal appendages to the stomach, consider them to be

adapted to the secretion of some fluid, and probably represent-

i„/a biliary apparatus. Their enormous extent, however, would

alone lead us to dissent from such a conclusion ;
more especially as

another organ has been pointed out to which the Junction > of a

liver have been assigned. This is situated upon the base of the

stomach (fig. 93, i, b), and is a yellow or greemsh^dlow

sacculus, which opens into the bottom of the digestive sac by a fi e

aperture : the contents of this organ, moreover, resemble bile, both

taste and colour.* ,
.

p^poi

(630.) In the slender-rayed genera, such as Ophiun ,

appendages are not met with; but their deficiency appears to be

supplied by the plicated walls of the stomach itself the numeious

folds of which resemble lateral leaflets attache to ie cen

tral cavity. We are unacquainted with the precise oiganisa ion o

the alimentary canal in Comatulg; but, from the oii ce» visi

the shell, it would appear that in this genus, as we as in some

Crinoid species, the digestive tube was furnished witi an ana

1

(631.) The star-fishes, grossly considered, might be regarded as

mere walking stomachs ;
and the office assigned to them in t ie eco-

nomy of nature, that of devouring all sorts of garbage and o <

would otherwise accumulate upon our shores. But, as we Have
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already seen, their diet is by no means exclusively limited to such ma-
terials, since crustaceans, shell-fish of various kinds, and even small
fishes, easily fall victims to their voracity. Delle Chiaje found a
human molar tooth in the stomach of an individual which he exa-
mined. Neither is the size of the prey whereon they feed so
diminutive as we might suppose from a mere inspection of the orifice

representing the mouth ; for this is not only extremely dilatable,

but, as we have found to be the case in the Actinire, the stomach is

occasionally partially inverted, in order more completely to embrace
substances about to be devoured. Shell-fishes are frequently
swallowed whole; and a living specimen of Chama antiquata,
Lin., has been taken from the digestive cavity of an Asterias
in an entire state. It appears, moreover, that it is not necessary for
testaceous mollusca to be absolutely swallowed, shells and all, to
enable the Asteroid® to obtain possession of the enclosed animal,
as they would seem to have the power of attacking large oysters,'
to which they are generally believed to be peculiarly destructive!
and of eating them out of their shells. The ancients believed that,
in order to accomplish this, the star-fish, on finding an oyster par-
tially open, cunningly inserted one of its rays between the valves,
aud, thus gradually insinuating itself, destroyed its victim.* Modern
observations do not, as far as we are aware, fully bear out the above
opinion of our ancestors as to the mode in which star-fishes attack
oysters; although the destruction that they cause is pretty generally
acknowledged. The observations recorded by M. Eudes Deslong-
champs upon this subject are however exceedingly curious. t As the
waves had receded from the shore, so as to leave only one or two
inches of water upon the sand, he saw numbers of Asterias rubens
rolling in bunches, five or six being fastened together into a sort of
ball by the interlacement of their rays. He examined a great number
of such balls, and constantly found in the centre a Bivalve Mollusc
(Mactra Stultorum, Lin.) of an inch and a half in length. The valves
were invariably opened to the extent of two or three lines, and the
star-fishes were always ranged with their mouths in contact’ with the
edges of the valves.

* This may be gathered from Aldrovandro, who writes as follows: “Alii ostrearum
hostes sunt Stell® marina; molli crusth intecta;, verd tarn crudeliter (ut JEIianus lib ix
cap. 22, ait), inimicae ut hoec ipsas exedant et conficiunt. Ratio insidkrum quas eismohuntur ejusmodi est. Cum testacea suas patefaciant conehas, cion vol refrigeratione
egent, vel ut ahcpud pertmen. ad victum ineidat; em, uno de suis sive crurfbus siveradns mtra tcstas ostreoe hiantis insito eas elaudi prohibens, carne implentur.”-Testae,
lib. m. page 487. Thus likewise Oppian

Sic struit insidias, sic subdola fraudes
Stella marina parat, sed nullo adjuta lapillo

. _ .. . , fi

KuUur
’ et Pedibus scabris disjungit hiantes.”

t ulletm des Sciences de M. le Baron Ferussac, vol. x. p. 298.
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(032
)
Ou detaching them from the shell which they thus im-

prisoned, he found that they had introduced between the valves large

rounded vesicles with very thin walls, and filled with a tiansparen

fluid. Each Asterias had five of these vesicles ranged around its

mouth, but the, were of very unequal size
;

gel

two Wer than the rest, equal m size to large filbeits, while

the other three were not bigger than small peas. These vesicles

appeared to he attached to the Asterias by short pedicles, and

af the opposite end of each was a round open aperture through

Jhich the

1

fluid contained in the vesicle flowed out drop by drop.

No sooner was the animal detached from the shell that it was thus

sucking, than the vesicles collapsed and became no longer distin-

guishable. The Mactrce were all found to be more oi e

devoured, some having only their adductor muscles left, but

however little they had been injured, all had lost the powe

closing their valves, and were apparently dead :
nevertln^ss *ere

was nothing to lead to the supposition that only dead shell-fishes

were attacked, so that it is difficult to imagine

cles above described escaped injury from the closing of the valves

M Deslongchamps thinks that probably the Astenas pours into

the shell a torpifying secretion, and thus ensures the death of

V1C

(633.) The absorption of the nutritious portions of the food in

the Ecbinodermata is entirely accomplished by the veins distnbute

upon the coats of the digestive cavities, so that the chyle result

from digestion is at once introduced into the vessels appropriated to

Cir

(0^°lu Asterias, the intestinal veins form a fine vascular network

covering the stomach and the ten digestive caeca. The venous tiu

derived from all these sources unite to form a circular vess {fig.

95, e), which likewise receives branches derived from the ovana and

0t

m35
S

)

U

The circular vein thus formed, which seems to be the

common trunk of the venous system, communicates with another

vascular circle placed around the mouth (s), by means of a dilate

vertical tube of communication (/), which, from its muscu ar appear

ance and great irritability, Tiedemann regards as being equivalent in

function to a heart. The circle around the mouth («)
would seem to

be arterial in its character; and from it branches are derived which

supply the various viscera of the body.

(G36.j But, besides the vessels above described, apparen y so

disposed as to collect and distribute the nutrient fluids, there is another

set

P
of canals appropriated to the supply of the numerous vesicles

connected with the locomotive suckers 622) ;
these Tiedemann

regards as being totally unconnected with the vascular system properly
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so called, and considers the fluid contained in them as quite of a
different nature. Delle Chiaje, on the contrary, asserts that the two
sets of vessels are derived from each other, and describes a peculiar

apparatus connected with them as performing an important part in

effecting the protrusion of the suckers.

(637.) The circular vessels around the mouth, which forms the
central receptacle of the vascular system, resembles a sinus analogous
to those of the dura mater in man

; and is lodged in a groove between
the oral circle of vertebne and the pieces of the skeleton articu-

lated therewith. Connected with the sinus above mentioned, and
placed regularly in the interspaces between the rays, are several oval
vesicles {fig. 95, k, Jc), filled with a reddish-coloured transparent

Fig. 95.

c

fluid. These vesicles, which in Asterias auranciaca are seventeen
in number, communicate by distinct ducts with the central sinus
and are regarded by Delle Chiaje as reservoirs wherein the nutritive
fluids accumulate until expelled by the contraction of the vesicles.
Besides the arteries above described as arising from the vascular
ciicle around the mouth, according to the author last' mentioned,
\essels aie given off that communicate with the ampullae connected
with the ambulacral suckers, apparently for the purpose of supplying



ECHINODERMATA.22‘2

to them the fluid which they contain. These vessels are seen to

run along the floor of each ray, and to give off lateral branches^com-

municating with every vesicle, as represented m the enlarged sketch

(fig. 93, 2, g). By this arrangement it would seem that the contractie

organs (fig. 93, 2, e) appended to the vascular sinus,/, are in real ty

antagonists to the tubular structure of the feet, and serve as recept -

cles for fluid, which, by their contraction, they can foree into the

whole system of locomotive suckers whenever the feet are brought into

aC

f638.') The above view of the arrangement of the vascular system of

Asterias is, however, by no means universally admitted to be correct.

Professor Sharpey agrees with Tiedemann in the opinion that

the vessels of the feet form a system perfectly distinct from that o

the blood-vessels, and even supposes that the fluid by which the

ambulacral tubes become distended is neither more nor less than pure

sea-water
,

. . n

(639.) Before quitting this part, of our subject, we must briefly me -

tion a singular organ, apparently intimately connected with the circular

vessel around the mouth, and called by Tiedemann the sand canal.

This organ is represented in fig. 95, inclosed m the same sheath as

the dilated vessel, /, upon the right side of which it is placed; it

communicates by one extremity with an isolated calcareous mass, of a

rounded figure, called the madreporic plate, seen upon the extenoi o

the dorsal surface of the star-fish, while by its opposite extremity it

opens into the circular sinus that surrounds the mouth. The tube

itself Dr. Sharpey describes* as being about the thickness of a sur-

geon’s probe, and composed of rings of calcareous substance connected

by a membrane, so that viewed externally, it is not unlike the win -

pipe of a small animal. On cutting it across, it is found to contain

two convoluted lamime, of the same nature as its calcareous panetes,

which are rolled upon themselves in a longitudinal direction iu the

same manner as the inferior turbinated bones of an ox. The convo-

luted arrangement becomes more complete towards the upper end o

the tube, where the internal laminae, as well as the external articu-

lated portion, join the dorsal disc, appearing gradually to become con-

tinuous with its substance. The use of this curious organ is quite

unknown, although a variety of conjectures have been hazarded upon

the subject. The most probable appears to be that of Dr. Shaipey,

who suggests that, should the fluid which distends the feet and thetes-

sels connected with them be indeed sea-water, it may be introduced

and perhaps again discharged through the pores of the disc, by means

of the calcareous tube, which will thus serve as a sort of filter to

exclude impurities.

* Cyclopedia of Anatomy and Physiology ; art. Echinodermata.



ECHINODEBMATA. 223

(040.) The Asterias possesses no organs specially appropriated to

respiration
; but the sea-water, being freely admitted into the general

cavity of the body through a set of minute membranous tubes seen
upon the exterior of the animal, bathes all the viscera, and conse-

quently insures a complete exposure of the circulating fluids to the
influence of oxygen,—the whole peritoneal surface performing the
office of a respiratory apparatus. The mechanism whereby the sur-
rounding element is thus drawn into the body, and the process by
which its expulsion is effected, are not accurately known

; nevertheless,
apparently with a view to insure a continual circulation of aerated
watei through all parts of the system, the entire surface of the mem-
biane that lines the shell, as well as that which forms the external
tunic of the digestive organs, has been found to be covered with multi-
tudes of minute cilia, destined by their ceaseless action to produce
currents passing over the vascular membranes, and thus to keep up
a perpetual supply of oxygenated water to every part.* But it is not
only on the peritoneal surfaces that the existence of cilia has been
detected; they are found to be extensively distributed over the external
surface of the body, within the cavities of the tubular feet, and even
over the whole internal lining of the stomach and crnca.

(641.) This amazing apparatus of vibratile cilia must necessarily
serve some important purpose in the economy of these creatures; and
Piofessor Sharpev, to whose observations upon ciliary motion physiology
is deeply indebted, regards them as being most probably subservient
to respiration.

(642. The organs belonging to the reproductive system in the Aste-
rida exhibit the greatest possible simplicity of structure. The ovaria

C 'h B e
)

slender caeca, arranged in bunches around the oeso-
phagus, two distinct groups being lodged at the origin of each ray. In
Asterias auranciaca {Jig. 95), the excretory ducts are not easily seen

;

but in the twelve-rayed star-fish, especially if examined when these
organs are in a gravid state, each ovary may be observed to communi-
cate externally by a wide aperture, that perforates the osseous circle
encompassing the mouth.

(643.) The generative organs of the male individuals exactly
resemble those of the female, and are only distinguishable by the
presence of spermatozoa in their interior. The process of reproduc-
tion |- usually occurs during the spring months, at which period the
ovaria of the females are found distended with eggs, wherein the
vesicles of Purkinje and of Wagner are distinctly recognisable. These

* See the article Cilia, by Dr. Sharpey, in the Cyclopaedia of Anatomy and Phy-
siology.

t Memoire sur le Developpement des Asteries, par M. Sara, Ann. des Sc. Nat.
1844.
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ova are found in the ovaria in different stages of development, and

are laid in successive batches at different intervals.

(644 ) The newly-laid ova consist of a chorion inclosing the vitellus

and a small quantity of albumen, but the vitellus soon undergoes the

usual process of segmentation whereby it is broken up into a granular

mass ( fig. 96, 4, 5, 6, 7, 8, 9). When first deposited, the ova of the star-

fishes are not at once abandoned by the parent animals, but are retained

in a kind of cavity, formed by incurving the body and rays of the mother

until they form a sort of chamber, beneath which the eggs are pro-

tected during the earlier part of their development {Jig. 96, 2). T ie

vitellus of the ovum is entirely employed in the construction ol the

foetus which latter, at the moment of its escape from the egg, is of

an ovoid, or sub-spherical shape {fig. 96, 3), completely unprovided with

external members, but enabled to swim vivaciously about in the sur-

rounding water by means of the cilia with which its body is profusely

covered, giving it exactly the appearance of an infusorial animalcule

;

-indeed this may be called the first, or infusorial condition of the

young Asterias.

Fig. 96.

(645.) After the lapse of a few days certain appendages begin o

make their appearance, sprouting, as it were, from the antenoi pai o

the body, and ultimately appearing as four club-shaped processes [Jig.

06 10 ll 12, 13, a, a) surrounding a fifth prominent protuberance, ,

whereby the little creature fixes itself to the sides of the incubatory cau y.

The body of the little star-fisli now becomes gradually flattened into a

minute circular disc, upon one surface of which-hence at once distm-
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guishable as the ventral—the rudiments of tentacula begin to be appa-

rent, under the form of minute globular protuberances, disposed in ten

concentric rows
( fig. 00, 14

,
15

,
c, c).

(046.) If in this condition the little being is detached from the spot

where it has fixed itself, it is still able to swim about in the surround-

ing water by means of its ciliated surface always keeping the organs of

attachment directed forwards; but if left undisturbed, it remains per-

fectly still and motionless, presenting what M. Sars denominates the cri-

noid state of development. At this stage the body of the young star fish

may still be said to be bi-lateral; for, in all its movements, the organs
of attachment are directed forwards, and both sides of the body corre-

spond exactly to each other [fig. 96, 12); but by degrees this bi-lateral

condition is converted into the radiated form that characterises the
third, or perfect condition of the Asterias; the body gradually assumes
a pentagonal outline, from the angles of which short blunt rays, begin
to project (fig. 96, ic), and the tentacula, now presenting the form of

retractile cylinders, and completely furnished with their terminal
suckers, become efficient instruments of locomotion. The red spots,

regarded by Ehrenberg as the eyes, are visible at the extremities of
the nascent rays ; the mouth shows itself in the centre of the ventral

aspect of the body, and numerous spines make their appearance.
Lastly the apparatus for attachment begins to diminish in size, and
soon completely disappears, so that the young Asterias, having attained
its perfect form, is ready to enter upon the duties of its station.

(647.) According to the observations of Agassiz, the eggs of the star-

fish, after they are laid, are taken up by the parent animal, and kept
between its tubes below the mouth. The star-fish bends itself around
them, surrounds the eggs with its suckers, and moves about with them.
When the eggs have been removed to some distance from the animal,
it has been observed to go towards them, take them up again, and
move off with them, showing that these animals, so low in structure
and apparently deprived of all instinct, really watch over their young.
As the growth of the embryo commences, the external crust of the
germ becomes more transparent, consisting of somewhat looser and
larger granules, and the internal mass assumes a darker colour, so that
two layers become distinct, between which a third is developed. On
one side of the germ a protuberance becomes now developed, and the
prominent portion separates more and more from the spherical mass,
and assumes by degrees the form of a peduncle. At this period
there is not any organ formed, only changes of substance have taken
place ; but now little swellings appear in five points on the sides, and
the spherical portion of the germ becomes flattened by lateral dilata-
tion.

(648 )
The little animal has grown to a more hemispherical shape,

and ftom this time there is an upper and a lower surface to its uin-
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brella-like disc, and there is a tubular part and a swollen portion to

the peduncle. As soon as the peripheric part of the disc begins to

spread, five little tubercles may be observed forming underneath, and

into these tubercles the peculiar aspect of the middle one extends.

Soon other prominent swellings appear, two to each of the former

ones, and subsequently two more. While this is going on, calcareous

nets are formed by the accumulation of crystals in the cel s of the

term At first there are little isolated crystals, formed as nuclei m the

cells and then several close together will unite, and form a little

irregular mass, and they will at last combine so as to constitute a net-

work of solid substance, arranged very regularly and gradually becom-

iim more and more numerous, marking out more and more distinctly

the rays of the little star-fish. The tubercles of the lower surface

mowin'0 more prominent and elongated, are finally transformed into

the suckers, or ambulacral tubes. With the addition of new calcareous

nets, these latter become more numerous, and form finally rows of

tentacles. Other changes have also taken place. The cells within

the peduncle have undergone alteration. Some have become movable,

and a kind of circulation is going on in them. The internal space

alon° each ray has become more transparent ;
the ambulacral tubes

have° become 'hollow, and from that time there seems to be a com

munication between the external water and the internal structure.

What remains of the yolk is more distinctly circumscribed m the

centre of the animal, extending as a star-shaped disc into the rays.

The radial portion becomes finally distinct from the central one, and

we have at last an internal cavity, which is the stomach, from which

the cmcal appendages of the rays, with their liver-like organ, will be

developed. . , ,

(649.) The peduncle is reduced to a mere vesicle ; a hole is lormea

in the centre of the lower surface constituting the mouth ;
around this

a circular thread becomes visible, answering to the nervous system,

from which other threads extend towards the extremity of the rays

;

and by the time the young star-fish has attained the size of about a

line in diameter, it has thus assumed the form and structure of a

perfect animal.
_

(650.) Among the most interesting contributions to our knowledge

of this group are the researches of Professor Muller, * relative to the

embryonic condition of the Ophiuridce, from which it has been ascei-

tained that during the progress from the egg to the mature condition,

the individuals belonging to that family undergo a series of changes

that are truly surprising in their character.

(651.) The youug Ophiurus, on leaving the egg, presents itself

under a most grotesque form, in which condittion it has been long

* Uebcr die Larven und Metamorphose der Ophiuren und Secigol, Von Han Muller,

Berlin Trans., 1846.
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known to naturalists, and described under the name of Pluteus, or
Easel Animalcule, from its resemblance to a painter’s easel.

(652.) The Pluteus paradoxus (Jig. 97) is exceedingly minute,
being not more than fths of a line in length. When highly magnified,

Fig. 97.

1. Pluteus paradoxus —a, a, lateral arms; b, b, inferior ditto; c, c, anterior ditto;
n, d, posterior ditto; a, mouth; a', oesophagus; l, stomach; c, granular bodies, the
nature of which is uncertain ; d, cmciform appendages, which make their appearance
around the oesophagus and stomach, and which are the first indications of the develop-
ment of the star-fish; e, ciliated bands; /, calcareous framework of the skeleton;
g, zone of cilia surrounding the apex of the body; x, nervous system. 2. Further
development of the caeciform appendages, d they begin to exhibit the appearance of
the body or central disc of an ophiurus. (After Muller.)

its body is seen to be somewhat of a conical shape, terminating above
in a point, but dividing interiorly into eight long processes or°appen-
dages of various dimensions, to which it owes its peculiar figure

( fig.
97, l, a, b, c, d). Each of these processes is supported, by an internal
calcareous framework, derived from the interior of the body (fig. 97,
l, /,) which, branching out in different directions, forms a basis whereon
the soft parts are spread out. The whole animal is perfectly trans-
parent, its substance resembling dull glass, the apex of the body and the
extremities of the arms or processes being slightly tinged with oraime.

(653.) These singularly-formed larva;—for such they are—are found
abundantly during the months of August and September, crowding
the surface of the sea in rich jprofusion, swimming freely about by the
aid of rows of cilia (c), with which their arms and the apex of their
bodies, g, are plentifully furnished. They possess, moreover, a dis-
tinct nervous system, consisting of two little ganglia (4 situated just
beneath the oral aperture, from wdience delicate nervous threads may
be traced in different directions.

(6.) l.) Ihe first appearance that presents itself, indicating the com-

q 2
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mencement of metamorphosis is, the development of a number of

csecal appendages around the stomach and oesophagus of the Pluteus

(Jig. 97, 1, d), which soon increase so much in number, that they form

a series of rows surrounding the stomachal cavity. At first these

rows of caeca do not extend beyond the body of the Pluteus, remaining

as it were concealed beneath its disc, but soon acquiring greater deve-

lopment; they make their appearance externally, and begin to assume

some regularity of arrangement {fig. 97, 2), in which the rudimentary

form of the star-fish begins to be perceptible, and the points whence

the arms are to proceed become appaient.

(055.) In carrying out this part of the proceeding, it will be ob-

served that the original arms or processes of the Pluteus {fig-
97, l, a, b,

c, d) have had no share. The Pluteus, in fact, stands just m the same

relation to the young Ophiurus as the frame does to a piece of embroi-

dery ;
neither has the structure of its arms anything in common with

that of the rays of the future star-fish, which lies, as it were, protected

beneath their shelter. As soon as the caecal appendages have arrived

at this state of development, and assumed so much regularity oi

arrangement, calcareous earth begins to be deposited in an arborescent

form, which accumulates rapidly until a kind of trellis work is formed,

spreading over the entire surface of the young Echinodenn. As the

cseciform appendages thus become arranged into a regular figure, the

place where the mouth of the Pluteus was, becomes distorted, and, as

it were, forcibly pushed upwards, until it remains no longer visible, its

place being occupied by the central mouth of the newly -formed star-

fish {fig. 98, 2). .

(656.) In the condition which it has now attained, the young stai-

fish is still much smaller than the rest of the Pluteus ;
but, as its

growth continues from this point, the body and processes of the latter

assume more and more the appearance of being only appendages to

the newly-developed animal, until by degrees they entirely disappear,

the only part of the Pluteus remaining as a part of the young Ophi-

urus, being the stomach.

(657.) Before, however, the arms of the Pluteus have entirely dis-

appeared, the feet, or retractile suckers have begun to show themselves,

arranged in a circle around the circumference of the shield {fig. 98, l, 2),

so that it is able to creep freely about in the sea.

(658.) Shortly before the disappearance of the last remnants of the

Pluteus, the arms or rays of the Ophiurus are already visible, projecting

prominently from the margin of the shield {fig. 98, l, 2), but consisting

as yet only of the outer or terminal joint of the future ray ; the

movable spines likewise begin to show themselves, and the characters

of the future Echinodenn begin to be recognisable {fig. 98, l). Ulti-

mately new segments begin to be added to the rays making their

appearance between the primitive segment and the margin of the disc,
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the original segment retaining its size and figure unaltered, while the

succeeding ones differ in their shape, assuming a polygonal form,

which varies in different species. The places where all new segments

Fig. 98.

1. Ophiurus in a still more advanced stage of development, showing the larva portion
(plutcus) in great part obliterated—first appearance of the mouth and tentacles. 2. The
larva has entirely disappeared, and the feet and spines of the Ophiurus begin to develope
themselves. 3. Shows the mode of growth of one of the rays—the terminal or pri-
mitive segment is easily recognisable, to which the following segments succeed in the
order of their formation. (After Muller.)

are formed are in the shield itself, at points situated upon the ven-
tial aspect, between the inter-radial spaces, and each successive seg-
ment pioduced being at the base of the ray, is of course larger than all

that preceded it (Jig. 98, 3
,

4 ).

(059.) In order to complete the history of the Aslerida, we have yet
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to mention the nervous apparatus wherewith they aie furnished.

This consists of a simple circular cord, that runs around the mouth

of the animal; from this ring, three delicate filaments are given off

opposite to each ray, one of which, according to Tiedemann, runs

along the centre of the ambulacral groove upon the under surface of

the body, and gives minute twigs to the locomotive suckers placed on

each side of its course; the other two filaments pass into the visceral

cavity, and are prohahly distributed to the internal organs. There are

no ganglia developed on any part of this nervous apparatus ;
or at

least, if, as some writers assert, ganglionic enlargements are visible at

the points whence the radiating nerves are given off, they are so

extremely minute as not in any degree to merit the appellation of

nervous centres.

(660.) Such an arrangement can only be looked upon as serving to

associate the movements performed by the various parts of the animal,

for no portion of these simple nervous threads can be regarded as

being peculiarly the seat of sensation or perception. But this infe-

rence is not merely deducible from an inspection of the anatomical

character of the nerves ;
it is based upon actual experiment. We have

frequently, when examining these animals in a living state, that is,

when with their feet fully developed they were crawling upon the sides

of the vessels in which they were confined,—cut off with scissors

successive portions of the dorsal covering of the body so as to expose

the visceral cavity; but, so far from the rest of the animal appearing

to be conscious of the mutilation, not the slightest evidence of suffer-

ing was visible ;
the suckers placed immediately beneath the injured

part were invariably retracted ;
but all the rest, even in the same ray,

still continued their acction, as though perfectly devoid of participa-

tion in any suffering caused by the injury inflicted. Such apathy

would indeed seem to he a necessary consequence resulting from the

deficiency of any central seat of perception, whereunto sensatious could

be communicated; nevertheless, Ehrenberg insists upon the existence

of eyes in some species of star-fish, attributing the function of visu

organs to certain minute red spots visible at the extremity of each lay,

behind each of which he describes the end of the long neive that

runs along the ambulacral groove as expanding into a minute bulb.

We must however confess, that the proofs adduced in support of such

a view of the nature of the spots, appear to us to he anything but

satisfactory ; and as we liave already stated, in the first chapter, the

physiological objections that may be urged against the possibility of

any localised organ of sense being co-existent with a strictly nema-

toneurose condition of the nervous system, they need not be repeated

here. The general sense of touch in the Asteridse is extremely deli-

cate, serving not only to enable them to seize and secure prey, but

even to recognise its presence at some little distance, and thus direct
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these animals to their food. Any person who has been in the habit of

fishing with a line in the shallow bays frequented by star-fishes, and
observed how frequently a bait is taken and devoured by them, will be

disposed to admit this; yet to what are we to attribute this power of

perceiving external objects? It would seem most probably due to

some modification of the general sensibility of the body, allowing of

the perception of impressions in some degree allied to the sense of

smell in higher animals, and related in character to the kind of sensa-

tion whereby we have already seen the Actinia; and other polyps are

able to appreciate the presence of light, although absolutely deprived
of visual organs.

(06 1.) The Echint, however they may appear to differ in outward
form from the Asterida, will be found to preseut so many points of

resemblance in their general structure, that the detailed account we
have given above, of the organisation of the last-mentioned family,
will throw considerable light upon the still more elaborately constructed
animals that now present themselves to our notice.

(602.) The Echinida, as we have already observed, differ from the
star-shaped Echinodermata in the nature of the integument that in-

closes their visceral cavity, as well as in the more or less circular or

spherical form of their bodies ; so that the locomotive apparatus with
which they are furnished is necessarily modified in its character and
arrangement.

Fi;) . 99.

l

(003.) Ihe shell of an Echinus (Jig. 99, l) is composed of iunumc-
table pieces accurately joined together, so as to form a globular box
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inclosing tlie internal parts of the animal, but perforated at each

extremity of its axis by two large openings, one of which represents

the mouth, and the other the anus.

(GG4.) The calcareous plates entering into the composition of this

extraordinary shell may be divided into two distinct sets, diffeiing

materially in shape, as well as in the uses to which they are subsen ient.

The lai'ger pieces are recognisable in the figure by liemispheiical

tubercles of considerable size attached to their external suiface,

adapted, as we shall afterwards see, to articulate with the mo', able

locomotive spines. Each of these larger plates has somewhat of a

pentagonal form, those that are situated in the neighbourhood of the

mouth and anal aperture being considerably the smallest, and every

succeeding plate becoming progressively larger as they approximate

the central portion of the shell : the entire series of pieces in each row

resembles in figure the shape of the space included between two of

the lines marking the degrees of longitude on a terrestrial globe,

broad at the equator, but gradually narrowing as it approaches the

poles ; an arrangement, of course, rendered necessary by the spherical

form of the creature. There are ten rows of these tuberculated

plates ;
but as they are disposed in pairs, each row of large pieces

being united by a zig-zag suture with another of a similar description,

there are in reality only five large segments of the shell, each support-

ing a double row of tubercles.

(665.) The reader must not, however, conclude that the great

central tubercles above mentioned are the only parts of the shell to

which spines are affixed; hundreds of smaller elevations aie dissemi-

nated over the surface, whereunto smaller spiculse are appended,

although, from their diminutive size, these are of secondary import-

ance in locomotion.

(666.) The five large double segments that thus form the greater

portion of the calcareous shell are separated from each other by the

interposition of ten rows of perforated plates, likewise disposed in

pairs, and composed of much smaller pieces than those which suppoit

the tubercles; hundreds of foramina, piercing these ambulacral bands,

give passage to as many tubular feet or protrusible suckers, in eveiy

respect resembling those of Asterias, and distended by a similar

apparatus.

(667.) It is impossible by any verbal description, at all commen-

surate with the limits of our present undertaking, adequately to

explain the more minute contrivances visible in the disposition of every

portion of these wonderfully-constructed coverings : it is sufficient for

our present purpose to observe that the globular crust of an Ecliiuus is

made up of several hundred polygonal pieces of different sizes, and,

although presenting every variety of outline, generally approximating

more or less to a pentagonal form ;
that these pieces are so accurately
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and completely fitted to each other, that the lines uniting them are

scarcely to be distinguished, even upon the most minute examination
;

and that from the union of so many distinct and dissimilar plates

results a firm, compact, and beautiful box, similar to that represented

in the figure. The first question that naturally suggests itself on
examining a shell of this description is, concerning the object to be
attained by such remarkable complexity; it would appear, indeed, at

first sight, that a simple calcareous crust, had it been allowed to exude
from the entire surface of the Echinus, would gradually have moulded
itself upon the body of the creature, and thus have formed a globular
shell without suture, answering every purpose connected either with
support or defence.

(668.) A very little investigation, however, will suffice to show the
necessity for the elaborate arrangement to which we have alluded.

In the first place, as we shall immediately see, the earthy matter is

not deposited upon the surface of the body, but within the soft

external integument whereby it is secreted
; the interior of the

shell being filled with sea-water, in which the viscera are loosely

suspended. But a second aud more important reason for the em-
ployment of so many pieces in the construction of the shell of an
Echinus is to be derived from examining the mode in which the
animal grows ; were it to retain the same dimensions throughout the
whole period of its life, or could it at stated intervals cast off its

old investment, and secrete a new and more capacious covering, as
growth rendered the change necessary, a simple earthy crust would
have been sufficient, without the presence of such an immense
number of sutures and joinings. The calcareous plates of the
Echinus, it must be remembered, are merely secreted from the
soft parts, having no vital action going on within them, whereby,
as in the bones forming the skeletons of vertebrate animals, a con-
tinual deposition of fresh particles could be effected, allowing 0 f

extension by interstitial deposit. How, therefore, could the growth
of the Echinus be provided for? How is the gradual expansion of
the entire shell, thus composed of a dense and extravascular crust,
to be effected

;
and that without ever deranging the proportions of

the whole fabric, or necessitating a loosening of its parts ? No
other contrivance could apparently have been adequate to the pur-
pose : nevertheless, by the structure adopted, we see how admirably the
growth of these creatures proceeds in all directions; for the livin'* and
vascular membrane, that covers the whole external surface of the
body, dips down between the edges of the various calcareous pieces,
and continually deposits around the margin of each, successive
layers of earthy particles, which, assuming a semi-crystalline arrange-
ment, piogiessively increase the dimensions of each individual
plate But the continual augmentation in size, which is thus
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going on, is attended with no change in the mathematical figure of

any given piece of the skeleton ; so that, as they still increase in

diameter by the unceasing deposition of earthy matter around the

circumference of every plate, the spherical shell gradually expands,

without in any degree altering its form or relative proportions,

until it has acquired the mature dimensions belonging to its

species.

(069.) The tubular suckers or retractile feet, that are pro-

truded at the pleasure of the animal from the countless minute

apertures seen in the ten rows of ambulacral plates, are so similar

in all essential points to those of Asterias already described,

that little further need be said concerning their structure, or the

mechanism whereby their motions are effected. The tubular part

of each foot communicates with the interior of the shell by two

branches passing through two apertures, and these branches, in

some species (as Echinus saxatilis), receive offsets from the vessels

that run along the ceutre of each ambulacral groove, and convey

to the feet the fluid by which their distension is effected. In

Echinus esculentus the feet open into a plexus of vessels, formed in

leaf-like membranes, equal in number with the feet, and disposed in

double rows upon the inner surface of the ambulacral pieces,* by

the intervention of which they are connected with the canals above

mentioned.

(670.) The tubercles upon the external surface of the shell of the

Echini support a corresponding number of long spines, that, as well

as the apparatus of suckers, are employed as locomotive agents.

These spines vary materially in their form and proportionate size, aud

even in their internal structure and mode of growth, as may be readily

seen by a comparison of different species. Thus, in the flattened

forms of Scutella and allied genera, they are so minute as to require

the employment of a microscope for their investigation ;
in Echinus

esculentus {fig. 90) they are sharp, and almost of equal length over the

entire surface of the animal ;
while in the specimen represented in

the annexed figure {fig. 100), the shell of which we have already

examined when divested of these appendages, the length of the spines

that are articulated upon the large tubercular plates, fully equals the

trausverse diameter of the body of the creature, and in some cases

they are even found much more largely developed. Every spine,

examined separately, is seen to be united with the tubercle upon

which it is placed by an apparatus of muscular and ligamentous bands,

forming a kind of ball-and-socket joint, allowing of a considerable

extent of motion. In fig. 99, 2
, the structure of this articulation is

exhibited. The large tubercle (a) supports upon its apex a smaller

* Cyclopedia of Anat. and Phys. ; art. Echinodehmata.
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rounded and polished eminence, perforated in the centre by a deep

depression : the bottom of the spine, moreover (c), is terminated by a

smooth hemispherical cavity accurately fitted to the projecting

Fig. 100 .

tubercle, so that the two form complete articular surfaces. The bonds
of union connecting the spine with the shell are of two kinds : in the
first place, there is a stout ligament (a, c), extending from the little

pit, seen upon the centre of the tubercle, to a corresponding depression
visible upon the articular sui'face of the spine, resembling very accu-
rately the round ligament found in the hip-joint, and obviously a
provision for the prevention of dislocation.

(671.) The whole joint is, moreover, enclosed in a muscular capsule,

composed of longitudinal fibres (5, b) arising from the circumference of
each tubercle, and inserted all around the root of the spine : these
fibres, therefore, which must, in fact, be regarded as merely derived
from the general irritable skin that clothes the shell externally, are
the agents which, acting immediately on the spine, produce all the
movements whereof it is capable.

(672.) The next thing to be accounted for in the history of these
elaborately-constructed animals is, the growth of the spines themselves :

these, as we have already seen, are completely detached from the rest
of the shell, to which they are only secured by the central ligament,
and by the muscular capsule enclosing their base. To account, there-
fore, for the production of organs so completely insulated as the spines
appear to be, especially when we consider that there is no vascular
communication between them and the body of the Ecliiuus, would
appear to be a matter of some difficulty; and, in fact, had we not
already seen in the polyps the amazing facility with which calcareous
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matter was secreted by the living textures of those animals, it would

be almost impossible to conceive by wliat process their growth was

effected. On examining one of these appendages, taken from a

species wherein they are largely developed, when fresh, before its

parts have become dry, every portion of its surface is seen to be

invested with a thin coat of soft membrane, derived from that which

covers and secretes the whole shell, whereof indeed the muscular

capsule, enclosing its articulation with the tubercle, is only a thickened

portion.

(673.) The living covering of the spine, therefore, like the crust

that invests the cortical polyps, is the secreting organ provided for

its growth, depositing the earthy particles separated from the waters

of the ocean, layer after layer, upon its outer surface, so as to form a

succession of concentric laminae, of which the outer one is always the

last formed. The calcareous matter thus deposited has, more or less,

completely a crystallized appearance ; and on a transverse section of

the organ being made, and the surface polished by grinding, the whole

process of its formation is at once rendered evident. Such sections,

indeed, form extremely beautiful and interesting subjects for micro-

scopical examination, as nothing can exceed the minute accuracy and

mathematical precision with which each particle of every layer com-

posing them appears to have been deposited in its proper place

:

in fact, if the zootomist would fully appreciate the minuter details

connected with their organisation, it is only by the employment of the

microscope that he will arrive at adequate ideas concerning them ;
for

it is not in the number and variety of the pieces entering into the

composition of the skeleton of one of these animals, the extraordinary

apparatus of prehensile suckers with which they are furnished, or the

singular locomotive spines upon the exterior of the shell, that he will

find the most remarkable features of the history of the Echini ; it

is only by a minute examination of the intimate structure of each

of these parts that the perfection of the mechanism conspicuous

throughout can be properly understood.

(674.) The calcareous pieces surrounding the mouth of the Echi-

nus are not so immovably consolidated as those composing the rest

of the shell, but, on the contrary, admit of considerable move-

ment, whereby the prehension of food is materially facilitated. The

mouth itself {fig. 99, l) is a simple orifice, through which the points

of five sharp teeth are seen to protrude. These teeth obviously per-

form the office of incisors, and, from their sharpness and extreme

density, are well calculated to break the hard substances usually

employed as food. The points of such incisor teeth, although of

enamel-like hardness, would nevertheless be speedily worn away by

the constant attrition to which they are necessarily subjected, were

there not some provision made to ensure their perpetual renewal ;
like
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the incisor teeth of rodent quadrupeds, they are, therefore, continually

growing, and are thus always preserved sharp and fit for use. In
order to allow of such an arrangement, as well as to provide for the

movements of the teeth, jaws are provided, that are situated in the

interior of the shell ; and these jaws from their great complexity and
unique structure, form, perhaps, the most admirable masticating

apparatus met with in the whole animal kingdom
; we must, therefore,

entreat the patience of the student while we describe at some length

the parts connected therewith. The entire apparatus removed from
the shell is represented in fig. 101, and consists of the following

Fig. 101 .

parts :—There are five long teeth (c, c), each of which is enclosed in

a triangular osseous piece (a, cij
,
that for the sake of brevity we will

call the jaws. The five jaws are united to each other by various
muscles (k, k, i, i), so as to form a pentagonal pyramid, having its

apex in contact with the oral orifice of the shell, while its base is con-
nected with several bony levers, by means of numerous muscles
provided for the movements of the whole. These parts we must now
proceed to describe seriatim. The teeth (fig. 102, l, a) resemble, at the
part protruded from the mouth, long three-sided prisms, and’ at this
point they are extremely hard and brittle : each tooth is fixed in a
socket passing through the jaw (fig. 102, 2, e), from which it projects by
its opposite extremity (fig. 102, 2, af that may be called the root of the
tooth, where, instead of being of glassy hardness like the point (a)

which issues fiom the mouth, it is flexiblo and soft, resembling fibres
of asbestos, and is covered by a membrane apparently connected with
its secretion. The jaws, that thus support and partially cncloso
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these teeth, are five in number : when examined separately, each is

found to resemble in figure a triangular pyramid, the external surface

{fig. 102, 2, e) being smooth, and presenting eminences provided for the

attachment of muscles ;
while the other two sides {fig. 102, 1, b, b) are

flat, and marked with transverse grooves, so as to have the appearance

of a fine file. When the five jaws are fixed together in their natural

positions, they form a five-sided conical mass, aptly enough compared

by Aristotle to a lantern, and frequently described by modern writers

under the name of the “ lantern of Aristotle.” When thus fitted to

each other, the two flat and striated sides of each jaw are in

apposition with the corresponding surfaces of two others, so that

there are ten grinding surfaces formed, between which the food

must pass preparatory to its introduction into the digestive canal.

This arrangement will be easily understood by referring to

fig. 102, l, in which three of these jaws, each containing its in-

cisor tooth, are represented in situ, the two others having been

removed.

(675.) The five curious jaws described above are fixed together by a

set of muscles {fig. ] 01 ,
lc, k), consisting of short fibres passing between

the external edges of the contiguous segments of the lantern, and

evidently capable of powerfully approximating the grinding surfaces

and rubbing them upon each other. The jaws, moreover, are provided

with five other osseous pieces {d, d), arranged in a radiating manner

between the bases of the different segments, w7itk which they are con-

nected by ligaments, and likewise by the pentagonal muscle (t, i),

that runs from one to the other.

(070.) The above described parts complete the apparatus required

for connecting the different portions of this remarkable mouth, but the

movements of the whole are effected by a very complicated set of levers

aud muscles which must next be noticed.

Fig. 102.

a



EOHINODERMATA. 239

(677.) The levers attached to the jaws are five long and slender pro-

cesses (jig. 102, l, d, cl), each arising from the central extremity of one

of the radiating osseous pieces (c, c), and arching outwards consider-

ably beyond the base of the lantern, to terminate by a forked extremity.

But there are likewise other processes projecting from the inner surface

of the shell; these, two of which are seen in Jig. 101, b, b, are also five

in number, and are placed around the orifice of the mouth : they are gene-

rally perforated in the centre, so as to resemble so many bony arches ; and

from them, as well as from the spaces which separate them, numerous

muscles derive their origin. Of these muscles, ten (/,/) arise from

the spaces between the arches, two being inserted into the outer edge of

the base of each jaw; so that the effect produced by their contraction,

when they all act in concert, will be to approximate the whole mass of

the mouth to the oral aperture of the shell, and of course cause the

points of the incisor teeth to protrude externally; or, if they act

separately, they can draw the base of the lantern in any direction, or

cause the grinding surfaces of the jaws to work against each other.

(678.) The antagonists to the muscles last mentioned are ten others,

(g, g), arising from the extremities of the arches themselves, and run-

ning in a radiating manner towards the apex of the lantern, so that

the point of each piece or jaw receives a muscle from two of those

processes. These fasciculi, from the manner in which the arches pro-

ject into the cavity of the shell, will draw inwards the entire mass ; or,

if they act separately upon the jaws whereunto they are individually

fixed, they will produce movements precisely opposite to those caused

by the contractions of the muscles derived from the spaces between
the bony processes ; or, if both sets should act in concert, they become
the antagonists of the muscles

(
i , i, k, k), that connect the jaws to

each other, and by causing the separation of the different pieces they
necessarily enlarge, not only the opening of the mouth, but all the
passage leading to the oesophagus through the axis of the lantern.

(679.) Yet even these are not all the muscles that act upon the
masticating apparatus ; ten others (h, h), arising in pairs from the
middle of the interspaces between the arches, are connected with the
bifurcated extremities of the slender curved processes

(
e

, e), each of
these receiving a muscle from two contiguous spaces

; and, from the
length of the levers upon which these muscles act, we may well
conceive the force wherewith they will influence the motions of the
whole mass of the jaws.

(680.) Such is the complex structure of the mouth of Echinus escu-
lentus

;

a piece of mechanism not less remarkable on account of the
singularity of its construction, than as exhibiting an example of the
sudden development of a dental system, whereof not a vestigo is visible

in any of the preceding Echinoderm families. In others of the

Echinida; having the shell much depressed, the dental lantern is
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modified in form, and proportionately flattened, but the different parts

are essentially similar to those we have described.

(681.) The oesophagus {fig. 103, d) is continued from the termina-

tion of the central canal, that traverses the axis of the lantern, and,

after a short course, terminates in a

much wider portion of the digestive

tube, into which it opens on the

lateral part of its cascal origin in a

manner precisely resembling the

communication between the large

and small intestines of man.

(082.) The dilated alimentary tube

(c) presents no separation into

stomach and intestine, but is con-

tinued in a winding course around

the interior of the shell which it

twice encircles, and, becoming slightly

constricted, terminates at the anal

orifice of the shell
(
i ). The walls

of the intestine are extremely deli-

cate ;
although they may be distinct-

ly seen to contain muscular fibres,

and are covered with innumerable

vascular ramifications. The external

tunic of the whole canal is derived

from the peritoneum, that lines

the entire shell, invests the dental lantern, and forms sundry me-

senteric folds as it is reflected upon the other viscera.

(683.) The system of vessels provided for the circulation of the

blood has been differently described by different authors, a circum-

stance by no means surprising when we consider the great difficulty of

tracing such delicate and extensively-distributed canals. According

to Delle Chiaje, the course of the nutritious fluid is as follows. A large

vein runs along the whole length of the intestine, from the anus to

the oesophagus, where it terminates in a vascular ring surrounding the

mouth ;
into which, as in Asterias, the contractile vesicle, which he

considers to be a receptacle for the nutrient fluid, and the antagonist

to the tubular feet, likewise opens. The intestinal vein he regards as

the great agent in absorbing nourishment from the intestine, and con-

veying it to the vascular circle around the oesophagus, from which the

arteries are given off to supply the whole body. These arteries are,

1st, a long vessel to the intestine, which runs along its whole length,

and anastomoses freely with the branches of the intestinal vein.

2ndly, five arteries to the parts connected with the mouth. 3rdly,

five dorsal arteries that run along the interior of the shell, between

Fig. 103 .
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the ambulacral rows as far as the anal orifice, at which point each

dorsal artery leaves the osseous box, through an aperture specially pro-

vided for its exit, and, arriving upon the outer surface of the shell,

supplies the soft external membrane, and in some species may be

traced back again between the rows of ambulacral suckers as far as the

mouth. These dorsal arteries, like the corresponding vessels in

Asterias, supply the vascular origins of the innumerable protractile

feet.

(684.) We found in the star-fish that respiration was provided for

by the free admission of the external element into the interior of the

body
; and in Echinus the aeration of the blood is effected in an

equally simple manner. The sea-water is copiously admitted into the

peritoneal cavity by a set of membranous tubes provided for the pur-

pose; and its due circulation over the lining membrane of the shell,

as well as over the outer surfaces of the intestine and other viscera, is

provided for by ciliary movements visible in all those situations, and
likewise upon the vascular lamina) connected with the origins of the

feet.*

(685.) Nevertheless, besides this diffused respiration, Delle Chiaje

regards a series of pinnated tentacula in the neighbourhood of the

mouth as being in some degree capable of performing the office of

branchiae. These organs, which are protruded through a row of dis-

tinct orifices placed around the oral aperture of the shell, are emi-

nently vascular
; and as they present a large surface to the action of

the water, and receive numerous vessels from the circular vessel that

surrounds the mouth, they may no doubt very well contribute to

the complete exposure of the blood to the influence of the surrounding
medium.

(686.) Little is known concerning the nervous system of the
Echini: a few delicate filaments have been observed in the neighbour-
hood of the cesophagus, apparently of a nervous character, communi-
cating with a nervous ring placed in that vicinity, resembling that

already described in Asterias ; its presence, however, owing to the com-
plexity of the dental apparatus, has not been satisfactorily demon-
strated, although analogy would lead us to infer the existence of such
an arrangement.

(687.) The Echini, like the star-fishes, are bisexual; and in the
structure of their reproductive organs, display, if possible, greater
simplicity of arrangement than even the Asteridcc above described.
The ovaiia are five delicate membranous bags, quite distinct from each
other, that open externally by as many delicate tubes, or oviducts,
as we may term them. 1 he apertures through which the eggs escape
aie easily seen upon the outer surface of the shell, placed 'around the

Dr. Sharpey, loc. cit.

K
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anus; and are recognisable not merely by their size, but from the

circumstance of each perforation being placed in the middle of a dis-

tinct oval plate of the shell, distinguished by zoological writers as the

ovarian pieces. The membranous sacs in which the ova are secreted

vary in size, in proportion to the maturity of the eggs contained with-

in them, and at certain times of the year are enormously distended

;

it is in this state that the “ roe of the sea-egg,” as the ovaria are com-

monly called, is used as an article of food ;
and in some countries,

especially upon the shores of the Mediterranean, they are eagerly

sought after, when in season, hy divers employed to procure them.

The corresponding organs in the male sex are only distinguishable by

the spermatozoa contained in their interior instead of ova.

(088.) According to Yon Baer, the embryo of the sea-urchin, on first

quittiug the egg, resembles the first form of the larvae of a Medusa

(.Aurelia aurita), as they occur in the arm-sacs of the parent animal,

only they are much flatter in their shape ;
and subsequently, towaids the

fourth day, assume something of the appearance of a Beroe, at which

period of their development, however, they perish. At the earliest peiiod

observed by Muller, the larval Echinus (Jig . 104, l) had the appearance

of a transparent dome-like disc, hollowed out inferiorly, and having its

margin prolonged into long, slender, diverging processes, supported on

calcareous pieces deposited in their substance, and giving the whole

animal somewhat the appearance of a time-piece standing on many

legs (a, b, f, e) ;
four of which (f, e) constitute a sort of framework

surrounding the oral apparatus.

(089.) The arrangement of the locomotive apparatus of these larvae

is very peculiar, consisting of four epaulette-like wreaths of long cilia,

situated upon the dome-shaped body of the animal, and of numeious

ciliated fringes spread over the arms and in the vicinity of the oral

organs.

(090.) The mouth is a triangular orifice {fig. 104, l, a) furnished

with broad lips, and leads immediately into the stomach (l), which is a

cul-de-sac, situated in the interior of the body.

(091.) In this condition the larvae are not more than half a line in

length, and move freely about in the water, rowed along by the action

of their cilia, while the marginal processes and other appendages to

the body remain quite passive and motionless. The first appearance of

metamorphosis is indicated by the development of a shield-like plate {fig.

1 04, 2, b), which, during the months of August and September, becomes

visible beneath the skin covering the dome of the body, sloping as if in-

clined towards its apex, and not inaptly representing the finger-plate of

the timepiece to which, as to its shape, the creature has been already com-

pared. The round shield-like plate thus formed is divided by a cinque-

foil-shaped figure into five compartments, aud constitutes the first

rudiment of the future Echinus; and as its size increases, new divisions
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make their appearance upon its periphery, indicating the situations of

the future tentacles, or feet, and soon afterwards little round tubercles

Fig. 104.

Metamorphosis of Echinus.— 1. A Pluteus with thirteen arms; a, a, anterior inferior
lateral processes; b, b, posterior inferior ditto; c, c, lateral processes of the vaulted
disc

; n, terminal process from the apex of the vaulted disc
; k, e, anterior, and f, f,

posterior process of the framework of the mouth
; g, g, posterior processes of the body

j

a, mouth; a', basm-like under lip; l, cesophagus; d, stomach; e, calcareous frame-
work of the skeleton. 2. The same in a more advanced stage of development—
tie spines of the young Echinus begin to make their appearance, covered with a
transparent skin

;
a, remnant of the calcareous skeleton of the larva or pluteus, which

has now nearly disappeared
; b, branched calcareous spicula belonging to the larva

skeleton; c, spines, and d, tentacles of the young Echinus. 3. The echiniform con-
dition almost completed, only a few calcareous spicula of the larva remaining. (After
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begin to develope themselves, which gradually rise up into cylindrical

elevations, and ultimately assume the appearance and texture of the

locomotive spines.

(092.) The shield itself, forming the basis upon which the apparatus

of suckers and spiues is supported, is now seen to inclose in its sub-

stance its own proper calcareous skeleton, this consists at hist of

minute detached tri-radiate spicula, which, as they incieasein numbei,

arrange themselves so as to constitute a sort of network in the texture

of the skin, wherein, ultimately, the polygonal calcareous plates of the

shell make their appearance.

(693.) Holothurida .—The name applied by naturalists to the ani-

mals composing the next family of Echinodermata is derived from a

Greek word of uncertain application (oXofioi^iov). In common language

they are generally known by the appellation of “ sea-cucumbers ;

”

aud in fact, to a casual observer, the resemblance which they bear to

those productions of the vegetable kingdom, both in shape and general

appearance, is sufficiently striking. The surface of these animals is

kept moist by a mucus, that continually exudes through innumerable

pores, and appears to be secreted by minute follicles imbedded in the

substance of the skin. The integument which covers, or rather

forms the body, is entirely destitute of those calcareous pieces that

encase the Echini and star-fishes ;
but appears to consist of a dense

fibrous cutis of considerable thickness, covered externally with a thin

epidermic layer. Beneath the cutis is another tunic composed of

strata of tendinous fibres crossing each other in the midst of a tissue

of a semicartilaginous nature, that is capable of very great distension

and contraction, aud serves by its elasticity to retain the shape of the

body. Within this dense covering are seen muscular bands running

in different directions, which by their contraction give rise to the

various movements of the creature ;
of these muscles five strong

fasciculi assume a longitudinal course, passing along the entire length

of the animal from the mouth to the cloaca, aud in the interspaces

between these circular and oblique muscles are readily distinguishable.

The whole of this muscular case is lined with a delicate membrane or

peritoneum, from which processes pass inwards, to support the various

viscera.

(694.) But although the calcareous shell of the Echinus is thus

totally lost, the locomotive suckers or feet already described are still

the principal agents employed in progression. In many species, as in

that represented in the annexed figure {fig. 105), these organs are dis-

tributed over the whole surface of the animal, and are protruded

through countless minute orifices that perforate the integument. In

other cases, as in H. frondosa, they are arranged in five series, re-

sembling the ambulacra of an Echinus; aud in some instances they

are only found upon the middle of the ventral surface of the body,
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that forms a flattened disc upon which the animal creeps, somewhat

in the manner of a snail. The ambulacral feet themselves, repre-

sented on an en- Fig. 105 .

larged scale at c,

precisely resemble

in all the details

of their structure

those of the As-

terias, and their

protrusion and re-

traction are effect-

ed in the same

manner ; but, in

addition to these

organs, we find in

some genera move-

able hooks or spines

[fig. 105, d), which

are likewise retrac-

tile, and most pro-

bably assist in loco-

motion.

(095.) The mouth

is a round aperture,

as wide as a goose-

quill, placed in the

centre of a raised

ring at the anterior

extremity of the

bodJ {fig- 105, «).

Around the oral

orifice is placed a

circle of tentacula,

which are apparently extremely sensible, and serve perhaps not
only as instruments of touch, but as prehensile organs, used for the
capture of prey, or for assisting in deglutition. When the sphincter
muscle that closes the mouth contracts, the tentacles are withdrawn,
and become no longer visible externally

; in this state, on opening the
animal [fig. 106, b), they are found to resemble long caeca appended
to the commencement of the oesophagus, and have been described by
some authors as forming a salivary apparatus.

The total deficiency of an external skeleton, or calcareous frame-
work, precludes, of course, the possibility of the existence of any
complex dental apparatus resembling the “ lanteru of Aristotle ;

” the
only vestige of the complex teeth of the Echinidse which here remains
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is a small circle of calcareous pieces, surrounding the opening of the

mouth : these plates, from their extreme friability, have been aptly

enough likened to laminae of dried paste ; they may indeed in some

slight degree be efficient in bruising food taken into the mouth, but it

is more probable that they merely form points of insertion to the

longitudinal muscles of the body, which, thus fixed around the circum-

ference of the oral orifice, will by their contraction powerfully dilate

that aperture for the purpose of taking in nourishment.

The alimentary canal is of great length, but, like that of the

Echinus, presents no stomachal dilatation; from the mouth {fig. 106, a),

in which a bristle is placed, it descends to the anal extremity of the

body, where, turning upon itself, it again mounts up towards its

commencement, whence turning back again, and forming numerous

convolutions (cl, d, d ), it once more passes backwards, and, becoming

restricted near its termination, opens into a large membranous cavity (e)

that may be called the cloaca. Throughout the whole of this long

course, the alimentary tube is surrounded with a membrane derived

from the peritoneal lining of the visceral cavity, which forms delicate

mesenteric folds connecting it to the walls of the body, and supporting

it through its entire length. The whole intestine is generally found

distended with sand, wherein may be detected the debris of corals,

algffi, fuci, and other marine substances.

(696.) In the structure of the respiratory apparatus, the Holothu-

ridae differ materially from the rest of the Echinodermata, and iu fact

from all other animals. In the Asteridcc and Echinidcc, the reader

will remember that respiration was effected by the free admission of

sea-water into the interior of the animal, which, thus penetrating to

every part of the body, rendered the existence of special respiratory

organs unnecessary. In the Holothuria, likewise, the aeration of the

circulating fluid is provided for by allowing the surrounding element

freely to enter into the internal parts of the creature ;
but in this case,

instead of bathing the surfaces of the viscera, the water is confined in

a peculiar system of ramifying canals, forming a structure of great

beauty, and, from its singularity, extremely interesting in a phy-

siological point of view. We have seen that the intestinal canal

terminates in a membranous receptacle or cloaca (fig. 106, e), contained

within the cavity of the abdomen, to the walls whereof it is attached

by delicate fleshy bands : this cloacal cavity communicates with the

exterior of the body by a wide orifice twice as large as the aperture of

the mouth, through which, in the figure, a bristle (/) has been passed ;

it is by this hole that the water required for the purpose of respiration

is taken in, and it is then forced by the muscular walls of the cloaca

itself through the whole system of respiratory canals whereby its dis-

tribution is effected. The organs of respiration commence at the

upper part of the cloaca, near the termination of the intestine, by a
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large opening leading to a wide membranous tube, which immediately

divides into two vessels (g, g), forming the main trunks of the beau-

Fig. 106.

A
tiful arborescent branchire

; these extend to the opposite extremity of

the body, giving off in their course numerous lateral branches, that

divide and subdivide, so as to form what has been not inaptly termed
the “ respiratory tree,” until they ultimately terminate in minute
vesicular cteca, into which the water derived from the cloaca of course

penetrates. One division of this elegant apparatus is maintained in

close contact with the walls of the body by a series of delicate ten-

dinous bands, while the other becomes applied to the convolutions of

the intestines, wherewith it is likewise united. It is this last-men-
tioned division that would appear to be specially provided for the
oxygenization of the nutritive fluids taken up by the intestinal veins.

(697.) The circulation of the blood in the Holotliuria, as in the

Echinus, is still but imperfectly understood, and considerable difference

of opinion upon this subject will be found in the writings 'of anatomists.

According to 1'iedemann,* innumerable small veins collect the blood

* Anat. tier Riihren, Holothurie; fol. 1816.
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Fig. 107 .

and nutritive products of digestion from the intestine, and convey them
into a large central vessel {Jig. 10G, i, i ), from whence the circulating

fluid passes by other trunks (l, l ), to the respiratory tree
; hence it is

returned by vessels (partly represented at m) to the intestinal artery

(7c), by which it is again distributed over the intestinal parietes.

(698.) Delle Chiaje gives a different account of the arrangement of

the vascular system in these creatures, which he seems to have inves-

tigated with his usual untiring perseverance. According to the last-

mentioned auatomist, the blood is taken up from the intestines by a

complicated system of veins, the main trunks of which are indicated in

the annexed diagram (Jig. ] 07)

by the letters c, e, p, P, 2> 2 ",

these communicate with each

other, not only by the inter-

vention of numerous anasto-

mosing branches (c/, d), but

likewise by means of delicate

vascular plexuses (a) passing

between them. All these veins

terminate in two large venous

canals
(
o ), that convey the

blood and nutriment absorbed

from the intestine to a vas-

cular circle (g), placed around

the commencement of the oeso-

phagus, which corresponds with

the circular vessel around the

mouth of the Echinus. This

circle Delle Chiaje regards as

thecentre of the arterial system,

in communication with which

is the contractile vesicle (/),
and this he looks upon as a

reservoir for the nutritive fluid. From the circular vessel various arteries

are given off
; large branches pass into the tentacula around the mouth

(i), so that these organs, besides being instruments of touch, from the

extent of surface that they present, and their great vascularity, are

most probably important auxiliaries in respiration. Five other large

arteries, derived from the same source (k, k, l ), pass backwards to

supply the integuments of the body, and also to communicate by small

cross branches with the little vesicular organs connected with the

locomotive suckers, which, in the opinion of Delle Chiaje, are distended

with the same blood as that which circulates through the rest of the

body. The descending arteries, thus destined to supply the integument

and distend the prehensile suckers, run in the centre of each of the
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five longitudinal fasciculi of the muscular tunic of the skin as far as the

cloaca, aud exhibit in their distribution a remarkable exception to the

usual arrangement of the arterial system, which is generally found to

divide and subdivide continually into smaller and still smaller canals,

but, in the case before us there would seem to be no diminution in the

size of the main trunks as they approach their termination ; and the

cross branches given off in their course, instead of ramifying, all end

in the minute ambulacral vesicles, to the injection of which they would

appear to be subservient.

(699.) The generative system of the Holothuria is essentially

similar to that found in the Asteridse, consisting of long ovigerous

cpeca, without any superadded parts that might be regarded as con-

tributing to the impregnation of the ova. The germs are secreted in

slender ramified tubes {fig. 106, li, /i); these are collected into one
great bundle, and open externally by a common canal in the neighbour-

hood of the mouth, not into the oesophagus, as Cuvier supposed, but

upon the back of the animal. The generative creca at certain times

of the year become enormously distended, being at least thirty times

larger than when not in a gravid state; if examined at this period,

they are found to contain a whitish, yellowish, or reddish fluid, in

which the ova are suspended.

(700.) The special instruments of touch, the only sense allotted to

these animals, are the branched tentacula arouud the mouth, which
seem by far the most irritable parts of the body. The nervous system
is so obscurely developed that even Delle Chiaje was unable to detect

any traces of its existence
; nevertheless there is little doubt of the

presence of nervous threads in the muscular envelope of the animal,

although, from the dense tissues wherein they are imbedded, it is next
to impossible to display their course

; most probably, as in the Echinus
and Asterias, these communicate with a circular cord that embraces
the oesophagus. No ganglia have as yet been discovered, even in the
Holothuridee

;

aud consequently, although the muscular actions of the
body are no doubt associated by nervous filaments, the movements of

these creatures appear due rather to the inherent irritability of the
muscular tissues themselves, than to be under the guidance and control

of the animal. In many species, the slightest irritation applied to the
surface of the body causes such powerful contractions of the integument
that the thin membranes of the cloaca, unable to withstand the pres-

sure, become lacerated, and large portions of the intestine and other
viscera are forced from the anal aperture. So common, indeed, is the
occurrence of this circumstance that the older anatomists were induced
to suppose that, by a natural instinct, the animals when seized vomited
their own bowels. It is in fact extremely difficult to 'obtain perfect

specimens of the Holothuridte, from the constant occurrence of this

accident : but, although annoying to the naturalist, such a phenomenon
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affords the physiologist an important lesson, teaching that here, as in

the lower Zoophytes, the muscular system possesses an innate con-
tractile power, which would seem only to be destroyed by incipient

putrefaction
; but so little is this contractility under command, that,

once excited to an inordinate extent, it becomes totally unmanage-
able, even though its continuance inevitably causes the destruction of

life.

(701.) Fistularidcc.—In order to complete our account of the organi-

sation of the Echinodermata, we have still to investigate the structure

of the Fistularidm

;

a group that, from the external appearance of

the individuals composing it, and the total absence of the tubular feet

met with in other families, has been improperly separated by some mo-
dern writers from the class under consideration. Nevertheless, we shall

find the position assigned to these animals by Cuvier to be in strict

accordance with the character both of their outward form and internal

structure
;

only, instead of placing them with the lowest of the Echi-
noderms, they would have been more properly situated at the head of

the class, as most nearly approximating the Annelida in all the details

of their economy. We have already given a description of the out-

ward form of a Fistularia (§ 609), and seen the completely annulose
condition of its body, although the radiating tentacula around the
mouth are evidently analogous to those of the Holothuria already

described. We are indebted to the patient researches of Pallas and
Delle Chiaje* for almost all that is known concerning the anatomical

structure of these animals, and their descriptions of the Siponculus

phalloides and Balanophorus have left little to be desired by the

systematic zootomist.

(702.) The Siponculus inhabits shallow seas, concealing itself at the

bottom in holes that it excavates in the sand. Having once located

itself, it is seldom found to quit its concealment, but, retaining its hold

upon the sides of the retreat which it inhabits by dilating the posterior

part of its body, it occasionally protrudes its head from the orifice,

either for the purpose of procuring food, or of respiring more freely

the water of the ocean.

(703.) These animals are much sought after by fishermen, who em-
ploy them as baits for their hooks ; and one species, Siponcidus cdulis,

is used in China as an article of food.

(704.) The body is covered externally with a delicate cuticle, easily

separable by maceration or immersion in spirit of wine ; and when
thus detached it forms so loose a covering, that Linnaeus, deceived by
the appearance of an animal thus preserved, applied to it the name of

Siponculus saccatus.

(705.) The muscular investment, placed beneath the skin, is com-
* Storia e Notomia delle Animale senza Vertebre del Regno di Napoli.—Napoli,

1823.
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posed of strong fasciculi arranged in three distinct layers. The exter-

nal stratum is disposed in circular rings, beneath which spiral fibres

may be observed crossing each other at various angles ; and lastly, the

inner coat is made up of about thirty powerful longitudinal bands,

extending from one extremity of the body to the other. Such an

arrangement is evidently sufficient for the general movements of the

creature ; but, in order to facilitate the retraction of the tentacular

apparatus around the mouth, eight additional muscles surround the

oesophagus, and by their action the whole of the oral apparatus is com-

pletely inverted and drawn inwards.

(700.) The tentacula around the oral orifice are the principal

agents employed in seizing and swallowing food, an office to which

they are peculiarly adapted by their great sensibility and power of

contraction
; but, as we have found to be generally the case among the

Echinodermata, sand and fragments of shell form the great bulk of

the contents of the intestine, so that it is by no means easy to state

precisely the nature of the food upon which the Siponculi are nou-

rished.

(707.) The structure of the alimentary canal, and of the nutrient

apparatus, conforms too accurately with what we have already seen in

Holothuria to permit of a moment’s hesitation concerning the relation-

ship that exists between the apodous Echinodermata and the ITolo-

thuridae. The cesophagus (Jig. 108, b) is narrow and soon dilates into

a kind of stomachal receptacle (c); but, although the diameter of the

intestinal tube is at this point perceptibly larger than in any other

part of its course, there is no other peculiarity to distinguish it from

the rest of the intestine. In the Annelida, the digestive apparatus

is invariably straight, traversing the body from one extremity to the

other, a circumstance that distinguishes them remarkably from the

Echinoderms we are now considering
; for in Siponculus we find a

digestive canal, six or seven times the length of the animal, within

which it is folded upon itself in various distinct convolutions. Leav-
ing the stomach, if we may so call the dilatation above alluded to, it

passes down
(
d

,
d, d) nearly to the tail, where it is reflected upon

itself, and and mounts up again as far as the point where it com-
menced

;
here it again turns back, and, once more reaching the bottom

of the tegumentary sac, becomes a second time directed upwards, and
re-ascends as far as the point e, where the anus is situated.

(708.) It is easy to account for this extreme length of the intestine

when we consider the nature of the materials used as food, and the
small proportion of nutriment contained among the sand and broken
shells found in the digestive canal : but the remarkable position of

the anal aperture is only explicable by a reference to • the peculiar

habits of the creature
; for living as it does in a narrow excavation

bored in the sand, from which it seldom issues, had the excrements
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been discharged, as in Holothuria, through a terminal orifice, their

accumulation at the bottom of the hole would soon expel the animal

from its retreat ; but, by the arrangement adopted, it is only necessary

that the anterior part of the body

should be protruded from its con-

cealment, and the excrementitious

matter may be cast out without in-

convenience. The intestine is re-

tained in situ, and supported at all

points by innumerable tendinous

bands, that arise from the interior

of the muscular walls of the body,

and form a kind of mesentery.

(709.) In Siponculus, the character

of the circulating system is in all

essential points strictly analogous to

that of the other Echinodermata

;

and moreover, from the superior

concentration visible in every part,

we have the multiplied organs of

the other families exhibiting so much

simplicity of arrangement, that, what-

ever may have appeared obscure or

complicated in our description of

Echinus and Holothuria will receive

elucidation from the diagrammatic

form in which all the organs con-

nected with the circulation of the

blood are represented in the adjoined

figure. The intestinal vein (in) may

be traced along the entire length of

the alimentary canal ;
commencing

near the anal extremity of the bowel,

it follows all its convolutions, and re-

ceives from every part the minute

vessels which ramify over the intestinal walls. These venous rami-

fications undoubtedly perform the office assigned to the lacteals of

higher animals, and imbibe the nutritive particles furnished by di-

gestion, which of course are conveyed into the great venous trunk
(in). Arrived opposite to the termination of the oesophagus, the in-

testinal vein divides into two vessels : one performing the office of a

branchial artery, by conveying a part of the blood to the respiratory

organs in the neighbourhood of the mouth
; the other, which we may

call the aorta, distributing the remainder to all parts of the tegumen-

tary system. The branchial vessel (n) runs from the bifurcation of the
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intestinal vein to the base of the oral tentacles, where it forms a vas-

cular circle around the commencement of the oesophagus, analogous

to that which we have seen in Holothuria

;

and in connection with this

circular vessel, we find the “ ampulla Poliana ” (li), which Delle Chiaje

conceives to be here, as in other cases, a receptacle for the circulating

fluid. From the vascular circle around the mouth, vessels are given

off, to ramify minutely through the substance of the tentacula (a), so that

these appendages may be considered as respiratory organs like those

of Holothuria. The other vessels derived from the oral circle have

not been traced ;
but we may conclude from analogy that arteries

supplying the mouth and alimentary canal are furnished from this

source.

(710.) The aorta (o) is the other large vessel derived from the intes-

tinal vein, and is seen to pass in a flexuous course from its origin to

the posterior extremity of the body, following the median line,

and giving off transverse branches on both sides opposite to every

ring of the muscular integument. At the commencement of the aorta

is a dilated vesicle (Z) which may be looked upon as a heart [auricle,

Delle Chiaje). The vesicle alluded to is of a conical form, the apex

of the cone being directed towards the tail of the animal ;
and, from

the impossibility of making mercury pass from the aorta through this

organ in the direction of the intestinal vein, it is probable that it con-

tains an apparatus of valves so disposed as to prevent any retrograde

motion of the blood. At the termination of the aorta there appears

to be a second enlargement, to which the name of ventricle has been

given, and which is perhaps also capable of contraction, so as to assist

in the propulsion of the circulating fluid. The blood of these

animals is of a purple colour in the veins, but red in the arterial

vessels.

(711.) We have seen that the tentacula are, from their vascularity,

well adapted to fulfil the office of a respiratory apparatus ;
but it may be

presumed that they are not the only agents by which respiration is

accomplished. Upon the outer surface of the body, in the neighbour-

hood of the anal opening, two apertures are visible, which lead into two

long sacculi (/, p), the entrance being guarded by muscular fibres (g)

:

their texture presents transverse and longitudinal striae, and they con-

tract spontaneously even after the animal is dead ; internally they are

lined with a mucous membrane. The use of these organs is not pre-

cisely known; Cuvier regarded them as belonging to the generative

system, while Delle Chiaje looks upon them as respiratory organs,

intermediate in structure between the arborescent tubes of Holothuria,

and the respiratory vesicles which we shall afterwards find in some of

the Annelida.

(712.) In this elevated form of the Echinodermata, so nearly allied

to the Homogangliate type, we may naturally expect a more complete
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development of nervous ganglia than we have yet met with in the
class; and accordingly we find, upon the anterior part of the oesophagus,
two little nervous tubercles (£) from which nervous filaments issue to

be distributed to different parts of the body ; one of these in particular

may be traced along the whole length of the intestine from the mouth
to the anus.

(713.) We are entirely ignorant concerning the mode of reproduc-

tion in these creatures, as no generative apparatus has as yet been
distinctly pointed out. Nevertheless, at certain seasons of the year,

on opening the visceral cavity, it is found to be filled with a fluid of a
reddish tint, in which thousands of minute white bodies resembling
millet seeds are seen to float ; should these he ova, they are probably
expelled through an orifice that exists in the vicinity of the tail.

CHAPTER XII.

HOMOGANGLIATA (Owen).

Aktiuuj.ata (Cuv.); Annulosa (Mac Leay).

(714.) The third great division of the animal kingdom includes an
immense number of living beings, adapted by their conformation to

exist under a far greater variety of circumstances than any which we
have hitherto had an opportunity of examining. The feeble gelati-

nous bodies of the Acrita are obviously only adapted to an aquatic

life; and accordingly they are invariably found either to inhabit the

waters around us, or to he immersed in the juices of living animals
upon which they subsist. The Nematoneura, likewise, are all of

them too imperfect in their construction to admit of their enjoying a

terrestrial existence, for, possessing no nervous centres adequate to

give force and precision to their movements, they are utterly incapable
of possessing external limbs endowed with sufficient power and
activity to he efficient agents in insuring progression upon land;
neither are any of them furnished with those organs of sense that
must be indispensable for the security of creatures exposed to those
innumerable accidents to which the inhabitants of a rarer element
are perpetually obnoxious; the Nematoneura therefore are, from their
organisation, necessarily confined to a watery medium.

(715.) But the type of structure met with in the Homogangliata
admits oi far higher attiibutes, and allows the enjoyment of a more
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extended sphere of existence : senses become developed proportionate

to the increased perfection of the animal ; limbs are provided endowed
with strength and energy commensurate with the development of the

nervous ganglia which direct and control their movements ; and

instincts are manifested in relation with the increased capabilities and

more exalted powers of the various classes, as they gradually rise above

each other in the scale of animal development.

(710.) The most obvious, though not the most constant, character

that distinguishes the creatures we are now about to describe, is met
with iu their external conformation

;
they are all of them composed

ol a succession of rings formed by the skin, or outward integument,
which from its hardness constitutes a kind of external skeleton, support-
ing the body, and giving insertion to the muscles provided for the move-
ments of the animal. In the class Cirrhopoda alone is this external

characteristic wanting, and the Ilomogangliate organisation masked
by a tegumentary testaceous coat of mail, which they seem to have
borrowed from the molluscous type. In the lowest forms of the
Articulata the body is extremely elongated, and the rings propor-
tionately numerous

; the integument, moreover, is soft and yielding,

and, as a necessary consequence, the limbs appended to the different

segments are feeble and imperfect : such is the structure met with in
the worms, or Annelidans, properly so called.

(<17.) As we advance, we perceive the tegumentary rings to become
less numerous, and the skin of a denser and more firm texture,
adapted to sustain the action of stronger and more powerful muscles

;

the limbs likewise become more elaborately formed, their movements
more free and energetic, and the instruments of sight and touch begin
to assume considerable perfection of structure. This state of deve-
lopment we find in the Mviuapoua or Centipedes.

(718.) In the Insects the concentration of the external skeleton
is still more remarkable, and the integument assumes a hardness and
solidity proportioned to the vigorous movements of which the limbs
are now capable

; the rings or segments of the body, hitherto distinct,

become more or less firmly soldered together in those parts where
the greatest strength and firmness are necessary, and scarcely any
traces are left to indicate their existence as separate pieces

; 60 that,
instead of exhibiting that succession of similar segments seen in the
Centipede, the body is apparently divided into three distinct portions,
viz. the head, that contains the organs of the senses and the parts
of the mouth

; the thorax, sustaining the limbs or instruments of
piogiession

, and the abdomen, enclosing the viscera subservient to
nutrition and reproduction.

(719.) In the fourth division of articulated animals, .namely, the
Arachnidans or Spiders, a still further consolidation of the external
skeleton is visible

; for in them even the separation between the head
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and the thorax is obliterated, and it is in the abdomen only that the

segments of the body are recognisable.

(720.) Lastly, in the Crustaceans we have various modifications of

the outward skeleton adapted to the habits of the diffeient tiibes,

in the least perfect species, which are all aquatic, the rings of the

skeleton are perfectly distinct and separate, resembling those of the

Myriapoda; but in the stronger and more predacious tribes, the

pieces of the head and thorax become solidly fixed together ;
and in

those forms most adapted to a terrestrial life, namely, the crabs,

almost all traces of distinction between the thoracic segments are lost

in the construction of the calcareous shield that covers and piotects

their whole body.

(721.) We see, therefore, in the above rapid sketch of the different

classes composing the articulated division of the animal kingdom,

that, as their organisation assumes greater perfection, the diffeient

segments of the external skeleton coalesce and become united together,

so°as to give greater strength to those parts more immediately con-

nected with locomotion or the destruction of prey ;
let us now examine

the nature of the nervous apparatus that characterises the Homo-

gangliata, and observe the relation which the outward form of the

body bears to the arrangement of this primary system of the animal

economy. In tracing the development of animal structure, on the

first appearance of any new apparatus, it is by no means unusual to

find it repeated again and again in the same creature, divided, as it

were, into distinct portions, prior to its appearance in its more highly

organised and perfect condition. Thus in Ccenurus cerebrate, § 362,

the reader will remember numerous mouths were dispersed over

different parts of the simple sac composing the stomach of the animal

;

in the compound Polyps, § 1 26, innumerable digestive organs ministered

to the support of one common mass ;
in the Tape-worm, § 366, the

generative apparatus was repeated in nearly every segment of its

compound body; and, did we choose to anticipate, other examples

might be adduced, derived from the more perfect animals, exemplifying

the same fact. We shall not be surprised, therefore, to find that,

on the first development of a nervous system provided with ganglionic

masses, these nervous centres, or brains as we might term them, aie

very numerous, and, instead of being united, are located in diffeient

parts of the system. In the humblest forms of the Annulosa it Would

seem, indeed, that every ring of the body contained a complete nervous

apparatus, consisting of a pair of ganglia and a set of nerves destined

to supply the particular segment in which they are lodged. All these

different brains, belonging to the individual segments, communicate

with each other by nervous filaments, so that a continuous chain is

formed, passing along the wholo length of the body. With the

exception of the anterior pair of ganglia, or that contained in the first
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ring, which we may call the head of the worm, the nervous centres

are arranged along the ventral region of the body, that is, beneath

the alimentary canal; but the anterior pair itself is invariably situated

upon the dorsal aspect of the animal, and communicates with the

rest by a nervous collar that embraces the commencement of the

oesophagus. The nervous masses placed along the belly would seem
to preside specially over the movements of the segments to which

they belong, and to have little to do with sensation or the perception

of external objects; whilst the anterior or cephalic pair, from the

constancy of their communication with the organs of the senses,

would appear to he peculiarly in relation with the perceptive faculties

of the creature.

(722.) It may be taken as a general law, that the perfection of

the nervous system of any animal may be estimated by the propor-

tionate size of the central ganglia, upon the development of which
both the energy of the actions of the body and the completeness of

perception depend; and, by following out this great principle, we
shall be easily able to account for the progressive steps whereby the
Articulata become more and more perfectly organised, as we trace

them in the series above indicated. In proportion as we have found
the segments of the body to become less numerous, the appended
limbs stronger, the outward skeleton more dense, and the muscular
powers more energetic, we shall find the abdominal ganglia to diminish
in number by becoming consolidated into larger masses, increasing

in size and energy in accordance with the development of the limbs
over which they preside : and in the same manner we shall observe
the senses assume greater perfection of structure, and the instincts

become more developed, as we find the cephalic or anterior pair of

brains increasing in proportionate bulk.

(723.) Among the Homogangliata are likewise to be detected the
first traces of the sympathetic or splanchnic nervous system. This
consists of delicate filaments which are distributed upon the alimen-
tary canal, presenting in their course ganglionic enlargements, and
auastomosing some with the oesophageal ring, and others with the
cerebral or encephalic ganglia.*

(724.) These observations will suffice to introduce the student to

the Homogangliate division of the animal world, and to direct his
attention to those physiological points connected with the nature of
their nervous system which will be more fully laid before him in the
following pages.

Vide Brandt, Bemerkungen iibcr die Mundmngenoder Eingeweidenerven der
Evertebraten, Leipzig, 1835.

s
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CHAPTER XIII.

Annelida.*

(725.) The lowest class of articulated animals comprehends an

extensive series of creatures generally grouped together under the

common name of Worms. In the outward form of their bodies many

of them resemble some of the more perfect Eutozoa, and we need not

therefore be surprised that in ordinary language they are frequently

confounded together. But whatever may be the similarity in outward

appearance between the more perfect intestinal worms, and the animals

belonging to the class upon the consideration of which we are now

entering, the examination of their anatomical structure will at once

show that they differ widely from each other, and have thus been

properly separated by a considerable interval in all the more modern

systems of zoological arrangement.

(726.) The principal characters which serve to distinguish the

Annelida from other forms of the animal world are readily appre-

ciated ;
and, when once pointed out, will be found sufficient for the

guidance of the most superficial observer. The body is always con-

siderably elongated, and composed of a succession of rings or segments,

that, with the exception of the first and last, scarcely differ from

each other except in size. Each ring is generally found to be

furnished with a set of short spines or set®, calculated to assist in

locomotion; but in no instance are these animals provided with

articulated legs. The first segment of the body, which may be called

the head, contains the mouth, sometimes provided with a formidable

apparatus of jaws ;
and is also generally furnished with eyes, and

variously-shaped tentacula, apparently instruments of touch. The

last segment also, which is generally the smallest, not unfrequently

presents setiform appendages, and occasionally a prehensile sucker,

used as an organ of progression.

(727.) Their blood is sometimes remarkable for its red colour, and

circulates in a double system of arteries and veins; respiration is

effected either in the general cavity of the body, or by means of

arborescent tufts appended to various parts of their external surface

;

they are moreover almost all hermaphrodite, and generally require

the congress of two individuals for mutual impregnation.

(728.) These animals are separated by Cuvier into three distinct

• Annellus, a little ring.
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orders, distinguished by the nature and position of their organs of

respiration
; they are as fol- Fig. 109.

lows :

—

(729.) Abranchtata.—This

order comprises two distinct

tribes, that differ widely in

their habits and external ap-

pearance : the first compre-

hends the Leeches (Annelida

suctoria
), distinguished by the

existence of a prehensile sucker

situated at each extremity

;

while, in the second, instru-

ments of attachment are totally

wanting, the only external ap-

pendages to the body being a

number of minute and almost

imperceptible bristles, which

project from the different seg-

ments and assist in progression

:

such are the Earth-worms, Ac.

(Annelida terricola).

(730.) Dorsibrancihata.

—

In the second order the re-

spiratory apparatus consists of

numerous vascular tufts, a pair

of which is appended to the

outer surface of every ring of

the body, or, in some cases,

only to those near the middle
of the animal. The organs of

locomotion, which are likewise

attached to each segment, as-

sume various forms, but are

generally composed of short

movable spines, or packets of

retractile bristles, usually des-

tined to perform the office of

oars. In the annexed figure

(fig. 109, l), which represents

Leodice antennata, the gene-
ral form of these animals is

well seen, as is the most usual
arrangement of the branchial
tufts and locomotive setie. In

s 2
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fig. 109, 2) showing an imaginary transverse section of one of the seg-

ments, the relative positions of the oars (c, d, e), aud of the bianchial

appendages
(
b), are likewise indicated.

(731.) Tubicola.— 'The two preceding orders of Aunelidans are

erratic
;
but in the third we find creatures inhabiting a fixed and

permanent residence, that incloses and defends them. Ibis is

generally an elongated tube, varying in texture iu different species.

Sometimes it is formed by agglutinating foreign substances, such

as grains of sand, small shells, or fragments of various materials, by

means of a secretion that exudes from the surface of the body, and

hardens into a tough membranous substance, such is the case of

Terebella Medusa (fig. 138). In other cases, as in the Serpula contor-

tuplicata (fig. 1 10), the tube is homogeneous in its texture, formed of

calcareous matter resembling the shells of certain bivalve mollusca,

and apparently secreted in a similar manner. These tubes are

generally found encrusting the surface of stones or other bodies that

have been immersed for any length of time at the bottom of the sea ,

they are closed at one end, and from the opposite extremity the head

of the worm is occasionally protruded iu search of nourishment. It

must be evident that, in animals thus encased, the character of the

respiratory apparatus must be considerably modified
;
instead, there-

fore, of the numerous

branchiae appended to

the segments of the body

which we have found in

the Dorsibrancliiate or-

der, the respiratory tufts

are all attached to the

anterior extremity of the

creature, where they form

most elegant arborescent

appendages, generally

tinted with brilliant co-

lours, and exhibiting,

when expanded, a spec-

tacle of great beauty.

In some species, as in

that represented in the

anuexed figure, there is

a remarkable provision

made for closing the en-

trance of the tube when

the animal retires within

its cavity. On each side

of the mouth is a fleshy filament resembling a tentacle ;
but one

Fig . 110.
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these, sometimes the right and sometimes the left, is found to he

considerably prolonged, and expanded into a funnel-shaped operculum,

that accurately fits the orifice of the shell, and thus forms a kind

of door, well adapted to prevent intrusion or annoyance from external

enemies.

(732.) Abranchia.—The common Leech
(
Hirudo medicinalis

)
affords

the most interesting example of a suctorial Annelide. The outward
form of one of these animals is familiar to every one, and their general

habits too well known to require more than a brief notice. The body
is very extensible, and divided by a great number of transverse lines

into numerous rings, extremely apparent in the contracted state of the

animal, but nearly imperceptible when the body is elongated. The
skin is soft, being merely a thin cuticular pellicle separable by macera-
tion; and the surface is lubricated by a copious secretion of mucus.
Beneath the cuticle is a layer of coloured pigment, upon which the

colours of the animal depend ; but the cutis, or true skin, is so inti-

mately connected with the muscular integument of the body, that its

existence as a distinct tunic is scarcely demonstrable. The muscular
covering or walls of the body, which form a kind of contractile bag
enclosing the viscera, is found, upon accurate dissection, to consist of

three distinct strata of fibres running in different directions. The
outer layer is composed of circular bands passing transversely; in the

second, the fibres assume a spiral arrangement, decussating each
other

; while the internal layer is made up of longitudinal muscles,

extending from one end of the creature towards the opposite. Such
an arrangement is evidently adequate to the production of all needful

movements, and capable of giving rise to all the motions connected
with the elongation, contraction, or lateral inflexions of the body used
in progression.

(733.) At each extremity of the animal, the muscular coat expands
into a flattened fleshy disc, composed of circular and radiating fasciculi,

which, when applied to a smooth surface, perform the office of suckers,
and thus become important instruments of prehension. There are no
vestiges of external limbs

; nevertheless, with the simple mechanism
above described, the leech is able to crawl with considerable rapidity along
the surface of subaquatic plants, or even to swim with much facility

through the water. The first method of locomotion is accompdished
by means of the terminal suckers : supposing the posterior disc to be
attached, the animal elongates its body to the utmost, and then fixes

the suckei placed at the opposite extremity
; this done, the hinder

paits aie drawn forward and again fixed, preparatory to a repetition of
the process. In swimming, the whole body is elongated, and b}r some
partial contractions of the muscular integument, not precisely un-
derstood, assumes the appearance of a flattened band

;
in this condi-

tion the leech makes its way through the element it inhabits, by
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successive undulatory movements of tlie body peiformed with much

grace and elegauce.

(734.) The mouth of the leech is an exceedingly perfect apparatus,

adapted not only to the destruction of those minute aquatic animals

that constitute its usual food, but, as is universally known, ad-

mirably fitted to extract blood from the higher animals; com-

bining, in its operation, the offices both of the cupping-glass and the

scarificator.

(735.) The mouth is situated near the centre of the anterior sucker,

so that the oral aperture is firmly applied to any surface upon which

this part of the animal is fixed. Around the entrance of the ceso-

phagus are disposed three minute cartilaginous teeth, imbedded in a

strong circle of muscular fibres [fig.
Ill, a). Each tooth has somewhat

of a semicircular form, and, when accurately examined with a micro-

scope, is found to have its free margin surmounted with minute

denticulations {fig. Ill, b), so as to resemble a small semicircular saw.

On watching a leech attentively, during the process of biting, the

action of these teeth is at once evident ; for, as the skin to which the

sucker is adherent is rendered quite tense, the sharp serrated edges of

the teeth are pressed firmly against it, and, a sawing movement being

given to each cartilaginous piece by the strong contractions of the

muscular fibres around the neck, these instruments soon pierce the

cutis to a considerable depth, and lay open the cutaneous vessels,

whence the creature sucks the fluid which its instinct prompts it to

seek after with so much voracity. The position of the teeth around

the opening of the mouth, as represented in the subjoined figure {fig.

1 11, a), will at once explain the cause of the tri-radiate form of the

incision that a leech-hite invariably exhibits.

(736.) On contemplating this singular dental apparatus found in the

necessary to supply the

wants of the animals

themselves. In the A
.

streams and ponds where they usually inhabit, any opportunity ol

meeting with a supply of the blood of warm-blooded vertebrata must

medicinal leech, and con-

sidering the nature of the

food upon which it usu-

ally lives, it is difficult

to avoid arriving at the

Fig. 111 .

conclusion that such a

structure is rather a pro-

vision intended to render

these creatures subser-

vient to the alleviation

of human suffering than
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be of rare occurrence, so that comparatively few are ever enabled to in-

dulge the instinct that prompts them to gorge themselves so voraciously

when allowed to obtain it : neither does it appear that the blood which
they swallow with so much avidity is a material properly suited to afford

them nourishment
; for although it is certainly true that it will remain

for a considerable time in its stomach without becoming putrid, yet it

is well known that most frequently the death of the leech is caused by
such inordinate repletion, provided the greater portion of what
is taken into the body is not speedily regurgitated through the
mouth.

(737.) The internal digestive apparatus is evidently adapted, from the

construction of all its parts, to form a capacious reservoir for the

reception of fluids taken in by suction : the stomach, indeed, with the
numerous lateral appendages opening from it on each side, would
seem to fill the whole body

;
and, being extremely dilatable, allows the

animal to distend itself to a wonderful extent, so that it is not unusual
to see a leech, when filled with blood, expanded to five or six times
the dimensions natural to it in an empty state.

(738.) The stomach itself [Jig. 112, l, h, i) occupies about two-thirds

of the visceral cavity; on opening it, as represented in the figure, it is

seen to be divided by delicate septa into nine or ten compartments
that communicate freely with each other. In each compartment we
observe two lateral orifices leading into as many wide membranous
pouches (&), which although shrunk and flaccid when in an undisteuded
condition, as they are seen in the figure, are easily filled with fluid

introduced into the stomach, and are then swelled out into very
capacious bags. Perhaps the simplest way of obtaining a correct idea
of the relative sizes and general arrangement of these organs, is to

make a cast of their internal cavities when in a state of distension
;

this is readily effected by placing a dead leech in warm water until it

is slightly heated : in this state the pipe of a small injecting syringe
can be introduced into the cesophagus so as to fill the stomach aud
caica with common wax injection ; aud, if the body be immediately
removed into a vessel of diluted muriatic acid, the soft parts will be
speedily destroyed, leaving an exact model of the interior. It will
then be seen that the lateral caeca increase gradually in size as they
approximate the posterior extremity of the body, until the last pair
(d) become so large as nearly to fill up the space intervening between
the end of the stomach aud the anal boundary of the visceral cavity.
What is the exact nature of these capacious sacs which thus open into
the stomach of the leech? Are they prolongations of the digestive
sin face, oi aie they glandular caeca provided for the secretion of some
auxiliary fluids poured into the stomach? These are questions which
admit of considerable discussion. On the one hand, there can be
little doubt that, when the leech is filled with blood, the various- caecal
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pouches become likewise distended, and they are apparently as well

calculated to effect the digestion of their contents as the stomach

itself. Those physiologists, however, who embrace a different opinion,

Fig. 112.

support their views by referring to the structure of analogous parts

found in other Annelidans : in Aphrodita aculeata, for example, the

representatives of the wide pouches met with in the leech are narrow

and branched tubes terminating in blind extremities, to which it is

usual to assign the office of separating a biliary secretion ;
and, accoul-

ing to this view, we may regard the cieca of the leech as the simplest

rudiments of the assistant chylopoietic glands—the first pair (g, g),

from their proximity to the mouth, may be destined to furnish a

salivary fluid, and the succeeding ones to perform the functions of

biliary follicles.

(730.) The small size of the intestine (c), when compared with the

capacious stomach described above, is remarkable : it commences by
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a minute orifice from the termination of the digestive cavity, and
becoming slightly enlarged passes in a straight line, lodged between
the two posterior creca, to the anus, which is an almost imperceptible

aperture placed at the root of the posterior sucker ;
four small and

apparently glandular masses are appended to this short canal, but

their nature is unknown. The entire alimentary apparatus is retained

in situ by numerous membranous septa {pi, m), passing between its

outer walls and the muscular parietes of the body.

(740.) It has been generally considered that, in the abranchiate

Annelidans, the organs provided for respiration are a series of mem-
branous pouches, communicating externally by narrow ducts or spi-

racles, as they have been termed, into which aerated water is freely

admitted. These sacculi, in the leech, are about thirty-four in number,
seventeen being visible on each side of the body : they are extremely

vascular ; and in connection with every one of them there is a long

glandular-looking appendage, represented in the figure {fig. 112, 2
, m).

In the leech the entire surface of the body is permeated by innumer-

able delicate vascular ramifications
; and, from the thinness of the

integument, it is evident that the blood which traverses the cutaneous

net work thus extensively distributed must be more or less completely

exposed to the influence of oxygen contained in the surrounding

medium.

(741.) Circulatory System of the Leech .*—In the leech the circulating

system is more highly developed than in any other Annelid. The
presence or absence of a heart-like centre to this system is by no means
in this class of animals the true criterion of the degree of its evolution.

The amount of blood relatively to the size of the body, the degree of

capillary subdivision which occurs on the periphery of the blood-

system, and the proportion of the latter to the peritoneal fluid, form
far more correct indications. In the Leech there exists no free space
between the intestine and the integument

; to this anatomical fact the
highest interest will be shown to belong when explaining the mecha-
nism of respiration in this Annelid. Here the chylous fluid, which in

nearly all other Annelids occupies the general cavity of the body, like

a cylindrical fluid stratum, separating the intestine from the integu-

ment, is transferred into the interior of the lateral diverticula of the
stomach. The peritoneal chamber, being no longer required, is

obliterated by the adhesion of the intestine to the integument
; the

union of these parts is effected through the medium of a dense spongy
layer of capillary blood-vessels, the contents of which are exposed
internally to the influence of the fluid contained in the digestive caeca,

and externally to that of the surrounding element ; hence the me-
chanism of the respiratory process and the power enjoyed by this and

Di. It illinms s Report oil the Rritish Annelida
; Reports of the British Association

for the Advancement of Science, for 1851 .
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other abranchiate Annelids of dispensing with all external breathing

appendages.

(742.) While, however, the peripheral segment of the vascular

system in the leech exhibits proofs of great complexity, the main

currents of the blood obey two leading directions. If the body of the

worm be longitudinally bisected by an imaginary horizontal plane into

a dorsal and ventral semi-cylinder, then the blood in the piimaiy

trunks of the dorsal half will move from the tail towards the head, and

in the ventral half from the head towards the tail ;
this movement

prevails equally in the great longitudinal trunks of the integuments

and alimentary canal. The transverse or circular movement of the

blood is performed by means of branches which run between the main

longitudinal vessels : this latter system is divisible into as many

portions as there are rings in the body of the worm ;
each segment of

the body under this arrangement has its own independent circulation,

transverse aud longitudinal. Thus the currents describe two eccentric

ellipses, cutting each other at right angles. Of course the segmental

divisions of the general system communicate with each other at eveiy

part, while the longitudinal trunks are common to all the segments.

From this description it is manifestly impossible that a distinction of

venous and arterial blood can exist in the circulating fluid of this

Annelid ; in every part of the circumference of each ring the blood is

being arterialized, as it is being rendered venous ;
the two opposite

processes proceed simultaneously in the same capillary system : the

blood must be, therefore, as arterial and as venous at one aud the

same time in the dorsal and in the ventral trunks; the dorsal main is,

notwithstanding, recipient, the ventral distributive of the blood—all

the secondary currents converge upon the former and emanate fiom

the latter—the blood in both is, nevertheless, identical in physiological

properties.

(743.) In addition to the main dorsal and ventral trunks there exist

in the leech two strong and obvious lateral trunks, one on each side

{fig. 113, e, e), as to position and size correctly enough described by

Duges under the appropriate name of latero-abdominal vessels ;
the

remarkable structure of these vessels, however, altogether eluded the

researches of M. Duges. The branches exhibit in their walls a

structure precisely the same as that which distinguishes the vascular

system in every other part of. the body, while the primary lateral

trunks are provided with remarkable muscular parietes, their fibres

being of the striped kind. The fascicle of the muscle composing the

walls is arranged in a manner which is quite distinctive of, and peculiar

to, this vessel ;
it is coiled with so much regularity as to enclose a

perfect cylinder, in which the blood flows
; the longitudinal fibres are

all suppressed ;
the circular fascicles, lined within by a hyaline mem-

brane, constitute, therefore, exclusively the coat of the vessel : such a
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vessel is almost unique in structure in the animal series, but none

other would perform so admirably the peculiar duties for which it is

introduced into this part, obviously as a special provision. Its business

is to transmit with augmented force a current of blood in a transverse

direction from the side to the ovario-uterine organs {Jig. 113,/,/),

Fig. 113.

Diagram illustrative of the circulatory apparatus in the Leech
( IIirudo medicinalis).

After Dr. Williams.

—

a, great dorsal vessel ; c, ventral vessel
; d, d, intercommunicating

vessels between dorsal and ventral trunks ; e, e, lateral abdominal trunks ; f, ovario-

uterine organs
; g, vessels distributed over the caecal appendages to the stomach ; h, It,

branches from the lateral abdominal trunks supplying the ovario-uterine apparatus.

which form a double longitudinal series, one on either side of the
ventral mesial line in each annular segment of the body. An express
branch from the latero-abdominal trunk on either side is rendered to

these reproductive organs {Jig. 113, h, h), so that the amount of blood
propelled by this vessel, measured in its totality, must be very con-
siderable, and the quantity during the generative season must undergo
great increase, in consequence of the augmentation of size, which at
that period these organs experience. The lateral longitudinal vessel
is stiikiugly adapted to meet such alternation of extremes ; constructed
of muscle, it readily yields under the Jlow of the blood tide to the
oigans to whose wants it ministers

; and constructed of muscle, its

parietes augment by accelerated nutrition during the periods of
inci eased local determination of blood

; formed of any other structure
than muscle, such admirable adaptive alterations could not happen.
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(744.) According to the views of M. Duges, which, previous to

the appearance of Dr. Williams’ admirable memoir, were received

with general assent, the two lateral vessels in the leech are appro-

priated to the supply of the respiratory system, and in them the

blood moves in a circle quite independent of that formed by the

dorsal artery and ventral vein, although they all communicate

freely by means of cross branches, those passing from the lateral

vessels to the dorsal being called by M. Duges* clorso-lateral,

while those which join the lateral trunks to the ventral canal are

the latero-abdominal branches of that observer. The movement

of the blood in the lateral or respiratory system of vessels is

quite distinct from that which is accomplished in the dorso-ventral

or systemic trunks : sometimes it passes down one of these vessels

from the head towards the tail, and in an opposite direction on the

other side of the body ;
but in a short time the movement ol the

currents will be seen to become completely reversed, so that an un-

dulatory motion, rather than a complete circulation, is kept up.

By this action of the lateral canals the blood is made perpetually to

pass and repass the respiratory sacculi ; and, opposite to each of these,

branches are given off which form so many independent vascular

circles, representing very closely the minor or pulmonary circulation

of higher animals.

(745.1 On examining attentively one of the “ respiratory pouches,”

according to the same authority, its membranous walls are seen to be

covered with very fine vascular ramifications (fry- 114, /), derived

from two sources : the latero-abdominal vessel (d) gives off a branch (e),

which is distributed upon the respiratory sacculus ;
and theie is

another very flexuous vascular loop (6) derived from the lateial vessel

itself (a), which terminates by ramifying upon the vesicle/, in a similar

manner. The walls of the loop, b, are extremely thick and highly

irritable ;
but, on tearing it across, the internal cavity or canal by

which it is perforated is seen to be of comparatively small diameter, so

that we are not surprised that, although such appendages to the

respiratory sacs were detected and well delineated by formei anato-

mists,* their nature was unknown, and they were supposed to be

glandular bodies appropriated to some undiscovered use. From the

arrangement above described M. Duges was led to believe that small

circular currents of blood exist, which are independent, to a certain

extent, of the general circulation ;
and that opposite to each mem-

branous bag a portion of tbe fluid contained in the lateral vessel (a) is

given off through the muscular tube (5), which thus resembles a

pulmonary heart, and after being distributed over the walls of

* Annales des Sciences Nat. vol. xv.

f Delle Chiaje, op. cit.—Moquin Tandon, Monographic sur la Famille des Hirudin£es,

4to. Montpellier, lt)27.
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the supposed respiratory vesicle, and in this manner exposed to

the influence of oxygen, the blood returns into the general circula-

tion.*

Fig. 114.

(746.) The nervous system of the leech {fig. 112, 2
,

1c), consists of
a long series of minute ganglia joined by connecting filaments

; of these,
about twenty-four are situated along the ventral surface of the body.
1 he anterior pair, or that immediately beneath the oesophagus, is

larger than the rest, forming a minute heart-shaped mass, which is

united, by a delicate nervous collar embracing the gullet, with two
small nodules of neurine situated upon the dorsal aspect of the mouth.
The two minute ganglia last mentioned form that portion of the
nervous system most intimately connected with sensation

; for, while
the nervous filaments given off from the abdominal ganglia are dis-
tributed to the muscular integuments of the body, the nerves which
issue from the supra-cesopliageal pair supply the oral sucker, where
the organs of the senses are situated. In all the Iiomogangliata,
indeed, it is exclusively from this cephalic pair of ganglia that the
nerves appropriated to the instruments of the senses are derived, and
we s mil, therefore, not hesitate in the following pages to apply to this
part of the nervous system of the Articulata the name of' brain; con-

As will be seen further on, the so-called “ pulmonary hearts ” of M. Duges have
been discovered by Dr. Williams to be irvario-uterine organs.
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sidering it to be strictly analogous, in function at least, with the

cerebral masses of more highly-organised beings.

(747 )
The Splanchnic system in the leech consists of three small

ganglia, situated in front of the brain, with which they are connected

by delicate nervous filaments. All three send branches to the parts

around the mouth, and to the inferior surface of the alimentary

^
(748.1 When we regard the minute size of these, as yet rudimentary

nervous centres, we cannot, however, expect to find them associated

with any very perfect apparatus of sensation. The oral sucker, indeed,

seems to possess a more delicate sense of touch than the rest of the

body, adapting it to examine the surface to which it is about to be fixed ,

and probably the leech may enjoy in some measure perceptions corre-

sponding with those of taste and smell. These senses have been found

to exist in many of the animals we have already described ;
but in the

Hiruclinida we have, in addition, distinctly-formed organs of vision, ex-

hibiting it is true, the utmost simplicity of structure, but nevertheless

corresponding in the perfection of their development with the con-

dition of the cerebral masses in relation with them.

(749.) The eyes of the leech are eight or ten in number, and are

easily detected by the assistance of a lens under the form of a semi-

circular row of black points, situated above the mouth upon the

sucking surface of the oral disc; a position evidently calculated to

render them efficient agents in detecting the presence of food. The

structure of these simple eyes, according to Professor Muller,+ does

not as yet present any apparatus of transparent lenses adapted to

collect or concentrate the rays of light ; but each ocellus, or visual

speck would seem to be merely an expansion of the terminal extremity

of a nerve derived immediately from the brain, spread out beneath a

kind of cornea formed by the delicate and transparent cuticle : behind

this is a layer of black pigment, to which the dark colour of each

ocular point is due.

(750.) Leeches, like the generality of the Annelida, are hermaphrodite,

every one possessing two complete systems of generative organs one

subservient to the impregnation, the other to the production of ie

ova ;
nevertheless, these animals are not self-impregnating, but the

congress of two individuals is essential to fecundity.

(751.) Commencing with the male organs, we are not surprised to

find the testes divided into numerous distinct masses,, or rather

repeated again and again in conformity with a law to which we have

already alluded (§ 721). The glands that apparently secrete the

seminal fluid are about eighteen in number (fig. 1 12, 2, <?,/), arranged

in pairs upon the floor of the visceral cavity. Along the external edge

* See Brandt und Ratzburg, Med. Zool. Tab. xxix.

.( Annales des Sciences Nat. vol. xxii.
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of each series there runs a common canal, or vas deferens, which
receives the secretion furnished by all the testicular masses placed
upon the same side of the mesiau line, and conveys it to a receptacle
(d), where it accumulates. The two reservoirs, or vesicula seminales,
if we may so call them (d, d), communicate with a muscular bulb (c)

situated at the root of the penis. The penis itself (a) is frequently
found protruded from the body after death

; it is a slender tubular
filament, which communicates by its origin with the contractile bulb
(c), and, when retracted, is lodged in a muscular sheath (i). The male
apparatus is thus complete in all its parts : the fecundating secretion
derived from the double row of testes is collected by the two vasa
de/erentia, and lodged in the receptacles (d, d)

;

it is thence conveyed
into the muscular cavity (c) situated at the root of the male organ of
excitement, through which it is ultimately ejected.

(752.) The ovigerous or female sexual organs of the leech are more
simple in their structure than those that constitute the male system

;

they open externally by a small orifice situated immediately behind
the aperture from which the penis is protruded, the two openings
being separated by the intervention of about five of the ventral rings
of the body. The vulva, or external canal, leads into a pear shaped
membranous bag (fig. 112, 2

, g), which is usually, but improperly,
named the uterus. Appended to the bottom of this organ is a con-
voluted canal (7t), that communicates with two round, whitish bodies

;

these are the ovaria. The germs, therefore, which are formed in the
ovarian corpuscles, escape through the tortuous duct

(
li

)
into the

uterus
(g), where they are detained for some time prior to their

ultimate expulsion from the body. The exact nature of the uterine
sacculus, as it is called, is imperfectly understood: some regard it as a
mere receptacle wherein the seminal fluid of the male is received and
retained until the ova come in contact with it as they pass out of the
body, and thus are subjected to its vivifying influence; other physio-
logists believe that the germs escape from the ovaria in a very
immature condition, and suppose that during their sojourn in this
cavity they attain to more complete development before they are ripe
for exclusion

; while some writers go so far as to assert that leeches
are strictly viviparous, inasmuch as living young have been detected
in the interior of this visions : but all these suppositions are easily
reconcilable with each other; there is no doubt that the seminal
liquor is deposited in this reservoir, during the copulation of two
individuals, neither would any one dispute that the ova are collected
in the same cavity before they are expelled from the body

; as to the
discussion whether the young are born alive or not, or, as it is generally
expressed, whether leeches are oviparous or viviparous, it is in this
case merely a question of words, for, in a physiological point of view,
it can make not the slightest difference whether the ova are expelled
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os such, or whether, owing to their being retained b, accidental dr.

cumstances until they ore hatched internally, the young leeches mate

their appearance in a living state.
,

(753 )
Such was the generally-received view of the arrangement of

the generative organs of these Annelidans as given in the first edition

of this work. We will now proceed to describe the reproductive

system of the leech as deciphered by Dr. Williams.
.

(754 1 The testes, says that gentleman in the memoir referred to,

are observed under the character of small white granular bodies

disposed at short distances in a longitudinal series on either side of

the ventral median line of the body (fig. 115, «, a, 4 When forcibly

compressed, a white fluid exudes, which under the microscope is found

to consist of nothing hut sperm-cells (fig. 115, c), in various stages o

evolution To each of these testicular bodies two minute threads

(fin 115, c, d, c,d) are attached. The larger and more obvious of

the 'threads (c) extends outwards at right angles with the median line,

and loins a considerable chord (/) running parallel with the mesian,

line Examined in section, both the transverse threads and longitu-

dinal chord prove to be tubes, filled with fluid charged with sperm-

cells a true male secretion. The longitudinal tube (/) is common

to all the testicular bodies ;
it begins at the most posteriorly situated

of these bodies, and ends in that placed most anteriorly, which last

is median and azygos (j), whereunto the intromittent organ is ap-

pended, meeting at this mesial organ the corresponding duct of the

°
r>

rr

>

55 ) In addition to the tubulus just described as proceeding from

the testes, another, and much smaller one (d, cl), may be detected on

minute dissection, running directly outwards, crossing underneath he

lar«e longitudinal duct (/,/), and becoming united (as at y, g) to

bas°e of the ovarian utricle. Traced in the direction of the head the

longitudinal duct is seen to enter into a glandular body (4
^hich m

size is considerably greater than the testes situated posteriorly to it

In minute structure this body is precisely the same as the bodies of

the testicular series ;
like them it is filled with sperm fluid ;

the n

terior is a cavity. The secreting glandular structure is disposed

around the circumference; the secreted product is thrown into the

inclosed hollow ;
a description which applies also to the other testicu ai

bodies, which are like the former hollow orbicular glands. D

longitudinal duct (/), which serves as a common channel of communi-

cation between all the testes, emerges out of the gland (h), undei

character of a duct of greatly-reduced size (i). This small tubular

thread, traced with minute care, may be followed into the median

glandule (j), to which the penis (ft) is appended. In the median line

nlso and some little distance posteriorly to the body just described,

may be remarked a pear-shaped sacculus (l) from the unattached
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fundus of which a crecal coiled tubule (>») is prolonged. Between this

Fig. 115.
sacculus and the other parts of the

reproductive system no communica-
tion of any description can be dis-

covered. It seems simply destined

to receive the intromittent organ
developed in connection with the
gland, situated in advance of it on
the mesian line.

(756.) In the leech, the female
system consists of a greater number
of separate parts than the male,

amounting to fifteen or seventeen on
each side, -while the testicular bags
are only nine. This system is com-
posed of a linear succession of bag-

pipe-shaped membranous sacculi {fuj.

115, b, b), contracting at the ends
iuto two separate ducts. One of

these ducts (e, e, e) terminates in an
orifice communicating externally. It

is through this orifice that the ova
and young escape from the ovarian
utiicle into the external medium
In the leech the ova in this duct’

of®“ion *n t!, “ Leech
. ( Hirudo medicinalts). After Dr. Wil-m every case, present an obviously Hants.-a, a, a, testes; 5, 4, 5, ovario-
gi eater degree of development than uterine sacculi; c, c, c, ducts leading

those which are found in the duct from the testes to the longitudinal canal,

(g) that communicates with the neigh- ^ wlllch latter constitutes a vas deferens

hnnrinrr a. ° common to all the testicular glands ofDoming testis. At certain seasons „„ •, , , , ,
b

Tro„„ .-i . , .

tae same SIl*e 5 d, d, ducts communi-
the

} ear, in the earthworm, this eating between the testicles and the
duct is crowded with living young, ovarian utricles, as represented at g, g ;

emerging from the ova and in process e’ c> ves’cle appended to each ovarian

of final extrusion through the exter-
sacculus

• ,l
’ k larSe glandular bodies

nal orifice
; but Dr. Williams was

thr
?
Ugh Wh5ch th° common vasa dufc'

u„.Ue witness this ^stance
in the leech, although the parts are glandule,

j, to which the penis, k, is

accurately correspondent in the two aPPended. On each side of the central

worms. The superior duct
(
d

, d) of Slanclule,y, the two uterine receptacles

each ovarian uterus passes under-
do,!neatecl m fig- U 2, 2

, g, 4 , are repre-

sented fully displayed, but without

sented one of the ovario-uterine organs detachod^T ^
,

A ‘ “ is repre*

from the testis into the fundus ofThe nt^ ’ T” dUCt Ie“ding

sacculus replete with ova; «, 0, veslle SMT 7
5 TT PT°

{ ^ Uteri,' C

orpin • r pvf-nai 'r c T
9 with its duct appended to tlic ovario-utenne

contained spermatozl^
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! C’ 8pe™ capsulcs wiUl their
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neath the common longitudinal chord (/,/), and opens into the true

testicular duct (c, c), the two channels becoming united into one just

before entering the substance of the gland.

(757 ) Such being the anatomical arrangement of the parts con-

stituting the generative apparatus, Dr. Williams thus explains the

connection which, according to his view, subsists between the male

organ or testis (fig. 115, a, a), on the one hand, and the egg-pro-

ducing and egg-incubating organ (6, b), on the other. The testicu -

bodies (a, ft) secrete a true sperm-fluid, the cells of which can leac 1 y

be detected by the eye, both in the duct (c, c), which leads to the great

longitudinal chord, and in that (d, cl
)
which conducts (as seen at g, g,

and° b, g) to the uterus. The male seminal fluid travels from the

testis into the ovarian uterus along the superior of these ducts. It

may be actually detected in the cavity of this latter organ, where it

comes into immediate contact with the ova, whereby impregnation

results. The ova thus fertilised travel gradually onwards, and reac i

the inferior half of the ovarian uterus (b, m), from whence—as, in t le

leech, these ova may be discovered as ova, at a point in the oviduct,

very near the outlet-it is probable that this Annelid is oviparous.

(758.) Dr. Williams asserts that in the leech there exists a dnect

communication, by means of an open duct, between the male am

female elements of the reproductive system ;
that this system opens

externally only at the orifices of the oviducts (fig. 1 ' 5. a. k anc b, g)

,

that these orifices are designed for the extrusion of the ova or young

from the body of the parent, and not for the reception of the sperm-

fluid into the ovario-uterine tract; that the male fertilising secretion

passes directly along the duct (d, d, and b, g)
into the ovarian uteius

(b b) and that thus the process of se(/-impregnation is literally accom-

plished, for it is not the sperm-fluid of another individual that

fecundates the ova, but that of the same individual. This conclusion

may be affirmed with confidence, since the median copulative saccule

(l), into which the intromittent organ (k) of another individual is

inserted, terminates in a convoluted cmcal tubulus.^ etween is

median organ and the great bilateral series of ovario-uterine organs

there is no communication whatever. If, therefore, duiing tie uuion

of two individuals, a fluid is emitted by the male organ (
k) into the

Anterior of the sacculus (/), it requires no further argument to s iow

that it can proceed no further, that it can reach no other pait o tie

reproductive system. In congress, therefore, these two paits can

subserve no other than the purposes of, first, mechanically uniting the

individuals, and, secondly, of stimulating the sexual organs. During

those periods when the fertilising fluid is not required for the office of

fecuudation, it is probably discharged externally as a superfluous ex-

cretion, in part through the intromittent organ (k). According to

this explanation, to the larger testicular bodies (h, h, and j) should be
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assigned the mechanical use only of seminal receptacles, compressing
what they may contain either backwards into the ovario-utorine organs,
or forwards to be oxpollcd through the penis ns an excretion. The
penis, therefore, is the only means common to the whole male system
by which it communicates with the exterior, there being, as subse-
quently explained, another channel by which each testis separately
communicates with the ovarian utricles.

(759.) To each ovarian uterus a beautifully-delicato vesicle (fuj.
1 15, a, e, e, e, and b, o) is attached. It is connected with the superior
duct, or that which leads directly from the testis into the ovario-
uterine saccule by means of a very slender tubule (b, n), arising from
the vesicle (b, o). Ibis vesicle is the far-famed “ respiratory sacculus”
of the leech

; the duct (?i) communicating between it and the superior
half (b) of the ovarian uterus is the wondrous respiratory heart-
\ossel, which for half a century has challenged the admiration of
anatomists.*

(700.) The ova of the leech are first produced in a stromatous layer,
which constitutes one of the coats of the ovarian uterus (b) ; at first a
large number of them aro contained in a common capsule (n, p) until
they attain a certain degreo of development, after which they may bo
recognised near the outlet of the oviduct in a single and free
state.

(701.) Ova are never found in the so-called “respiratory sacculus
”

(b, o, a, c, e, e), but on the contrary, and invariably, a small quantity of
sperm-fluid : each of these sacs is perforated (as at r, b) at the point
wlieic it is attached to the integument by an orifice which opens
directly externally

, so that this vesicle, hitherto described as the respi-
ratory sac of the leech, correctly interpreted, is a true vesicula seminalis.
It is designed to receive the superfluous portion of the sperm secretion
as it passess from the testis to the ovarian uterus. Through the orifice

(b, r) this unrequired portion is discharged externally. Spermatozoa
can always be discovered in the interior of these vesicles.

(702.) Abranchia terricola.—The species belonging to the second
division of those Annelidans which possess no external organs of respi-
ration, are easily distinguishable from the suctorial worms by the
different construction of their instruments of locomotion. They live
in general beneath the surfuce of the ground, either perforating the
soil in all directions, as the Earthworms (Lumbrici ), or burying them-
selves in the mud upon the sea-shore or of fresh-water streams where
many of them, called Naides (Nais

, Lin.), live a semi-aquatic life. In
conformity with such habits, their entire structure is adapted to a sub-
terranean existence, and their bodies are so organised as to enablo them
to burrow with facility through tho dense and unyielding materials

T • )

* Dr. Williams, loc. cit. p. 256.
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therein, they are usually found. Whoever has attentively watched

he operations of an earthworm when busied in burying itself in the

art'll, must have been struck with the seeming disproportion between

he laborious employment in which it is perpetually engaged, and the

neans provided for enabling it to overcome difficulties apparently

nsurmountable by any animal unless provided with limbs of extraoi-

dinary construction, and possessed of enormous muscular power, in

the mole and the burrowing cricket we at once recognise in the

immense development of the anterior legs a provision for digging,

admirably adapted to their subterranean habits, and calculated to

throw aside with facility the earth through which they work their way ;

but in the worms before us, deprived as they appear to be of all

external members, feeble and sluggish even to a proverb,—where are

we to look for that mechanism whereby they are enabled to perforate

the surface of the ground, and to make for themselves, m the hard anu

trodden mould, the pathways that they traverse with such astonishing

facility and quickness ? ,

(763.) The structure of the outer fleshy integument of the earth-

worm resembles in every respect that of the leech already described,

both in the annular arrangement apparent externally, and the disposi-

tion of the muscular strata. The suctorial discs, however, that m the

leech formed such important instruments of progression, are here

totally wanting ;
and the annular segments of the body, as t ey

approach the anterior extremity, become gradually diminished m size,

so as to terminate when the worm is fully stretched out m a fine point,

near the apex of which is the opening of the mouth. But there is

another circumstance wherein the external anatomy of the terncolous

Annelidans differs materially from what we have seen in the suctorial

Abranchia : in the latter, the tegumentary segments were quite nakec

upon their outer surface; but in the Lumbrici, of which we aie now

speaking, every ring, when examined attentively, is found to support

a series of sharp retractile spines or prickles ;
these, indeed are so

minute in the earthworm that, on passing the hand along t ie oc y

from the head backwards, their presence is scarcely to be etecte y

the touch, but they are easily felt by rubbing the animal in 1 c oppo

site direction ; a circumstance arising from their hooked oim, an

from their points being all turned towards the tail. These c i erences

between the external structure of the suctorial and setigeious mn

chia, minute and trivial as they might seem to a superficial observet,

are, however, all that are required to convert an aquatic animal into

one adapted to a subterranean residence, as will be evident to any one

who observes carefully the manner in which the earthworm bores its

way through the soil. The attenuated rings in the neighbourhood of

the mouth are first insinuated between the particles of the earth,

which, from their conical shape, they penetrate like a sharp wedge; in
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this position they are firmly retained by the

numerous recurved spines appended to the
different segments: the hinder parts of the
body are then drawn forwards by a longitudinal
contraction of the whole animal

; a movement
that not only prepares the creature for ad-
vancing further into the soil, but by swelling
out the anterior segments forcibly dilates the
passage into which the head had been already
thrust: the spines upon the hinder rings then
take a firm hold upon the sides of the hole
thus formed, and, preventing any retrograde
movement, the head is again forced forward
through the yielding mould, so that, by a
lepetition of the process, the animal is able
to advance with the greatest apparent ease
through substances which it would at first
seem utterly impossible for so helpless a
being to penetrate.

(704.) The alimentary canal of the earth-
woim is straight and very capacious. Its
gieat size, indeed, is in accordance with the
nature of the materials employed as food, for
it is generally found distended with earth;
and by the older physiologists these creatures
were regarded as affording proof that the
nourishment of animals was not exclusively
derived from animal and vegetable substances,
since in this case they supposed nutriment to
be obtained from matter belonging to the
mineral kingdom. This supposition, however,
has been long since exploded, for it is not
Irom the earth that nourishment is afforded, hut
from the decaying animal and vegetable par-
ticles mixed up with the soil taken into the
stomach

; so that the exception to the general
law of nature supposed to exist in the earth-
worm lias no foundation in truth. The whole
intestinal tract of one of these animals is
represented in the figure (j^r. 13 6): it con-
sists of a wide oesophagus which terminates in
a crop-like dilatation

; to this succeeds a mus-
cular gizzard (/<), and a long sacculated in-
estine (/, /) that passes in a direct line to
the anus.

Fiy. 1 1 6.
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(765.) The circulation of the blood m the

terricolous Annelidans has been the subject

much discussion, and until recently was hut very

imperfectly understood. In the eait worm

there are three principal trunks connected

with the vascular system,* the arrangement

of which is represented in the annexed dia-

gram (fig. \ 17). First, a dorsal vessel (a) runs

along the whole length of the back in close

contact with the intestine {Jig- 116, o,o), upon

which it lies ;
this vessel is tortuous, and ex-

hibits constant movements of contraction and

dilatation, whereby the blood is propelled in

continuous undulations from the tail towauls

the head. Two other large vessels occupy the

ventral region of the body : of these, one (fig-

in, b), which we shall call the ventral vessel,

runs immediately beneath the alimentary tube ;

while the other, that is situated close under

the skin, and consequently beneath the ventral

chain of ganglia composing the nervous system,

by which it is separated from the last, may be

distinguished as the sub-ganglionic vessel. These

three °great trunks are united by important

branches, and form two distinct systems : one

of which is deeply seated, being distributed

to internal viscera; the other is superficial,

giving off innumerable vessels to the integu-

ments of the body, and these, by lamifyiug

through the skin, form an extensive vascular

surface adapted to respiration.
,

(766.) The ventral vessel (b), like the dorsal (a), may he traced quite

to the anterior extremity of the worm, where numerous small anasto-

mosing branches unite the two trunks : hut these inosculations are ot

little consequence in describing the circular movement of the blood a

more important communication being established, throug i n ic l e

blood passes freely from one to the other, by the intervention o se\en

or eight pairs of large canals, situated in the immediate neighbourhood

of the generative apparatus, with which indeed they are interwoven.

Each of these voluminous vessels (d) is composed of a senes o

swellings, or rounded bead-like vesicles, endowed with considerable

contractile power ;
and they form together a kind of heart of remark-

able construction, which propels the blood received from the dorsal

trunk into the ventral tube (b).

f

* M Daces, Anuales des Sciences Nat. vol. xv.
,

+ The moniliform character which these vessels exhibit is produced by the process of
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(707.) Along the rest of the body, the communication between the

dorsal and ventral trunks is repeated at each ring by canals which are

much smaller than the bead-like or moniliform vessels, and have no

vesicular arrangement; they (g and e) run perpendicularly upwards,
embracing the alimentary canal, and giving off branches at right

angles, which divide into innumerable ramifications, so as to cover the
whole intestine with a delicate vascular net-work ; these may be called

the deep-seated abdomino-dorsal branches.

(708.) Ihe sub-ganglionic vessel (c) may be looked upon as arising
tiom the termination of the dorsal vessel, with which it is evidently
continuous at the anterior extremity of the body. At the posterior
edge of every segment a delicate branch is giveu off from this sub-
ganglionic tube

(f ), which, running upwards in the same manner
as those derived Irorn the ventral trunk, joins the dorsal, and receives
in its course a large anastomosing branch from the deep abdomino-
dorsal canal

,

that corresponds to it. From this system of super-
ficial vessel sarises a cutaneous net- work, analogous to that described
above as covering the digestive viscera which traverses the skin in all

directions.

(i69.) Let us now trace the blood in its circulation through this

elaborate system. In the dorsal vessel (a) the sanguineous fluid

[lasses from the tail towards the head
; at the anterior extremity of

the body it passes partly into the sub-ganglionic vessel (c), through
the anastomosing branches, and partly into the ventral vessel

(
b), into

which it is forcibly driven by the contractions of the moniliform canals.
In both the ventral and sub-ganglionic trunks, therefore, the course
of the blood is necessarily from the head towards the tail ; and the
circulating fluid is continually returned to the dorsal canal by the
deep and superficial abdomino-dorsal vessels (c, f, g), completing the
vascular circle.

(770.) On reviewing the above arrangement, we immediately per-
ceive that, notwithstanding the similarity observable in the distribution
of the ventral and sub-ganglionic systems of vessels, in a physiological
point of view they are subservient to very different functions

; the

dissecuon. If in the ordinary way a longitudinal dorsal incision is made, and the two
halves be then separated and pinned down, the vessels under such tension are sure to
assume a moml.form outline, that is, one part will dilate and the other contract, and so
on successively throughout the whole length of the vessels: the dilated portion will be
filled with

f

blood, and the contracted will be empty, and the beaded figure will be
perfect. If however, a more careful mode of opening the worm be adopted, dividing
bj means of fine scissors the membranous segmental partitions, and laying gently open
the integuments, these vessels will present a perfectly smooth outline f if! now, one of

^ ^

1ZL> * C orcePs slightly pulled, it will become irregularly knotted,
or moniliform. Muscular fibres, chiefly circular, are present in their parietes, and it is

.°..
' C Unc ' en actl0n of these dements that the beaded form is attributable.— Dr.

>Y llliams, loc. cit. p. 181 .
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Fig. 118.

former representing the systematic, the latter the pulmonary circula-

tion. The hlood derived from the dorsal trunk by the momliform

hearts (A) is supplied by the ventral vessel, which may be compared to

an aorta, over the surface of the viscera, and the remnant of this blood,

after furnishing materials for nutrition, is returned to the dorsal canal

by the deep vessels, «, g; but that portion of the circulating fluid which

passes from the termination of the dorsal tube into the sub-ganglionic

trunk, not only serves for the nourishment of the skin and muscu ar

integument, hut at the same time is brought in contact with the air as

it passes through the cutaneous net-work, and is thus, more or less

replenished with oxygen before it is again returned to the general

circulation. The sub- ganglionic canal is, therefore, a kind ot pu -

monary artery, and the dorsal drives to the mouiliform vessels a mixed

fluid, composed partly of venous blood derived from the viscera,

and partly of arterial derived from the superficial or sub-cutaneous

system.

(771.) In the Lumbrici, the primary lon-

gitudinal trunks are, consequently, similar

in number and disposition to those of the

leech, and the direction of the blood-current

is almost the same. In the earthworm, in this

respect distinguished from the leech, the in-

testine is only tied to the integuments at the

interannular points, the intervals or seg-

mental spaces being left as chambers (fig.

116,1),?;) containing a small quantity of viscid

corpusculated fluid, which is the peritoneal

fluid of this worm. The interposition of a

fluid stratum in this part involves other

anatomical modifications, which still further

separate the organisation of the earthworm

from that of the leech ;
the spongy vessels

described above as occupying this part in

the latter are absent in the former.

(772.) Superadded to the primary median

blood-channels (fig. 118, a, b, c, d) a minor

lateral system, founded upon the latero-

abdominal trunk, may be demonstrated in

the earthworm as in the leech : in all

essential particulars in the two cases the

main trunk of the system and its branches

are the same. Plan of the circulation in an

(773.) Few points connected with the earthworm. (After Dr. Wil-

history of the earthworms have given bams.)

rise to so much speculation as the manner of their reproduc-
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tion. The generative organs have long been known to be lodged
in the anterior part of the body, their position being indicated

externally by a considerable enlargement or swelling that extends
from the seventh to about the fourteenth segment, counting from that
in which the mouth is situated. On opening this portion of the

animal, a variable number of white masses are found attached to the

sides of the crop and gizzard {Jig. 1 1 G, h, h, h)
;
these have long, by

general consent, been looked upon as forming the reproductive system
;

some having been regarded as representing the testes, others the
ovaria

:
yet so delicate are the connections which unite these glandular

masses, and such the difficulty of tracing the ducts whereby they com-
municate with the exterior of the body, that the functions to which
they are individually appropriated have given rise to much discussion.
The Lumbrici have been generally acknowledged to be hermaphrodite,
that is, possessed of organs adapted both to the formation and fertilisa-

tion of ova
; and it is likewise well understood that the congress of two

individuals is essential to the fecundity of both, as, in the earlier

summer months, the mode in which they copulate is a matter of
constant observation. At such times two of these animals are found
to come partially out of the ground from contiguous holes, and, apply-
ing together those segments of their bodies in which the generative
glauds are situated, are observed to remain for a considerable time
in contact, joined to each other by a quantity of frothy spume which is

poured out in the neighbourhood of the sexual swellings. No organs of
intromission, however, have ever been distinguished—neither, until
recently, had the canals communicating between the sexual orifices and
the testicular or ovarian masses been satisfactorily traced; so that
Sir Everard Home* was induced to believe that, in the kind of inter-
course above alluded to, there was no transmission of impregnating
fluid fiom one animal to the other, but that the excitement produced
bv mutual contact caused both the ovaria and testes to burst, so that
the ova escaping into the cells of the body became there mingled with
the spermatic secretion, and being thus fertilised, the ova were hatched
internally, and the young, having been retained for some time in the
cells between the intestine and the skin, were ultimately ejected
through apertures supposed to exist in the vicinity of the tail.

(774.) According to M. Duges, f the arrangement of the sexual parts
is represented in the diagram {Jig. 119). The testicles (b) are placedm successive segments of the body from the seventh backwards; they
\aiy in number in different individuals from two to seven : but whether
this variety depends upon a difference of species, or is only caused by
the posterior pairs becoming atrophied when not in use, is undeter-
mined. Each testis is fixed to the bottom of the ring in which

* Lectures on Conip. Anat. vol. iii. t Ann. des Sciences Nat. vol. xv.
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it is placed by a short tubular pedicle that opens externally by a

Fig. 1 19.

Arrangement of the sexual organs in

an earthworm. (After Duges.)

very minute pore through which

a milky fluid can be squeezed.

The testicular vesicles of the same

side of the body all communicate

by a common caual ;
and the con-

tained fluid, which like the seminal

secretion of other animals contains

animalcules, can readily be made to

pass from one to another.

(775.) The ovaria (c) are eight large

white masses of a granular texture,

from which arise two delicate tubes or

oviducts ;
these have no connection

with the testes, but, running back-

wards, they become dilated into two

small vesicles at their termination

[cl), and open by two apertures or

vulv8e..:seeu externally upon the six-

teenth segment of the body : in these

ducts eggs have been detected as

large as pins’ heads.

(770.) Widely different from the above account of the generative

apparatus of these creatures is that given by Dr. Williams in his

elaborate report. The first part of the reproductive system observed

on opening the body along the dorsal median line, says Dr. Williams,

is the white glandular mass which embraces the oesophagus (as shown

in Jig. 120, a, a, in a pregnant individual). The component lobuli ot

this mass vary in size and number according to the age of the

specimen under inspection. They are tied down to the iuterseg-

mental partitions, and communicate {Jig. 120, a, a, in an individual

not pregnant) with minute ducts which run longitudinally on each

side of the mesian line from one end of the body to the othei {fig-

120, b, b). When compressed they discharge a milky fluid, which

is their proper secretion. It is true seminal fluid ;
it is not emitted

directly externally, but into the longitudinal ducts {fig. 120, b, b)

through the excretory channels {fig. 121, a, a), which are common to

the whole utero-ovarian system. From these longitudinal conduits, the

fertilizing fluid passes laterally along still minuter ducts {b, b, b, Jig.

121, and c, c, fig. 120), which open directly into the utero-ovarian

sacculus. Spermatic animalcules may be traced in progress of passage

from the longitudinal ducts into the lateral duct, which conveys them

immediately into contact with the ova. This fact of the existence ol

sperm-cells in this duct of the female system dispels every obscurity

with respect to the mechanism of self-impregnation probably in all An-
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nelida. In fig . 121 (c, c) is represented the copulative pouches, so

called because no other probable use can be assigned to them. They
are unquestionably an integral part of the generative apparatus, though

their functions may only be mechanical. In the earthworm they are

concealed by the testicular masses. The copulative pouches
(
c

,
c, c)

Fig. 120.

Generative apparatus of the earth-

worm (after Dr. Williams).

—

a, a, testes,

showing their intimate structure; 4, 4,

longitudinal ducts, or vasa defercntia,

running along the whole length of the

body and giving off, c, c, transverse

branches, to each utero-ovarian sac-

culus.

Fig. 121.

Generative apparatus of earthworm
(after Dr. Williams).— cr, a, excretory

channels of testes
; 4, 4, 4, utero-ovarian

organs
; c, c, c, copulatory pouches.

amount to four or six in number on either side of the median line,
and open externally by separate orifices seen outside on the abdominal
surface. They are simple crecal vesicles, communicating with no
detectable duct. It is not improbable, Dr. Williams observes, from
the analogy of the intromittent organs, which will subsequently be
shown to be contained within vesicles of a similar character in Nais,
that they may lodge an intromittent instrument of some sort, though
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its presence has not yet been proved by actual observations. It is

only on the supposition that some such organ is contained within

these pouches, that their mechanical functions can be understood.

(777.) The utero-ovariau organs are constructed in the earthworm

with great exactitude on the model of those of the leech. A delicate

tube, proceeding from the common testicular duct {Jig. 120, b, b), runs

along the upper part of the segmental dissepiment, and serves, as

already explained, to convey the sperm fluid iuto the uterine cavity.

This tube is embraced at its termination with stromatose tissue, which

is densely charged with ova. These ova seem successively to be

thrown into the channel of duct {Jig. 121, l), where they are brought

under the direct agency of the fertilising fluid
;
thus fecundated, they

travel onwards in the line of the circumference of the ovarian uterus,

undergoing greater and greater development, until finally, before their

ultimate exclusion, they dehisce, and the young appear alive and

active.

(778.) After a sojourn of variable duration in this passage, the young

escape externally through the lateral outlet. To the concavity of the

utero-ovarian organ a pouch or marsupium is appended, which during the

breeding season is crowded with ova on the point of giving escape to

the young. From this marsupium the ova descend in a very ad-

vanced state of development. It may be designated the true uterine

segment of the utero-ovarian organ, the place wherein the ova undergo

the process of incubation—that wherein the young are hatched. The

whole of the interior (except the marsupium) of the ovario-uterine pas-

sages is lined with vibratile epithelium. The cilia are active and vigorous

during the season of reproduction, but uudistinguishable during the

rest of the year. A comparison of this organ with that of the leech

will show that the so-called “respiratory sacculus ” (Duges) of the

leech is altogether wanting in the earthworm. With this exception,

the reproductive systems of these two worms are formed on one and

the same principle.

(779.) During the reproductive season, in the earthw'orm it is a

matter of easy observation to trace the evolution of the ova throughout

all its phases. It appears first of all under the character ot a

minute pellucid, nucleated, orbicular cell, of which the germinal

vesicle and its contained germinal spot exceed very slightly in trans-

parency the surrounding vitelline mass. The first appreciable departure

from this unimpregnated type v'hich occurs in consequence of fertili-

sation, consists in a thickening of the vitellus, by which by contrast

the germinal vesicle is rendered much more distinct, the germinal

spot at this stage being only obscurely perceptible.

(780.) Under the succeeding phase, the germinal spot presents

itself under the character of a double cell, surrounded by a pellucid

zone, which is evidently still the germinal vesicle. At the next stage,
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the double cell has multiplied into a series arrauged linearly and
slightly curved, to conform to the circumference of the vitelline mem-
brane. This line of cells is still separated from the material of the

yolk by a very transparent interval, definedly hounded, evidently by a

membrane, apparently the invotucrum of the germinal vesicle. The
succeeding stage is marked by a still further development of this

curved line of cells. At a subsequent phase these cells assume the

unquestionable character of young worms, having the power of inde-

pendent motion while yet in the midst of the vitelline mass. What
is remarkable is that the ovum, while the young is thus being evolved,

undergoes a great increase of size. This can only occur by absorp-
tion of the nutrient fluid from without.

(/SI.) At the inferior uterine duct it will be seen that the
young escape out ot the ova before they finally leave the parent,
and that they are endowed with independent capability of locomo-
tion. Minute groups of molecules are first seen in the axis of the
body, which subsequently become fused into a continuous series, in
which it is impossible to discover a channel. At another age, how-
ever, a distinct intestinal canal appears

; this is surrounded on
either side by a longitudinal row of cells, which indicate the future
blood-vessels. Still further developed, this canal exhibits incipient

evidences of segmental contractions, and, what should he expressly
noted, the interval between the intestine and integument becomes
filled wTith a fluid already corpusculated, tbe motions of which may
be distinctly and unmistakably discerned. Thus, observes Dr. Wil-
liams, the physiologist has attained to a knowledge of one definite

fact in relation to the embryological history of the chylo-aqueous
fluid of the Annelida—that it begins its functions in the embryo
before the true blood.

(<82.) The eggs, when laid, are said by Duges to be two or three
lines in length. In fig. 122, a, one of them, enclosing a mature
embryo, is delineated; its top is seen to be closed by a peculiar
valve-like structure adapted to facilitate the escape of the worm, and
opening {fig. 122, b) to permit its egress. Another remarkable circum-
stance observable in these eggs is, that they very generally contain
double yolks, and consequently two germs, so that a couple of young
ones is generally produced from each.

(<8<3.) The little lively Naides, although terricolous in their habits
lilm the earthworm, are very dissimilar in organisation.

(784.) In Nais fdiformis, so abundant in the fresh-water pools of this
country, the anatomist is presented with a favourable opportunity of
ieso ving the pioblem ot the circulation. A living specimen placed
etucen two slips of glass, from the perfect transparency mf the in-

teguments, will exhibit to the eye in a perfect manner all the circu-
lating movements both of the vessels and of the blood. In Nais, the
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large dorsal vessel
( fir/. 123, a) is first seen travelling wavingly along

the dorsum of the intestine as far as the heart which corresponds

in situation with the intestinal end of the oesophagus. This vessel

is enveloped by the glandular peritoneal layer of the intestine, while

the coats of the ventral vessel are clear and transparent ;
the dorsal

vessel is endowed with parietes of greater strength and density than

the ventral. Each of these vessels dilates into a fusiform heart

{jig, 123 ,
a', b'), situated on either side of the oesophagus. These

hearts, which are joined together by transverse vessels, pulsate alter-

nately and with exact regularity. In the dorsal vessel the blood

moves forwards from the tail as far as the dorsal heart; thence it

descends into the ventral heart, by which it is now propelled chiefly

in a backward direction, partly through the main ventral trunk, and

partly through the inferior intestinal. The other portion of the

blood conveyed by the great dorsal vessel into the ventral heart (b')

passes forwards as far as the head, where its moving power is again

reinforced by a cardiac dilatation, which now impels the current from

before backwards through a superior oesophageal trunk into the dorsal

heart («'), by which organ the blood received from the region of the

oesophagus aud coming from the head, as well as that received from the

great dorsal and coming from the Fig. 122.

tail, is urged downwards into the

ventral heart, and thence chiefly in

the direction of the tail through the

ventral and intestinal trunks (
e

, /)

;

this latter, therefore, is the true

systemic heart. At the oesophageal

end of the body, the two primary

trunks, dorsal aud ventral, are con-

nected together by means of a re-

markable class of vessels (g, g, g) which

in this region proceed at successive

points from the dorsal oesophageal,

and which may be traced in long

coils without division of the vessel

floating in the fluid of the perito-

neal cavity. Posteriorly to the heart-

centre these vessels emanate from the

dorsal intestinal, and correspond pre-

cisely with those bi'anches from the

same vessel which in Arenicola /risca-

torum proceed to supply the branchial

arbuscles. In Nais, therefore, partly from this analogy, but cliidfly from

their anatomical relations, bathed by and floating in the chylo-aqueous

contents of the peritoneal cavity, the physiologist can experience no dif-
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Acuity in dedicating these coiled vessels to uses very definite. First,
it cannot be doubted that they absorb from this fluid the elements
by which the blood proper is formed and replenished; and, se-

condly, it is in the strongest degree probable that the true blood is

in great
;
part aerated through the agency of these vessels upon the

gaseous elements contained in the peritoneal fluid. They constitute
the special branchial system (internal branchiae) while they discharge
incidentally an absorbent function. In the movement of the blood,
then, in Nais as in Lumbricus, there are discernible only two leading
directions, one forward in the primary and intestinal dorsal vessels,
the other backward in the primary and intestinal ventral. It is

not possible to trace the blood into the capillary parietal system
of the intestine, in consequence of the transparency of the stream
when thus minutely subdivided. In Nais there is also an integu-
meutaiy system which intervenes between the two primary (dorsal
and abdominal) trunks (a, f), ramifying in the substance of the
integuments, upon which, in part, a respiratory function may devolve.

(7S5.)The generative system of the

Nais as delineated by Duges presents

a very different arrangement to that

which exists in the earthworm. The
swollen part of the body, in which
the sexual organs are placed, occu-

pies a space of five or six rings,

beginning at the eleventh. On each
side of the eleventh segment is a
minute transverse slit {fig. 124, h)

communicating with a slightly-flexu-

ous canal which terminates in a

transparent pyriform pouch or vesicle.

The latter contains a clear fluid,

wherein minute vermiform bodies are

seen to float, and most probably re-

presents the testis. The twelfth

segment likewise exhibits two open-
ings, each placed upon the centre of

a little nipple (c) : these are the

orifices leading to the female por-

tions of the sexual system. The
ovaria {cl, e) are composed of four
large and several smaller masses of
a granular character, and from them'
proceed long and tortuous oviducts,
which, just before their termination

Fig. 123.

at the lateral openings (c), become Dr. wmLT
Plan of circulation in Nais. (After

•)
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thick and glandular. These animals most likely copulate like the

earthworm, and lay their eggs in a similar manner. We have

already seen, in the Lumbricus terrestris, ova containing two yolks, and

consequently giving birth to two animals; hut in the Nais every

egg produces ten or a dozen young ones,* or, perhaps we ought

rather to say, that what appears to he a single egg is in fact merely

a capsule inclosing several distinct ova

from which a numerous progeny arises.

The manner in which these compound eggs

are formed is easily understood, when we

consider the structure of the oviduct de-

scribed above. The granular germs escape

no doubt separately from the ovaria, and

remain distinct from each other as they

pass along the tortuous canal that leads

to the external opening ;
but at length,

arriving at the thick and glandular portion

(c) of the oviferous tube, several of them

become inclosed in a common investment,

secreted by the walls of the oviduct, and

are expelled from the body with the out-

ward appearance of a simple egg.

(786.) Dr. Williams thus describes the

component parts of tire sexual apparatus

of Nais, enumerating its component parts

in the order of their position from before

backwards.

(787.) Two pear-shaped sacculi {fig.

125, a, a) are sufficiently prominent and

defined in outline to be traced satisfactorily

by the eye. The fundus of these sacculi

exhibits no traceable orifice of commu-

nication with the glandular bodies (c, c')

by which they are enveloped ;
it is quite

certain, however, that this communication

exists. The interior of these sacculi is notlinedwith vibratile epithelium

;

they lodge a peculiar flexible, arrow-headed organ (b, b), which is often

seen extruded through the orifice (a) to a considerable distance ; this

organ is an indisputable intromittent instrument. Its axis is hollow,

and its root is structurally identified with the parietes of the vesicle

in which it is contained. The large-celled glandular masses (c, c ) are

testicular, and contribute the fluid which is emitted by the penis (b),

through the orifice (a) into the vulva [cl), if not of the same, of an-

other individual. No other parts than these masses (c, c') discoverable

* Dug6s, loc. cit.
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Fig. 125.

in Nais are charged with sperm cells, or, as Dr. Farre has designated
them, ciliated corpuscules. These organs, therefore, are evidently the
sole male apparatus of Nais

;

they furnish the secretion which, when
introduced into the uteri (cl'), fecundate the ova contained in the large
masses (g). These last masses are ultimately composed of the ele-

ments (n) which consist of vitelline, nucleated, orbicular cells.

Through a channel, not yet clearly defined, these ova find their way
into the convoluted duct (/), which
is prolonged from the fundus of the

uterus (d), and terminates in a re-

markable fimbriated extremity
(
e ),

through which the fertilised ova es-

cape into the open cavitjr of the peri-

toneum. This singular organ, which
may be divided into the uterine
cavity, the Fallopian duct, and Morsus
dialoli, is repeated at every segment,
as seen at i, k, &s. In the posterior

units, however, of this system, the
large ovarian masses (g) are not repro-

duced; they are peculiar to the first

and most anterior of the system. In
the posterior, they are replaced by
another description of stromatous
tissue (as seen at j, j), which em-
braces the mid portion of each duct.
In the absence of any demonstrable
male apparatus in connection with
these posterior utero-ovarian organs,
there remains no alternative but to

believe that the fimbriated extremi-
ties (k, lc), floating freely and loosely
in the fluid of the peritoneal cavity,

and lined internally with active cilia,

take up sperm-cells from the fluid

of the peritoneal cavity in which they
are suspended, conveying them through the duct, until they reach
that portion (j) which is embraced by the ovarian tissue. At this
stage, the ova from this tissue are detached into the duct where they
come into direct contact with the spermatic elements; the ova thus
ertihsed travel onwards under ciliary agency, for which these parts
aie quite remarkable, and finally escape at the outer orifice (i, i); they
escape as ova. Nais is, therefore, an oviparous worm. Young worms
are never found in any part of the body, nor at any time have true ova
been seen in the fluid of the peritoneal cavity.

Generative apparatus of i\ais. (After
Dr. Williams.)

U
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(788.) Nais, observes Dr. Williams, is the only worm yet known

in which the sexual organs communicate so directly with the peii-

toneal cavity, and in which the fluid contents of this cavity enact a

mechanical part in propagating throughout the female elements of the

reproductive system the fecundating fluid. It is not, however, the

only Annelid in which the female moiety only of the sexual system

is segmeutally repeated. In the earthworm, the testiculai masses

have been shown to be circumscribed to one region of the body, while

the utero-ovaria are reproduced at every segment ;
and in the Tere

-

bellte, and others hereafter to be noticed, a similar tendency to a

repetition of the female elements only is exhibited.

(789.) Besides the ordinary mode of propagation by ova, it has long

been asserted that some of the Annelida at least are reproduced by

spontaneous division. Bonnet, Muller, and Duges, all agree that this

is the case with certain species of Nais; and in Nais Jiliformis the

process of separation has been witnessed from its commencement to

its termination. The division was said to occur near the middle ol

the body of the animal, the posterior half remaining motionless upon

the mud of the bottom of the vessel, whilst the anterior portion buried

itself as usual ;
after some days the truncated extremity of the hinder

part was observed to become swollen, transparent, aud vascular, and

ultimately to assume the complete structure of the mouth of the per-

fect animal; it then buried itself in the mud, and no doubt there com-

pleted its development.

(790.) It is very generally believed, that even the earthworm may

be multiplied by mechanical sections, the separated portions repro-

ducing such parts as are removed in the experiment, and again

becoming perfect. Careful experiments, made to ascertain how far

the statements of former authors upon this subject are substantiated,

pi'ove that the assertion is not entirely without foundation, although

by no means to the extent indicated in their writings. It would,

indeed, be easily credited that the removal of the hinder paid of the

body of an earthworm w’ould not necessarily destroy the anteiioi poi-

tion, since no organs absolutely essential to existence are removed

by the operation, and even the course of the circulating fluids would

not be materially interrupted by the mutilation ;
but that the hinder

moiety should be able to reproduce the mouth, gizzard, aud stomach,

the complicated apparatus of moniliform vessels and the sexual organs,

contained in the anterior segments, could scarcely be deemed possible,

and the assertion has been satisfactorily disproved by actual observa-

tion. On cutting an earthworm in two, the anterior portion is found,

in fact, generally to survive; and the wound caused by the operation,

becoming gradually constricted, is soon converted into an anal orifice,

rendering the animal again complete in all parts necessary lor its

existence. This, however, is by no means the case with the posterior
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portion ; for although it will exhibit, for a very long period, indica-

tions of vitality, no signs of reproduction have been witnessed, and it

invariably perishes.

(791.) Nevertheless, although it is thus proved that the earthworm
cannot be multiplied by mechanical division, it is stated to be able to

reproduce small portions of its body, the removal of which does
not implicate organs essential to life. In the experiments of M.
Duges,*for example, it was found that four, or even eight, of the
anterior rings might be cut off with impunity, although the cephalic
pair of ganglia, the mouth, and a part of the oesophagus were neces-
sarily taken away. In worms thus mutilated, after the lapse of from
ten to thirty days a conical vascular protuberance was observed to
sprout from the bottom of the wound

; and, in eight or ten days
later, this new part had become so far developed, that not only all

the lost rings were apparent, but even the upper lip and mouth had
assumed their normal form, and the animal again began to eat and
bury itself in the earth.

(*92.) In relation to the spontaneous division of the Annelida, Dr.
Williams observes It is true that towards the latter end of every
summer, certain species of worms are multiplied by a cutting across
the body at one or more points. If the fissure occurs at more than
one point, the animal, of course, becomes divided into more than
two pieces. This circumstance seldom happens. The fissure in Areni-
cola generally occurs somewhere within the middle third of the body,
securing a few branchial tufts for each fragment. The tail, how-
ever, is sometimes detached, and sometimes the division happens
very near the head. This process, both in Nais and Arenicola,
happens during July and August. The cephalic and caudal pieces
in Arenicola continue for some time to writhe in the sand, somewhat
further down in the soil from the surface than the perfect individuals.
Towards September, the fragments, both that attached to the head
and that belonging to the tail, dissolve away, ring by ring, and finally
disappear by decomposition. If the fragment examined be that of
the tail, it will be observed at the point of separation to exhibit an
eversion of the edges, placing the alimentary canal exteriorly and a
very evident increase of size in the vessels also occurs, accompanied
by a tumefied state of all the structures of the part. From this
latter fact, it is easy to be misled into the idea that the vessels can
become enlarged for no other purpose than that of repairing the
injury done by the fissure, or, perchance, of reproducing the part
detached by that process. Such would naturally be the meaniim
which a physiologist would attach to the swollen appearance of the
blood-vessels. But such is not the conclusion to which' the careful

* Loc. cit.
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practical observer is conducted by the study of the actual phenomena

of the process. It is, of course, indisputable that nature accomplishes

some adequate object by the fissure of the body of the worm ,
but

that object, whatever else it be, is unquestionably not that of multi-

plying the species. The tail-fragment never, as can be proved by

easy observation, produces a single new ring or segment of the body.

If this be true, how completely improbable must be the statement

that the headless piece is capable of producing a new head. In

Arenicola and Nais, Dr. Williams can confidently declare that such

reproductive properties as those implied in the re-formation, and that,

too, by a remnant of an integral part of the body, do not exist. It

is equally inaccurate to maintain that a new tail is formed by the

cephalic fragment. This half of the divided worm, like the former,

gradually presents evidences of decay,—it becomes less and less

irritable, the muscles and integuments begin to decompose, the blood-

vessels of the bronchi® become black, and the whole disappears by the

dissolution of the structures.

(793.) The following is what Dr. Williams conceives to be the

interpretation of the above facts:— .

(794.) Every Nais, as relates to its reproductive apparatus, is identi-

cally constituted, and this worm is consequently androgynous. Every

individual, towards the latter end of the summer, dies by the bisec-

tion of its body. It is not true, as reported by Duges, and before

him by Spallanzani, that the fragments into which the body of each

worm becomes resolved is again reconstructed into a perfect whole.

Although the sexual system exhibits a tendency to segmental repe-

tition, there devolves upon the large anterior portion, described by

Duges, a special function, which the rest cannot perform; and on

the contrary, a duty falls on the posterior segmental units of the sys-

tem, which the anterior cannot discharge. It is consequently evident

that neither of the moieties into which the body is resolved during t le

crisis of the reproductive season can be oiganically pei ect. uc

fragmentary organism is wanting in elements paramountly essentia to

individuality.*

1st. These Annelids are annuals: the term of existence is com-

pleted when the organic cycle is once accomplished. They aie oin

during the latter months of one summer, aud suivive the wintei,

attain to the maturity of growth, reproduce the species, anc le j

the spontaneous subdivision of the body into fragments, on the anna

of the same season of the succeeding year. This brief lound com

prebends the history of each individual. Since these worms aie

monoecious, each shares the common fate. Each contributes by its

* Dr. Williams, loc. cit.
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own death to the multiplication of the species: the species being

multiplied, the ends of its own existence are accomplished.

2nd. For 6ome time before the fissure of the body occurs, the

process of the maturation of the ova is proceeding. Arrived at the

matured phase, they escape from the ovarian system into the free

space of the peritoneal cavity, wherein they sojourn until the next

phase of their growth has been attained. It is during the period

marked by the presence of true ova in the chamber of the perito-

neum, floating in the contained fluid, that the division of the body
of the parent animal takes place. In each fragment is nestled, incu-

bated, a considerable number of ova. Filled still by the fluid of the

peritoneal cavity, each fragment becomes subservient to the end of

hatching the young. It resists decomposition only for the period
required for the accomplishment of this purpose. When the ova
aie committed to the sand, the fragment rapidly disappears by pu-
tiefactiou. The fissure of the body, thus interpreted, becomes the
last act of the parental worm, since the portions into which the body
is subdivided by fissure never take food. With the fissure the neces-
sity for food terminates. If, on the contrary, the division of the body
were the first step of a real reproductive operation, characterised by
the superaddition of new segments to the body, each fragment should
grow voracious and consume extra supplies of nourishment, in order
to provide the necessary pabulum for the reparation of mutilated
parts. As this is not the fact, the inference is clear, that the division
of the body is not the prelude to a series of reconstructive operations
by which parts are made “wholes," or mutilations repaired.*

(795.) The experiment of artificially bisecting the body of a Nereid
or an Earth-worm, replacing the divided halves with care again in
their native habitats, invariably, in the hands of Dr. Williams, led
to the following results.—The cephalic half, by this division of the
body, does not lose the power of locomotion. In a few days after
the operation, it begins to grow less active and vigorous in its move-
ments, the annulus at the point of division begins to contract and
wither; in process of a few more hours it dies—it mortifies away.
This process of dissolution creeps in the direction of the head from
one segmental ring of the body to another, until, finally, the cephalic
remnant ceases to manifest any signs of life.

(790.) The tail-half immediately loses the power of advancing it
writhes on one spot, and that only in contact with some external body
its motions become excited, not voluntary; it never re-acquires the
power of swallowing earth. The process of decay begins much
sooner than in the cephalic half, and extends in the direction of
the tail, implicating one ring after another rapidly, until the whole
is involved m decay, f

\ ide Report on the British Annelida, p. 248, et seq. t Loc. cit. p.-250.
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(797.) Dorsibranchiata .—We have gone too minutely into the

anatomj' of the two preceding orders of Annelidans to render an

equally-detailed account of the structure of the Dorsibranchiata

necessary
; we must, therefore, restrict our observations to those

points in which remarkable variations from what has alieady been

described present themselves to our notice. These worms are all

inhabitants of the sea; and although upon our own coasts they

seldom attain to very considerable dimensions, rarely exceeding a

few inches in length, in tropical climates some species are found of

comparatively gigantic proportions, having their bodies composed of

four or five hundred segments, and occasionally measuring four feet

from one end to the other.

(798.) We have already seen (§ 730) that, in the more perfectly

organised forms of these worms, each segment of the hody suppoits

certain external, movable appendages adapted to assist in locomotion,

which are usually called the feet, or, more properly, the oars; they

present great diversity of appearance, and, from the nature and ai-

rangement of the different parts composing them, are of mateiial

assistance to the systematic zoologist, as they afford important cha-

racters for the establishment of generic and specific differences. In

the section of Leodicea antennata already given {fig.
109, 2,), these

parts are seen in a very intelligible form, and are visibly composed of

three distinct structures adapted to different uses. The first, which

occupies the uppermost position, is the respiratory apparatus {b); in

Leodicea its structure is extremely simple, being composed of a central

stem, from which a single series of vascular filaments is sent off, giving

the organ a pectinated appearance ;
but in other cases the branchial

tuft is far more considerably developed, dividing and subdividing into

minute ramifications, and thus offering a more considerable surface to

the surrounding element. In most instances, as in Leodicea {fig-

109, l), these respiratory arbuscles are placed along the entire length

of the body, being appended to every segment, with the exception,

perhaps, of a few of the most anterior ;
nevertheless, in some species,

their distribution is more partial, and their presence is restricted to a

few rings of the animal.

(799.) In Arenicola piscatorum, for instance {fig. 120), a woim met

with abundantly upon our own coasts, and eagerly sought aftei as
.

a

bait by fishermen, who dig it from the holes that it excavates in

the sand, the branchiae (6) are confined to the central portion of the

body, where they form on each side a series of bunches, which are re-

markable during the life of the creature for their beautiful red colour,

derived from the crimson blood that circulates copiously through them.

(800.) But the organs of respiration in the Dorsibranchiate An-

nelidans are not always arborescent; on the contrary, they are not

unfrequently spread out into thin membranous lamellie. or resemble
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fleshy crests or vascular tubercles ;
still, what-

ever their form, their office is the same, and

the vessels spread over them, presenting an

extensive surface with which the water is

brought in contact, the blood is oxygenated

as it passes through them.

(801.) The second class of organs to be

enumerated as entering into the composition

of the lateral appendages are soft, fleshy, and

subarticulated processes called cirri [jig. 109,

2, c, e)

;

these are generally two in number,

and belong one to the ventral and the other

to the dorsal oar : their precise office is not

well understoood ; but as in some of the seg-

ments, especially in the neighbourhood of the

head, they assume a tentacular form, they

have with much probability been regarded as

instruments of touch.

(802.) The seta (Jig. 109, 2,d) are, perhaps,

the most efficient agents in progression. These

are long and stiff hairs disposed in bundles

and implanted into strong muscular sheaths.

Each packet of set® can be retracted within

the body to a certain extent, and again pro-

truded by the action of the tubular supports

from which they arise, and, being capable of

independent action, these organs must be looked

upon as so many powerful fins, well calculated

to propel the creature through the element it

inhabits.

(803.) Nothing can exceed the splendour

of the colours that ornament some of these

fasciculi of hairs; they yield, indeed, in no
respect to the most gorgeous tints of tropical

birds or to the brilliant decorations of insects

:

green, yellow, and orange,—blue, purple, and

scarlet,—all the hues of Iris play upon them
with the changing light, and shine with a

metallic effulgence only comparable to that

which adorns the breast of the humming-bird.

But it is not for their dazzling beauty merely
that these setae are remarkable

; they are not

unfrequently important weapons of defence,

and exhibit a complexity of structure far bc-

Fig. 126 .
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yond anything to be met with Fl0- '27-

in the hair of higher animals.

In the Aphrodite aculeata, for

example {fig. 127, a), they are

perfect harpoons ; the point of

each being provided with a

double series of strong barbs

[fig. 127, b), so that when the

creature erects its bristles,

much more formidable than

those of the porcupine, the

most determined enemy would

scarcely venture to attack it.

(804.) But here we cannot

help observing an additional

provision, rendered necessary

by the construction of these

lance-like spines. We have be-

fore noticed that the bundles

of setae are all retractile, and

can be drawn into the body by

the muscular tube from wdience

they spring. It would be superfluous to point out to the reader the

danger which would accrue to the animal itself by the presence of such

instruments imbedded in its own flesh, as by every movement of the

body they would be inexti’icably forced into the surrounding tissues.

The contrivance to obviate such an accident is as beautiful as it is

simple. Every barbed spine is furnished with a smooth, horny sheath

{fig. 127, c, a, b), composed of two blades, between which it is lodged ;

and these, closing upon the barbs when they are drawn inwards, effec-

tually protect the neighbouring soft parts from laceration.

(805.) In the Aphrodite above

alluded to we have an additional ap-

pendage developed from the upper

pai't of each lateral oar, in the shape

of a broad membranous scale, which,

arching inwards over the back {fig.

128, c), forms with its fellow's a series

of imbricated plates, or Elytra, as

they are technically named {fig. 127,

a) ;
and beneath these the branchial

organs are lodged. Each of the

elytral scales is formed by a double

membrane, between the laminae of

Fig. 128 .

which at certain seasons the
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eggs are found to be deposited;

—a situation evidently adapted to

ensure the exposure of the ova

to the influence of the surround-

ing element, and thus to provide

for the respiration of the embryo.*

(806.) The structure of the

mouth in the Dorsibranchiate An-
nelidans is very peculiar. The
first portion of the alimentary

canal, or stomach, as it is most
erroneously called by some 'writers,

is muscular
; and certainly, when

seen in a dead Aunelide, it might
easily be taken for a digestive

cavity. Nevertheless, during life,

this part of the alimentary appa-

ratus is destined to a widely-dif-

ferent office ; for it is so con-

structed, that at the will of the animal it can be completely everted,

turned inside out, and, when thus protruded externally, it forms a very
singular proboscis, used in seizing food, and frequently armed with
powerful teeth of singular construction. The preceding figure {fig. 129,
a), representing the head of one of these worms {Goniada d Chevrons,
Milne Edwards), will give a good idea of this curious orgau when fully

displayed; and in fig. 129, 13
,
the mechanism is exhibited by which its

protrusion and retraction are accomplished. The whole appai’atus is

there seen to consist of two muscular cylinders, placed one within the

other, hut continuous at their upper margin (b), or, to use a familiar

illustration, the proboscis may be compared to the finger of a glove

partially inverted ; it is obvious, that in this case, if the inner cylinder

be drawn inwards,—that is, into the mouth,—the whole structure

becomes shortened, until at last it is entirely retracted into the oral

cavity ; whereas, on the contrary, if the outer tube is made to pro-

trude, it expands at the expense of the inner one, which is gradually

drawn forwards. The internal surface of this remarkable proboscis is,

moreover, variously modified in its structure, so as to adapt it to the
prehension of different kinds of prey. In Amphinome, for instance,
the orifice of the mouth is a thick, fleshy, and callous circle {fig. 132,
b, c, d), and the surface of the exserted proboscis (c, ct) is covered with
delicate transverse rugae, evidently so arranged as to give tenacity to its

gripe. In Goniada it supports two distinct sets of horny teeth, pro-
vided for very different uses; one set, which is exposed when the pro-

Fig. 129.

B

Milne Edwards, Ann. des Sciences Nat. vol. xxvii.
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boscis is unrolled to a very small extent, consists of a series of linear

horny plates {fig. T49, a, d), and probably forms a kind of file, or

rather a scraper, wherewith the auimal excavates the subterranean

galleries in which it lives. The other set does not make its appear-

auce till the proboscis is more com- 130 .

pletely expanded, and is evidently an

instrument of prehension, formed by

two horny hooks {fg. 129, B, a, b
)

placed upon an elevated ridge near

the entrance of the oesophagus, so as

to take a secure hold of any victim

seized by this curious mouth.

(807.) T 11 Phyllodoce laminosa the

teeth form a circle of semi-cartilagi-

nous beads, encompassing the ex-

tremity of the proboscis, when that

organ is pushed out to its full length

{fg. 130, b), an arrangement well

adapted to hold and perhaps to crush

their prey.

(808.) But the most formidable

jaws are met with in some of the

Nereidiform species, as in Leodicea antennata, of which a figure is

given above {fg. 109). When the proboscis of one of these creatures

is slightly everted, the extremities of three pairs of strong horny

plates emerge from the mouth ;
of these, one pair terminates by form-

ing a powerful hooked forceps, while the others present strong den-

ticulated margins {fg. 131, a, a, b, c). The nature of these teeth will

Fiy. 131 .

be better seen by a glance at b in the same figure, where they are

represented upon an enlarged scale, as they appeal* when detached

from their connections.

V
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(809.) The alimentary canal of the Dorsibranchiate Annelidans

offers little which requires special notice. It invariably passes in a

direct line from the termination of the proboscis to the anal extre-

mity of the body. In the Nereidcc it is provided with numerous lateral

pouches, somewhat resembling those of the leech. In Aphrodite these

lateral caeca are very long, slender, and branched at their extremities,

so that they have been thought by some to be secreting organs, repre-

senting the liver. In Arenicola we find at the termination of the

oesophagus {fig. 136, /) two large csecal appendages
(
e) of unknown

office, while the rest of the tube (c) is entirely covered with minute

sacculi, the walls of which are decidedly glandular, and secrete a fluid

of a greenish-yellow colour.

(810.) In the majority of the Annelids, observes Dr. Williams,*

the alimentary system constitutes a cylindrical tube, which bears a

general resemblance of outline to the integumentary, this latter form-

ing with respect to the former an exterior concentric, or embracing

cylinder. These two cylinders are in no instance in agglutinated con-

tact ; a space intervenes, varying in capacity in different species, to

designate which the term “peritoneal," or splanchnic may be used

with perfect propriety. This space is occupied by a vital or organised

fluid charged with corpuscules, which discover under the microscope

characters distinctive of species. Independently of its physiological

uses, this fluid enacts mechanical functions indispensable to the well-

being of the animal. On it, as upon a pivot, the vermicular motions

of the intestinal cylinder are performed.

(811.) Although as a whole, forming a cylinder, in no instance does

the alimentary canal of the Annelida present the figure of a smooth-

walled tube. The parietes are invariably sacculated, and often super-

ficially multiplied in the most elaborate manner. In the lumbriciform

species each segment of the body has its own independent stomach.

Those of contiguous segments communicate through an opening con-

siderably more contracted in diameter than that portion of the intes-

tine from which it leads. Thus the intestine of the Errant Annelids

especially may be compared to a line of pears, the apex of each suc-

cessive pear being applied to the base of its predecessor in the series

:

if these bases were prolonged on each side, the stomach of the leech

would be the result ; if compressed, that of those species in which the

tube is nearly straight.

(812.) In relation to the mechanism of alimentation in the suctorial

Annelids, Dr. Williams observes that there exists in all species an

inverse proportion, both as regards quantity and quality, between the

fluid contained in the peritoneal cavity and that of the digestive cmca.

It is accordingly found, that when the stomach is reduced to the simpli-

* Report on the British Annelida, by Thomas Williams, M.D., vide Report of the

British Association for the Advancement of Science, for 1851.
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city of a straight tube, unsupplied with lateral caeca, the chamber of

the peritoneum is spacious, aud replete with a highly-organised fluid

;

that, on the contrary, when the stomach is multiplied and complicated

by the addition of lateral appendages, filled with a chymous fluid, the

peritoneal space becomes reduced in capacity, and almost entirely

deprived of contents ; the fluid thus balanced being not changed

physiologically when transferred from the peritoneal chamber into the

interior of the digestive caeca, or vice versa.

The following axioms may be laid down relative to the circulation

of the blood.

(813.) 1 st. In all Annelids* the blood flows in the great dorsal trunk

from the tail towards the head.

2nd. In all Annelids the blood flows in the great ventral trunk

from the head towards the tail.

3rd. In the whole integumentary system of vessels the blood moves

from the great ventral towards the great dorsal trunk ; this movement

constitutes the annular, or transverse circulation. The main current

of the blood in the ventral trunk pursues a longitudinal course, until

exhausted by successive lateral deviations.

4th. In Annelids the intestinal system of vessels consists of four

longitudinal trunks: one dorsal, which may be called dorso-intestinal

;

one ventral, which may be distinguished as the sub-intestinal ; and

two lateral. These several trunks are joined together by circularly-

disposed branches, bearing a deuse glandular capillary system. In

the inferior intestinal system the general movement of the blood is

from before backwards, in the circular branches from the ventral

towards the dorsal trunk.

5th. In Arenicola, Nais, Lumbricus, Hirado, the dorso-intestinal

trunk sends off the afferent branchial vessels, and these latter return

into the great dorsal trunk. In these species the former vessel, there-

fore, discharges the functions of a branchial heart.

Cth. In the Terebelloe and Serpulse, which are cephalo-branchiate,

the anterior extremity of the great dorsal trunk enlarges fusiformly,

and propels the blood directly into the branchial appendages. In these

genera, therefore, this vessel becomes the branchial heart, and the

great ventral trunk iuto which the efferent branchial vessels empty

themselves, becomes the systemic aorta.

7th. In all cases, without exception, the three inferior intestinal

trunks carry arterial blood, and in nearly all the dorso-intestinal,

venous.

(814.) The course of the principal trunks of the circulating system

in the Dorsibranchiata bears a general resemblance to what we have

already seen in the Abranchiate order, modified, of course, by the

variable position of the branchial tufts ; but, with respect to the

* Dr. Williams, loc. cit. p. 1 7 0.

J
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minuter details eon-

nected with tlie ar-

rangement of the

vessels, our infor-

mationhasbeen,un-

til recently, vague

and unsatisfactory.

'.liie investigation,

iudeed, is attended

with considerable

difficulty. The an-

nexed figure (Jig.

132) of an elabo-

rate dissection of

an Amphiuome (A.

capillata), copied

from one of the

beautiful drawings

contained in the

Hunterian Collec-

tion,* affords an ex-

ample of a circu-

lating system in

which the propul-

sion of the blood

is effected entirely

by vessels, without

the intervention ol

any muscular cavi-

ties or heart. In

this animal the re-

spiratory organ s are

penniform appen-

dages placed along

the back, and these

external vascular

tufts communicate

with delicate plex-

uses of vessels situ-

ated in the interior

of the body, called

* Descriptive and il-

lustrated Catalogue of

the Physiol. Series of

Coinp. Anat. in the

Mas. Royal Coll. Surgeons, London, vol. ii. pi. xiv.
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the branchial plexuses. In the figure the branchial plexuses of the left

side only are represented
(q , q , q), and of these, one marked q' has been

turned aside. The blood and nutritious fluids derived from the whole

alimentary tract are collected by the large ventral intestinal vein

(n, n, n), and conveyed to the branchial plexuses through the nu-

merous vessels (o, o, o ), some of which (o', o', o') are displaced in the

drawing in order that their connections may be better seen. Besides

the blood and nutriment thus derived from the intestine, the branchial

plexuses receive the circulating fluid from all the segments of the

muscular envelope by separate veins (p , p), and thus the blood from

all parts is brought to the gills and exposed to the influence of

oxygen.

After undergoing respiration, the blood is collected from the

branchial plexuses by the lateral veins (r, r, r) ; from which, through

communicating vessels (s, s, s), it passes into the aorta or great dorsal

vessel
(
t

,
t, t), to be distributed through the body. From the aorta

large trunks (v, v) are given off to form the intestinal artery (w, w),

which, ramifying over the intestine, communicates with the intestinal

vein (n, n), and thus completes the vascular circle.*

(815.) In Eunice sanguined the circulatory apparatus consists of a

short but capacious dorsal vessel (fig. 1 33, l'), which rests upon the

pharyngeal portion of the digestive tube, without, however, being

adherent thereunto, and communicates posteriorly with a vascular

circle that surrounds the stomach, and receives the blood from the

intestinal parietes, through twTo longitudinal trunks (fig. 133, l) situated

upon the dorsal aspect of the alimentary tube.

(816.) In its course towards the head, the single dorsal vessel (l'),

which is a continuation of the two dorso-intestinal veins
(l), receives

several branches, some derived from the digestive canal, others proceed-

ing from the muscles and integumeuts of the neighbouring part of

the back. These last-named branches communicate with a slender

cutaneous medio-dorsal vessel that runs along the entire length of

the body, and receives from each segment numerous cutaneous ra-

musculi (x). Lastly, the dorsal vessel gives off from its anterior

extremity various branches to the cephalic segments, as well as others

w'hich are directed outwards, as in the Terebella above described ; but

these, instead of supplying branchial organs, take a backward course,

and are either distributed to the parts in the vicinity of the pharynx,

or their ramifications anastomose with those of the ventral vessel,

immediately to be described.

* The parts indicated in the drawing by letters not referred to in the text are the

following :

—

a, a, the ventral surface of the segments of the body; e, e, the ventral oars

or packets of bristles
; ff, the ventral cirri, or feelers

; <j, the anal cirri ; h, the anus ;

i, i, k, k, the bases of the dorsal and ventral oars, with their surrounding muscles ;

l, l, the dorsal longitudinal muscular bands; m, m, the ventral longitudinal muscular

bands.
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(817.) The ventral vessel {fig- 133,

q') gives origin, opposite each segment,

to a pair of lateral branches ;
but the

conformation of these branches, as well

as the functions to which they are

destined, are very different. Imme-

diately after its origin, each lateral

branch becomes considerably dilated, and

bends back suddenly upon itself so as

to resemble, when superficially examined,

an ovoid vesicle, or ampulla; it then

runs outwards, furnishing an ascending

branch to the alimentary canal, and on

arriving at the base of the feet, or loco-

motive appendages, gives off several

small anastomosing branches, forming

a sort of vascular network, whence

vessels are supplied to the correspond-

ing branchial filaments.

(818.) The blood, after being sub-

jected to the influence of oxygen in the

branchial appendages, is returned by

other transverse vessels, which ran along

the inter-annular septa to the alimentary

canal, where they ultimately discharge

themselves into the large median trunks

(?) situated upon the dorsal aspect of the

intestine.

(819.J Considered generally, it will

be perceived that the distribution of the

vascular- trunks in the Eunices is pretty

much the same as that which exists in

the Terebellte, but when their functions

are considered, and the relations in which

they stand relatively to the respiratory

apparatus, very important differences are

at once apparent between the two genera.

In the Eunices, the propulsion of the

blood is not at all effected by the con-

tractions of the branchial organs, nor

even by the agency of the dorsal vessel,

Fig. 1 33.

Circulatory and respiratory ap-

paratus of Eunice sanguinea.—a, b, c,

the antenna; ; e, the first segment of

the body
; /, lateral appendages, or

rudimentary feet; g, pharynx; </,

mandibular muscles
; i, intestine

;

l', vessel performing the functions of

an aortic or systemic heart; l, su-

perior intestinal vessels; s, their

lateral branches (or branchial veins)

;

q, ventral vessel
; t, its lateral

branches; l\ contractile ampullae,

performing the functions of bran-

chial hearts; u, branchim; ,r, sub-

cutaneous vessels of the back. (After

Milne Edwards.)but by the pulsations of the contractile

ampullae, formed by the dilatation of the commencement of each of

the transverse ventral vessels. These bulbs, two of which are situ-

ated in each ring of the body, with the exception of six or seven of
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the most advanced segments, distribute the blood to the branchise as

well as to the intestinal canal, the muscles, the integument, &c., so

that, physiologically considered, every one of them must be regarded

as a distinct heart ; and as there are sometimes, in large specimens,

several hundreds of these contractile cavities, it is probable that such a

multiplicity of independent motor organs employed in effecting the

circulation of the blood may account for the circumstance that portions

of these worms, separated from the rest of the body, will continue to

live for a considerable period.

(820.) In Eunice it will be seen {fig. 133) that Professor Milne Ed-
wards has described and figured the branchial vessels as ampullated

soon after the origin of each from the common trunk, the ampulhe
being designed to fulfil the function of branchial hearts. These
vessels, therefore, according to the representations of Milne Edwards,

are in Eunice the exact analogues of those remarkable cardiac vessels

(pulmonary hearts) described by M. Duges in the leech. The existence

of these latter vessels has already been found from the statements of Dr.

Williams to be altogether imaginary (§ 759) ; M. Duges having mistaken

for them the curved edges of the reproductive utriculi. According

to the observations of Dr. Williams, these vessels in Eunice present

nothing approaching to the ampulla) figured in the illustrations of

Milne Edwards. The pouched dilatations, according to Dr. Williams,

are produced by the dissection and exposure to atmospheric stimulus,

just as in the earthworm the moniliform character of the descending

vessel was shown to be caused by the stretching. In Eunice the latei'al

large segmental branches are relatively large at first, but soon divide

into three lesser branches, of which, one goes to the feet, the other

to the intestine, and the third to the branchise, from which the blood

returns into the dorsal vessel, which in this worm, accordingly, carries

arterial blood. The suddenness of this division favours the imprison-

ment of a drop of blood in the first stage of the vessels, the drop

thus inclosed occasioning a bulged enlargement in this portion of the

vessel
; but that this appearance is altogether acccidental, Dr. Williams

has repeatedly and with all kinds of proof shown to be unquestionable.

The blood is admitted into and returned from the bran cliim by alternate

movements of contraction and dilatation ; these movements are not

simultaneous in all the branchise, but various and independent in each

individually, the afflux into one being synchronous with the efflux

of blood from those contiguous. This contractile power is by no

means peculiar to these vessels. The motion of the blood in the

vessels of every part of the body of the Annelid is effected not

through the agency of uniformly-travelling undulatory contractions of

their coats, but by complete contractions and relaxations of successive

portions of the tube ; so that, during the instant of contraction, the

cylinder of the vessel in the part contracting is completely emptied of
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blood, the sides collapsing and meeting in the axis ; and during the

period of dilatation the same portion of the vessel becomes densely

distended with blood : and this, is the ti
-ue mechanism of the circu-

lation in those species even in which a central propulsive organ exists

;

for example, in Nats and Arenicola. In no part of the system, there-

fore, is the superadded contractile bulb required as an agent of

circulation, since this contractile power resides in every part of every

vessel in virtue of the muscularity of its parietes.

(821.) A general survey of the circulation in Eunice will suffice to

satisfy the physiologist that no part of the system contains pure

arterial, and no part pure venous blood. Into the double dorsal trunk

arterial blood is poured from the branchiae, but to the same tratok

the intestinal branches contribute venous blood ; the mingling of these

two classes of currents in the same trunk must result in blood of

an intermediate quality. It is, then, manifest that the great subneural
trunk, which in this worm is both systemic and branchial, must dis-

tribute blood of composition intermediate between venous and arterial.

No part of the circulatory apparatus, therefore, contains pure arterial

blood but the efferent branches of the branchiae.*

(822.) The Nereidjs are elaborately organised
; the blood-system is

highly developed ; the peripheral portion is densely subdivided
; the

nervous system is numerously gangliouised
; thus is explained the

vigorous muscular power of nearly all the species of this genus.

(823.) In Nereis Margaritacea of our coasts, the system of the blood

is double. There exists a primary dorsal and intestinal dorsal much
smaller than the former. The superior, or greater dorsal, presents

its largest diameter about the middle of the body. It receives at

every segment considerable venous branches from the intestiue, and
arterial from the bases of the feet. Anteriorly, about the commence-
ment of the oesophagus, it sends down to the great ventral a large
proportion of its blood by means of descending lateral branches, like

the (so called) moniliform vessels of the earthworm. The sub-
ganglionic trunk in this worm exceeds the dorsal in calibre. It re-

circulates throughout the system the contents of the dorsal trunk

;

lateral branches slightly coiled and lengthened—a provision against
injury during the vermiculations of the body—are detached at each
ring to the feet and intestine. Those for the former penetrate at the
roots of these appendages, and reach the cutaneous surface whereon
a complex net-work of minute capillary vessels is formed, veiled
from the exterior only by a layer of epithelium. This plexiform sub-
division of the vessels is not seen in many worms, it is a formation
almost peculiar to the Nereids. In the neighbourhood of these re-
spiratory plexuses, artfully arranged, a system of vibratile 'cilia is pro-
'ided, without which the great function devolving on theso vessels

* Dr. Williams, loc. cit. p. 1 8.5.

X
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would be incompletely discharged. The intestine is embraced in a

framework of four longitudinal vessels, between which a glandulai

capillary system intervenes, which provides the digestive secretions.

(824.) In the Nereids, then, no heart-like centre exists. The great

dorsal vessel, the reservoir of the centripetal streams of the body,

may be likened to a right ventricle (the lungs cut off), and the great

ventral to a left ventricle. The duty of the former is to collect the

refluent blood of the system ;
of the latter, to circulate it again.

(825.) Respiration is performed in Arenicola by means of naked

blood-vessels, projecting at the root of the setiferous processes up-

wards and outwards one-fourth of an inch from the surface of the

body, in the adult worm (fig. 126, b). They are limited in numbei

and distribution to the fourteen or sixteen middle annuli or segments.

These external branchiae are commonly described as forming simply

arborescent tufts ;
the division of the vessels is, however, found on

more miuute examination to be regulated in accordance with a fixed

principle. When fully injected with blood, the vessels of each

branchia form a single flattened plane, which rises obliquely above

and across the body immediately behind each brush of setae. In the

adult animal each gill is composed of from twelve to sixteen primary

branches proceeding from a single trunk that proceeds from the great

dorsal vessel ;
the vessels iu the branchial tuft describe zig-zag out-

lines ;
the secondary branches projecting from the salieut point, or

the outside of each angle of zig-zags, and the tertiary from similar

points on the secondary branches. This mode of division, occurring

in one place and in all the smaller branches, results in a plexus of

vessels of great beauty of pattern or design. Each branchial tuft and

each individual vessel possesses an independent power of contraction

;

in the contracted state the tuft almost disappears, so completely

effected is the emptying of the vessels. The contraction or systole

in any given tuft occurs at frequent but irregular intervals ;
this move-

ment does not take place simultaneously in all the brauchiae, but at

different periods in different tufts. The vessels have the appeal ance

of being quite naked, and if examined in the living state, each

ramuscule seems to consist of only a single trunklet : if this were leally

the case, it would of course resolve itself into a tube ending in a cul-de-

sac, and the blood-movement would be a flux and reflux ; but by injec-

tion it is easy to show that the finest division of the branchial arbuscule

contains a double vessel enveloped in a common muscular, although

extremely diaphanous, sheath. That these vascular sheaths, which

are only fine productions of the integuments, are furnished with volun-

tary muscular fibres is proved by the rapid and simultaneous re-

traction of all the branchiae into the interior of the body which follows

when the animal is touched. In Arenicola, as in all Annelida iu

which the vessels of theso organs are naked, the branchiae are destitute
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of vibratile cilia, and it will be found that under such circumstances,

namely, when the branchial vessels occur as naked projections from
the external surface, the description here given of these organs in

Arenicola will apply in every respect to all other Annelida so fur-

nished. It will be observed that in all the dorsibranchiate genera,

furnished with branchiae such as those described above, the true blood

ch’culating in its proper vessels is found to be exclusively the seat and
subject of the respiratory process. The fluid in the peritoneal cavity,

abundant in quantity and highly organised though it be, does not in the

least degree participate in this great function. The dorsibranchiate

Annelids may, however, be divided into two great groups, of which,
one would comprehend those genera in which the function of breathing

devolves exclusively on the true blood, while the other would be
characterised by the fact that the branchiae are constructed so as to

permit more or less completely the exposure, in conjunction with the
blood proper, of the chylo-aqueous fluid of the visceral cavity, to the
influence of the surrounding aerating element. Thus it will be seen,

that when the branchial apparatus is penetrated by two separate and
distinct fluids, co-ordinate probably in organic properties, the vascular
system of the body generally will be found by so much the less deve-
loped by how much the peritoneal fluid supplants the blood in the
branchiae. In those races of

Dorsibranchiate worms pos-

sessing both these kinds of

circulation, naked unciliated

blood-vessels no longer form

exclusively the branchial or-

gans ; loose and large-celled

tissue {fig. 134, a, a) is su-

peradded to the proper

blood-vessels, which are far

less in relative size than

those in the former variety

of branchiae
;
into the cells

of this tissue the fluid of

the visceral cavity insinu-

ates itself, its course being

marked by a slow motion.

There exists, however, another point of structural difference between
the branchial organs of this group and those of the former, viz. that
wherever the fluid of the peritoneal cavity is admitted into the
interior of the branchial organs, the latter are invariably supplied more
or less profusely with vibratile cilia.

In the branchial structure of worms thus constituted, the minute ana-
tomist encounters a structure strikingly different from what is met with

x 2

Fig. 134 .
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in Arenicola and similarly-organised genera. The branchial appendages

are found, instead of being composed of naked vessels, to present the

appearance of round or laminated organs, into which the fluid of the

visceral cavity freely penetrates.

(826.) The blood system is more concentrated m Arenicola than in

any known Annelid. A large dorsal trunk (fig. 135, a, fit). 136, t),

at the anterior three-fourths of the body, receiving exclusively the

efferent vessels of the bran chile, proceeds forwards from the tail and

empties itself into the cardiac cavities, of which, one is situated on

either side of the oesophagus (fig. 135, b, b', fig. 136, b, b). Another

vessel, proceeding from the head towards the heart, empties itself into

the same cavity with the former. The blood then enters a second cavity

(fig 135 c', c') more ventrally situated, by which it is partly propelled

forwards ’into the sub-oesophageal trunk, but principally backwards into

the great longitudinal trunks of the alimentary canal. The blood

returning from the intestinal system of vessels reaches the dorsal

intestinal (g)
(lying in the median

line underneath the dorsal trunk),

from which the current diverges

laterally at right angles into the

branchiae (/,/')• This conforma-

tion differs from that prevalent in

all other Dorsibranchiate Auueli-

dans, in which the great ventral

trunk is the source of the branchial

arteries. But the typical plan of the

circulation is observed in the sys-

tem of Arenicola at the posterior

half of the branchial division of

the body, where the afferent

vessels of the branchiae emanate

from the ventral trunk. It may

be necessary to explain, that the

motion of the blood in that part

of the circulating system which is

anterior to the heart, is the reverse

of that posterior to this centre.

The ventral oesophageal carries

the blood forwards, and the dorsal

backwards towards the heart.

(827.) The independent con-

tractile (ergo circulating) power of

each individual vessel may be very

completely proved by an examina-

tion of the branchiae of a living

Fig. 135,

Plan of the Circulation in Arenicola.

(After Dr. Williams.)
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Arenicola. A ' single ramuscle in the branchial tuft may contract

and empty itself while the surrounding branches are expanding

diastolically. There is no synchronism in the circulatory move-
ments of these vessels. Both the afferent and efferent vessels of

the branchiae are long and tortuous, hut discover no cardiac ampulla)

in any part of their course. In Arenicola the peritoneal chamber is

filled with a highly-corpusculated fluid, the basis of which consists of

sea-water, and the presence and movements of which are indispensable

to the circulation of the blood proper. By this remarkable mass of

fluid, the slender tortuous vessels are shielded from injurious pres-

sure.

(828.) The ApHRODiTACEiE constitute a group of Annelids to which
the term dorsibrancbiate by no means correctly applies ; that is, in the

majority of species embraced in this order, no branchial appendages
exist, either on the dorsum or any other part of the body. Respiration
is performed on a novel principle, of which no illustration occurs in any
other family of worms. In all the Aphroditacese the blood is colour-

less. The blood-system is in abeyance, while that of the chylo-

aqueous is exaggerated. Although less charged with organic elements
than that of other orders, the fluid of the peritoneal cavity in this

family is unquestionably the exclusive medium through which oxygen
is absorbed. The true Aphrodite type of respiration occurs in Aphrodite
aculeata (fig. 127, a). In this species the tale of the real uses of the
elytra or scales is plainly told. Supplied with a complex apparatus of
muscles, they exhibit periodical movements of elevation and depression.
Overspread by a coating of felt, readily permeable to the water, the
space beneath the scales during their elevation becomes filled with a
large volume of filtered water, which during the descent of the scales
is forcibly emitted at the posterior end of the body. It is import-
ant to remark, that the current thus established laves only the
exterior of the dorsal region of the body. It nowhere enters the
inteinal cavities

; the latter are everywhere shut out by a membra-
nous partition from that spacious exterior enclosure bounded above
by the felt and elytra. The complex and labyrinthic appendages
of the stomach lie floating in this fluid and in the chambers which
divide the roots of the feet. From this relation of contact between
the peritoneal fluid and the digestive cmca, which are always filled
by a dark green chyle, it is impossible to resist the conclusion that
the contained fluid is really a reservoir wherein the oxygen of the
external respiratory current becomes accumulated. From the perito-
neal fluid the aerating element extends in the direction of the cmca,
and impaits to their contents a higher degree of organisation. These
contents, thus prepared by a sojourn in the creca of the stomach,
become the diiect pabulum for replenishing the true blood which is
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distributed in vessels over the parietes of these chylous repositoiies.

The sequence of events now indicated Fig. 106.

will convey to the mind of the physio-

logist a clear idea of the mechanism of

the processes both of respiration and

sanguification, by an arrangement strik-

ingly analogous with what we have

already seen in the Asteridae amongst

Echinoderms.*

(829.) The reproductive organs of the

Dorsibranchiate Annelidans have been

hitherto, perhaps, less known than those

of any other animals. Cuvierf observed

in the anterior part of the body of Are-

nicola five grey vesicles resembling the

ovaria of the earthworm ; and he was

led to conclude, in conformity with the

then generally-received opinion, that the

ova escaped from these vesicles into the

cellular structure between the intestine

and the walls of the body. It is, how-

ever, probable that the granular bodies

(fig. 136, m, m) usually found in that

situation are parasitical Entozoa, as

those of the earthworm have been

proved to be.

In the Nereis, Delle Chiaje describes

the ovaria as two long and extremely-

delicate caeca, occupying the posterior

half of the visceral cavity, and offering

various constrictions and dilatations in

their course ; these caeca terminated by

distinct apertures in the neighbourhood

of the anus, and when gravid were

found to be filled with granular ova

of a greenish colour.

(830.) According to Dr. Williams, the

sexual system of Arenicola is organised

on a plan which intimately resembles

that of Terebella nebulosa, to be described

in a subsequent page (§ S50) ; there are,

however, in Arenicola no median testicular masses. The male and

* Dr. Williams, loc. cit. p. 200.

f Leqons d’Anatomie Comparee, vol. v. p. 106.
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female elements are attached to the ovario-uterine sacculi, which in this

worm, as in Terebella nebulosa, are arranged in lateral series, and are

each rendered divisible into two portions by a median partition.

During the reproductive season these organs become highly vascular

aud prominent.

(831.) The Nereids are constructed, as regards their reproductive

system, very much on the type of that of Lumbricus. Each segment

is furnished with its utero-ovarium.

(832.) The Phyllodoce are organised on the same principle.

(833.) In the Dorsibranchiate Annelidans we still find that gemma-

tion performs a very important part in the reproductive process ;
the

multiplication of the individual segments of the body depending

entirely upon this mode of increase. But this is not all; it not

unfrequently happens that when these animals have attained their

full growth, a constriction becomes apparent near the posterior extre-

mity of the body, immediately behind which a proboscis and eyes

are developed, forming the head of a new animal, subsequently to

become separated by spontaneous fissure :

and eveu as many as six of these

strangely-formed offsets have been count-

ed by Milne Edwards in continuity with

each other.* The process of division is

represented in the appended figure [Jig.

137); the hiuder part of the body, in-

cluding about seventeen segments, is seen

to be gradually separated from the anterior

or larger portion, and, moreover, at the

point of separation a new head with eyes

and tentacular cirri is distinctly formed.

“ In one case,” says Muller, “ I found a

mother to which three fetuses of different

ages appeared in one length. The mother

had thirty pedate segments ; the youngest

daughter, or that nearest the mother, had

eleven, but the head was not yet developed.

The most remote had seventeen rings, with

both head and eyes, and, moreover, the tail

of the mother; the middle one had seven-

teen segments, and a head. The two pos-

terior were broken off from the mother

by pressure: in the last, or oldest, was
found a black substance filled with white spots

; aud the white spots,

* The phenomena of fissiparous generation in these Annelidans will be better un-
derstood by reference to Mr. Newport’s important discoveries relative to the growth of

the Myriapoda .— Vido post, p. 332.
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when squeezed from the body, Fiv- 13B -

were oval, each marked with a

pellucid speck. Were they eggs?

If so, how were they formed iu

a young one still adhering to

the body of its parent? In the

middle one were similar spots,

but smaller. Were they younger

eggs ? ” But of this hereafter.

(834.) Some curious specula-

tions have been entertained by

continental writers relative to

this mode of propagation. The

tail of the original Nereis, is

still the tail of its offspring,

and however often the body

may divide, still the same tail

remains attached to the hinder

portion, so that this part of

the animal may be said to en-

joy a kind of immunity from

death.

(835.) Tubicola .—Our know-

ledge of the last, or tubicolous

division of the Annelidaus, has

been, until recently, very limit-

ed; it may, indeed, be said to

have been confined to an ac-

quaintance with their external

configuration, for the few un-

connected accounts hitherto

given by authors relative to

their internal anatomy are so

obviously based upon pure sup-

position, that, perhaps, the

zootomist who should enjoy

favourable opportunities of in-

specting the larger species in

a fresh state, could hardly make
a more valuable contribution

to our science than by giving an

account of the organisation of

these interesting animals. We
have already described the dif-

ferent kinds of tubes in which these Anuelidans live (§ 731), and given a
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representation (Jig. 110) of the cal-

careous tube secreted by the Serpida

contortuplicata

:

the preceding figure

represents the curious habitation of

the Terebella Medusa, constructed by

cementing together minute shells

and other small bodies. In neither

case is there any muscular connection

between the worm and its abode, so

that the creature can be readily drawn

out from its residence in order to

examine the external appendages be-

longing to the individual segments

of its body. When thus displayed

(Jig. 139), the modifications conspicu-

ous in the structure of the lateral

oars are at once seen to be in relation

with their circumscribed movements,

and offer a wide contrast to the large-

ly developed spines, setae, and ten-

tacular cirri, met with in the Dor-

sibranchiata. In the upper part of

the body, rudimentary protractile

bunches of hairs are still discernible,

but so feebly developed that their

use must evidently be restricted to

the performance of those motions by

which the protrusion of the head is

effected
;

while upon the posterior

segments even these are obliterated,

the only orgaus attached to the rings

being minute foot-like processes

adapted to tbe same office. The
tentacular cirri, which were likewise

distributed along the entire length

of the Dorsibrauchiate order', are here

transferred to the head, where they

form long and delicate instruments

of touch, and, most probably, assist

materially in distinguishing and
seizing prey ; the branchiae, likewise,

are no longer met with upon the

segments inclosed within the tegu-

mentary tube, but are placed only
in the immediate vicinity of the

Fig. 13 !).
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neck, where they form fan-like expansions, or ramified tufts, so

arranged as to be most freely exposed to the surrounding medium.

The mouth placed at the origin of the tentacular cirri is a simple

orifice closed with a valve-like flap or upper lip. but is unprovided

with any dental structure. The alimentary canal is generally a

simple and somewhat capacious tube that traverses the axis of the

body ; but in some species, as in Sabella liavonina, it assumes a spiral

course, making close turns upon itself from the mouth to the anal

aperture, which is always terminal.

(830.) In the genus Terebella * the branchial organs appear under

the form of blood-red tufts, proceeding from three separate root vessels

on either side of the occiput. The vessels divide for the most part

dichotomously, forming an arborescent bunch of florid blood-vessels

;

each ramusculus is inclosed in a delicate cuticular envelope perfectly

destitute of cilia, and is, moreover, double, that is, composed of au

afferent and efferent vessel. Although extremely transparent and

attenuated, the cuticular structure embracing these branchial blood-

vessels must include some retractile fibres, since each separate ramus-

culus may be emptied and rendered bloodless by the compression of

the parietes, a provision which frequently exists in many parts of the

circulating system of the Annelida.

(837.) The cephalic tentacles of the Terebellre constitute unques-

tionably auxiliary organs of respiration, not for the aeration of the

blood proper, but for that of the peritoneal fluid by which they are

freely and copiously penetrated. They present a problem interesting

alike to the physiologist and the mechanician. From their extreme

length and vast number, they expose an extensive aggregate surface to

the agency of the surrounding medium. They consist, in Terebella

nebulosa, of hollow, flattened, tubular filaments, furnished with strong

muscular parietes. Each of these hollow band-like tentacula may be

rolled longitudinally into a cylindrical form, so as to inclose a hollow

semicircular space, if the two edges of the band meet, or a semi-cylin-

drical space if they only imperfectly meet. This inimitable mecha-

nism enables each filament to take up and firmly grasp, at any point

of its length, a molecule of sand, or, if placed in a linear series, a row

of molecules. But so perfect is the disposition of the muscular

fibres at the extreme end of each filament, that it is gifted with the

twofold power of acting on the sucking and on the muscular principle.

When the tentacle is about to seize an object, the extremity is drawn

in in consequence of the sudden reflux of fluid in the hollow interior;

by this movement a cup-shaped cavity is formed, in which the object

is securely held by atmospheric pressure ; this power is, however, im-

mediately aided by the contraction of the circular muscular fibres.

Dr. Williams, loc. cit. p. 194.
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Such are the marvellous instruments by which these peaceful worms

construct their habitations, and probably sweep their vicinity for

food.

(838.) The inferior aspect of each of these tentacles is profusely

clothed with cilia, and this side is thinner than the dorsal. The peri-

toneal fluid which is so richly corpusculated, and which freely enters

the hollow axes of all these tentacles, is thus brought into artful con-

tact with the surrounding water.

(839.) In addition to the two important uses already assigned to the

tentacles in the Terebellae, they constitute also the real agents of loco-

motion. They are first outstretched by the forcible ejection into them
of the peritoneal fluid, a process which is accomplished by the undu-

latory contraction of the body from behind forwards
; they are then

fixed like so many slender cables to a distant surface
; and then,

shortening in their lengths, they haul forwards the helpless carcass

of the worm.

(840.) In Terebella medusa, the species represented fig. 138, the

cephalic tentacles are inferior to those of the T.nebulosa in number and

size, and are also differently configurated. They approach the prismatic

in outline, and in transverse section they present a triradiate shape.

In minute structure, however, action and uses, they coincide in the

most exact manner with those just described.

(841.) In the Terebellm, inconsequence of the concentration of the

tentacles and branchiae around the head, the blood-system at this

extremity of the body discovers a great increase of development.
The peritoneal fluid in this genus is very voluminous and densely cor-

pusculated
; the system of the blood proper is, notwithstanding, elabo-

rate and full-formed. The chamber of the peritoneum is one undi-

vided space; the segmental partitions of the earthworm and the

leech being here replaced by limited bands proceeding from the
intestine to the integument, tying together these two cylinders, so,

however, as to permit one to move within the other with remarkable
freedom.

(842.) The great dorsal vessel in Terebella nebulosa is limited to

the anterior of the body {Jig. 140, a). It emanates chiefly from a
large circular vessel (b) embracing the oesophagus, and which receives

all the blood from the intestinal system. In this species, therefore,

the primary and intestinal dorsal trunks over the whole intestinal

region are united, or the former vessel is superseded by the latter.

(843.) On the dorsal view of the oesophagus, a large, pulsatile, fusi-

form vessel (a.) is displayed on the first laying open of the integument
in a longitudinal direction. Little attached to the structure on which
it rests, it appears as if suspended in the fluid of the peritoneal
cavity. Advancing to the occipital ring, it breaks out into six branches
(d), of which three proceed to the branchial of each side, while the
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•educed continuation of the original trunk furnishes minute rarnus-

:ules to the tentacles in the hollow axes, of each of which an afferent

rad efferent vessel is contained, surrounded by the peritoneal fluid,

vhich penetrates to the remotest ends of these exquisite organs.

Both from the tentacles and branchiae the blood now returns into the

Fig. 140.jreat ventral trunk (c), which to the

posterior extremity of the body is

listinct from, and independent of,

he intestinal system (/). From

his trunk branches are detached on

;ither side of the median line for

he supply of the feet and integu-

nent.

(844.) At the point corresponding

vith the circular vessel
(Jig . 140, b),

he primary ventral sends off a con-

liderable division for the supply of the

ntestinal system. The current, there-

ore, entering the glandular parietes

>f the intestine is purely arterial in

his genus, for it is unmixedly com-

posed of blood, returning from the

tentacles and branchiae, by both of

vhich the function of respiration is

performed. Here, again, there exist

put two piincipal directions in which

he blood circulates, viz. longitudi-

lally and transversely, or circularly,

he former currents being connected

vith the latter. The circular vessel

Jig. 140, h) acts like an auricle ; it

receives the blood from the intestinal

system, and delivers it into the great

dorsal («). The alimentary canal is

embraced in this genus, as in all Annelids, by a framework of lon-

gitudinal and transverse vessels (/) in which the blood moves back-

warks below, and forwards above.

(845.) In the dissection of Terebella nebulosa, figured by Milne

Edwards, a large vessel (Jig. 141, Z) is readily distinguishable to-

wards the anterior part of the animal, running along the median

line of the hack, and situated immediately beneath the integu-

ments. This vessel rests upon the alimentary canal, and exhibits

irregular contractile movements, whereby the blood contained in

its interior is propelled from behind forwards, aud consequently per-

forms the functions of a heart; and if we would compare it with

Respiratory and circulatory appara-

tus in Terebella. (After Dr. Wil-

liams.)
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what exists in the higher animals, it might be considered as physio-

logically representing a pulmonic ventricle, seeing that from its aute-

Fkj. 141.rior extremity the vessels that convey

the blood to the branchite for the pur-

poses of respiration take their origin.

(846.) By its posterior extremity,

the great dorsal trunk receives the

blood which it is appointed to propel

through the branchial organs from

several large veins, which are, for the

most part, adherent to the walls of

the intestine
{fig. 140,/), from which

they receive a multitude of branches,

derived from the rich vascular net-

work distributed over the intestinal

walls. The principal veins, however,

that communicate with this tubular

heart are two large transverse trunks

which form a ring around the di-

gestive canal, beneath which they unite

and become continuous with a large

median trunk {fig. 141, h) that runs

along the under surface of the intes-

tine, from which, in the same manner

as the dorsal veins, it receives nume-

rous lateral branches, derived from

the vascular network already men-

tioned. Lastly, there is a small me-

dian trunk, situated upon the internal

surface of the integuments of the back

{fig. 141, m), into which open the

veins derived from the different seg-

ments of the body, and which likewise

communicates with the dorso-intes-

tinal vessel by numerous anastomosing ramifications.

(847.) The vessels above enumerated may be considered as consti-

tuting the general venous system of the body, and the blood which

they convey to the dorsal trunk is, by the contractions of that vessel,

in great part distributed to the branchiae through three pairs of bran-

chial arteries, derived immediately from the dorsal heart. Still, how-
ever, all the blood thus moving from behind forwards is not conveyed

to the branchial organs, since a certain portion finds its way through

a small median vessel to the labial organs and cephalic tentacula.

(848.) After having passed through the branchial organs, the renovated

blood is received by vessels, which unite to form a median trunk {fig.

Arrangement of the vascular system

in Terebella. (After Milne Edwards.)



318 ANNEUIDA.

141, o) that runs beneath the alimentary tube and immediately above

the ventral chain of nervous ganglia. This ventral trunk is continued

along the whole length of the body, and gives off opposite to each

ring a pair of transverse vessels, which, after having supplied branches

to the integument and locomotive organs, bend upwards, to be distri-

buted over the walls of the intestine, where their ramifications con-

tribute to form the vascular network above alluded to.

(849.) The ventral vessel and its ramifications fulfil, therefore, the

functions of an arterial system, and, consequently, the branchiae them-

selves must be regarded as the agents employed in propelling the

blood through the systemic circulation. These organs, indeed, may
be observed, at intervals, to contract with considerable energy, and
thus materially to assist in urging the blood through the arterial rami-

fications.

(850.) The generative apparatus of the Terebell®, according to

Dr. Williams, conforms in its general arrangement with that of the

earthworm and others in offering a segmental repetition of the ovi-

gerous organs, while the male portion is grouped together into a

lobulated mass at the mesian line. Tn Terebella nebulosa* the whole

of the sexual system may be readily demonstrated ; it lies underneath

the alimentary canal. To expose it to view, the latter must, therefore,

be removed. Along the median liue are accumulated, under the form

of white lobulated masses, the testicular glands. The secretion fur-

nished by these masses is conveyed by means of a common duct to

a receptacle, a sacculus situated at its anterior extremity. This organ

communicates externally by an orifice or two through which the

spermatic fluid is emitted. During the contact of two individuals,

this fluid passes outside along the abdominal surface of the body and

thence finds its way into the ovario-uterine organs, which exist to the

number of ten on either side of the abdominal mesian line, and

which communicate by corresponding orifices externally. The minute

anatomy of these utero-ovarian organs in Terebella nebulosa is well

calculated to elucidate the mechanism of reproduction in several other

species of Annelida.

(851.) Each lateral utriculus is divided longitudinally into two dis-

tinct compartments, of which one is thicker (in the parietes) at the

attached end, and more vascular and redder in colour than the other,

which is a mere membranous receptacle. A small glandular mass

exists at the attached end of each of these organs, which, during the

reproductive season, undergo a remarkable iucrease of size ;
they are

true ova-producing bodies. From this stromatous structure, the ova

escape into one of the compartments of the utricle, where they fall

under the influence of the spermatic fluid (received from without)

* Dr. Williams, loc. cit. p. 266.
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contained in the other. They sojourn for some time in this receptacle

and finally escape as ova. The Terebellse are therefore oviparous.

(852.) Many interesting particulars relative to the development of

various genera belonging to the class under consideration have been
ascertained by Milne Edwards.* In the Terebellai {Jig. 142), accord-
ing to the observations of this distinguished naturalist, the young, on
leaving the egg, have no resemblance whatever to the adult animal,
insomuch, indeed, that it would be difficult to guess, a priori, the
class to which they really belonged. On their first appearance upon
the stage of active existence they might be mistaken for the ciliated

larvae of certain Polyps or Medusae, presenting no traces of the anuu-
lose type of structure {Jig. 142, l): in the course of a short time,
however, their bodies become elongated, and they begin to assume
somewhat of a bilateral or symmetrical form, the body of the young
Terebella becoming distinguishable, divided into four zones or ru-
dimentary segments, the posterior of which is still provided with a
ciliary apparatus {Jig. 142, 2). Shortly after this, a fifth ring (fig. 142,
3, d) begins to make its appearance in the space situated between the
penultimate and terminal, and rudiments of a mouth and alimentary
canal become distinguishable. The growth of the young Annelidan
now begins to advance rapidly, and its body is rendered more worm-
like as new segments are progressively added to its length, these all

successively making their appearance in the space between the last-

formed ring and the anal, or terminal, joint of the body, so that the
relative position of the newly-developed segments is precisely in
accordance with their respective ages, except in the case of the last

segment, which is persistently terminal. IVIeantime the larva ceases
to be, as it was at first, completely apodous,—simple subulate setfe,

supported upon minute fleshy tubercles, begin to show themselves on
both sides of the body, the development of these locomotive ap-
pendages being accomplished in the same order of sequence as that
of the segments, namely, from before, backwards.

(853.) At this period of their growth the young Terebellte present
the appearance of minute sub-cylindrical worms (fig. 142, 4

), and the
different viscera in the interior of the body become very clearly
defined.

(854.) The digestive apparatus is now distinctly perceptible
; ante-

riorly it presents a kind of fleshy bulb (fig. 142, 4, p), then a short
cylindrical oesophagus, followed by a capacious ovoid stomach (?*), the
contents of which appear to be still saturated with the coloured sub-
stance of the vitellus, and an intestine (s) which commences at about the
posterior third of the body. The glandular structures near the anterior
part of the animal now become apparent, and the subcutaneous muscles

Recherches Zoologiques faites pendant un Voyage sur les Cotes de la Sicile, par
M. Milne Edwards, Ann. des Sc. Nat. for 1844.
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clearly distinguishable ;
still it is remarkable tliat, even in the most

transparent portions of the creature, no traces of a vascular system

can he detected.

(855.) In the course of three or four days more, the cilia have com-

pletely disappeared from the surface of the body, which now presents

all the characters of one of the erratic Annelides, hut in no respect

resembles the tubicolous genera to which the creature really belongs.

The youn" larva, in short, is furnished with a distinct head, an anten-

nary organ, eyes, and feet armed with subulate set®, while the adult

Terebellse are acephalous, being destitute both of anteun® and e^es,

and having feet provided with hook-like appendages.

(856.) After the larva has been furnished with one or two addi-

tional pairs of feet, the head begins to be changed in its shape {fig.

1
40

5
5) a transverse constriction makes its appearance at a little dis-

tance in front of the eyes, and its anterior lobe, which thus becomes

distinctly defined, is seen to be studded near its free margin with a

series of stinging vesicles, some of which are armed with little spine-

like filaments. The post-cephalic ciliated collar becomes at the same

time much narrower, and forms a prominent ridge underneath the

head that constitutes a hind of upper lip. In the course of two or

three days more, the anterior cephalic lohe {fig. 142, 5, a) becomes per-

Fig. 142.

Development of Tercbella nebulusa. (After Milne Edwards.)

fectly distinct from the oculiferous segment, and is much elongated,

taking a cylindrical form, and constituting a very flexible median

appendage, having all the characters of an antenniform organ. Its

axis is occupied by a canal that communicates with the general cavity

of the body, and a fluid may be seen to circulate in its interior. The
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natatory cilia have almost entirely disappeared, both from the neck
and from the posterior extremity of the body, and the young Terebella

in this condition presents itself, exhibiting all the characters of an
Annelide belonging to the erratic group, not as yet at all resem-
bling any of the tubicolous genera, of which it is a member.

(857.) Having become deprived of the locomotive cilia with which
they were previously furnished, the lame now cease swimming, and
begin to inclose themselves in a kind of mucous substance, which
gradually solidifies, so as to form a cyclindrical tube open at both

extremities. The first period of their existence, during which they
lead an erratic life, then closes, and they begin to assume the habits

of their parents,—the ventral oars, with their armature of terminal
booklets, are successively developed in a regular series, from before,

backwards, as additional segments are added to the length of the
body. The tentacular appendages next begin to be developed from
the sides of the head ; but it is not before the body has acquired
thirty-eight or forty pairs of feet that the branchial apparatus makes
its appearance, under the form of two simple tubercles, developed
from the lateral regions of the neck ; these, however, rapidly enlarge,

and soon assume the functions which, in the adult animal, they are

destined to perform (§ 830).

(858.) From various observations it would seem that similar pheno-
mena present themselves during the development of other Annelidans;
proving that the bodies of these animals grow by the successive for-

mation of new segments, or zonules, which sprout from those already
in existence, in accordance with a fundamental plan, and become
arranged in regular sequence, one behind the other.

(859.) It is likewise evident, that the two extreme portions of
the body, namely, the oral and anal segments, are first formed, and
that it is in the space between these that all the segments of the
trunk, however numerous, have their origin, their development beiu"
carried on in a single series, which is progressively extended from be-
fore, backwards, by the continual addition of new segments, which are
so disposed, that the relative age of each ring is indicated by the
position which it occupies. Each newly-formed zonule beino invari-
ably interposed between the last-developed segment and the anal ring,
it becomes natural to inquire from which of these two it more imme-
diately derives its origin,—a question that at first might appear of
difficult solution, but which seems to be set at rest by the following
considerations. From the observations of M. de Quatrefages, * it

appears that in some genera, at a certain period of their growth, a new
individual, entirely appointed for sexual reproduction, is developed

Ann. des Sc. Nat. 1844.
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from the posterior part of the body, from which it separates itself

after having remained for some time adherent thereunto; and M.

Milne Edwards was witness to a still more curious phenomenon in an

Annelide, the parent trunk of which, instead of producing, by this

kind of gemmation, a single young one, gave birth to as many as

six that all remained connected together like a string of beads, and

which, as in the preceding instance, were all furnished with a sexual

apparatus, of which the parent stock itself was destitute. Now these

young Annelidans, thus formed by a process of gemmation, are de-

veloped precisely in the same position as the new segments of the

larvm, that is to say, between the anal ring and the last zonule of the

trunk; but they are not all formed at the same time, and, from the

different stages of development at which they had each arrived in the

individual figured by Milne Edwards, it was evident that the youngest

were placed nearest to the trunk of the parent animal. The first-formed

youim one, therefore, had been, as usual, primarily situated between the

terminal segment of the trunk of the adult Annelide and its anal seg-

ment, which, being consequently pushed backwards, had ceased to be-

long to the parent stock, and had become a constituent part of the

newly-formed young one ;
the second must, consequently, have been

developed between that first formed and the same terminal joint of

the trunk of the parent, and could have had no relation whatever

with the original caudal segment, and so on for the third and fourth,

&c., proving that the ultimate segment of the body, and not the cau-

dal rin<L constitutes the poiut from which development emanates. The

gemmiparous production of a new individual resembles, therefore, to a

certain extent, the formation of the new zonules in the body of the

larva only, in the latter case, the reproductive ring loses its creative

power as soon as it has given birth to a new segment, with which it

becomes intimately connected, and which, in its turn, assumes the re-

productive faculty ;
whilst, on the contrary, m the process of multiply-

ing individuals by gemmation, the product becomes, to a certain extent,

separated from the economy of the parent animal, and the reproducing

segment retains its gemraigerous faculty, and gives origin to a series

of new beings, one after the other, the last formed pushing their prede-

cessors further back as they are successively developed.

(860.) The structure of the nervous system in the Annelida con-

forms, in its arrangement, with the general type common to the

articulated classes. A considerable supra-cesophage.al mass (/(V/.143,

a a) represents the encephalon, in front of which are situated minute

ganglia (
b ,

c, d, e), from whence nerves are derived, to supply the

principal instruments of sensation connected with the cephalic portion

of the animal. The circum-cesophageal ring (n, n) is strongly marked,

communicating on each side with the ventral series of ganglia (o, p),
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that extends throughout the entire length of the body, giving off

nerves to supply the different segments. Communicating with the

posterior aspect of the encephalic

ganglia, are several small ganglionic

masses
(
i , k, l, m), which are joined

together by delicate filaments, and

apparently represent the sympathetic

system, inasmuch as from them are

derived filaments supplying the ali-

mentary canal and the principal vis-

cera.

(861.) In Torrea vitrea
, an Anne-

lid the transparency of which is such

that, when plunged into sea-water,

its presence is only distinguishable

from the bright red colour of its

eyes, and a double line of violet-

coloured spots that extend along its

back, M. de Quatrefages* was en-

abled to examine the structure of

the organs of vision in a very satis-

factory manner. The eyes in this

species are only two in number,
and, indeed, they constitute by far

the larger part of the creature’s

head, forming two very considerable prominences that are almost con-
joined in the mesial line of the body. The integument, which is here
extremely thin and perfectly diaphanous, passes over the ocular globe,
and evidently in this case performs the functions of a transparent
cornea [Jig. 144, a). A thick fibrous stratum, representing the
sclerotic (cl), encloses the eye, and becomes continuous with the sheath,
likewise fibrous (/i), of the optic nerve (g). The colourless sclerotic

presents upon one side a large irregularly-rounded aperture that is

partly closed by a sort of choroid of a brownish colour (b), in the centre
of which is an almost circular pupil surrounded with a border of a deep
blue colour. Through the pupillary opening it may be perceived that
the interior of the eye is lined by the choroid, and that the whole interior
of the ocular capsule is filled up with a vitreous humour so absolutely
tianspaient that the crystalline lens situated in its centre seems to be
in connection with nothing. On the outside of the eye the optic nerve
can be plainly seen arriving at the eyeball and expanding to form the
retina. The eyes of other Annelidans, when present, are, however,
In no means so easily examined

; they may, however, from the re-

Plan of the nervous system in the

Dorsibranchiate Annelidans. (After

Quatrefages.)

Y 2

Ann. des Sc. Nat. 1850.
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searches of Muller* Wagner, t Rathke, I
and Siebold,§ be briefly

stated to consist of a round transparent medium or lens enclosed in

a layer of pigment, and provided posteriorly with a retinal expan-

sion.

Fig. 144.

Structure of the eye in Toma vitrea, and of the supposed auditory apparatus in

Arenicola (after Quatrefages). 1. a, a, integument passing in front of the eye, and

forming a transparent cornea; b, c, granular cellular tissue enclosing the globe of the

eye; d, external surface of reticular pigmental membrane; /, internal surface of the same,

seen through the pupillary aperture; e, the iris; g, the crystalline lens; g', optic nerve;

A, sheath of ditto derived from the dura mater ;
i, k, vascular trunks forming a circ e

around the base of the eyeball. 2. Auditory apparatus of an Arenicola ; a, acoustic

nerve; b, c, cellular tissue investing the auditory capsule; d, otolithic masses. 3. Audi-

tory apparatus of Ampldcoryne; a, cellular tissue; b, auditory capsule; c, oto it le.

(8G2.) An apparatus, to which the functions of an organ of hearing

have been attributed by several eminent anatomists, is met v\ it in

some Annelidaus. Grube and Stanius
||

first announced a very re-

markable structure in Arenicola, the existence of which has een

confirmed by subsequent observers, that certainly resembes veiy

closely in its conformation an organ common among the o usca,

to which a similar function has been generally conceded . this con

sists of a transparent membranous capsule 144, 2 and 3, a , ,
c)

enclosing a fluid, wherein one, or sometimes several, minute boc les,

having every appearance of otoliths, are suspended. M. de Quatie-

fages describes these auditory capsules as being situated in the fust oi

* Ann. des Sc. Nat. t. xxii. + leones Physiologic®, pi. 28.

+ De Bopyro et Nercide, pi. 2, figs. 4, 5.

§ Lehrbuch der Vergleichenden Anatomic, p. 200.

|1
Lehrbuch der Vergleichenden Anatoniie von Siebold und Stanius, p. 201.
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second segments of the body, one on each side of the opening of the

oesophagus, and observes that a nerve of considerable size is distinctly

traceable in them.

CHAPTER XIV.

Myriapoda.*

(863.) The Annelidans examined in the preceding chapter, with Lhe

singular exception of the earthworm, are only adapted to an aquatic
life ; the soft integument which forms their external skeleton and the
setiform and tentacular organs appended to the numerous segments of
their elongated bodies, are far too feeble to suppoi^ them in a less

dense and buoyant element, so that when removed from their native

waters they are utterly helpless and impotent. Supposing, however, that,

as a mere matter of speculation, it was inquired by what means animals
of similar form could be rendered capable of assuming a terrestrial

existence, so as to seek and obtain prey upon the surface of the earth,
and thus represent upon land the Annelidans of the ocean : a little re-

ilection would at once indicate the grosser changes required for the at-

tainment of such an object. 1o convert the water-breathing organs of
the aquatic worms into an apparatus adapted to aerial respiration, would
be the first requisite. The second would be, to give greater density
and firmness to the tegumentary skeleton—to allow of more powerful
and accurately-applied muscular force, by diminishing the number of
segments composing the annulose covering—and also, by converting
the lateral oars into jointed levers of support sufficiently strong to

sustain the weight of the whole body, to provide instruments of loco-
motion fitted for progression upon the ground. Yet all these changes
would be inefficient without corresponding modifications in the charac-
ter of the nervous system: the lengthened ohain of small ganglia
found in the aquatic worms would be quite inadequate to wield muscles
of strength adapted to such altered circumstances

; the small encephalic
brain would be incompetent to correspond with more exalted senses

;

so that, as a necessary consequence of superior organisation, the nervous
centres must be all increased in their proportionate development to
adapt them to higher functions.

(864.) The changes which our supposition infers would be requisite
for the conversion of an aquatic Annelidan into a land animal, are
precisely those which we encounter when we turn our attention from
the creatures described in the last chapter to the Myriapoda, upon

Hiatts, ten thousand, f. c. many; *ovs, a foot.
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the consideration of which we are now entering they form the

transition from the red-blooded worms to the class of insects, and aie

intermediate between the two in every point of their structure.

(865.) The body of a Myriapod consists of a consecutive series of

segments of equal dimensions, but, unlike those of the generality of

the Annelida, composed of a dense semi-calcareous, or else of a firm

coriaceous substance ;
and to every segment is appended one or two

pairs of articulated legs, generally terminated by simple points.

(866.) The anterior segment or head, besides the organs belonging

to the mouth, contains the instruments of sensation, consisting of

simple or compound eyes, and of two long and articulated oigans

called antennal, generally regarded as appropriated to the sense of

touch, but which probably are connected with other perceptions less

intelligible to us.

(867.) The air required for respiration is taken into the body throug

a series of minute pores or spiracles placed on each side along the

entire length of the animal, and is distributed by innumerable rami-

fying tubes or tracheal to all parts of the system.

(868.) The number of segments, and consequently of feet, increases

progressively with age ; a circumstance which remarkably distinguishes

the°Myriapoda from the entire class of insects, properly so called.

(869.) The Myriapoda may be divided into two families, originally

indicated by Linnaeus : the Julidee, or millepedes ;
and the Scolopen-

dridce, or centipedes; each of which will require our notice.

(870.) Julidee.—The lowest division, which derives its name from

the Julus, or common millepede, is most nearly allied to the Auneli-

daus, both in external form, and also in the general arrangement of

its different organs : this, therefore, we shall first examine, and select

the Julus terrestris, one of the species most frequently met with, as

an example of the rest. These

animals {fig. 145, a) are generally

found concealed under stones, or be-

neath the bark of decayed timber,

where they find subsistence by de-

vouring decomposing animal and

vegetable substances. The body is

long and cylindrical, composed of

between forty and fifty hard and

brittle rings, which, with the excep-

tion of those forming the head and

tail, differ but slightly from each

other. Every segment supports

two pairs of minute feet, arising

close to the mesian line upon the

under or ventral surface ;
but these

Fig. 145 .
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feet, although distinctly articulated [fig. 145, c,p), are as yet extremely

small in comparison with the bulk of the animal, and are evidently

but mere rudiments of the jointed legs developed in more highly

organised forms of homogangliate beings ; the movements of the Julus

are, consequently, very slow, and the creature seems rather to glide along

the ground, supported on its numerous but almost invisible legs, than

to walk. When at rest, the body is rolled up in a spiral form

{fig. J45, b), the feet being concealed in the concavity of the spire,

and thus protected from injury.

(871.) The mouth resembles in structure that of the larvm of some

insects, and is furnished with a pair of stout horny jaws, moving

horizontally, and provided at their cutting edges with shai'p denti-

culations, so as to render them effective instruments in dividing the

fibres of rotten wood, or the roots and leaves of vegetables, substances

usually employed as food ; and the alimentary canal, which is straight and

very capacious, is generally found filled with materials of this description.

(872.) In most points of their internal organisation, the Myriapoda

resemble insects; and we should only anticipate the observations

that will be more conveniently made hereafter did we enter into any

minute description of their anatomy: we shall, therefore, in this

place, simply confine ourselves to the notice of those peculiarities

observable in the animals under consideration, whereby they are

distinguished from insects, and entitled to rank as a distinct class.

We have seen that in such of the Annelida as have been most care-

fully investigated, the orifices of the sexual organs are situated near

the anterior part of the body, not, as is invariably the case among
insects, at the caudal extremity : in this particular the JuUlIcb still pre-

sent analogies with the red-blooded worms
;
for in them the external

openings of the male parts are situated immediately behind the

base of the seventh pair of legs, and are found to be placed upon
minute mammillary protuberances, which are each furnished with a

sort of hooked scale, adapted to hold the female during the process

of impregnation.

(873.) In the female, also, the sexual orifices are advanced very far

forward
, being situated in the vicinity of the head, between the first

and second segments ; the sexes, however, as in insects, are perfectly

distinct, and the conformation of the internal organs coincides with
that type of structure which is common to the insect orders.

(874.) Another important distinction between these animals and
insects properly so called, is met with in the mode of their growth
and development. Insects, as we shall more fully explain hereafter,

undergo a more or less complete change in their outward form as they

advance through several preparatory stages to their ihature state

:

during the progress of these changes, that constitute what is usually

called the metamorphosis of insects, they are invariably unable to

perpetuate their species
; aud it is only in their last or perfect con-
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dition, which is ordinarily of very short duration, that the sexual

organs attain their perfect development, and are fit for reproduction.

In this state all true insects have six legs, which is one of the most

important characters of the class. The Myriapoda, likewise, undergo

several changes of form as they advance to maturity ;
hut these

changes principally consist in the repeated acquisition of additional

legs, so that in their perfect condition, instead of the limited number

of six legs met with in insects, these organs have become extremely

numerous. The progress of these transitions, from their immature

to their fully-developed state, has been well observed by De Geer*

and Savi;f and the result of their observations is here given, in order

that the reader may compare the different steps of the process with

what we shall afterwards meet with in the more highly organised

articulata.

(875.) The eggs, {fig. 146, a), which are very minute, are deposited

in the earth or vegetable mould in which the Julus is usually met

with. When first hatched, the young Myriapod is of course exceed-

ingly diminutive ;
at that period it resembles a microscopic lddney-

bean, and is completely destitute of legs or other external organs.

After a few days the embryo Julus changes its skin, and, throwing off

its first investment, appeal's divided into distinct segments, and fur-

nished with a head, a pair of simple eyes, a paii of antennas, and six

jointed legs attached to the anterior rings of the body {fig. 146, b, c).

Some days subsequent to its first moult, the skin is again cast, and

the millepede, acquiring larger dimensions, is seen to possess seven

pairs of ambulatory extremities, pig. ue.

which are, however, still placed

only upon the anterior segments

{fig. 146, d). When twenty-

eight days old, they again throw

off their outward covering, and

assume, for the first time, their

adult form : they then consist

of twenty-two rings, and have

twenty-six pairs of feet; but,

of these, only the eighteen

anterior pairs are used in pro-

gression. At the fourth moult

the number of legs is increased

to thirty-six pairs ; and at the

fifth, at which time the body

becomes composed of thirty

segments, there are forty- three

* M6moires pour servir a lTIistoire des Insectes. 7 vols. 4to. Stockholm, 177!!.

-|- Osservazione per servire alia Storia di una Specie di Julus communissima. Bologna,

1817.
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pairs of locomotive organs. At last, in the adult state, the male
has thirty-nine and the female sixty- Fit/. U7.
four rings developed

; but it is not until

two years after this period that the

sexual organs appear, aud the animals

become capable of reproduction.

(876.) Scolopendrida .

—

In the second

family of Myriapoda we have a very

striking illustration of the manner in

which the development of the nervous
centres proceeds step by step with that

of the external limbs. The slow-moving
Julidie possess, in their rudimentary feet,

organs adapted to their condition, and
their feeble powers of locomotion are in

relation with their vegetable diet and
retiring habits. But in the predaceous
and carnivorous Scolopendra (Jig. 147),

which, although it lurks in the same
hiding-places as the Julus, obtains its

food by pursuing aud devouring insects,

lar greater activity is indispensable, and
accordingly we find the segments of the
body, and the extremities appended to them, exhibiting a perfection
of stiuctuie adapted to greater vivacity and more energetic move-
ments.

(877.) This is at once evident upon a mere inspection of their out-
ward form; the individual segments composing the animal are much
increased in their proportionate dimensions, and, instead of being
cylindrical, each division of the body is flattened and presents a quadran-
gular outline. In order to give greater flexibility to the animal,
instead of the semi-crustaceous hard substance which forms the rings
of the Julus, the integument is here composed of a tough and horny
substance, forming two firm plates, one covering the back, the other
the ventral aspect of the segment, while all the lateral part is only
incased in a flexible coriaceous membrane with which the individual
rings are likewise joined together. Such an external skeleton is
obviously calculated to give the greatest possible freedom of motion,
and thus to enable the Scolopendra to wind its way with serpent-like
pliancy through the tortuous passages wherein it seeks its prey.

(878.) The ventral chain of ganglia belonging to the nervous system
presents a series of nervous centres of dimensions proportioned to the
incieased bulk of the segments in which they are lodged, and becomes
thus fitted to direct the movements of more perfect limbs. The legs,
therefore, as a necessary consequence, are now proportionably powerful,
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Jivided into distinct joints, and provided with muscles calculated to

bestow on them that activity essential to the pursuit and capture of

active prey. Thus, then, by a simple concentration of the nervous

masses composing the abdominal chain of ganglia, we have the slow-

moving and worm-like Julus, which we have seen to be, in conse-

quence of its feebleness, restricted to live upon roots and dead

substances, converted into the carnivorous and powerful Scolopendra,

well able to wage successful war with the strongest of the insect

tribes, aud not unfrequently formidable, from its size, even to man

himself.
.

~

(879.) The mouth of the Scolopendra is a terrible instrument of

destruction; being provided not only with horny jaws resembling

those of insects hereafter to be described, but armed with a tremen-

dous pair of massive and curved fangs, ending in sharp points, a.nd

perforated near their termination by a minute aperture, through which

a poisonous fluid is most probably instilled into the wound inflicted

by them. It is to this structure that the serious consequences, that

in hot climates not unfrequently result from the bite of one of these

animals, must no doubt be attributed.

(880.) In their internal anatomy the Scolopendridm resemble insects

even more nearly than the Julus. The alimentary canal is straight

and intestiniform, but of much smaller diameter than that of the

vegetable-eating Myriapoda. It presents an oesophagus, and a small

muscular gizzard ;
but there is no perceptible division into stomach

and intestine. The respiratory and circulating systems, as far as they

are understood, seem to correspond with what we shall afterwards find

to exist in the larval of insects.

(881.) In the Scolopendrid®, as we learn from the researches of

Mr Newport,* the heart is enclosed in a distinct membranous covering,

which may be regarded as a true pericardium, consisting of a loose

delicate membrane, between which aud the sides of each chamber o

the heart there is a slight interspace. The heart itself is a long

pulsating organ, corresponding in its general structure and position

with the dorsal vessel of insects ;
it is situated immediately beneath

the integuments, and runs along the mesian line of the dorsal region

of the body, and consists of a series of chambers, twenty-one in

number, that communicate with each other and extend thioug t e

entire length of the animal from the tail to the cephalic seg-

(882.) The minute structure of the heart is exceedingly interesting.

This organ is composed of two distinct contractile tuuics, one external

and the°other internal, each being covered by its proper serous mem-

brane. The external tunic is a very thick muscular layer, the fibres

* Phil. Trans. 1843.



MYRIAPODA. 331

of which are loosely interwoven with each other. The internal tunic

is formed of two sets of muscular fibres, of which the inner stratum is

disposed longitudinally, while the external one is formed of numerous

short, broad, transverse, muscular bands, very much resembling in

appearance the cartilaginous rings of the trachea in vertebrated ani-

mals. They do not completely encircle the longitudinal ones, but

pass only half way round on each side, leaving a space between those

of the two sides, both upon the upper and under surface.

(883.) From each compartment of the heart proceed the systemic

arteries, which supply nearly the whole of the blood to the viscera

aud lateral portions of each segment; the anterior pair of these

systemic arteries, however, instead of being distributed like the rest,

form a vascular collar, that, after surrounding the oesophageal tube,

to which and to the different parts belonging to the cephalic seg-

ment they give off numerous branches, unite beneath the oesophagus

to form the great supra-ganglionic vessel or aortic trunk, which

extends backwards along the middle line of the body immediately

above the centres of the nervous system, which it supplies plentifully

with blood, as far as the terminal ganglion in the last segment—giving

off in its course numerous arterial canals, which ramify extensively in

the surrounding structures. The return of the blood from the various

viscera to the dorsal vessel is effected, as in insects, by lacunar or

interstitial channels, as will be explained in the next chapter.

(884.) In the position and arrangement of the sexual organs the

Scolopendrid® complete the transition between the Annelidans and
insects properly so called ; for, while in Julus we have found them
still occupying the anterior part of the body as in the former class,

in the Scolopendra they are removed to the tail. The structure of the

male organs is remarkable. The testes are seven in number, and, on
opening the posterior segments of the animal, they are found closely

packed in parallel lines : each testis is composed of two fusiform parts

precisely similar to each other, and from both ends of every one of

these, which is hollow, arises a narrow duct, so that there are fourteen

pairs of ducts arising from the fourteen secreting organs. The ducts
all end in a common canal, which gradually becomes enlarged and
tortuous, and terminates by a distinct aperture in the vicinity of the
anus. Just prior to its termination the common ejaculatory duct com-
municates with five accessory glands, four of which are intimately
united until unravelled, while the fifth is a simple emeum of con-
siderable length.*

(885.) The ovarian system of the female Scolopendra is a single

tube, apparently without secondary ramifications.

(886.) Some Scolopendra) (S', pliosphorea
) emit in the dark a strong

* Vide Cyclop, of Anat. and Phys., art. Generation, organs of.—Comp. Anal.
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hosphorescent light; aud one species {S. electrica) is able to give a

awerful electrical shock to the hand of the person who inadvertently

lizes it.

(887.) The male generative organs of Julus* are two elongated

ad partially-convoluted tubes, placed side by side beneath the ali-

lentary canal. The excretory ducts, or terminations of these tubes,

in towards the anterior part of the body, where they terminate in

vo minute intromittent organs, situated at the under surface of the

Bventh segment, immediately behind the seventh pair of legs. As

bey pass backwards, the secerning tubes, or testes, gradually separate

•om each other, and have developed from their sides, at short dis-

inces from each other, numerous small glandular caeca, which, doubt-

bss, constitute the secreting portions of the apparatus, or proper

sstes. The two efferent ducts, whereby the secretion of these caeca

3 conveyed out of the body, iuter-communicate freely by means of

hort transverse canals, and, from the sacculated appearance that they

,resent towards their termination, appear likewise to perform the

iffice of reservoirs for the seminal fluid.

(888.) In the female Julus, the organs of reproduction are as simple

n their structure as those of the male. They consist of a single

slongated bag or oviduct, covered on its exterior surface with a very

,reat number of ovisacs, or caeca of various sizes, each of which secretes

jut a single ovum. This oviduct extends backwards beneath the

ilimentary canal from the vaginal outlet, which is double, and situated

,n the fourth segment of the body, behiud the second paii of legs,

[n the pregnant female, the oviduct appears smooth externally, being

listended with the ova that have passed into it from the ovisacs where

they were formed, and which are retained in readiness to be deposited

immediately after intercourse with the male.

(889.) The ova, when fully developed, are found to present all the

structures belonging to a perfectly-formed egg, the yelk, the germinal

vesicle, with its macula, the membrana vitelli, the albumen, aud likewise

the shell, lined by the membrana externa, or chorion, being all distinctly

recognisable.

(890.) The development of the young Julus has been traced by Mr.

Newport with great care, and the result of that gentleman’s observa-

tions relative to this part of the history of the Myriapods, is o ex

treme interest, both to the physiologist and in an entomological point

of view. ... 1 • i,

(891.) The embryo, when it first becomes distinguishable in the

interior of the ovum, is entirely destitute of limhs, or of any ap-

pearance of segmental division, and even at the moment of its escape

from the egg, which is effected by the laceration of the egg-shell,

« vide a paper by Mr. Newport, in the Phil. Trans, for 11541.
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but very faint traces of segmentation are discernible. After its

extrusion, however, its growth advances with considerable rapidity,

and it soon becomes visibly divided into eight distinct segments,

including the head {Jig. 148, l)—the ninth or anal segment {d)

being still indistinct. The four thoracic segments, moreover, now
exhibit on their ventral surface little nipple-shaped protuberances,

three of which on each side are the rudiments of future legs. No
internal viscera are as yet distinguishable, the whole embryo being

still a congeries of vesicles, or cells, in the midst of which some faint

traces of a future alimentary canal seem to be indicated. In this state

the body of the embryo is completely enclosed in a smooth and per-

fectly-transparent membrane {fig. 148, l, e), which seems to contain a

Fig. 148.

1 3 4

Development of the embryo in Julus tcrrcstns. (After Newport.)

clear fluid. This membrane Mr. Newport regards as the analogue of

the amnion, the vitelline, or investing membrane of the embryo in the

higher animals, and identical with the membrana vitelli, or proper
membrane of the yelk. It is a shut sac that completely invests the

embryo, except at its funnel-shaped termination at the extremity of

the body {fig. 148, l, d), where it is constricted, and, together with
another membrane

(
e ), which in the unburst egg is external to this

and liues the interior of the shell, assists to form the cord or proper
funis (d) that enters the body of the embryo at the posterior part
of the dorsal surface of the future antepenultimate segment, where the
mucro or spine exists in the adult animal.

(892.) A new process is now about to commence—the development
of new segments. Up to the present period the posterior part of the
body remains less distinctly divided into segments than the anterior,

the first five segments being the most distinctly marked ;
the sixth and
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jventli now become more defined. It is in the membrane (Jig. 148, 3,

)
that connects the seventh with the eighth segment, at the posterior

largin of which last the funis (d) enters, and which is permanent as

ie penultimate segment throughout the life of the animal, that the

irmation of new segments is taking place. At this period it is only

little, ill-defined space that unites the seventh and eighth segments

uto one mass; but, in proportion as the anterior parts of the body

,ecome developed, this part is also enlarged, not as a single structure,

mt as a multiplication or repetition of similar structures.

(893.) About the seventeenth day the little embryo is ready to leave

he amnion in which it has been hitherto enveloped. Its body is found

o have become considerably elongated, the increase of length being

nainly occasioned by the growth of the posterior segments, but more

sspecially by the development of new ones, which now begin to make

heir appearance in the antepenultimate space (Jig. 148, 3,/), which is,

n fact, the proper germinal space or germinal membrane, whereby the

ireduction of all the future segments is effected. The seven anterior

segments, including the head, are now greatly enlarged, and the

hitherto minute penultimate and anal segments ( 8, 9 )
become much

enlarged, and rapidly acquire the form they afterwards retain through

the life of the animal. This latter fact shows that it is not merely by

an elongation and division of the terminal segment that the body of the

Julus is developed, but that it arrives at its perfect state by an actual

production of entirely new segments, the formation of which is in pro-

gress long before they are apparent to the eye, and that the original

segments of the ovum, into which the animal is first moulded, are

permanent. ..

(894.) The manner in which new legs are produced is equally

curious. Up to the present period the animal is furnished with only

three pairs (fig. 148, 3, b, c), but four additional pairs are, nevertheless,

in progress of formation. These, at present, exist only as eight

minute nipple-shaped prominences on the under surface of the sixth

and seventh segments (fig. 148, 3, 6, 7), four on each, covered by the

common integument, which, as in the larval condition of insects, is a

deciduous membrane. The newly-formed legs, howevei, go on lapi y

increasing in size until about the twenty-sixth day, when, thiowmg o

the skin in which it has hitherto been encased, the young Julus pie

sents itself with seven pairs of legs, and a body consisting of fifteen

segments (fig. 148, 5).
_

(895.) In this condition the body of the auimal still continues

elongate, not by the division of the already-formed segments into

others, but always by the formation of new ones in the germinal

membrane that extends from the posterior margin of the antepenulti-

mate segment to the penultimate ; which last segment, as well as the

anal, undergoes no change ;
and it may likewise be observed that that
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segment of the newly-formecl portion of the body is always farthest

advanced in growth which is immediately posterior to the last segment

which possesses legs; and, then, the next in succession, until we
arrive at the terminal ones—the penultimate and the anal—that never

have legs appended to them.

(896.) On again casting its skin, the new segments of the body pro-

duced at the former change, from the eighth to the twelfth inclusive

[Jig. 148, 5, 8-12
), are become of the same size as the original ones, and

each has developed from it two additional pairs of legs, so that the

whole number becomes increased to thirty-four ; and so on at each

change of skin the number of new segments, and of additional legs, is

increased by development from the germinal membrane, until the full

complement is acquired.

CHAPTER XV.

Inseota.

(897.) The word Insect has at different times been made use of in

a very vague and indeterminate manner, and applied indiscriminately

to various articulated animals.* In the restricted sense in which we
now use it, we include under this title only such of the Homogan-
gltata as in their perfect or mature state are recognisable by the
following characters, by which they are distinguished from all other
creatures.

(898.) The body, owing to the coalescence of several of the
segments which compose their external skeleton, is divided into three
principal portions

; the Head, the Thorax
, and the Abdomen. The

Head contains the oral apparatus, and the instruments of the senses,

including the antenure or feelers , which are articulated organs pre-
senting great variety of shape, but invariably only two in number.
The Thorax, formed by the union of three segments of the skeleton,

supports six articulated legs, and sometimes four or two wings;
these last, however, are frequently wanting. The Abdomen is desti-

tute of legs, and contains the viscera connected with nutrition and
reproduction.

(899.) But insects, before arriving at that perfect condition in
which they exhibit the above-mentioned characters, undergo a series of
changes, both in their outward form and internal structure, which
constitute what is generally termed their metamorphosis '. When this

* J he word Insect, derived from the Latin word Tnsecta, simply means divided into

segments.
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is complete, as for example in the butterfly, the insect, after leaving

the egg, passes through two distinct states of existence before it

arrives at maturity and assumes its perfect form. The female butterfly

lays eggs which, when hatched, produce, not butterflies, but caterpillars,

—animals with elongated worm -like bodies, divided into numerous

segments, and covered with a soft coriaceous integument {fig. 153, a).

The head of the caterpillar is provided with horny jaws and several

minute eyes ;
the legs are very short, six of them which are attached

to the anterior rings being horny and pointed, while the rest of

variable number appended to the posterior part of the body are soft

and membranous. The caterpillars, or larva,* live for some time in

this condition, and frequently change their skin as they increase in

size, until at length, the last skin of the larva beiug thrown off, the

animal presents itself in quite a different form, euveloped in an

oblong case, without auy external limbs, and almost incapable of the

slightest motion, resembling rather a dead substance than a living

creature; it is then called a chrysalis, nymph, or pupa-\ {fig. 153, b).

(900.) On examining attentively the external surface of this pupa,

we may discern, iu relief, indications of the parts of the butterfly

concealed beneath it, but iu a rudimentary condition. After some time

the skin of the pupa bursts, and the imago, or perfect insect, issues

forth, moist and soft, with its wings wet and crumpled ;
but iu a few

minutes the body dries, the wings expand and become stiff, and, from

beiug a crawler upon the ground, the creature is converted into a gay

and active denizen of the air {fig. 153, c).

(901.) Such is the progress of the metamorphosis when complete

;

but all insects do not exhibit the same phenomena. Those genera

which, in their mature condition, have no wTings, escape from the

egg nearly under the same form as they will keep through life

;

these form the Insecta Ametabola\ of authors : and even among those

tribes which, when perfect, possess instruments of flight, the larva

frequently differs from the complete insect only from its wanting

wings, and the pupa is recognisable by being possessed of these

organs in an undeveloped or rudimentary state ;
an example of this is

seen iu the house -cricket {fig. 150), in which a represents the imago
;

b, the pupa; c, the full-grown laiwa; d, the young just hatched; and

e, the eggs.

(902.) The extensive class of insects has been variously arranged

by different entomologists, and distributed into numerous orders.§

* So called by Linnaeus, because in this condition the perfect form of the insect is

concealed as it were under a mask. Larva, Lat. a mask.

f The first two of these names are purely fanciful ;
the last is derived from pupa, a

baby wrapped up in swaddling bands.

+ a, without ;
(itruBoXv, change.

§ The classification of insects here given is that of Burmeister, which we select
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Among the different systems which have been given, we select the

following as best calculated to render the reader acquainted with the

transformations, as well as the principal forms, to which allusion will

be made in subsequent pages.

(903.) Insecta Ametabola.—The larva resembles the perfect insect,

but is without wings. The pupte of such species as have wings in

their imago state possess rudiments of those organs. The pupa runs
about and eats.

a. With sucking mouths composed of four fine sette lying in a
sheath.

(904.) 1st Order. Hemiptera.*—In such insects of this order as
possess wings, which when present are always four in number, the
anterior or upper pair are generally coriaceous in their texture for one-
half of their extent, while the posterior portion is thin and mem-
brauous

; a circumstance from which the name of the order is derived.
The Notonecta, or water boatman {fig. 149), is a familiar example; o

and d represent immature, and j? mature lame. The pupa, o, h
differs little in outward form from the perfect insect e, but possesses
only the rudiments of wings.

j3. Having mouths furnished with jaws, or distinct mandibles and

(905.) 2nd Order. Orthoptera.f—In this order the perfect insect
possesses four wings, the posterior pair being the largest; and, when

Fiy. 149.

maxillte.

* Hpiruf, half
; a wing.
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at rest, these are folded both in a transverse and longitudinal direc-

tion. The anterior wings are of a denser texture, resembling leather

or parchment. To this order belongs the common house-cricket

(,Gryllus domesticus), of which, as well as of its eggs, larvae, and pupa,

figures are here given (Jig. 150).

(906.) 3rd Order. Dictyotoptera.*—This order comprises the cock-

roaches! in which the wings are four in number when they exist ;
but

they are generally of equal size, and never folded.

Firj. 1 .50.

(907.) II. Insecta Metabola.—The larva is a worm either with

or without legs. The pupa is quiescent; or, if it moves, it does not

'
(908 ) 4th Order. Neuroptera.\—Insects having four equally large

or equally long wings with reticulated nervures, and mouths provided

with strong lateral jaws. The most perfect examples of this order

are the dragon-flies (.
Ubellula), the largest of the insect inhabitants of

our own country. The perfect insect (fig. 151). equally remarkable

for its beautiful form, powerful flight, and carnivorous habits, is among

the most formidable tyrants of its class; while the larva, which

abound in our ditches and stagnant pools, are eminently destructive

to their aquatic companions. The larva (fig- 152, b) possesses six

articulated legs ;
while the pupa a, which certainly forms an exception

to the general rule given above, is not only furnished with rudimen-

tary wings, but is eminently rapacious, and possesses in the structure

* ^ixtviutos, reticulated; sj-rsgov, a wing.

+ vsujov, a nerve; arejiv, a wing.
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of its mouth, to be described hereafter, peculiar facilities for gratifying

its blood-thirsty disposition.

(909.) In other orders, the wings are always unequal ; the posterior,

and sometimes both pairs, not unfrequently being wanting.

a. Mouth adapted to sucking.

(910.) 5th Order. Diptera *—Instead of posterior wings, we find

in this order pedunculated appendages called halteres or pokers. The
mouth contains a soft proboscis, and is usually armed with several setae

Fig. 151.

and provided with a pair of palpi; of such, the common house-fly
affords a familiar instance.

(911.) 6th Oidei. Lepidoptera
. f— The insects belonging to the

lepidopterous order are possessed of four wings, which are generally
covered with microscopic scales, frequently exhibiting the most beauti-
ful colours : the larval are provided with feet and a distinct head

; the
mouth of the perfect insect is a long spiral proboscis.

(912.) The butterflies, so conspicuous for their beauty, are well-
known [representatives of this order; and the usual forms of these

* JLf, Tn/>lv), with two wings. t Xir'if, a -calc; <rr««'..

z 2
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insects in the larva, pupa, and imago state are familial to all {fig. 153,

a, b, c).

(3. Mouths with distinct biting jaws.

(913.) 7th Order. Hymenoptera.*—Possessing four naked wings

traversed by ramose nervures. Larvae generally without head or feet,

but sometimes 'with both. Wasps, Bees, &c.

(914.) 8th Order. Coleoptera.— In this last order, the anterior

wings are converted into dense horny cases or elytra, beneath which

the posterior pair, adapted to

flight, are folded up when the

insect is at rest. The larvte

possess a head, and are some-

times provided with feet, but

not always.

(915.) The Coleopterous di-

vision of the insect world em-

braces the extensive tribe of

beetles, both terricolous and

aquatic ;
of the former, we have

an example in the common

cock-chaffer (
Melolontha), of

which a figure is here given,

as well as of the ditferent

stages of its development {fig.

154, a, b, c, D, E).f

(916.) Having thus intro-

duced the reader to the chief

orders composing the vast class

of insects, our next object must

be to examine more in detail

the principles upon which these

animals are constructed, both

as regards their external or-

ganisation, and the nature and

arrangement of their internal

parts. We shall speak of them in the first place only in their perfect

* uunium, a membrane ; Trtfv.

-|- It would be foreign to our present purpose to do more than enumerate ot er or eis

of insects which have been formed by different authors; of these, the following are

the most important.
_

. .

Dermaptcra (Leach), skin; wip, a wing. Earwigs (Forhcuia).

Trichoplera (Leach), hair
;
wrifov. May-flics (Phryganen).

Aphanipicra (Kirby), Alfavb;, invisible
;
vtioU. Fleas (Pulex).

Aptera, without wings. Wingless insects.

Parasita (Latreille). Lice (Pediculus).

Thysanoum (Latreille), iurdv-tu^os, bushy-tailed. Spring-tails (Lepismenae).
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Fig. 1 53.

condition, leaviug all observations relative to the metamorphosis to

which they are subject for subsequent consideration.

(917.) Insects, examined generally, differ from all other articulated

Fig. 154.

D
& . E
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beings in one remarkable circumstance — they are capable of flight

—can maintain themselves in the air by means of wings : it is true,

indeed, that some species are met with in all the ordeis described

above, which are apterous, being destitute of such organs ,
but these

form exceptions to be noticed liereafter. Such a mode of piogiession,

through so rare a medium as that of the atmosphere, necessarily de-

mands an exercise of muscular power of the most vigorous and active

description, and a correspondent strength and firmness in the skeleton

upon which the muscles act. It is sufficient to cast a glance at the

external construction of any of the Annelidans or Myriapoda, which

have come under our notice, to be convinced that in such animals

flight would be impossible under any circumstances : their long and

flexible bodies present no point to which efficient wings could be

appended; neither is any part of their divided skeleton possessed of

sufficient strength to support the action of muscles so forcible and

energetic as would be indispensable to wield the instruments used in

flying, or raise the body above the surface of the ground.

(918.) Similar changes, therefore, to those which we found requisite

in order to convert the aquatic Aunelide into the terrestrial Myriapod,

must be still further carried out before the animals last mentioned

could be adapted to become inhabitants of the air. The number of

segments composing their elongated bodies must be materially le-

duced ;
certain parts of the skeleton must be strengthened in order to

sustain the efforts of muscles sufficiently strong to raise the weight

of the animal ;
and, in the last place, the nervous ganglia, by a like

concentration of hitherto separated parts, must be gathered into masses

of increased power sufficient to animate the more vigorous muscles

with which they are in relation.

(919.) Such changes are precisely those which are most remarkable

when we compare the external appearance of a centipede with that

of a winged insect: the entire number of segments, and consequently

the proportionate length of the latter, is obviously reduced. The

head is seen to be more distinct from the rest of the body, to whic i

it is connected by a movable joint. The three anterior segments of

the trunk become largely developed, and, from the density of theii

substance, form by far the strongest part of the skeleton, constituting

what is called the thorax of the insect; they are, moreover, generally

united together, especially the two posterior, so as to be consolidated,

as it were, into one piece ; and to these rings only the organs of loco-

motion are appended. The remaining segments of the body are

much less firm in their texture, especially in insects with hard or

horny wing-covers, in which indeed they are almost of a membranous

consistence, so as to increase as far as possible the lightness of the

animal in parts where strength is not required. Here, then, is an

anuulose skeleton adapted to flight
;
dense and unyielding where sup-
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port is required for the attachment of the locomotive organs, but thin

and flexible elsewhere.

(020.) The above conditions being required in the arrangement of

the pieces which compose the outward framework of the body in

insects, we may easily conceive that the mode of union between the

various segments above described is by no means a matter of indiffe-

rence, inasmuch as very different degrees of motion are required

between the individaul rings. In the Annelida and Myriapods a very

simple kind of junction was sufficient; for in them the segments were

all united by the mere interposition of a thinner coriaceous membrane,

extending between their contiguous margins ; but in insects several

kinds of articulation are met with in the construction of the trunk

adapted to the mobility of different regions.

(921.) The first mode of connection is effected by suture, or rather

by a species of “ harmony," as it is technically termed by anatomists

;

twm plates of the skeleton being accurately and immovably fitted to

each other, but without being decidedly fastened together by serrated

edges. This kind of junction is met with in the thorax, and serves

an important purpose; for at the point of union both plates are bent

inwards, and prolonged internally, so as to form numerous partitions

and processes from which the muscles moving the wings and legs

derive extensive, origins.

. (922.) A second means whereby the pieces of the thorax are fastened

together is by symphysis, in which a somewhat soft membrane is inter-

posed between two plates, so as to admit of a slight degree of motion.

(923.) More extensive movement is required between the pieces

which compose the abdomen
; for in this region that rigidity and firm-

ness which are essential in the construction of the thorax, would be

highly disadvantageous, inasmuch as the abdominal viscera must be
subject to constant variations in bulk, caused either by food taken into

the intestines, or, in the case of the female, by the development of

the eggs after impregnation. The rings of the abdomen are, there-

fore, united by a membrane passing from one to another; but so

loosely, that the edges of the individual plates wrap over each other

to some extent, and thus may be separated by the slightest pressure
from within.

(924.) But in other regions there is an absolute necessity for a mode
of communication intermediate in character between the two kinds men-
tioned above

;
having neither the firmness of the one, nor the mobility

of the othei. Phis is more especially the case in the junction between
the head and the anterior segment of the thorax, and also between
the last-named segment and the middle piece of the thorax, in those
cases where these two parts are not joined by suture. • The joint
employed in this case is of very beautiful construction, resembling in

some respects that formed by a ball and socket;—a conical pro-
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longation of one segment is admitted into a smooth cavity excavated

in the corresponding margin of the other, and secured in this position

by muscles and an external ligament. Such an articulation is of

course capable of being firmly fixed by muscular action, but at the

same time admits of sufficient freedom of motion to allow rotation in

all directions.

(925.) The legs of insects, as we have already stated, are invariably

six in number, one pair being attached to each of the three thoracic

segments. Considered separately, every leg may be seen to consist

of several pieces, connected together by articulations of different

kinds, which require our notice. The first division of the leg, or that

in immediate connection with the thorax, to which it is united by

a kind of ball-and-socket joint, inclosed in a strong membranous cap-

sule, and possessing very various degrees of motion in different

insects, is called the hip (coxa) ;
and upon this as upon a centre, the

movements of the limb are performed. To the extremity of the

coxa a small movable piece is attached, called the trochanter; to

which succeeds the the thigh (femur), which is the thickest aud most

robust of all the divisions of the limb. The next piece, called the

shank (tibia), is occasionally of considerable length, and is connected

to the last by a hinge ;
to its extremity is appended the foot (tarsus),

composed of a consecutive series of small segments, varying in num-

ber from five to one, the last of which is armed with claws, or othe.r

appendages, adapted to different kinds of progression. These divisions

of the leg the reader will easily recognise ;
they are for the most part

united together by articulations so constructed as to allow simply

of flexion and extension, which will be best understood by inspecting,

in some large insect, the junction between the femur and the tibia,

or the knee-joint, as we might term it. Upon the upper extremity

of the tibia the observer will find on each side a precise semicircular

furrow, behind which is a coucentrical but smaller ridge, and still

further back a circular depression or fossulet. On examining the

corresponding surfaces of the femur, he will detect a lidge accuiate y

corresponding to the above-mentioned furrow; behiud this a furrow

corresponding to the preceding ridge, and still fuither back, a minute

elevation adapted to the fossulet of the tibia, wheieiu it is astenec

by a minute but very strong ligameut. Such ridges and giooies,

when fitted into each other, form a joint evidently admitting of .a free

and liinge-like motion, while from its structure, dislocation is almost

impossible.
.

(926.) The above general description of the leg of an insect will

prepare us to examine various modifications in outward form and

mechanical arrangements by which these simple organs are adapted

to progression under a great diversity of circumstances. When, in-

deed we reflect how extensively this class of animals is distributed,
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and the variety of situations in which insects live, we are led to expect
corresponding adaptations in the construction of their instruments
of locomotion; and in this our expectations will not be disappointed.

(927.) In the generality of terrestrial species, the last segment of
the . tarsus or foot is provided with a pair of strong horny hooks, which
are available for mauy purposes, being used either for creeping upon
a moderately rough surface, for climbing, or for clinging to various
substances.

(928.) Such simple hooks, however, would not always serve. In the
case ol the louse

(
Pediculus

)
for example, that is destined to climb

slender and polished hairs, such prehensile organs could be of little

use. The structure of the foot is therefore modified ; the tarsus in
this insect terminates in a single movable claw’, which bends back
upon a tooth-like process derived from the tibia, and thus forms a pair
of forceps, fitted to grasp the stem of the hair and secure a firm
hold.

(929.) Many insects, especially those of the Dipterous order, are
able to ascend the smoothest perpendicular planes, or even to run
with facility, suspended by their feet in an inverted position, along sub-
stances w’hich, from their polished surfaces, could afford no hold to
any apparatus of forceps or booklets. In the common flies

(.Muscidce ),

the exercise of this faculty is of such everyday occurrence, that,
wonderful as it is, it scarcely attracts the attention of ordinary
observers. The foot of the house-fly, nevertheless, is a very curious
piece of mechanism

; for, in addition to the recurved hooks possessed
by other climbing species, it is furnished with a pair of minute mem-
bianous flaps [Jig. 155, c), which, under a good microscope, are seen
to be covered with innumerable hairs of the utmost delicacy : these
flaps, or suckers as they might be termed, adhere to any plane sur-
face with sufficient tenacity to support the whole weight of the fly,

and thus confer upon it a power of progression denied to insects of
ordinary construction.

(930.) In Bibio febrilis {fig. 155, b) the sucking discs appended to
the foot are three in number, but in other respects their conformation
is the same.

(931.) In Cyrnbex lutea {fig. 155, d) the arrangement of the
suckers is different, one large and spoon-shaped disc being attached
to the extremity of each tarsal joint. Moreover, in this case there is
another singular structure,—two spur-like organs project from each
sule of the extremity of the tibia, each being provided with a sucking
disc, while the two together form a strong prehensile forceps

(932.) In some water-beetles {Dytiscida) the feet are armed with a
still more elaborately constructed apparatus of suckers;' but in this
case, as they are only met with in the male insect, they perhaps ought
lather to be looked upon as a provision made for the purpose of
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securely holding the female during sexual union, than as being spe-

cially connected with locomotion.
< _

(933 )
In the anterior legs of the male Dytiscus the three first joints

of the tarsus are excessively dilated, so as to form a broad circular

palette : on examining the inferior surface of this expanded portion

under a microscope, it is seen to be covered with an immense number

of sucking-cups {fig. 155, f), two or three being much larger than

Fig. 155 .

the rest, but they form collectively a wonderful instrument of adlie-

S1

°(934.) The middle pair of legs of the same beetle {fig. 155, a)

exhibit a somewhat similar structure; but, in this case, the disc upon

which the sucking apparatus is placed is much elongated, and the

suckers are all of small dimensions.

(935.) In the female Dytiscus {fig. 157, c) this configuration ot the

tarsus is wanting, and, moreover, the surface of the back is mai \.e

with deep longitudinal grooves that do not exist in the ma e inject,

but seem to be an additional provision for facilitating the intercourse

>f the sexes in these powerful aquatic beetles.
_ . 1

(936.) Another mode of progression common among inseem is y

eaping, to which, from their extraordinary muscular power, these little

oeiims°' are admirably adapted. The common flea, for example

'Pulex irritans) {fig- 158), will leap two hundred times its own

length • and many Orthoptera possess a power of vaulting thiougn

the° air scarcely less wonderful, of which the cricket affords a
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familiar instance. In such insects {fig. 150, a, n) the thighs

of the posterior legs are enormously dilated, and the length of these

limbs is much greater than that of the anterior pair. When dis-

posed to leap, such insects bend each hind-leg, so as to bring the

tibia into close contact with the thigh, which has often a longitudinal

furrow armed on each side with a row of spines, to receive it. The
leg being thus bent, they suddenly unbend it with a jerk, when, push-

ing against the plane of position, they spring into the air.* In
many of these saltatorial tribes the tarsus is furnished with very curi-

ous appendages, either provided for the purpose of taking off the jar

when the animal alights from its lofty leaps,t or else by their elas-

ticity they may act like firm cushions, adapted to give greater effect to

the spring which raises the insect from the ground. In the magnified

view of the tarsus of an Abyssinian grasshopper {fig. 155, e) the

arrangement of these organs is well exhibited.

(937.) The next modification in the structure of the legs is met
with in such species as burrow beneath the surface of the ground, of

which mode of progression the most remarkable example is seen in

the mole-cricket
( Gryllo-talpa vulgaris) {fig. 156). In this creature

Fig. 156.

the anterior segment of the thorax, whereunto the fore-legs are ap-
pended, is wonderfully enlarged, and of great strength, while the legs
themselves are equally remarkable for their enormous bulk and mus-
cularity. The Tibia is excessively dilated, and terminates obliquely

Kirby and Spence, Introduction to Entomology, 4 vols. fivo.

f Sir E. Home, Phil. Transact. 1816.
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in four sharp aud strong spines. The whole of the tarsus would, at a

first glance, appear to he wanting ;
but on inspection it is found to

consist of three joints placed upon the inner side of the tibia, the two

first being broad and tooth-shaped, while the last piece is very small,

and armed with two hooks. The direction and motion of these hands

is outwards, thus enabling the animal most effectually to remove the

earth when it burrows, aud by the help of such powerful instruments

it is astonishing how rapidly it buries itself.*

(938.) Similar examples of adaptation in the mechanical structure

of the legs of insects might be multiplied indefinitely; we shall, how-

ever, select but one other illustration before leaving this part of our

subject, namely the conversion of these organs into instruments for

swimming, whereby, in aquatic insects, they become adapted to act as

oars. Nothing is, perhaps, better calculated to excite the admiration

of the student of animated nature than the amazing results obtained

by the slightest deviations from a common type of organisation ;
and

in examining the changes required in order to metamorphose an organ

which we have already seen performing such a variety of offices into

fins adapted to an aquatic life, this circumstance must strike the

mind of the most heedless observer. The limbs used in swimming

exhibit the same parts, the same number of joints, and almost the

same shape, as those employed for creeping, climbing, leaping, aud

numerous other purposes
;
yet how different is the function assigned

to them ! In a common water-beetle already referred to, the Dytiscus

Fig. 157.

Kirby and Spence, Introd. to Ent. vol. ii. p. 362.
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marginalia [fig. 157, c), the two anterior pairs of legs, that could be

of small service as instruments of propulsion, are so small as to

appear quite disproportionate to the size of the insect, while the

hinder pair are of great size and strength ; the last-mentioned limbs

are, moreover, removed as far backwards as possible by the develop-

ment of the hinder segment of the thorax, in order to approximate

their origins to the centre of the body, aud the individual segments

composing them are broad and compressed, so as to present an exten-

sive surface to the water, which is still further enlarged by the pre-

sence of flat spines appended to the end of the tibia, as well as of a

broad fringe of stiff hairs inserted all around the tarsus. The power-

ful oars thus formed can open until they form right angles with the

axis of the body, and from the stx'ength of their stroke are well

adapted to the piratical habits of their possessors, who wage successful

war, not only with other aquatic insects and worms, but even with

small fishes, the co-inhabitants of the ponds wherein they live.

(939.) The same principles are carried out even more perfectly in

the construction of the swimming legs of the water-boatman (Noto-

necta), a kind of water-bug. The resemblance of this creature

{Jig. 149, o, h) to a boat with its oars, caunot escape the most inatten-

tive examiner; and the similarity is still further increased by its

manner of swimming; for, as it preys upon insects that have been
accidentally drowned by falling into the water, it usually rows itself

about upon its back, because in such a position it can best watch for

its victims.

(940.) The wings of insects, when present, are invariably attached

to the two posterior segments of the thorax, which, as we have already

seen, are strengthened in every possible manner, so as to afford a sup-

port of sufficient density and firmness to sustain the violent exertions

of the muscles inserted into the organs of flight.

(941.) In the most perfectly organised families the wings are four

in number, as in the Neuroptera {fig. 151), the Hymenoptera {Jig. 178),

the Orthoptera {fig. 150), the Dictyoptera, the Hemiptera {fig. 149),

the Lepidoptera {fig. 153), and the Coleoptera {fig. 154).

(942.) In the Dipterous insects there are only two wings, which are
fixed upon the central segment of the thorax; while, in the position

usually occupied by the posterior pair, we find a pair of pedunculated
globular bodies, usually named the Halteres or poisers, as in the gnat

( Culex, ) {fig. 182, f).

(943.) But, in every one of the orders above enumerated, there are
certain families which, throughout the whole pei’iod of their existence,
are never provided with wings at all

; and these by many entomologists
have beexx formed into an order by themselves, under the xxame of

Apterous ixxsects. In the opinion of Burmeister,* whose classification

* Manual of Entom. p. 623.
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we have adopted, such an arrangement is purely artificial, inasmuch

as it must embrace insects of most dissimilar kinds. In proof of this,

he adduces the fact, that in the same family we not unfrequently

meet with both winged and apterous species, nearly related to each

other; and in many cases the males possess wings, while the females

of the same insect are entirely destitute of such appendages. In

such cases, the metamorphosis is necessarily what is called incomplete,

inasmuch as the organs which characterise the perfect state are not

developed. Thus, in the flea (Pulex irritans) (Jig. 158), the wings

Fill. 150.

never become apparent, and the thorax in consequence, even in the

imago state, does not exhibit that development and consolidation of

its parts invariably met with in winged genera. The flea, however,

cannot on this account be looked upon as any other than the imago

or complete insect, for it will be found to have undergone all the pre-

paratory changes. The flea, when it issues from the egg, is in fact a

worm-like and footless larva, in which condition it lives about twelve

days. When about to become a pupa, it spins for itself a little silky

cocoon, wherein it conceals itself, until, having thrown off its last

skin, it appears in its mature form, deprived indeed of wings, that,

under the circumstances in which it lives, would be useless appendages,

but still with this exception corresponding in every particular with

other insects in their imago state.

(944.) The wings of insects differ much in texture. In the Neu-

roptera, by far the most powerful fliers met with in the insect world,

all four wings are of equal size, and consist of a thin membranous

expansion of great delicacy and of a glassy appearance, supported at

all points by a horny network (Jig. 151). Few things are met with in

nature more admirable than these structures ;
they present, indeed, a

combination of strength and lightness absolutely unequalled by any-

thing of human invention, and as instruments of flight they far surpass

the wings of birds, both in the power and precision of their move-

ments, inasmuch as these insects can fly in all directions—backwards,

or to the right or left, as well as forwards. Leeuwenhoek* narrates a

* Leeuw. Epist. 6, Mart. 1717.
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remarkable instance in which he was an eyewitness of the comparative

capabilities of the Dragon-fly and the Swallow, as relates to the per-

fection of their flight. The bird and the insect were both confined in

a menagerie about a hundred feet long, and apparently their powers

were fairly tested. The swallow was in full pursuit, but the little

creature flew with such astonishing velocity, that this bird of rapid

flight and ready evolution was unable to overtake and entrap it ; the

insect eluding every attempt, and being generally six feet before it.

“ Indeed,” say the authors from whom we quote the above anecdote,*
“ such is the power of the long wings by which the dragon-flies are

distinguished, and such the force of the muscles which move them,
that they seem never to be wearied with flying. I have observed one
of them {Anax Imperator, Leach) sailing for hours over a piece of

water sometimes to and fro, and sometimes wheeling from side to

side, and all the while chasing, capturing, and devouring the various
insects that came athwart its course, or driving away its competitors—without ever seeming tired or inclined to alight,”

(945.) In Hymenopterous insects {figs. 176 and 178), the wings
are much more feebly organised, but their structure is similar; the
nervures, or horny ribs, supporting the membranous expansion,
are comparatively few, and in the Diptera they are still less nu-
merous.

(946.) In several orders the anterior pair of wings are converted
into shields for the protection of the posterior

; such is the case in the
Orthoptera, many of the Hemiptera, and more especially in the
Coleopterous genera. In the latter, indeed, they are very dense
and hard

; and, being nearly unserviceable in flight, the hinder pair
are necessarily developed to such a size as to present a very extensive
surface {fig. 154, a), and when in repose are closely folded up
beneath the elytra, and thus carefully preserved from injuries to which
they would be constantly exposed without such provision for their
security.

(947.) The above observations relate only to the general disposition
and connection of the different parts of the skeleton, and locomotive
appendages connected with it

; it remains for us nowr to speak more
fully of the texture of the external integument, and those modifications
which it presents, adapting it to various purposes.

(948.) The hard covering of an insect, like the skin of vertebrate
animals, consists of three distinct layers. The outer stratum or
epidermis is smooth, horny, and generally colourless, so that it
forms a dense inorganic film spread over the whole surface of the
body. Immediately beneath the epidermis is a soft and delicate
film, the rete mucosum, which is frequently painted with the most

Kirby and Spence, op. cit. p. 351.
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lively hues, and gives the characteristic colouring to the species.

The third and principal layer is the true skin or cutis, which is gene-

rally of a leathery texture, and, especially in the elytra of beetles,

of considerable thickness: this layer is abundantly supplied with

nutritive juices, and in its substance the bulbs of hairs, scales, and

similar appendages, to be described hereafter, aie embedded and

nourished.

(949.) The wings are mere derivations from this common covering,

and are composed of two delicate films of the epidermis, stretched

upon a strong and net-like framework. Every membranous wing

is in fact a delicate bag formed by the epidermic layer of the in-

tegument, and in the recently-developed insect can be distinctly

proved to be such, by simply immersing the newly-escaped imago

in spirit of wTine, which gradually insinuates itself between the

still fresh and soft membranes; and, filling the cavity inclosed be-

tween them, distends the organ until it represents a transparent

sacculus in which the ribs or nervures of the wing are inclosed.*

This structure, however, is only to be displayed while the wings, aftei

being withdrawn from the pupa-case, are still soft and moist, for they

soon become so intimately united with the horny framework upon

which they are extended, that they seem to form a single membranous

expansion.

(950.) The ribs, or nervures, whereby the two plates of the wing

are thus supported, are slender hollow tubes, filled with a soft paren-

chyma; in the interior of some, Burmeister detected an air-vessel,

recognisable by the texture of its walls, and a minute nervous

filament.

(951.) We have still, in order to complete our description of the

external anatomy of an insect, to describe certain appendages which

not unfrequently clothe the exterior of the skeleton, and exhibit great

diversity of appearance in different tribes. These may be divided into

spines, hairs, and scales; and, however much they may appear to be

distinct structures, all these are essentially very nearly related to each

other.

(952.) The spines are horny processes developed from the epidermis ;

and sometimes, especially in the Coleopterous order, as in some lamel-

licorn beetles, exhibit considerable dimensions. These spines aie

sometimes bifurcated or branched ;
but, whatever their shape or size,

they never grow from bulbs implanted in the cutis, but are mere pro-

longations of the exterior layer of the integument.

(953.) The hairs in their mode of growth appear to resemble those

of quadrupeds, inasmuch as they are secreted from roots embedded in

the substance of the cutis or true skin : they are fine horny cylinders,

* Ileusinger, System del- Hystologie, 2 Heft.—Burmeister, op. cit. p. 224.
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aud frequently are found to be branched and divided like the feathers

of birds ; but the manner of their formation will be more conveniently

discussed hereafter.

(954.) The wings of the Lepidoptera are covered with minute flat

scales of various shapes, and not unfrequently tinted with the most
beautiful colours ; such scales, nevertheless, are in reality only flattened

hairs, into which, indeed, they frequently degenerate by insensible

transitions, and, moreover, they grow from bulbs of precisely similar

construction. The variety of colours exhibited by the scales of a

butterfly depends upon a film of pigment interposed between the two
plates of transparent epidermic matter forming each

;
but the gorgeous

hues derived from this source must not be confounded with the irides-

cent tints for which they are not unfrequently remarkable, as these
have a very different origin : the surface of every scale, that with the
changing light reflects evanescent prismatic colours, is seen, when
examined under a microscope, to be marked with regular parallel strim
of exquisite minuteness

;
and such a surface, even when grossly imitated

by human art, has been found to give rise to the brilliant appearances
exhibited by polarised light.

(955.) The muscular system of insects has always excited the
wonder and astonishment of the naturalist, in whatever point of view
he examines this part of their economy—whether he considers the per-
fection of their movements, the inconceivable minuteness of the parts
moved, or the strength, persistence, or velocity of their contractions.
Insects are proverbially of small comparative dimensions—“ minims
of nature,”

“ that wave their limber fans

For wings, and smallest lineaments exact,

In all the liveries decked of summer’s pride;”

their presence, indeed, around us, is only remarked as conferring
additional life and gaiety to the landscape

; and, except when by some
inordinate increase in their numbers they make up by their multitude
for their diminutive size, the ravages committed by them are trifling

and insignificant. Far otherwise, however, would it be, if they
attained to larger growth, and still possessed the extraordinary power
with which they are now so conspicuously gifted

; they would then,
indeed, become truly the tyrants of the creation,—monsters such “ as
fables never feigned or fear conceived,”—fully adequate to destroy and
exterminate from the surface of the earth all that it contains of vege-
table or of animal life.

(956.) We ha\ e alieady seen that the flea or the grasshopper will
spring two hundred times the length of its own body

; that the dragon-
fly possesses such indomitable strength of wing, that for a day together
it will sustain itself in the air, and ily with equal facility and swiftness
backwaids or forwards, to the right or to the left, without turning;

A A
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that the beetles are encased in a dense and hard integument, imper-

vious to ordinary violence ;
and we might add, that the wasp and the

termite ant will penetrate with their jaws the hardest wood. Neither

is the velocity of the movements of insects inferior to their prodigious

muscular power. “ An anonymous writer in Nicholson s Journal, say

Kirby and Spence, “ calculates that in its ordinary flight the common

house fly (Musca domestica

)

makes with its wings about six hundred

strokes, which carry it five feet every second; but, if alarmed, he

states their velocity can be increased six or seven-fold, or to thirty

or thirty-five feet in the same period. In this space of time a race-

horse could clear only ninety feet, which is at the rate of more than a

mile a minute. Our little fly, in her swiftest flight, will in the same

space of time go more than the third of a mile. Now, compare the

infinite difference of the size of the two animals (ten millions of the

fly would hardly counterpoise one racer), and how wonderful will the

velocity of this minute creature appear! Did the fly equal the race-

horse in size, and retain its present powers in the ratio of its magni-

tude, it would traverse the globe with the rapidity of lightning. *

(957.) Let the reader, therefore, imagine for an instant that great

law of nature, which restricts the dimensions of an insect within certain

bouuds, dispensed with even in a single species. Suppose the wasp or

the stag-beetle dilated to the bulk of a tiger or of an elephant—cased

in impenetrable armour—furnished with jaws that would crush the

solid trunk of an oak—winged, and capable of flight so rapid as to

render escape hopeless ;—what would resist such destroyers, or how

could the world support their ravages ?

(958.) Such is the comparative strength of insects. Let us now

proceed to examine the muscles to which it is owing—their structure

and general arrangement.

(959.) The muscles consist of bundles of delicate fibres, that arise

either from the inner surface of the segments composing the skeleton,

or else from the internal horny septa which project into the thoiax.

The fibres themselves are of a white or yellow colour; and so loosely

are they connected by cellular tissue, that they may be sepaiated by

the slightest touch.

(960.) All the muscles of an insect may be arranged in two great

divisions; the first including those that unite the different segments

of the body; the second, those appropriated to the movements of the

limbs, jaws, and other appendages : the former are entirely composed

of fleshy fibres; the latter are provided with tendinous insertions, by

which their force is concentrated and made to act with precision upon

a given point of the skeleton.

(961.) The connecting muscles are generally arranged in broad

parallel bands, arising from the inner surface of a given segment, and

* Kilby and Spence, op. cit. vol. ii. p. 358.
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passing on to be inserted in a similar manner into another segment,

so that by their contraction the cavity in which they are lodged is

diminished by the approximation of the different rings : these have no

tendons.

(902.) The locomotive muscles, of course, take their character from

the joints of the limb upon which they act; and, as we have already

seen that these movements are generally confined to those of a hinge,

the muscular fasciculi may be conveniently grouped into two great

classes—the flexor muscles, that bend the joint ; and the extensors,

by which it is again straightened, and brought back to its former posi-

tion. This simple arrangement will be best understood by an inspec-

tion of the appended figure (yfi/.159), repre-

senting the muscles of the leg of a cockchafer

( Melolontlia vulgaris), as they are depicted

by Strauss Durckheim.* In the thigh, for

example, there are two muscles, one of which

bends, the other straightens, the tibia. The
flexor {fig. 159, a) arises from the lining

membrane of the femur, and is inserted by

a tendon into a process of the tibia in such a

manner as to flex the leg upon the thigh

;

while its antagonist
(
b ), attached to a process

derived from the other side of the joint, has

an opposite effect, and by its contraction ex-

tends the leg. In the tibia there are like-

wise two muscles, so disposed as to move the

entire tarsus and foot. The extensor (/ ) of

the tarsus is the smallest ; it arises from

the lower half of the interior of the tibia,

and is inserted into the margin of the first

joint of the tarsus : but the flexor of the foot

(c), arising from the upper half of the cavity

of the tibia, ends in a delicate tendon, which
passes through all the tarsal segments, to be

fixed to the flexor tendon of the claw-joint

upon which it acts
;
and, as it traverses the

penultimate joint, it receives the fibres of an
accessory muscle {d). The extensor of the

daw (e) is likewise placed in the penultimate tarsal segment, and
stiikingly exhibits, by its small comparative size, the feebleness of
its action, when compared with the flexors of the same joint.

(903.) It would be superfluous to describe more in detail the dispo-
sition of individual muscles, as the above example will abundantly

Considerations generates sur l'Anat. comp, des Anitnaux Articules, auxquelles on
a joint l’Anatomie descriptive du Hanueton. One vol. 4to. Paris, 1828.

A A O
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suffice to give the reader an idea of the general arrangement of the

muscular system, not in insects only, but in all the articulata pro-

vided with jointed extremities.

(964.) The substances employed as food by insects are various, in

proportion to the extensive distribution of the class. Some devour

the leaves of vegetables, or feed upon grasses and succulent plants

;

others destroy timber, and the bark or roots of trees ; while some,

more delicately organised, are content to extract the juices of the

expanding buds, or sip the honeyed fluids from the (lowers. Many

tribes are carnivorous in their habits, armed with various weapons of

destruction, and carry on a perpetual warfare with their own or other

species ;
and again there are countless swarms appointed in their vari-

ous spheres to attack all dead and putrefying materials, and thus to

assist in the removal of substances which, by their accumulation,

might prove a constant source of annoyance and mischief. Such

differences in the nature of their food demand of course corresponding

diversity in the construction of the instruments employed for procuring

nourishment, and accordingly we find in the structure of the mouths

of these little beings innumerable modifications adapting them to

different offices. The mouths of all creatures are constructed upon

purely mechanical principles ; and in few classes of the animal world

have we more beautiful illustrations of design and contrivance than in

that before us :—-jaws armed with strong and penetrating hooks for

seizing and securing active and struggling prey,—sharp and powerful

shears for clipping and dividing the softer parts of vegetables,—saws

files, and augers for excavating aud boring the harder parts of plants,

lancets for piercing the skin of living animals,—siphons and suck-

ing tubes for imbibing fluid nutriment;—all these, in a thousand

forms, are met with in the insect world, and thus provide them with

the means of obtaining food adapted to their habits, and even of

constructing for themselves edifices of inimitable workmanship.

(965.) Parts of the mouth.—The mouths of insects maybe divided

into two great classes,—those which are adapted for biting, foi ruing

what is called a perfect, or mandibulate mouth; and those which are so

constructed as only to be employed in sucking, constituting the sucto-

rial haustellate mouth. It is in the former of these divisions that all

the parts composing the oral apparatus are most completely developed;

we shall therefore conmmeuce by describing the different pieces of

which a perfect mouth cousists, viz. an upper and an under lip, and

four horny jaws. We select the dragon-fly (fig. 160, a) as an example.

The upper lip
(
labrum , b) is a somewhat convex corneous plate

placed transversely across the upper margin of the cavity wherein the

jaws are lodged, so that, when the mouth is shut, it folds down to

meet the under lip (
labium) and these two pieces more or less com-

pletely conceal the proper jaws, which are lodged between them.
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(OGO.) The upper pair of jaws
(
mandibulm

)
are two hard and power-

ful hooks (c), placed immediately beneath the upper lip, and so ar-

ticulated with the cheeks that they move horizontally, opening and

shutting like the blades of a pair of scissors. Their concave edge is

armed with strong denticulations of various kinds, sometimes furnished

with cutting edges, that, like sharp shears, will clip and divide the

hardest animal and vegetable substances
;
sometimes they form sharp

Fig. 100 .

and pointed fangs, adapted to seize and pierce their victims ; and not

unfrequently they constitute a series of grinding surfaces, disposed,

like the molar teeth of quadrupeds, to triturate and bruise the materials

used as food. The variety of uses to which these mandibles can be

turned is indeed amazing. In the carnivorous beetles, their hooked

points, more formidable than the teeth of the tiger, penetrate with

ease the mailed covering of their stoutest congeners : and in the

dragon-fly they are scarcely less formidable weapons of destruction.

In the locust tribes these organs are equally efficient agents in cutting

and masticating leaves and vegetable matters adapted to their appetites
;

while in the wasps and bees they form the instruments with which

these insects build their admirable edifices, and, to use the words of a

popular author, supply the place of trowels, spades, pick-axes, saws,

scissors, and knives, as the necessity of the case may require.

(967.) Beneath the mandibles is situated another pair of jaws, of

similar construction, but generally smaller and less powerful
; these

are called the maxilla (rj.

(968.) The lower lip, or labium
(
e ), which closes the mouth in-

teriorly, consists of two distinct portions, usually described as separate
organs, the chin

(
mentum), that really forms the inferior border of

the mouth; and a membranous or somewhat fleshy organ, reposing
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.

upon the chin internally, and called the tongue {lingua) of the

insect (d).
. .

(969.) All these parts enter into the composition of the perfect

mouth of an insect, and, from the numerous varieties that occur in

their shape and proportions, they become important guides to the

entomologist in the determination and distribution of species, hor

more minute details concerning them, the reader is necessarily referred

to authors who have devoted their attention specially to this subject

;

we must not, however, omit to mention certain appendages or auxiliary

instruments inserted upon the maxilla; and the labium, usually named

the palpi, or feelers, and most probably constituting special organs of

touch, adapted to facilitate the apprehension and to examine the nature

of the food. The maxillary feelers {palpi maxillares

)

are attached to the

external margin of the maxillae by the intervention of a small scale

and very pliant hinge, and consist of several (sometimes six) distinct

but extremely minute pieces articulated with each other. The labial

feelers {palpi labiales) are inserted iuto the labium close to the tmigue

or occasionally upon the chin (
mentum )

itself. The joints in t le a la

palpi are generally fewer than in the maxillary, but in other respects

their structure and office appear to be the same.
,

(970.) In the suctorial orders of insects we have the mouth adapted

to the imbibition of fluid nutriment, and consequently constructed

upon very opposite principles
;

yet, notwithstanding t le apparent

want of resemblance, it has beeu satisfactorily demonstrated by

Savigny * that the parts composing a suctorial mouth are funda-

mentally the same as those met with in the mouths of mandibulate

insects, but transformed in such a manner as to form a totally different

Fig. 161.

(971.) According to the distinguished authors of the “ Introduction

to Entomology,”f there are five kinds of imperfect mouth adapted to

suction, each of which will require a separate notice.

(972.) The first is met with among the Hemiptera, and is to per-

forate the stalks and buds of vegetables, in

order to procure the juices which they con-

tain ;
or in some bugs it is employed to

puncture the integument of living animals

for a similar purpose. This kind of mouth

is exhibited in fig. 161 : first, there is a long

jointed sheath (cl), which is in fact the lower

lip (labium), considerably elongated, and com-

posed of three or four parts articulated to-

gether ;
secondly, there is a small conical

scale covering the base of the sheath last

* Savigny (.Tules Cesar), Memoires snr les Animaux sans Vertebres, 8vo. Paris, 1816.

t Kirby and Spence, vol. iii. p. 463.
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mentioned, and representing the upper lip ;
and between these are

four slender and rigid bristles or lancets
(
scalpella

)
(c), that, when not

in use, are lodged in a groove upon the upper surface of the sheath so

as to be concealed from view. These lancets are, in reality, only the

mandibles and maxillae strangely altered in their form and excessively

lengthened, so as not merely to become efficient piercing instruments,

but so disposed as to form by their union a suctorious tube, through

which animal or vegetable fluids may be imbibed. This kind of mouth,

when not employed, is usually laid under the thorax between the legs,

in which position it is easily seen in most Hemiptera : in some families,

as, for example, in the plant-lice (Aphides), it is of extraordinary

length ; thus, in the aphis of the oak it is three times as long as the

whole body of the insect, projecting posteriorly like a tail, and in the

fir-aphis it is still longer.

(973.) The second kind of mouth is that met with among the

Diptera, and from its construction in some tribes we may well under-

stand how they are enabled to become so seriously annoying. The

gnat and the mosquito furnish sufficiently well-known examples of

the formidable apparatus in question, which, in the horse-fly
(
Tahanus),

seems to attain its maximum of development. The oral organs of the

Diptera are composed of a sheath or proboscis, that represents the

lower lip of the mandibulate insects
; it is sometimes coriaceous or

horny in its texture, or in other cases, as in the common flesh-fly,

soft and muscular, and folds up when at rest in such a manner as to

form two angles, representing the letter Z. At the base of this sheath

or proboscis there is a small upper lip, between which and the sheath

are lodged the setae, knives or lancets, which form such terrible in-

struments for cutting or piercing the skin of their victims. These

cutting parts vary in number from one to five : when they are

all present, the upper pair
(
cultelli

,
or knives) represent the man-

dibles of a perfect mouth, the two lower ones
(
scalpella , the lancets)

are the maxillae, the fifth or middle piece (glossarium) is the tongue,

and between them all is the oral opening. The strength of the above

piercing instruments varies greatly
;
in the gnat they are finer than a

hair, very sharp and barbed occasionally on one side ; while in the

horse-fly they are flat, like the blades of a lancet or penknife : occa-

sionally they are so constructed as to form a tube by their union,

through which the liquid aliment is sucked up and conveyed into the

stomach.

(974.) The mouth of the flea, although described by Kirby and

Spence as forming a distinct type of structure, differs very little from

that of the Diptera described above, as will be at once evident on in-

specting the accompanying figure, reduced from a beautiful drawing

by Mr. W. Lins Aldous.

(975.) In this insect the piercing organs are two sharp and. razor-
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like instruments {fig. 1G2, d, d), placed on each side of the elongated

tongue (e), and inclosed in a sheath (c, c), probably formed by pieces

representing the mandibles of mandibulate insects. Two palpi or

Fit). 162.*

.
<

feelers (a, a), and a pair of triangular plates
(
b

,
b), complete this re-

markable apparatus.

(076 )
Another kind of mouth adapted to suction, and which seems

to differ more widely from the perfect form than any we have as yet

examined, is that which wre meet with in moths and butterflies. This

singular organ is adapted to pump up the nectareous juices from the

cups of flowers, and is necessarily of considerable length, in order to

enable the insect to reach the recesses wherein the honeyed stores are

lodged. When unfolded, the apparatus in question represents a long

double whip-lash (fig. 163, a, h, c, d), and, if carefully examined under

the microscope, each division is found to he made up of innumerable

rings connected together, and moved by a double layer of spiral mus-

* Head of the flea, as represented by the Solar microscope in Canada balsam; dedi-

cated by permission to the President and Members of the Entomological Society, by

W. Lins Aldous.
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cular fibres, that wind in opposite directions around its walls. When
not in use, the proboscis is coiled up and lodged beneath the head

;

but when uncurled its structure is readily examined. Each of the two
long filaments compos-

ing this trunk, which, in

fact, are the representa-

tives of the maxilla ex-

cessively lengthened, is

then seen to be tubular
;

a

and, when theyare placed

in contact, it is found

that their edges lock to-

gether by means of mi-

nute teeth, so as to form

a central canal leading

to the orifice of the

mouth. It is through

this central tube, formed

by the union of the two

lengthened maxilke, that fluids are imbibed. Burmeister, however,
asserts that the cavities contained in each division likewise communi-
cate with the commencement of the oesophagus, so that the Lepidoptera
have, as it were, two mouths, or rather two separate methods of im-
bibing nourishment; one through the common canal formed by the
junction of the whip-like jaws, the other through the cavities of the
filiform maxillae themselves : such an arrangement, however, which
would be quite anomalous, may reasonably be doubted. In this
mouth, therefore, all the parts, except the maxillae, would seem at
first sight to be wanting; they may, nevertheless, be detected upon a
very careful examination, and rudiments of the upper lip, of the
mandibles, of the lower lip, as well as of the labial and maxillary
palpi, be distinctly demonstrated.

(977.) The last kind of mouth to which we shall advert is that
met with in the louse tribe

(
Pecliculi); but, from the extreme minute-

ness of the parts composing it, the details of its structure are but
imperfectly known. It seems to consist of a slender external tube,
wherein a sharp sucker, armed with barbs adapted to fix it securely
during the act of sucking, is lodged

; when feeding, the barbed piercer
is denuded and plunged into the skin, where it is retained until a
sufficient supply of nourishment has been obtained.

(978.) Inviting as the subject is, we are compelled by the strictly
general character of our investigations to abstain from entering upon
further details concerning the mouths of perfect insects, and consequently
to omit noticing innumerable secondary modifications in the mechanical
structure of the oral organs of these little animals. When we turn

Fig. 1 63 .

1
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oar attention to the consideration of their internal viscera, connected

with the preparation and digestion of so many different materials, we

may well expect to find equal variety of conformation
;
and, in fact,

the course, dimensions, and relative proportions of the alimentary

canal will be seen to be different to a greater or less extent in almost

every species. Considered as a whole, the internal digestive apparatus

of insects must be regarded as a delicate membranous tube, in which

the digestion of the substances used as food is accomplished, partly

by mechanical and partly by chemical agents. For the former purpose,

gizzard-like muscular cavities are not unfrequently provided ;
and,

to fulfil the second, various fluids are poured into the canal in different

parts of its course : the arrangement of the cavities, and the nature

of the secreting vessels, however, will be modified in conformity with

the necessities of the case, and certain parts will be found to exist, or

to be deficient, as circumstances may require : it would be absurd,

therefore, to attempt to describe particular examples ;
our observations

must be of general application, and such as will enable the reader

to assign its proper functions to any organ which may present itself

to his notice. The first part of the digestive apparatus is disposed

in the same manner in all insects, and is a slender canal, arising from

the mouth and passing straight through the thorax into the cavity

of the abdomen; this portion represents the oesophagus (Jig. 164, a,

a ; 165, o). The stomach and intestine succeed to this, and, if the

body of the insect be very thin, their course also passes nearly in

a direct line to the tail ;
but in those families which have the abdomen

thick and largely developed, especially if herbivorous, the intestine

becomes much elongated, and winds upon itself in various convo-

lutions : nevertheless, however tortuous the canal may be, its windings

are never sustained by any mesentery or peritoneal investment ;
the

air-tubes, that, as we shall afterwards see, permeate the body in all

directions, form a sufficient bond of connection, and one which is

better adapted to the wants of these animals.

(979.) We must now examine more minutely the different portions

of which the alimentary canal may consist, premising at the same

time that the structures mentioned do not invariably exist together,

as sometimes one part, aud sometimes another, may be entiiely

wanting, or only found in a very rudimentary condition. They aie

the Crop, the Gizzard, the Stomach, the Small Intestine, and the

Large Intestine.

(980.) The Crop, or Sucking-Stomach, as it is called by some

writers, is only met with in Hymenoptera, Lepidoptera, and Diptera,

insects which have no gizzard.* In bees, wasps, and other Hyme-

noptera, it is a simple bladder-like distension of the oesophagus (Jig.

] 04 b) ;
in butterflies and moths it forms a distinct bag, that opens

* Biirmcister, op cit. p. 125.—Treviranua, Vermischte Schriften.
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into the side of the gullet {fig. 165, v,v); while in the Diptera it

is a detached vesicle, appended to the oesophagus by the intervention

Fig. 164.of a long thin duct. This

organ, which in bees is usu-

ally called the honey-bladder,

is regarded by Burmeister, who

founds the opinion upon the

x'esult of experiments made by

Treviranus upon living insects,

as being not merely a recep-

tacle for food resembling the

craw of birds, as Ramdohr*
and Meckel consider it, but as

being a sucking instrument for

imbibing liquids, by becoming

distended, as he expresses it,

and thus, by the rarefaction of

the air contained within it,

facilitating the rise of the fluids in the proboscis and oesophagus. It

must, however, be confessed that there is something very anomalous iu

the idea of a delicate bag having the power of distending itself ; its

muscular walls might indeed contract, but that a thin sacculus should

forcibly expand itself would be a fact new to physiology.

(98 L.) The Gizzard is found in insects which possess mandibles,

and live upon solid animal or vegetable substances. It is a small

round cavity with very strong muscular parietes, situated just above

the stomach properly so called, and, like the gizzard of granivorous

birds, is employed for the communication of the food perparatory to

its introduction into the digestive stomach. In order to effect this,

it is lined internally with a dense cuticular membrane, and occa-

sionally studded with hard plates of horn, or strong hooked teeth,

adapted to crush or tear in pieces whatever is submitted to their

action.

(982.) When bruised in the gizzard, the food passes on into the

proper stomach, which is generally a long intestiniform organ (yty.104,

d, d), extending from the crop or gizzard to the point where the

biliary vessels discharge themselves into the intestine. The size and

shape of this organ will vary of course with the nature of the food.

Thus, in the butterfly {fig. 165, b), which scarcely eats at all, or

sparingly sips the honey from the flowers, it is very minute ; but, in

insects which live upon coarse and indigestible materials, it is pro-

portionately elongated and capacious.

(983.) The stomach generally ends in the Small Intestine {fig. 104,

e ; 165, i), but this is occasionally entirely wanting, so that the stomach

seems to terminate immediately in the colon or large intestine, which

* Ramdohr, iiber die Verdauungswerkzeuge der Insectcn. Ilalle, lfil 1.
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s the terminal portion of the

ilimentaiy canal : when much
leveloped, the small intestine

s sometimes divided by a con-

striction into two parts, to

which the names of Duodenum
ind Ilium have been applied

oy entomological writers. The

solon {fig. 164,/; 165, le) is

separated from the small in-

testine by a distinct valve
;
and,

,n connection with its com-

nencement, a wide blind sac-

sulus or crncum is often met

,vith.

(984.) We may now notice

she secerning organs that pour

luids into different parts of

the digestive apparatus ; be-

ginning with those which open

into the oesophagus in the

vicinity of the mouth, and examining them in the order of their

Dccurrence as we proceed backwards.

(985.) The first are the salivary vessels
,
which terminate in the

oeighbourhood of the mouth itself, into which they seem to pour a

secretion analogous to saliva. These glands are principally met with

in suctorial insects, but not unfrequently among the mandibulate

srders. Their form varies
;
but they are generally simple slender

tubes, that float loosely among the juices of the body, from which they

separate the salivary fluid. There are, for the most part, only two

Df these organs (fig. 165, s, s); but in fleas
(
Pidex), and bugs (Cimex),

there are four, and in a water-bug
(
Nepa), there are six such vessels,

all of which open into the cavity of the mouth. The fluid supplied

by the salivary glauds is usually merely intended to facilitate deglu-

tition ; but there are cases in which the saliva is excessively acrid and

irritating, acting as a kind of poison when infused into a puncture

made by the mouth : this is especially remarkable in many bugs and

gnats, and is the chief cause of the pain and inflammation frequently

occasioned by their bite.

(986.) Besides tbe proper salivary vessels, there are other glands,

or rather caeca, which open into the stomach itself, occasionally cover-

ing that organ over its entire surface, as is the case in some water-

beetles {Hydrophilus) ; these, no doubt, secrete a fluid subservient

to digestion ;
but whether of a peculiar description, or allied to saliva

in its properties, is unknown.

(987.) The third kind of auxiliary vessels connected with the

Fig. 1 65 .
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intestinal canal of insects, is supposed to furnish a secretion analogous

to the bile of other animals, and consequently to represent the liver.

These bile-vessels {Jig. 164, 7t, h
; Jig. 165, g, g) are generally four, six,

or eight in number, but occasionally much more numerous ; they are

usually of great length, but exceedingly slender, and wind around

the intestine in all directions. When unravelled, they are found to

terminate, in the neighbourhood of the pylorus {Jig. 105, 7t, n), close

to the commencement of the intestine, at which point the secretion

produced by them is mixed with the food after it has undergone the

process of digestion.

(988.) Appended to the termination of the alimentary tube, close

to its anal extremity, other vessels are met with in some insects that

are looked upon by authors as being allied in function to the kidneys

of higher animals; but apparently this opinion rests upon very doubt-

ful grounds. They indubitably furnish some secretion, the use of

which is perhaps connected with defecation ; but that it is of the same

character as the fluid separated by the renal organs of vertebrata

may well be called in question, as no such parts are distinctly recog-

nisable until we arrive at much more elevated forms of life than

the insects we are now considering. There is, however, another

reason for rejecting the opinion that these accessory vessels secrete

urine, and that is, that they are only met with in a few beetles and

some species of Orthoptera ; a circumstance that alone would be suffi-

cient to disprove such a supposition.

(939.) In the vertebrate animals, as the reader is well aware, the

nutritious products of digestion are taken up by a system of absorbing

vessels, that ramify extensively over the coats of the intestine, and

the nutriment is thus conveyed into the mass of the circulating fluid

by ducts appropriated specially to this office
;
in animals of less per-

fect structure than these, such as the Mollusca, the veins themselves

absorb the nutritive materials. But in insects, in which we find

neither absorbents nor veins, a different an'angement is necessary;

and, in the little creatures before us, nutrition appears to be carried

on by the simple transudation of the chyle through the coats of the

intestine, so that it escapes into the general cavity of the abdomen,

where, as we shall see when we examiue the arrangement of their

circulating organs, it is immediately mixed up with the blood. This

transudation has indeed been actually witnessed by Bamdohr and

Rengger,* and even analysed by the last-mentioned physiologist, who
found it to consist almost entirely of albumen.

(990.) The respiratory organs of the Insecta, as well as their

circulatory apparatus, are constructed upon peculiar principles, and

are evidently in relation with the capability of flying, which distin-

* Physiologische Untersuckungen iiber den thierischen Haushalt der Insckten.

8 vo. 1817.
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guishes these minute yet exquisitely-constructed articulated animals.

Any localised instruments for breathing, whether assuming the shape

of branchiae or lungs, would materially have added to the weight

of the body, and moreover have rendered necessary an elaborate

apparatus of arteries and veins for conveying the blood to and fro

for the purpose of purifying it by securing its exposure to the influence

of air. By the plan adopted, however, all these organs are dispensed

with ;
and the organs of respiration, so far from increasing the weight

of the animal, actually diminish its specific gravity to the greatest

possible extent. The blood, in fact, in insects is not brought to any

given spot to be exposed to oxygen, but the air is conveyed through

every part of the system by innumerable tubes provided for that

purpose, and thus all the complicated parts usually required to form

a vascular system are rendered unnecessary. These observations,

however, only apply to the insect in its perfect state; for in the larva

and pupa condition, where flight is not possible, various additional

organs, frequently of considerable bulk, are provided, that we shall

speak of in another place. If we examine the external skeleton of

any large insect, a beetle for example, we shall find between the

individual segments of the body minute apertures or pores (
spiracles

)

through which the air is freely admitted; these openings, ten in

number, on each side of the body, are situated in the soft membrane

interposed between the different rings, and not in the rings them-

sel veS)— a provision for the purpose of allowing their orifices to be

opened or closed at pleasure, instead of being rigid and motionless.

The margin of the spiracle is frequently encompassed by thick horny

lips, which may be approximated by muscles provided for the purpose,

so that the opening can be shut at pleasure, in order to exclude any

extraneous substances that might otherwise obtain admission; in many

insects, indeed, especially in beetles which crawl upon the dusty

ground, au additional provision is necessary to prevent the entrance

of foreign matter, and in such cases the spiracles are seen to be

covered with a dense investment of minute and still hairs, so disposed

as to form a sieve of exquisite fineness ; a beautiful contrivance, by

which the air is filtered, as it were, before it is allowed to pass into

the breathing-tubes, and thus freed from all prejudicial particles.

From every spiracle is derived a set of extremely delicate tubes

(trachea), that pass internally, and become divided and subdivided to

an indefinite extent, penetrating to every part of the body, and

ramifying through all the viscera, so that air is thus supplied to the

entire system. Upon more minutely inspecting these air-tubes, they

ai'e found to assume various forms in different parts of the body

;

being sometimes simple tubes of exquisite delicacy, in other cases

they present a beaded or vesicular structure, and in many insects they

are dilated at intervals into capacious cells or receptacles, wherein
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air is retained in great abundance. The beautiful figure given below

(A/. 160), taken from y.^. |««.

Strauss Durckheim’s ela-

borate work upon the

anatomy of the cock-

chafer, will illustrate

this arrangement. The
spiracles, situated at the

points respectively mark-

ed by the letters a, l>, c,

d, e
> ./> !l< h open

into Lwo wide air-trunks,

disposed longitudinally

along the whole length

of the body : from these,

innumerable secondary

branches are given off,

many of them being seen

to dilate into oval vesi-

cles, from which smaller

trachem proceed
;
while

others, without any ve-

sicular enlargement,

plunge at once into dif-

ferent textures, and sup-

ply the viscera and in-

ternal organs. The
muscular system, the

logs, the wings, the ali-

mentary canal, and even

the bruin itself, are per-

meated in all directions

by these air-conducting

tubes, and thus the oxy-

gen penetrates to every

cornor of the body.

(001.) There is one circumstance connected with the trachea) which
is specially deserving of admiration, whether we consider the obvious
design of the contrivance, or the romarkable beauty of the structure
employed. It is evident that the sides of canals, so slender and
delicate as the tracheae of insects, would enevitably collapse and full

togothei, so as to obstruct the passage of the air they are destined to
convey, and the only plan which would seem calculated to obviate
this would appear to bo, to make their walls stiff and inflexible. In-
flexibility and stillness, however, would nover do in this case, where
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the vessels iu question have to be distributed in countless ramifica-

tions through so many soft and

distensible viscera ;
and the

Fig. 167.

problem, therefore, is, how to

maintain them permanently

open, in spite of external pres-

sure, and still preserve the

perfect pliancy and softness of

their walls. The mode in which

this is effected is as follows

:

—Between the two thin layers

of which each air-vessel con-

sists, an elastic spiral thread

is interposed {fig. 1 67, a), so

as to form by its revolutions

a firm cylinder of sufficient

strength to insure the calibre

of the vessel from being di-

minished, but not at all inter-

fering with its flexibility, or

obstructing its movements

;

and this fibre, delicate as it

is, may be traced with the microscope, even through the utmost

ramifications of the tracheae,—a character whereby these tubes may

be readily distinguished.

(992.) We must now consider the mechanism by which air is per-

petually drawn into the body of the insect, and again expelled. If

the abdomen of a living insect be carefully watched, it will be found

continually performing movements of expansion and contraction that

succeed each other at regular intervals, varying in frequency, in dif-

ferent species, from twenty to fifty or sixty in a minute, * but occur-

ring more rapidly when the insect is in a state of activity than when

at rest. At each expansion of the abdomen, therefore, air is sucked

in through all the spiracles, and rushes to every part of the body

;

but, when the abdomen contracts, it is forcibly expelled through the

same openings. Burmeister even supposes that the humming noises

produced by many insects during their flight, must be referred to the

vibration caused by the air streaming rapidly in and out of the spi-

racular orifices. Insects which live in water are obliged, at short

intervals, to come to the surface to breathe, at which time they take

in a sufficient quantity of air to last them during the period of their

immersion ;
but if the spiracles are closed by any accident, or by the

simple application of any greasy fluid to the exterior of then.’ body,

speedy death, produced by suffocation, is the inevitable result.

* Sorg, Disquisitio Phys. circa Reap. Insectorum et Verminum.
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(993.) A moment’s reflection upon the facts above stated, concern-

ing the respiration of insects, will suggest other interesting views

connected with the physiology of these little creatures. It is evident,

in the first place, that their blood is all arterial ; they can have no

occasion for veins, as they have no venous blood, the whole of the

circulating fluid being continually oxygenised as its principles become

deteriorated. The perfection of their muscular power, their great

strength and indomitable activity, are likewise intimately related to

the completeness of their respiration ; so that the vital energies of

the muscular system are developed to the utmost, endowing them with

that vigorous flight and strength of limb which we have already seen

them to possess. It must likewise become apparent, that, as the

blood is freely exposed to the influence of oxygen in every portion of

the insect to which the air-tubes reach, one great necessity for the

existence of a circulatory apparatus is entirely done away with, and,

as we have observed before, all those parts of the vascular system

Required in other animals for the propulsion of the vitiated blood

through pulmonary or branchial organs, are no longer requisite ; so

that, by dispensing with the complicated structures usually provided

for this purpose, the body is considerably lightened. The circulation

of the nutritive fluids is, in fact, limited to their free diffusion

amongst all the internal viscera, and is effected in the following

manner:—If we examine the back of a silkworm, or of any trans-

parent larva, a long pulsating tube is seen running beneath the skin

of the back, from one end of the body to the other ; its contractions

may readily be watched ; they are found to begin at the posterior

extremity, and are gradually continued forwards, so that the vessel

presents a continual undulatory movement, by which the fluid con-

tained in its interior is pushed from the tail towards the head. This

dorsal vessel, which may be so well observed in the thin-skinned

larva, exists likewise in the perfect insect, although, from the opacity

of the integument, its movement is no longer apparent, except by the

vivisection of the animal.

(994.) This dorsal vessel, or heart as we shall call it for the sake

of brevity, is organised in a very singular manner; for, instead of

being a closed viscus, it communicates most freely, through several

wide lateral apertures, with the cavity of the abdomen, and from

thence derives the blood with which it is filled. The dorsal vessel is

widest in the abdominal region; but is continued, nevertheless, through
the thorax into the head, where it terminates as a simple or furcate

tube, that is not closed, but open at the extremity.

(995.) The structure of this remarkable heart has been fully in-

vestigated by Strauss Durckheim,* and is extremely curious
;

it con-

Op. cit.

n ri
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sists, in the cockchafer, of eight distinct compartments, separated from

each other by as many valves formed by productions from the lining

membraue, and so disposed that the blood passes freely from the hinder

chambers into those which are placed more anteriorly, but is prevented

from returning in the opposite direction.

(996.) Each compartment of the dorsal vessel communicates by two

wide slits, likewise guarded by valves, with the

cavity of the belly, so that fluids derived from

thence will readily pass into the different cham-

bers, but cannot again escape through the same

channel. The arrangement of these valves will,

however, he best understood by reference to the

accompanying figure (fig. 168), representing a

magnified view of the interior of a portion of the

heart of the cockchafer, as depicted by the cele-

brated entomotomist above alluded to. The organ

has been divided longitudinally, so that one-half

only is represented in the figure upon a very

large scale. The compartments (a, a, a
)

are

distinctly composed of circular muscular fibres ;
the

large valves (d, d )
separate the individual cham-

bers, allowing the blood to pass in one direction

only, viz. towards the head
;
while the openings

(c), likewise closed by semilunar membranous

valves, admit blood from the cavity of the abdo-

men, hut effectually prevent its return.

(997.) Let us now consider the movements of the circulating fluids

produced by the contractions of this apparatus. The chyle or nutri-

tive material extracted by the food, exudes, as we have already seen,

by a species of percolation through the walls of the intestine, and

escapes into the cavity of the abdomen, where it is mixed up with

the mass of the blood, which is not contained in any system of vessels,

but bathes the surface of the viscera immersed in it. When any

compartment of the heart relaxes, the blood rushes into it from the

abdomen, through the lateral valvular apertures ;
and as it cannot

return through that opening on account of the valves (c) that guard

the entrance, nor escape into the posterior divisions of the heart by

reason of the valves (d), the contraction of the dorsal vessel necessarily

forces it on towards the head. When it arrives there, it of course

issues from the perforated termination of the heart, but does not

appear to be received by any vessels, and therefore becomes again

diffused through the body. The diffused character of the circulation

met with in insects may easily be made a matter of observation in

many of the transparent aquatic larvae that are readily to be met

with. When any of the limbs of these larvae are examined under a
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powerful microscope, continual currents of minute globules are every-

where distinguishable, moving slowly in little streams
;
some passing

in one direction, others in the opposite : but that these streams are

not contained in vascular canals is quite obvious, from the continual

changes which occur in the course of the globules ;
their movements,

indeed, rather resemble those of the sap in cliarn, and other trans-

parent vegetables, in which the circulation of that fluid is visible under

a microscope.

(998.) The organs appropriated to furnish the different secretions

met with in the economy of insects, are modified in their structure to

correspond with the character of the circulation, and are invariably

simple tubes or vesicles of various forms immersed in the fluids of

the body, from which they separate their peculiar products. The
poisonous saliva of bugs, and the innoxious salivary fluid of other

insects; the bile and auxiliary secretions subservient to digestion;

the venom which arms the sting of the wasp, and the silky envelope

of the caterpillar,—are all derived from the same source, and in some
mysterious manner elaborated from the blood by variously-formed

vessels : but of this we have already given many examples, and others

will present themselves in the following pages.

(999.) In the nervous system of the Iksecta, we have many inter-

esting illustrations of that gradual concentration of the parts com-
posing it, and consequently of increased proportionate development
of the nervous centres, corresponding with the more active movements
and higher faculties by which the class before us is so remarkably
distinguished from those forms of articulated animals that we have
hitherto had an opportunity of examining. The supra-cesophageal

ganglion, or brain, assumes a preponderance of size in relation to more
perfect organs of sense, and to instincts of more exalted character

;

the chain of ganglia placed along the floor of the abdomen is com-
posed of a few large masses of sufficient power to animate the strong

and energetic muscles of the limbs; and, moreover, anatomists have

detected the existence of an additional nervous apparatus apparently

representing the sympathetic system of vertebrate animals, which is

distributed to the viscera appropriated to digestion : each of these

divisions will therefore require a separate notice.

(1000.) The brain, or encephalic ganglion {fig. 169, l), is a nervous
mass of considerable size placed above the gullet

; it consists essen-

tially of two ganglia united into one mass, and from it all the nerves
appropriated to the special instruments of the senses are derived, so

that it may naturally be regarded as the chief seat of sensation and
intelligence. The nerves originating from this common seusorium are
seen upon an enlarged scale in fig. 1 70: they are the optic [fig. 170, a),

supplying the eyes, and the antennal {fig. 170, e\ which run to the

special instruments of touch, or antenna, organs of a very singular

b b 2
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character that we shall examine more minutely hereafter. Two other

cords of variable length (fig. 170, g, g) are given off from the inferior

aspect of the brain, and serve to connect it with the anterior ganglion

of the ventral chain (Jig. 170, h), to which some writers have thought

proper to give the name of cerebellum, though upon what grounds

it is difficult to conjecture ;
the mass last mentioned gives off various

nerves to supply the parts connected with the mandibles, maxilla;, and

other organs of the mouth.

(1001.) The rest of the ventral chain of ganglia forms a continuous

Fig. 1C 9.

series (fig. 169, 2, 3, 4, 5, G, 7, 8) of nervous centres arranged in pairs,

aud united to each other by double cords of communication, but they
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vary much in number and relative magnitude in different families.

Those situated in the thorax are usually of the greatest proportionate

size, inasmuch as they furnish the nerves that supply the muscles

of the wings and legs
;
the succeeding ganglia give branches to the

abdominal segments ; and the last, which is commonly Qf considerable

bulk, supplies the sexual organs and the extremity of the colon.

(1002.) It is the general opinion of modern physiologists that the

intimate composition of the nervous apparatus described above is by

no means so simple as it appears to ordinary observation ;
and, since

the experiments of Sir Charles Bell and Majendie demonstrated the

existence of distinct columns or tracts in the spinal axis of vertebrate

animals, various anatomists have endeavoured to show that corre-

sponding parts may be pointed out in the ventral chain of articulated

animals. There can, indeed, be no doubt that this portion of the

nervous system of an insect corresponds in every particular with the

medulla spinalis ; and if, in the one case, the nerves which preside

over the general muscular movements arise from a different column

to that whence the nerves that correspond with the periphery of the

body originate, while those which regulate the motions of respiration

‘ emanate from a distinct tract, we might reasonably suppose a similar

arrangement to exist in the structure of the nervous system we are

now examining. It has, in fact, been well ascertained that the nerves

given off to the muscular system of the Homogaugliata are not derived

from the ganglionic masses themselves, but from the cords which

connect them together, while the nerves distributed to the integument

and external parts of the body communicate immediately with the

ganglia. These different modes of origin give presumptive evidence

that at least two distinct tracts exist in the central axis of insects

;

but from the extreme minuteness of the different parts, it is not easy

satisfactorily to demonstrate them separately. In the larger Articu-

lata, however, as for example in the crustaceans, two distinct

columns of nervous matter are readily detected : it will, therefore, be

more convenient to defer the investigation of this interesting subject

until w’e have an opportunity of describing these parts upon an
enlarged scale ; enough has been said at present to enable the reader

to compare the nervous axis of an insect with that of a lobster, and
draw correct conclusions from the comparison.

(1003.) The last division of the nervous apparatus, which we have
already mentioned as being the representative of the sympathetic
system, consists of two portions ; one corresponding, in distribution

at least, with the nervus vagus of Vertebrata, while the other repre-
sents, apparently, the sympathetic ganglia. The nervus vagus, as we
shall call it, and which has been named by Swammerdam* and Cuvier

Biblia Naturcc.
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the recurrent nerve, arises {fig. 170, F‘g. 170.

b, b) by two roots from the opposite

extremities of the brain close to the

origins of the antennal nerves. The
nervous cords thus derived soon unite

to form -a minute central ganglion

{fig. 170, i), from which proceeds a

single nerve {fig. 170, /, 7c), that

runs with the gullet (/) beneath the

brain, and spreads in delicate ramifi-

cations upon the oesophagus as far

as the muscular stomach {fig. 169, 9 , 9), or to the gizzard, when that

organ exists.

(1004.) The Sympathetic system, properly so called, consists of four

small ganglia {fig. 170, c, c, /, 7), the two anterior of which commu-
nicate with the brain, and with each other by means of connecting

filaments. These ganglia are closely applied to the commencement of

the oesophagus, and supply it with minute nerves.

(1005.) Various are the conjectures entertained by different authors

concerning the senses possessed by the members of the insect world,
'

and the orgaus subservient thereunto. The possession of certain

sources of perception has been alternately granted and denied, the

nature of their sensations has been a fruitful subject of inquiry, and
some physiologists have even gone so far as to deny the correspondence

of the impressions derived by insects through the medium of their

senses with those which we ourselves receive. It would lead us

far out of our course did we even advert to the multiplicity of opinions

and conjectures promulgated from various sources relative to these

inquiries, and, perhaps, with little addition to our real knowledge.

It is true that we cannot deny the possibility of the existence of other

modes of sensation than those familiar to us ; but it is likewise evi-

dent that, as we can never have the most remote conceptions con-

cerning their nature, speculations respecting them are calculated to

lead to very unsatisfactory conclusions. We must from necessity

take our own senses as the standard of comparison, limiting our

inquiries to examine how far insects possess means of intercourse with

the external world similar to those which we enjoy, and when we
find certain faculties to exist, to investigate the structure of the organs

by which they are exercised.

(1006.) The sense of touch is indubitably bestowed upon all insects ;

and, to judge from the perfection of the edifices which they build,

and the precision of their usual operations, this must be extremely

delicate. It is sufficient, however, to look at the external construction

of the skeletons of Aiiticulata, to perceive that the hard and in-

sensible integumeut spread over the entire surface of their bodies
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is but little calculated to receive tactile impressions. The antennae,

or feelers as they are popularly called, have been very generally

regarded as being peculiarly instruments of touch
;

and whoever

watches the proceedings of an insect in which these appendages are

largely developed, will, we apprehend, easily convince himself that

they are employed to investigate surrounding objects by contact.

Strauss Durckheim regards the feet as being specially appropriated

to the sense of feeling, but this opinion seems quite inadmissible.

Burmeister places the exercise of touch exclusively in the palpi

attached to the maxillm and labium, and observes that in the larger

insects, such as the predatory beetles, the grasshoppers, humble-bees,

aud many others, the apex of the palpus is dilated into a white trans-

parent and distended bladder, which, after the death of the insect,

dries up, and is no longer visible. This bladder he looks upon as the

true seat of the sense in question, and remarks that the main nerve

of the maxillae and of the tongue spreads to it, and distributes itself

upon its superior surface in minute ramifications.

(1007.) Whether taste exists in insects as a distinct sense may admit

of dispute; the tongue, already described, seems but little adapted to

appreciate savours, and, seeing this, it is obvious that all opinions

assigning the function of tasting to other parts are purely con-

jectural.

(1008.) Many insects are certainly capable of perceiving odours ; of

this we have continual proof in the flesh-fly and other species, that

are evidently guided to their food, or select the position in which to

deposit their eggs, by smell ; but where the olfactory apparatus is

lodged is still a matter of doubt. The antenna and the palpi have

each had the power of smelling assigned to them, but without much

plausibility. The respiratory stigmata have been pointed out as per-

forming the office of examining the air admitted for the purpose of

breathing
;
yet other authors, with equal probability, look upon the

ultimate ramifications of the tracheae as forming one extensive nose.

The interior of the mouth has been indicated by Treviranus ;* while

Kirby and Spence find in the Necrophori, and other insects remark-

able for acuteness of smell, an organ in close connection with the

mouth, to which they attribute the perception of odoriferous particles

:

this is a cavity situated in the upper lip, containing a pair of circular

pulpy cushions covered by a membrane transversely striated or gathered

into delicate folds.

(1009.) We are scarcely better informed concerning the organs of

hearing, but that insects are capable of perceiving sounds is proved

by the fact of many tribes being capable of producing audible noises

by which they communicate. There seems, indeed, to be, little doubt

* Vermisehte Schriften, vol. ii.
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that the auditory apparatus is in some way or other connected with the

antennae. Some have supposed that these slender and jointed organs,

supplied, as they are, with large nerves, are themselves capable of

appreciating sonorous vibrations. Burmeister* thinks that, as in

crabs and lobsters, it is at the base of the antenna that the ear is

situated, and observes that if we examine the insertion of these

appendages we shall detect there a soft articulating membrane which

lies exposed, and is rendered tense by the movements of the antenna,

—this he looks upon as representing the drum of the ear, and con-

ceives that it is so placed as to receive impressions of sound, increased

by the vibratory movements communicated to the antenna; by the

sonorous undulations of the atmosphere.

In some moths, Treviranus + has discovered structures which would

seem to be indubitably real auditory organs. He found in front

of the base of each antenna a thin membranous drum, behind which,

large nerves, derived from those supplied to the antennae, spread

themselves out; but this apparatus has not been detected in other

insects.

(1010.) The eyes of insects are of two kinds, simple and compound;
the former being insulated visual specks, while the latter consist of

agglomerations of numerous distinct eyes, united so as to form most

elaborate and complex instruments of sight.

Some insects, as the Dictyotoptera and Thysanoura, only possess

simple eyes ; others, as for example the Coleoptera, have only com-

pound eyes ; but in general both kinds exist together. In the Sirex

gigas {fig. 176), for instance, besides the large hemispherical organs of

sight, situated at the sides of the head, three simple spots are seen

upon the vertex, which are likewise appropriated to vision.

The structure of the eyes has been most minutely investigated

by several distinguished entomotomists, and the labours of Marcel

de Serres,! Job. Muller, § Strauss Durckheim,|| and Duges,1F have

done much to dispel the mistaken notions entertained by preceding

anatomists.

The simple eyes consist of a minute, smooth, convex, transparent

cornea, in close contact with which is a small globular lens ; behind

this lens is placed the representative of the vitreous humour, upon

which a nervous filament spreads out, so as to form a retina : the

whole is inclosed in a layer of brown, red, or black pigment, which,

bending round the anterior surface of the eye, forms a distinct coloured

* Op. cit. p. 29C.

t G. R. Treviranus, Annalen der Wetterau. Gesel. f. d. Ges. Naturk. vol. i. 1809.

J Mem. sur les Yeux composes, et les Yeux lisses des Insectes.— Montpel. 8vo.

1813.

§ Zur Vcrgleichenden Physiologic des Gesichtssinnes, 8vo. 1826.

Annales des Sciences Nat. tom. xviii. 1j Ibid. tom. xx.
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iris and pupillary aperture. Such an arrangement evidently resembles

what is met with in higher animals, and is remarkable for its sim-

plicity
; but it is tar otherwise with the compound eyes of insects, for

these are constructed upon principles so elaborate and complex, that

we feel little surprise at the amazement expressed by early writers who

examined them, although their ideas concerning their real structure

came far short of the truth.

The compound eyes of insects are two in number, situated on the

lateral aspects of the head, the form of each being more or less hemi-

spherical. When examined with a microscope, their surface is seen to

be divided into a multitude of hexagonal facets, between which, minute

hairs are generally conspicuous. The number of facets or cornese, for

such in fact they are, varies in different genera: thus, in the ant

(Formica
)

there are 50; in the common house-fly
(
Musca domestica),

4000; in some dragon-flies
(
Libellula), upwards of 12,000. In butter-

flies ( Papilio ) 17,355 have been counted, and some Coleoptera

(Mordella

)

possess the astonishing number of 25,088 distinct corneae.

But in order to appreciate the wonderful organisation of these

remarkable organs of sight, it is necessary to examine their internal

structure : every cornea is then found to belong to a distinct eye,

provided with a perfect nervous apparatus, and exhibiting its peculiar-

lens, iris, and pupil
;
thus being completely entitled to be considered a

distinct instrument of vision.

By attentively examining the annexed figure, representing a section

of the eye of the cockchafer Fig. 171 .

(Melolontha), as displayed by

Strauss Durckheim, the whole

structure of the organ will be

readily understood. The optic

nerve (Jig. 171, a), derived im-

mediately from the supra-ceso-

phageal mass of nervous matter,

swells soon after its origin into

a rounded ganglion, nearly half

as large as the brain itself.

From the periphery of the

ganglion so formed arise a con-

siderable number of secondary

nerves (5), which are very

short, and soon come in con-

tact w-ith a layer of pigment

(d); that in the cockchafer is

of a brilliant red colour, and is placed concentrically with the convex
outer surface of the eye. Behind this membrane, called by Strauss the

common choroid, the secondary optic nerves (b) unite to foryi a mem-
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branous expansion of nervous matter (c) which may be denominated

the general retina. From the nervous expansion so formed arise the

proper optic nerves (e), appropriated to the individual eyes or ocelli, as

we shall term them. These nervous filaments are as numerous as the

facets of the cornea, and traverse the common choroid to radiate

towards the individual eyes whereunto they are respectively destined,

and the structure of which we must now proceed to examine. In

fig. 171, b, a portion of the circumference of the compound eye is

represented upon a vei-y large scale, in order to show the construction

of the hexagonal ocelli that enter into its composition. Each cornea

(i) is a double convex lens, adapted by its shape to bring to a focus the

rays passing through it. Behind every lens so constituted is placed an

hexahedral transparent prism (h), which from its office may be com-

pared to the vitreous humour of the human eye ; and it is upon the

posterior extremity of these prisms that the proper optic nerves

(Jig. 171, a, e) spread themselves out, so as to form so many distinct

retime. When we reflect upon the extreme minuteness of the parts

above alluded to, we may well expect slight discrepancies to occur be-

tween the accounts given of them by different anatomists. Strauss

Durcklieim represents every optic nerve as terminating in a minute

pyriform bulb (Jig. 171, b ,/), and points out a dark layer of pigment

(^), which forms a choroid tunic proper to each ocellus ;
while, accord-

ing to Muller and Duges, the vitreous humours (h) are conical, and

terminate posteriorly in a sharp point, upon which the terminal expan-

sion of the optic nerve spreads out without any pyriform enlargement

:

they likewise deny the existence of the proper choroid (g) in the

situation indicated by Strauss, but find a black pigment situated imme-

diately behind the cornea, that at first sight would appear to be con-

tinuous over the whole surface of the eye. Even Cuvier seems at one

time to have adopted this opinion ; Muller, however, found that, upon

carefully removing the internal structures of the organ, leaving the

pigment untouched, the dark varnish in question, although very thick

at the lines of union of the different facets, where it is continuous

with a choroid that separates the individual ocelli, yet towards the

centre of each facet becomes exceedingly thin, and at the very centre

is quite wanting, so that a minute perforation or pupil is thus left,

through which the rays of light enter. The existence of the secondary

cptic nerves (b) and common retina (c) is likewise disputed by Muller

and Duges, who consider the proper optic nerves to arise immediately

from the surface of the brain.

(1011.) With regard to the wonderfully complex structure of these

organs, Strauss Durcklieim suggests, that, the eyes of insects being

Ixed nature has made up for their want of mobility by their number,

uid by turning them in all directions ; so that it might be said that

;hese little animals have a distinct eye for every object. But here we
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are naturally tempted to inquire, whether insects see at the same time

distinctly with every one of these eyes, or if they distinguish with oue

eye only. Upon this point Strauss Durckheim observes, that, if they

saw clearly with all, the great number of images would necessarily

produce confusion, and would prevent creatures so organised from

paying special attention to any determinate point. It is probable,

therefore, that one ocellus only is at any given time placed in circum-

stances precisely adapted to the complete examination of an object, the

animal seeing things imperfectly with the rest, in the same manner as

we see objects situated nearer to us or further off than that upon which

we fix our attention ; so that, according to this supposition, insects

would see very distinctly with one eye only, exactly as we see con-

fusedly an extensive landscape, although we only distinguish a small

part of it.

(1012.) In all insects the sexes are quite distinct, and the genera-

tive apparatus, both of the male and female, consists of various se-

creting organs with their excretory ducts : in the male, such glands

furnish the impregnating secretions
; and, in the female, give origin

to the ova, and provide the covering wherein the eggs are enveloped.

(1013.) Commencing with a description of the male organs, we find

in the cockchafer various parts represented in the accompanying figure,

taken from the admirable work of Strauss already so often quoted.

The testicles of Melolontha [Jig. 172, a, a) are six in number on each

side of the body ;

but, in the engrav-

ing, those of one

side only are de-

lineated. Every

testis consists of

a vesicular organ,

hollow internally,

which, being im-

mersed in thejuices

of the insect, sepa-

rates therefrom the

seminal fluid. Six

ducts
(
b , b, b) may

be called Vasa dcfe-

rentia, and convey

the spermatic li-

quor into a com-

mon canal (c, c), of

very considerable

length, and much
convoluted. Although slender at its commencement, this tube ulti-

Fig. 172 .
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mately expands into a wider portion
(
d ),

wherein, no doubt, the semen
accumulates, and which has been called by authors the vesica semi-

nalis.

The canal (tZ) terminates by joining the corresponding duct from the

opposite side (d') to form a common tube (g), but just at the point of

junction they are joined by two long auxiliary vessels (/,/') that have

been named sperm-vessels, gluten-vessels, and gum-vessels, by different

authors, but which appear to be appropriated to the production of

some fluid, perhaps analogous to the prostatic fluid of mammalia,

whereby the bulk of the seminal liquor is increased in order to

facilitate its expulsion. Each of these auxiliary vessels consists of

two parts,—a long and much convoluted portion
(
e , e, e), forming the

secreting organ; and a dilatation (/), that must be looked upon as a

reservoir for the fluid elaborated. The common canal (g) receives all

these secretions ; it is at first inclosed in a kind of sheath
(
h ), but,

soon becoming muscular, it dilates into a strong contractile canal (g, i),

called the cluctus ejaculatorius, which is continued to the extremity of

the penis.

The intromittent organ itself is composed of two parts ; a pro-

trusible corneous tube (Z, Z), and an external horny sheath (n, n), in

which the former is usually concealed and protected.

(1014.) Great variety, of course, exists in the number, form, and

general arrangement of all the parts alluded Fig. 173 .

to in the above description, when examined

in different insects.* In the hive-bee, for

example, the testes [jig. 173, a) are only

two in number, and are simple oval vesicles
;

the vasa deferentia (b, b) are short and

the seminal receptacles (c) form membra-

nous sacculi. The auxiliary secreting or

gans (cl), although placed in the same

position as in Meloloutha, are represented

by capacious cteca ; while the common ex-

cretory duct
( e) swells into a strong and

muscular bag (/), which constitutes the

ejaculatory apparatus. Still, however, it

is easy to see that, although diversified

in appearance, the parts here found are

essentially similar to those met with in

the cockchafer, and represent respectively

the same organs.

(1015.) The female apparatus of repro-

duction presents a general correspondence, both in form and arrauge-

* For more ample details relative to the various forms of the testis in insects, the

reader is referred to the Cyclop. of Anat. and Phys.
; art. Generation, Okgans ok.
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ment, with the sexual parts of the male insect. The ovaria are

simple secreting sacculi, or elongated tubes, in which the germs or

ova are produced, instead of the seminal liquor ;
and the excretory

canals, or egg-passages, with the organs appended to them, although

appropriated to different functions, strikingly resemble the organs met

with in the other sex.

In the female of Melolontha the ovaria are long tubes, forming two

distinct fasciculi, sym-

metrically situated on

the two sides of the

body, At their com-

mencement (Jig. 174, w>

it) the ovigerous tubes are

slender, and the ova which

they contain at this point

are in a very rudimentary

state of development

;

they generally dilate,

however
(
t

,
t, t), and,

as they expand, the ova

are seen to attain larger

dimensions. Near its

termination, each ovarian

tube assumes a granu-

lated texture (s, s), and

they all ultimately open

into the corresponding

excretory canal (r, r).

(1016.) All the ovarian

tubes of one side are

united into a bundle, by

a ligament
(
v

, x), which

Joh. Muller* traced to

the dorsal vessel, and

believed to be a vascular canal adapted to bring blood immediately into

the tubes wherein the ova are formed
; but no satisfactory evidence

has been adduced in proof of the existence of such an extraordinary

communication, and the thread in question is most probably a mere
ligamentous connection.

(1017.) Taking the higher animals as a standard of comparison, we
may suppose the formation of the eggs in these tubes to be accom-
plished in the following manner In the upper part of the tube (u)

is formed the yolk, inclosed in its peculiar membrane, and provided

Nova Acta Phys. Med. n. c. vol. xii. part ii.
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with that wonderful germ from which after impregnation the future

being is to be developed ; as the yolk slowly descends to the more
dilated parts of the canal

(
t

,
f), it becomes clothed with the albumen

which constitutes the white of the egg ; and ultimately, before quitting

the nidus of its formation, receives from the granular termination of

the ovary its last integument or shell. Thus completed, it passes into

the excretory canal (r, »•) ; and this, meeting the corresponding tube

derived from the ovaries of the opposite side, joins it to form the

common oviduct
(
l
)
through which the egg is conducted out of the

body.

(1018.) But we must now advert to certain appendages connected
with the common oviduct. These are of two kinds; the gluten-secretors

and the spermatheca.

The gluten-secretors (fig. 174, p, p>) are glandular caeca opening into

the common egg-canal, and are apparently destined to furnish a

glutinous fluid with which the eggs become invested before they are

expelled from the body, and thus they are frequently united into long

chains and variously-shaped masses ; or else the adhesive varnish thus

secreted serves to glue the ova in situations favourable to the develop-

ment of the embryo.

The other organ, or spermatheca (fig. 1 74, n, o), has a widely different

office, being a receptacle provided to receive the seminal secretion of

the male during copulation : it is always situated upon the upper

aspect of the oviduct, into which it opens by a small orifice surrounded

by a thickened margin or sphincter, embracing the neck of the bag,

and so disposed as either to retain the inclosed fluid, or to allow it to

escape into the oviduct. That this organ really does receive and
retain the seminal liquor is proved by the presence of seminal ani-

malcules in its contents ; but the matter has been placed beyond a

doubt by the experiment of John Huuter,* who actually succeeded in

fecundating the eggs of an unimpregnated female, by applying to them
a, little of the fluid contained in its cavity : but that the reader may
comprehend fully the reason of such an arrangement, it is necessary

to consider the circumstances under which insects propagate.

In most animals, sexual union may be repeated several times during

the life of individuals, but, in insects, intercourse betweeu the sexes is

permitted to take place but once
;
and this solitary congress must

suffice for the impregnation of all the ova, however numerous, and

however imperfect may be the development of some of them at the

time when the embrace occurs.

Let us take the hive-bee as an example
;
in the females of this

insect the ovigerous tubes (fig. 175, a, a) are excessively numerous,

ind the eggs produced in them may amount to between 20,000 and

Home's Lectures on Comp. Anat. vol. iii. p. 370.
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30,000: these eggs, of coarse, arrive at maturity in succession, and

not all at once ; so that at the moment when the queen-bee meets her

selected mate, perhaps the majority of the ova are not in a sufficiently

mature condition to be rendered fertile. Nevertheless, the meeting oi

the sexes cannot be repeated ;
for no sooner has copulation taken

place than the favoured male dies, and, by a simultaneous butchery,

all the other males, or drones as they are commonly designated, are

destroyed by the working inhabitants of the hive. The quantity of

the fecundating liquor, therefore,

supplied by one connection, must

serve to fertilise all the eggs pro-

duced during the life-time of the

queen-bee ; and for this purpose

it is stored up in the spermatheca

{fig- 175, c), so that, how nume-
rous soever may be the eggs

formed, they are all vivified as

they pass out through the oviducts

(5, e), and thus come in contact

with the orifice of the reservoir of

semen.

In Meloe variegatus (fig. 1G9) the ovaria (d) consist of wide and

capacious sacs, covered externally with innumerable glandiform

vesicles, opening into the cavity of the ovary
(
e). The gluten-secretor

(h) and the spermatheca (g) are seen as in Melolontha, appended to the

common oviduct (/); but the spermatheca has a small accessory

vesicle (i) connected with it, not found in the former examples.

(1019.) In many insects, especially of the Hymenopterous order, the

generative apparatus is terminated externally by peculiar instruments

provided for the purpose of introducing the eggs into a proper situ-

ation. This is particularly remarkable in the Ichneumons , which

deposit their ova in living caterpillars
;
and in the saw-flies

(
Tenthredo

),

whose eggs are insinuated into the substance of the leaves, or even of

the branches of trees. To describe all the contrivances employed for

this purpose would lead us far beyond our prescribed limits : one

example of an organ of this description must suffice.

In the Sirex gigas (fig. 176) the ovipositor consists apparently of

three pieces of considerable length, seen in the figure to project from
the inferior margin of the abdomen. Of these pieces, two form a

sheath inclosing a third, called the terebra, or borer, which in the

Tenthredo contains two saws of extremely beautiful construction, as we
learn from an account of them given by Professor Peck, and quoted by
Kirby and Spence:* the original description, which it would be un-

ify. 175.

Introd. to Entom. vol. iv. p. 161.
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pardonable to abbreviate, is as follows :
—“ This instrument,” says

Professor Peck, “ is a very curious object ;
and, in order to describe it,

it will be proper to compare it with the tenon-saw used by cabinet-

Fiij. 176 .

makers, which, being made of a very thin plate of steel, is fitted with

a back to prevent its bending. The back is a piece of iron, in which a

narrow and deep groove is cut to receive the plate, which is fixed : the

saw of the Tenthredo is also furnished with a back, but the groove is

in the plate, and receives a prominent ridge of the back, which is not

fixed (to the saw), but permits the saw to slide forward and backward

as it is thrown out and retracted. The saw of artificers is single, but

that of the Tenthredo is double, and consists of two distinct saws with

their backs: the insect, in using them, first throws out one, and, while

it is returning, pushes forward the other ; this alternate motion is con-

tinued till the incision is effected, when the two saws, receding from

each other, conduct the egg between them into its place.”

(1020.) With respect to the number of eggs laid by insects, it varies

in different species; the flea, for example, lays about twelve, and many

Diptera and Coleoptera average perhaps fifty: but others are far more

prolific ; among moths, for example, the silkworm produces 500, and

some from 1000 to 2000: the wasp (Vespa vulgaris) deposits 3000;

the ant (Formica), from 4000 to 5000. The queen-bee is said by

Burmeister to lay from 5000 to 6000 ;
but Kirby and Spence consider

that in one season the number may amoflnt to 40,000 or 50,000, or

more. Yet, surprising as this latter statement may appear, the

fecundity of the queen-bee is far inferior to that of the white-ant

(;Termes fatalis); for the female of this insect extrudes from her

enormous matrix innumerable eggs at the rate of sixty in a minute,
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which gives 3000 in an hour, 86,400 in a day, and 2,419,200 in

a lunar month : how long the process of oviposition continues in the

termite is unknown
; but, if it were prolonged through the entire year,

the amazing number of 211,449,600 eggs would proceed from one in-

dividual; setting, however, the number as low as possible, it will exceed

that produced by any known animal in the creation.

(1021.) The Aphides, or plant-lice, furnish a remarkable instance of

fecundity. In these insects it has been satisfactorily ascertained by

Bonnet, Lyonnet, and Reaumur, that a single sexual intercourse

is sufficient to impregnate not only the female parent, but all her

progeny down to the ninth generation ! The original insect still

continues to lay when the ninth family of her descendants is capable

of reproduction
; and Reaumur estimated that, even at the fifth

generation, a single Aphis might be the great-great-grandmother of

5,904,900,000 young ones.

(1022.) The impregnated ova of the Aphis* are deposited at the

close of summer, in the axils of the leaves, either of the plant

infested by the species, or of some neighbouring plant, and the ova
retaining their latent life through the winter are hatched by the

returning warmth of spring, giving birth to a wingless hexapod larva.

This larva, if circumstances such as warmth and food be favourable,

will produce a brood, or indeed a succession of broods of eight larvce

like itself without any connection with the male. In fact, no winged
females have, at this season, appeared. If the virgin progeny be
also kept from any access to the male, each will again produce a brood
of the same number of aphides

; and careful experiments have shown
that this procreation from a virgin mother will continue to the seventh,
the ninth, or the eleventh generation, before the spermatic virtue of
the ancestral coitus be exhausted. Iu the last larval brood, individual
growth and development proceed further than in the parent, and
some individuals become metamorphosed into winged males, others
into oviparous females. By these the ova are developed, impregnated,
and oviposited, and thus provision is made for disseminating the
individuals, and for continuing the existence of the species over the
severe famine-months of win ter.

I

(1023.) This mode of reproduction is evidently referable to the
nursing system of Steenstrup (§ 401), and inasmuch as, in the system

* Owen, Parthenogenesis, p. 24.

+ “ The multiplication of these little creatures is infinite and almost incredible.
Providence has endued them with privileges promoting fecundity which no other insects
possess: at one time of the year they are oviparous, at another, viviparous; and what
is most remarkable and unparalleled, the sexual intercourse of one original pair serves
for all the generations which proceed from the female for a whole succeeding year.
Reaumur has proved that in five generations one Aphis may be the progenitor of
o,904,900,000 descendants, and it is supposed that in one year there may be twenty
generations.” Kirby and Spence, Intr. to Entomology, vol. i. p. l’,S.

C C
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of nursing, the whole advancement of the welfare of the young is

effected only by a still and peaceful organic activity—is only a func-

tion of the vegetable life of the individual—so also all those forms

of animals in whose development the nursing system obtains, actually

remind us of the propagation and vital cycle of plants. For it is

peculiar to plants, and as it were their special characteristic, that the

germ, the primordial individual in the vegetation or seed, is competent

to produce individuals which are again capable of producing seeds or

individuals of the primary form, or that to which the plant owed its

origin, only by the intervention of a whole series of generations. It

is certainly the great triumph of morphology, that it is able to show

how the plant or tree (that colony of individuals arranged in accord-

ance with a simple vegetative principle or fundamental law) unfolds

itself through a frequently long succession of generations iuto indi-

viduals becoming constantly more and more perfect, until after the

immediately precedent generation it appears as Calyx and Corolla,

with perfect male and female individuals, stamens (Staubbliittern)

and pistils (
Fruchtbldttem), and after the fructification brings forth

seed, which again goes through the same course.

(1024.) To facilitate the comparison thus instituted by Steenstrup,

Professor Owen has devised the diagrams copied in the appended

figure, which beautifully place before the eye the whole of this most

interesting subject.*

(1025.) The pollen-tube or filament {fig. 177, 1, a) discharged

from the pollen-cell {a') in the plant, represents the spermatozoon

(,a 2 and 3) in the animal ; its contents, whether by endesmose or per-

foration is immaterial, are received by the ovule (

b

l), which is after-

wards discharged and becomes free. Under favourable circumstances

the formation of the embryo takes place with manifold modifications,

but essentially by the multiplication of cells, according to a process

which is as much entitled to be called continuous growth as that

process in the formation of the Conferva. The embryo (c) proceeds to

develops the radicle and the plumula {d) by the metamorphosis and

coalescence of certain of the impregnated cells, retaining the major

part, however, as cells ;
aud thus the fh’st individual plant oi pah of

individuals, as in Dycotyledons, is established.

(1020.) The ovum {fig. 177, 2, b) of the zoophyte proceeds to

develope its free locomotive embryo (c) by an analogous multiplication

of cells, certain of which are metamorphosed into an external skin

with vibratile cilia; the embryo settles, subsides, shoots out rays

analogous to the radicle of the plant, but for attachment only, and

grows afterwards as a stem, from which a polyp {d) is speedily

developed, answering to the first cotyledonal leaf or leaves in the

* Vide Owen, Parthenogenesis, p. 58, et seq.
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plant {Jig. 177, 1, d). Both plant and zoophyte proceed to develope

by gemmation, the one a succession of leaves {e, e), the other of

polyps {e, e) associated by the continuous growth of the connecting

parts
; and finally the plaut, by a metamorphosis of part of the stem

Fig. 177 .

3 2 1

and certain leaves, produces the flower or fructification (/, g, h, i);

and the zoophyte, by a modification also of its stem and certain

polyps produces an “ ovarian vesicle ” (/), or a modified polyp (g),

or a medusiform individual (7), which is set free: in both cases the

end to be attained is the diffusion of the species by means of impreg-

nated seeds or ova.

(1027.) Now if wo compare with the preceding, the third figure

{fid- 177, 3 ), in which are represented the corresponding stages inter-

vening between the ovum and the perfect male and female individuals

of the Aphis, the analogy between these stages in the plant, the

polyp, and the insect, will be seen to be both true and close. The
spermatozoon

(
a

)
of the male Aphis (7i) answers to the pollen-filament

{jig. 177, l, a) of the male leaf or stamen (7t). The ovum {b) of the

c c 2
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female Aphis (i) answers to the ovule
(
b
)
of the female leaf or pistil

(i); by their combination the impregnated ovum results. The same
processes of cell-formation ensue, and the embryo Aphis

(
d

)
is formed

by the combination and metamorphoses of certain of these secondary
germ-cells; but it retains the rest as a germ-mass in its interior,

which may be compared with the cells of the pith in the plant, and
with the cells or nuclear granules in the corresponding more fluid

part of the pith of the polyp. Under favourable circumstances of

nutriment and warmth, certain portions of the retained germ-mass
repeat the process of embryonic formation, and a larval individual

{fiO- ^ 1
>

3
> e

) that from the ovum is thus produced, which is

only not retained in connection with its parent because the abdominal
integument is not co-extended with it.

Tile generation of a larval Aphis may be repeated from seven to

eleven times without any more accession to the primary spermatic
virtue of the retained germ-masses than in the case of the zoophyte
or plant

; one might call the generation an “ internal gemmation,”
but this phrase would not explain the conditions essential to the
process, unless we previously knew those conditions in regard to

ordinary or external gemmation. At length, however, the last

apterous, or larval aphis so developed, proceeds to be metamorphosed,
as it is termed, into a winged individual, in which only, the fertilising

filaments are formed, as in the case of the stamens of the plant (7i)

;

another larval Aphis {fig. 177, 3, i) perfects the female generative

organs, and developes the ovules, as in the case of the pistil {fig.
177, 1, i). We have, in fact, at length male (A) and female (t) indi-

viduals, preceded by reproductive individuals {e, c) of a lower or arrested

grade of organisation, analogous to the gemmiparous polyps of the

zoophytes (fig. 177, 2, e, e
)
and the leaves {fig. 177, 1, e, e) of the plant.

(1028.) The process of development in the Aphides is for its better

intelligibility described above by Professor Owen as one of a simple suc-

cession of single individuals, but it is much more marvellous in nature.

The first-formed larva of early spring procreates notone but eight larvse

like itself in successive broods, and each of these larvae repeats the

process, and it may be again repeated in the same geometrical ratio

until a number which figures only can indicate, and which language
almost fails to express, is the result. The Aphides, generated from
virgin parents by this process of internal gemmation, are as countless

as the leaves of a tree to which they are so closely analogous. The
wingless larval Aphides are not very locomotive, they might have been
attached to one another by continuity of integument, and each have

been fixed to suck the juices from the part of the plant where it was

brought forth. The stem of the rose might have been incrusted with

a chain of such connected larvae, as we see the stem of a fucus in-

crusted with a chain of connecting polyps, and only the last-developed
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winged males and oviparous females might have been set free. The
connecting medium might even have permitted a common current of

nutriment contributed to by each individual to circulate through the

whole compound body. But how little of anything essential to

the animal would be effected by cutting through this hypothetical con-

necting and vascular integument, and setting each individual free!*

(1029.) In all the great class of Insects, the blood is equably

diffused through the visceral cavity, and is contained in the spaces

intervening between the muscles, nerves, tegumentary organs, &c., and
in the still smaller lacunae that exist between the fibres, or constituent

lamellte of the various organic tissues. The fluid thus diffused is

characterised by the presence of globules or corpuscles of determinate

shape, and in most cases it is easy to ascertain by means of the micro-

scope that the circulation is carried on in a system of irregular

cavities, much in the same way as the blood of vertebrate animals

is iu the vascular system with which they are furnished.

(1030.) Innumerable are the means employed by nature to keep the

balance between the increase and destruction of the insect tribes, and
countless enemies are provided for the purpose of checking their

inordinate accumulation.

Fig. 178.

(1031.) Among the most remarkable provisions for preventing
superabundant fertility, is that law which compels the most prolific

insects to live iu large societies, and permits but one female out of
a multitude to lay eggs. As an example of this, we may take the
hive-bees,+ so remarkable for their elevated instincts and industrious
habits. A swarm of bees consists, first of females, whose sexual
organs remain permanently iu an undeveloped condition, usually
called the Workers (Jig. 178, a); secondly, of perfect males or drones
(c), and tliiidly, of a solitary fertile female, called the Queen (b), which

* Loc. cit. p. G 1

.

t For ample details concerning the habits of these interesting creatures, the reader is

referred to Dr. Bevan’s work on the Honey-Bee, its Natural History, Physiology, and
Management, vol. i. 12mo. Lond.



soldiers, which have large heads furnished with strong projecting

mandibles (b)
;
unwinged pupa3, having a smaller head, and the rudi-

ments of wings only (c) ; and, lastly, of similarly-formed larva, or

workers (d), differing from the latter only in wanting the rudiments of

wings. The following is a brief history of the establishment and

growth of a colony of these insects, as narrated by Burmeister.* At

* Op. cit. p. 535.
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gives birth to all the progeny of the hive ;
and thus, instead of 20,000

or 30,000 eggs being furnished by every one of as many females,

one female only is permitted to be instrumental in perpetuating the

species.

(1032.) The termite ants likewise, were it not for a similar restric-

tion, would soon, by their overwhelming increase, depopulate whole

regions of the earth, and render the countries in which they are

met with absolutely uninhabitable by their extreme voracity. A
community of termites is said to consist of five different members,

namely, winged males and females [fig. 179, a); apterous neuters, or

Fig. 179.
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the termination of the hot season, the young males and females dis-

closed in a nest quit it, and appear upon the surface of the earth,

where they swarm iu innumerable hosts and pair. The busied workers

then convey a chosen male and a female back into the dwelling, and

imprison them in the central royal cell, the entrances to which they

decrease and guard ;
through these apertures the imprisoned pair then

receive the nutriment they I’equire. The male now, as amongst all

other insects, speedily dies after the impregnation of the female has

been effected
; but the female from this period begins to swell enor-

mously from the development of her countless eggs, and, by the

time she is ready to commence laying, her abdomen is about 1500 or

2000 times larger than all the rest of her body [Jig. 179, e). During

the period of this swelling, the workers remove the walls of the royal

apartment, uniting the nearest cells to it, so that, in proportion to the

increase of the body of the queen, the size of the abode she inhabits

is also increased. She now commences laying eggs, and, during the

process, the abdomen exhibits a continual undulatory motion, produced

by the peristaltic movement of the egg-ducts; while the workers

convey away the eggs as they are laid, and deposit them in the distant

rearing-cells of their wonderful habitation. The reader will be able to

form some idea of the relative proportions and outward appearance of

the edifices erected by these comparatively minute beings by the group

of their citadels represented in the back-ground of the figure ; but to

describe them more minutely would lead us into details unconnected

with our subject.*

(1033.) The eggs of these little animals vary much in shape and

external configuration ; so that, from the beauty of their forms and

exquisite sculpture, some of them are interesting objects for the

microscope.

(1034.) We have already spoken concerning the metamorphosis

which insects undergo during the progress of their development from

the form under which they first leave the egg to their mature condition,

when they become fertile, and, in most instances, acquire those instru-

ments of flight so generally chai'acteristic of their perfect state.

Before entering upon a more minute inquiry concerning the physio-

logical principles upon which the important changes in question de-

pend, and the phenomena attending the process, it will be advisable to

cite a few more examples illustrative of the most interesting varieties

of metamorphosis signalised by authors. Fabricius distinguishes five

different kinds of metamorphosis, and has applied a different name to

each.

The first class comprises all insects of which the larva is a maggot
entirely deprived of legs, that after having changed its skin; or moulted,

* Vide Smeathmau, Phil. Trans, vol. Ixxi. 17ol.
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a certain number of times, becomes, previous to its last change, incased

in an oval horny sheath, or pupa-case, whereon not the least trace of

the limbs of the mature insect is to be detected
;
such pupae are abso-

lutely without the power of motion, and are distinguished by the name

of coarctate

:

examples of this sort of metamorphosis are met with

in the common house-flies
(
Muscidce), and the forms of their larvae and

pupae are familiar to every one.

(1035.) Of the second kind, technically named obtected, the Lepi-

doptera furnish well-known instances. The changes which occur in

the development of the silkworm, represented in the annexed figure

{fig. 180), may readily be witnessed. In such insects the full-grown

caterpillar, having inclosed itself in a silken ball, throws off its last

skin, and becomes a quiescent pupa; but while in this state the

Fig. \ 80.

position of the rudiments of the wings and other appendages of the

perfect insect is strongly indicated upon the exterior of the chrysalis

(a), though these parts are still closely wrapped up in the external

covering.

(1036.) The third form of metamorphosis, called incomplete, is

seen in the Hymenoptera, and in many Coleopterous insects. The

maggot, in such tribes as exhibit this kind of change, is sometimes a

simple worm deprived of feet or other external organs, or in other

species these parts exist in a very imperfect condition ; in the pupa,

however, the form of the legs and antennae is perfectly distinct, and

even the wings may be seen as rudiments projecting from the thorax.
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This kind of chrysalis we have seen in the cockchafer (Jig. 154, b),

in which the grub (c) possessed feebly-developed legs; and in the

hive-bee, although the larva (Jig.

181, a, c, d, e, J) has no legs or

exterior appendages, in the pupa (b)

all the limbs of the perfect bee are

recognised with the utmost facility.

Yet all these organs are still inclosed

in distinct cases (theca), to each of

which names have been applied by

entomological writers ; and it is only

on throwing off the integumeut which

thus imprisons the mature insect, that

the bee makes its appearance in a

capacity to begin its active and in

dustrious existence in the winged

state.

(1037.) Those insects whose larva

only differs from the imago in not

being possessed of wings (Jig. 1 50, c),

Fabricius regarded as undergoing a semi-complete metamorphosis ;
and

when the perfect insect did not acquire wings at all, hut precisely

resembled the pupa, he called the latter complete.

(1038.) But there are innumerable examples of metamorphosis

which will not conform to any of the above definitions, and in some
of them the phenomena exhibited are not a little remarkable. We
have already mentioned the changes which the dragon-fly undergoes

(Jigs. 151, 152), and have seen that in this case there is no very

striking resemblance between the pupa and the adult creature, but,

on the contrary, that very wonderful changes occur during the last

stage of the metamorphosis. The pupa lives in water; and, besides

six jointed legs adapted to climb the stems of subaquatic plants in

search of prey, is possessed of a very peculiar locomotive apparatus,

whereby it can propel itself through the element which it inhabits.

Appended to the posterior extremity of the abdomen we find three

or five leaf-like appendages, which the creature continually opens and
closes, and at the same time takes in a quantity of water, sufficient

to fill the muscular termination of the rectum, which is expanded for

the purpose; this water is, at intervals, forcibly expelled, mingled

with bubbles of air, and thus effects the propulsion of the animal by

a mechanism which human ingenuity has imperfectly attempted to

imitate.

(1030.) But the contrivance above mentioned is also made subservient

to respiration; for, from the observations of Cuvier,* it appears that the

* Mein. de la Societe d’Histoire Nat. p. 48.

Fig. 181.
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interior of the rectum exhibits to the naked eye twelve longitudinal

lines of black spots arranged in pairs; and these, when examined under

the microscope, are found to be composed of little conical tubes, from

which branches go off to join the principal longitudinal trachese that

distribute air through the body.

(1040.) Another remarkable peculiarity is met with in the structure of

the mouth of these aquatic larvae, for the oral apparatus here forms au

instrument of prehension adapted to seize prey at a distance, and con-

stitutes, in fact, a kind of projectile forceps of a very curious construc-

tion. Let the reader contrast the following description with that al-

ready given of the oral organs of the dragon-fly (§ 965), and observe

the remarkable difference:—“Conceive,” say Kirby and Spence,*

“ your under lip to be horny instead of fleshy, and to be elongated

perpendicularly downwards, so as to wrap over your chin and extend to

its bottom ; that this elongation is then expanded into a triangular

convex plate attached to it by a joint, so as to bend upwards again, and

fold over the face as high as the nose, concealing not only the chin and

the first-mentioned elongation, but the mouth and part of the cheeks

:

conceive, moreover, that to the end of this last-mentioned plate are

fixed two other convex ones, so broad as to cover the whole nose and

temples ; that these can open at pleasure, transversely, like a pair of

jaws, so as to expose the nose and mouth, and that their inner edges,

where they meet, are cut iuto numerous sharp teeth or spines, or armed

with one or more long and sharp claws ;—you will then have as accu-

rate an idea as my powers of description can give of the strange con-

formation of the lip in the larvae in question, which conceals the mouth

and face precisely as I have supposed a similar construction of your

lip would do yours. You will probably admit that your own visage

would present an appearance not very engaging while concealed by such

a mask : but it would strike still more awe into the spectators were

they to see you first open the two upper jaw-like plates, which would

project from each temple like the blinders of ahorse ; and next, having

by means of the joint at your chin let down the whole apparatus, and

uncovered your face, employ them in seizing any food that presented

itself, and conveying it to your mouth. Yet this procedure is that

adopted by the larvae provided with this strange organ. While it is

at rest, it applies close to and covers the face. When the insects

would make use of it, they unfold it like an arm, catch the prey at

which they aim by means of the mandibuliform plates (fig
. 152, a), and

then partly refold it so as to hold the prey to the mouth in a conve-

nient position for the operation of the two pairs of jaws with which

they are provided.”

(1041.) The metamorphoses of the gnat (Cute) are not less interest-

ing. The female deposits her eggs upon the surface of the water, in

* Introd. to Entom. vol. iii. p. 126.
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which her offspring are destined to pass the earlier periods of theii

existence, gluing the ova together at the moment of their extrusion,

so as to unite them into a boat-like mass (fig- 182, a) of such beauti-

ful construction that the little bark swims secure from injury, even

during the roughest weather. The individual eggs are of a conical

form (fig. 182, n, a, b, c), and are closed at their inferior extremity by

Fit/. 182 .

a kind of lid (cl), provided to give egress to the mature embryo. The

larva (c), represented upon a magnified scale at e, bears not the slight-

est resemblance to the perfect insect, and is provided with a singular

modification of the respiratory apparatus adapted to its habits. The

head is large, and carries two ciliated organs (g, g), which by their

movements bring food towards the mouth ;
the thorax is even larger

than the head, and is furnished with fin-like bunches of minute hairs

as likewise are the segments of the abdomen. To the extremity of

the tail is appended a group of movable leaflets or fins, so disposed

that by their action they sustain the larva at the top of the water, where

it generally remains suspended with its head downwards. Such a

position would obviously render respiration impossible, was there not

a corresponding arrangement of the breathing organs to allow of free

communication with the air. For this purpose, the respiratory tracheae

are found to be connected with a tube appended to the antepenultimate

segment of the abdomen, the perforated extremity of which, being

raised above the water, procures from the atmosphere the oxygen re-

quired for respiration. After several moults, the larva, having attained

its full growth, enters the pupa state, and in this condition still re-

mains an inhabitant of the water, and occupies a position near the
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surface. A remarkable change, however, is visible in all parts of its

structure : the head and thorax {Jig. 182, d) are consolidated into one

large mass, under which the lineaments of the mature iusect may be

detected
;
while the tail still continues to be the agent employed in

natation. The condition of the respiratory organs is, moreover, com-

pletely altered : the tube fixed upon the antepenultimate segment of

the larva has totally disappeared, and, instead of it, we find two tubes

appended to the back of the thorax ; these, although they perform the

same office as the anal pipe of the larva, are thus displaced, in order

to correspond with the altered position in which the animal now swims ;

the back of the thorax, aud not the tail, being nearest to the surface,

as represented in the drawing (d). The necessity for this change of

posture, and consequent removal of the apparatus for taking in air

from one part of the body to another, will be at once obvious when we

consider the circumstances under which the perfect insect, having com-

pleted its development, emerges from its pupa investments and en-

ters upon an aerial existence. The problem to be solved is, how shall

the mature gnat escape from the water without being wetted ? and,

when we consider that neither the larva nor the pupa possesses instru-

ments of locomotion capable of enabling it to leave its native element

by crawling on shore, the difficulties attending the change appear al-

most insurmountable. It is evident that, while swimming in the posi-

tion in which the larva floats {fig. 182, c), the last change could not

by possibility be accomplished, as the bursting of the integument

would at once admit the water to the submerged gnat, and drown it at

the moment of its birth ;
but by the new arrangement the metamor-

phosis is easily affected, and that in a manner so beautiful, that it is

hard to say which is most admirable, the simplicity of the contrivance,

or the perfection with which the object is accomplished. No sooner

has the encased imago become fitted for its escape than the pupa, ren-

dered more buoyant, raises its back above the surface : the protruded

portion of the pupa-case soon dries, and gradually begins to split in a

longitudinal direction, so as to form by its expansion a boat wherein

the gnat swims upon the top of its native pond ;
and sustained in this

frail bark, formed by its late skin, it gradually extricates its legs and

wings from their coverings, and is kept perfectly dry until the expan-

sion of its instruments of flight enables it to soar into the air and quit

for ever the raft so singularly provided for its use.

(1042.) Having thus become acquainted wTith the various conditions

under which insects arrive at maturity, and the principal forms that

they exhibit during the different stages of the metamorphosis, the

reader will be prepared to investigate more minutely the changes in

progress during the process, and the gradual development of the or-

gans which successively make their appearance. On examining the

viscera of a Caterpillar, they are found scarcely at all to resemble
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those of the butterfly or moth, into which a larva of this description

is ultimately matured. The jaws (Jig. 185, b, b ), widely different, both

Fin. 183 .

in structure and office, from the proboscis which represents them in the

perfect insect (Jig. 103), are strong and horny shears adapted to cut Ihe
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leaves of vegetables and other coarse materials used as food ;
the

oesophagus {fig. 183, g, h) is strong, muscular, and capacious ; and the

stomach (7t, i), in capacity corresponding with the extraordinary vora-

city exhibited by the larva, passes insensibly into a wide intestine,

(i, m ), the line of separation being only indicated by the entrance of the

biliary vessels (7c) that wind in numerous convolutions around the pos-

terior half of the alimentary canal. It is sufficient to contrast this

arrangement of the digestive organs with what we have already de-

scribed in the butterfly (Jig. 105), to appreciate the amazing dissimi-

larity : it would be difficult indeed to imagine, did not anatomy con-

vince us of the fact, that the digestive apparatus of the imago, with

its slender oesophagus, dilated crop, short sacculated stomach, long and

convoluted small intestine, and capacious colon, was derived from a

gradual modification of such viscera as those we have just been con-

sidering. The salivary glands of the caterpillar (fig. 183, q, r) are

large cylindrical caeca, and their ducts (p) pour into the mouth an

abundance of saliva proportioned to the coarse nature of the materials

used as food.

(1043.) The sides of the body are traversed by the wide longitudinal

tracheae, a, b, c, that communicate on the one hand with the lateral

spiracles, and on the other give off at regular intervals the air-tubes

(cl, e, e , e
,
e), which ramify most minutely over all the viscera, and con-

vey the atmospheric air throughout the entire system.

(1044.) Besides the above organs, there are other viscera, which,

although of considerable importance to the caterpillar, would be ut-

terly useless to the imago, and consequently are more or less com-

pletely wanting in the mature state.

(1045.) The whole body of the larva is filled with a peculiar fatty

tissue (fig. 183,/,/,/), called by entomologists the rete, epiploon, or

fat-mass. This material, found in great abundance in mature and

well-fed larvee, consists of an oily or greasy substance enveloped in a

most delicate cellulosity, and seems to correspond to the fat of higher

animals, like which it is indubitably a product of digestion, and a re-

pository of superabundant nourishment, stored up, no doubt, for the

sustenance of the animal during its helpless condition in the dormant

or pupa state—serving like the fat of hibernating quadrupeds, for food

during the confinement of the imago.

(1040.) But the most remarkable peculiarity of tlielanue under con-

sideration, is the presence of an apparatus employed for producing a

tenacious thread of extreme delicacy, appropriated by different species

to various purposes. In many cases (Jig. 153), it is made subservient

to locomotion ; and by its assistance, as by a rope, the larva can sus-

pend itself from any object, or let itself down from one branch to

another in search of food. The most important uses, however, to

which this thread is applied are connected with the concealment and
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protection of the quiescent and Fi9- 1 84

defenceless pupa ;
either fur-

nishing the means of suspend-

ing the chrysalis in a place of

safety* (fig. 184), or, as is the •

case with the silk-worm {fig.

180), supplying the material

with which the caterpillar

encases itself preparatory to

throwing off the last skin of

the larva. The thread of the

last-named insect, the silk-

worm, is of great tenacity ; and,

notwithstanding its fineness,

may be wound off from the

cocoon in a continuous thread,

forming the important article

of commerce, silk.

(1047.) Nothing can be more

simple than the apparatus pro-

vided in caterpillars for the

production of this valuable commo-

dity:—Placed on each side of the \

intestine are twro long and tortuous

secreting cteca (fig. 183, v, x, y),

that separate from the surrounding

juices of the body a tenacious viscid

fluid which is liquid silk. The viscid

secretion thus formed is iu the silk-

worm of a golden yellow colour, and

is conveyed by the excretory ducts of

the secerning organs (y, z) to the

labium or under-lip, where the ducts

terminate at the base of a tubular

instrument, th efusulus or spinnaret,

through which the silk is drawn
(fig.

185, c). Thefusulus of the silk-

* For a most amusing account of the manner in which some chrysalides manage with,

out any external limbs to suspend themselves by the tail in a position of security, the

reader is referred to Kirby and Spence, vol. iii. page 207. The figure above given

illustrates the different steps attending the process. The larva, a, having spun some

loose silk, and fixed it upon the under side of a leaf or other suitable object, suspends

itself therefrom by its hind-legs. The skin of the caterpillar then gradually splits down
the back (b, c), and is slowly pushed upwards towards the tail of the chrysalis. The

pupa now lays hold of the old skin, nipping it between the rings of the abdomen, and

hanging in this posture inserts the apex of the tail, which is covered with hooks for the

purpose, into the silk previously deposited, and thus remains fixed in safety (d).
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worm, represented in the annexed figure upou an enlarged scale,

is a simple nipple-shaped prominence, perforated at its extremity,

and surrounded by four rudimentary palpi. When about to spin,

the larva, by placing the extremity of its spinnaret in contact with

some neighbouring object, allows a minute drop of the glutinous

secretion to exude from its extremity, which, of course, adheres to

the surface upon which it is placed : the head of the silk-worm

being then slowly withdrawn, the fluid silk is drawn out in a

delicate thread through the aperture of the spinnaret, its thickness

being regulated by the size of the orifice, and, immediately hardening,

by the evaporation of its fluid parts, forms a filament of silk which can

be prolonged at the pleasure of the animal until the contents of its

silk reservoirs are completely exhausted.

(1048.) Such is the structure of the larva of a Lepidopterous insect,

and the arrangement of its internal viscera, when arrived at maturity,

has been already described. We have yet, however, to mention the

series of phenomena observable during the progress of its growth, and

the mode of its expansion from the minute size that it exhibits on

leaving the egg to the full dimensions which it ultimately acquires.

In order fully to understand the circumstances connected with this

part of our subject, it is necessary to premise that the outer integu-

ment of most larvte is of a dense corneous texture, coriaceous in some

parts, but quite hard and horny in others. In the second place, it is

but very slightly extensible ; and moreover, as is always the case with

epidermic structures, is not permeated by any vascular apparatus, and

consequently is absolutely incapable of growth when once formed.

This epidermis eucases every portion of the larva ; the body, the legs,

the antennae, the jaws, and all external organs are closely invested

with a cuticular envelope, such as, from its want of extensibility, would

form an insuperable obstacle to development was there not some ex-

traordinary provision made to meet the necessity of the case. The

plan adopted is, to cast off at intervals the old cuticle by a process

termed moulting; an operation which is repeated several times during

the life of the insect in its larva condition, and is accomplished in the

following manner :—The caterpillar becomes for a few days sluggish

and inactive, leaves off eating, and endeavours to conceal itself from

observation. The skin, or more properly the cuticle, becomes loosened

from the subjacent tissues, and soon a rent appears upon the back of

the auimal, which gradually enlarges in a longitudinal direction, and

the imprisoned insect, after a long series of efforts, at length succeeds

in extricating itself from its old covering, and appears in a new skin of

larger dimensions than the one it replaces, which, however, in all other

particulars it closely resembles. With the old epidermis the larva

throws off all external appendages to the cuticle : the horny coverings

of the jaws, the cornete of the eyes, the cases of the claws, are all re-
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moved ; and many writers have even found attached to the ex uvia; an

epidermic pellicle that had formed a lining to the rectum, and delicate

prolongations of the cuticle derived from the interior of the larger

ramifications of the air-tubes. Absurd, indeed, have been the explana-

tions given by various writers of the nature of the process under con-

sideration. Swammerdam and Bonnet, nay, even our own illustrious

entomologists Kirby and Spence, believed that even at the birth of the

caterpillar all these skins existed ready formed one beneath the other,

and that the most external being removed at intervals displayed in

succession the skins placed underneath. Surely the advocates of this

extraordinary theory could scarcely have reflected upon the real object

of the moults in question—namely, to provide a succession of larger

coverings proportioned to the continually-increasing bulk of the larva,

—when they advocated this strange doctrine, alike at variance with

observation and sound physiological principles : the epidermis and all

cuticular structures are mere secretions from the subjacent cutis or true

skin
;
and it can be no more necessary to suppose the pre-existence of

so many skins in order to explain the moults of a larva, than to imagine

that because, when in our own persons the cuticle is removed by the

application of a blister, a new layer of epidermis is again and again

produced, man should possess as many skins one beneath the other.

Nothing, in fact, can be more simple and free from the miraculous than

the whole process : at certain periods, when the old cuticle becomes
too small for the rapidly-enlarging dimensions of the insect, it becomes
gradually loosened and separated from the vascular and living skin

or cutis by which it was originally secreted, and a new secretion of

corneous matter taking place, a fresh and more extensive layer of cu-

ticle is slowly formed, and then the old, dry, and dead epidermis being

quite detached, is split by the exertions of the larva, and the newly-
secreted layer placed beneath it appears ; when the old skin is at length

completely thrown off, the newly-formed one soon hardens by exposure,
and the re-clothed caterpillar assumes again its former activity and
habits.

(1049.) Neither is the change from the larva to the pupa or chry-
salis less easily explained, although regarded by our forefathers as
being so mysterious and astonishing a phenomenon. According to the
hypothesis above alluded to, after removing three or four skins in the
embryo larva, the anatomist ought to have arrived at the totally dif-

ferent pupa-case ready formed, and only waiting for the removal of the
coats above it to exhibit its characteristic form. Leaving, however
such visionary notions, let us examine the real nature of this portion
of the metamorphosis. The reader will bear in mind, that, whatever
the form of the exterior or epidermic crust, it is merely a dead and
extra-vasculai secietion, unchangeable when once deposited. But the
living skin or cutis, beneath it, is, during the whole process of the nieta-

n D
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morphosis, undergoing great and important changes, increasing in size

only, during the larva condition ;
but, when perfectly organised, de-

veloping itself at different points, and expanding into variously-shaped

organs which did not previously exist. In the dragon-fly, for example

(fig. 152), when the cutis had become expanded to its mature terra

condition, it secreted from its surface the external epidermic crust

which gives form to the larva, B ; this outward integument remains, of

course, unchanged when once formed, and retains the same appearance

during the whole period of the existence of the insect in its larva state :

but underneath this cuticle, and consequently concealed from observa-

tion, the growth of the living dermis still goes on, and important or-

gans begin to appear, which had no existence when the last larva-in-

vestment was secreted. The wings have sprouted as it wei’e from the

shoulders, and already have attained to a certain growth ;
the old in-

tegument of the larva becomes useless, and a new one is wanted ; the

process already described is repeated,—the old cuticle becomes de-

tached from the surface of the body, and the cutis begins to secrete

for itself a new covering moulded upon its own shape : the newly-

formed wings, therefore, and other newly-developed processes of the

dermis, secrete horny coverings for themselves in the same manner as

other parts of the surface of the body ;
and thus, when the insect

leaves its old skin, and once more escapes from confinement, it presents

to view the wing-cases which distinguish the pupa.

Whatever may he the form of the pupa, its covering is secreted in

a similar way ;
it is the living and vascular skin which, though con-

cealed, continually grows more perfect in its parts, and the cases se-

creted by it at distant intervals correspond in shape with the different

phases of its development.

(1050.) After having attained the pupa state, the last steps of the

process are completed, and the dermic system becomes fully developed

in all its parts. The oral apparatus attains its perfect condition ;
the

wonderfully-elaborate structure of the eyes is completed ;
the antennae

assume their full development ; the legs inclosed in those of the

pupa attain their mature form ;
and the wings, which have been con-

tinually growing, although concealed in the wing-cases of the pupa,

acquire their ultimate size : the perfect insect is ready for liberation,

and, inclosed in its last covering, creeps out of the water in which it

has so long resided to enter upon a new state of existence. Fixing

itself upon some plant in the neighbourhood of its birth-place, the im-

prisoned dragon-fly splits its pupa-case along the back (Jig. 186, a),

and slowly extricates its head and body ;
draws its wings from their

coverings, and its legs from those of the pupa as from cast-off boots

;

and at length (Jig. 186, b), getting its body from its now useless cover-

ing, it becomes entirely free. The wings, before soft and crumpled,

slowly expand (Jig. 186, c); the nervures harden, the extended mem-
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branes dry, and in a short

time the winged tyrant of

the insect world {jig.

151)commeuceshisaerial

career.

(1051.) A strong ar-

gument in favour of the

above views concerning

the production of succes-

sive skins from the der-

mis, is derived from the

phenomena attending the

cure of wounds in insects.

If a perfect insect be

wounded, the wound is

never healed at all; and,

if a larva or pupa is

similarly injured, the

wound remains uncica-

trised until the next

moult, when the newly-

formed integument is

found to exhibit no traces

of the injury :—the se-

creted and extra-vascular

cuticle cannot cicatrise;

but the living and vas-

cular dermis is not only

able to repair injuries

inflicted upon itself, but,

in secreting the next in-

vestment, to obliterate

all indications of their

occurrence.

Fig. 186 .

(1052.) The changes above described are produced by the progres-'

sive development of the dermic or tegumentary system
; the parts of

which, as we have already seen, becoming strengthened and consoli-

dated by degrees, ultimately acquire that density of structure which
the external skeleton of the insect exhibits in its perfect or imago
state. But while this extraordinary metamorphosis is going on ox-

ternally, other changes not less important are in progress in the in-

terior of the body. The size of the alimentary canal, and the shape,
proportionate dimensions, and general arrangement of the different

parts composing it, are secretly and imperceptibly undergoing varia-

tions in accordance with the altered necessities of the animal. We
n n 2
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have already seen a conspicuous example of this in Lepidojderous in-

sects, §1042; and, in other orders, equally striking instances might

easily he selected. One of the most remarkable is met with in many

Hymenoptera, as, for example, in bees ( Apis ), wasps (Vespa), and ant-

lions
(
Formica leo), as well as in most of the Ichneumonidce. In all

these genera, the larva being concealed in a close cell during its de-

velopment, under circumstances which would render the evacuation

of excrementitious matter an obvious inconvenience, both the larva

and pupa (Jig. 181) are entirely without either intestinal canal or anal

orifice : what little excrement is produced by the digestion of the highly-

nutritive substances wherewith these larvae are fed being collected in a

blind cavity or caecum placed behind the stomach, until the accom-

plishment of the last change ;
at which period the insect, liberated

from its confinement, becomes provided with a pervious intestine, and

able to get rid of feculent matter.

(1053.) The fat-mass (§1045), which at the close of the larva state

has reached its maximum of development, is gradually absorbed

during the concealment of the insect in its pupa-case, its nutritive por-

tions being no doubt appropriated to the nourishment of the pupa ; so

that in the mature insect the fatty material has almost entirely disap-

peared, nothing being left in its place but the dense cellular web in

which the fat had been deposited.

(1054.) The silk-secreting apparatus of such genera as possess the

means of spinning a silken thread is peculiar to the larvae ;
and, aftei

the commencement of the pupa state, no traces of its previous exist-

ence are to he detected.

(1055.) But while the above-mentioned organs disappear, others be-

come developed ;
and the perfect insect is found to possess viscera, for

which a skilful anatomist might seek in vain in the earlier stages of

its existence. The generative system appears, at first, to be absolutely

wanting in the larva ;
hut Herold,* after much patient investigation,

succeeded in detecting the undeveloped rudiments of the future sexual

organs both of the male and female. It is during the matuiation of

the pupa that these important parts expand ; and, before the disclosure

of the imago, they are found to have attained their complete piopor-

tions, so as to he ready to perform their functions as soon as the ex-

pansion of the wings endows the insect with means of locomotion

sufficiently perfect to ensure the due dispersiou of the species..

(1056.) It is in the nervous system, however, that the most interest-

ing phenomena are observable ; and in the lessons afforded by watch-

ing the correspondence between the state of the animal during the

several phases of its existence and the development of the nervous

ganglia, the physiologist cannot fail to recognise those great and general

Entwickelungsgeschiclite der Schmetterlinge, 1815, 4to.
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necting the different pairs of ventral ganglia in the larva '{fig. 187, a)

become flexuous as the insect attains the pupa state ;
the whole chain

becomes shorter; the brain, or encephalic ganglion, increases in its

principles upon which our arrangement of the animal creation is based.

In the worm-like larva the ganglia are numerous, but of small di-

mensions; too feeble to be capable of animating powerful limbs, or of

appreciating impressions from the organs of the higher senses : the

animal is, in fact, precisely in the condition of an Annelidan, which

it would seem to represent. External limbs are therefore absolutely

wanting in many larvae
;
in others they are represented by short and

stunted appendages
;
and even in the most perfect, or hexapod larvae,

they are feeble instruments in comparison with those of the mature

imago. The senses exhibit equal imperfection ;
and eyes are either

entirely wanting, or are mere ocelli, simple specks, exhibiting the low-

est possible organisation of a visual apparatus. But, as the growth

of the larva goes on, a change in the arrangement of the nervous

system is perpetually in progress. The series of nervous cords con-

Fig. 187.

c
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proportionate dimensions ; and, moreover, several ganglia, originally

distinct, coalesce, and form larger and more powerful masses {fig. 187,

b). This coalescence of the ganglia, which takes place more especially

in the thoracic region, is evidently a preparation for the concentration

of greater power and activity in this part of the body; aud although

in inactive chrysalides this change is not as yet visible by its effects, in

the active forms even the pupa is distinguished from the larva by a

considerable increase of vigour aud energy in its movements. In the

imago the concentration of the nervous centres is carried to that extent

which is adapted to the necessities of the mature state ;
their num-

ber is still further reduced {fig. 187, c) ; their size, in the thorax

especially, considerably increased ; and the brain, now arrived at its

maximum of development, is furnished with the wonderful apparatus

of eyes and other instruments of the senses, which heretofore would

have been absolutely useless, but now, with the expansion of the brain,

have become suited to the more exalted faculties of the insect.

(1057.) Many insects are capable of producing audible sounds ; and

sometimes the noises they make are exceedingly shrill, and may be

heard at some distance. Such sounds originate from various causes in

different tribes, and it is not always easy to detect the mode of their

production. In many beetles they are caused by rubbing different

parts of their dense integument against each other, and the chirping

of several Orthoptera seems to have a similar origin ; the acute note

that these insects utter is apparently produced by friction, the edges

of their hard pergamentacious wings being either scraped against each

other, or against the long and serrated edges of their thighs. The

buzzing aud humming noises heard during the flight of many genera

result from the forcible expulsion of the air as it streams through the

respiratory spiracles, whose orifices Burmeister imagines are furnished

with vibratory laminae, to the rapid movements of which the noise

may be due. In the genera (firyUus and Cicada among the Orthoptera,

however, there is a peculiar apparatus specially

provided for the produtcion of the loud chirping

to which such insects give utterance. Upon the

first segment of the abdomen, covered by a broad

movable plate {fig. 1 88, a), there is a large aper-

ture, wherein a tense plicated membrane is ob-

servable. This membrane is acted upon internally

by certain muscles able to throw it into rapid

vibration, and thus give rise to the sound in

question.

(1058.) One other point connected with this

interesting class of animals requires brief notice.

Mauy insects are endowed with the faculty of

emitting phosphorescent light, which is in some species exceed-

Fig. 108 .
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ingly brilliant. The Elateridffi among beetles are pre-eminently

luminous, and in them the light seems to be principally given out by

two oval spaces upon the thorax, which in the dead insect are oi a

greenish hue ; during life, some species
(
Elater noctilucus

)
are so

strongly phosphorescent as to enable a person to read a book by pass-

ing the animal over the lines. The Lampyri emit a light of great

brilliancy ; and in Italy, during the summer nights, the groves, illu-

minated by their incessant scintillations, exhibit a scene equally strange

and beautiful. Such insects appear to have a power of obscuring or

exhibiting their light at pleasure; but the nature of the luminous

secretion, if such it be, upon which their luminosity depends, has as

yet escaped detection.*

CHAPTER XVI.

Akachnida.*

(1059.) The Arachnidans, long confounded with Insects, and de-

scribed as such even by recent entomologists, are distinguished by

characters of so much importance from the animals described in the

last chapter, that the necessity of considering them as a distinct class

is now no longer a matter of speculation. In Insects, the external

skeleton presents three principal divisions,—the head, the thorax, and

the abdomen

:

but in the spider tribes, the blood-thirsty destroyers of

the insect-world, the separation of the head from the thorax, which,

by increasing the flexibility, necessarily diminishes the strength of the

skeleton, is no longer admissible ; and the process of concentration

being carried a step further, the head and thorax coalesce, leaving only

two divisions of the body recognisable externally, viz. the cephalo-

tliorax and the abdomen. Insects in their mature forms were found

to be invariably furnished with only six legs, but in the adult Arach-

nidans eight of these limbs are developed. These characters in them-

selves would be sufficient to discriminate between the two orders ; but

when to these we add, that in the Arachnidans the eyes are invariably

smooth, the antenna; of insects represented by organs of a totally dif-

ferent description,—that the sexual apertures are either situated be-

neath the thorax, or at the base of the abdomen,— and, moreover, that

in the greater number of Arachnidans, respiration is carried on in

localised lungs (pidmonibranchia), instead of by tracheae as in insects,

* An interesting account of this subject is to be found in the article Luminousness,
Animal, by l)r. Coldstream, in the Cyclopaedia of Anatomy and Physiology.

j- ’Aja^m, a spider.
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we need not enlarge further in the present place upon the propriety of

ranking the Arachnida as a separate class. These animals may he

grouped under three principal divisions ; the first of which is evidently

an intermediate type of organisation, combining many of the characters

of the Insecta with the external limbs and palpi of proper Arachnida.

(1000.) The Arachnida Trachearea, in fact, breathe by means of

trachem resembling those of insects, which are so arranged as to con-

vey air to every part of the system ; and we may therefore suppose

that their circulatory apparatus, as well as their secerning organs, con-

form more or less to the type of structure met with in the class last

described. The Mites (Acarida
)
belong to this division, and form a

very numerous family, which is extensively distributed. Some are

parasitic in their habits, infesting the bodies of insects
;
and one, the

itch-insect
(
Acarus Scabiei), is found occasionally upon the human skin.

Many live in cheese and other provisions, where they multiply prodi-

giously
; and not a few inhabit leaves, or are found under stones, or

beneath the bark of trees. Some (Hydrachna )
are aquatic ; but un-

fortunately, in all, from their extremely minute size, the investigation

of their internal viscera presents so many difficulties, that but little is

satisfactorily known concerning their anatomy : even the pseudo-Scor-

jnonidai, which are of larger growth, and, although still breathing by

tracheae, approximate most closely to the outward form of the next

group, have been vei’y imperfectly examined.

(1061.) In the Acaridans, the most remarkable feature of their

structure is the complete consolidation or coalescence of the principal

divisions of the body, which are always more or less distinct in the other

Articulata, for not only do we find in them the head consolidated with

the thoracic portion, but the abdomen likewise is swallowed up, as it

were, in the general covering of the body. The legs, as in other Aracli-

nidans, are eight in number, and are generally composed of seven ai*-

ticulations, of which the first, which is sometimes adherent and some-

times free, corresponds with the coxa of Insects, the second with the

trochanter, the third, representing the femur, is often more developed

than the rest, whilst the remaining constitute the tibia and the tarsal

joints. The last segment of the tarsus, or foot as it might be called,

is furnished with two movable hooks, that can be folded back, and

lodged in a slight excavation provided for the purpose.

(1062.) In accordance with their structure, which is adapted to the

habits of the various races, the feet of the Acaridans may be divided

into such as are adapted for feeling
(
palpatorii), in which the ultimate

joint is dilated;—for walking (gressorii);—for swimming
(
remigantes),

having the last joint expanded and ciliated as in some, but not all of

the aquatic tribes ;—for running
(cursorii), where it is long and slender

;

for weaving (
textorii), in which case the ultimate segment is pro-

vided with very short and much curved hooks, and the antepenultimate
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with four elongated stiff bristles longer than the foot, and lastly, such as

are formed for a parasitic life, or caruuculated (carunculati), in which,

superadded to the hooks, is a caruucle or broad membrane wherewith

the creature fixes itself to a smooth surface, something in the same

way as the sucker of a leech.

(10G3.) The mouth is composed of two movable pieces called the

mandibles, beneath which is a broad plate (labium), which is either tlat

or folded laterally so as to form a kind of gutter, and is, moreover, fur-

nished on each side with a rudimentary palpus. The mandibles are

generally free, but in some cases are united together, and conjoined with

the labial piece, so as to form a short tube or proboscis, near the end

of which may be perceived a pair of movable tooth-like structures,

adapted to pierce the substances whence these suctorial races obtain

their liquid food. When the mandibles remain entirely free and

movable, they exhibit, as was pointed out by M. Duges,* three prin-

cipal modifications in their structure; 1st, they are forcipated (fig. 189),

like those of scorpions
;
or secondly, they may be terminated by a single

movable fang (fig. 189, c), as is the case in Spiders ;
or lastly, they may

be composed of two long styles which are capable of alternate move-

ments backwards and forwards, whereby they can perforate foreign

substances, much in the same manner as the saw of the Tentliredo

among irisects. The first of these forms are never provided with any

poison apparatus, and are only adapted to tear and pull to pieces ali-

mentary substances, but in the second form poison glands are super-

added to the curved fangs, which, as in the proper Arachnidans, thus

become formidable weapons.

(1064.) The arrangement of the digestive apparatus in the Acari-

dans is one of the most interesting points in the economy of these

creatures. Behind the mouth M. Dujardin j- was able to detect in

Trombidium and Ldtnnochares a cylindrical pharynx, with distinct parie-

tes, into which are implanted numerous muscular fibres calculated to

assist iu the operation of suction by dilating the pharyngeal cavity, but

posterior to this no traces are perceptible of either ces.opbagus, stomach,

or intestine, so that apparently the juices of organised bodies, which

constitute the sole food of these creatures, must be lodged in lacuuary

spaces, destitute of any proper walls, in the middle of a brown paren-

chymatous mass, which probably performs the functions of the liver.

The lacunae, into which nourishment is thus received, must necessarily

be prolonged amongst the tissues, and in the interspaces between the

muscular fasciculi throughout the entire body, and thus replacing alto-

gether the circulating fluid ; and even when living specimens of such

genera (Dermanyssus , Gamasus, Bedella) as are sufficiently transparent

are submitted to examination under the microscope, although it is easy

Ann. des Sciences Nat. 1834. + lb. 1845, t. iii. p. 14.



10 AEACHNIDA.

3 see that the blood or other nutritive juices upon which the creatures

ve, and with which their bodies are filled, occupies a lobed or symme-

rically multifid space, there is no appearance of any canal possessing

istinct walls, but the whole seems difiused through lacunae that extend

ven into the bases of the legs.

(1065.) The Acari, however, possess an anal orifice, through which

xcrementitious matter undoubtedly issues; nevertheless, on examining

his excrementitious substance, it appears rather to present the clia.

icters of a secretion, as, for example, in the case of the genus Uropoda,

diere it becomes consolidated on exposure to the air into a little horny

lem, upon which the creature is attached as upon a pedicle. It might,

herefore, as M. Dujardin observes, he possible to conceive this kind

f digestion in a mass, acting much in the same way as the glands upon

ae nutritive
j uices submitted to their action.

In the most simply organised Acaridans, such as Acarus and Sar-

optes, no traces of any respiratory apparatus ai'e discoverable, and re-

piration seems to he entirely effected by the general surface of the

ody. In Ixodes Gamasus and other Acaridans furnished with forci-

ated mandibles, on the contrary, numerous elegantly-ramified tracheae,

f which the larger trunks are distinguishable by a spiral filament, re-

embling that exhibited by the tracheae of Insects, are dispersed

hrough the body. These respiratory tracheae communicate externally

hrough the medium of minute stigmata, which in Oribates are situated

etiveeu the first two pairs of legs.

(1066.) Between these two extremes in the development of the re-

piratory system of the Acaridans, numerous intermediate grades exist

r different genera; and in some M. Dujardin * has pointed out a

fixed kind of respiratory process, very different from anything as yet

bserved among articulated animals
;

this consists in a system of tra-

hese terminating at a respiratory mouth situated at the base of the

landibles, and serving only for expiration, while inspiration is effected

y the general integument and its appendages.

(1067.) To render intelligible this phenomenon, it will be necessary

o lay before the reader the description given by M. Dujardin of the

espiratory or rather expiratory apparatus as it exists in Trombidium.

t is as follows:—“At the base of the mandibles superiorly, is seen an

blong orifice, bounded by two lips, the structure of which is altogether

emarkable ; it is a perforated eminence (bourrelct reticule a jour), the

nternal cavity of which communicates with two large tracheal vessels,

fifich run parallel to each other from behind, forwards to this orifice.

Cach of the tracheal trunks, at a little distance from the orifice, sud-

enly divides itself into a tuft of tubular tracheae, which are without

uy internal spiral filament, and which are distributed without any

* Loc. cit. p. 17.
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ramifications throughout all parts of the body. On observing a living

Trombidium, it is seen frequently to agitate its mandibles as though to

produce some movement of the air contained in the respiratory ap-

paratus, and if at the same time a little water be placed upon the re-

spiratory orifice, it is sometimes seen to become inflated with little

bubbles of air.”

(1068.) On dissecting a Trombidium there is seen beneath the in-

tegument, which is covered with plumose hairs, an elegant network,

made of a diaphanous substance, of homogeneous appearance, which

appears to be in relation with the plumose appendages of the integu-

ment, and in concert with them serves to absorb the gaseous elements

that are subsequently emitted externally through the tracheal orifices.

(1069.) In Hydrachua and the aquatic Acaridans, the expiratory sys-

tem is similar to that which exists in Trombidium, only that instead

of plumose hairs upon the surface of the body, there are stomata

something resembling those of plants, that is to say, apertures covered

over with a very delicate membrane, beneath which is a sub cutaneous

network, such as exists in the terrestrial species.

(1070.) The nervous system in Trombidium, and probably of the

other Ac.ari, presents a very remarkable arrangement, consisting en-

tirely of a single large globular ganglion, from which nervous filaments

are given off, both before and behind. The researches both of Trevi-

ranus and M. Dujardin deny the existence of anything like a supra-

cesophageal ganglion, or nervous collar around the oesophagus.

(1071.) The eyes of the Acaridans are generally four in number,

they are sessile, and approximated together by pairs upon the dorsal

surface of the cephalo-thorax. In some cases, however, the eye is soli-

tary, and composed of eight or ten minute facets.

(1072.) Trombidium is the only Acaridan in which either M. Dujar-

din orTreviranus could discover the presence of a tubular two-branched

ovarium; generally speaking, throughout this order of Arachnidans,

the ova are produced in the substance of the general tissue of the

body, without the presence of any ovarian apparatus with distinct

parietes being apparent. The genus Oribntus produces living em-

bryos covered with a soft and wrinkled integument, which, as its de-

velopment advances, becomes hard and crustaceous
; in these Acari,

therefore, in order to enable them to bring forth their young, it is ne-

cessary that the orifice of the vulva shall be of extraordinary dimen-

sions, and accordingly it is found to be, in species thus constituted, a

large oval orifice, occupying a third or fourth part of the entire

length of the body, the opening being closed by two valves. In

front of this large orifice, which is placed posteriorly, is another

round opening, likewise terminated by valves, which' gives issue

to a long membranous tube, folded longitudinally and furnished with

retractor muscles. It would appear possible, therefore, that this is a
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penis, and that Oribalus is hermaphrodite, for seeing that the young

ire horn alive, it cannot he looked upon as an ovipositor, or as furnish-

ing any secreted defence for the ova.

In conclusion, it seems evident, from the above recorded circum-

stances, connected with the organisation of the Acaridan Arachnidans,

drat much of their history is as yet involved in great obscurity
;
suffi-

jient, however, lias been said, to show that much interest is attached to

many points in the economy of these miuute creatures.

The rest of the Arachnidans breathe by means of lungs, or, as they

ire more properly designated, ‘pulmonary bronchia:; and consequently,

in contradistinction to the last-mentioned, are called by zoologists

Arachnida Pulmonaria :—such are the Scorpions and Spiders.

Fit). 189.

(1073.) The Pedipalpt, forming the second division, are at once

recognised by the peculiarity of their external configuration. Their

palpi, the representatives apparently of the maxillary palpi of insects,

are exceedingly strong, and furnished at their extremity with a pre-

hensile forceps
; the hinder part of the body, corresponding with the

abdomen of insects, is much prolonged, and composed of numerous

articulated segments, terminated in the scorpion tribe by a sharp un-

ciform sting (Jig. 189), armed with a venomous secretion.

(1074.) The third section embraces the Araneidie, or Spiders, dis-

tinguished by having the abdomen short and globular, and furnished,

moreover, near its posterior termination with spinnerets, by means of

which these animals manufacture silken filaments applicable to a great

number of purposes, and especially employed in constructing what is

usually named the spider’s web. The maxillary palpi in the females

are simple, and more or less resemble feet ; but in the males they often

form a remarkable apparatus, to be described in another place : the
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jaws are also armed with sharp and hooked fangs, and perforated near

their points for the emission of a poisonous secretion provided for the

destruction of their prey.

(1075.) Beginning with the first division, we shall now proceed to

place before the reader such facts as have been ascertained, connected

with the anatomical structure of the class under consideration. In

the Acaridae, or Mites, the skin of the entire body is so soft that any

annulose structure is scarcely distinguishable ;
the division, however,

into cephalo-thorax and abdomen is sufficiently evident. The eyesaie

minute black points, never exceeding four in number and resembling

the ocelli of insects. Eight feeble legs are articulated with the thorax,

properly so called. The mouth seems adapted to suction, and the jaws

form a piercing instrument barbed at the extremity. The structure

of the respiratory stigmata or spiracles would seem to differ very con-

siderably from those of insects. According to Dr. Auduoin, in the

species which he examined ( lodes Erinacei) ,* each spiracle resembles

a spherical tubercle perforated by an infinite number of small holes,

in the centre of which may be remarked a larger circular plate ; and

it is through these numerous foramina that the air enters the body,

and gets into the tracheae.

(1076.) The Pulmonary Arachnidans, both of the pedipalp and

spinning divisions, are strictly carnivorous in their habits, living upon

the juices of the insects they destroy ;
and we may consequently ex-

pect, in the construction of their alimentary apparatus, a simplicity

proportioned to the facility with which highly nutritive food composed

of already-animalised materials is capable of being assimilated. The

mouth varies somewhat in its conformation, and, if we compare the

pieces composing it with those that we have found mandibulate insects

to possess, we shall have good reason for surprise in noticing the strange

uses to" which some parts of the oral apparatus are converted. In

scorpions (Jig. 189), the apparent representatives of the mandibles of an

insect are transformed into a pair of small forceps, each being provided

with a movable claw; these, therefore, form of themselves prehensile

organs adapted to seize prey, and hold it in contact with the mouth.

But it is in the maxillce that we find the most extraordinary metamor-

phosis ;
for the maxillary palpi, so small in insects, are found to be

developed to such prodigious dimensions, that they far surpass in size

and strength any of the ambulatory extremities, and, from their re-

semblance to the claws of Crustaceans, have given the character from

which the name of the division is derived.f Each of these formidable

organs is terminated by a strong pair of pincers, and thus the max-

illary palpi become converted into potent instruments either for attack

* Cyclop, of Anat. and Phys. art. Arachnida.

t Pcs, a foot
;
palpus, a feeler.
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or defence. The representative of the labium of an insect in the

Arachnidans has no palpi connected with it.

(1077.) In spiders the organisation of the mouth is altogether dif-

ferent. The mandibles (fig. 191, o, o) are each terminated with a

movable fang (c), which ends in a sharp point, and is perforated near

its extremity by a minute orifice, from which, when the spider bites, a

venomous fluid of great potency is instilled into the wound inflicted

;

such, indeed, is the malignity of this poisonous secretion that its effects

in destroying the life of a wounded insect are almost instantaneous,

and in some of the large American species even small birds fall victims

to its virulence The organ in which the poison is elaborated is repre-

sented in the figure above referred to : it is a long and slender bag,

from which an attenuated duct may be traced through the body of the

mandible as far as the perforated extremity of the fang.

The palpi connected with the maxillte of the spider are terminated

in the female by a simple hook
;
but in the males of many species

they exhibit a conformation slightly resembling the forceps of the

scorpion, although provided for a very different purpose. "When closed

(fig. 1 90, n), the terminal part of the palpus presents a club-like

dilation, which, however, on close inspection will be found to consist of

several pieces (fig. 190, a, a, b, c, d, e), connected with each other by

articulations, and capable of being opened out in the manner re-

presented in the figure. This strange Fig. 190.

instrument was formerly imagiued to

be the penis of the male spider, and

was thought to contain the termina-

tions of the seminal ducts : the sup-

position, however, has been proved to

be erroneous, for the palpus is im-

perforate, and the sexual apertures of

the male are situated elsewhere, but the organ in question is never-

theless apparently used in the process of impregnation, in a manner
to be explained hereafter.

(1078.) Both in scorpions and spiders the alimentary canal is ex-

ceedingly narrow, presenting scarcely any of those dilatations met with

in the digestive organs of insects. This is a natural consequence of the

nature of their food ; for, as they live entirely upon animal juices

sucked from the bodies of their victims, there could be little necessity

for the presence of capacious receptacles for nutritious matter, or for

any reservoirs for the accumulation of effete material.

In the Scorpionidm there is no stomachal dilatation whatever: a

straight intestine passes directly from the mouth to the anus, situated

at the extremity of the abdomen
; and the insertion of the biliary

vessels forms the only distinction between its ventricular and intestinal

divisions. Five delicate caeca are derived from each side of the ven-
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tricular portion, and plunge into the

centre of a fatty substance in which

the alimentary canal is embedded.

In Spiders
,

likewise, caeca are ap-

pended to the commencement of the

digestive apparatus, and a slight en-

largement (Jig. 191, 4) may be said

to represent the stomach, from which

a slender intestine (g) is continued to

the anus. As in the scorpion, a large

quantity of fat
(
li

)

surrounds the nu-

trient organs, and fills up a great pro-

portion of the cavity of the abdomen.

Like the fat-mass of the larvae of in-

sects, this substance must, no doubt,

be regarded as a reservoir of nutri-

ment; and when the habits of these

animals are considered, the precarious

supply of food, and the frequent ne-

cessity for long-protracted fasts, when

a scarcity of insects deprives them of

their accustomed prey, such a

provision is evidently essential

to their preservation.

(1079.) One peculiarity con-

nected with the arrangement of

the chylopoietic viscera of the

spider is the manner in which

the biliary organs terminate in

the intestine; for instead of

entering in the usual position,

namely, close to the termina-

tion of the stomach, they seem

to pour their secretion into the

rectum immediately in the vi-

cinity of the anus. At this

point, a kind of sacculus (Jigs.

191 and 193, /) joins the in-

testine, into which the branched

tubes (fig. 193, o, o; Jig. 191,

s) empty themselves. This

circumstance has long been a
Digestive and drculatory apparatu8 of tho

subject of interesting inquiry Harvest Spider.— a, the stomach, with its

to the comparative physiologist, lateral caeca, on which is situated the dorsal

If the fluid secreted by these vessel; b, b, vascular sinuses.

Fig. 191.

r.

Fig. 1 92.
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Fig. 193 .

tubes be really bile, in wliat manner does it accomplish those purposes

usually supposed to be effected by the

biliary secretion ? It would seem to be,

in this case, merely an excrementitious

production. Are the ca3ca appended to

the stomach biliary organs? If so, the

apparatus in question may be of a totally

distinct character, and its product only

furnished to be expelled from the system.

In conformity with the last supposition,

many anatomists have been induced to

regard these vessels as being analogous

to the urinary secernents of more highly

organised animals, and have not scrupled

to apply to them the appellation of

renal vessels

:

but this hasty application of names we have already

animadverted upon as being highly prejudicial to the interests of

science ; and in this instance, as in many others, to wait for the results

of future investigations is far more advisable than rashly to assign a

definite function to a part, the real nature of which is a matter of

speculation.

(1080.) The respiratory system of the Pulmonary Arachnidans is

constructed upon very peculiar principles, being neither composed of

gills adapted to breathe water, nor lungs like those of other air-breath-

ing animals, but presenting a combination of the characters of both.

The pulmo-branchiee are, in fact, hollow viscera resembling bags ; the

walls of which are so folded and arranged in laminte, that a consider-

able surface is presented to the influence of oxygen. It is, indeed,

highly probable that these organs are intermediate in function as well

as in structure between an aquatic and air-breathing respiratory appa-

ratus
;

for, as both the pedipalp and spinning Arachnidans frequent

moist situations, the dampness of the atmosphere may be favourable to

the due action of the air upon the circulating fluids of these creatures.

Each pulmo-branchia opens externally by a distinct orifice, resembling

the spiracle of an insect, and is closed in a similar manner by movable

horny lips. In the scorpion {Jig. 1 89) the spiracles are eight in

number, placed upon the ventral aspect of the body; and just in front

of the first pair of breathing-holes are two remarkable organs repre-

sented in the figure, resembling a pair of combs, which are apparently

adapted to keep the spiracular orifices free from dirt, and thus prevent

any obstructions to the free ingress and egress of the air.

In the Araneidre, the form and arrangement of the spiracles is

somewhat different: according to Treviranus, there are four pairs on

each side of the cephalo-thorax, situated immediately above the in-

sertions of the legs; and in addition to these there is one pair



ARACIINIDA. 417

constantly found on the under surface of the abdomen, and four pairs

of smaller apertures of less importance on its upper part.

In order to understand the manner in which respiration takes place

in pulmo-branchicc of the structure above described, it is necessary to

suppose the existence of a vascular apparatus, by means of which the

circulating fluid is continually spread over the laminae of the respiratory

sacculi, and afterwards returned to the circulation in a purified con-

dition. It is true, that, owing to the extreme difficulty of tracing

vessels of such small dimensions, the continuity of the entire system

is rather an inference deducible from a general review of the facts

ascertained, than absolutely a matter of demonstration. We will,

therefore, briefly lay before the reader the data upon which physio-

logists found the opinions entertained at the present day relative to the

means whereby the circulation of Arachnidans is accomplished.

(1081.) According to Treviranus, spiders are provided with a long

contractile vessel (Jig. 194, a), which runs along the mesial line of the

Fig. 194.

Plan illustrating the circulatory system in a spider.

—

a, dorsal vessel ; b, suspensory

muscle ; c, the ocelli
;
d, poison gland ; e, palpus

; f pulmo-branchial organ
; g, poison

fang
;
h, cephalo-thorax

; i, caecal appendices to the stomach; I, vascular trunks derived

from the dorsal heart, running to the pulmo-hranchiae; in, abdomen; n, spinnerets.

back, and resembles in form the dorsal vessel of insects, although in

structure it is widely different. In insects, it will be remembered, the

dorsal vessel communicated freely with the abdominal cavity by
numerous valvular apertures,' and neither arteries nor veins were

necessary for diffusing the blood through the system; but in the

Pulmonary Arachnidans numerous vascular trunks, l, l, are given off

from both sides of the dorsal heart, and are dispersed iu all directions.

All the branches proceeding from the sides of the dorsal vessel are

presumed to be of an arterial character, with the exception of a few

large canals situated near the junction of the anterior and middle

thirds of its length, and these are supposed to be veins * (branchio-

cardiac vessels
)
destined to return the aerated blood from the pulmo-

* Dr. Audouin, Cyclop, of Anat. and Phys . art. A raoanida.

E E
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bronchia, f, into the general circulation. Whoever watches the move-

ments of the blood in one of the limbs of these creatures will perceive

that under the microscope its motion bears little resemblance to that

observable in the foot of a frog, or in animals possessed of an

arterial and venous system completely developed. So irregular, indeed,

is the course of the globules, that it would be difficult to conceive them

to be confined in vessels at all
;
the whole appearance resembles rather

the diffused circulation seen in the larva of an insect, than that of a

creature possessing vascular canals arranged in definite directions.

The only probable way of accounting for such a phenomenon is by

supposing that, in this first sketch of a vascular system, if we may be

pardoned the expression, the veins are mere sinuses or wide cavities

formed in the interstices of the muscles, through which the blood

slowly finds a passage. From a review of the above-mentioued facts

we are at liberty to deduce the following conclusions relative to the

circulation of Arachnidans :—The pulmo-branchia being apparently

the only organs of respiration, the blood must be perpetually brought

to these structures from all parts of the system, to receive the in-

fluences of oxygen, and again distributed through the body ;
such a

circulation could only be accomplished in circumscribed channels

,

some destined to propel it through all parts ;
others to collect it after its

distribution, and bring it to the respiratory organs; and a third set to

return it iu a renovated condition to the heart. The circuit of the

blood may therefore be presumed to be completed in one or other of

the following modes. The dorsal vessel, or heart, by its contiaction

drives the blood through numerous arterial Canals to the periphery of

the system: the blood so distributed gradually finds its way into

capacious sinuses, through which it flows to the branchial oigaus, and

from hence it re-enters the heart by the bmnchio-cardiac vessels above

referred to : or else the action of the heart drives a portion of the cir-

culating fluid into the puhno branchice by the same effort which supplies

the rest of the system, and the blood so impelled to the respiratory

organs becomes, after being purified, again mixed up with the contents

of the veins which return it to the heart.

(1082.) In the Scorpions, the circulatory system resembles that of the

Myriapoda, but is more completely organised; the heart, which is, as in

the Scolopeudia, divided into compartments, is elongated at its posteiioi

extremity into a long caudal artery, and gives off from each chamber

a pair of systemic arteries, which are distributed among the visceia,

and also send their principal divisions to supply the muscles of the

inferior and lateral regions of the body, as well as the pulmonary sacs.

At the anterior part of the abdomen, the heart assumes the character

of an aorta, descending suddenly into the thorax, and dividing imme-

diately behind the brain into a number of large vessels, that supply

the head and the locomotive organs. The posterior of these form a



ARAC1INIDA. 410

vascular collar around the oesophagus, which gives origin to the great

arterial trunk, or supra-ganglionic vessel, whereby the blood is conveyed

to the posterior part of the body, as in the Myriapoda (vide § S81).

This vessel passes beneath the transverse arch of the thorax, with

which it is slightly connected by fibrous tissue, and then runs backwards,

gradually diminishing in size, until it reaches the terminal ganglia of

the tail, where it divides into branches that accompany the nerves. In

addition to the above arrangement, Mr. Newport has discovered a fibrous

structure, from which are given off two pairs of vessels, to be distributed

to the first pair of branchial organs, as also a little vessel which,

passing backwards, anastomoses with the spinal artery, to form the

sub-spinal vessel. This latter takes its course beneath the chain of

nervous ganglia, communicates directly by means of short branches

with the supra-ganglionic artery, and, at intervals, gives off from its

under surface large vessels, which, uniting together, convey the blood

which has circulated in the abdominal segments directly to the branchiae,

whence it is returned to the heart by a great number of slender canals,

which, emanating from the posterior aspect of each branchial organ

,

unite to form larger trunks, that run along the walls of the segments,

to pour their contents into the valvular orifices situated upon the dorsal

aspect of the heart.

(1083.) The heart of the Scorpion* is a strong muscular organ ex-

tended along the middle of the back, from its continuation with the

great caudal artery in the last segment of the abdomen to the com-

mencement of the aorta. In the dorsal part of its course the heart

is divided into eight separate chambers, which are wider and stronger

in proportion to their length than in the highest of the Myriapoda.

They are more muscular and compact in proportion to the greater

quantity of blood to be transmitted through them, and the force with

which it is necessarily propelled. The form of each chamber is

somewhat heart-shaped, being slightly contracted in its middle portion,

and enlarged at its posterior. Each chamber has two auricular openings

for the passage of the blood, placed very close to the median line

of the heart on its dorsal surface
; and it gives off at its inferior

lateral angles a pair of large arterial vessels, the systemic arteries,

which distribute the blood downwards to the viscera, and to the dorsal

and lateral surfaces of the body.

(1084.) Each chamber is provided at its sides, as in the Myriapoda,

and Insects with two sets of muscles, the Ala cordis. The anterior

and largest pair of muscles are attached to the anterior part of each

segment, and pass diagonally forwards, and the posterior, the proper

retractor muscles of the chamber, to its posterior angle, and pass back-

wards, leaving between the two sets of muscles a passage for the vessels.

(1085.) The structure of the chambers internally differs considerably

* Newport, Phil. Trans. 1843.
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from that of the chambers in the Mclolontha as described by Strauss

Durckheim (§ 995). Each valve, or division between them, is formed

by a reduplication of the whole muscular structure of the dorsal surface

of the organ. This reduplication, which is chiefly on the upper and

lateral surfaces, is very imperfect on the under, and in some of the

chambers is entirely absent on the under surface. The reason for

this imperfect structure of the valves may perhaps be explained by the

fact that the blood is distributed from the heart in the Scorpion, in

opposite directions, partly backwards towards the tail, but chiefly

forwards towards the head and sides, and hence it may be necessary

that a reflux of the blood should not be entirely prevented ; as may

be required in those instances in which the whole current is in one

direction. The structure of the heart is exceedingly thick, opaque,

and muscular : it is formed of two layers of fibres, longitudinal and

circular in each layer, the most powerful of which are the latter. On

its internal surface it is smooth, and lined by an exceedingly delicate

membrane, through which the strong circular fibres are distinctly

marked. It is by means of these that its most powerful contractions

are effected, the auricular action being chiefly the result of the relaxa-

tion of these fibres, assisted by the reactions of the lateral muscles.

(1086.) The aorta arises from the anterior extremity of the

heart or dorsal vessel. It is short, thick, and smooth on its external

surface, without lateral muscles or internal divisions into chambers. It

descends obliquely forwards and downwards, and, after passing beyond

the great median arch of the thorax, to which many of the muscles of

this region of the body are attached, it gives off the vessels to the

head, to the organs of locomotion, and to form the great supra-spinal

artery, which, as in the Myriapoda, represents the aortic trunk, or

rather the Aorta descendens, which, running above the chain of nervous

ganglia, supplies the neighbouring parts in this region of the body, as

well as branches to the alimentary canal and to the liver.

(1087.) The portal system of vessels is situated chiefly below the

nervous cord on the ventral surface of the body, and is the means by

which the blood is collected and conveyed to the branchiae, from which

it seems to be returned to the system, after circulating through the

organs by means of a large sinus or vessel at their posterior superior

angles. Behind the bony arch of the thorax there is a hollow

fibrous structure, that closely surrounds the cord and nerves as in a

sheath. It seems to form a kind of sinus, from the posterior part of

which a small vessel passes backward, which, joined by anastomoses

from the supra-spinal artery, forms the commencement of the sub-spinal

vessel, and it gives off two pairs of vessels at its sides. The first

and second pair of these efferent vessels, covered by the thick peri-

toneal lining of the abdomen, send tbe blood in a diagonal direc-

tion backwards to the first pair of abdominal branchite. The first
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pair of these vessels originate close to the folds of the diaphragm.

They pass backwards and outwards into the abdomen, and are joined

in their course by numerous small vessels from the sides of the seg-

ments, and immediately anterior to the first pair of abdominal branchiae

are each divided into two branches, which are again divided and sub-

divided into a multitude of anastomosing vessels before they are distri-

buted on the branchiae. These branchiae likewise receive the second

pair of efferent vessels, which, like the first, pass diagonally backwards

from the fibrous structure to the inner side of the branchiae, on

approaching which they are divided like the other pair into two

branches, which are subdivided, and anastomose with the divisions of

the first pair. The whole form a most intricate web of anastomosing,

pulmonic, capillary vessels, before they are distributed on the an-

terior part of the branchi®. We have thus a complete distribution

of the blood to the pulmono-branchiac in the anterior part of the

abdomen. There is a similar but less perfect distribution in the

posterior.

(1088.) Professor Muller* has accurately described the pulmono-

brancliiae as formed of a multitude of closely-approximated, thin,

double lamellae, which communicate, by a small orifice in each, with

the external air admitted into a common cavity through the spiracle on

the surface of the body. The blood, distributed through these lamellae,

is brought into contact with the air in their interior through their

membranous structure. The minute anatomy of these lamellae, and the

manner in which they are permeated by the blood, afford some points

of interest. Each side of these double lamellae is formed of an ex-

ceedingly delicate and apparently structureless double membrane,
which includes within it a parenchymatous tissue formed of single

vesicles or cells. The convex margin of each lamina is bounded by a

delicate but distinct vessel, which seems to form the means of inter-

communication between the anastomosing network of vessels distri-

buted over the branchiae, and the structure of the lamin®, since the

delicate evanescent vessels traced into the laminae are derived from

those which bound their convex margin.

(1089.) At the posterior part of the inner side of the branchiae,

where the lamin® are covered by the thick membrane and peritoneum

that covers the common cavity of the branchiae, there are several small

orifices, the commencement of vessels which afterwards, when col-

lected together, form the larger channels that convey back the blood to

the heart. These vessels form delicate trunks or sinuses, which pass

around the sides of the body in the posterior part of each segment,

and, becoming gradually enlarged by communicating with other vessels

in their progress, pour their contents into the heart at the auricular

orifices upon its dorsal aspect.

Meckel's Archives, 1028 .
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(1090.) The following, then, will be the course of the circulation in

the Macrourous Araclinidans. The blood received by the veins from

the branchiae is conveyed to the heart round the sides of the segments,

receiving accessions from other vessels in the segments in its course,

and enters the heart at the posterior part of each chamber through the

orifices of Strauss. The auriculo-ventricular cavity, dilated by the

influx of blood, begins first to contract by the action of the circular

fibres at the posterior part of each chamber. By this contraction

part of the blood is at once propelled laterally through the systemic

arteries, to the interior and sides of the body, while the remaining

and chief portion is forced onwards through the valves and body

of the chamber, by the successive contraction of the circular fibres,

into the next chamber. A fresh accession of blood enters the heart

at the auricular orifices in the short interval of time that elapses be-

tween the contractile actions of the two chambers, which interval is

probably occasioned by the reaction of the lateral muscular appendages

of the organ. These contractions are carried gradually onwards

through the whole of the succeeding segments, so that ere a third

chamber has contracted, the first is again filled and ready to be emptied,

thus occasioning, by their alternate movements, those pulsatory motions

which are so well known in the dorsal vessel of Insects. The blood,

propelled by these successive contractions through the aorta, is dis-

tributed to the organs in the head and thorax and the organs of loco-

motion. Part of it is also sent round the aortic arches through

the supra-spinal ai’tery backwards into the abdomen, giving off its

minute currents for the nourishment of the nervous ganglionic cord,

while another portion, intermingled with that collected in the portal

vessels, is sent to the branchiae. But its principal current still

flows in the supra-spinal artery, along the upper surface of the cord

to the terminal ganglion of the tail, where it divides into four streams,

two of which go out at the sites of the ganglion to nourish the seg-

ment, while the other two, now greatly reduced in size, proceed back-

wards along the terminal nerves of the cord, and, becoming more aud

more subdivided in the last segment of the tail, are diffused through

the surrounding structures. These form minute anastomoses with

numerous small vessels, w'hich, gradually collecting in separate trunks

on the under surface of the last segment, form the origin of the caudal

portion of the sub-spinal vessel which conveys the returning blood

forwards from the tail to the abdomen, to be aerated in the branchiae

before it is again transmitted to the heart. In like manner the blood

that has already circulated through the organs of locomotion, the

cephalo-thorax and abdomen, appears to be collected in the veins which

transmit it to the branchiae before it is again employed in the circula-

tion. Throughout the whole of its course along the artery in the tail,

the blood is passed in small currents into the sub-spinal vessel ;
thus

intermingling the venous and arterial blood, precisely as occurs in the
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abdomen. But the circulation in the caudal prolongation of the heart

yet remains to be explained. We have already seen that the great

dorsal artery in the tail, above the colon, forms direct vasculai com-

munications around its sides with the sub-spinal vessel upon the vential

surface, in which the course of the blood is propelled forwards to

the abdomen. It is certain, therefore, that the action of the gieat

chamber of the heart must impel the blood at once in every direction,

chiefly forwards, and laterally, but also in part backwards thiough the

caudal artery, otherwise it would be impossible for this structure to

form its anastomoses with the sub-spinal vein without occasioning two

opposing currents in the same vessel.

(1091.) In the nervous system of spiders we observe that progressive

concentration of the nervous centres, which we have traced through the

lower forms of the Homogangliata, carried to the utmost extent.

Spiders are appointed destroyers of insects, with which they maintain

cruel and unremitting warfare. That the destroyer should be more

powerful than the victim is essential to its position ;
that it should

excel its prey in cunning and sagacity is likewise a necessary conse-

quence
; and, by following out the same principles which have already

been so often insisted upon, concerning the inseparable connection

that exists between the perfection of an animal and the centralisation

of its nervous ganglia, we find in the class before us an additional con-

firmation of this law. In scorpions, indeed, the nervous masses

composing the ventral chain of ganglia are still widely separated,

especially those situated in the segments of the tail : in the cephalo-

thorax they are of proportionately larger

dimensions ; and, moreover, exhibit this

remarkable peculiarity, that, instead, of

being united by two cords of communi-

cation, there are three interganglionic

nerves connecting each division. It is

in spiders that the concentration of the

nervous system reaches its climax ; for

in them we find the whole series of

ganglia, encephalic, thoracic, and ab-

dominal, aggregated together, and fused,

as it were, into one great central brain,

from whence nerves radiate to all parts

of the body. The extent to which cen-

tralisation is here carried will be at once

appreciated by reference to the annexed

figure (fig. 195): the encephalic masses

a, a, whence the optic nerves distributed

to the ocelli are derived, are in close con-

tact with the anterior part of a large

ganglion, c, that represents all the ab-

Fic). 195.
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domiual ganglia collected into one mass; and from the posterior part

of this, nerves, n, n, destined to supply the parts contained in the

abdomen, derive their origin. The thoracic ganglia, e, e, are fusiform,

and placed on each side of the mass c, with which they are apparently

amalgamated at one extremity, while from the opposite they give off

the nerves appropriated to the legs.

(1092.) The ocelli or eyes of Arachnidans have been minutely in-

vestigated by Muller, * and seem to present a type of structure very

far superior to that of insects. In the Scorpion this distinguished

anatomist succeeded in detecting most of the parts which enter into

the construction of the eye of a vertebrate animal ; and, moreover,

a great similarity in their arrangement. The cornea, a globular lens,

the aqueous and vitreous humours, the retina and choroid, were all

found nearly in their usual relative positions ; so that the sense of

vision in these animals must he extremely perfect.

(1093.) The sexual organs of the male and

female Arachnidans exhibit very great simplicity

in their structure. The testes, or secreting vessels

of the male spider, are two long caeca {fig- 196, h
),

lodged in the abdomen, and terminating by simple

orifices at the ventral surface. No external intro-

mittent organ is perceptible
;
and it was on this

account that the peculiar apparatus above referred

to, situated at the extremity of the maxillary pal-

pus, was so long considered as giving passage to

the impregnating secretion. The singular instrument

already described (§ 1077) would seem, indeed, to

be in some manner really subservient to the fecun-

dating process; being used most probably as an exciting agent pre-

paratory to the intercourse between the sexes.

(1094.) The ovigerous system of the female is equally devoid of

complication, and, like the male testes, consists of two elongated

membranous sacculi, in which the eggs are formed and brought to

maturity. The impregnation of the ova is evidently effected by the

simple juxtaposition of the external orifices of the two sexes: yet

such is the ferocity of the female spider, that the accomplishment of

this is by no means without risk to her paramour ; for the former being

far superior to the male, both in size and strength {fig. 197, a, b),

would infallibly devour him, either before or after the consummation

of his purpose, did he not exercise the most guarded caution and

circumspection in making his advances.

(1095.) One peculiar characteristic of the Araneidm is the posses-

sion of a spinning apparatus, whereby the threads composing their

web are manufactured. The instruments employed for this purpose

Fig. 196.

* Annates des Sciences Nat. tom. xvii.
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Fi<j. 197.

are situated near the posterior extremity of the abdomen, and consist

externally of four spinnerets, and two palpiform organs (fig. 198, a, b).

Fij. 198 .

Each spinneret, when highly magnified, is found to be perforated at its

extremity by innumerable orifices of extreme minuteness (fig. 198, c),

through which the filaments are drawn ; so that, unlike the silk of

the caterpillar, the thread of the spider, delicate as it is, is composed

of hundreds of smaller cords, sometimes woven together by zig-zag

lines, and thus exhibiting a structure of exquisite and most elaborate

composition. The fluid silk, which, when it is drawn' through the

microscopic apertures of the spinneret, affords the material whereof

the web is constructed, is secreted in a set of glands represented in
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the subjoined engraving {fig. 1 09). The secerning extremities of the

glandular tubes are composed of branched caeca (s), whence arise long

Fig. 109 .

md tortuous ducts (a, a
,
a), that become dilated in their course into

eservoirs for the secreted fluid, and terminate by several canals at

he base of the external spinning tubuli. Various are the purposes
o which the different species of the Araneidae convert the delicate

breads thus produced. Some construct for themselves silken tubes
)r cells, in which to conceal themselves from pursuit, and from this

•etreat they issue to hunt for prey in the vicinity of their abode;
>thers strew their filaments about at random, apparently to entangle

massing insects; many make nets composed of regular meshes, and
spread them out in favourable situations to entrap their victims

fig. ] 97) ; while a few species, enveloping their eggs in bags of curious

^instruction, carry them about attached to their bodies, and defend
hem with the utmost courage and pertinacity : even in water these
vebs are turned to many singular uses

; and ropes, nets, and even
living-bells are at the disposal of aquatic species furnished with this

ixtraordinary spinning machinery.

(1090.) A few only of the most remarkable applications of this

lelicate material can be noticed in this place. The mason-spiders
Mygale) excavate for themselves subterranean caverns, in which these

marauders lurk secure from detection, even by the most watchful

be; nor could any robber’s den, which ever existed in the wild

egions of romance, boast more sure concealment from pursuit, or

mmunity from observation. The construction of these singular

ibodes has long excited the admiration of the naturalist: a deep pit

s first dug by the spider, often to the depth of one or two feet, which,

>eing carefully lined throughout with silken tapestry, affords a warm
md ample lodging; the entrance to this excavation is carefully guarded

>y a lid or door, which moves upon a hinge, and accurately closes
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the mouth of the pit. In order to form the door in question, the

Mygale first spins a web which exactly covers the mouth ol the hole,

but which is attached to the margin of the aperture by one point

only of its circumference, this point of course forming the hinge. Ihe

spider then proceeds to lay upon the web a thin layer of the soil

collected in the neighbourhood of her dwelling, which she fastens with

auother layer of silk ;
layer after layer is thus laid on, until at length

the door acquires sufficient strength and thickness : when peifected,

the concealment afforded is complete ;
for, as the outer layer ol the

lid is formed of earth precisely similar to that which surrounds the

hole, the strictest search will scarcely reveal to the most practised eye

the retreat so singularly defended.

(1097.) Another spider (Clotlio Durandii) constructs a dwelling

equally artificial and ingenious,—a kind of tent in which it lives and

rears its young. This tent is composed of several superposed sheets

of the finest taffeta, and its contour presents seven or eight prominent

angles, which are fixed to the surface of the ground by silken cords.

The young Clotho at first lays down only two sheets thus secured,

between which she hides herself; but, as she grows oldei', she con-

tinually lays down additional coverings, until the period when she

begins to lay her eggs, at which time she constructs an apartmeut,

soft, downy, and warm, specially devoted to their reception. The

exterior sheet of the tent is purposely dirtied for the purpose of con-

cealment ;
but within everything is beautifully clean and white. The

most admirable part of the contrivance, however, is the perfect safety

afforded to the young when the parent leaves her tent in search of

food ;
some of the superposed sheets are fastened together at their

edges, others are simply laid upon each other, and, as the parent

herself alone possesses the secret which enables her to raise those

layers by which entrance is to be obtained, no other animal can find

its way into her impenetrable abode.

CHAPTER XVII.

Crustacea.

Insects and Arachnidans are air-breathing animals
;
and, even in such

species of these two exteusive classes as inhabit fresh water, respira-

tion is strictly aerial. No insects or spiders are marine'; and conse-

quently the waters of the ocean would be utterly untenanted by corre-

sponding forms of Articulata, was there not a class of beings belonging
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to this great division of the animal world so organised as to he capable

of respiring a watery medium, and thus adapted to a residence in the

recesses of the deep. Examined on a large scale, the Crustaceans,

upon the consideration of which we are now entering, are marine

creatures : many species, it is true, are found abundantly in the lakes

and ponds around us, but these form rather exceptions to the general

rule ; and we may fairly regard this extensive group of beings as the

aquatic representatives of the insects and spiders, with which they

form a collateral series.

(1098.) The tegumentary system of the Crustacea corresponds in

its essential structure with that of insects, and consists of a vascular

dermis, a coloured pigment, and a cuticular secreted layer which forms

the external shell or skeleton : the latter, or epidermic covering, how-
ever, differs materially in texture from that of other Articulata, inas-

much as it contains calcareous matter in considerable abundance, and

thus acquires in the larger species great density and hardness.

(1099.) As regards the mechanical arrange-

ment of the skeleton, we shall find the same

general laws in operation as we have observed

throughout all the anuulose orders,—a con-

tinual centralisation and progressive coales-

cence of the different rings or elements com-

posing the external integument, and a strict

correspondence between the degree to which

this consolidation is carried and the state of

she nervous system within.

(1100.) In the lowest forms of the Crus-

;acea we have in fact a repetition of the

condition of the skeleton met with in the

Myriapoda or in the larva state of many
nsects

; the whole body being composed of

i series of similar segments, to which are

ippended external articulated members of the simplest construction

fig. 200).

(1101.) The number of rings or segments composing the body

raries in different species ; but such variation would seem, from the

nteresting researches of Milne Edwards and Audouin, concerning the

•eal organisation of articulated tegumentary skeletons, to be rather

ipparent than real, inasmuch as the discoveries of these distinguished

caturalists go far to prove that, whatever the state of consolidation in

vhich the integument is found, the same number of elements or rings

nay be proved to have originally existed before, by their union, they

jecame no longer distinguishable as separate segments.

(1 102.) The normal number of these elements Milne Edwards con-

siders to be twenty-one, seven of which enter into the composition of

Fig. 200.
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the head, seven belong to the thorax, and as many appertain to the

abdominal region of the body.

(1103.) To illustrate this important doctrine let us select a few ex-

amples, in order to show the manner in which the progressive coales-

cence of the segments is effected.

(1104.) In Talitra (Jig. 201) the cephalic elements are complete y

united, their existence being Ft3- 20

x

-

only indicated by the several

pairs of appendages ; one pair,

of course, belonging to each

ring. The first ring of the .

cephalic region, in this in-

stance, has no external articu-

lated member; hut in higher

orders the eyes are supported

upon long peduncles connected with this element of the skeleton, that

may be regarded as the representatives of those limbs which take dif-

ferent names in different regions of the body. The second and third

rings support jointed organs, here called antennse ;
while the several

pairs of jaws appertaining to the mouth indicate the existence of so

many elements united together in the composition of the head.

(1105.) The seven segments of the thorax are still distinct, and each

supports a pair of jointed organs, which, being used in locomotion,

are called legs; the abdominal elements, likewise, are equally free,

and have natatory extremities developed from the five posterior

rings.

(1106.) In the lobster (Astacus Marinus) we find not only the ce-

phalic segments anchylosed together, but those of the thorax also;

and although the lines of demarcation between them are still recog-

nisable upon the ventral aspect of the body, superiorly the entire

thorax and head are consolidated into one great shield
(
ccphalo-thorax),

the abdominal segments only remaining distinct and movable.

(1107.) In the Crabs the centralisation of the external skeleton is

carried to still greater lengths, so as to enable tbis tribe of Crustaceans

to become more or less capable of leaving their native element, and

walking upon the shores of the sea, or even in some instances of lead-

ing a terrestrial existence, as in the case of the land-crab of the West

India islands. The abdominal segments, however, still remain free,

though proportionately of very small dimensions
;
and, being no longer

useful in swimming, the abdomen is folded beneath the enormously-

developed thoracic portion of the body.

(1108.) In the King-Crab (Limulus Polyphemus; fig. 202) even

the divisions of the abdomen are obliterated, the whole body being

covered by two enormous shields, and the tail prolonged into a iormi-

dable serrated spine, of such density and sharpness that in the hands
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of savages it becomes a dreadful Fig. 202.

weapon, and is used to point their

spears either for the chase or war !

(1109.) The reader will at once

perceive the strict parallelism that

may he traced between the changes

which occur during the metamor-

phosis of insects, and those observ-

able as we thus advance from the

lowest to the most highly organised

Crustacean genera ;
and even the

steps whereby we pass from the

Annelidan to the Myriapod, and

from thence to the Insect, the Scor-

pion, and the Spider, seem to be re

peated as we thus review the progres-

sive development of the class before

us.

(1110.) Having thus found that

the annuli, or rings, which compose

the annulose skeleton may be detected even in the most compactly

formed Crustacea, it remains for us to inquire, in the next place,

what are the principal modifications observable in the articulated ap-

peudages developed from the individual segments.' This inquiry is

one of considerable interest, inasmuch as it goes to prove that, how-

ever dissimilar in outward form, or even in function, the limbs of

Crustaceans are mere developments of the same elements, which, as

they remain in a rudimentary condition or assume larger dimensions,

become converted into instruments of sensation, legs, jaws, or fins, as

the circumstances of the case may render needful. In the lower, or

more completely an-

nulose forms {figs.

200 and 203), these

members are pretty

equally developed from

all the segments of

the body, and are sub-

servientto locomotion,

being generally ter-

minated by prehen-

sile hooks, or provided with fin-like expansions ;
but, as we advance to

the more perfect genera, the limbs assume such various appearances,

and become convertible to so many distinct uses, that they are no

longer to be recognised as consisting of similar elements, modified

only in their forms and relative proportions. To notice all the varieties

Fig . 203.
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which occur in the extensive class before us, would be to weary the

reader with tedious and unnecessary details ;
we shall therefore select

the Decapod * division of these animals, as abundantly sufficient foi

the illustration of this part of our subject. This division, which in-

cludes the most highly organised forms, has been divided by vuteis

into three extensive families,—the Macroura ,
or swimming Decapods ,

the Anomoura ,
which inhabit the empty shells of Mollusca; and the

Brachyura, or short-tailed species, of which the crab is a familiar

specimen. If we take the common lobster as an example of the fast

of these groups, we shall find that there are five pairs of articulated

limbs placed upon each side of the mouth, which are evidently adapted

to assist in seizing and conveying into the stomach substances used as

food. These singular organs, which, although entitled to be considered

as jaws so far as their use would indicate the name belonging to them,

are no less obviously merely modifications of articulated feet ;
and the

term foot-jaws has now, by common consent, become the appellation

by which they are distinguished.

(1111.) The pair of legs which succeeds to the remarkable members

last referred to is appropriated to widely different offices. The organs

in question are developed to a size far surpassing that attained by any

of the other limbs and are endowed with pi'oportionate strength.

Each of these robust extremities is terminated by a pair of strong

pincers (chela) ; but the two are found to differ in their structure, and

are appropriated to distinct uses. That of one side of the body has

the opposed edges of its terminal forceps provided with large blunt

tubercles, while the opposite claw is armed with small sharp teeth.

One, in fact, is used as an anchor, by which the lobster holds fast by

some submarine fixed object, and thus prevents itself from being tossed

about in an agitated sea ;
the other is apparently a cutting instrument

for tearing or dividing prey.

(1112.) To the chela: succeed four pairs of slender legs, scarcely at

all serviceable for the purposes of locomotion ;
but, the two anterior

being terminated by feeble forceps, they become auxiliary instruments

of prehension.

(1113.) The articulated appendages belonging to all the abdominal

segments are so rudimeutary that they are no longer recognisable as

assistants in progression ;
and it is at once evident, when we examine

the manner in which the Macroura use their tails in swimming, that

the development of large organs in this position would materially im-

pede the progress of animals presenting such a construction : the false

feet, as these organs are called, are therefore merely available as a

means of fixing the ova which the female lobster carries about with

her attached beneath her abdomen.

* So called from the circumstance of their having five pairs of limhs so largely de-

veloped as to become ambulatory or prehensile organs.
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(1114.) The tail is the great agent of locomotion in all the Macroura

or large-tailed Decapods, and for this purpose it is terminated by a fin

formed of broad calcareous lamellae, so arranged, that while they will

close together during the extension of the tail, and thus present the

least possible surface to the water, they are brought out to their full

expansion by the down-stroke of the abdomen; and such is the im-

pulse thus given, that, as we are credibly informed, a lobster will dart

itself backwards to a distance of eighteen or twenty feet by one sweep

of this remarkable locomotive instrument.

(1115.) If we now pass on to the consideration of the Anomourous

Decapods, we find that the external organs above enumerated, although

existing in precisely similar situations, are so far modified in their

construction and relative proportions as to become suited to a mode of

life widely different from that led by the members of the last division.

The Anomoura, as their name imports, have tails of very unusual con-

formation :—instead of being encased in a hard coat of mail as in the

Macroura, the hinder part of the body is soft and coriaceous, possess-

ing only a few detached calcareous pieces, analogous, it is true, to those

found in the lobster, but strangely altered in structure.

(1116.) These animals {Jig. 204), usually known by the name of

Fig. 204 .
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Soldier-Crabs, or Iiermit-Crabs, frequent level and sandy shores, and,

from their defenceless condition, are obliged to resort to artificial pro-

tection. This they do by selecting an empty turbinated shell of pro-

portionate size, deserted by some gasteropod mollusc, into which they

insinuate their tail
;
and, retreating within the recesses of their se-

lected abode, obtain a secure retreat, which they drag after them where-

ever they go, until, by growing larger, they are compelled to leave it

in search of a more capacious lodging. The wonderful adaptation of

all the limbs to a residence in such a dwelling cannot fail to strike the

most incurious observer. The clielce, or large claws, differ remarkably

in size; so that, when the animal retires into its concealment, the

smaller one may be entirely withdrawn, while the larger closes and

guards the orifice. The two succeeding pairs of legs, unlike those of

the lobster, are of great size and strength; and, instead of being ter-

minated by pincers, end in strong pointed level's, whereby the animal

can not only crawl, but drag after it its heavy habitation. Behind

these locomotive legs are two feeble pairs, barely strong enough to

euable the soldier-crab to shift his position in the shell he has chosen
;

and the false feet attached to the abdomen are even still more rudi-

mentary in their development. But the most singularly-altered por-

tion of the skeleton is the fin of the tail, which here becomes trans-

formed into a kind of holding apparatus, by which the creature retains

a firm grasp upon the bottom of his residence.

Fiy. 205 .
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(1117.) In the Brachyura, or Crabs, we have at once, in the concen-

tration observable in all parts of the skeleton, an indication of its

beiug formed for progression on land, or, at least, for creeping at the

bottom of the sea. The tail, the great instrument of locomotion in

the lobster, is here reduced to a rudiment, and the fin at its extremity

entirely obliterated ;
the chela: still continue to be the most powerfully

developed of the extremities ; while the legs, the principal locomotive

agents, are either terminated by simple points, as in those species

which are most decidedly terrestrial in their habits, or else, in the

swimming crabs, the posterior pair become expanded into flattened

oars useful in natation (fig. 205).

(1118.) From the extreme hardness and unyielding character of

the tegumentary skeleton iu Crustaceans, a person unacquainted with

the history of these animals would be at a loss to conceive the manuer

in which their growth could be effected. In insects we have seen

that all increase of size occurs prior to the attainment of the perfect

condition, and expansion is provided for by the moults or changes of

skin which take place during the development of the larva
;
but the

Crustacean, having acquired its mature form, still continues to grow,

and that until it acquires in many instances a size far larger than that

which any insect is permitted to arrive at.

(1119.) The plan adopted in the case before us, whereby growth is

permitted, is attended with many extraordinary phenomena. At

certain intervals the entire shell is cast off, leaving the body for the

time unfettered indeed as regards the capability of expansion, but

comparatively helpless and impotent, until such time as a new shell

becomes secreted by the dermis, and by hardening assumes the form

and efficiency of its predecessor.

(1120.) We are indebted to Reaumur,* who watched the process in

the Cray-fish (Astacus fluviatilis), for what little is known concerning

the mode in which the change of shell is effected. In the animal

above mentioned, towards the commencement of autumn, the ap-

proaching moult is indicated by the retirement of the cray-fish into

some secluded position, where it remains for some time without eating.

While in this condition, the old shell becomes gradually detached

from the surface of the body, and a new and soft cuticle is formed

underneath it, accurately representing of course all the parts of the

old covering which is to be removed ;
but as yet little calcareous

matter is deposited in the newly-formed integument. The creature

now becomes violently agitated, and by various contortions of its body

seems to be employed in loosening thoroughly every part of its worn-

out covering from all connection with the recently-secreted invest-

ment. This being accomplished, it remains to extricate itself from

* Mem. de la Acad, des Sciences, 1718.
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its imprisonment ;—an operation of some difficulty
;
and, when the

nature of the armour to be removed is considered, we may well con-

ceive that not a little exertion will he required before its completion.

As soon as the old case of the cephalo-thorax has become quite

detached from the cutis by the interposition of the newly-formed

epidermic layer, it is thrown off in one piece after great and violent

exertion ; the legs are then withdrawn from their cases after much

struggling; and, to complete the process, the tail is ultimately by

long-continued efforts extricated from its calcareous covering, and the

entire coat of mail which previously defended the body is discarded

and left upon the sand. The phenomena which attend this renovation

of the external skeleton are so unimaginable, that it is really extra-

ordinary how little is accurately known concerning the nature of the

operation. The first question which presents itself is, how are the

limbs liberated from their confinement? for, wonderful as it may
appear, the joints even of the massive chela of the lobster do not

separate from each other, but, notwithstanding the great size of some

of the segments of the claw, and the slender dimensions of the joints

that connect the different pieces, the cast-off skeleton of the limb

presents exactly the same appearance as if it still encased the living

member. The only way of explaining the circumstance is to suppose

that the individual pieces of the skeleton, as well as the soft articu-

lations connecting them, split in a longitudinal direction, and that,

after the abstraction of the limb, the fissured parts close again with

so much accuracy that even the traces of the division are imper-

ceptible. But this is not the only part of the process which is

calculated to excite our astonishment : the internal calcareous septa

from which the muscles derive their origins, and the tendons whereby
they are inserted into the movable portions of the outer shell, are

likewise stated to he found attached to the exuviae ; even the singular

dental apparatus situated in the stomach, of -which we shall speak

hereafter, is cast-off and re-formed ! And yet, how is all this accom-

plished ? how do such parts become detached ? how are they renewed ?

We apprehend that more puzzling questions than these can scarcely

be propounded to the physiologist, nor could more interesting subjects

of inquiry be pointed out to those whose opportunities enable them to

prosecute researches connected with their elucidation.*

* Since writing the above, I have been fortunate in procuring a very good specimen
of Astacusfluviatilis, obtained soon after casting its shell, and also its newly cast-off

covering, both of which are in excellent preservation. The following is a description

of the appearances observed in each All the pieces of the cxuvium are connected
together by the old articulations, and accurately represent the external form of the

complete animal; the carapace
, or dorsal shield of the cephalo-thorax, alone being de-

tached, having been thrown off in one piece. The pedicles of the eyes and external

corneae, as well as the antennae, remain in situ, the corresponding parts having been

drawn out from them as the finger from a glove
;
and no fisBurc of the shell or rupture

F F 2
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(1121.) The structure of the articulations which unite the different

segments of the skeletons of the Articulata, and the general arrange-

ment of their muscular system, have already been described; and, in

the class before us, these parts of their economy offer no peculiarities

worthy of special notice.

(1122.) Throughout all the Crustacean families the alimentary canal

exhibits great simplicity of arrangement, and consists of a short but

capacious oesophagus, a stomachal dilatation or cavity in which is con-

tained a singular masticatory apparatus, and a straight and simple

intestinal tube, which passes in a direct line from the stomach to the

last segment of the abdomen, where it terminates.

(1123.) The description of these parts, as they exist in the lobster,

will give the reader a sufficiently correct idea of their general dispo-

sition and structure
;
nor are we acquainted with any class of animals

in which so little variety in the conformation of this portion of the

system is to be met with.

(1124.) The oesophagus is covered at its origin by the several pairs

of foot-jaws already alluded to ; the most internal of which forms

a decided cutting apparatus, resembling a pair of strong shears, while

the rest are only mstruments of prehension, or, perhaps, of sensation

also. From the mouth, the oesophagus runs directly upwards to the

stomach, which is a considerable viscus {fig. 208, a), a large portion

of the ligaments connecting the joints is anywhere visible in these portions of the skele-

ton. The auditory tubercles, and the membrane stretched over the orifice of the ear,

occupy the same position as in the living cray-fish. The jaws, foot-jaws, and ambu-

latory feet retain their original connections, with the exception of the right chela, which

had been thrown off before the moult began; and the segments of the abdomen, false

feet, and tail-fin, exactly resembled those of the perfect creature;—even the internal

processes derived from the thoracic segments (apodemaia) rather seemed to have had

the flesh most carefully picked out from among them, than to have been cast away from

a living animal : but perhaps the most curious circumstance observable was, that attached

to the base of each leg was the skin which had formerly covered the branchial tofts, and

which, when floated in water, spread out into accurate representations of those exqui-

sitely delicate organs. No fissure was perceptible in any of the articulations of the

small claws ; but in the chela each segment was split in the neighbourhood of the joints,

and the articulating ligaments ruptured. The lining membrane of the stomach was

found in the thorax, having the stomachal teeth connected with it ;
from its position, it

would seem that the animal had dropped it into the place where it lay before the extri-

cation of its limbs was quite accomplished. The internal tendons were all attached to

the movable joint of each pair of forceps, both in the chela and in the two anterior

pairs of smaller ambulatory legs.

On examining the animal, which had extricated itself from the exuvium described

above, the shell was found soft and flexible, but contained a sufficiency of calcareous

matter to give it some firmness, especially in the claws. The tendons of the forceps

were still perfectly membranous, presenting a very decided contrast when compared with

the old ones affixed to the discarded shell. The stump of the lost chela had not as yet

begun to sprout, and the extremity was covered by a soft black membrane. The jaws

were quite hard and calcified, as likewise were the teeth contained in the stomach.
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of it being situated in that region of the ceplialo-thorax which we

should be tempted to consider as the head of the animal. The

pyloric extremity of the stomach is strengthened with a curious frame-

work of calcareous pieces imbedded in its walls, and so disposed

as to support tki’ee large teeth placed near the orifice of the pylorus

;

and, being moved by strong muscles, teeth so disposed, no doubt,

form an efficient apparatus for bruising the food before it is admitted

into the intestine.

(1 125.) The intestine itself
(
b

,
b, l) runs in a direct course to the

tail, imbedded between the two great lateral muscular masses that

move the abdominal segments ;
and terminates upon the ventral

surface of the central lamella of the terminal fin in a rounded orifice

closed by a sphincter muscle.

(1126.) The liver (c, e, c), one- half of which has been removed in

the engraving, consists of two large symmetrical masses, inclosing

between them the pyloric portion of the stomach, and a third part of

the length of the intestine. When unravelled, the minute structure

of the liver exhibits an immense assemblage of secerning caeca

agglomerated into clusters, from each of which a duct emanates, and

the continued union of the ducts so formed ultimately gives origin

to the common hepatic canal (d), which pours the bile derived from

that division of the liver to which it belongs into the intestine at

a very short distance from its commencement at the pylorus. A little

below the insertion of the two bile-ducts, a solitary long and slender

caecum enters the intestine, but the nature of the secretion furnished

by this organ is unknown.

(1127.) Before tracing the course of the circulation in the Crus-

tacea, it will be necessary to consider the character of the apparatus

in which the blood is exposed to the influence of the surrounding

medium for the purpose of respiration. The lowest forms of these

animals, many of which are so minute as to require a microscope for

their investigation, are not, as far as we have yet been able to ascer-

tain, possessed of any organs specially to be regarded as belonging to

this important function ; it would seem, indeed, that in creatures of

such small dimensions, and which are at the same time covered with

an integument of inexpressible thinness and delicacy, the necessity

for any such organisation was done away with, the entire system being

freely exposed to the vital element.

(1128.) In the Pycnogonidte,* the aperture of the mouth is found

at the extremity of the tubular proboscis which projects from the

anterior part of the body of these remarkably-constructed animals,

and which, from its general conformation, certainly reminds us more
of the Acaridiform Arachuidans than of the crustacean type of struc-

* Vide M. Quatrefages, Ann. des Sciences Nat. 1844, tom. iv. p. 72.
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ture. The oesophagus is an extremely delicate and slender canal

which passes directly backwards into the cephalo-thorax, where it

at once expands into a central digestive cavity or stomach which

occupies the centre of the body, and terminates posteriorly in a very

narrow and rudimentary intestine.

(1129.) From the circumference of the stomach are given off ten

long caeca, the disposition of which is remarkable; of these, the

two anterior are prolonged forwards to the pincer-like rudimentary

foot-jaws or palpi, into the interior of which they penetrate for some

distance, while the remaining four pairs, which are of great length,

are continued in a similar manner into the locomotive or thoracic legs,

extending almost to the end of the antepenultimate joint. The anal

orifice of the intestine is situated as usual at the extremity of the

very rudimentary abdomen.

(1130.) When distended with fluid, these caeca may be observed

to become constricted opposite to each articulation of the limb : their

structure is exceedingly simple ;
indeed, they seem to consist of a very

thin diaphanous membrane, in which no trace of fibre is distin-

guishable, but which externally seems to be crusted over with a

granular opaque substance, sometimes presenting a violet or yellowish

tint. These granulations are more thinly scattered over the stomach

than over the caeca, and upon the intestine they are wanting alto-

gether. The whole of this digestive apparatus, notwitstanding that

its walls contain no perceptible fibres, is contractile, and floats freely

in the general cavity of the body, being only retained in situ by

a few delicate fraena; its different parts may be observed to have

alternate movements of contraction and dilatation, driving in undula-

tions, first in one direction, and then in an another, the liquid which

they contain. This liquid, which is quite transparent, hurries along

with the materials in process of digestion. These generally present

themselves under the appearance of roundish or ovoid masses, about

_j.
ff
of a millimetre in diameter, smooth and entirely without granula-

tions during the earlier period of the digestive process ; but as digestion

advances, they may be seen to become decomposed into roundish

granules that powerfully refract the light, and which are scarcely

of a millimetre in size. The feces seen in the intestine are entirely

made up of these granules irregularly agglomerated together, and

it is rare to find among them any traces of alimentary substances

which are not entirely decomposed.

(1131.) It has been stated above, that all that portion of the

alimentary canal which intervenes between the oesophagus and the

intestine is free and floating loosely in the general thoracic cavity,

which cavity is prolonged into the limbs extending beyond the termi-

nations of the caeca ;
and in this cavity it is easy to distinguish, the

muscles subservient to locomotion, and which, more especially in the
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limbs, line, as it were, all the interior of the different joints, so that

the digestive apparatus is evidently lodged in a great lacuna or cavity

which occupies the entire thorax, and is prolonged into the claws.

This lacuna is filled up with a transparent fluid, in which may be

distinguished a great number of irregular transparent corpuscles, which

appear to consist of agglomerations of smaller globules. T.he fluid

is constantly agitated with irregular movements backwards and for-

wards, which are determined by the general movements of the animal,

or by the alternate contractions and dilatations of the stomach and

cceca, and which constitute all the circulation which is discernible in

these creatures. No organ is discernible specially appropriated to this

function, heart and blood-vessels are alike wanting, the great lacuna

above described taking the place of both, since the fluid which it

contains is evidently the representative of the blood, or rather it is the

blood itself. Neither are there any special organs appropriated to

respiration, which is here evidently carried on by the general surface

of the body, as we shall find it to be in many of the Entomostracous

Crustaceans.

(1132.) The remarkable disposition of the alimentary canal, so con-

spicuous in the Pycnogonidte, and which exists, to a greater or less

extent, among the inferior tribes of various classes of animals, has

been named by M. Quatrefages “ Phlebenterism,”

*

from the circum-

stance that in the instance above given, and in many similarly-

organised creatures, the intestinal ramifications supersede to a greater

or less extent the functions of the circulatory, respiratory, and chili-

ferous systems of the higher animals.

(1133.) The nervous system of the Pycnogonidte consists of a

thoracic chain of ganglia, from which are derived the nerves supplying

the limbs, and of a supra-cesophageal mass giving off the optic nerves

to form minute ocelli that constitute the visual organs of these extra-

ordinary creatures.

(1134.) In the Branchiopod Crustacea, so called from this circum-

stance, the legs used in swimming would appear to be converted into

broad-fringed lamellae, so thin that they perform the office of branchiae,

and render needless the existence of other instruments of respiration.

In Daphnia, for example (fig. 206), a creature common in every

stagnant pool, the body is contained, as it were, between two corneous

plates open along their inferior edge. Through this transparent

envelope the legs may be perceived in constant movement, and, from

the extreme delicacy of the covering that invests them, they evidently

present to the surrounding medium a surface of sufficient extent for

the purpose of exposing the blood to its action, thus rendering them

efficient substitutes for branchiae ; while, at the same ' time, their

* a vessel
;

intestine.
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Fig. 206 .

movements insure a perpetual renovation of the water in contact

with them, so that, as a necessary consequence, the respiratory process

will be accomplished with greater completeness in proportion as the

exertions of the animal become more vigorous. In the Crustacea,

indeed, we have many interesting and beautiful examples of the

connection between the respiratory and locomotive organs. Ihe

amount of respiration must necessarily be equivalent to the expendi-

ture of muscular energy, and a more elegant manner of insuring an

exact correspondence between the one and the other, than that

adopted, could scarcely be imagined ;
for, by appending the branchiae

to the locomotive agents themselves, the more actively the latter are

employed, the more freely will the former receive the influences of

the aerated water in which they are immersed.

(1135.) In the Squilla, which swims by means of the movements

of its broad tail, it is the false feet beneath the abdominal segments

that become branchial organs ;
and these, being expanded into broad

and vascular lamellae, perform the office of gills. In the Squilla,

therefore, and similarly-formed genera, the free movement of the tail

insures the full and complete exposure of the respiratory structures to

the surrounding element.

(1136.) In the highest Crustacea, as the Decapoda, in which legs of

an ambulatory character become such important locomotive agents, it

is principally to the origins of these legs that we find the breathing

apparatus appended ; and their active motion will, consequently,

powerfully contribute to the complete aeration of the blood. But

let us first examine the structure of the branchiae themselves in this

highly-organised division, and subsequently we will speak of their

arrangement and connections.

(1137.) In the Lobster, and many other Macroura, the branchiae

(fig. 210, m, m), are pyramidal tufts, consisting of a central stem

covered over with vascular filaments disposed perpendicularly to its
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axis, in such a manner that each of these organs when detached

resembles in some degree a small brush: on cutting the stem across,

it is found to inclose an artery and a vein, from which innumerable

branches are given off to the horizontal filaments
;
so that the latter

constitute a respiratory surface of great extent, which is most freely

exposed to the surrounding medium.

(1138.) In the Crabs and Anomoura the structure of the branchiae

is somewhat different, for in these divisions the cylindrical filaments

are replaced by broad lamellae laid one above the other, but in every

other respect the arrangement is the same.

(1139.) The respiratory orgaus above mentioned are lodged in two

extensive cavities, or branchial chambers, placed upon the sides of the

body, covered by the broad shield of the cephalo-thorax (fig. 209),

and lined by a membrane which is reflected upon the root of each

branchia, so as to become continuous with the delicate layer that

invests every filament or vascular lamella that enters into its com-

position.

(1140.) The branchial chambers are in free communication with the

external medium by means of two large apertures, through one of

which the water enters, while it as constantly flows out through the

other. The afferent canal is generally a wide slit that allows the

water freely to penetrate to the interior of the branchial cavity ; but

the passage whereby the respired fluid escapes after passing over the

branchiae is provided with a valvular apparatus so disposed as to

produce a continual current in the water contained in the chamber,

and thus, by insuring its perpetual agitation, effectually provides

for its constant renewal. The mechanism is as follows:— The
aperture by which the water issues is in the neighbourhood of the

mouth, and is closed by a broad semi-membranous plate
(flabellum )

derived from the root of

the second pair of foot-

jaws ; so that every mo-

tion of these foot-jaws

impresses a correspond-

ing movement upon the

valve-like flabellum, and

in this manner urges on

the passage of the water

out of the cavity in which

the branchiae are lodged.

(1141.) But there are

other means whereby the

action of the limbs is

made to assist in the per-

fection of the respiratory

Fig. 207 .

3H5
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process. Thus, in the Fi3- 2° 8 -

lobster, the third pair

of foot-jaws, aud each

pair of ambulatory

legs, except the last,

supports a flabelliform

plate (Jig. 210, n); the

movements of which

must likewise keep the

fluid respired in a state

of agitation, and more-

over, by gently squeez-

ing and compressing

the respiratory tufts,

powerfully contribute

to the perfect renova-

tion of the water in

contact with the sur-

faces of the branchiae.

(1142.) In the crab

genera the arrange-

ment is slightly modi-

fied, for here there

are three flabella de-

rived exclusively from

the roots of the foot-

jaws^. 207, l,c,d):

of these, two are im-

bedded among the

branchiae ; while the

third, as represented

in the figure, extends

in a crescentic form

over the external sur-

face of the whole se-

ries of those organs.

The end answered in

this case is obviously

the same as that ac-

complished in the lob-

ster, in a different, and,

perhaps, more efficient

manner.

(1143.) In the low-

est Crustacea the heart is a long dorsal vessel, not very dissimilar
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in form and disposition

from that of insects
;
but

of course giving off ar-

teries for the distribu-

tion of the blood, and

receiving veins through

which the blood, having

accomplished its circuit,

is returned.

(1144.) In the Deca-

poda the organ becomes

more centralised, and in

the lobster
(
jig . 208, e)

the heart is found to be

an oval viscus, situated

in the mesial line of the

body, beneath the poste-

rior part of the cephalo-

tliorax

;

it is composed

of strong muscularbands,

and contains a single ca-

vity of considerable size.

— The contractions of

this heart are very vi-

gorous, and may readily

be witnessed by raising

the super-jacent shell in

the living animal.

(1145.) Several large

arteries are derived from

theabove-mentionedsim-

ple heart. A considerable

trunk
(fig

.

208, g)
goes

from its anterior extre-

mity to supply the eyes,

antennae, stomach, and

neighbouringorgans: an-

other, the hepatic
(
i ),

which is sometimes

double, supplies the two

lobes of the liver : a third

large vessel (/i) supplies

the abdominal or caudal

region : and a fourth, the sternal
,
derived from the posterior apex of

the heart, bends down to the ventral aspect of the body, where it
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divides
;
the posterior division (l, T) supplying the lower parts of the

abdomen, while the anterior and larger division (m) gives off branches

to the legs and foot-jaws (n, n, n, n); it likewise furnishes other

vessels (o, o, o, o),
which are distributed through the branchiae.

(1140.) The venous system is made up of large and delicate sinuses

that communicate freely with each other, and receive the blood from

all parts of the body. Those of the dorsal region are represented in

the annexed figure {fig. 209) : a large venous sinus (a) occupies the

cephalic region, and covers the stomach; another cavity
(
b
)
lies imme-

diately above the heart; and a series of smaller chambers (c, c, c, c
)

are situated above the muscles of the caudal region. These cavities,

notwithstanding their apparent extent, are very shallow ;
so that, upon

a transverse section, their dimensions are by no means so great as a

superficial view would indicate. The sinus (5), or that placed imme-

diately over the heart, communicates with that viscus by short trunks,

the terminations of which in the heart are guarded by valves (fig. 208,

/>/*/)> so disposed as to allow the blood to pass from the sinus into

the heart, but prevent its return in an opposite direction.

(1147.) Such is the apparatus provided in the lobster for the cir-

culation of the blood. Our next inquiry must be concerning the course

that it pursues during its circuit through the body.

(1148.) Messrs Audouin and Milne Edwards,* after very minutely

examining this subject, came to the conclusion that the heart is purely

of a systemic character, being only instrumental in propelling the

blood through the body, but having nothing to do with the branchial

circulation ;
they conceived that the circulating fluid, having been

collected in the venous sinuses, was brought to the roots of the

branchite, over which it was distributed by venous tubes, and then

returned to the heart by vessels which they call hranchio-cardiac to

recommence the same course. The appended figures, however, which

are accurately copied from engravings of the Hunterian drawings in

the collection of the Royal College of Surgeons,f would seem to give

great reason to doubt the accuracy of the conclusions arrived at by the

eminent naturalists referred to ; and to show that the heart, instead of

being purely systemic, is partly branchial, and impels the blood, not

through the body only, but also to the respiratory organs. This view'

of the subject, which wre are disposed to consider as the most correct,

is exhibited in the diagram annexed. Setting out from the heart, we

find that the blood goes to all parts of the body through the different

arterial trunks, and by the great sternal artery (fig. 208, Ic) is conveyed

to the legs, foot-jaws, and false feet. But from this same artery (m),

* Recherches Anatomiques et Physiologiques sur la Circulation dans les Crustaces.

Annales des Sciences Nat. tom. ii.

t Catalogue of the Physiological Series of Comparative Anatomy contained in the

Museum of the Royal College of Surgeons; vol. ii.
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vessels, o, o, o, o, are furnished to the branchiae. The branchial arteries

so derived (Jig. 210, g) subdivide into secondary trunks (h, h, h),

Fig. 210.

which ramify through the individual branchiae, and supply all their

appended filaments. Having undergone exposure to the respired

medium, the blood is again collected from the branchiae by branchial

veins
(
lc

,
Ic, k) represented on the opposite side of the body, and con-

veyed by the large vessel
(
l
)

to the dorsal sinus {Jig. 209, b), where,

being mixed up with the general mass of blood contained in the sinus,

the circulating fluid is admitted into the heart through the valvular

orifices {Jig. 210, cl, cl), to recommence the same track.

(1149.) In the Crustacea, as in the class of insects, the blood*

occupies all the interspaces left between the various viscera, as

well as the still smaller lacunae, situated among the muscular fibres

or underneath the skin : but the heart, instead of opening im-

mediately into this system of inter-communicating cavities, as among

the true insects, is continuous with a special system of tubes,

the walls whereof are well-defined, and of which the peripheral

branches ramify in the substance of all the organs of the body, thus

constituting a very complete arterial system
; but, by their ultimate

ramifications, the centrifugal vessels thus formed become continuous

with and lost amongst the interstitial lacunae of the body, which in their

* Milne Edwards, loc. cit.
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turn communicate with more considerable cavities, situated between the

viscera
; so that the blood ejected by the heart and arteries, arriving in

the last ramifications of those tubes, escapes into the general intersti-

tial lacunary system by the inter-medium of which it returns towards

the heart. Thus the circulating fluid is directly brought into contact

with all the viscera, and fills up the abdominal cavity; so that not

until after it has passed through the respiratory apparatus does it

again find itself inclosed in vessels properly so called.

(1150.) As might be anticipated from an examination of the

external configuration of the different families comprised iti the

extensive class we are now considering, the nervous system is found

to pass through all those gradations of development which we have

found gradually to present themselves as we have traced the Homo-

gangliata from the lowest to the most highly organised types of

structure. In the most imperfect Crustacea, indeed, we find a simplicity

of arrangement greater than any hitherto pointed out even in the

humblest Annelida

;

a disposition of parts which theoretically might

have been expected to exist, but has only been distinctly recognised in

the class before us.

(1151.) We have all along spoken of the nervous centres of the

Articulata as arranged in symmetrical pairs, although in no example

which has yet occurred to our notice have wre been able strictly to

point out the accuracy of such a view of the subject. The two lateral

masses of the supra-cesophageal ganglion are found united into one

brain in the humblest forms of annulose animals ;
and even iu the

ganglia forming the ventral series, although we might presume each to

be composed of two symmetrical halves, the divisions are most fre-

quently so intimately blended, that their distinctness is not susceptible

of anatomical demonstration. In some of the Crustacea, however,

among those species which have the segments of their external

skeleton most perfectly separate and distinct, the nervous system is

found to present itself in such a condition that the division into lateral

halves is perfectly evident ;
and from this condition their progressive

coalescence may be traced step by step until we arrive at a state of

concentration as remarkable as that already noticed in the most

elevated of the Arachnidans. It is to Milne Edwards and Audouin

that we are indebted for the interesting particulars connected with this

part of our subject; and the results of their investigations are of such

great physiological importance,* that the following condensed account

of their labours cannot be omitted in this place. In Talitrus every

pair of ganglia consists of two separate nuclei of nervous substance,

united by a transverse band so disposed as to bring them into com-

* Recherches Anatomiques sur le Systeme Nervcux des Crustacfs. Annales dPs

Sciences Nat. tom. xiv.
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munication with each other, while an anterior and posterior nervous

filament derived from each unites it with the preceding and following

ganglia of the same side of the body; even the encephalic mass is

composed of two lateral portions united by a cord passing between

them : all these pairs of ganglia, thirteen in number, corresponding

with the number of the segments of the body, are exact counterparts

of each other both in size and figure, so that none seems to prepon-

derate in energy over the rest ;
but the anterior or encephalic pair

alone communicates with the eyes and antennae, the only organs of the

senses as yet discernible.

(1152.) In Oniscus Asellus a concentration of the elements com-

posing the nervous system above described is discernible, and this is

found to be indicated by incipient approximation, which takes place

in two directions, one longitudinal, the other acting transversely. In

the first place, the entire number of pairs of ganglia is reduced to

ten, three pairs having become obliterated by coalescence ; and, more-

over, while the central portions still consist of two lateral masses

each, the first and last pairs are united into single ganglia. As we

rise to higher forms the coalescence still proceeds : all the pairs of

ganglia soon become united in a transverse direction, and gradually the

whole chain becomes shorter by the confusion of several pairs into

larger and more powerful masses.

(1153.) In the

Crab, which, from

its terrestrial ha-

bits, holds a posi-

tion among the

Crustacea equiva-

lent to that which

the Spiders occupy

among other Ar-

ticulata, this cen-

tralisation is car-

ried to the utmost

extent ;
and all the

abdominal and tho-

racic ganglia be-

come agglomerated into one great centre, from which nerves radiate

to the parts of the mouth and instruments of locomotion {fig. 211).

(1154.) But this change in the condition of the nervous system is

not only observable as we proceed from species to species, as they rise

higher in the scale of development
; similar phenomena are, met with

in watching the progress of any individual belonging to the more
perfect families, as it advances from the embryo to its mature con-

Fig. 211 .
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dition. Thus iu the Cray-fish (Astacus Jluviatilis), Rathke* observed,

that, when first perceptible, the nervous system consisted of eleven

pairs of ganglia, perfectly distinct from each other, and situated on

each side of the mesial line of the body. The six first pairs then

unite transversely, so as to form as many single masses, from which

the nerves of the mandibles and foot-jaws emanate ;
while the five

posterior, from which the nerves of the ambulatory extremities are

given off, remain separate. Such is the state at birth, or on leaving

the egg; but further changes occur before the Cray-fish arrives at

maturity. The four anterior ganglia, which supply nerves to the

mandibles and foot-jaws, are, by degrees, all consolidated into oue

mass, and the fifth and sixth likewise coalesce, while the other pairs

continue permanently distinct. The reader will at once recognise the

resemblance between these changes and those already described as

taking place during the progress of evolution in the caterpillar : the

same great law is, in fact, in operation iu both cases, and

the same results are obtained from the completion of the

process.*

(1155.) From a review of the above facts, Milne Edwards and

Audouin arrived at the following conclusions:—1st. That the ner-

vous system of Crustacea consists uniformly of medullary nuclei

(ganglions), the normal number ol which is the same as that of

the segments or rings of the body. 2nd. That all the modifications

encountered, whether at different periods of the development or

in different species of the series, depend especially on the more or

less complete approximation of these nuclei, and to an arrest of

development in some of their number. 3rd. That approximation

takes place from the sides towards the rnesiau liue, as well as in a

longitudiual direction.

(1156.) In the Crab the distribution of tbe nerves is briefly as

follows The encephalic mass, or brain, which still occupies its

position above the oesophagus, and joins the abdominal centre by two

long cords of connection {Jiff. 212), gives off nerves to the eyes and

muscles connected with them, as well as to the antennae and neigh-

bouring parts.

(1157.) Near the centre of each division of the nervous collar that

surrounds the oesophagus is a ganglionic enlargement, from which

arises a nerve that runs to the mandibles, and also a very important

branch, apparently the representative of the nervus vagus of insects.

* Untersuclmngen iiber die Bildung des Flusskrebses— in the Annales des Sciences

Nat. tom. xx.

•)- For a minute account of the arrangement of the nervous system in these animals,

the reader is referred to the Cyclop, of Anat. and Phys. art. Crustacea ; by Dr. Milne

Edwards.
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Fig. 212.

This, after ramifying largely upon the coats of the stomach, joins that

of the opposite side
; and, assuming a ganglionic structure, is ulti-

mately lost upon the intestine.

(1158.) The nerves of the extremities, derived from the central

abdominal ganglion, are represented in the preceding figure {fig. 212),
which requires no explanation.*

(1159.) We have already (§ 1002), when describing the nervous
system of insects, hinted at the probable existence in the Homo-
gangliata of distinct tracts of nervous matter in the composition of

the central chain of ganglia, and in the filaments whereby they are

connected with each other: reasoning, therefore, from analogy, it

seems fair to presume that, if this be the case, such tracts correspond

with the sensitive and motor columns which have been distinctly

proved to exist in the spinal axis of vertebrate animals. It is to

Mr. Newport that we are indebted for the first indication of this

interesting fact;f and the accuracy of his observations is readily

demonstrable by a careful examination of the ganglionic chain of the
lobster and other large Crustacean species. Each ganglionic enlarge*-

ment is, upon close inspection, clearly seen to consist of two portions ;

fust of a mass of cinentious nervous substance forming the inferior

aspect of the ganglion, and of a cord of medullary or fibrous matter
which passes over the dorsal or superior aspect, and appeal’s to be
distinct from the grey substance over which it passes : supposing,

Vide Swan ; Comparative Anat. of the Nervous System. London, 4to.

t Phil. Trans. 1834.

G G
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therefore, the longitudinal chain to consist of anterior and posterior

fasciculi, as in the medulla spinalis, we have the anterior columns

communicating with grey substance, while the posterior are uncon-

nected therewith, but are continued over the ganglion instead of

becoming amalgamated with its substance. Another fact, which

favours Mr. Newport’s view of the subject, is derived from an

examination of the manner in which the nerves given off from the

central axis take their origin ;
for some of them undoubtedly proceed

from the cineritious portion of the ganglionic swelling, while others,

derived from the upper column, not only have no connection with the

grey matter, but arise at some distance from the ganglion (fig. 187)

:

judging, therefore, by the laws at present established in physiology,

there seems reason to suppose that the anterior or rather inferior

fasciculi are connected with sensation, while the superior constitute

the motor tract.

(11 GO.) The reader who is conversant with human physiology will

at once perceive that this arrangement is precisely the reverse of that

met with in man and other Vertebrata: and this consideration,

apparently of little importance, has given rise to a variety of curious

speculations ; some anatomists having even gone so far as to assert

that all the organs of articulated animals are in reality placed in a

similar inverted position.

(1101.) A more interesting inquiry connected with this part of our

subject is, concerning the extent to which the Articulata are suscep-

tible of pain. Is it really true in philosophy, as it has become a

standing axiom in poetry, that—
“ the poor beetle, that we tread upon,

In corporal sufferance feels a pang as great

As when a giant dies ”?

(1 162.) This is a question upon which modern discoveries in science

entitle us to offer an opinion, and the result of the investigation would

seem to afford more enlarged views relative to the beneficence dis-

played in the construction of animals than the assertion ol the poet

would lead us to anticipate. Pain, “ Nature’s kind harbinger of mis-

chief,” is only inflicted for wise and important purposes,—either to

give warning of the existence of disease, or as a powerful stimulus

prompting to escape from danger. Acute perceptions of pain could

scarcely, therefore, be supposed to exist in animals deprived of all

power of remedying the one or of avoiding the other. In man the

power of feeling pain indubitably is placed exclusively in the btain ,

and, if communication be cut off between this organ aud any pait of

the bodv, pain is no longer felt, whatever mutilations may be in-

flicted. ,

(11G3.) The medulla spinalis, which, as we shall see hereatter,

corresponds to the ventral chain of ganglia in articulated animals, can
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perceive external impressions and originate motions, hut not feel pain;

hence we may justly conclude that iu the Homogangliata, likewise, the

supra-cesophageal ganglia, the representatives of the brain, and the

sole, correspondents with the instruments of the higher senses, are

alone capable of appreciating sensations of a painful character. Thus,

then, we arrive at a very important conclusion,—namely, that the

perception of pain depends upon the development of the encephalic

masses; and consequently, that, as this part of the nervous system

becomes more perfect, the power of feeling painful impressions

increases in the same ratio :—or, in other words, that, inasmuch as the

strength, activity, and intelligence of an animal, by which it can

escape from pain, depend upon the perfection of the brain, so does

the perception of torture depend upon the condition of the same
organ. How far the feeling of pain is acutely developed in the

animals we are now considering is deducible from every-day observa-

tion. The fly seized by the leg will leave its limb behind, and alight

with apparent unconcern to regale upon the nearest sweets within its

reach : the caterpillar enjoys, to all appearance, a tranquil existence

while the larvae of the Ichneumon, hatched in its body, devour its very

viscera : and in the Crustacea before us, of so little importance is the

loss of a leg, that the lobster will throw off ita claws if alarmed by the

report of a cannon.

(1104.) The singular power of breaking off their own limbs, alluded

to in the last paragraph, is possessed by many Crustacea, and is a very
indispensable provision in their economy. We have already found the

blood-vessels of these animals to be of a. delicate structure
;
and the

veins being wide sinuses whose walls possess little contractility, the

fracture of a limb would inevitably produce an abundant and speedily

fatal luemorrhage was there not some contrivance to remedy the other-

wise unavoidable results of such a catastrophe. Should the claw of a
lobster, for example, be accidentally damaged by accidents to which
creatures encased in such brittle armour must be perpetually exposed,

the animal at once breaks off the injured member at a particular part,

—namely, at a point in the second piece from the body
; and by this

operation, which seems to produce no pain, the bleeding is effectually

staunched.

(1165.) But the most remarkable part of the phenomenon remains
to be noticed:—after this extraordinary amputation has been effected,

another leg begins to sprout from the stump, which soon grows to be
an efficient substitute for the lost extremity, and gradually, though
slowly, acquires the pristine form and dimensions of its predecessor.
A beautiful example of this curious mode of reproducing a lost organ
is preserved in the Museum of Comparative Anatomy in King’s Col-

lege, London, in which the new limb (one of the cheliferous claws) has
already attained the form of the old chela , but still remains soft and

g a 2
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uncovered by calcareous integument. The process of reproduction is

as follows-—The broken extremity of the second joint skins over, and

presents a smooth vascular membrane, at first flat, but soon becoming

conical as tire limb begins to grow. As the growth advances, the

shape of the new member becomes apparent, and constrictions appear,

indicating the position of the articulation ;
but the whole remains un-

protected

0

by any hard covering until the next change ot shell, after

which it appears in a proper case, being, however, still considerably

smaller than the corresponding claw on the opposite side of the hoc y,

although equally perfect in all its parts.
, , ,

. .

(1106.) Mr. H. D. S. Goodsir has shown* that in the lobster this

regenerative faculty does not reside at any part of the claw indiffe-

rently, but in a special locality, situated at the basal end of the first

Joint of each of the legs. This joint is almost filled by a mass of

nucleated cells surrounded by a fibrous and vascular band and other

nucleated cells intervene between this vascular band and the outer

crust. The vessels of the baud pass ouwards for about half an inch,

and return upon themselves, forming loops. When a claw is broken

or otherwise injured or disabled, the lobster, or crab, by a violent

muscular effort casts it off at the transverse ciliated chink, or groove

which indents the reproductive segment. The new claw is developed

by the multiplication of cells, which soon become divided into five

groups, answering to the five joints of the future limb; these nascent

joints are folded upon each other in the crab, but extended m t ie

lobster ;
in both they are at first enveloped in a sac formed by the dis-

tended cicatrix ;
the budding limb ultimately bursts this cicatrix, an

its growth is rapidly completed; a great proportion of the reproduc-

tive cells contained in the basal extremity of the injured limb is made

use of in the production of the new limb, but a mass of them is le-

tained unchanged at the basal joint, and is ready to renew the repro-

ductive process when needed. In the lower Crustaceans such groups

of cells are found at more numerous joints.
,

(1167.) The observations made in a former chapter relative to the

organs by which the senses of touch, taste, and smell are exercised m

insects, are equally applicable to the animals composing the class be

us ;
for in the Crustacea, although we are compelled to admit the pos-

session of the above faculties, we are utterly ignoiant o tie mo e

which they are exercised, therefore it would be on y an unpioi a

waste of time to enter at any length into a discussion iom v> uc i no

satisfactory conclusions are, in the present state of oui viiow ec De,

(1168.) The eyes of Crustaceans are of three kinds, simple, agglo-

simple eyes (ocelli, stemmata

)

resemble those of spiders,

* Vide Owen on Parthenogenesis, p. 48.
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and, like them, are said to consist of a cornea, a spherical lens, a gela-

tinous vitreous humour, a retina and deeply-coloured choroid, all occu-

pying their usual relative positions. These eyes never exceed two or

three in number.

(1170.) In the agglomerated eyes, such as those of Daplinia

(fig. 200), the organ seems to be composed of a number of simple

eyes placed behind one common cornea ;
such eyes are movable, and,

in the animal depicted in the figure, the muscles acting upon the

visual apparatus, which in this case is single, are arranged so as to

form a cone, the base of which is formed by the eye, and may be dis-

tinctly seen under a good microscope.

(1171.) The compound eyes appear to be constructed upon the

same principles as those of insects. The cornese are extremely

numerous, and in geueral hexagonal ;
but sometimes, as in the lobster,

they are square. The vitreous humours equal the cornese in number,

and behind each of these a distinct retina would seem to be expanded.

The compound eyes of Crustaceans have not, however, as yet been

examined with the same patient diligence as those of the cockchafer ;

so that, as relates to their minute anatomy, much is still left to con-

jecture and uncertainty. One peculiarity connected with these organs

is, that in the two highest orders of Crustacea, hence called Podoph-

thalmia, the eyes are placed at the extremity of movable pedicles

articulated with the first cephalic ring of the external skeleton, and

thus they may be turned in various directions without moving the

whole body at the same time. This provision was not required in in-

sects, owing to the mobility of the head in those animals
; but is

absolutely indispensable in the case before us, where, the head and

thorax being consolidated into one mass, the extent of vision com-

manded by sessile eyes would have been exceedingly limited, and

inadequate to the security of creatures exposed to such innumerable

enemies.

(1172.) It is in the higher Crustacea that we, for the first time,

indubitably find a distinct auditory apparatus ;
and, from the simplicity

which the organ of hearing presents in this its earliest appearance, an

inquiry concerning its structure becomes of great physiological interest.

In the lobster the ears are situated upon the under surface of the

basal joints of the second pair of antennse. On looking carefully in

this situation the student will find a prominent tubercle formed by the

shell, the top of which is perforated by a small circular opening

covered with a tense membrane. Behind this orifice is placed a

minute vesicle filled with fluid, upon which a delicate branch of the

autennary nerve is distributed. This constitutes the whole apparatus:

—

the vibration of the water strikes upon the external membrane, the

water in the sacculus participates in the tremor, and the expanded

nerve conveys to the brain the sensation thus produced.
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(1173.) The function of this organ in the lobster is contested by

Dr. Arthur Farre, who observes, that it is situated not far from the

mouth, and is directed downwards ;
it is by far the most sensitive part

of the body, since, while the mechanical irritation of any other parts

excites only slight movements in the limbs of the animal, the touch-

ing of this part is immediately followed by violent and almost

spasmodic flappings of the tail. These circumstances, together with

the situation of the organ, appear, to Dr. Farre, to point it out as in-

tended possibly for the purpose of testing the quality of the food; as,

in fact, an organ of smell, evidently endowed with an exquisite sensi-

bility.* This, however, is evidently merely a matter of conjecture,

more especially as in the generality of the Crustaceans such an appa-

ratus is altogether wanting.

(1174.) The true organ of hearing, according to Dr. Farre, is

situated in the base or first joint of the lesser pair of antennas ; its

precise seat being indicated externally by a tough membrane, which

covers an oval aperture in the upper surface of this joint. Towards

the inner and anterior margin of this membrane there exists a small

round aperture, into which a’ bristle can be easily passed. On removing

the membrane, together with a portion of the surrounding shell, the

internal organ is brought into view, completely imbedded in the mus-

cular structure of the antennte.

(1175.) This organ, the vestibular sac, nearly fills the cavity of the

joint, is somewhat sacciform in its shape, and its walls present a

delicate horny structure of the consistence of a thin quill, being so

transparent as to admit of its contents being seen through the parietes.

These are found to consist of numerous minute particles of siliceous

sand, which are loosely contained in the interior of the sacculus. The

walls of the vestibular sac are furnished with several rows of minute

ciliated processes, which, when highly magnified, are seen to be hollow,

and to be covered with a flue down of hairs of exquisite delicacy;

while in their interior are contained numerous minute granules, which

are apparently nerve-granules. These processes are dilated at their

base so as to form a globular swelling, where they are articulated to

corresponding circular apertures in the walls of the sac, from which

they spring in immediate apposition with a plexus of the auditory

nerve, which has a separate and distinct origin from the supra-cesopha-

geal ganglion.

(1176.) The existence of this singularly-constructed apparatus is by

no means universal even among the Macrourous Decapods, and in the

Brachyura it seems to be altogether wanting. We recognise, however,

in its structure all the essential parts of an organ of hearing in its

primitive form, viz. a distinct acoustic nerve, terminating in a plexus,

* On the Organ of Hearing in Crustaceans, by Dr. Arthur Farre, Phil. Trans. 1843,

p. 231.
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which is expanded upon a vestibular sac. The remarkable arrange-

ment of ciliated processes immediately overlying this plexus with each

process filled with nerve granules, exhibits an apparatus for extending

the extremities of the nerves in such a manner as to render them

sensitive to the most delicate vibration of the fluid with which the sac

is filled. But to heighten the effect of this, the grains of sand are

added, thus forming adventitious otolithes which, moving freely in the

fluid contents of the sac, doubtless considerably increase the vibration

of that fluid.

(1177.) Iu the Brachyura, or crabs, the membrane covering the

external orifice of the ear is converted into a movable calcareous

lamella, from which, in some genera, a furcate process is continued

internally ; so that the whole, when removed by maceration, has no

very distant resemblance to the stapes of the human ear, and, like it,

seems to be acted upon by muscular fasciculi, so disposed as to regulate

the tension of the vibratile membrane, and thus adapt it to receive

impressions of variable intensity.

(1178.) One of the first circumstances calculated to attract the

notice of the anatomist who turns his attention to the structure of the

generative system, both in male and female Crustacea, is the complete

separation which exists between the organs belonging to the two sides

of the body ; for not only are

the internal secreting viscera

for the most part perfectly dis-

tinct from each other, but even

the external sexual orifices are

equally separate and uncon-

nected.

(1179.) Beginning with the

parts observable in the male,

we will take the cray-fish
(
As

-

tacus fluviatilis) as a standard

of comparison, and briefly no-

tice the principal variations

from the type of structure,

observable in that species, met

with in other genera.

(1180.) In the cray-fish and

also in the lobster, the secern-

ing organs or testes, when exa-

mined in situ, are found to

occupy the dorsal region of the thorax, lying upon the posterior part

of the stomach.

(1181.) Examined superficially, the testes would seem to form but

one mass, consisting of three lobes (fig. 21 3
,
a, n, b) ;

but on investi-

Fig. 213 .
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gating the minute structure of the organ, it is found to be made up of

very delicate secreting tubes that give origin to two excretory ducts

(c, c). After numerous convolutions, which form a kind of epididimis

(cl), each duct, becoming slightly dilated, terminates by a distinct ori-

fice (/), seen upon the basal articulations of the last pair of ambula-

tory legs. There is no intromittent apparatus visible ; but, according

to Milne Edwards,* the extremity of the excretory duct, by undergo-

ing a kind of tumefaction, may be protruded externally, so as to be-

come efficient in dii’ectiug the course of the fecundating fluid.

(1182.) In crabs the mass of the testis is exceedingly large, but in

its essential structure similar to that of the cray-fish, and the external

opening of its excretoi'y duct is found to occupy the same situation :

in some genera, however, instead of being placed upon the fii'st joint

of the last pair of legs, the orifices of the male oi'gans are found upon

the abdominal surface of the last thoracic ring itself.

(1183.) The female generative organs of Crustacea veiy accurately

resemble those of the male ;
and in the unimpreguated condition it is

not always easy, from a superficial survey of the internal viscera, to

determine the sex. In Astacus fluviatilis, the ovaria (fig. 214, a)

occupy a position analogous to that

of the male testis, and a simple

canal derived from each side (h,

c
)
conducts the eggs to the. ex-

ternal apertures found upon the

first joint of the third pair of

legs.

(1184.) In crabs an important

addition is made to the female

generative system :—prior to the

termination of each oviduct it is

found to communicate with a wide

sacculus, the function of which is

apparently analogous to that of

the spemiatheca of insects (§ 1018),

inasmuch as it seems to form a

x’eceptacle for the fecundating secretion of the male, in which the

seminal fluid remains l’eady to impi'egnate the ova as they succes-

sively pass its orifice during their expulsion from the body.

(1185.) It is not precisely kuown in what manner copulation is

effected by these animals ; neither, indeed, is it positively ascertained in

many species whether the ova are impregnated prior to their expulsion

or afterwards, although the latter supposition seems by far the most

probable.

* Cyclop, of Anat. and Pliys. art. Crustacea.

Fi(j. 214.
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(1186.) The eggs are almost invariably carried about by the female

until they are hatched, and in order to effect this various means are

provided. In the Decapoda they are fastened by a stringy secretion

to the false feet under the abdomen, and a female crab may generally

be readily distinguished from a male of the same species by the

greater proportionate size of this part of their body. In Asellus, a

small Crustacean very common in stagnant water, the male may be

observed during the breeding season to carry the female about with

him for many days
; after which her eggs are found impregnated, and

inclosed in a membranous sac placed under the thorax, from which,

when the young are hatched, they escape through a longitudinal fis-

sure provided for the purpose. In many genera, broad laminae, or

scaly plates, are found upon the under surface of the body, beneath

which the eggs are lodged.

(1187.) The more minute Crustacea, or Entomos^-aca, as they are

called by zoologists, in their mode of reproduction, offer several re-

markable variations from what has been described above ; and a brief

account of their most interesting, peculiarities is therefore still want-
ing to complete this part of our subject. These little creatures, in

fact, seem to form a transition between the class we are now consider-
ing aud the Epizoa, which many of them resemble so nearly, that
they are still confounded together by many authors. The female
Entomostraca frequently carry their ova in two transparent sacculi

attached to the hinder part of the body, and it is in these egg-bags
that the oviducts terminate

j so that the ova, as they are formed, are
expelled into the singular receptacles thus provided. Without such a
provision, indeed, it would be difficult to conceive how the ova could
possibly remain attached to the parent, as they far surpass in their aggre-

gate bulk the size of her entire body, and could not, therefore, by any
contrivance be developed internally without bursting the crustaceous
covering that invests the mother. Jurine,* Ramdohr.f and otherauthors,
have carefully watched the generative process in several genera, and
brought to light many important and curious facts connected there-
with. In-Cyclops, a species to be met with in every ditch, the impreg-
nation of the ova is undoubtedly effected in the body of the parent,
and the eggs, when formed, are expelled into two oval sacs placed
on each side of the tail, which Jurine calls external ovaries. The
number of eggs contained in these sacs gradually increases, and they
exhibit a brown or deep red colour, until a short period before the
growth of the embryo is completed, when they become more transpa-
rent. In about ten days the eggs are hatched and the young escape ;

but such is the prodigious fertility of these little beings that a single

Histoire des Monocles. One vol. 4to. Gen. 1820.
f Materiaux pour l’Histoire de quelques Monocles Allemands. 4 to. 1805.
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female will, in the course of three months, produce ten successive

families, each consisting of from thirty to forty young ones.

(1188.) In the genus Apus, another plan is resorted to for the

protection of the ova:—the eleventh pair of legs, called by Schafer*

“ womb-legs,” have their first joints expanded into two circular

valves, which shut together like a bivalve shell, and thus form a

receptacle in which the eggs are contained until they arrive at matu-

rity.

( L 1S9.) In Daphnia {fig. 206), the ovaria are easily distinguished

through the exquisitely transparent shell, especially when in a gravid

state ;
and the eggs, after extrusion, are lodged in a cavity situated be-

tween the shell and the exterior of the body, where they remain until

the embryo attains its full growth.

(1190.) One fact connected with the reproduction of the Entomos-

traca is so remarkable, that, had we not already had an instance of

the occurrence of a similar phenomenon in the insect world {Aphides),

the enunciation of it would cause no little surprise to the reader; and,

had its reality been less firmly substantiated by the concurrent testi-

mony of numerous observers who have witnessed it in many different

genera {Cyclops, Daphnia, &c.), it might still he admitted with suspi-

cion. In the genera above mentioned, it has been ascertained by care-

ful experiments, that a single intercourse between the sexes is suffi-

cient to render fertile the eggs of several (at least six, according to

Jurine) distinct and successive generations.

(1191.) Some authors have supposed, from the circumstance of all

the individuals which have been met with belonging to some genera

being females, that some of these little beings were hermaphrodite, or

self-impreguating ;
hut such an opinion rests on very doubtful grounds,

especially as there seems good reason to believe that in many in-

stances the forms of the male and female of the same species are

so different that they might easily be mistaken for totally distinct ani-

mals.
_ ,

(1 1 92.) The last point which we have to notice, in connection with

the history of the Crustacea, is the progress of their development from

the embryo condition to their mature state. This is a subject which

has given rise to considerable discussion, especially as relates to the

changes which occur during the growth of the more highly organised

forms ;
some authors contending that they leave the egg complete in

all their parts, and presenting their adult configuration, while otlieis

assert that they undergo changes so important as only to be comparable

with the metamorphosis of insects.

(1 193.) One of the most singular and anomalous forms of the para-

sitic Crustaceans is found in the Nicothoa astaci, a creature met with in

» Apus pisciformis, insccti aquatici species noviter delect®. 4to. Ratisbonne, 175/.
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great abundance at certain seasons, attached to the gills of the lobster,

from which it derives its supply of nourishment. This remarkable

Fiy. 215 .

animal {Jig. 215), which is free, and gifted with energetic powers of

locomotion during the first periods of its existence and at its first ap-

pearance from the egg, constructed as in perfect accordance with the

normal type belonging to its class, ultimately selects for its domicile

the branchial chamber of a lobster, where, fixing itself permanently to

the branchial lamellae, it undergoes a complete metamorphosis ; its ex-

ternal form is entirely changed ; its senses and means of relation

with the external world become atrophied : singularly-formed excres-

cences sprout from its sides, and thus transformed, it is content to live

beneath the shell of the lobster, without further intercourse with the

external world than is necessary to supply it with the blood which it

sucks for food.

(1194.) The mouth of the Nicothoe is a sort of membranous pro-

boscis, armed near its extremity with styliform points, with which it is

enabled to pierce the branchial membrane. Instead of the ordinary
more or less flexuous tube which constitutes the alimentary canal in

other forms of Entomostraca, the digestive apparatus of Nicothoe
consists of two wide sacculi, united together in the median line in the
shape of a horse-shoe, from the centre of which a narrow canal pro-
ceeds towards the mouth, constituting the oesophagus {Jig- 215, J),

whilst, derived from the opposite side, another tube of similar calibre
mns backwards to the termination of the tail, forming the

,
intestine

(c). The stomach, therefore, is constituted by the tvvo great lateral

c£eca, in the interior of which alimentary substances undergo their

principal modifications, so that these ca:ca are evidently analogous to
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what has been already observed in the Pycnogonidce (§1129), with this

difference, that in those animals the cteca had penetrated into the in-

terior of the ambulatory claws. The thickness of the walls of these

stomachal creca is uniform throughout ;
they are exceedingly delicate,

only exhibiting in their texture some small reddish cells, and are ap-

parently connected to the parietes of the body, in which they are

loosely suspended by delicate muscular frsena.

(1195.) One very remarkable circumstance presented by the ali-

mentary apparatus of Nicothoe is the peristaltic action of its parietes,

which is continued even after its removal from the body, and which

here is evidently in relation with the “plilebenterism ” exhibited in the

arrangement of the digestive system. No proper respiratory oigans

exist in these simply-organised beings ; the diffusion of the blood

through the interior of the body, subservient alike to respiration and

nutrition, seems to be entirely effected by the contractions of the in-

testinal walls, and the proper chylific viscera themselves perform the

duties of the lacteal, circulatory, and respiratory apparatus of the

higher animals.

(1 196.) As is the case with the generality of the Lemeans, the male

of the Nicothoe was, until recently, unknown to naturalists, a circum-

stance attributable to two causes ; in the first place, that the individu-

als of the male sex are very diminutive in all the genera belonging to

this group, insomuch that from their size they seem rather like para-

sites ou the female ;
and secondly, because in some of them, which

have been more particularly studied, a phenomenon is observable

analogous with what occurs in the Aphides among insects ;
there occur

whole generations of fertile females, and most probably, also, gemmi-

parous (nursing) races during a certain portion of the year, as is the

case with Limnadia* and Daphnia\ (§ 1190).

(1197.) The male of Nicothoe is represented in Jig. 215, 2. magnified

in the same proportion as the female. The generative apparatus of

the female is largely developed. It is situated principally in the late-

ral appendages of the body, of which it occupies a considerable part,

being lodged by the side of the digestive caica. The ovarium (^.215,

l, h) is very irregular in its shape ;
anteriorly it is bifurcate, and its

whole surface has a sacculated appearance. The oviducts (i) become

conjoined near the mesian line, and then bend downwards to terminate

at the vulva. These canals are frequently filled with ova throughout

their whole length. From the oviducts the eggs pass directly into

the enormous ovisacs (/) suspended from each side of the cauda poi

tion of the body, between the lateral appendages, in which they aie

contained until sufficiently mature for exclusion, when the ovisac,

* Vide Ad. Brougniart, Mem. sur le Limnadia, Mem. du Mus. 1 820.

.(. Strauss Durckhcim, Mem. sur les Daphnia, Mem. du Mus. 1820.
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bursting, gives issue to hundreds of minute Nicothoes hatched in its

interior.

(1198.) On emerging from its prison this little creatures exceed-

ingly active, and presents exactly the form of a Cyclops [fig. 215, u);

neither would any one ever suspect it to be the same creature which

vegetates upon the branchiae of the lobster ;
however, no sooner has

it fixed itself in that situation than its body begins to swell out late-

rally, in the shape of two tubercles that sprout from the sides of the

body just behind the third thoracic segments, iuto which the viscera

are seen to penetrate, and as these tubercles enlarge the animal

becomes gradually provided with those enormous aliform appendages

that are so characteristic of the female adult Nicothoa.

(1199.) Among the Entomostraca such changes have been again

and again witnessed, and the appearances observed during their

growth carefully recorded. From these observations very important

results have been obtained, inasmuch as many forms previously de-

scribed as distinct species have been found to be merely the same

animal in different stages of development. In Cyclops, for example,

Fig. 2

1

G. Fig. 217 .
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the newly-hatched embryo possesses only four legs, and its body

is round, having as yet no appearance of caudal appendages ,
of

young animals in this condition Muller had formed a distinct genus

(.
Anymone):* in about a fortnight they get another pair of legs, and

form the genus Nauplius of the same author. They then change

their skin for the first time, and present the form of the adult, but

with antennae and feet smaller and more slender than in the perfectly

mature state. After two other changes of skin they become capable of

reproduction.
1

Fig. 218.

(1200.) The salt-marsh shrimp, Artemia salinus, affords a good

example of these remark-

able changes. This animal
"J ' “

is especially interesting, as

being, perhaps, the nearest

approach in existing nature

to the extinct forms of Tri-

lobites so abundantly met

with in certain geological

strata, and we have ac-

cordingly given, upon an

enlarged scale, accurate

drawings of its external or-

ganisation, both in the male

and female {figs. 216 and

2 1 7). Who, however, would

recognise in the embryo of

this Crustacean on its first

quitting the egg {fig. 218) any resemblance to the adult creature; or

even in its second condition {figs. 219 and 220) be able to identify

it as belonging to the same species as that depicted above; so com-

pletely are all its parts remodelled in their structure before arriving

at the mature state

!

Latreille, Rogne Animal, vol. iv.
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Fig. 220.
(1201.) Many of the En-

tomostraea, as for example

Daphnia, do not seem to

undergo material alterations

of form, but simply moult at

certain intervals, throwing

off their old integument, and

acquiring a new covering.

Nevertheless, even in the

Decapoda it is pretty certain

that great metamorphoses

take place in the external

appearance of the young

animals, though many con-

tradictory opinions concern-

ing their nature are enter-

tained by naturalists. Much
confusion, indeed, still exists

connected with this import-

ant subject. Cavolini long

since announced that the

embryo of Cancer depressus exhibited at birth a singular and un-

couth appearance, of which he gave a very tolerable representa-

tion;* and Mr. Thompson, in a late number of the Philosophical

Transactions, has rendered it certain that even in the develop-

ment of the common crab, so pig- 221 .

different is the outward form

of the newly-lmtched embryo

from that of the adult, that

the former has been described

as a distinct species, and even

grouped among tbe Entomos-

traca, under the name of Zoe i

pel/igica. On leaving the egg,

according to the author alluded'

to, the young crab presents a

curious and grotesque figure

{fig. 221): its body is hemi-

spherical, and its back pro-

longed upwards into a horn-

like appendage ; the feet are

scarcely visible, with the ex-

ception of the two last pairs,

which are ciliated like those of a Branchiopod, and formed for swim-

* Sulla Generazionc dei Pesci e dei Granchi. 4to. Naples, 17117.
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ming. The tail is longer than the body, possesses no false feet, and

the terminal joint is Fig. 222 .

crescent-shaped, and co-

vered with long spines.

The eyes are very large,

and a long beak projects

from the lower surface

of the head.

(1202.) In a more

advanced stage of growth

the creature assumes a

totally different shape

(fig. 222 ), under which

form it has been known

to naturalists by the

name of Megalopa. The

eyes become peduncu-

lated, the cephalo-thorax

rounded, the tail flat and

provided with false feet,

and the cl 1 cl no and am-

bulatory extremities well

developed.

(1203.) A subsequent moult gives it the appearance of a perfect

crab; and then only does the abdomen become folded under the

thorax, and the normal form of the species recognisable (fig. 223).

Fig. 223 .
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CHAPTER XVIII.

HETEEOGANGUATA* (Oweu): MOLLUSCA (Cuv.).

(1204.) The term Mollusca, employed by Cuvier to designate the

fourth errand division of the animal world, is obviously derived from a

very unimportant circumstance of their organisation, which the tribes

included in it possess in common with innumerable forms both of

Acrite and Nematoneurose beings, whose soft bodies are unsupported

by any internal or tegumentary framework of sufficient density to

merit the name of a skeleton. Subsequent anatomists have therefore,

however unwillingly, been compelled to substitute another name for

that given by the illustrious French zoologist to this extensive class,

the boundaries and relations of which, as at present admitted, remain

precisely as they were first established by his patient and unwearied

investigations relative to the anatomical structure of the auimals

comprised within its limits.

(1205.) It is to the arrangement of the nervous system that we must

again have recourse in order to discover a distinctive appellation ;
nor

in this shall we be disappointed, for here we at once find a character

peculiar to this great section of animated nature, and generally appli-

cable to the various classes composing it. All the Mollusca present

nervous ganglia, which, in the more highly organised forms, attain

considerable development and consequent perfection ; but these

nervous centre's, instead of being arranged in a longitudinal series of

symmetrical pairs, are variously distributed in different parts of the

body ; an arrangement exactly correspondent to the want of symmetry

observable both in the external configuration of these creatures, and

in the anatomical disposition of their internal viscera. Still, however,

one large ganglionic mass occupies a position above the oesophagus,

and it is with this that the nerves of the existing senses invariably

communicate ; so that we are naturally induced to regard this as the

sentient brain, corresponding with the supra-cesophageal ganglion of

the Aritculata both in position and office. The other ganglia vary

considerably both in number and in situation, but, wherever placed,

they all communicate with the supra-cesophageal mass; while the

branches derived from them are distributed to the viscera, or to the

locomotive organs.

(1200.) Various are the forms, and widely different the relative

* (Tsfos, dissimilar; ydyyXtov, a ganglion.

J-T H
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perfection of the Mollusca, as regards their endowments and capabili-

ties. Some, as the Barnacles (Cirrhopoda), fixed to the surface of

various submarine bodies, either immovably or by the intervention

of a flexible pedicle, entirely deprived of organs connected with the

higher senses, and unable to change their position, are content to

cast out at intervals their ciliated arms, which form a net of Nature’s

own contrivance, and thus entrap such passing prey as suits their

appetite. Others, equally incapable of locomotion, but furnished

with arms of different construction (Brachiopoda), catch their food

by similar efforts. The Tdnicata, inclosed iu coriaceous bags, are

firmly rooted to the rocks; or, aggregated into singular compound

masses, float at the mercy of the waves. The Conchieera inhabit

bivalve shells
;
while the Gasteropod orders, likewise defended in

most cases by a shelly covering, creep upon a broad and fleshy ventral

disc, aud, thus endowed with a locomotive apparatus, exhibit senses

of proportionate perfection. The Pteropoda swim in myriads through

the sea, supported on two fleshy fins ;
while the Cephalopod Mol-

lusca, the most active aud highly organised of this large and im-

portant division of animated nature, furnished with both eyes and

ears, and armed with formidable means of destroying prey, become

tyrants of the deep, and gradually conduct us to the most exalted

type of animal existence.

(1207.) These different sections, which constitute, in fact, so many

distinct classes into which the Heterogangliata have been divided

by zoologists, we shall now proceed to examine seriatim

;

beginning,

as heretofore, with the most imperfectly organised, and gradually

tracing the development of superior attributes and more exalted

faculties as the nervous centres attain greater magnitude and con-

centration.

CHAPTER XIX.

Cirrhopoda.

*

(1208.) However distinct in outward appearance, and even, in

their internal economy, the creatures composing the primary divisions

of animated nature may seem to be when superficially examined,

closer investigation invariably reveals to the zoologist gradations of

structure connecting most dissimilar types of organisation, and lead-

ing so insensibly from one to another, that the precise boundary-line

* xipfof, a cirrus; •xov f, a foot.
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which separates them is not always easily defined. The Cirriiopods,

or Barnacles, upon the consideration of which we are now entering,

present a remarkable exemplification of this important fact ; and are

found to be so strictly intermediate, both in external configuration,

and even in their anatomical construction, between the Homogan-
gliata, which have recently occupied our attention, and the great

class of beings that next presents itself for investigation, that these

animals might, with almost equal propriety, be located either among
the Articulated or Molluscous tribes of Invertebrata

;
and it will not

be surprising, if, after reading the details connected with their

structure, some naturalists should prefer to regard them as belonging
to the former rather than to the latter division. The Cirrhopoda,
indeed, present a strange combination of articulated limbs, united
with many of the external characters of a Mollusk, as will be at once
evident from the examination of any species of Barnacle, whether
sessile or pedunculated. We select a common form, Pentalasmis
vitrea, as an example of the kind last mentioned. The animal in

question is inclosed in a shell resembling in some respects that of the
common mussel, but composed of five distinct pieces, united together
by a dense intervening membrane : of these, four pieces are lateral,

and disposed in pairs; while a fifth, which is single, is interposed
between the posterior edges of the two valves, so as to unite them
along the whole length of the back. Along the anterior margin the
valves are only partially connected by membrane, so that a long
fissure is left, through which the articulated extremities may be pro-
truded. In place of the hinge that joins the two shells of the mussel,
we find the tough coriaceous membrane that unites the different

shelly pieces of the integument of Pentalasmis, prolonged into a
cylindrical pedicle (Jig. 227, l), which is in some species many inches
in length, and, being attached by its extremity to any submarine body,
fixes the animal permanently to the same locality. The external
layer of this pedicle is coriaceous, or almost corneous in its appearance,
being evidently an epidermic structure

; but, internally, the tube is

lined with a layer of strong muscular fibres, arranged longitudinally

(fig. 227, m, n), which, by their contraction, are no doubt able to bend
the flexible stem in any given direction, and thus confer upon the
animal a limited power of changing its position when necessary. On
removing one-half of the shelly covering (as in Jig. 224, a, a), we
expose the body of the Cirrhopod, and discern the following par-
ticulars. The lower portion of the body, which incloses the principal
viscera (b, b), is soft and much dilated, especially towards the dorsal
region

, this pait of the animal is covered with a delicate membrane,
beneath which is a layer of whitish granular substance. The mouth
(g) is seen upon the ventral aspect, situated immediately at the inferior

extremity of that longitudinal fissure in the mantle through which the

H H 2



Fig. 224.arms are protruded : the

oral aperture appears to he

raised upon a prominent

tubercle, and, when atten-

tively examined, is found

to be provided with a rudi-

mentary apparatus of jaws,

presenting a distinct lip fur-

nished with minute palpi,

and three pairs of mandibles,

of which the two external

are horny and serrated, while

the third remains perma-

nently soft and membranous.

Immediately behind the

mouth we find on each side

certain pyramidal fleshy ap-

pendages (cl, cl, d ), resem-

bling, as Hunter expressed

it, a minute star-fish, which

no doubt constitute the

branchial or respiratory or-

gans. Commencing above

the mouth, we further notice

on each side six pairs of ar-

ticulated and tlexible arms,

or cirri (fig. 224, c, c), each

being composed of a series

of semi-corneous pieces, and

exhibiting at each joint long and stiff hairs. Every pair of cirri arises

from a single prominent stem ; and those most distant from the mouth

being the longest and most extensile, the whole apparatus, consisting

of twenty-four cirri, forms, when protruded from the body, a kind of

net of exquisite contrivance, in which passing particles of nourishment

are easily entangled, and thus conveyed to the mouth. Lastly, on

separating the cirrifcrous pedicles, we find, terminating the body,

and forming, as it were, a kind of tail, a long, soft, and flexible organ

(fig. 227, 7c), the extremity of which is perforated by a minute aper-

ture ;
but the real nature of this instrument we shall examine by-

and-by.

(1209.) On reviewing this general description of the external con-

struction of Pentalasmis, the reader cannot but be struck with

the singular combination of characters which it exhibits. Judging

from its shell alone, its right to be considered as a Mollusk would

seem to be at once demonstrable, for, in fact, most conchologists

Pentalasmis vitrea.—a, a, the shelly valves; b, b,

body contained within the shells; c,c, the cirri;

d, d, d, presumed branchial apparatus; e, f, mus-

cular expansions; g, the mouth. (After Hunter.)
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agree in claiming these animals as belonging to their own de-

partment
; and yet, if after removing the shell we compare the

animal with a Crustacean, its alliance with that class is equally

evident. Suppose the body {fig. 224, b, b) to represent the

thoracic portion of a Crustacean slightly bent upon itself, and

inclosed in an extensively-developed thorax ;
* the valves of the

shell would represent this thorax, which would be divided into five

pieces; the first pair of cirri arising from the body would then

represent the true feet of a Crustacean ; the branchiae would

occupy the same position in both ;
the rest of the body of the

Barnacle, namely, that which supports the five other pairs of feet,

would represent the tail of the Crustacean, and the ciliated, nata-

tory feet, generally connected with that part of the external skele-

ton :—even the mouth, as the author referred to might have

added, with its triple series of jaws, is more nearly allied in

structure to that of the Crustaceans than to anything we shall meet with

in the structure of the oral organs of true Mollusca.

(1210.) But the affinity which unites

the Girrhopoda to the Homogangliata

is not merely exemplified in the ana-

logies that can be pointed out between

the external configuration of Pentalas-

mis and some Crustacean forms
;
the

nervous system even, as we might be

led to anticipate from the symmetrical

arrangement of the articulated cirri,

still exhibits the Homogangliate con-

dition, and, besides the supra-cesopha-

geal masses, forms a longitudinal chain

of double ganglia arranged along the

ventral surface of the body, from which

the nerves supplying the cirriferous

arms take their origins. Four small

tubercles [fig. 225),f placed transversely

above the oesophagus, represent the

brain, and give origin to four principal

nerves (/,/,/,/), which are distributed

to the muscles and viscera, for in such

a situation organs of sense would evi-

dently be useless. Two lateral cords, rounding the oesophagus; h, i, k,l,

derived from the above, surround the w
> series of double ganglia supply-

cesophagus, from each of which a nerve
In

”
,

tllc artlcu,atcd cirri. (After

(o, o) is given off. Below the cesopha-
CuueI ^

* Cuvier, Memoire sur les Animaux des Anatifcs et dcs Balanes, et sur leur
Anatomie, p. 6.

f Cuvier, loc. cit.

Fig. 225.

Pentalasmis vitrea, exhibiting the

nervous system.

—

a, a, the pedicle ;

4, 6, the body; c, the mouth; d, d,

glandular masses
; /, f visceral

nerves
; o, o, nervous collar sur-
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gus the nervous collar terminates in a pair of ganglia (h), that gives

origin to the nerves supplied to the first pair of arms ; and then

succeeds a parallel series of double ganglia (i, 7c, l, m), exactly re-

sembling those of articulated animals, from which nerves emanate

that are destined to the cirri and surrounding parts.

(1211.) The muscular system of Pentalasmis is partly appropriated

to the movements of the shell, and partly to the general motions of

the body. The shell is closed by a single transverse fasciculus of

muscular fibres, whereof a section is seen at e,fig. 224, placed imme-

diately beneath that fissure in the mantle through which the arms are

protruded ; it passes directly across from one valve to the other, and

approximates them by its contraction.

(1212.) A large muscle, whose origin is seen in fig. 224, /, arises

from the interior of the mantle, and, as its fibres diverge, spreads

over the entire mass of the viscera ;
this will evidently draw the body

forward, and cause the protrusion of the tentacula, while various

muscular slips derived from it scarcely need further description,

being destined to move the numerous arms, with their jointed

cirri and the fleshy tubular prolongation (fig. 227, 7c) already

noticed.

(1213.) The food devoured by the Cirrhopoda would seem to con-

sist of various minute animals, such as small Mollusks and micro-

scopic Crustacea, caught in the water around them by a mechanism at

once simple and elegant. Any one who watches the movements of

a living Cirrhopod will perceive that its arms, with their appended

cirrlii, are in perpetual movement, being alternately thrown out and

retracted with great rapidity ;
and that, when fully expanded, the

plumose and flexible stems form an exquisitely beautiful apparatus,

admirably adapted to entangle any nutritious molecules, or minute

living creatures, that may happen to be present in the circum-

scribed space over which this singular casting-net is thrown, and

drag them down into the vicinity of the mouth, where, being seized by

the jaws, they are crushed and prepared for digestion. No sense but

that of touch is required for the success of this singular mode of

fishing ; and the delicacy with which the tentacula perceive the

slightest contact of a foreign body, shows that they are eminently

sensible to tactile impressions. As regards the digestive organs, we

have already described the prominent mouth (fig. 227, b), with its

horny palpiferous lip, and three pairs of lateral jaws. The oesophagus

(c) is short, and firm in its texture ;
it receives the excretory

ducts of two salivary glands of considerable size (fig. 225, d, d ), and

soon terminates in a capacious stomachal receptacle, the walls of which

are deeply sacculated and surrounded by a mass of glandular caeca

(fig. 227, d) that represent the liver, and pour their secretion through

numerous wide apertures into the cavity of the stomach itself. The

intestine (e, f) is a simple tube, and runs along the dorsal aspect of
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the animal, wide at its commencement, but gradually tapering towards

its anal extremity
; it terminates at the root of the tubular prolonga-

tion
(k) by a narrow orifice, into which a small bristle (y) has been

inserted.

(1214.) Little is satisfactorily known relative to the arrangement

of the blood-vessels and course of the circulation in these animals.

Poli imagined that he bad discovered a contractile dorsal vessel,

intimating that he had perceived its pulsations in the vicinity of

the anal exremity of the body
;
and, although his observations upon

this subject have not been confirmed by subsequent investigations,

analogy would lead us to anticipate the existence of the heart in

the position indicated by the indefatigable Neapolitan zootomist.

The lateral appendages {fig. 224, d, d, d) are most probably

proper branchial organs, but, perhaps, not exclusively the instru-

ments of respiration ; since the numerous cirri no doubt co-operate

in exposing the blood to the action of the surrounding medium,
a function to which they are well-adapted by their structure and
incessant movements; especially, as each cirrus is seen under the
microscope to be traversed throughout its whole length by two large

vascular trunks, one apparently arterial, and the other of a venous
character.

(1215.) Judging from the peculiar conditions under which the Cirr-

hopods exist, it would only be natural to suppose that to creatures so

circumstanced, the possession of the organs of the higher senses
would be a useless incumbrance, seeing that they are apparently quite
incapable of holding communication with the external world ; never-
theless, from the recent discoveries of Professor Leidy,* and of Mr.
Darwin,! they are found to be by no means destitute in this respect.

In Lepas fasciculam, Mr. Darwin detected two nervous filaments,

derived immediately from the front of the two supra-oesophageal

ganglia, which were found to terminate in two small, perfectly

distinct, oval masses, which are not united by any transverse com-
missure. From the opposite ends of these two ganglia, smaller

nerves are derived, which, bending inwards at right angles, communi-
cate with the ocular apparatus, which, although apparently consisting

of a single mass, is, in reality, composed of two eyes united together,

or, in other words, although in outline the eye appears single, two
lenses can be distinctly seen at the end, as well as two pigment capsules,

which are deep aud cup-shaped, and of a dark reddish purple hue.

This double eye in all the genera examined is seated deep within tho
body; it is attached by fibrous tissue to the radiating muscles of the
lowest part of the oesophagus, aud lies actually on the upper part of

* Proceedings of the Academy of Natural Sciences, Philadelphia, Jan. 1 048.

t Monograph on the sub-class Cirripcdia, by Charles Darwin, F.R.S., 1841.
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Fig. 226.

the stomach ;
consequently, a ray of light to reach the eye has to pass

through the exterior membrane and underlying corium, and to pene-

trate deeply into the body. In- living sessile Cirripeds Mr. Darwin

observes, vision seems to be confined to the perception of the shadow

of' an object passing between them and the light : they instantly

perceive a hand passed quickly at the distauce of several feet between

a candle and the vessel in which they may be placed.

(1210.) In the outer maxillae at their bases, where, united together,

but above the basal fold, separating the

mouth from the body, there are, in all

the Lepadidte, a pair of orifices, some-

times seated on a slight prominence, or

else on the summit of flattened tubes,

projecting upwards and towards each

other. Each of these orifices leads into

a deep sac lined by pulpy corium, and

closed at the bottom, over which a nerve

of considerable size is distributed. That

this closed sac is an organ of sense, of

some kind or other, there can be little

doubt, and, judging from its position, Mr.

Darwin is induced to consider that the

two constitute an olfactory apparatus.

(1217.) At a little distance beneath

the basal articulation of the first cirrus,

on each side there may be seen a slight

swelling, and on the under side of this

a transverse slit-like orifice {fig. 22G, e),

one-twentieth of an inch in length, in

Conchoderma, but often only half that

size : this is regarded by Mr. Darwin

as the organ of hearing. The external

orifice leads into a deep and rather wide

meatus, which, enlarging upwards, is

lined by a thick pulpy corium, and is

closed at the upper end ;
from its sum-

mit is suspended a flattened sac, vari-

ously shaped in different genera;—in

all cases the sac is empty, or contains

only a little pulpy matter
; it consists of brownish, thick, and remark-

ably elastic tissue, formed apparently of transverse little pillars,

becoming fibrous on the outside, and with their inner ends appearing

like hyaline points. The mouth of the acoustic sac is closed by a

tender diaphragm, through which Mr. Darwin thinks he saw a

moderate-sized nerve enter, and as the first pair of cirri seem, to a

Structure of Conchoderma.— a,

external layer of integument; a, a,

internal layer; b, b, ova forming a

layer around the body; c, ovipositor;

d, moutb ; e, presumed organ of

healing
; /, aperture communicating

with the interior of the pedicle; g,

h, pedicle. (After Darwin.)
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certain extent, to perform the office of antennae, therefore the

position of an acoustic organ at their bases is analogous to what

exists in Crustacea ;
but there are not here any otoliths, or the sili-

ceous particles and hairs as described by Dr. Farre in that class

(§ 1175). Nevertheless, the sac is so highly elastic, and its suspension

in a meatus freely open to the water, seems so well adapted for an

acoustic organ, that Mr! Darwin considers such to be its function.

(1218.) With respect to the organisation of the reproductive system

in these creatures, the most discordant opinions are expressed by

different writers ; no two authors agreeing either concerning the names

or offices which ought to be assigned to different parts of the genera-

tive apparatus. It must

therefore be our endea-

vour, in considering this

part of their economy, to

separate as far as prac-

ticable all conjecture and

hypothetical reasoning

from the simple facts

which anatomy has placed

at our disposal, and leave

disputed questions to be

solved by careful experi-

ment and research. Ac-

cording to the dissection

of John Hunter, the in-

ternal' generative appa-

ratus is double, occupy-

ing both sides of the

alimentary canal. Co-

vering the liver (fig-

227, d), there is found

a vascular substance,

which the above-named

illustrious anatomist re-

garded as probably con-

stituting the tubular-
velope of the body; b, the mouth; e, the oesophagus;

- d, the stomach; e,f tract of the intestine; g, bristle
parts o e es ic e,

jnserte(j ;nt0 t]ie anaj or;f;ce . /() the oviduct. (After
from which a tortuous Hunter.)

canal with very thick

w'alls (vas deferens) runs upwards, along the side of the intestine

to the root of the fleshy prolongation (7c), at which point it is joined

by the corresponding tube from the opposite side of the body. The

common canal thus formed is extremely slender, and passes in a

flexuous manner through the whole length of the tubular organ (7c),

Fig. 227.

Anatomy of Pentalasmis viirca.— a, external en-
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named by Hunter, apparently for the sake of brevity, the penis, to

terminate by a minute orifice at its extremity. Yet, notwithstanding

the name applied to the termination of the sexual canals, Hunter was

well convinced that the Cirripeds were hermaphrodites; as he ex-

pressly says,* “ It is most probable that all Barnacles are of both

sexes and self-impregnators ;
for I could never find two kinds of parts,

so as to be able to say, or even suppose, the one was a female, the

other male.”

(1219.) Cuvier found the vascular mass, considered by Hunter as

being the tubular portion of the testis, to be composed of granules

which he deemed to be ova ; and conceived the delicate white vessel

seen to ramify through the ovarian mass, as represented in the figure,

to be the oviduct whereby the eggs were taken up and conveyed into

the thick and glandular canal (/i), from the walls of which he imagi-

ned that a fecundating liquor might be secreted for the impregnation of

the ova in transitu. He therefore regarded the proboscidiform tube,

(fe) as an ovipositor, whereby the ova derived from both sides of the

body are expelled. Before scattering them abroad, as Cuvier noticed,

the animal retains them for a considerable length of time concealed

between the body and the mantle, where they form two or three

irregularly-shaped layers. When the eggs are found in this situation,

he observed that the ovaria were empty, and the testicles much less

tumid, circumstances which indicate the season of oviposition to be

at an end.

(1220.) In opposition to the views entertained by Cuvier concerning

the generative process in the class before us, various continental

writers consider the true ovary to be contained in the cavity of the

tubular fleshy pedicle, which in Pentalasmis serves to fix the body

to the substance whereuuto it is attached. This, indeed, at certain

periods is found to be filled with oval granular bodies of regular

shape, which are apparently real ova diffused through the loose

cellulosity inclosed within it ; and these ova, being found in different

states of maturity, are apparently secreted in the pedicle itself,

although some authors contend that, having been formed and im-

pregnated in the manner indicated by Cuvier, they are conveyed into

this situation by the ovipositor, as upon this assumption the prolonged

organ {Jig. 227, 7c) would be named. Other anatomists, again, regard

the instrument last mentioned as being a real penis, and suggest that

from its length it might even be introduced into the peduncular cavity

itself, and thus effect the impregnation of the ova contained therein.

(1221.) It is to Mr. Darwin that science is indebted for a know-

ledge of the fact that in at least two genera of the Lepadidse distinct

male and female individuals exist; and for the far more wonderful

* Descriptive and Illustrated Catalogue of the Physical Scries of Comp. Anat. in the

Mus. of the Royal Coll, of Surgeons in London, vol. i. p. 259.
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discovery that in the same genera there exist hermaphrodite species,

whose masculine efficiency is aided by one or two Complemented Males.

In the genus Ibla for example, in one species, I. Cumingii, the egg-

bearing individual is simply female, presenting no trace either of the

external proboscidiform penis, or of the vesiculse semiuales, or of the

testes ; while, on the other hand, the ovarian tubes within the pedicle

are developed in the usual manner, as are likewise the true ovaria at

the upper edge of the stomach. But although there thus was a total

deficiency of the usual male portion of the sexual apparatus, Mr.
Darwin found attached within the sac, in a nearly central line

[Jig. 228, h), a flattened, purplish, worm-like little animal, which,

notwithstanding its different appearance, turned out upon dissection

to be, in reality, the male Cirriped belonging to this species, although

totally dissimilar in its external configuration.

(1222.) The dimensions and proportions of the male animal vary

much, but it is always exceedingly minute, the longest specimen

measuring not more than ths of an inch in length. The main
part of the body consists of the peduncle, which tapers more or less

suddenly towards its extremity, which latter is imbedded deeply in the

integuments of the female, passing obliquely through the chitine

membrane and corium, and running along amidst the underlying

muscles and inosculating fibrous tissue, is attached to them by cement
at the extremity.

(1223.) Within the muscular layer all round the upper part of the

peduncle, and surrounding the stomach, the body of this minute
creature contains numerous little, rather irregular, globular balls, with

brown granular centres, so closely resembling the testes in other

Cirripedes as to leave little doubt that they are of the same nature.

The vasa deferentia are plainly visible, occupying their normal situa-

tion, and the presence of spermatozoa is indisputable. The vasa defe-

rentia unite and terminate under the two extremely minute caudal

appendages, but there is no projecting proboscidiform penis, and in this

case apparently the whole body, furnished like the penis with longi-

tudinal and transverse muscles, serves the same purpose

!

(1224.) Another species belonging to the same genus, Ibla quad-

rivalvis, furnishes an example of a hermaphrodite Cirriped, which
might he supposed to be in itself sufficient for reproduction, provided

with a complemental male, an arrangement still more wonderful than
that just described as existing in I. Cumingii. In the androgenous
individual there is a penis singularly constructed, of several distinct

segments, as well as the vasa deferentia and testes, which latter are

unusually large and egg-shaped, while the ovigerous system is like-

wise completely developed
; nevertheless, in five out of six specimens -

dissected by Mr. Darwin males were present, in every respect similar

in their structure to those of I. Cumingii described above ; and of
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some of which he was enabled to trace

the preparatory metamorphoses, common

to the class, from their larval condition

to the adult state.

(1225.) In this same hermaphrodite

specimen of Ibla quadrivalvis, the two

ovigerous lamellae contained some hun-

dreds of larvae in the first stage of

development, which were liberated from

their enveloping membranes by a touch

of a needle: they were about the To o o^1S

of an inch in length, and presented

all the usual characters of larvae at this

period. What a truly wonderful assem-

blage of beings of the same species, ex-

claims the distinguished naturalist to

whom we are indebted for these re-

searches, did this individual hermaphro-

dite present ! We have the numerous, almost globular, larvae with lateral

horns to their carapaces, with their three pairs of legs, single eye,

proboscidiform mouth and long tail :—we have the somewhat larger

larva3 ,
in the last stage of their development, much compressed, boat-

formed, with their two great compound eyes, curious prehensile

antennae, closed rudimentary mouth, and six natatory legs, so different

from those of the first stage ;—we have the attached males, with their

bodies reduced almost to a mouth, placed on the summit of a peduncle,

with a minute, apparently single, eye shining through the integuments

without any carapax or capitulum, and with the thorax, as well as the

legs or cirri, rudimentary and functionless :—lastly, we have the herma-

phrodite, with all its complicated organisation, its thorax supporting

six pairs of multi-articulated two-armed cirri, and its well-developed

capitulum, furnished with horny valves, surrounding this wonderful

assemblage of beings. Unquestionably, without a rigid examination,

these four forms would have been ranked in different families, if not

ordei’S, of the articulated kingdom.

(1220.) The observations of Mr. Thompson* relative to the progress

of the ova after their escape from the pedicle, throw much additional

light upon this portion of our subject. “ In the whole tribe of

Cirripeds,” says this industrious naturalist, “ the ova, after their ex-

pulsion from the ovarium, appear to be conveyed by the ovipositor

into the cellular texture of the pedicle, just beneath the body of the

animal, which they fill, to the distance of about an inch. When first

placed in this position, they seem to be amorphous, and inseparable

Fig. 228.

Ibla Cumingii, showing the sup-

plemental male.

—

a, b
,
c, cl, e,f g, i,

body of the female Ibla; h, supple,

mental male. (After Darwin.)

Phil. Trans, for 1035, page 356.
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from the pulpy substance iu which they are imbedded ; but, as they

approach to maturity, they become of au oval shape, pointed at both

ends, and are easily detached. Sir Everard Home has given a very

good representation of them at this stage of their progress, in his

‘Lectures on Comparative Anatomy,’ from the elegant pencil of Mr.

Bauer.”

(1227.) “During the stay of the ova. in the pedicle, they render

this part more opaque and of a bluish tint
; the ova themselves, and

the cellular texture iu which they are surrounded, being of a pale or

azure blue colour. It is difficult to conceive in what manner the ova

are extricated from the situation above indicated; but it is certainly

not by the means suggested by Sir E. Home in the above-mentioned

lecture, viz. by piercing outwards through the membranes of the

pedicle, for the ova are subsequently found forming a pair of leaf-like

expansions, placed between either side of the body of the animal and

the lining membrane of the shells. These leaves have each a separate

attachment at the sides of the animal to the septum which divides the

cavity occupied by the animal from that of the pedicle : they are at

first comparatively small, have a rounded outline, and possess the same
bluish colour which the ova bad in the pedicle ; but, as the ova advance

in progress, these leaves extend in every dimension, and lap over each

other on the back, passing through various lighter shades of colour

into pale pink, and finally, when ready to hatch, become nearly white.

These leaves appear to be composed of a layer of ova, irregularly

placed and imbedded in a kind of parenchymatous texture, out of

which they readily fall, when about to hatch, on its substance being

torn asunder; indeed, it appears at length to become so tender as to

fall entirely away, so that, after the period of gestation is passed, no
vestige of these leafy conceptacles is to be found.”

(1228.) In the second form of Cikrhopoda
(
Balani

), the animals,

instead of being appended to foreign substances by elastic and flexible

pedicles, are sessile; the shelly investment of the body being in

immediate contact with the rock, or other submarine body, to which
the Barnacle adheres. The soft tube of Pentalasmis is, in this case,

represented by a strong testaceous cone composed of various pieces

accurately joined together, and generally closed inferiorly by a cal-

careous plate ;
while the representatives of the valves of the peduncu-

lated species form a singular operculum, which is moved by special

muscles, and accurately shuts the entrance of the shell when the
animal retiles into its abode. In their general structure, however,
the Balamtoim Cinliopods accord with the description above given;
and, from the similarity of their habits and economy, a more elaborate
account of the peculiarities which they exhibit would be superfluous iu

this place.

(1229.) One of the most remarkable circumstances connected with
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the history of the Cirrhopoda, is the recently-discovered fact of their

undergoing a distinct metamorphosis ;
so that, in the earliest periods

of their existence, instead of being rooted by means of a pedicle or

otherwise, the newly-hatched young are endowed with locomotive

organs, calculated to enable them to swim freely about, and giving

them rather the appearance of Entomostracous Crustacea, than of

animals of their own class. . This singular fact was first announced by

Mr. J. Y. Thompson, of Cork;* and its correctness has since been

admitted by various anatomists who have devoted their attention to

this subject. Mr. Thompson’s first observations were made upon

minute animals, which, although at first actually taken for Crustaceans,

turned out to be the young fry of Balanus jmsillus ; and the following

is that gentleman’s account of their appearance and subsequent change.

—The young Cirrhopod is a small translucent animal one-tenth of an

inch long, of a somewhat elliptic form, but very slightly compressed

laterally, and of a brownish tint. When in a state of repose, it

resembles a very minute mussel, and lies upon one of its sides at the

bottom of the vessel of sea-water in which it is placed ; at this time,

all the members of the animal are withdrawn -within the shell, which

appeal’s to be composed of two valves, united by a hinge alongthe upper

part of the back, and capable of opening from one end to the other along

the front, to give occasional exit to the limbs. The limbs are of two

descriptions: viz. anteriorly, a large and very strong pair provided

with a cup-like sucker and hooks, serving solely to attach the animal

to rocks, stones, &c. ; and posteriorly, six pairs of natatory members,

so articulated as to act in concert, and to give a very forcible stroke to

the water, causing the animal, when swimming, to advance by a

succession of bouuds after the same manner as the water-flea
(
Daphnia

)

and other Monoculi, but particularly Cyclops, whose swimming-feet

are extremely analogous. The tail, which is usually bent up under

the belly, is short, composed of two joints, and terminates in four

setae, forming an instrument of progression. The animal, moreover, is

furnished with large pedunculated eyes. After keeping several of the

above for some days in sea-water, they threw off their exuvia, and,

becoming firmly adherent to the bottom of the vessel, were changed

into young Barnacles
; and the peculiarly-formed shells, with their

opercula, were soon distinctly formed, while the movements of the

cirri, although as yet imperfect, were visible. As the shell becomes

more complete, the eyes gradually disappear, the arms become

perfectly ciliated, and an animal originally natatory and locomotive,

and provided with a distinct organ of sight, becomes permanently and

immovably fixed, and its optic apparatus obliterated.

(1230.) Similar results were obtaiued by watching the development

Zoological Researches, 1th Memoir, 1830.
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of the pedunculated type of Cirripeds* (Lepades), many of which were

proved in their earliest form to resemble different kinds of Monoculi,

and to be possessed of the capability of locomotion.

(1231.) The manner in which larvae thus constituted are converted

into the fixed and pedunculated Cirriped is, indeed, one of the most

remarkable features connected with the history of the class. The
larva in its last stage has much the appearance of one of the Stomapod

Crustaceans, and as is the case in several genera belonging to that

order, the part of the head bearing the antenna) and organs of sense

in front of the mouth equals, or even exceeds, in size the posterior

part of the body, consisting of the inclosed thorax and abdomen. On
the borders of the carapax at the anterior end, on the sternal surface,

there are two minute orifices, sometimes having a distinct border

round them, within which are contained minute sacculi, regarded as

acoustic organs; and, moreover, large compound eyes, each consisting

of eight or ten lenses, are situated near the bases of the antennae.

(1232.) But it is the antennae themselves that principally claim our

notice, inasmuch as it is by means of these organs that the creature

ultimately attaches itself when about to assume its complete or fixed

condition. They consist of three segments
; the first, or basal one, is

much larger than the others, and apparently always has a single

spine on its outer distal margin. The second segment consists

either of a large thin circular sucking disc, or is hoof-like
;

in all cases

it is furnished with spines on the exterior hinder margin. The third

and ultimate segment is small, it is articulated on the upper surface

of the disc, and is directed rectangularly outward; it is sometimes
notched, and even shows traces of being bifed, and bears about seven
spines at the end, some of which are hooked, others simple. The
antenna), at first, are well furnished with muscles, and serve for the

purpose of walking, one limb being stretched out before the other, but

their main function is to attach the larva for its final metamorphosis
into a Cirriped, by means of the appended disc, which can adhere even
to so smooth a surface as a glass tumbler.} The attachment is

at first manifestly voluntary, but soon becomes involuntary and per-

manent, being effected by special and most remarkable means.

(1233.) In each of the antennae there is situated a duct, derived
from a large glandular body (the cement gland

) ; the termination of this

duct is situated in the immediate vicinity of the adhesive disc, by the
assistance of which the little animal is about to fix itself permanently
to some foreign body, and assume the Cirriped condition.

(1234.) Several times Mr. Darwin succeeded in dissecting off the
integuments of the lately-attached larva, and in displaying the

• Phil. Trans, for 1835, page 355,

t Darwin, loc. cit.

1
Rev. R. L. King. Annual Report of the R. Inst, of Cornwall, 1848.
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inclosed Lepas entire, of which, in this condition, he gives the

following account Whilst the young Lepas is closely packed within

the larva, the capitulum (or shell-clad portion of the body), as kuown

hy the live valves, about equals in length the peduncle. Ihe peduncle

occupies the anterior half of the larva ; and even at this early period

the muscles of its inner tunic are quite distinct. The compound eyes,

as we have already seen, are attached to the sternal surface of the

larval carapax, and are consequently cast off with it; but the antennse,

which are not moulted with the carapax, are left cemented to the sur-

face of attachment ;
their muscles are converted into sinewy fibres,

the corium after a short time is absorbed, aud they are then preserved

in a functionless condition. If, indeed, the peduncle even of an adult

Cirriped be very carefully removed from the surface of attachment,

quite close to the end, but not at the actual apex, the larval prehensile

antenna) can always be found, and the cement ducts traced, running in

a slightly sinuous course on each side within the peduncle, until they

arrive at the glandular organs whence the cement is furnished. Each

gland contains a strongly coherent, pulpy, opaque cellular mass, like

that in the cement ducts, and it is this peculiar substance hat consti-

tutes the bond of union between the Cirriped and the surface where-

upon it becomes fixed.

CHAPTER XX.

Brachiopoda* (Cuv.); Pauliobranchiata)- (Owen).

(1335.) The next class of Mollusca which presents itself for our

consideration was named by Cuvier on account of the remarkable cha-

racter of the organs by means of which the animals composing it

procure the food destined for their support. These instruments consist

of two long spiral arms placed on each side of the mouth, that in

many species cau be unrolled to a considerable length, and piotiuded

to some distance, in search of aliment. The above character, howevei,

taken by itself, would scarcely warrant us in considering the creatui es

before us as forming a separate class of Mollusca ;
but when, in

addition to this remarkable feature in their organisation, we find that

they possess a respiratory apparatus peculiar to themselves, aud differ

* Bga%(<»v, an arm; truus, a foot.

-|- Pallium, a mantle; branchial, gills. This name, originally proposed by Mons. de

Blainvillc, notwithstanding his belief that the spiral arms were the organs of respira-

tion, has since been proved by the researches of Professor Owen to be strictly appro-

priate to the class.
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the body

Fig. 229.

of the

widely from all other bivalves in almost every part of their structure,

wre feel little hesitation in continuing to regard them as distinct,

and devoting the present chapter to an investigation of their ana-

tomy.

(1236.) The Brachiopoda inhabit bivalve shells, and for the most

part are suspended by a fleshy tubular pedicle, resembling that of the

Cirrhopods, to various submarine bodies. Such, at least, is the case

in Lingula and Terebratula; but in the third genus belonging to this

class, namely, Orbicula, the pedicle is wanting, the lower valve of the

shell being fixed immediately to the rock whereuuto the animal is

attached.

(1237.) On separating the testaceous valves,

Brachiopod is found to be inclosed be-

tween two delicate membranes, which

exactly line the shell ; and to these

membranes, as in the case of other

Mollusks, the name of mantle has by

common consent been appropriated. The

mantle itself is thin and semi-trans-

parent
; but its margins are thickened,

and fringed with delicate cilia, the uses

of which will shortly become evident.

(1238.) When the two lobes of the

mantle are widely divaricated,—as in

Lingula {Jig. 229),—we perceive the

prominent orifice of the mouth
(
b
)
placed

deeply between them : on each side of

the mouth are the two fleshy fringed

arms, which in this case can be pro-

truded to a distance out of the shell,

and, as Cuvier* supposes, may act as oars, and thus enable the animal

slightly to alter the position of its body ; or else, as they are most

probably delicate organs of touch, they may perform the office of highly

sensible tentacula.

(1239.) In Terebratula psittacea the arms are enormously developed,

fringed upon their outer margins, and quite free except at their

origins : when completely contracted, they are disposed in six or

seven spiral folds, and, when unfolded, they extend beyond the shell

twice its longitudinal diameter. The mechanism by which they are

unfolded is described by Professor Owenf as being extremely simple

and beautiful. The principal stem of each arm is hollow from one

end to the other, and contains a fluid, which, being acted upon by the

spirally-disposed muscles forming the parietes of the canal, is forcibly

* Memoire sur l’Animal de la Lingule.

f Transactions of the Zoological Society, vol. i.

Lingula, with thevalves separated.

—a, b, the pallium, or mantle. (After

Cuvier.)
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injected towards the extremity of the arm, and the organ is thus ex-

panded and protruded outwards.

(1240.) In Terebratula Chilensis, on the contrary, the movements of

the arms are extremely limited, and they can no longer he protruded

from the shell as in the preceding species, being connected throughout

their whole length with a peculiar complex testaceous apparatus

attached to the internal surface of the imperforate valve of the shell

(Jig. 230, b), the arrangement and uses of which are thus described

in the memoir above-mentioned. The principal part of the internal

framework alluded to consists of a slender flattened, calcareous loop

the extremities of which are attached to the lateral elevated

ridges of the hinge: the crura of the loop diverge, but again ap-

proximate each other as they advance for a greater or less distance

towards the opposite margin of the valve
;
the loop then suddenly

turns towards the imperforate valve, and is bent back upon itself for

a greater or less extent in different species. The loop, besides being

Fig. 230 .

Valves of Terebratula Chilensis, showing the internal framework. (After Owen.)

fixed by its origins, or crura, is commonly attached to two processes

(d, d) going off at right angles from the sides, or formed by a bifurca-

tion of the extremity of a central process (c), which is continued

forwards from the hinge, but it is sometimes entirely free except at

its origins. The arches of the loop are so slender, that, notwith-

standing their calcareous nature, they possess a slight degree of

elasticity, and yield a little to pressure. The interspace between the

two folds of the calcareous loop is filled up by a strong but extensile

membrane, which binds them together, and forms a protecting wall to

the viscera ;
the space between the bifurcated processes in T. Chilensis

is also similarly occupied by a strong aponeurosis. In this species the

muscular stem of each arm is attached to the outer sides of the loop

and the intervening membrane. They commence at the pointed

processes at the origin of the loop, advance along the lower portion,

turn round upon the upper one, are continued along it till they reach
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the transverse connecting bar, where they again advance forwards, and

terminate by making a half-spiral twist in front of the mouth.

(1241.) One use assignable to the spiral arms of the Brachiopoda

is no doubt connected with the opening of the shell, which, in species

provided with muscular and retractile organs of this description, is

mainly effected by their forcible protrusion. In Terebratula Chilensis,

however, and other species in which the arms are not extensile, Mr.

Owen conceives that the elaborate internal framework above described

answers a similar purpose; observing, that the muscular stem, by

means of its attachment to the calcareous loop, has the power of

acting upon that part to the extent its elasticity admits of, which is

sufficient to produce such a degree of convexity in the reflected portion

of the loop as to cause it to press upon the perforated valve and sepa-

rate it slightly from the opposite one.*

(1242.) The most obvious function, nevertheless, attributable to the

tentacular organs of the animals com- 231.

posing this class is connected with

the procurement of food; for, being

utterly deprived of prehensile in-

struments, without some adequate

contrivance these helpless creatures,

imprisoned in their testaceous cover-

ing, and fixed immovably in one lo-

cality, would be utterly unable to

obtain the nourishment necessary for

their support. The provision for this

purpose is found in the arms, whether

they he extensible or attached to

calcareous loops
; for these organs,

being covered by cilia, produce power-

ful currents in the surrounding me-
dium, which, being directed towards

the mouth as to a focus, hurry

into the oral aperture v’hatever nu-

tritive particles may chance to he in the vicinity. The mouth itself

is a simple orifice with prominent fleshy lips {fig. 229, b), hut unpro-
vided with any dental apparatus. The alimentary canal in Lingula is

a long and convoluted tube; but without a perceptible stomachal
dilatation ;

in Terebratula, however, there is a large oval stomach

{fiO- 231, a, d), into which numerous ducts derived from the hepatic
follicles open by large orifices. The structure of the liver in these
animals is displayed by Professor Owen in the memoir from which the

Innumerable shells of extinct species of Brachiopoda occur in a fossil state; and in

many of them (Spirifera, &c.) an internal framework, analogous in sonic respects to that

described in Terebratula Chilensis, is discernible.

Digestive apparatus of Terebratula.

—

A. a, b, d, e,f, the alimentary canal; c,

the hepatic cffica. is. Hepatic follicles,

magnified. (After Owen.)

i i 2
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annexed figures are taken, and the simplicity of its organisation affords

an interesting lesson to the physiologist. The hepatic organ (fig. 231,

a, c) consists essentially of numerous secerning caeca (fig. 231, b), as

yet easily separable from each other ;
over which the visceral blood-

vessels ramify, and bring to the secreting sacculi the circulating fluid

from which the bile is elaborated.

(1 243.) The greatest peculiarity observable in the structure of the

Brachiopoda is seen in the arrangement of the respiratory system

:

for these animals, instead of possessing proper branchial organs, as is

the case with all other Mollusca, have the mantle itself converted into

a respiratory surface, and traversed by the ramifications of large blood-

vessels, which form an

elaborate arborescence

spreading through its

texture, so that it is

obviously well adapted

to perform the office

assigned to it; more es-

pecially as its circum-

ference is thickly stud-

ded with vibratile cilia,

disposed in such a man-

ner that by their cease-

less movements they

impel continued supplies

of aerated water over the

whole of this vascular

membrane. The lobe

of the mantle which

Fig. 232.

Vascular system of Terebratula Chilensis.—a, c, tlie

mantle; d, circular canal encompassing the margin of

the mantle; f g, h, muscles of attachment; in, m, m, m,

large venous trunks in the mantle.

lines the perforate valve of Terebratulil Chilensis {Jig. 232, c) contains

four large longitudinal venous trunks {m, m), and two others of similar

dimensions are seen in the opposite lobe {a). These veins take their

origin by innumerable radicles from a circular canal of great delicacy

which encompasses the entire circumference of the mantle (d) ;
and it

is in this canal that Mr. Owen supposes the branchial arteries that

may be seen to accompany the veins above described terminate. The

four veins which are placed in the perforated lobe of the mantle form

two trunks near the visceral mass ;
and these, joining those of the

opposite lobe, terminate in two distinct contractile cavities, or hearts,

seen near the exterior margin of the liver. The arms of the Brachio-

poda, notwithstanding their gill-like structure, seem to have nothing

to do with the renovation of the circulating fluids, since the cilia which

fringe the margin of the central stem {Jig. 232, 7c, k) present, under

the microscope, a horny texture, instead of being of a vascular cha-

racter, and the muscular stem itself contains no blood-vessels of
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sufficient size to indicate that the brachia are at all efficient as respi-

ratory organs.

(1244.) The course of the circulation has not been actually de-

monstrated, but from analogy there is no room to doubt that the two

hearts are systemic, receiving the purified blood from the lobes of the

mantle, and distributing it through the body.

(1245.) The nervous system of the Brachiopoda is but imperfectly

known. Cuvier conceived the brain of Lingula to be represented by

some small ganglia visible near the mouth {fig'. 229, a), but was un-

able to follow tbe nerves
;
and Professor Owen, in dissecting Orbicula,

detected two small ganglia on each side of the oesophagus.

(1240.) Tbe muscular system in the class before us differs very

materially from that exhibited by any other bivalve Mollusca.

(1247.) In Terebratula, two pairs of muscles arise from each valve:*

those of the imperforate valve arise at a distance from each other;

the anterior pair {fig. 232,/,/) come off lleshy just behind the middle

of the valve (fig. 230, b, g, g ) ;
they soon diminish to thin shining

tendons, which converge and unite below the stomach ; they then

again separate, and pass through the foramen of the perforate valve to

be inserted into the pedicle.

(1248.) The posterior pair are very short, and wholly carneous :

they arise from the lateral depressions in the base of the central

portion of the hinge
(fig

.

230, b, h), and are inserted into the pedicle.

(1240.) The muscles of the perforated valve arise close together, so

as to leave only a single muscular impression on each side {fig. 230,

A, c); the anterior pair soon diminish to slender tendons, and are

inserted into the base of the imperforate valve; the posterior pass

exclusively into the pedicle.

(1250.) The pedicle itself consists of a peculiar tendinous-looking

structure, enveloped in a tubular prolongation derived from the mantle.

(1251.) Little is known concerning the reproduction of the Brachio-

poda. The ova, when present, have invariably been found lodged

between the layers of the two lobes of the mantle
; a position analo-

gous to that in which we have already seen them deposited in the

Cirripeds (§ 1227) preparatory to their expulsion. No internal genera-

tive system has as yet been detected ; but, notwithstanding this, we
are by no means prepared to assume, as some writers do, that the ova

are formed by the mantle itself in the localities where they are

generally met with. Future investigations, conducted under more

favourable circumstances, will no doubt reveal the existence of some

internal ovarian nidus, in which the eggs are first developed, and

from whence they are subsequently removed to the branchial mem-
branes ; as we shall find hereafter to be the usual arrangement in

other forms of bivalve Mollusca.

‘ Professor Owen, loc. cit.
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CHAPTER XXI.

Tunicata.*

The singular class of Mollusca to which the name at the head of this

chapter has been applied is at once distinguished by the remarkable

character afforded iu the texture of the external investment of the

body. In their general organisation the Tunicata are very neai-ly

allied to the ordinary inhabitants of bivalve shells, with which, both

in the structure and arrangement of their viscera, they correspond in

many particulars ; but, instead of being inclosed in any calcareous

covering, a strong flexible cartilaginous or coriaceous integument forms

a kind of bag encasing their entire body, and only presenting two

comparatively [narrow orifices, through which a communication with

the exterior is maintained.

(1252.) Various are the forms under which these animals present them-

selves to the eye of the naturalist ;
but the enumeration of them will be

more conveniently entered upon hereafter. We shall, therefore, at

once lay before the reader the principal points connected with the

structure and habits of an Ascidia belonging to one of the most per-

fectly organised families ;
and, after examining this attentively, our

descriptions of allied genera will be rendered more simple and in-

telligible. The Ascidians are abundantly met with upon the shores

of the ocean, especially at certain seasons of the year. In their na-

tural condition, they are found fixed to the surfaces of rocks, sea-weed,

or other submarine bodies
;
frequently, indeed, they are glued together

in bunches, but in this case individuals are simply agglomerated with-

out organic union. Incapable of locomotion, and deprived of any ex-

ternal organs of sense, few animals seem more helpless or apathetic

than these apparently shapeless beings
;
and the anatomist is surprised

to find how remarkably the beauty and delicacy of their interior con-

trasts with their rude external appearance. In the species selected

for special description (Phallusia nigra), the external envelope [fig.

233, a, a, a) is soft and gelatinous in its texture, fixed at its base to a

piece of coral (T), and exhibiting at its opposite extremity two orifices

(h,f), placed upon prominent portions of the body. Through the most

elevated of these orifices (h) the water required for respiration, and the

materials used as food, are taken in
; while the other (/)

gives egress

to the ova and excrementitious matter. The soft outer covering is

Tunicalus, clad in a tunic.
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permeated by blood-vessels which ramify extensively in it, it is moie-

over covered externally with an epidermic layer, and lined within by

a serous vascular membrane, which, in the neighbouihood of the two

Fig. 233.orifices, is reflected from it on to the

body of the animal lodged inside.

The creature hangs loosely in its outer

covering, to which it is only con-

nected at the two apertures by means

of the reflection of the peritoneal

membrane above mentioned.

(1253.) On removing a portion of

the exterior tunic, that in reality re-

presents the shells of a bivalve Mol-

lusk, the soft parts of the Ascidian

are displayed. The body is seen to

be covered with a muscular invest-

ment (the mantle) (Jig. 233, b, b, c),

composed of longitudinal, circular,

and oblique fibres, which cross each

other in various directions, so as to^

compress by their contraction the

viscera contained within ; and this

so forcibly, that, when alarmed, the

animal can expel the water from its

branchial sac, immediately to be de-

scribed, in a thin continuous stream,

sometimes projected to a distance of

many inches.

(1254.) Respiration is effected in

an apparatus of very peculiar con-

trivance ; to the examination of which

we must now request the attention of

the student. A considerable portion

of the interior of the body is occupied

by a circumscribed cavity, that opens

externally by tbe orifice h

;

into this

ba<* a bristle has been introduced, in
D

the dissection represented in the

figure (Jig. 233) : its walls are seen

to be composed of a thin but very

vascular membrane (d, d, d), that has

been partially turned back, so as to

display the interior of the respiratory

sac. The membrane (fig. 233, d, d, d ; fig. 234, e\. when examined

with a microscope, is found to be covered with a magnificent network of

Structure of Piiallnsia nigra.—a, a,
a,

external envelope; b, b, tlie mantle; c,

mantle reflected so as to display d, d,

tlie membrane lining the respiratory

sac
;

e, e, alimentary canal
; J\ excre-

tory orifice; g, orifice of oviduct; h,

oral aperture; l, a piece of coral to

which the animal is fixed; n, the anus.

(After Hunter.)
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blood-vessels, formed by innumerable canals uniting with each other

at right angles
; and moreover, when seen in a living state, its surface

is discovered to be densely studded with vibratile cilia, whose rapid

action constantly diffuses fresh supplies of water over the whole vascu-

lar membrane. The respiratory cavity has but one orifice for the ad-

mission of water [Jig. 234, a)
;
and this is guarded by a fringe of deli-

cate and highly sensible tentacula
(_fig

.

234, l); so that the water, as

it is drawn into the body, having necessarily to pass these tactile organs,

any foreign substances which it might contain of a prejudicial character

are at once detected and denied admission. All the vascular ramifica-

tions spread over the lining membrane of the branchial chamber, are

connected with two sets of large vessels ; one of which, receiving the

blood from the body, disperses it over the spacious respiratory surface

;

while the other, collecting it after it has undergone exposure to the re-

spired medium, conveys it in a pure state to the heart.

(1255.) The heart itself presents the simplest possible form; being
generally a delicate elongated contractile tube, receiving at one ex-

tremity the blood derived from the numerous vessels that ramify over

the interior of the branchial sac, whilst at the opposite end it becomes
gradually attenuated into the aorta, through which it impels the cir-

culating fluid, and disperses it through the system.

(1250.) The heart, above described, is extremely thin and trans-

parent, and is lodged in a distinct pericardium, which separates it from

the other viscera.

(1257.) Notwithstanding this apparently simple arrangement of the

vascular system in the Ascidians, the nature of the circulation of the

blood throughout the class is extremely curious ; the action of the

heart being completely reversed at brief intervals, and the course of

the blood entirely changed
; a phenomenon which is easily witnessed

in any of the smaller and more transparent species, when placed under

the microscope. The contractions of the heart succeed each other

with regularity, but they are sluggish, not extending at once through
the whole organ. The systole commences at one extremity, and is pro-

pagated by an uudulatory movement towards the opposite end by a sort

oi peristaltic action. For some time the contractions succeed each

other with rapidity, passing on in the same course, when they suddenly
cease, and, alter a pause, recommence from the other end of the viscus.

The blood thus impelled alternately, from behind forward, and then in

the contrary direction, ascends towards the branchial apparatus ; never-

theless it does not appear to be conducted there by closed vessels, but

seems to be diffused between the inner tunic of the abdomen and the

viscera, where it Hows in currents that vary in their direction as the

movements of the animal, or any other mechanical causes, affect their

passage. lhe chief portion of the blood, however, ascends by (he

dorsal or the ventral surface of the abdomen, and, after having bathed
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tho surface of the viscera, gains the base of the branchial sac. When
the contractions of the heart are directed forwards, the ascending cur-

rent of blood passes along tho anterior wall of tho abdominal
t
cavity,

and enters a capacious sinus, situated in front of the respiratory

chamber, which gives origin on each side to a series of large transverse

vessels, and these intercommunicating with each other by means of

innumerable branches disposed vertically, a rich vascular network is

formed, that, after spreading all over tho walls of the branchial cavity,

pours its blood into another vertical sinus situated at the opposite side

of the thoracic cavity, into which is likewise poured tho vitiated blood

derived immediately from the system. Lastly, the circulating fluid,

again diffusing itself between the viscera, descends along tho dorsal

region of the abdomen, and again reaches the heart. Were the cir-

culation constant in the above direction, as Milne Edwards observes, it

would somewhat resemble that of other Acephalous Mollusca. The
heart might then be compared to an aortic ventricle, and the anterior

thoracic sinus to a branchial vein. But owing to the contrary directions

of the currents of blood—owing to the changing action of the heart,

the vessels that during one minute perform the functions of veins, are

in the next converted into arteries.

(1258.) When we consider the fixed and immovable condition of an
Ascidian, and its absolute deprivation of all prehensile instruments
adapted to seize prey, it is by no means evident, at first sight, how it

is able to subsist, or secure a supply of nourishment adequate to its

support ; neither is the structure of the mouth itself, or the strange
position which it occupies, at all calculated to lessen the surprise of

the naturalist who enters upon the consideration of this part of their

economy. The mouth, in fact, is a simple orifice, quite destitute of

lips or other extensible parts, and situated, not at the exterior of the

body, but at the very bottom of the respiratory sac (fig. 233, and jig.

234, g). It is obvious, then, that, whatever materials are used as

aliment, they must be brought into the body with the water required

for respiration
;
but, even when thus introduced into the branchial

cavity, the process by which they are conveyed to the mouth and swal-

lowed still requires explanation. We have before noticed that the

interior of the branchial chamber is covered with multitudes of vibra-

tile and closely-set cilia, well described by Mr. Lister : * wdiich, by
their motion, cause currents in the water. When these are in full

activity, observes that gentleman in the paper referred to, the effect

upon the eye is that of delicately-toothed oval wheels revolving con-

tinually in a direction ascending on the right, and descending on the

left of each oval, as viewed from without
; but tho cilia themselves are

very much closer than the apparent teeth
; and the illusion seems to

* Phil. Trans, for 1034, p. 378.
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Fig. 234.

be caused by a fanning motion given to them in regular and quick sue

cession, which will produce the appear-

ance of waves, and each wave answers

here to a tooth.

(1259.) Whatever little substances,

alive or inanimate, the current of water

brings into the branchial sac, if not re-

jected as unsuitable, lodge somewhere

on the respiratory surface, along which

each particle travels horizontally, with

a steady, slow course to the front of

the cavity, where it reaches a downward

stream of similar materials ;
and they

proceed together, receiving accessions

from botli sides, and enter at last the

oesophagus placed at the bottom (Jig.

234, g), which carries them, without

any effort of swallowing, towards the

stomach.

(1260.) The oesophagus (Jig. 234, h)

is short, and internally gathered into

longitudinal folds. The stomach (i) is

simple, moderately dilated, and has its

walls perforated by several orifices,

through which the biliary secretion en-

ters its cavity. The liver is a glandu-

lar mass intimately adherent to the

exterior of the stomach and the intes-

tinal canal (Jig. 233, e, e), of variable

length, and more or less convoluted in

different species, after one or two folds,

terminates in the rectum, which, emerg-

ing from the peritoneal investment co-

vering the intestine, has its extremity loosely floating in the cavity

communicating with the second orifice (/) : into the latter, a bristle

is introduced in the figure, having its extremity inserted into the

anal extremity of the digestive tube. Excrementitious matter, there-

fore, when discharged from the rectum, escapes from the body through

the common excretory aperture generally situated upon the least ele-

vated protuberance of the outer covering.* It would seem that the

food of Ascidians consists of very minute particles of organised

matter; for, although small Crustacea and other animal remains

have been occasionally met with in the branchial chamber, nothing

Diagram of an Ascidian, showing

the position of the viscera.

—

a, the

oral orifice ; b, tentacula guarding

ditto; c, d, nervous ganglia; e, re-

spiratory sac; f, longitudinal vessel;

li, i, A, l, m, stomach and intestine;

o, ovary; p, termination of oviduct;

q, common excretory orifice.

* Cuvier, Mtmoire surles Ascidies, p. 14.



TUNICATA. 491

of this nature has been observed in the stomach itself, and, as must

be obvious to the reader, the oral aperture seems but little adapted

to the deglutition of bulky substances.

(1 261.) The reproductive system in these humble forms of Mollusca

presents the utmost simplicity of parts ;
being composed of an ovarian

nidus, in which the germs of their progeny are elaborated,.and a duct,

through which their expulsion is accomplished.

(1262.) The researches of Milne Edwards,* however, relative to this

part of their economy, tend to show that the structure of these creatures

is more complex than was previously supposed ;
and in Amaroncium

argns, one of the compound Ascidians, that indefatigable observer also

succeeded in recognising the presence of a male apparatus. This con-

sists of a largely-developed testicular gland, that occupies almost all the

lower part of the post-abdomen, and communicates with the common ex-

cretory cavity by means of a long filiform canal that was regarded by

Savigny as being the oviduct. This gland is made up of a multitude

of whitish vesicles, which, at first sight, have much the appearance of

rudimentary eggs, but which, in reality, are found to swarm with sper-

matozoa, thus revealing the true nature of the organ. A similar ar-

rangement has since been detected in numerous other genera, so that

its existence throughout the entire class is now no longer doubtful.

The ovarium is situated in close juxtaposition with the testes. In all

the P olychinian group it is lodged in the post-abdomen, and posteriorly

is hardly distinguishable from the male apparatus, but towards the

upper pai-
t becomes easily recognisable in consequence of the size and

colour of the ova contained within it. The eggs, of which a few

only are developed at a time, as they issue from the ovigerous organ,

pass immediately into the cloaca, or even become lodged in the lateral

part of the thoracic chamber, between the proper tunic of this cavity,

and the branchial sac, where they remain for some time exposed to the

influence of the surrounding aerated medium.

(1263.) Whilst the ova remain inclosed in the upper part of the

post-abdomen, they increase considerably in size, and assume a spheri-

cal form ;
the yolk acquires a deep yellow colour, and the vesicle of Pur-

kinje, which was distinctly visible during the commencement of their

development, disappears, and is replaced by a cloudy spot, which appears
to be the blastoderm, or proligerous layer, from which proceeds the em-
bryo of the young Ascidian.

(1264.) As incubation proceeds, the egg acquires more of an oval

form, the vitelline mass seems to contract, and its surface, becoming
denser, appears to become organised into a membrane which is dis-

tinct from the more deeply seated substance of the yolk, and gradu-
ally the whole becomes moulded into something like the shape of a

* Observations sur les Ascidies composes, Mem. de l’Acad. tom. xviii.
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tadpole (fig. 235, a) ;
the anterior extremity of which is seen mounted

with a sort of tentacular apparatus (6), and on the bursting of the egg,

the embryo, by means of its long tail, swims about in the water with

considerable vivacity; after the lapse of a few hours, however, the little

creature, in size not yet larger than the head of the smallest pin, fixes

itself to some foreign object, by means of one of the little suckers

situated on the anterior extremity of its body, and permanently loses

all capability of locomotion.

(1205.) The larval Ascidian having thus fixed itself for life (fig. 235,

is), soon begins to change its form. The anterior extremity of its body

becomes expanded—the tentacular appendages disappear—the central

portion of the tail
(
b ) becomes retracted into the central mass, and

Fig. 235 .

lastly, the tail itself, which was at first such an important locomotive

agent, gradually withers away, until no traces remain of such an organ

having existed (fig. 235, c, d).

(1200.) From the above description of the development of the

young Ascidians, it appears that during the first part of their existence

they are solitary and isolated animals, although at a later period they

are found united into numerous colonies, either connected together by

means of a creeping common stem, or associated into a compact mass

by a tegumentary tissue, wherein the entire colony is arranged after a

certain order or regular pattern, w'hich is Constantin each species;

and the manner in which this is effected, thus presents itself as a

problem possessing considerable interest.

(1267.) Savigni, while prosecuting his dissections of the Botrylli,

had remarked situated upon the borders of the stellate groups, formed

by the association of individuals belonging to that group, a multitude

of membranous tubes, slightly dilated at their extremities, to which he

gave the name of the marginal tubes, at the same time pointing out

their existence in other families, but without entering into any details

concerning the relations existing between them and the associated As-
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cidians contained in the tegumentary mass. Milne Edwards, however,

ascertained by the examination of transparent groups of these creatures

whilst in a living state, that each of these canals is at first a little

tubercle, developed from the surface of the abdominal portion of the

inner tunic of an adult Ascidian. This tubercle becomes elongated

by growth into a tube, the extremity of which is closed, but free, while

its internal cavity communicates freely by the opposite end with the ab-

dominal cavity of the Ascidian, from which it originally sprouted ; so

that the blood circulating in the latter easily penetrates into the caecal

appendage, wherein an active circulation is kept up. Generally speak-

ing, in proportion as these marginal tubes advance into the common

tegumentary tissue around them, they divide into several branches,

and the extremity of each of them becomes inflated and claviform;

soon there appears towards the summit of each terminal swelling a

small granular mass, wherein the forms of an Ascidian gradually de-

velope themselves, and which in time becomes anew animal, resembling

those already existing in the common mass, of which it is destined, it-

self, to become a new inhabitant. Ultimately, the communication

between the parent and the young individual becomes obliterated, but

still the newly-formed animals, thus derived from the same parent, re-

main for some time united by their pedicle, and apparently to this cir-

cumstance their mode of arranging themselves in groups is due.

(1268.) The ovary is a whitish glandular mass embedded with the

liver among the folds of the intestine : its position in fig. 233 is in-

dicated by the letter m

;

and at o,fig. 234, it is seen sepai'ated from

the surrounding structures. The oviduct, which is occasionally very

tortuous, accompanies the rectum, and terminates near the anal aper-

ture (fig. 233, m,fig. 234, o), so that the ova ultimately escape through

the common excretory orifice.

(1269.) Since the publication of the former edition of this work,

important additions have been made to our knowledge relative to the

generative system of the class under consideration, and a distinct

male apparatus, the existence of which was formerly denied, has been

satisfactorily described by many skilful observers. The arrangement

of these organs, as they exist in Cynthia ampulla, dissected by Van
Beneden, is shown in the accompanying figure (fig. 236, a, b). In

this species the sexual parts appear at first sight to form but a single

organ, embedded in a fold of the alimentary canal (a, h), but by the

assistance of a microscope, this is readily seen to consist of two por-

tions, one male, and the other female. The testicle (c) surrounds the

base of the ovary, and is distinguishable by its milky white colour

;

its substance is entirely made up of innumerable short convoluted

caeca, visible to the naked eye, and resembling the seminiferous tubes

of many of the higher animals. Three or four glandular prolongations

(/) arise from the surface of this organ, which are hollow internally,
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and contain a milky fluid, which is poured into the cloaca, and which
the microscope reveals to be almost composed of spermatozoa, with

disciform heads, and filamentary tails. The ovary is of a dark colour,

and is embedded, as it were, in the testes, its oviduct (e) opens into

the cloaca by the side of the anus.

(1270.) In Ascidici grossularia, the eggs, as seen through the walls

of the ovary, are of a fine red colour, and are contained in separate

sacs, so that the ovary when distended, resembles a bunch of grapes.

Fig. 230.

B A

By the side of the ovary is another series of sacculi
(
jig

.

236, b , b),

the contents of which abound with spermatozoa, intimating their iden-

tity with the male apparatus above described.

(1271.) Deprived as these animals are of any of the higher organs

of sense, and almost cut off from all relation with the external world,

we can look for no very great development of the nervous centres.

There is one ganglion, however, lodged in the substance of the mantle,

distinctly recognisable, situate in the space between the branchial and

excretory openings, from which large nerves are given off; but of other

details connected with the nervous system of the Tunicata little has

been made out.

(1272.) Many forms of Tunicated Molluscaare met with abundantly

in the seas of tropical latitudes, which, although allied to Ascidians in

the main points of their economy, present certain peculiarities of

structure that require brief notice in this place. These, grouped by

authors under the general name of Salpat, are many of them so trans-

parent, that their presence in a quantity of sea water is not easily

detected ; and their viscera, if coloured, are readily distinguishable

through their translucent integument, which in texture seems to be

intermediate between cartilage and jelly. The body is oblong, and

open at both extremities, the posterior opening being very wide, and

furnished with a crescentic valve, so disposed that water is freely

drawn into the interior through this aperture, but cannot again be ex-

pelled by the same channel ; so that, being forced by the contractions

of the body in powerful gushes from the opposite end, it not only sup-
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plies the material for respiration, but impels the delicate animal

through the water in a backward direction. The branchial chamber of

Ascidia is consequently in this case represented by a wide membranous

canal, which traverses the body from end to end ;
but, instead of the

network of vessels lining the respiratory sac of Ascidians, a singular

kind of branchial organ is placed within it. This consists of a long

vascular riband attached by both its extremities to the walls of the

canal through which the water rushes, and of course, being freely ex-

posed to the influence of the surrounding medium, the blood contained

in this curious branchial apparatus is perpetually renovated, and after-

wards distributed, by a heart resembling that met with in the genus

last described, to all parts of the body.

(1273.) The viscera, which occupy comparatively a very small space,

are lodged in a distinct compartment between the membranous re-

spiratory channel and the external gelatinous investment, or soft shell,

as we might properly term it. The mouth is a simple aperture,

situated near the upper extremity of the branchial organ ; and pro-

bably, as in Ascidia, ciliary currents rushing over the respiratory sur-

face bring into it a sufficient supply of nutritive molecules ; the

stomach is capacious, and covered with parallel row's of large white

filaments, that seemingly represent the liver; and the alimentary

canal, which is perfectly simple, runs to the posterior extremity of the

animal, and terminates there by a w'ide opening.* Two oblong bodies,

each consisting of a granular substance, are seen upon the ventral sur-

face of the body lodged between the external and internal membranes,

which, no douht, are the ovaria, and form a reproductive system as

devoid of complication as that of the sessile Ascidians.

(1274.) A very remarkable feature in the history of these animals

is, that many species are found swimming together in long chains,

apparently adhering to each other by little suckers, but without or-

ganic connection ; and, what is still more strange, it would appeal’,

from the observations of M. de Chamisso,f that such aggregated

animals give birth to insulated individuals of very different appear-

ance, which in their turn reproduce concatenated forms resembling

their progenitors, so that the alternate generations are quite dissimilar

both in conformation and habits.

(1275.) The observations of Chamisso have in later times been sub-

stantiated and carried out by the researches of Krohn, Steenstrup,

Eschricht, Milne Edwards, and others
; and the phenomena connected

with the process are so interesting that it will be necessary to lay be-

fore the reader a brief abstract of the result of their labours.

* For excellent drawings, representing the anatomy of various Salpas, the reader is

referred to the Descriptive and Illustrated Catalogue of the Physiol. Series of Comp.
Anat. contained in the Mus. of the Royal Coll, of Surgeons, London,' vol. i. plates 6

an4 7. >|- Dissert, de Salpii, Berlin, 1830.
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(1270.) The Salpae are all viviparous, and each species is propagated

by an alternate succession of generations most dissimilar from each

other, in their forms, habits, and mode of increase. The concatenated

Salpa; produce but a single egg a-piece, which is distinctly visible in

the interior of their transparent bodies ; they seem, moreover, to be

bisexual, having, as it would appear, two generative functions to per-

form, the one to produce a new being, the other to fecundate a future

generation of animals, similar in all respects to themselves. But

whilst the isolated Salpians are thus produced from eggs, their progeny

are produced by a process of gemmation, springing like buds from

tbe surface of a most remarkable organ, the stolon proliferum, the ex-

istence of which is to be detected in the isolated Salpae, even while

contained in the body of their concatenated parent ; it then appears a

slender filament derived by one extremity immediately from the heart

of the embryo tunicary ;
after birth, however, its growth increases

apace in proportion to the development of the continual succession of

progeny, to which it gives origin. The reason of the immediate

connection between the “ stolon proliferum ” and the maternal heart,

appears to be this, that the newly-formed offspring being entirely

dependent for support upon the blood of the parent, it is so situated in

order to secure a free supply of the vital fluid, which is thus injected

into its vessels immediately by the heart’s action. Twto vessels traverse

it throughout its entire length, one derived from the anterior extremity

of the maternal heart, and the other from its opposite end, so that the

blood, supplied to one of these vessels by the contraction of the heart,

is returned by the other, and when the contractions of the heart

become reversed, as we have seen is continually the case by this

arrangement, the circulation in these vessels is readily adapted to the

change. It is from the surface of the stolon that the generation of

concatenated Salpa sprout in two parallel rows, appearing in rapid

succession like so many little buds, which, as their growth ad-

vances, gradually assume a similar form and structure ; and, as succes-

sive groups become mature, detaching themselves from the nidus

where they had their birth, they swim away united in long chains, the

links of which are joined together after the fashion of the species.

On examining one of these chains of concatenate Salpie, the indi-

viduals composing it are found to be united to each, not by any organic

coalescence, but by special organs and facets of attachment, frequently,

but improperly, described as suckers, the position of which varies in

different species in accordance with their mode of aggregation. It

would appear, from the observations of M. Krohu, that the concate-

nated Salpie cannot spontaneously detach themselves trom each

other, and that when individuals are met with swimming free,

their separation from the chain is always to be ascribed to acci-

dental violence; he even thinks that concatenation is so essential
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to the existence of the animals, that they sooil perish if sepaiated

from the rest.

(1277.) The last families of Tunicata which we have to notice,

would seem to constitute a connecting link between the Mollusca

and the Bryozoa, which latter in many points of their anatomy they

much resemble. These animals generally are exceedingly minute,

and individually present an organisation analogous to that of Ascidians.

At first it would appear that they are detached from each other, and,

like Salpcc, are endowed with a power of locomotion ;
hut subsequently

they become aggregated in groups, either incrusting foreign bodies, or

else, uniting together to form a mass of definite shape, they seem to

enjoy to a certain extent a community of action. They are arranged

by Cuvier* in three principal groups, distinguished by the following

characters. In the first [Botryllus),\ the little bodies of the individual

animals are ovoid ;
but they fix themselves upon the exterior of sea-

weed or other substances in regular bunches, consisting of ten or

twelve, arranged like the rays of a star around a common centie. I he

branchial orifices in such are all placed around the circumference of the

star, while the excretory apertures open into a common cavity in the

centre. If the external orifice is irritated, the animal to which it belongs

alone contracts ;
but, if the centre be touched, they all shrink at once.

(1278.) In Pyrosoma
, | the second family, the animals are aggregated

together in great numbers, so as to form a hollow cylinder, open at

one end but closed at the opposite, which swims in the sea by the

combined contractions and dilatations of all the individuals composing

it. The branchial sacs here open upon the exterior of the cylinder,

while the anal orifices are in its internal cavity. Thus, a Pyrosoma

might be described as consisting of a great number of stars of Botrylli

piled one above the other, the whole mass remaining free and capable

of locomotion. Many of these moving aggregations of Tunicata emit

in the dark a most brilliant phosphorescent light, whence the deriva-

tion of the name by which they are distinguished.

(1279.) In all other forms of these aggregated Mollusca, which are

designat§d by the general name of Polyclvnum,§ as in oidinaiy Ascidi-

ans, the anus and branchial orifices are approximated, and placed at

the same extremity of the body. They are all fixed ; some spreading

like fleshy crusts over submarine substances, others forming conical or

globular masses, or occasionally so grouped as to produce an expanded

disc resembling a flower or an Actinia; but, whatever the general

arrangement of the common mass, it is composed of numerous asso-

ciated individuals, every one of them corresponding more or less

closely as regards their internal structure with the description above

given of tbe organisation of Salprn and Ascidians.

* Regne Animal, vol. iii. p. 1 68. f Botjus, a bunch, of grapes.

X n-Cj, -os, fire; o-a/^os, a body. $ rroXu;, many; xXimj, a bed

K K
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CHAPTER XXII.

Conchifera (Lamarck) : Acephales Testaoes (Cuv.).

(1280.) The great majority of Mollusks which inhabit bivalve shells

constitute a very numerous and extensive class, distinguished by

certain characters possessed by them in common. Encased in dense

and massive coverings of such construction as to preclude the possi-

bility of their maintaining more than a very imperfect intercourse

with the external world, and deprived even of the means of com-
munication with each other, we might naturally expect their organisa-

tion to correspond in its general feebleness with the circumscribed

means of enjoyment and limited capabilities of locomotion allotted

to them. Numerous species, indeed, are from the period of their

birth firmly fixed to the rock which gives them support, by a

calcareous exudation that cements their shells to its surface, as is

familiarly exemplified in the case of the common Oyster ; or else, as

the Mussels, anchor themselves securely and immovably by un-

yielding cables of their own construction. The Scallop, unattached,

but scarcely better adapted for changing its position, rudely flaps

together the valves of its expanded shell, and thus by repeated jerks

succeeds in effecting a retrogressive movement; while the Cockles,

destined to burrow in the sand, are furnished with a tongue-like foot,

by which they dig the holes wherein they lie concealed, and crawl, or

even leap about, upon the shore. Many, as the Pholades, penetrate

the solid rocks and stones, and excavate therein the caverns that

they inhabit
;

or, in the case of the Teredo, with dangerous industry

bore into the bottoms of ships or submerged wood of any description,

and silently destroy by their insidious ravages the piers or dykes

which human labour has erected.

(1281.) Following our usual custom, we shall select for examina-

tion one of the most simply organised bivalves for the purpose of

illustrating the general structure which characterises the class; and

in the common Scallop ( Pecten Jacobcea
)
we have a species well

adapted to exhibit the principal features of tlieir economy. On sepa-

rating the two valves of the shell in the animal before us, we at once

perceive that each is lined internally with a thin and semitransparent

membrane {fig. 237, a, h), which, like the shells, incloses the body of

the Mollusk in the same way that the leaves of a book are contained

between its covers. The circumference of these outer membraues,

which form the mantle, is, in this case, quite free and unconnected,
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except in the immediate vicinity of the hinge that unites the two

valves. The' borders of the mantle are thickened, and surrounded

with a delicate fringe of retractile filaments ; they moreover present

a decided glandular appearance, and secrete colouring matter of various

tints, similar to those seen upon the exterior of the shell : the glan-

dular margins of the mantle form in fact the apparatus by which the

extension of the shell is effected, and by them its outer layer is

secreted, and in mauy cases painted with gorgeous hues, as will be

explained more at large hereafter.

Fig. 237 .

(1282.) Between the lobes of the mantle are seen the branchiae

(b, ff), always consisting of four delicate leaves, composed of radiating

fibres of exquisite structure, and generally attached to the circum-

ference of the body by their fixed extremities, but elsewhere perfectly

free, so as to float loosely in the water, which finds free admission to

them. The mouth (!) is situated between the two inner laminae of

the branchiae, in a kind of hood formed by the union of the gills at

their origin
;

it is a simple orifice, without any kind of dental

apparatus, but bordered by four thin and membranous lips (7c) placed

on each side of the aperture.

(1283.) The valves, which are opened by the elasticity of a com-
pressible ligament interposed between them at the hinge, are closed

by the contraction of a powerful muscle (c), which passes directly

from one to the other, and around this adductor muscle the viscera

of the body are disposed : the stomach, liver, and generative system

k k 2
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are imbedded in the mass (d, e,f); the convolutions of the intestine

may be traced occasionally (n, o) ;
and the termination of the rectum

(?/t) is visible externally, situated upon that side of the adductor

muscle which is opposite to the mouth. In the neighbourhood of

the oral aperture is placed a retractile fleshy organ (i), which, although

in Pecten it exhibits very rudimentary dimensions, expands in other

species to such a size as richly to merit the name of foot usually

applied to it.

(1284.) Whoever for a moment reflects upon the arrangement of

the branchial apparatus, and the position of the oral orifice, consisting,

as it does, of a simple aperture unprovided with any prehensile

organs, must perceive that there are two circumstances connected

with the economy of a conchiferous Mollusk, and those not of se-

condary importance, by no means easily accounted for. It is, in the

first place, absolutely essential to the existence of these animals that

the element in immediate contact with the respiratory surfaces should

be renewed as rapidly as it becomes deteriorated, or suffocation would

inevitably be the speedy result of an inadequate supply of fresh and

aerated water; to secure which, especially when the valves of the shell

are closed, no adequate provision seems to exist. Secondly, it is

natural to inquire, how is food conveyed into the mouth ? for in an

animal, itself fixed and motionless, and at the same time, as in the

case of the creature we are now considering, quite deprived of any

means of seizing prey, or even of protruding any part of its body

beyond the margins of its abode in search of provision, it is not easy

to imagine by what procedure a due supply of nutriment is secured.

Wonderful, indeed, is the elaborate mechanism employed to effect

the double purpose of renewing the respired fluid, and feeding the

helpless inhabitant of these shells. Every filament of the branchial

fringe, examined under a powerful microscope, is found to be covered

with countless cilia in constant vibration, causing by their united

efforts powerful and rapid currents, which, sweepiug over the entire

surface of tlm gills, hurry towards the mouth whatever floating animal-

cules or nutritious particles may be brought within the limits of their

action, and thus bring streams of nutritive molecules to the very

aperture through which they are conveyed into the stomach, the lips

and labial fringes acting as sentinels to admit or refuse entrance as

the matter supplied be of a wholesome or pernicious character. So

energetic, indeed, is the ciliary movement over the entire extent of

the branchial organs, that, if any portion of the gills he cut off with

a pair of scissors, it immediately swims away, and continues to row

itself in a given direction as long as the cilia upon its surface continue

their mysterious movements.

(1285.) Our next investigations must be concerning the internal

anatomy of the Conchiferous Mollusca. In the Oyster
,
the general
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disposition of the body resembles that of the Pecten described above

;

and the mouth, inclosed between two pairs of delicate lips, occupies a

similar position at the termination of the branchial lamellae. In this

well-known Mollusk the oesophagus is extremely short, so that the

mouth appears to open at once into the stomachal cavity {fig. 238, a),

which is imbedded in

the substance of the

liver (d) ;
the biliary

secretion being poured

into the stomach itself

through several large ori-

fices represented in the

figure. A very peculiar

arrangement exists in

the stomachs of many
genera, the digestive

cavity being prolonged

in one direction, so as

to form a lengthened cae-

cum, or blind sacculus,

wherein is lodged a car-

tilaginous styliform body,

the use of which is not

easy to conjecture, al-

though its office is no doubt connected in some way or other with

the preparation of the food. The liver is proportionately of large

dimensions, and is at once recognised by its greenish, or, in some
cases, dark chocolate colour ; it is entirely separable into masses

of secerning follicles loosely connected together by a delicate cellu-

losity. The intestine varies considerably in extent, and, as a necessary

consequence, in the arrangement and number of its convolutions. In

the Oyster it is comparatively short, bending twice upon itself, and

winding around the stomach and adductor muscle
(
b, c, d, /); its

termination
(g)

projecting between tbe folds of the mantle upon the

opposite side of the body to that where the mouth is situated, and so

disposed that excrementitipus matter is cast out beyond the influence

of the ciliary currents. In Pecten we have already noticed that it

performs sundry gyrations through the visceral mass, as well as about

the muscle that closes the shell {fig. 237, o,n,m); while in the cockle

tribes it even penetrates the base of the foot, and winds extensively

through its muscular substance {fig. 243). In the greater number of

the Conchifera, but not in the Oyster tribe, there is a very remarkable

circumstance connected with the course of the intestine, the object

of which is involved in obscurity
;
the rectum, at some distance from

its termination, passes right through the centre of the ventricle of the
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heart, its coats being tightly embraced by the muscular parietes of

that viscus.

(1280.) The position of the branchial in the Ostracean family has

been already described; it now remains, therefore, to notice their

intimate structure, and the arrangement of the vessels connected with

respiration and the circulation of the blood. The branchial fringes

are of course essentially vascular in their composition
;
being, in fact,

made up of innumerable delicate parallel vessels inclosed in cellular

tissue of extreme delicacy, and exposing a very extensive surface to

the influence of the respired medium. The countless branchial canals

through which the blood is thus distributed terminate in large vessels

inclosed in the stems to which the fixed extremities of the vascular

fringe are attached {fig. 239,/, g, h, «); these communicate extensively

with each other, and, ultimately uniting in two principal trunks {e, k),

pour the purified blood derived from the whole branchial apparatus

into the auricle of the heart.

(1287.) The heart in the Oyster {fig. 238, n, o) is situated iu a

cavity between the folds of the

intestine and the adductor

muscle; in which position, from

the dark purple colour which

it exhibits, it is at once distin-

guished. It consists, in the

species we are more particu-

larly describing, of two distinct

chambers,—an auricle and a

ventricle. The auricular cavity

{fig. 239, l), the walls of which

are extremely thin, and com-

posed of most delicate fasciculi

of muscular fibres, receives the

blood from the respiratory ap-

paratus, and by its contraction

transmits it through two inter-

mediate canals (c) into the more

muscular ventricle
(d), whence

it is propelled through the body

by the ramifications of the arterial system {n, o,p).

(1288.) The above description of the circulatory apparatus as it

exists in the Oyster is applicable in all essential points to every family

of couchiferous Mollusca; but there are important modifications in

the structure of the heart and arrangement of the blood-vessels, met

with iu different genera, which now demand our attention. Most

generally, in consequence of the broad and dilated form of the animals,

instead of a single auricle, such as the Oyster has, there are two
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auricular cavities, one appropriated to each pair of branchial lamellae,

and placed symmetrically on the two sides of an elongated fusiform

ventricle, into which both the auricles empty themselves, till the

course of the blood is similar to what we have described above.

(1289.) A still greater modification is found to exist in those species

most remarkable for their breadth. In Area, for example, there are

not only two auricles, but two ventricles likewise, placed upon the

opposite sides of the body ;
that is, there is a distinct heart appro-

priated to each pair of gills, each receiving the blood from the branchiae

to which it belongs, and propelling it through vessels common to both

hearts, to all parts of the system.

(1290.) We must now, before entering upon the description of

other families of Conchifera, examine the character of the locomotive

apparatus with which those possessed of the power of moving about

are furnished. The instrument employed for this purpose is a fleshy

organ appended to the anterior part of the body, called the foot;

but of this apparatus, for obvious reasons, no vestige is met with in

the fixed and immovable Oyster, and even iu the Scallop we have seen

only a rudiment of such an appendage. When largely developed, as

in Mactra (figs. 240, 241), the foot forms a very important part of the

animal, and becomes useful for various and widely-different purposes.

In structure it almost exactly resembles the tongue of a quadruped,

being entirely made up of layers of muscles crossing each other at

various angles ; the external layers being circular or oblique in their

disposition, while the internal strata are disposed longitudinally. In

the Cockle tribe
(
Cardium

)
this organ attains to a very great size, and

on inspecting the figure given in a subsequent page, representing a

dissection of the foot of Cardium rusticum (jig. 243), the complexity

of its muscular structure will be at once evident, and the disposition of

the several layers composing it more easily understood than from the

most elaborate verbal description.

(1291.) Diverse are the uses to which the foot may be turned. It

is generally used for burrowing in the sand or soft mud
; and, by its

constant and worm-like action, those species in which it is largely

developed can bury themselves with facility, and make their way
beneath the sand with a dexterity not a little remarkable. Perhaps,

the most efficient burrowers met with upon our own shores are the

Piazor-sliells (Solenidcii), in which family the fleshy foot attains to

enormous proportions
;
and the rapidity of their movements beneath

the soil will be best appreciated by those who may have watched the

manner in which the fishermen effect their capture.

(1292.) The Solen excavates for itself a very deep hole in the sand,

boring its way by means of its foot to a depth of some feet; and

remains concealed in this retreat, usually occupying a 'position within

a few inches from the surface. The fisherman, armed with a slender
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iron rod, furnished with a barbed head, resembling a harpoon, treads

carefully backwards over the beach left bare by the retreating tide,

and finds the holes in which Solen lodges, by watching the little jet

of water thrown out by the animal, when, being alarmed by the

shaking of the sand, it contracts its body. Guided by the orifice

through which the water is thrown, he plunges his rod into the sand,

and generally succeeds in piercing the animal with the barbed ex-

tremity, and dragging it from its concealment; but, should he fail

in his first attempt, he well knows that to try again would be un-

availing, for the animal instantly works its way down to such a

distance as to render pursuit hopeless.

(1293.) But, however efficient, as a means of burrowing, the foot

may be, it can be turned to other purposes. The Pholades, for ex-

ample, by some means, either of a mechanical or chemical nature, not

as yet precisely determined, excavate the solid rocks, and form therein

chambers, in which they pass their lives. In such genera, the foot,

which would be useless as a boring instrument, by being simply

transformed into a broad and flat disc, becomes a powerful sucker,

whereby the Pholas fixes itself to the walls of its apartment in any

convenient situation.

(1294.) In many of the Cockle tiibe we find the foot converted

into an instrument of locomotion of a very singular description,

enabling the cardiaceous Conchifera to leap by bounds we should

scarcely expect animals so unwieldy to be capable of executing. For

this purpose the end of the foot is bent, and placed firmly against the

plane of support in the position represented in Jig. 242 ; when thus

fixed, a sudden spring-like action of the muscles of the foot throws

the cockle into the air, and, by a repetition of these exertions, the

creature can skip about with surprising agility.

(1295.) But the most extraordinary office assigned to the foot in

the class under consideration is the manufacture of horny threads,

whereby, as by so many anchors, the Mollusca thus provided fix them-

selves securely to foreign bodies, and that so firmly, that extraordinary

violence is requisite to wrench such animals from the place where they

have fixed their cables. The marine Mussel is a well-known example

of a byssiferous Mollusk, and from this species, therefore, we shall

draw our description of the organs by which the tough filaments

referred to are secreted.

(129G.) The foot in the Mussel is of small dimensions, being useless

as an instrument of progression. By its inferior aspect it gives

attachment to the horny threads of the byssus ,
which are individually

about half an inch in length,—or as long as the foot itself, by which,

in fact, they are formed, in a manner quite peculiar to certain families

of Conchifera ;
no other animals presenting a secreting apparatus at

all analogous, either in structure or office, to that with which these
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creatures are provided. The manner in which the manufacture of the

byssus is accomplished is as follows :—A deep groove runs along the

under surface of the foot, at the bottom of which thiu horny filaments

are formed by an exudation of a peculiar substance, that soon hardens

and assumes the requisite tenacity and firmness. While still soft, the

Mussel, by means of its foot, applies the extremity of the filament,

which is dilated into a kind of little sucker, to the foreign substance

whereunto it wishes to adhere, and fastens it securely. Having ac-

complished this, the foot is retracted; and the thread, of course,

being drawn out of the furrow where it was secreted, is added to the

bundle of byssus previously existing, all of which owed its origin to a

similar process.

(1297.) Sometimes, instead of the numerous thin filaments met

with in the Mussel, the byssus consists of a single, thick, horny stem ;

while in other cases, as, for example, in Pinna, the threads are so

numerous, soft, and delicate, that they are not unfrequently spun like

silk, and manufactured into gloves and other small articles of dress,

not unfrequently met with in the cabinets of couchologists.

(1298.) Taking a more general view of the Conchiferous Mollusca

than we have hitherto done, we shall now proceed to consider the

mechanism for opening and closing the valves of the shell in which

they reside; an operation effected in a very simple and elegant

manner.

(1299.) The shells are connected posteriorly by means of a hinge

differently constructed in different species. In the Oyster we have

an instance of the most simple kind of junction. In these Mollusca

a mass of elastic ligament, composed of perpendicular and parallel

fibres, is interposed between the posterior edges of the shell, and so

disposed, that by closing the shell the ligamentous mass is forcibly

compressed, while at the same time its resiliency is such, that, imme-

diately the compressing power is withdrawn, it expands, and thus forms

a simple spring calculated to keep the valves apart and cause their

separation to a greater or less extent.

(1300.) The antagonist to this elastic force is th& adductor muscle

[fig. 237, c), a fleshy mass of very great strength, the fibres of which

pass directly from one valve to the opposite. The adductor muscle,

although in this case single, consists of two portions of different

texture (fig. 238, l, m); so that it would appear to be formed by two

muscles closely approximated, so as to compose a single powerful mass

adapted to keep the valves in contact with a force proportioned to its

massive size. All those species having a single muscular mass, such

as the Oyster and Pecten, have been grouped together by conchologists

under the general name Monomyaria, while another and more nume-

rous division, dimyaria, is characterised by having twoadductor muscles,

distinct, and widely removed from each other. The Mussel tribe and
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many others are examples of this arrangement, which is represented

in subsequent figures.

(1301.) Simple as the structure of the hinge is in the Ostracea, in

other Bivalves it frequently exhibits far greater complexity, and the

opposed valves present prominent elevations and deep fossse which

lock into each other, and thus form a very secure articulation of great

strength and solidity. In such cases the arrangement of the elastic

ligament for opening the valves is slightly modified, being placed

externally instead of within the shell, but its action in antagonising

the adductor muscles is still equally efficacious.

(1302.) We must, in the next place, solicit the attention of the

reader to a very important subject connected with the economy of

this class of Mollusks, viz. the growth and formation of their shells.

Infinitely diversified are the forms presented by their testaceous

valves, and equally various the colours which not unfrequently adorn

their external surfaces. Some exhibit a beauty and delicacy of sculp-

ture of a most exquisite character ; others, covered with large spines,

or festoons of calcareous plates, puzzle the beholder to comprehend

how the growth of such parts, in the situations which they occupy,

can be effected with so much regularity of arrangement. The shells

themselves are absolutely deprived of vitality, permeated by no

vessels, and as incapable of expansion by any internal power as the

rocks to which they are not uncommonly attached ; so that the young

naturalist is necessarily at a loss to conceive either the mode of their

formation, or the origin of all the gaudy tints and external decorations

that render them the ornaments of our cabinets.

(1303.) The simple apparatus by means of which shells are con-

structed is the external membranous layer that invests the body of the

mollusk,—the mantle, as it has been termed ;
and, whatever the form

of the shell, it owes its origin entirely to this delicate organ.

(1304.) In order to simplify as much as possible our description

of the process whereby the shell is formed, it will be necessary to

consider it under two points of view : first, as relates to the enlarge-

ment of the valves in length and breadth ;
and secondly, as regards

their increase in thickness,—very different parts of the mantle being

employed in the attainment of these two ends.

(1305.) It is the circumference, or thickened margin of the mantle,

alone, which provides for the increase of the shell in superficial extent.

On examining this part (Jig. 237, h, Jig. 238, e), it is found to be of a

glandular character, aud moreover not unfrequently provided with a

delicate and highly-sensitive fringe of minute tentacula. Considered

more attentively, it is seen to contain in its substance patches of

different colours, corresponding both in tint and relative position with

those that decorate the exterior of the shell.

(1306.) When the animal is engaged in increasing the dimensions
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of its abode, the margin of the mantle is protruded, and firmly ad-

herent all round to the circumference of the valve with which it

corresponds. Thus circumstanced, it secretes calcareous matter, and

deposits it in a soft state upon the extreme edge of the shell, where

the secretion hardens and becomes converted into a layer ol solid

testaceous substance. At intervals this process is repeated, and every

newly-formed layer enlarges the diameter of the valve, lhe con-

centric strata thus deposited remain distinguishable externally, and

thus the lines of growth marking the progressive increase of size may

easily be traced {fig. 240).

(1307.) It appears that at certain times the deposition of calcareous

substance from the fringed circumference of the mantle is much more

abundant than at others : in this case ridges are formed at distinct

intervals
; or, if the border of the mantle at such periods shoots out

beyond its usual position, broad plates of shell, or spines of different

lengths, are secreted, which, remaining permanent, indicate, by the

interspaces separating successively-deposited growths of this de-

scription, the periodical stimulus to increased action that caused their

formation.

(1308.) Whatever thickness the shell may subsequently attain, the

external surface is thus exclusively composed of layers deposited in

succession by the margin of the mantle ; and, seeing that this is the

case, nothing is more easy than to understand how the colours seen

upon the exterior of the shell are deposited, and assume that definite

arrangement characteristic of the species. We have already said that

the border of the mantle contains, in its substance, coloured spots

:

these, when minutely examined, are found to be of a glandular

character, and to owe their peculiar colours to a pigment secreted by

themselves
; the pigment so furnished being therefore mixed up with

the calcareous matter at the time of its deposition, coloured lines are

formed upon the exterior of the shell wherever these glandular organs

exist. If the deposition of colour from the glands be kept up without

remission during the enlargement of the shell, the lines upon its

surface are continuous and unbroken ; but if the pigment be furnished

only at intervals, spots or coloured patches of regular form, and

gradually increasing in size with the growth of the mantle, recur

in a longitudinal series wherever the paint-secreting glands are met
with.

(1309.) The carbonate of lime, for such is the earth whereof the

shells of bivalves are principally composed, is, at the moment of its

deposition, embedded in a viscid secretion that forms a kind of

cement; and on dissolving the shell in a dilute acid, the animal

material thus produced remains in the shape of a delicate cellulosity,

in the interstices of which the chalky particles had been eutangled.

If the proportion of the above-mentioned secretion be abundant, it
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not unfrequently, by hai’dening on the exterior of the shell, constitutes

what has been very inaptly termed its epidermis
, representing a com-

paratively soft external skin of semicorneous texture. If exceedingly

thick, the epidermic layer thus formed becomes loose and shaggy,

giving the shell a hirsute appearance ; but, both in its structure

and origin, such pilose investment has no claim to be considered

analogous to the hair of animals possessing an epidermis properly

so called.

(1310.) While the margin of the mantle is thus the sole agent in

enlarging the circumference of the shell, its growth iu thickness is

accomplished by a secretion of a kind of calcareous varnish, derived

from the external surface of the mantle generally ; which, being

deposited layer by layer over the whole interior of the previously-

existing shell, progressively adds to its weight and solidity. There

is, moreover, a remarkable difference between the character of the

material secreted by the marginal fringe, and that furnished by the

general surface of the pallial membrane ; the former we have found

to be more or less coloured by glands appointed for the purpose,

situated iu the circumference of the mantle ; but as these glauds do

not exist elsewhere, no colouring matter is ever mixed with the layers

that increase the thickness of the shell, so that the latter always

remain of a delicate white hue, and form the well-known iridescent

material usually distinguished by the name of nacre or mother-of-

pearl.

(1311.) Local irritation of various kinds is found to stimulate the

mantle to increased action, so as to cause the pearly matter to be

secreted more abundantly at the part iritated. Thus there are various

minute boring annelidans that, in the exercise of their usual habits,

perforate the shells of oysters, and penetrate even to the soft parts

of their bodies. Stimulated by the presence of these intruders, the

mantle beneath the place attacked secretes nacre in inordinate

quantities to repair the injured portion of the shell, and prominent

nuclei are soon formed, which, enlarging by the addition of con-

tinually-added layers of nacreous matter, become so many pearls

adherent to the interior of the shelly valves.

(1312.) Or pearls may owe their origin to another cause:—It not

unfrequently happens that sharp angular substances, such as grains

of sand or fragments of stone, are conveyed between the valves, and

become embedded in the delicate tissue of the mantle. Thus irri-

tated, the mantle throws out copiously the peculiar iridescent material

which it secretes, and with it coats over the cause of annoyance,

wrapping it in numerous concentric laminm of nacre, and thus form-

ing the detached and globular pearls so valuable in commerce.

(1313.) One other circumstance connected with the growth of

bivalve shells requires explanation. From the earliest appearance
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of the shelly valves until the period when the included mollusks

arrive at their mature size, the adductor muscle or muscles have

been of necessity perpetually changing their position, advancing

gradually forward as the enlargement of the shells was accomplished,

so as to maintain in the adult precisely the same relative situations

as they originally did in the young and as yet minute animal. Taking

the Oyster for an example, it is quite obvious that the adductor

muscle, which at first was connected with the thin and minute

lamellte forming the earliest shell, has, during the entire growth of

the animal, become further removed from the hinge, and transferred

from layer to layer as the shell increased in thickness, till it arrives

at the positiou occupied by it in connection with the last-formed

stratum that lines the interior of the ponderous valves of the full-

grown oyster. The manner in which this progressive advance of

the adductor muscle is effected is not at first easily accounted for,

seeing that it is always fixed and firmly adherent at all points of its

attachment. In order to understand the circumstances connected

with its apparent removal, it is necessary to premise that a thin

layer of the mantle itself is interposed between the extremities of

the muscle and the inner surface of the shell, forming the bond of

connection between the two, and, like the rest of the pallial mem-
brane, assisting in increasing the thickness of the shell by adding

layers of nacre to its inner surface. Particle after particle is laid on

by a kind of interstitial deposit between the mantle and the extremity

of the adductor muscle, but so gradually, that the firm attachment

between the muscle and the shell is not at all interfered with; and

as the animal grows the transference of the muscle from layer to

layer is thus slowly and imperceptibly effected.

(1314.) We have, as yet, limited ourselves almost exclusively to

a description of the simplest forms of Concbifera, namely, those

belonging to the Ostracean family, which, being generally incapable

of locomotion, are deprived of a foot, and are recognisable by having

the two lobes of the mantle unconnected with each other around their

entire circumference. On turning our attention to the organisation

of the mantle in other families, we find that in them it no longer

offers the same simple arrangement; but the two lobes becoming

gradually more and more completely united along their edges, the

bodies of the mollusks are by degrees inclosed by the pallial mem-
branes, and seem, as it were, sacculated; moreover, sometimes the

mantle is prolonged into membranous tubes of considerable length

called syphons, through which the water is conveyed to the gills, and
excrementitious matters expelled from the body. In the Mussels

(
Mytilacea

)
the edges of the mantle are partially joined so as to

present two apertures, through one of which the foot is protruded,

while the other, the smaller of the two, gives issue to the excrement.
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A third family
(Camacea)

has the circumference of the two divisions

of the mantle still more intimately united, leaving three distinct

fissures,—one for the passage of the foot, another for the entrance of

water to the branchiae, and a third for the ejection of matter from

the rectum. Of these, some are of gigantic dimensions, and fix

themselves by a strong byssus. One species, indeed (Tridacne gigas
),

is so enormous in its size, that its shells alone not unfrequently weigh

upwards of two hundred pounds, and hatchets are employed to chop

its thick and tendinous cables from the rock to which it holds.

(1315.) The Cockle family {Cardiacea) is recognised by having the

mantle open anteriorly, but prolonged at one extremity into two tubes,

one of which admits the water for respiration, while the other dis-

charges effete matter. In the Cockle
(
Cardium

)
the tubes are short,

and scarcely reach beyond the shell {fig. 242, a) ; but in other genera,

as, for example, Mactra {fig. 240, b, c), they are of such length, that,

Fig. 240 .

when extended, they protrude to a considerable distance. We at

once perceive the use of the tubular arrangement of the mantle here

referred to, when we reflect upon the already-mentioned habits of

this extensive division of the Conchifera, and consider how, by means

of their largely-developed foot, they burrow into the sand or mud of

the shore. Had their mantle been open, like that of the oyster,

respiration would have been impossible under the circumstances in

which they live
; but, by the modification of structure thus provided,

their tubes being prolonged to the mouth of the excavation wherein

they reside, water is freely admitted to the branchiae through one of

the passages so formed, and excrement ejected through the other

{fig. 241).

(1310.) Whoever watches these syphoniferous bivalves in a living

state will readily appreciate the importance of the pallial prolongations

forming this tubular apparatus; especially if minute floating particles

are placed in the water wherein they are confined. It will then be
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perceived that powerful currents are perpetually rushing through the

extremities of each syphon, F -

041

caused by the rapid action

of cilia placed within; and

the streams thus produced

not only form a provision

for constantly changing the

water in which the branchiae

(,fig . 241, g) are immersed,

hut forcibly convey floating

molecules to the aperture

of the mouth, which is situ-

ated in the position indicated

in the figure by the letter h,

and thus supply abundance

of nutritive materials that

could, apparently, in animals

so destitute of prehensile

organs, have been procured

by no other contrivance.*

(1317.) The last family

of this class includes those

species which, like the Pho-

las and Teredo, bore in stone

or wood ; or, like the Bolen,

penetrate deeply into the

sand. In such, the mantle

is prolonged into terminal

tubes of great length, and their shells remain always open at the
extremities; these constitute the division to which Cuvier has ap-
plied the name “ Eufermes,” on account of the very complete union
of the two sides of the mantle

; and from such forms of Conchifeha
the transition to the Tunicata, described in the last chapter, is by no
means difficult.

(1318.) In animals circumstanced as the Conchifera, it would be
vain to expect any high development of the nervous system, or senses
of an elevated character : nevertheless, a few small ganglia are per-
ceptible in different parts, and nervous threads of extreme tenuity
are seen to arise from them, and to be distributed in various direc-

tions.

(1319.) One pair of ganglia is, in the Dimyaria, easily distinguished,
occupying the ordinary position of the brain, namely above the ceso-

* The parts represented in the above figure {fig. 241) which arp not particularly

pointed out in the text are, the anterior adductor muscle, c; the posterior adductor
muscle, d ;

the elastic ligament of the hinge, c
;
and the largely-developed foot, f.
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phagus. Hence is derived a supply of nerves to the sensitive labial

appendages, to the oral orifice, and other neighbouring parts. Two

other ganglionic masses, of larger size than the brains properly so

called, are placed near the posterior retractor muscle; and a fifth

small ganglion, in those species provided with syphons, is found in

the vicinity of the breathing-tube, the muscular walls of which receive

nerves from this source.

(1320.) In the Monomyaria the nervous centres are still more

feebly developed, 242.

and the posterior

ganglia proportion-

ately smaller than

those found in spe-

cies possessed of

two adductor mus-

cles.

(1321.) No or-

gan of sense, other

than those already

noticed, are met

with in any of the

Conchifera, except

in one remarkable

instance. In the

Scallops
(
Pecten )

the edges of the

mantle are stud-

ded with numerous

pearl-like points,

in terspersed among
the retractile ten-

tacula placed around its circumference. These, which are represented

in the figure ofPecten already given (fig. 237), are considered by Poli*

to be so many distinct eyes thus singularly situated ;
and, from the

circumstance of their being furnished with so many organs of vision,

he applied the name of Argus to the Mollusca possessing them.

Should the brilliant specks in question be really ocelli ,
they certainly

are placed in the only position where they could have been efficient as

instruments of sight, inasmuch as the margin of the mantle is, in

such animals, the only portion of the body capable of being protruded

beyond the boundaries of the shell to a sufficient distance to allow the

creature to peep into the world around it.

(1322.) The elaborate researches of M. Siebold have demonstrated

* Poli, Tcstacea utriusqiie Sicilia, eorumque Historia et Anatomo, 3 vols. fol.
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the existence of another sense in the Conchiferous Mollusca, namely,
that of hearing, or

at least have point-

ed out the presence

of an organ which

from its structure

seems to be appro-

priated to the re-

ception of sonorous

impressions. This

remarkable appa-

ratus is situated in

the foot, and is thus

described by its dis-

coverer as it occurs

in Cyclas cornea :

—

“On compressing

the extremity of the

foot of this species

between two plates

of glass, we bring

into view a large

central nervous

ganglion, and on
each side of this,

there is a minute
round reservoir

composed of an
elastic, opaque, and
tenacious sub-

stance. In the

centre of this is

contained a per-

fectly transparent

circular and flat-

tened nucleus,

which floats dis-

connected from the

sides of the body

that contains it,

Fig. 243.

mmmmt Ti,is " uc,e"s w- *
(1323.) All the Conchifera are hermaphrodite as relates to the

* Ann - des Sciences Nat. tom. ix. n,
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organisation of their generative apparatus ;
or perhaps it would be

more strictly in accordance with what is known concerning their mode

of reproduction, to say that they are all females
;
no organ that can

be regarded as belonging to a male system having, as yet, been pointed

out*

(1324.) The ovary, which in fact is the only viscus distinguishable

as being connected with the propagation of these animals, is generally

a wide glandular sacculus, occupying a considerable portion of the

visceral mass. In the Oyster it is, when full of spawn, largely spread

through the body ;
and if at such seasons its delicate walls are rup-

tured, countless ova of microscopic dimensions escape from the lace-

rated part. In Pecten the ovary is very conspicuous from the brilliant

colour of the eggs contained in its interior ; it constitutes the greater

part of the bulk of that prominent tongue-like organ which projects

between the branchiee {fig. 237,/): or, in genera where the foot is

very largely developed, as in Oo/rdium rusticum, a great pait of the

base of that organ is hollowed out into a capacious cavity, inclosed by

its muscular walls, wherein the delicate folds of the ovarium
(fig • 243,

a) are partially embedded, together with a portion of the intestinal

canal (c).

(1325.) The course of the oviduct has not as yet been satisfactorily

traced, and, consequently, the precise passage by which the eggs are

excluded is still a matter of discussion. There is, however, one very

remarkable arrangement observable connected with the reproduction

of conchiferous Mollusca, the object of which is sufficiently evident.

(1326.) When we consider the position of the ovary in these

bivalves, placed as it is in the substance of the body, and reflect

upon the immense numbers of eggs to which they give birth, for

thousands of ova are generated by every one of these prolific beings,

—we perceive that, without some special provision, the imprisoned

animals would, when gravid, be seriously inconvenienced and exposed

to continual danger, as the inordinate enlargement of the ovary would

preclude the possibility of bringing the valves of the shell in contact

with each other. In order to obviate the difficulty referred to, the ova

are expelled from the ovarian nidus in an immature condition, and

complete their growth in a situation where, being diffused ovei a laiger

surface, the shells maybe closely approximated ;
and, moreover, the

• At a late meeting of the Zoological Society, a communication from M. Rudolph

Wagner was laid before the meeting, from which it would appear that that gentleman

has satisfied himself that in many of the lower classes of animals hitherto regarded as

being Monoecious, as for example, in many tribes of Polyps, Acalephee, Tunicata,

Conchifera, and Gasteropoda, in some individuals the organ generally looked upon as

bein<r an ovary, contains Spermatozoa, or Seminal Animalcules ; and thus there is reason

to suppose, that in such species a difference of sex exists, and that there are males which

supply a fecundating secretion.
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eggs and their contained offspring are by this contrivance freely ex-
posed to the influence of the medium around, so as to allow a kind of

respiration to be enjoyed by the unhatched young. The situation

chosen is the branchial fringes, over which the imperfect spawn, or
spat, as it is technically termed, is found widely spread towards the
close of gestation, still retained beneath the shelter of the shell of the
parent, and thus preserved from destruction ; but at the same time,
being in such a position freely washed by the ciliary currents, the
respiration of the included embryo is adequately provided for.

(1327.) In the large branchial laminae* of the fresh-water mussel, it

to be lemarked that both pairs consist of an intertexture of vessels
airanged in a rectangular lattice-work, and covered by a delicate mem-
brane, whilst the two external are distinguished by a structure which
merits particular description. Above each external lamina of the gills,
is a duct proceeding from the posterior part of the foot towards the
anal tube, long ago described as an oviduct by Oken, and having, on
its lower surface, a long row of openings placed transversely, and
forming the entrances to the cells or compartments of the gills them-
selves. These compartments are all arranged vertically in the gill,

and, separated from each other by partitions, they appear as though
they originated from the mutual recession of the two membranous
surfaces of the gill, which remain connected only by the vertically-
disposed vessels that give rise to the septa; they serve for the recep-
tion of the ova, which, coming from the ovary placed within the foot,
and not by any means in the gill itself, are, however, lodged there, and
there receive their further development as in a uterus.

CHAPTER XXIII.

Gasteropoda * (Cuv.).

(1328.) Extensively distributed over the surface of the laud, or
inhabiting the waters either fresh or salt, there exists a very numerous
body of Molluscs, differing widely among themselves in construction
and habits, but distinguished by a peculiar locomotive apparatus
common to the entire class, by means of which they are able to fix
themselves to plane surfaces, and to move from place to place by a
slow and gliding motion. The slug, the snail, the limpet, and the
welk’ afford famihar examples of their general form and external

t the belly; a foot.

1. L 2

* Cam’s Comp. Anat. vol. ii.
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appearance
; but species of different kinds are so common in every

situation, that it would be wasting the time of the reader to dwell at

any considerable length upon their ordinary configuration and usual

mode of progression.

(1329.) The bodies of the Gasteropoda are frequently entirely soft,

and devoid of other covering than a thick and slimy skin ;
hut more

generally they are protected by a shell of very diverse form and shape,

into which they can retire for protection. Feeble and languid as are

the sluggish movements of these creatures, they nevertheless present

to the eye of the anatomist a type of organisation considerably supe-

rior to any that we have had an opportunity of considering in such

forms of the Heterogangliata as have been described in the pre-

ceding chapters. From the superiority of their mode of progression,

it is evident that they are adapted to enjoy a less limited intercourse

with external objects than even the most highly gifted of the burrowing

Conchifera; and according^ we find in them a nervous system ex-

hibiting a more complete development, senses of a higher character,

and, in the organisation of their internal viscera, a complexity of

parts such as has not heretofore fallen under our notice,—every indi-

cation, in fact, that they are animals of a higher grade and more

elaborate structure. The Gasteropoda, for instance, exhibit a distinct

head, in which is lodged a supra-cesophageal ganglion of large propor-

tionate size; and upon the head are found retractile instruments

of sensation of peculiar] structure, and not unfrequently perfectly-

formed organs of vision.

(1330.) Let us, however, select one species for particular descrip-

tion; and, after having become acquainted with the details of its

anatomy, we shall be better prepared to examine such modifications

of the various organs as are found in other orders destined to exist

under different circumstances.

(1331.) The common Snails (Helix) are well known as far as relates

to their external appearance; and, insignificant as they might be

thought by those unacquainted with their habits, they not unfiequently

become formidable pests to the horticulturist, from the ravages caused

by their voracity. On examining a snail more attentively we find its

body partially inclosed in a thick muscular envelope composed of

transverse and longitudinal fibres, which, being unsupported by any

skeleton, allows the shape of the animal to vary at pleasure, as it is

shortened or elongated by the contractions of the muscles composing

it. The foot, or ventral disc, is equally composed of au interlacement

of muscular fibres ; and not only forms an extensive sucker, but, by

the successive action of various portions of its substance, a slow and

gliding progressive motion is produced.
D

(1332.) From the head of the snail when its body is expanded, as

when in the act of seeking food, four tentacula are protruded (fig-
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256, c, a) which, besides being exquisitely sensitive organs of touch,
carry at the extremities of the superior pair two minute but perfect
eyes. When the creature is at rest, the tentacula as well as the eyes
are retracted into the visceral cavity, by a mechanism hereafter to he
noticed. A large proportion of the viscera is inclosed in a turbinated
calcareous shell, of sufficient capacity to allow the whole body of
the animal to he withdrawn from observation and lodged in its

interior.

(1333.) The mouth is situated upon the under part of the head,
and, when widely opened, exhibits a cutting instrument of singular
contrivance. Attached to the upper part of the muscular cavity that
contains the oral apparatus, there is a broad horny plate, the lower
edge of which is free, very sharp, and slightly curved, forming in fact
a knife {fig. 256,/), admirably adapted to divide the leaves and soft
parts of vegetables when they are pressed by the action of the lips
against its cutting edge.

(1334.) The floor of the mouth is provided with a small carti-
laginous tongue, covered with delicate transverse strife, and so disposed
that by its movements it is well calculated to assist in propelling the
food into the oesophagus. In many species of Gasteropoda the tongue
is indeed even still more efficient as an agent in deglutition, being
studded all over with minute and recurved hooks, evidently intended to
take a firmer hold of the substances swallowed.

(1335.) The oesophagus {fig. 244, e') is continued from the mus-
cular cavity (c') that incloses the dental plate, and soon dilates into a
wide stomachal receptacle {v, r), the posterior portion of which is,

when in situ, imbedded among the viscera contained in the shell; but
in the figure all these parts are unfolded and separated from each
other. At the termination of the stomach, biliary vessels (c) are
inserted, and the intestine commences

; the latter being a simple tube
{a, c) intervolved among the masses of the liver, nearly of equal
diameter throughout, and presenting internally neither valves nor any
oilier remarkable appearance. Externally the intestine is intimately
connected with the lobes of the liver among which it lies imbedded,
by means of a delicate cellulosity and vascular twigs passing from one
to the other. The anal aperture (o), when undisturbed by dissection,
is placed upon the right side of the neck, in the immediate vicinity of
the orifice {fig. 256, e), that leads into the respiratory cavity.

(1336.) Two sets of auxiliary glands are subservient to digestion,
the salivary and the hepatic, both of which are of considerable
size.

(1337.) The salivary glands are semi-transparent and of a whitish
colour ; they form two irregular broad ribands, which extend along the
sides of the stomach {fig. 244, «), spreading out so as to embrace a con-
siderable portion of its extent, and they are occasionally joined together
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by intercommunicating processes. Two ducts, one derived from each

gland, run along the sides of the cesophagus, and open into that canal

close to the mouth. .

(1338.) The liver is of large proportionate dimensions, and is made

up of four lobes
( fig. 244, b, cl) of a dark brown colour, and composed

of an infinite number of minute lobules, every one of which produces

a biliary vessel ;
and these, joining continually with each other, form

four large hepatic ducts, one proper to every lobe of the liver. The

four hepatic ducts ultimately unite into one great central vessel (c), that

opens into the alimentary canal in the immediate vicinity of the pyloric

extremity of the stomach.

( 1 339.) The genus of Gasteropoda to which the Snail belongs is

composed of air-breathing animals, and we must accordingly expect

to find these mollusca provided with a respiratory system specially

adapted to the mode of life to which they are destined. The mechan-

ism adopted is as follows:—A capacious chamber, of a somewhat

triangular form, is found placed beneath the dorsal surface of the

body° and separated from the visceral cavity by a broad muscular

septum forming its floor. Into this chamber a wide orifice (Jig. 256,

e), placed upon the right side of the body near the margin of the

shell, allows the atmospheric air to enter. The roof of the respiratory

cavity is covered with a most intricate arborescence of blood-vessels

(rudely sketched in fig. 244, k), in which the blood is freely exposed

to the air therein contained ;
while the muscular floor, performing

alternate movements analogous to those of the human diaphiagm,

continually draws in and expels the air, so as to ensure its constant

renewal. The manner in which respiration is effected, and the

general disposition of the circulatory apparatus, is therefore briefly

this: The blood derived from all parts of the body is brought to the

respiratory chamber by large veins provided for the purpose ;
arrived

there, it is dispersed through the countless ramifications of delicate

vessels spread over the entire roof of the breathing cavity, and thus

becomes exposed to the purifying influence of oxygen. The renoiate

blood is then re-collected by the large pulmonary vein (1c)

;

and being

conveyed to the heart, which is composed of a single auricle (
li

)
that

communicates with a strong ventricular cavity (g), it is pi ope ec

through the entire arterial system derived from the aoita (/)•

(1340.) The whole of that part of the body of the snail which is

not permanently covered by the shell is defended by a thick skin,

the surface of which is irregularly furrowed, and continually uioist-

tened by a viscid secretion that exudes from glands apparently im-

bedded in the substance of the integument ;
and the tenacious slime

so furnished, if the creature be irritated, is poured forth in astonish-

ing abundance. .

*(1341.) Nevertheless, besides the slimy material thus copiously
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pericardium. On opening it, it is found to be filled with an infinite
number of very thin laminae that adhere to the walls of its cavity by
one of their edges, and become joined to each other as if by commu-
nicating branches. The excretory duct of this slime-secretor, which,
\ie may obsene, is found to exist in many other genera of Gasteropods,

Ilistoire cics Mollusques; Memnire sur la Limacc et le ColimiKjon.

supplied by the tegumentary glands, there is in the interior of the
animal a special apparatus apparently destined to furnish a viscid fluid
of a similar character. The gland alluded to, called by Cuvier,* par
excellence, “ the secerning organ of the viscosity,” is in the snail a
triangular viscus (fig. 244, i) placed in immediate contiguity with the

Fig. 244.
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accompanies the rectum to its termination, where it opens externally

in the immediate vicinity of the orifice leading into the respiratory

chamber.

(1342.) An organ, named by Swammerdam the “ sacculus calcareus,”

has recently been supposed by Mr. Jacobson to perform the office of a

kidney. “ Chemical analysis of the matter secreted by this viscus has

led him to discover in it uric acid, ammonia, or calcareous salt and

water. He was unable to discover any trace of uric acid in any other

part of the animal, and as, in the superior animals, the kidneys are

the only organs which, in a state of health, secrete uric acid ;
and as

the calcareous sac of the snails has many other anatomical relations

with the kidneys, Mr. Jacobson concludes that this sac represents the

kidneys, and must be so considered in all the mollusca which are pro-

vided with it.”*

(1343.) Before we enter upon a description of the somewhat complex

generative system of a Snail, it will be proper to advert to one oi two

remarkable circumstances connected with the procreation of these

singular animals. We must first premise that every individual is

hermaphrodite, and, moreover, presents a kind of kermapkiodism of

the most perfect and complete description, possessing elaborately-

constructed male and female organs, which are distinct and separate

from each other; but, nevertheless, the co-operation of two individuals

is essential to the mutual impregnation of both. The manner in

which they copulate is not a little curious ; their union being accom-

panied by preparatory blandishments of a very extraordinary kind, that

to a spectator would seem rather like a combat between mortal foes,

than the tender advances of two lovers. After sundry caresses

between the parties, during which they exhibit an animation quite

foreign to them at other times, one of the snails unfolds from the

right side of its neck, where the generative orifice is situated, a wide

sacculus, which, by becoming everted, displays a sharp clagger-like

spiculum or dart attached to its walls. Having bared this singular

weapon, it endeavours, if possible, to strike it into some exposed part

of the body of its paramour; wrho, on the other hand, uses eveiy

precaution to avoid the blow, by speedily retreating into its shell.

But, at length having received the love-inspiring wound, the smitten

snail prepares to retaliate, and in turn uses every effort to puncture

its assailant in a similar manner. The darts are generally bioken off

in this encounter; and either fall to the ground, or else remain fixed

in the wounds they have inflicted. After these preparatory stimula-

tions, the snails proceed to more effective advances. The sac of the

dart is withdrawn into the body, and another sacculus is by a like

process protruded from the common generative aperture. Upon the

* Edin. Joum. of Nat. and Geogr. Science, iii. 3'25.
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last-named organ two orifices are seen, one of which leads to the

female generative system ;
while from the other a long and whip-like

penis is slowly unfolded, being gradually everted like the finger of a

glove, until it attains the length of an inch or more
; and then each

of the two snails, by inserting its penis into the female aperture of

the other, impregnates its partner, and is itself impregnated at the

same time. Such is the peculiar manner in which the amours of

snails are conducted :—let us now examine the internal viscera con-

nected with the process.

(1344.) The sac of the dart first requires our attention. This
viscus, when uniuverted,—for it must be turned inside out in order
to expose the weapon within it,—is a thick muscular bag

(Jig . 244, a') ;

and, on opening it, it is found to contain the dart attached to a nipple-
like protuberance at the bottom of the sac. The dart itself is four-

sided
; and as it grows by the constant addition of calcareous particles

deposited at its base from the surface of the vascular protuberance to

which it is fixed, so, if broken off, it is speedily reproduced in a

similar manner.

(1345.) The male part of the generative system is composed of a
testicle

, vas deferens , and the whip-like penis above described.

(1346.) The testicle is considered by Cuvier* to consist of two
distinct portions: one, a soft whitish oval mass {Jig. 244, y;); while
the other is elongated, thin and granular (?/), being imbedded among
the convolutions of the oviduct (w). The vas deferens forms the
excretory duct of both these portions, and terminates in the side of

the penis ; its orifice becoming of course external when that organ
is protruded by evolution. The iutromittent organ itself, as seen
when lodged within the body of the snail, consists of two parts,

a muscular bag which forms its body
(b '), and a long whip-like

portion
(2) ; the latter is hollow, but not perforated. The reader will

now have little difficulty in understanding how this remarkable appa-
ratus is protruded. The generative sac, common to both the male
and female organs, first becomes inverted ; the body of the penis

(
b
')

then undergoes inversion in a similar manner, so that the orifice of

the vas deferens appears externally
;
and lastly, the long appendage to

the penis (z), being likewise turned inside out by the action of the
muscles that compose its walls, completes this strangely-constructed

instrument. Its subsequent retraction into the visceral cavity is

effected partly by the assistance of a special retractor muscle (a),

which acts upon the body of the penis, but principally by the same
contractility that accomplished its evolution.

(1347.) The female system next demands our notice; and this will

be found to present for our investigation an ovary and lengthy oviduct,

* Loc. cit.
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to which are appended certain auxiliary organs, namely, the spermatlieca

and the multifid vesicles.

(1348.) The ovary {Jig. 244, s
)

is found situated in the inmost

recesses of the shell, and partially imbedded in the substance of one

of the lobes of the liver. From the ovary a long oviduct (

g

) is de-

rived, which is at first thin and slender, but, soon becoming wider and

more capacious (u), it gradually expands into an extremely convoluted

intestiniform viscus, to which the name of uterus has been improperly

given, and ultimately terminates in a canal derived from the sperma-

theca, to be described hereafter. It is duriug their passage through

this enormous oviduct that the eggs attain their full growth preparatory

to their expulsion from the body.

(1349.) Another viscus, called by Cuvier simply “ the bladder," is,

from the constancy of its occurrence, evidently an organ of importance

;

and there seems to be little room to doubt that it is intended to be a

receptacle for the seminal fluid, analogous in function to the copu-

latory pouches we have already met with in Insects and some Crus-

tacea. The reservoir in question, which we have called spermatlieca

(fig. 244, t), is in the snail placed above the stomach ;
and the canal

derived from it accompanies the sacculated oviduct, which it ultimately

joins near its termination, in such a manner that the ova must pass

the orifice of its duct as they are expelled from the body. It must

nevertheless be confessed that the office here assigned to the “bladder

is rather probable than positively established ;
for in the Slug, so

nearly allied to the snail in its general organisation, the excretory

duct of this organ opens iuto the common generative sac by an

aperture distinct from that which leads into the oviduct, although

even here the two are closely approximated. Cuvier suggests that

perhaps it may furnish some material useful in forming an en-

velope for the ova, but experiments are still wanting upon this

subject.

(1350.) There is still another set of organs connected with the

canal by which the eggs escape from the oviduct of the snail ,
and

these, although peculiar to the genus we are examining, no doubt

furnish a secretion of importance to their economy. They are called

the multifid vesicles (fig. 244, y), and are composed ot a series of

branched caeca derived from two excretory ducts by which a milky

fluid, secreted by the caeca, is poured into the egg-passage prior to

its termination.

(1351.) Although it will be convenient to speak in more general

terms concerning the nervous system of the Gasteropoda than the

examination of a particular species would permit, we deem it neces-

sary, before closing our description of the snail, to describe with

some minuteness the senses possessed by these terrestrial mollusks,

and more especially the extraordinary mechanism provided for with-
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drawing the most important instruments of sensation into the interior

of the body when they are not in actual employment.

(1352.) The onlysenses that we can expect to meetwith in animals de-

prived of either an external or internal skeleton are those of taste, smell,

vision, aud touch ; any auditory apparatus being of course deficient.

(1353.) The sense of taste, judging from the structure of their

tongue, must be extremely obtuse ;
and, although these creatures are

evidently possessed of smell, it is not easy to point out where their

olfactory apparatus is placed.

The eyes, however, are now
found to present a perfection

of structure correspondent with

the enlarged brain, and occupy

a singular position, being situ-

ated at the extremities of the

two superior tentacula append-

ed to the head ; while the in-

ferior pair, adapted, as it would

seem, more exclusively to the

perception of tactile impres-

sions, are deprived of visual or-

gans. Both the upper and lower

tentacula are retractile, and can

be completely inverted so as to

be withdrawn into the interior

of the body. To effect the in-

version by which this end is attained, the plan represented in the ac-

companying figure is had recourse to. Each tentacle is a hollow flexible

cylinder, the walls of which are muscular, and composed of circular

fibres. When partially retracted, as in the tentacle marked (c) in the
figure {fig- 245), the extremity of the organ is drawn inwards, and
two cylinders are thus formed, one within the other : if the outer
cylinder is elongated, as in protruding the tentacle, it is at the expense
of the inner one ; and, on the contrary, the inner cylinder, when the
organ is retracted, is lengthened as the other becomes shorter. To
evert the tentacle the contraction of the circular muscles that form
its walls is sufficient, as they can gradually unroll the whole by
squeezing out, as it were, the inner portion; but to effect its inversion
a special retractor muscle is required, which is represented in the
tentacle indicated in the figure by the letter (b). This muscle (g)
arises from the general muscular mass composing the foot and retrac-
tile appaiatus piovided for drawing the snail into its shell: the long
slip of muscular fibres so derived, accompanied by the optic nerve (/),
traveises the interior of the cylindrical tentacle quite to its extremity,
where it is attached; and thus, as the reader will easily conceive,

Fig, 245 .
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is quite competeut to cause its inversion. The lower feelei'
(
d

)
is

represented in the figure as partly retracted by the action of its

appropriate muscle (/<); while the corresponding one (a), being com-

pletely turned inside out, is fully withdrawn and securely packed

among the viscera.

(1354.) One circumstance connected with the contrivance above

described cannot but excite attention; and this is the peculiar

arrangement of the tentacular nerves, whereby they are adapted to

changes of position so extensive : the optic uerve (/), for example, must

not be stretched even when the eye-bearing tentacula are protruded to

the uttermost ;
and in order to provide for this, when the feelers are

not extended, the nerves become thrown into close folds (7i), and

lodged within the cavity of the body.

(1355.) From the above somewhat lengthened account of the ana-

tomy of the snail, the reader will at least have been’ able to become

acquainted with the general features of an organisation which is more

or less common to all the members of the extensive class under con-

sideration. We must now, however, enter upon a moie enlaiged

survey of the Gasteropoda, and divide them into such groups as

will facilitate our further investigations concerning their structure and

habits. The most convenient character by which the different orders

composing the class are distinguished has been found to be de-

rived from the nature and arrangement of the respiratory apparatus,

which of course varies both in construction and position, according to

the circumstances under which particular tribes or families are destined

to exist.

(1356.) We have already found that terrestrial species, such as the

snail, breathe air, which is alternately drawn into and expelled from a

cavity lined with avascular network ;
and these, from the resemblance

between such a mode of breathing and that of animals possessed of

proper lungs, have been formed into an order distinguished by the

name of Polmobrancbiata. Nevertheless, all the pulmobranchiate

Gasteropoda are not terrestrial ;
our fresh waters abound with various

species that respire air by a similar contrivance, and are consequently

obliged, in order to breathe, to come continually to the surface of the

shallow pools wherein they are found. The Planorbis and Limnaus

are examples of this mode of respiration ;
and are met with in e\ cry

ditch, where they voraciously devour the subaquatie vegetables upon

which they feed.

(1357.) It is at once evident that in marine Gasteropods another

mode of aerating the blood must be resorted to, and branchiae of some

description or other substituted for a pulmonary cavity.

(1358.) The branchiae given for this purpose are variously con-

structed ;
sometimes appearing as extensively branched and arborescent

appendages to the skin, or else they form broad and thin lamellae at;
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tached to the exterior of the body
;
but more frequently the respiratory

Fig. 240'.
apparatus consists of vas-

cular filaments arranged in

a pectinated manner along

a central stem : whatever

their form, however, their

office is the same, namely,

to present a sufficient sur-

face to the surrounding me-
dium, in order adequately

to expose the blood that cir-

culates abundantly through

them to the influence of

oxygen.

(1359.) It i’s from the

position and arrangement

of the branchial organs that

the brancbiferous Gastero-

poda have been classified

by zoologists. Thus in the

second order, called from
this circumstance Nodi-
branchiata, they are naked,

and placed upon some part

of the back ; sometimes, as

in Tritonia, extending along

its entire length ; but at

others, as for example in Doris (Jig. 240), they are confined to its

posteiioi part, and form a circle around the anal orifice of exquisite
beauty, and not inaptly comparable to a flower in appearance and dis-

position.

(1300.) In the Inferobranchiata the branchiae resemble two Ion"
rows of leaflets, placed on the two sides of the body, under a project”
ing edge formed by the mantle.

(1301.) The Tectibranohiata have respiratory organs upon one
side of the body only, and concealed by a flap derived from the
mantle. Such, for instance, is the case with Plewrobranchus aud
Aplysia

;

in the former of which the elegant branchial fringe is situated
in a deep sulcus between the edge of the mantle and the prominent
margin of the foot (fig. 247, d).

(1362.) But by far the most numerous order of the marine Gastero-
poda (Pectinibranchiata), which, in fact, includes all the inhabitants
of spiial univalve sea-shells, have their branchite placed internally in
a capacious cavity, whereinto the water is freely admittedly. 257, a).

I his cavity is situated in the last or widest turn of the shell, and
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Fiy.
-247 :

communicates with the exterior of the body by a veiy wide slit, to

which in some genera along syphon {fig. 257, /), formed by a fold of

the mantle or general covering of the animal, conducts the respiled

fluid. The branchiae themselves, as the name of the order indicates,

are pectinated, and form a single, double, or triple series of gills sus-

pended from the roof of the branchial chamber, answering the same

intention as the pulmonary network of the snail, but deriving tlieii

supply of air from the water, in which they are perpetually immersed.

In the figure referred to, representing a species of Pteroeera , the posi-

tion of the branchial chamber is seen through the shell aud mantle,

which the reader must suppose to be transparent ; and the branchial

organ (a), in this case single, is likewise represented in situ, suspended

from the roof of the cavity that contains it.

(1363.) In fig. 255 the Fig. 248.

roof of the respiratory cavity

(x) has been reflected, aud the

thi'ee rows of branchial fringes

(n) suspended therefrom are

well seen.

(1364.) A sixth order of Gas-

teropods has been formed by

Cuvier under the name of Tu-

bulibrauchiata, remarkable

from the shape of their shells,

which are long and irregular

tubes usually fixed to foreign

bodies, but still they have the

earliest-formed portion twisted

into a few spiral curves, lo

this order belongs Vermetm

(fig. 248), the shells of which, agglomerated into masses, might be
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taken for those of certain Surpulm. As locomotion is here out of
the question, owing to the immovable condition of the habitations of
such genera, the foot would seem at first to be altogether deficient,
but upon close inspection it is found to be converted into a fleshy
organ that bends forward and projects beyond the head, where its

extremity expands into a disc furnished with a small operculum
; so

that, when the animal retires into its abode, a lid is formed adapted to
close the aperture, and thus prevent intrusion and annoj'auce from
without. Nevertheless, even in these the branchial are pectiniform,
forming a single row attached to the roof of a branchial chamber.

(1365.) The Scotibranchiata likewise have pectinated gills disposed
in a special cavity, but their shells are very wide, and scarcely ever
turbinated; a circumstance which, combined with other features of
their economy, renders it convenient to consider them as forming an
order by themselves.

(1366.) An eighth division of this extensive class takes the name of
C l'c r.OBRANCHiata, because the branchial form a fringe around the body
of the animal, between the edge of the body and the foot (fin. 255 c •

fig. 258, a).

(1367.) Lastly, a distinct order has been established to embrace cer-
tain families in which the foot is so much compressed as to constitute
a vertical muscular lamella, that presents merely a remnant of the ven-
tral sucker, so characteristic of the entire class, and which can only be
serviceable in performing the office of a fin used in swimming

; hence
these mollusks have been called Heteropoda. Their branchial are

Fig. 249.

placed upon the back
(fig. 249, d ), and resemble small detached tufts.

The foruiAif these heteropod Gasteropoda the reader will gather from
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an inspection of the accompanying figure, representing a species of

Pterotrachea
; but the details connected with their anatomy therein

delineated, will be explained hereafter.

(1368.) It would be useless to weary the student by describing the

course of the blood-vessels in all the orders we have just enumerated ;

their distribution necessarily varies with the changes observable in

the position of the branchiae ;
still, whatever the situation of the res-

piratory organs, the general course of the circulation is the same, and

essentially similar to what has been already described in the snail

:

one or two examples will therefore answer our purpose. In the Pecti-

nibranchiata, as for instance in Buccinum [fig. 255), the heart
(
r, s),

enveloped in a distinct pericardium, is placed at the posterior extremity

of the branchial chamber, and consists, as in all the Gasteropoda, of

two cavities,—a thin membranous auricle, and a more muscular and

powerful ventricle. It receives the blood from the organs of respira-

tion by a large branchial vein (Jig. 255, q), that communicates with the

auricle (s). The contraction of the auricle forces the circulating fluid

into the ventricle (?•), which, in turn, drives it into the aortic or

arterial system of vessels. The aorta, in the case before us, divides

into two principal trunks ;
of which one

(
m) is directed forwards to

supply the foot and anterior part of the body, while the other
(
t
)
winds

among the mass of viscera contained in the shell, to which it distri-

butes its ramifications. The blood thus dispersed through the system

is taken up by the commencements of the veins, to be re-conveyed

to the brauchim, there to begin again the circuit we have described.

(1 369.) When the branchiae are external, and largely distributed

over the surface of the body, as for instance in Tritonia, the purified

blood is brought from the branchiae to the heart by capacious veins

which run beneath each branchial fringe and collect it from the

numerous respiratory tufts
;
or if, as in Doris (Jig. 246), the branchiae

encircle the auus, a large circular vein placed at the base of the

branchial apparatus receives the blood and pours it into the auricle. In

all cases, however, the course of the blood is essentially the same, and

the heart is systemic.

(1370.) In Aplysia, one of the tectibranchiate Gasteropods, the

branchiae (fig. 250, a, b) consist of delicate lamellae minutely subdivided ;

and the vessel (c) which brings the blood derived from all parts of the

body to be distributed over the extensive surface thus formed, presents

a structure of no ordinary interest to the physiologist.* At some dis-

tance before it arrives at the respiratory organs it divides into two

main branches, and the coats of each vessel so formed appear to be

made up of transverse and oblique muscular bands that cross each

other in all directions, so as to leave between them very perceptible

Cuv., Memoire sur le Genre Aplysia.
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apertures, through which injections of any kind readily escape into the
abdominal cavity, and, of course, fluids derived from the abdomen as
easily penetrate into the interior of the veins. At some points, in-
deed, these veins seem absolutely confounded with the visceral cavity

;

a few muscular bands widely separated from each other, and not at all

interrupting a free communication, being alone interposed. The re-
sult of Cuviers anxious researches concerning this remarkable feature
in the oiganisation of these Mollusca led him to the following import-
ant conclusions, which are no doubt extensively applicable to the Gas-
teropoda generally :—1. That in Aphjsia there are no other vessels
appointed to convey the blood to the branchiae than the two above de-
scribed. 2. That all the veins of the body terminate in these two
canals, hsow as their communication with the abdominal cavity is
evident and palpable, whether we call them vena cava, or cavities ana-
ogous to a right ventricle, or branchial arteries ,—for it is evident that
they fulfil the functions of these three organs,—the inevitable conclu-
sion is, that fluids poured into the abdominal cavity can become directly
mixed with the mass of the blood and thus conveyed to the branchiae,
and that the veins perform the office of absorbent vessels.

(1371.) This extensive communication is undoubtedly a first step
towards the establishment of that, still more complete, which nature
has established in insects, where, as we have seen, there are not even
distinct vessels of any kind appointed for taking up the nutritive
fluid. From these facts Cuvier concludes that no proper absorbent
system exists in the Mollusca, still less in animals inferior to them in
the scale of creation.

(1372.) The vein appointed to convey the renovated blood from the

Fig . 2S0.

branchiae to the heart, when slit open (fig. 250, d), exhibits the orifices
o the smaller vessels derived from the respiratory laminae arranged

M M



530 GASTEROPODA.

in circles. The auricle of the heart is made up of reticulated fibres

(4 and when laid open it is seen to be separated from the more mus-

cular ventricle (r/) by a valve (/), whereby any retrograde movement

of the blood is prevented.

(1373.) In Aplysia, the arterial blood, having been distributed

throughout the body by means of the heart and aortic vessels, is

received into a capillary system, which forms a rich network formed

of minute vessels, the walls of which are perfectly distinct; but these

capillaries are found not to be continuous with any system of recurrent

vessels, but gradually resolve themselves into little lacunae formed

amongst the interstices, which occur between the bands of cellulai

membrane and the fibres of various tissues. These vacuolse com-

municate in their turn with larger lacuna}, situated beneath the

common integuments, or occupying the interspaces between the

muscular fasciculi of the foot of the mantle, and of other parts of the

body. The result of this arrangement is the formation of a vast

system of venous cavities, dispersed throughout the abdominal panetes.

In the foot and in the lobes of the mantle these lacuna} are very

dilatable, and afford space for a considerable accumulation of fluid; on

the dorsal region, on the contrary, they are small, and moie dense y

congregated. It is this structure which constitutes the auriferous

system°of Delle Chiaje, but it has no communication with the exterior

of the body. The membrane, which imperfectly lines the abdominal

cavity, separates this structure from the visceral chamber, but does

not cut off the communication that exists between them; on the

contrary, the peritoneal tunic is itself of a spongy texture, and is

perforated with numerous apertures, whereby a free passage is esta-

blished between the subcutaneous lacunae and the interior of e

abdomen. In this way it happens that when a coloured fluid is

injected into the visceral cavity, the whole lacunary system becomes

filled, and on throwing injections, even of coarse materials into the

muscular interstices of the foot or mantle, it is seen at once to difluse

itself through the abdominal cavity.

(1374.) From tire above, and similar facts, Milne Edwards bas

satisfactorily established the following important conclusions.

1st. That no complete vascular system exists in any ot the

Mollusca. „ . , . „

2nd. That throughout a greater or less extent of the circulatory

circle veins are entirely wanting, their functions being pci oiine

through the medium of lacuiue, or by the great cavities o le

b

°3Kl. That frequently the veins are wanting altogether, and that in

such cases the blood distributed through the body by the arterial

system can only return to the respiratory surface by the intervention

of the interstitial lacuna} above described.
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(1375.) Our friend, Mr. Huxley, in a letter addressed to Professor
tune Edwards,* relative to the circulation of the blood, ex-

presses himself very decidedly upon this important point in the
anatomy of the Mollusca. In Firola, one of the Ileteropod division,
e observes, that, owing to the perfect transparency of the body of this
0 usk "hilst alive, nothing is more easy than to observe the circula-

tion of the blood throughout its entire course. In this creature no
veins u hatei e> aie observable. The globules of the blood may be seen
o issue in crowds from the open termination of the arteries of the
oof’ throu8h the substance of which they immediately become diffused,

.

* e "ise be observed to pass from the mass of the mouth in
w lich the aorta terminates directly into the peri-intestinal cavity, in
wnich they may be seen to return gently, frequently stopping in their
course towards the heart. Occasionally some of them may be traced
c irectly into the auricle, passing through the interspaces between the
network of muscular fibres composing its walls,t in the meshes of
winch they may sometimes be observed to stop for a short period.

ien the ammal begins to grow weak, and the circulation becomes
jU 66 6

’ lt; *s even possible to follow with the eye any given globule
uring its passage through the peri-intestinal cavity, and through the

heart into the aorta.
b

( '6) In studying the anatomy of Haliotis, Milne Edwards Iobserved that, although injections thrown into the heart were easilymade to fill the general arterial system, so as to exhibit the arteries
supplied to the liver, to the stomach, and internal viscera generally
so as to render visible even the capillary vessels, in the head lie
invariably found the injection extravasated so as to fill a great cavity,
in which were lodged the brain, the salivary glands, the pharynx, and
a the muscles belonging to the oral apparatus. At first it was sup-
posed that this extensive extravasation was caused by some rupture of
the vascular parietes, but after many unsuccessful attempts it was at
last discovered that on attempting to follow the course of the aorta
into the head it was impossible to find any trace of that vessel beyond
the point where this extravasation invariably began to show itself. At
this place, indeed, the walls of the great artery entirely disappeared
or rather became confounded with the membranous septum that here
separates the abdomen from the cephalic cavity, neither could auy
continuity be traced between the arterial trunk after its entrance into
this extensive cavity, and the arteries proceeding from it to ramify in

* Ann. des Sc. Nat. 1850.

* I

\
/’

i>"/“’ Mr - IJuxle
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assures as, the walls of the auricle of the heart arc com-posed of a land of lacework made up of striated and ramified muscular fibres betweenwhich large open spaces are observable.
’
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the fleshy portion of the foot, although these latter were invariably

well filled with the coloured injection employed ;
and it soon became

evident, from numerous observations, that in this Gasteropod a free

communication is normally established between the great arterial

trunk of the body and the cephalic cavity, wherein are lodged the

principal nervous centres and the whole anterior portion of the

digestive apparatus, and that this cavity, in the living animal, is filled

with arterial blood. In fact, the aorta, having reached the spot where

the digestive caual curves downwards to descend from the upper

aspect of the pharyngeal bulb into the abdominal cavity, it plunges

directly into a wide space or lacuna
,
which surrounds the pharynx, and

occupies all the front part of the head, taking the place of the cephalic

portion of the aorta, and the arterial blood poured by that vessel into

this space directly bathes the brain, the muscles of the proboscis, and

all the anterior part of the alimentary canal, after which it goes to

supply the muscles of the foot and the cephalic appendages.

Fig. 251.

Circulation of Ualiolis (after Milne Edwards). A, the head; n, the foot; c, c, the

two lobes of the mantle; n, mucous secreting organ; k, e, the two hranc ice, ,

anus Beneath the rectum that terminates at this outlet is seen the on ce

urinary apparatus, and a little further back, situated above the intestine, is tie on ice

r the trenerative apparatus. G, fold of intestine, which is lodged in a special comp,

ment of the abdominal cavity, separated from that containing the stomach by a i rous
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septum; h, the stomach, of which the anterior portion has been in a great measure
removed; i, pharyngeal cavity laid open

; j, abdomen.
"> a°rtic ventricle surrounding the rectum.
h, the left auricle, into which opens the efferent vessel of the corresponding bronchia,

a portion of which is shown at E. The right auricle is seen immediately beneath the
ventricle, and the corresponding branchia has been raised in order to show throughout
its entire length the branchial vein or efferent canal, e, which runs along the adherent
margin of the branchia, and brings arterialised blood from that organ to the heart.

c, the great aorta which arises from the posterior extremity of the ventricle and runs
forward between the stomach and the intestine to discharge itself into the cephalic
cavity. 1

the abdominal artery, or posterior aorta, which arises from the commencement of the
aorta and follows the convolutions of the intestine, to which, as well as to the liver, it
furnishes branches.

e, arterial sinus, into which the aorta empties itself. This is a great cephalic lacuna,
limited above by the parietes of the pharynx, in front by tbe integuments and muscles
0t the head, and posteriorly by fibro-cellular bands. On injecting the animal by this
cephalic chamber, the whole arterial system is immediately filled.

.
{’

‘he e
,

rent artery of the foot
’ wl‘>ch arises from the cephalic sinus, and soon divides

into lour branches, which extend towards the hinder part of the foot,
one of its lateral branches.

h, afferent vessel of the left branchia. A little in front of the heart is seen the
transverse canal, or common venous reservoir of the branchia:, which unites this vessel
with its fellow, and which receives the veins from the rectum.

i, t, veins of the two lobes of the mantle in communication with a capillary network
that extends along the base of the branchiae, and is proceeding to anastomose with the
branchio-cardiac vessels.

tc efferent vessels from the urinary gland opening into the common venous reservoir
of the branchia;.

l, venous canal of the shell-membrane or partition that extends from the walls of the
abdomen to the margin of the shell.

m, hepatic veins proceeding to open directly into the free space which surrounds the
intestine, and which is continuous with the rest of the abdominal cavity. On the
posterior part of the foot are seen veins which open into a system of lacuna;, situated
upon the median line, and communicating with the abdominal cavity.

(1377.) But there is one circumstance connected with this arrange-
ment which appears even still more strange, namely, that while a
portion of the general cavity of the body thus completes the vascular
apparatus, the aorta, to a certain extent, acts as an abdominal
cavity, for in its interior there is lodged a part of the digestive
apparatus.

(1378.) lo ascertain this fact it is only necessary to slit open the
aorta, the calibre of which is in this part as wide as a goose-quill •

it is then seen that the large subcylindrical basis of the tongue’
which projects from the posterior margin of the pharyngeal mass is’
entirely inclosed within it. This organ, indeed, protrudes to a con-
siderable distance into the interior of the arterial tube, and it is from
the portion ot the aorta, which thus forms a sheath for the lingual
apparatus, that several arteries take their origin, the branches of
" ic i ate cistn utcc to the intestine and abdominal parietes, the
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orifices of which are discoverable when the tongue is withdrawn from

its aortic sheath. .

(1379) The inferior condition of the circulatory system in the

Haliotis is, however, not indicated only by the singular arrangements

described above. In that portion of the mantle which is adherent

to the shell, and which forms a sort of border to the posterior and

lateral parts of the body, arterial vessels seem to be altogether

wanting, the whole circulation being apparently carried on by vessels

which receive venous blood, derived immediately from the abdominal

cavity, to which they partially return it ;
but at the same time convey

a portion thereof into the branchio-cardiac vessels in the immediate

vicinity of the heart. The fibrous tissue, wherein these vessels are

inclosed, seems but little calculated to perform the functions of an

accessory respiratory apparatus ;
so that it would appear, from t ns

anatomical arrangement, that all the blood in progress towards the

heart is not submitted to the influence of the air, and that it is a

mixture of venous and arterial blood that is distributed by the heart

throughout the arterial system.
. ,

(13S0 )
Lastly, it may be noticed that in the cephalic region, wheie

the different organs are in immediate contact with the arterial blood,

no traces are discernible, either of veins or of lacunae, serving to

return the blood thus effused to the respiratory apparatus ;
whereas

in other parts of the body venous canals are met with, the disposition

of which is very remarkable ;
these all communicate freely with the

abdominal cavity, as is the case in other Gasteropod Molluscs ;
but m

the liver, the generative glands, and more especially in the urinary

apparatus, they, nevertheless, form true vessels, the ramifications of

which are extremely numerous. .

(1381) In the Patella, or Limpet, the size of the cephalic sinus

that receives blood from the aorta is even more remarkable than m

the Haliotis ;
in the Patella, indeed, the tongue is not itself lodged in

the aorta as in the former case, but is inclosed in a membranous

sheath: the sheath, however, in its turn becomes part of an artenal

chamber, into which the aorta empties itself The aorta itself gw

off very few branches, while from the lingual sheath arise all the prin-

cipal arteries of the body.

(1382.) The arterial blood fills not only the sheath of the tongue,

but is likewise diffused throughout the whole cephalic cavity, where

it bathes the muscles and nerves in the same manner as m Haliotis,

but the extent of the sanguiferous sinus is much more consumable

than in that Mollusk-if, indeed, the capacity of these sinuses be

estimated, they will be found to contain more blood than all the les o

(be arterial system put together.
.

naqsl Such is the construction of the heart in a great majou y

of the Gasteropoda ;
but in a few of the lowest orders, namely, those
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most nearly allied to the Conohifera, slight modifications are met
with. Thus in Chiton

(Jig

.

259), so remarkable from the singularity
of its shelly covering, the heart is situated in the middle of the
posterior region of the back, and is furnished with two auricles, one
appropriated to each lateral series of branchise

; and, what is still more
remarkable, each auricle would seem to commuuicato with the ven-
tiicle by two distinct orifices. In Haliotis, Fissurella, and others
of the Scutibranchiate and Cyclobranchiate orders, the resemblance to
the arrangement generally met with among the Conohifera is

even more striking; for in such genera not only are there two dis-
tinct auricles, but the ventricle embraces the rectum, so that, when
superficially examined, it seems to be perforated for the passage of the
intestine.

(1384.) In Pterotrachea (Jig. 249), the branchise (e) are placed upon
the back, and the blood derived from the tufts composing the branchial
apparatus is received into a two-chambered heart (a), whence it is

distributed to the body through the aorta, which is at first double, but,
aftei sunounding the visceral sac and supplying the viscera, the two
vessels unite to form one large trunk (m), which traverses the body as
far as the head.

(1385.) Independent of the ordinary vascular system, Delle Chiaje
discovered the existence in most Gasteropods of a system of water-
vessels largely distributed throughout the substance of the foot and
other parts of the body. Thus, in the anterior part of the foot of the
Muricidte,* there are to be seen certain holes or antra, which are the
apertures to as many little cavities lying underneath, and which per-
meate the interior substance of the foot. There are, besides, between
these cavities slender canals communicating with the same orifices, by
means of which the whole are connected and inosculated together
The water entering the body through the siplmucle is thus, at the will
of the animal, driven into the substance of the foot, which is in this
way rendered turgid and firm; and when necessary, by a strong pres-
sure, the fluid is ejected, or is spontaneously discharged after death
when the foot becomes flaccid and extenuate. Opinions relative to
the use of the water thus freely admitted into the body of the Mollusca
are various

; its principal object, however, seems to be to enlarge and
moisten the structures over which it is distributed

(1380.) The digestive system of the Gasteropoda, as we might
be led to expect from the numerous and widely-different forms of
the animals belonging to the class under consideration, presents
endless diversity of structure; and did we not strictly refrain
from noticing any but the most important modifications, it would
be easy to overwhelm the most patient reader with

.
accumulated

details.

Delle Chiaje, Anim. senza Vert. Nap. ii. 204.
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(1387.) The mouth we shall consider as exhibiting four distinct

types of organisation ;
one of which, namely that met with in the Snail

aud the generality of pulmonated Gasteropoda, has been already de-

scribed (§ 1 333).

(1388.) The second form of mouth—that, for instance, of Pleuro-

branchus {fig- 247, a, and of Pterotracliea, fig. 249, b)—consists of a

simple muscular proboscis, or fleshy tube, which is capable of consider-

able elongation and contraction : such an oral apparatus is entirely

devoid of teeth or any cutting instrument, but is, nevertheless, fully

able to seize and force into the stomach such materials as are used for

f

°°(1389.) A third kind of mouth, by no means so frequently met

with as the last, is not a little extraordinary, and forms a more

efficient cutting instrument than even that of the snail. & s a

offer, as an example of this remarkable organ, that of the n onm

Hombergii, represented in the annexed figure

(fig. 252), whereof Cuvier gives the following

graphic description.* In this animal the

mouth forms a large, oval, and fleshy mass

inclosing the jaws and their muscles, as well

as a tongue covered with spines, and its open-

ing is guarded by two fleshy lips. The jaw s

form the basis of all this apparatus : their

substance is horny ;
their colour a yellowish

brown ;
and their form, very extraordinary foi

an organ of this kind, cannot be bettei de-

scribed than by comparing them to the shears

used in shearing sheep. They differ, however, in the following par-

ticulars instead of playing upon a common spring, the two blades

are found to work upon a joint, and, instead of being flat, they are

Fig. 252.

slightly curved.
.

(1390.) These two blades are very sharp, and there is nothing that

has life that they cannot cut when the animal causes the cutting

edges to glide over each other. For this purpose muscles of great

strength are provided, the fibres of which are tiansverse ,
am ieir

office is to approximate the two blades, that are again separated by

the natural elasticity of the articulation wheieby the} aie unite

one extremity.
_

. , ,

(1391.) The aliment, once cut by the jaws, is immediately siezeci uy

the papillae of the tongue ;
which, being sharp and directed backwards,

continually drag, by a kind of peristaltic movement, the alimentary

materials into the oesophagus.

(1392.) The fourth and most complicated form of the mouth is

* Memoirc sur le Tritonia.
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Fig. 253.

found in the Pectinibranchiate Gasteropods, and with its assistance

these animals can bore through the hardest shells in search of food

;

making a hole as round and smooth as if it had been made by a drill

of human contrivance. It is from Cuvier we again borrow the sub-

joined description of this unique apparatus.*

(1393.) The proboscis of Bucdnum is organised with marvellous

artifice : it is not simply provided, like that of the elephant, with the

means of flexion and extension, joined with a limited power of con-

traction and elongation
; but it can be entirely retracted into the body

by drawing itself into itself in such a manner that the half of it which
forms its base contains and incloses the half nearest its point ; and it

can protrude itself from its sheath thus formed, by unrolling itself

like the finger of a glove, or like the horns of the garden snail, only

it is never completely retracted, but always remains more or less

folded upon itself.

(1394.) It may be represented as being composed of two flexible

cylinders, one contained within the other, as shown in the annexed

figure {Jig. 253), the upper edges (i, i) of the

two cylinders being continuous in such a

manner, that, by drawing out the inner

cylinder
(
b

,
b), it becomes elongated at the

expense of the other, and, on pushing it in

again, it becomes shorter, while the outer

cylinder (fc) is lengthened by adding to its

upper margin.

(1395.) The reader must now imagine a

multitude of longitudinal muscles
(d , d), all

very much divided at both their extremities,

and attached by one end to the parietes of

the body, whilst by the opposite they are

fixed to the interior of the inner cylinder of

the proboscis (b) along its entii’e length, and
as far as its extremity. It is evident that

the action of these muscles will retract this

cylinder, and consequently the entire pro-

boscis, into the body.

(1396.) When thus retracted, a great part of the inner surface of
the internal cylinder

(
b

)
will necessarily become a portion of the

external surface of the outer cylinder (k); and the contrary when the
proboscis is protruded. It is in consequence of this that the inser-
tions of the muscles [d, d) vary in position

(1397.) The protrusion of this proboscis is effected by the action of
the intrinsic circular muscles that form its walls.

Mcmoire sur le grand Buccin (Buccinum undaUm), ct sur son Anatomic.
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(1308} When the proboscis is extended, the retractor muscles (A.'/-

053, d, 4 if the, do not act altogether, serve to bend it m any

direction, thus becoming the antagonists to each
]

(1309 1 In the internal cylinder are contained the tongue, with all

its apparatus (a, a): the salivary ducts (/). and the greater pan o

,,) but the principal use of the proboscis is to apply

fhe effie' tongue to L surface of bodies that the Bvccmum

wishes to erode and suck. The tongue itself (a) is a cartilaginous

membrane, armed with hooked and very sharp spineaJUS^sustained

1)V two Ion" cartilages, the extremities of which foim two h[ ( ).

that can be separated or approximated ;
or the

^
*

to move upon each other b, the mass of muscles in which they are

imbedded When these cartilages move, the spines tha covei

tongue are alternately depressed and elevated; and by

similar movements, aided perhaps by some solvent quality in

“Tiva the hardest shells are soon perforated b, this singular die.

(1400.) The salivary glauds are Fia. 254.

lodged in the visceral cavity, and

are composed of numerous secerning

cteca inclosed in a membranous

capsule (fig- 254, h, 1c): their ducts

((/, e), which are necessarily as long

as the proboscis when extended to

the utmost, open hy two apertuies

placed at the sides of the spinous

tongue {b). The oesophagus {fig.

253, g, (i)
Tuns along the centre of

the’ proboscis throughout its entire

length, and, when that organ is pro-

truded, becomes nearly straight ;
but,

when the proboscis is drawn in, the

oesophagus is folded upon itself among

the viscera.

(1401.) Just at the commence-

ment of the stomach there is a small

crop {fig.
253, /), and the stomach

itself is single, -without anything in

its texture requiring special notice;

its lining membrane being soft, and

(fathered into longitudinal folds {i).

_

° (1402.) Equally simple is the ali-

m
7

t,rJT„XnielL“4o4i>./) « a mere dilatation of an

.1 ,ube The intestine is not lodged in the general cavity

“i:tdy“ bt with the mass of the liver, is contained in a kind of



GASTEROPODA. 589

bag attached to the back of these singularly-formed animals, and in

some genera, as, for example, Carinaria, defended by a delicate trans-

parent shell, which in appearance offers a miniature resemblance of
the Argonaut. It is in this visceral sac that the heart and generative

apparatus are likewise generally inclosed
;
but in many forms of the

Hcteropoda, both the appended saeculus and shell are wanting, in

which case the viscera are of course lodged in the general cavity of

the body.

(1403.) But although in Bucdnum Pterotrachea, and kindred genera,
the stomach is thus devoid of complication, it is by no means unfre-
quently found to be provided with a powerful crushing apparatus, that
foims a strong gizzard adapted to bruise, cut, or tear the food intro-
duced into it. In Scyllcca, for example, this gizzard, situated at
the entrance to the stomach, contains twelve horny cutting blades
disposed around its interior and arranged iu a longitudinal direction;
their sharp edges, therefore, meeting in the centre, efficiently divide
whatever passes between them towards the proper digestive stomach.
Iu Aplysia there is first a capacious crop, then a strong gizzard studded
internally with pyramidal blunt teeth, and to this succeeds a third
cavity armed with sharp pointed hooks attached to one side of its
walls, and so disposed as to form a kind of carding machine, by which
the food is still more effectually torn to pieces.

(1404.) ^ aiious modifications in the form and structure of these
stomachal teeth are met with in the different genera of the Gaste-
ropoda that possess such an apparatus

; but whatever their shape,
size, number, or position, the office assigned to them is the same.

(1405.) The liver is proportionately of very large size in the
Mollusca we are now describing. Its composition is similar in all

;

being made up of bunches of secreting follicles united by the branches
of their • excretory ducts, and kept together by means of a delicate
cellulosity and the ramifications of blood-vessels. We have already
described the hepatic viscera of the snail; and the liver of Buccinum,
unravelled so as to show its intimate structure, is represented in the
preceding figure (Jig. 254, n, o, p), which requires no additional ex-
planation.

(1400.) But if the structure of the liver is similar in all the Gaste-
ropod Mollusca, the manner in which the bile is poured into the
intestine varies remarkably. The most ordinary position of the
orifices of the hepatic ducts is at the termination of the stomach,
in the vicinity of the pylorus; as is the case in the majority of other
animals : but many exceptions to this rule are met with in the class
before us.

(1407.) In Scyllcca the bile is poured into the cesophagus just before
it terminates in the gizzard. In many genera the biliary canals open
into the stomach itself; and in one remarkable genus, Oncbidium,
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there are three distinct livers, each provided with its proper excre-

tory duct; and, what is still more anomalous, these three glands,

which in every particular strictly resemble each other, unless perhaps

in size, pour the secretion that they furnish into three different

situations : the first into the oesophagus, the second into the oesopha-

gus likewise, and the third into the gizzard, which forms the first of

three stomachal cavities.

(1408.) In Doris, a figure of which is given above, a still more

extraordinary arrangement is met with. One set of ducts derived

from the liver penetrate the stomach, and pour the bile into that

cavity ;
while another large canal, equally given off from the liver,

terminates at the exterior of the body by an orifice situated m the

vicinity of the anus {Jig. 24G); and thus a part of the bile secreted

would seem to be expelled from the system as excrementitious matter,

—a fact of no ordinary importance to the physiologist, as it woulc

itself go far to prove that the function of the liver is not merely

limited to the supply of a secretion of importance m the digestion

of food, but that it powerfully co-operates with the respiratory

system in purifying the circulating fluids by decarbonising the

L1O

(°i409.) Other secretions, apparently of an excrementitious cha-

racter, are furnished by many Gasteropoda. Thus, in Aplysm a

glandular mass is imbedded in the opercular Hap that protects the

gills • from which, at the pleasure of the animal, a reddish liquoi is

made to exude in sufficient abundance to obscure the water around

it, and thus conceal it from pursuit. Another gland furnishes an

acrid limpid fluid, that distils from an orifice near the oviduct ,
but

the use of this last secretion is as yet unknown.

(1410.1 The scattered condition of the nervous ganglia, charac-

teristic of the Heterogangliata, is well exhibited in the. pectim-

branchiate Gasteropods ;
more especially as it not

^ ^angT or

happens that the ganglionic centres themselves are of

^
oiau

^
0

reddish colour, while the nerves derived from them present

usual appearance^^^ ^ Qccupies its usual position above

thl oesophagus {fig. 255, d), and gives off nerves to the organs^

sensation, and large twigs (c, c) to the eminent y sen

J d
A large nervous mass placed beneath the msophagus ( )

is connected

with the former by several communicating nerves, hat embiacie the

oesophageal tube. Other ganglia, of smaller size [k, l, »), aie s

tributed in distant parts of the body, and supply the visceia

they are contiguous; whilst they are connected among themselves, and

•

th the brain, by nervous cords passing from one to auothei.

(14121 111 Pterotrachea the same dispersion of tlie central ganglia

of nervous system is egnally evident. The brain and nervous
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collar around the oesophagus occupy their usual situation, and give
nerves to the tentacles, eyes, and parts around the mouth ; while four
smaller ganglia (fig. 240, i) are placed in the immediate vicinity of the

foot, to which, and to the neighbouring viscera, they distribute then-

branches.

(1413.) But in the Fig. 255.

most elevated Gas-

teropods the ganglia

assume gx-eater con-

centration, and the

brain exhibits much
larger dimensions as

compared with the

size of the body.

Thus in the snail [Jig.

245), we find only two

gi-eat nervous masses

:

the.brain (/), a lai-ge

ganglion placed above

the oesophagus, and
supplying the nerves

connected with sensa-

tion
; and an equally

lai-ge sub-oesophageal

mass (in), whence pro-

ceed nerves to all the

viscera and locomotive

organs. Here, there-

fore, we have another

example of the great

law that we have al-

ready so often illus-

trated— the diminu-

tion in numbei-, and
the increase m size, of the nervous centres, as we rise from lower
to more exalted types of animal organisation

(1414.) The tentacula in the marine Gasteropoda
are generally not retractile, and the eyes are frequently situated at
the outer side of the base of each tentacle, instead of at their apex
as in the figure referred to; but, with these exceptions, we can add
nothing to what has been said concerning the senses of these Mollusca
in the description of the snail, already given as an example of the
general structure of the entire class.

(1415.) The organ ol hearing is now universally admitted to exist
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in all the Gasteropod Mollusca, and,'according to Siebold,* is invari-

ably situated in the immediate vicinity of the two most voluminous

cerebral masses. Like the other organs of sense, the organ is always

double. “ It is formed t by two hyaline, ovate, or orbicular capsules,

situated on the head or neck at the bases of the tentacula, and is

supplied with its specifically-endowed nerve from the cerebral
L g

< -

glions. In the capsule there are inclosed one or several (and some-

times they are numerous) oval or round crystalline bodies, namec

otoliths, and it is observable that the number vanes not only in neig i-

bouring genera, but even in nearly-allied species. Siebold says that

a concentric depression is evident in these otoliths, and there may e

seen, in the greater number of them, a shaded spot, or rather a minu

aperture, which penetrates through the concretion from the one

flattened surface to the other. Subjected to a strong pressure^

otoliths crack in radiating lines, separating «ften into four pyramid

pieces. This separation also ensues when the otoliths are immersed

in a diluted nitric acid ; and if we touch them with the ccncen tuted

acid they suddenly dissolve with the disengagement of a_gas, whe

Siebold concludes them to be composed o carbonate of hmm The

sire of the otoliths is not equal, and in the same capsule theie are

always some which are smaller than others. Witter the capsn Mta*

have during life, a very remarkable, and in some respects peculm.

lively oscillatory movement, being driven about as

^
light insoluble powder might be in boiling watei.

y. ns l0

the centre have the appearance of being piesse g ’

form a sort of solid nucleus, and towards this ceuin ‘he otolmh ,

towards the circumference, seem ever to he violently u ed ‘

centripetal rush being invariably repulsed, and as often lm<en a

into a‘ centrifugal direction. Kemoved from themapsute the motions

of the otoliths instantly cease. The cause o ie=

thins remains undiscovered. Siebold could detect no vthra^cilm on

the surfaces of the capsule ;I
and the cessation 0

themBelveSf

the otoliths are removed, proves them to e un
inorganic

and at the same time distinguishes the motion from that of morg

molecules, as described by Mr. Brown.’
anatomy of

(1416.) Dr. Nordman, in an elaborate memon
of the

the Tergipes Edwardsii, minutely describes the s i

» Ann. des Sciences Nat. 1843, xix. 198.
.

History of Molluscous

t
Introduction to Concliology; or. Elements of the K

•

referred, as being

Animals, by George Johnston, M.D., LL.D., to w ic s

for fuller details con-

by far the best treatise upon the subject in the English lanD * D 5

ceniing the hahits and organisation of the Mollusca.
Mollusca is dependent

+ Kolliker has observed that the motion of the otoliths in the M p

upon cilia, with which the internal surface of the auditory cyst is covere .
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auditory capsules of that species, in which they are found situated

immediately behind the eyes upon the posterior portion of the two
anterior ganglia, and are at once recognisable by their sharp outline,

and very considerable size, which surpasses that of the eyes them-
selves. The proper auditory nerves are wanting the vesicles of

hearing being lodged in little excavations in the ganglia themselves.

These vesicles, which are of a round or oval shape, consist of a thin

vitreous-looking membrane, but which is sufficiently tough to resist

considerable pressure, and contain a fluid, in which is suspended a
minute rounded otolith.

(1417.) We now aj)proach an inquiry of much interest as concerns
the economy of the animals before us

; namely, the varied forms of

their organs of reproduction, and the character of the generative
system belonging to each order. This investigation, however, is one
of no ordinary difficulty ^ for so numerous are the modifications of
structure observable in almost every genus, that, were w.e not strictly

to confine ourselves to the study of the most prominent and important
features of this portion of their history, the patience of the student
would be severely put to the test in following us through all the details

connected with so extensive a subject.

(1418.) The three lowest orders of the Gasteropoda are still, in
many particulars, more or less allied to the Conchii;,era; but more
especially this is the case in the organisation of their generative
apparatus. The Cyclobranchiata, Scutibranchiata, and Tubulibranchiata,
like the inhabitants of bivalve shells, are all hermaphrodite and self-

impregnating.* A large granular ovary is in all these orders im-
bedded in the mass of the liver, and from this a duct leads to an
external orifice situated in the vicinity of the anus : if impregnation
is in such animals essential to fecundity, the fertilising secretion
must be furnished by the glandular walls of the oviduct, as no male
organs have as yet been discovered.

(1419.) The Pectinibranchiata, on the contrary, are all dioecious •

the sexes being distinct, and intercourse between the male and female
necessary for the impregnation of the latter.

(1420.) The male is generally at once distinguished by the penis
appended to the right side of ’ the neck (jig. 255, g), an organ which is
frequently of enormous proportions

; so large, indeed, that, it being
impossible that it should be retracted into the body, it is generally
simply -folded back into the branchial chamber. The testicle is im-
bedded in the mass of the liver, and lodged in the inmost recesses of
the shell. It gives origin to a long and very tortuous vas deferens,
w ic i is at first extiemely slender, but on emerging from the mass

* The announcement of the discovery of Spermatozoa in individuals belonging to
t iese or ers, mcntioiiei in a former page, will, perhaps, materially modify the opinions
of physiologists upon this point.
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of the viscera it becomes thicker, running along the right side of the

body until it enters the penis, and, having made many zig-zag folds,

it reaches the extremity of that organ, where it terminates by a small

orifice. „ ,

(1421.) Equally simple is the structure of the generative system

in the females of the Pectinibranchiate Gasteropoda. A large

ovary occupies the same position as the testis of the male, and shares

with the liver the interior of the windings of the shell. The oviduct

generally follows the same course as the vas deferens of the other

sex, and is provided with thick and glandular walls. The eggs, which

are very numerous;, are arranged in long gelatinous ribands, and,

after extrusion, are glued in various ways to the surface of rocks, sea-

weed or even to the shells of other Mollusca. Sometimes in the

siphoniferous tribes, as for example in the common welh {Bucanum),

the ova are inclosed in tough coriaceous capsules secreted by a glan-

dular organ in the vicinity of the oviduct. These capsules contain

several eggs apiece, and are joined together in large bunches, such as

the waves continually cast up upon every beach.

(1422.) The Heteropod Gasteropoda are hermaphrodite. In 7 tew -

trachea the female organs consist of a distinct ovary, uterus, sperrna-

theca, and an auxiliary gland, all lodged in the visceral saccu us

appended to the back. The ovary {Jig. 249, p) is of considerable

size and gives origin to a slender oviduct, which, near its termination,

communicates with the receptacle for the ova, called the uterus (g).

The spermatheca joins the canal leading from the uterine cavity

the exterior of the body, which likewise receives the secretion of tuo

small glandular sacs (Zc) apparently destined to furnish some invest-

nient to the eggs prior to their expulsion.
. r ,

11423 ) The mule parts are situated in the general cavity of

hotly, quite apart from the female apparatus The testicles seem to

be represented by two wavy cteca (fig. 249, t), which terminate at the

root of a small intromittent organ (a) placed at a short distance behind

tt Tectibranchiata, Inferobranchiata, Nudibrak-

chiata, and the Pulmonated Gasteropods are hermaphrodite having

both a male and female generative apparatus arranged upon the same

principles as those of the snail, which have already been described at

length ;
and to enumerate the variations which occur m the relative

position and organisation of different parts of the lepioc ucti\e s) s

Tall the genera composing these extensive orders wouldl scarcely

answer any useful purpose, even were it practicable within ie 1 1

°Vl 425 .) In the male Patella, the testicle is situated upon the right

nf ,]1C body, between the visceral mass and the external envelope.

IUs of 1 pale yellow colour, with a slight pinkish tint, and its substance
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seems to be entirely made up of minute tubes, many times folded

upon themselves, and imbedded in a granular-looking substance. On
cutting into the substance of the testicle, there flows out a milky fluid,

which the microscope reveals to contain innumerable spermatozoa,

whose movements are very active as long as the seminal secretion is

fresh.

(1426.) The ovary of the female occupies nearly the same situation

as the male testis, but. all attempts to trace the excretory duct of

either have as yet proved futile.

(1427.) Many families of Gasteropoda, as for example the Nudi-
branchiata {fig. 246), are absolutely deprived of any shelly defence,

the investment of their bodies being entirely soft and contractile-

In others, as the slug {Umax), a thin calcareous plate is imbedded in

the substance of their muscular covering. This little shell is con-

tained in a cavity within the mantle, and is quite loose and unattached

to the walls of the cell wherein it is lodged. The mode of its forma-

tion and growth is exceedingly simple, and from its very simplicity is

well calculated to illustrate the formation of shells of more complex
character. The floor of the cavity containing the calcareous plate is

vascular, and secretes cretaceous particles mixed up with a viscid

animal secretion. The material thus furnished in a semi-fluid state is

applied like a layer of varnish to the lower surface of the shell already

formed by the same process
; and the added layer, soon hardening,

increases the thickness of the original plate, while at the same time,

as a necessary consequence of the progressive extension of the secret-

iug membrane, which enlarges with the growth of the slug, each suc-

cessive lamina of shell is larger than that which preceded it. Thus
the extension of the shell in diameter, as well as its increase in

thickness, is easily explained. In these internal shells, however,

there is no colouring matter; so that they are uniformly white, aud
present the same texture throughout.

(1428.) As external shells are generally painted upon their outer sur-

face with colours of different kinds variously disposed, in such the

process of growth is somewhat more complicated, and in every essen-
tial particular resembles that already described, whereby the shells of
the Conchifera are extended in size and thickness.

(1429.) We choose, as an illustration of the manner in which the
external shells of univalves are manufactured, one of the least complex
forms, as being best adapted to elucidate this part of our subject. The
Patella, or common limpet, is covered with a simple conical shell that
extends over the whole of the dorsal surface of the mollusk. The tes-

taceous shield that thus protects these animals is generally variegated
externally with sundry markings of diverse colours, while .within it is

lined with a smooth and white nacre.

(14-30.) On making a perpendicular section of one of these Gastero-

n x
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pods, the eutire mechanism by which such shells are constructed and

painted is at once rendered intelligible. l'he whole of the back of

the animal covered by the shell is invested with a membranous mantle,

like that of a conchiferous mollusk ; but different parts of this mantle

are appointed to different

offices. The extension of the

shell is entirely effected by

the margin of the mantle [fig-

256, b), which is thick, vas-

cular, and studded with glands

appointed to secrete the co-

louring material that paints the

exterior. This thickened fringe

of the mantle is firmly glued to

the circumference of the open

ing of the shelly cone : the earthy matter produced by it is added,

layer by layer, to the edge of the shell ;
and wherever coloured glands

are situated, this earthy secretion is coloured with a corresponding

pigment : in this manner is the shell gradually enlarged, and every

additional stratum of calcareous deposit is thus painted at the moment

of its formation.

(1431.) The growth of the shell in thickness is a subsequent process.

After the formation of the outer layer (g) by the edge of the mantle,

the general surface of the pallial membrane (a) adds fresh laminae of

pearly matter (/) to the whole interior of the testaceous shield, and it

is by the accumulation of such colourless depositions that the thicken-

ing of the entire fabric is provided for.

(1432.) When the manner in which the limpet constructs its habita-

Fip. 257 .

tion is understood, the formation of a turbinated or spiral shell is

explained with the utmost facility. On extracting a snail from its
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abode, all that portion of its body which was covered by the shell is

seen to be invested with a thin mantle
( fig. 257, a) precisely analogous

to that of the limpet: from this pallial membrane the nacreous lining

of the shell exudes. But around the aperture the mantle swells into

a thick glandular collar
(
b), correspondent in function with the margin

of the mantle in Patella, and in like manner provided with glands

adapted to furnish colouring matter. From the collar, therefore, those

layers are secreted by which the extension of the shell is accomplished

;

and, as the deposit is in this case far more abundant in one direction

than in another, the shell, as it expands, assumes more or less com-
pletely a spiral shape. Wherever glands for secreting coloured pig-

ment exist, corresponding bauds or coloured patches are produced as

the layers of growth are formed, and the exterior of the shell is thus

painted with the tints peculiar to the species.

(1433.) In many marine Gasteropods, spines and various external

processes are found projecting from the outer surface of the shell, the

production of which depends upon the shape of the margin of the

mantle. Let the reader imagine one of these ornamented shells to be
transparent, so as to permit the contained animal to be delineated in
situ, as in the annexed sketch of Pterocera (fig. 258); and the

collar, which forms the layers of growth, will be found to exhibit
fringes or processes precisely resembling those upon the shell itself.

But it is only at intervals that, as the growth of the mollusk proceeds,
these pallial appendages encase themselves in a calcareous covering
every such interval being distinctly indicated upon the exterior of the
shell by the spaces between the successive rows of spinous projections
that mark the terminations of so many distinct periods in its forma-
tion

;
so that the number of ridges or rows of spines is, of course,

correspondent with the age of the creature within.

Fig. 258 .

N N 2
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(1434.) Several of the Pectinibranchiate genera are provided with

a very complete defence against the assaults of foes that might attack

them while they are concealed in their habitations, and, in such a

posture, necessarily helpless and incapable of resistance. The pro-

vision for their protection is sufficiently simple: attached to the

posterior extremity of the body, which is the part last drawn into its

abode, is a broad horny or calcareous plate {fig. 258, g), called the

operculum; this is of variable dimensions in different species, but

always in shape accurately corresponding with the contour of the

mouth of the shell. By this elegaut contrivance a door is closely

fitted to the aperture of its retreat whenever the mollusk retracts

itself within its citadel
;
and, thus defended, it may safely defy exter-

nal violence of any ordinary description.

(1435.) A most remarkable exception to the usual univalve condi-

tion of the shells in the Gasteropoda is observable in one solitary

genus belonging to the Cyclobranchiate order. In Chiton {fig. 259)

Fiy. 25 9.

we find, instead of a turbinated or shield-like covering formed of oue

piece, a kind of armour composed of several distinct plates, arranged

in a longitudinal series along the centre of the back, and overlapping

each other like the tiles of a house.

(1436.) In these curious animals the whole back is invested with a

dense leathery mantle of an oval form, and considerably more exten-

sive than the cavity containing the viscera. Where not covered by

the calcareous laminae, the exterior of the mantle forms a broad edge
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variously sculptured in different species: but along its central part

the shelly plates, generally eight in number, are partially imbedded in

its substance ; being, no doubt, secreted by the surface whereunto they

are attached. These mollusks, notwithstanding the singularity of

their covering, which almost reminds us of the armour of many

Articdlata, in their internal anatomy conform exactly to the type of

structure common to the Gasteropod orders, and offer no peculiarities

of organisation worthy of special notice.

CHAPTER XXIV.

Pteropoda * (Cuv.).

(1437.) Nearly allied to the Gasteropoda in their internal organisa-

tion, but differing from them remarkably in the character and position

of their locomotive apparatus, are the Pteropoda ; a class of mollusks

of small dimensions, but met with in astonishing quantities, at certain

seasons, in various parts of the ocean. So numberless, indeed, are

these little beings in those regions where they are common, that the

surface of the sea seems literally alive with their gambollings ; and thus

the store of provisions necessary to render the waters of the ocean

habitable to animals of higher grade in the scale of life is still further

increased. The great character that distinguishes the members of the

class upon the investigation of which we are now entering, is derived

from the structure of their organs of locomotion. These are only

adapted for swimming, and consist of two broad and fleshy expansions,

attached like a pair of wings to the sides of the neck, and forming

movable fins ; enabling the little beings to dance merrily among the

foamy waves, now sinking, and again rising to the surface, until some
passing whale, opening its enormous jaws, engulphs multitudes of such

tiny victims, and hence derives the materials for its subsistence.

(1438.) Several distinct genera of Pteropoda have been established

by zoologists, and some important modifications have been detected in

their organisation ; although, in all of them, the lateral aim form the

instruments of progression.

(1439.) The Clio borealis, anatomised by Cuvier, j- and more recently

and completely investigated by Professor Eschricht of Copenhagen,]: is

* a wing; vrous, a foot.

t Memoi re sur le Clio borealis.

J Anatomische Untersuchungen liber die Clione Borealis, von D. F. Eschricht.

Kopenhagen, 1838, 4to.



550 FTEBOPODA.

one of the species best known, as well as most abundantly met with ; it

is, therefore, by a description of this Pteropod that we shall proceed to

introduce the reader to the general facts connected with the history of

the animals under consideration.

(1440.) The body of the Clio is about an inch in length, of an ob-

long shape, and terminating posteriorly in a point ; while at the oppo-

site extremity there is a little head supported upon a short neck, and

furnished with delicate retractile tentacles, apparently instruments of

touch. The locomotive organs, as the name of the class imports, con-

sist of two delicate wing-like appendages (fig. 2G0, a, a) attached to

Fig. 2G0.

the two sides of the neck ;
by means of which, as by a pair of broad

fins, the Pteropod rows itself about with facility. But the two aliform

membranes, although externally they appear separate instruments, are,

as we are assured by the observations of Professor Eschricht, but one

organ ;
being made up entirely of muscular fasciculi, which pass right

through the neck, and spread out on each side in the substance of the

wing,"forming an apparatus exactly comparable to the double-barrelled

oar with which the Greenlander so dexterously steers his kajac, or

canoe, through the very seas inhabited by the little Clio we are de-

scribing.

(1441.) The head of one of these animals is surmounted by various

organs appropriated to different offices, and some of them not a little

remarkable from the amazing complication of structure which they

exhibit. On each side of the oral opening are three conical append-

ages (fig. 200, c, s), that to a superficial examiner might appear to be

mere fleshy tentacula, but, in reality, they are instruments of prehension

of unparalleled beauty and astonishing construction. Each of these six

appendages, when examined attentively, is seen to be of a reddish

tint and this colour, under the microscope, is found to be dependant

upon the presence of numerous minute isolated red points distributed

over its surface. When still further magnified, these detached points
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are evidently distinct organs, placed with great regularity so as to give

a speckled appearance to the whole of the conical appendage ; and

their number, at a rough guess, may be estimated at about three thou-

sand. Every one of these minute specks is, in fact, when more closely

examined, a transparent cylinder, resembling the cell of a Polyp, and

containing within its cavity about twenty pedunculated discs, which

may be protruded from the orifice of their sheath {fig. 261, c), and

form so many prehensile suckers adapted to seize and hold minute

prey. Thus, therefore, there will be (3000 x 20 x 6) 360,000 of these

microscopic suckers upon the head of one Clio

;

an apparatus for pre-

hension perhaps unparalleled in the creation.

(1442.) When not in use, the appendages referred to are withdrawn,

and concealed by two hood like fleshy expansions, which, meeting
each other in the mesial line, completely cover and protect the whole

of this delicate mechanism, as represented in {fig. 260, a).

(1443.) Still, however, even when the hoods are drawn over the

parts they are intended to defend, the Clio is not left without tactile

organs wherewith to examine external objects ; for each valve of the

hood is perforated near its centre, and through the apertures so formed,

two slender filiform tentacula [fig. 260, c, k), somewdiat resembling

the feelers of a snail, are protruded at the will of the animal
; and by

means of these it is informed of the presence of food, and instructed

when to uncover the elaborately-organised suctorial apparatus destined

to seize it and convey it into the mouth.

(1444.) The mouth itself is described by Cuvier as being a simple

triangular opening, resembling the wound inflicted by a trocar; and in

the solitary specimen at his disposal he did not succeed in detecting

any dental structures. Eschricht, however, with superior opportunities,

was more successful in displaying the oral organs
; and found the Clio

to possess jaws of very singular conformation, and a tongue covered, as

in many other Mollusca, with sharp horny spines.

(1445.) One of the jaws removed from the body, and magnified

twenty-eight diameters, is represented in the subjoined figure (fig. 261

,

a). It consists of a series of sharp horny teeth of unequal length,

fixed to the sides of a lateral pedicle in such a manner that their

points are all nearly at the same level. The teeth themselves have a
golden metallic lustre, and, when examined in the sunshine under
water by means of a lens, are especially-beautiful objects. The basis

to which they are fixed is apparently of a fleshy character, and if

smashed by being squeezed between two plates of glass, and then
placed under the microscope, it would seem to be made up of a multi-
tude of regularly-disposed fibres that cross each other in two principal

directions. *

(1446.) The jaws thus constructed are placed on each side of the

mouth, contained in two hollow curved cylinders, the walls of which
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are muscular ;
and, if one of these muscular capsules he snipped by

means of a pair of very fine scissors, the strangely-formed jaw, with its

teeth, is found lodged within it.

(1447.) The manner in which the Clio uses these dental organs is

obvious from their anatomical position. The curved muscular cylinders,

py tlm contraction of their walls force out the teeth, so that they then

project from the mouth, and are ready to seize and drag into the oral

orifice whatever food presents itself.

(1448.) Once conveyed by the jaws into the interior of the mouth,

the prey seized is taken hold of by the tongue ;
the free extremity

Fig. 261.

B A

and upper surface of which is seen, when highly magnified, to be

covered with regular rows of spiny booklets, all directed backwards,

and evidently intended to assist in deglutition (fig. 26), n).

(1449.) The structure of the alimentary canal is extremely simple.

The oesophagus (fig- 2G2, t) gradually dilates into a wide stomachal

cavity that is surrounded on all sides by the mass of the liver; while

the intestine
(
v), in which the stomach terminates, mounting towards

the left side of the neck, ends by an external anal orifice. Two long

and slender salivary glands (a.’) are placed at the sides of the oeso-

phagus, and furnish a secretion that is poured into the mouth. I he

precise character of the bile-ducts has not been satisfactorily deter-

mined in Clio

;

but in Pneumodermon, another Pteropod very nearly

allied to the genus we are describing, the stomach itself, which is

enveloped on all sides by the liver, receives the biliary secretion

through a multitude of minute pores.

(1450.) With respect to the real nature of the respiratory apparatus

in Clio much doubt exists. Cuvier regarded the aliform fins as being

subservient to respiration, as well as forming locomotive organs ;
and
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observes, that the surfaces of these appendages, seen with the micro-

scope, present a network of vessels so regular, so close, and so delicate,

that it is not possible to doubt but that they are intended to perform the

functions of a respiratory apparatus, and states, moreover, that their

connection with the internal vessels and the heart confirms this view

of the nature of these membranes.

(1451.) Eschricht, on the contrary, denies altogether the existence

of any such vascular ramifications as Cuvier describes ;
asserting that

the appearance alluded to is entirely produced by the spreading out

of the muscular fibres above mentioned, and that the only vessels

visible iu the alar processes are a few arterial branches derived from

the aorta.

(1452.) We are still, therefore, in ignorance as to the respiratory

organs of Clio

;

the heart, however, is very apparent : it is composed of

a single auricle and ventricle, inclosed in a pericardium (Jig. 262, to).

and gives off at one extremity a large vessel (to), which Cuvier re-

garded as a pulmonary vein, but which Eschricht has proved to be the

aorta, inasmuch as he has traced its branches to the liver and the

other internal viscera of the body.

(1453.) The nervous system of this mollusk is easily distinguished,

not only on account of the large proportionate size of the ganglia,

but from the circumstance of the nerves being of a pale red colour.

The ganglia form a ring placed around the oesophagus near the

middle of the neck. There are eight large and two smaller ganglionic

masses closely aggregated iu this situation, and from these sources all

the nerves of the body are given off.

(1454.) From the large dimensions of the nervous centres we may
be prepared to expect senses of correspondent perfection of structure.

We have already mentioned the sensitive tentacula protruded from

the hood-like covers that protect the oral apparatus
;

but, in addition

to these, organs of vision are provided, apparently of a very complete

charactex-
. These eyes are two in number, and are placed on the back

of the neck. Each eye has the form of a somewhat bent cylinder,

having its two extremities rounded off. The anterior end of the

cylinder is the transparent cornea
; and when the eye is removed fi’om

the body of the animal, and examined under the microscope by trans-

mitted light, sundry parts may be detected in its interior, sufficient,

indeed, to indicate the existence of a choroid membrane, a vitreous

humour, and a distinct lens, occupying the ordinary positions of these

parts of the visual apparatus.

(1455.) The generative system of Clio resembles in all essential

particulars that of the most highly organised Gasteropoda ;
and, as in

them, is composed of a complete set of male organs as well as of

ovigerous viscei'a. According to the views which Cuvier was led to
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entertain from the dissection of a single specimen, he supposed that

the ovary (fig. 202, ri) gave off a slender oviduct (o) terminating in a

thick glandular canal, the testicle (ft); which, beginning by a csecal

prolongation, and gradu- Fig. 2G2.

ally diminishing in dia-

meter until it became

attenuated into a slender

ws deferens (
jf), ulti-

mately emptied itself into

a small round sac (q )

situated in one side of

the neck where it com-

municated with the ex-

terior. Close to the sac

(q )
the illustrious French

anatomist pointed out

another vesicle (?•}, which

he compared to the blad-

der (svermatheca)
of Gas-

teropod Mollusks. The

more complete researches

of Professor Eschricht have, however, rendered considerable modifi-

cations of the above description requisite ;
inasmuch as that gentleman

has succeeded not only in detecting a testis quite distinct fiom the

ovigerous canal, but also a very complete intromittent apparatus.

The testis, in fact, in a fresh specimen is so large as to occupy a

great portion of the visceral cavity ; and, no doubt, in the indi-

vidual examined by Cuvier, which had been kept in spiiits of wine,

it formed a large portion of the mass (fig. 262, i), which he thought to

be entirely made up of the liver. The duct from this testis commu-

nicates with the receptacle (q), so that the glandular canal (k) must be

regarded as a part of the oviduct analogous to what has been called

the uterus in the snail.

(1456.) Another important discovery, for which science is indebted

to the Danish Professor, is, that the Clio possesses a long and sin-

gularly-formed penis (fig- 260, c, h), lodged, when retracted, in the

interior of the head of the Pteropod: but which, together with the

bladder (g), in which it was contained, can be extruded from the right

side of the neck to such an extent that it nearly equals in length the

whole body of the little creature.

(1457.) The mass formed by the viscera occupies but a small space

in the general cavity of the body. The external investment of the

visceral sac is a thin semi-transparent skin (fig. 262, /) of soft

texture ;
and within this is a second covering (g), thicker than the first,
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and exhibiting very distinct muscular fibres, principally distributed in a

longitudinal direction, so that their action would seem to shorten the

animal and make its shape more spherical.

(1458.) What fills up the space that intervenes between the mus-

cular tunic and the viscera is as yet undetermined ; but Cuvier, in the

memoir above referred to, suggests that it may possibly contain air,

which, as it should he compressed or allowed to expand, would form

a kind of swimmiug-bladder, and allow the animal to mount to the

surface, or sink into the recesses of the sea, with little effort or exer-

tion of muscular power.

(1459.) The other genera included in this class agree in their

general form, and in the arrangement of their digestive and repro-

ductive organs, with Clio above described
;
but present a few important

modifications in the disposition of their branchiae, and other minor

circumstances.

(1460.) In HyalcBa the mantle contains a shell composed of two

unequal plates ; one of which is dorsal, and the other ventral : and

the branchiae, which are here distinctly recognisable, form a circle of

vascular leaflets inclosed in a cavity of the mantle situated between

the divisions of the shell, and so disposed that the water has free

admission to them through the two lateral fissures of its testaceous

defence.

(1401.) In Pneumodermon, again, the branchiae occupy a totally

different situation
;

the branchial leaflets being arranged in semi-

circular lines upon the posterior extremity of the animal : but such

modifications of a general type of structure are of more interest to

the zoologist than to the physiological reader.

CHAPTER XXV.

Cephalopoda* (Cuv.).

(1462.) We now arrive at the. highest order of Mollusca, composed
of animals distinguished by most strange and paradoxical characters,

and exhibiting forms so uncouth that the young zoologist, who for the
first time encounters one of these creatures, may well be startled

at the anomalous appearance presented by beings so remote in
their external construction from everything with which he has been
familial-

.

(1463.) Let him conceive an animal whose body is a closed bag

the head
;

srous, tA,', the foot.
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containing the viscera connected with digestion, circulation, and

reproduction, furnished with a head and staring eyes
; that upon the

head are supported numerous and complex organs of locomotion, used

as feet or instruments of prehension ;
moreover, that in the centre

of the locomotive apparatus, thus singularly situated, is a strong and

sharp horny beak resembling that of a parrot; and he will rudely

picture to himself a Ceplialopod, such as we are now about to

describe.

(1464.) The Octopus vulgaris, or common Poulpe, represented in

the next figure will serve as an example calculated to prove, we

The Poulpe ( Octopus vulgaris).

apprehend, that the above is no exaggerated statement; and, should

the student unexpectedly observe an animal of this kind walking

towards him upon the beach in the position there delineated, his

curiosity would doubtless be excited to learn something of its habits

and economy.

(1465.) Yet not only can the Poulpe walk in the manner exhibited

in the subjoined figure (Jig. 263), but it is well able to swim, if occa-
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siou require,—the broad fleshy expansion that connects the bases of

its eight legs being fully adequate to enable it to adopt such a mode of

progression
; for, by vigorous flappings of this extensive organ, the

animal actively impels itself through the water in a backward direc-

tion, and shoots along with wonderful facility.

(1466.) The feet or tentacula appended to the head are not, however,

exclusively destined to effect locomotion
;
they are used, if required,

as agents in seizing prey ; and of so terrible a character, that, armed
with these formidable organs, the Poulpe becomes one of the most

destructive inhabitants of the sea ; for neither superior strength nor

activity, nor even defensive armour, is sufficient to* save its victims

from the ruthless ferocity of such a foe. A hundred and twenty pairs

of suckers, more perfect and efficacious than the cupping-glasses of

human contrivance, crowd the lower surface of every one of the eight

flexible arms. If the Poulpe but touch its prey, it is enough : once

a few of these tenacious suckers get firm hold, the swiftness of the

fish is unavailing, as it is soon trammelled on all sides by the firmly-

holding tentacula, aud dragged to the mouth of its destroyer;—the

shell of the lobster or of the crab is a vain protection, for the hard

and crooked beak of the Cephalopod easily breaks to pieces the frail

armour ; and even man himself, while bathing, has been entwined by

the strong arms of gigantic species, aud struggled in vain against a

gi’asp so pertinacious.

(1467.) In the genus Octopus the arms ai-e only eight in number,
and nearly of equal length

; but to the Calamaries
(Loligo)

and other

genera an additional pair is given, which, being prolonged considerably

beyond the rest, are not merely useful for seizing prey at a distance,

but become convertible to other purposes, and may be employed as

cables whereby the Cephalopoda so furnished ride securely at anchor

in a tempestuous sea ; the suckers being placed upon an expanded disc

situated {fig. 276), at the extremity of the elongated tentacula, and
thus rendered capable of taking firm hold of the surface of a rock or

other fit support. The posterior extremity of the body is, in such
forms, generally provided with two broad muscular and fin-like ex-

pansions
(Jifj

. 276), evidently adapted to assist in sculling the animal
along.

(1468.) Wonderful as are the provisions above described for insuring
food and safety to these formidable inhabitants of the sea, it is only
by an attentive examination of the individual suckers, so numerously
distributed over the tentacula, that the reader will fully appreciate the
mechanism we are so inadequately describing. Machines of human
construction admit of being variously estimated, as they are found to

be more or less adapted to accomplish the object of the contriver : but

in estimating the works of the Deity all degrees of comparison are

merged in the superlative
; everything is best, completest, perfect.
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(1469.) Examine any one of these thousand suckers,—it is an

admirably-arranged pneumatic

apparatus,—an air-pump. The

adhesive disc [Jig. 264, a) is

composed of a muscular mem-

brane, its circumference being

thick and fleshy, and in many

species supported by a carti-

laginous circlet, so that it can

he applied most accurately to

any foreign body. In the

centre of the fleshy membrane

is an aperture leading into a

deep cavity
(
[b ), at the bottom

of which is placed a promi-

nent piston (c), that may be

l-etracted by muscular fibres

provided for the purpose. No
sooner, therefore, is the circum-

ference of the disc placed in

close and air-tight contact with

the surface of an object, than

the muscular piston is strongly

drawn inwards ; and, a vacuum

being thus produced, the ad-

hesion of the sucker is ren-

dered as firm as mechanism

could make it.

(1470.) Yet even this elaborate and wonderful system of prehensile

organs would seem, in some cases, to be insufficient for the purposes

of nature. In the powerful and rapacious OnycJioteutlm (fig. 205),

the cupping-glasses which arm the extremities of their long paii of

muscular arms are rendered still more formidable ;
for from the

centre of each sucking-cup projects a strong and sharp hook, which is

plunged by the action of the sucker deeply into the flesh of struggling

or slippery prey, and thus a firm and most efficient hold upon the

seized victim is secured. Nor is this all that claims our admiration

in the organisation of the arms of Onychoteuthis

:

at the base of each

fleshy expansion that supports the tenacious and fanged suckers above

described is a small group of single adhesive discs, by the assistance of

which the two arms can he locked together (fig. 265, a), and thus be made

to co-operate in dragging to the mouth such powerful or refractory prey

as, singly, the arms might be unable to subdue ;
an arrangement which

has been rudely imitated in the construction of the obstetric forceps.*

* Cyclop, of Anut. and Physiol, art. Cephalopoda.

Fig. 2(14.

Structure of the tentacular suckers in

the Cephalopoda.
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Fif/. 265.

Onychoteuthis, showing the structure of the arms.

(1471.) The Argonaut constitutes another family of the Cephalo-
poda, and is remarkable as being the inhabitant of a shell of exqui-
site beauty, familiarly known as that of the Paper-Nautilus

;

a shell
which from remote antiquity has been decorated with all the ornaments
of fiction, and celebrated alike by Poetry and her sister Arts.

(14/2.) It was, indeed, to this Cepiialopod, that the ancients
assigned the honour of having first suggested to mankind the possi-
bility of tiaversing the sea in ships; and nothing could be more
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Fig. 2GG.

Argonaut (Argonauta argo). (After Poli.)

elegant than the little barque in which the Argonaut was supposed to

skim over the waves, hoisting little sails to the breeze, and steering

its course by the assistance of oars provided for the purpose.

(1473.) The figure annexed {fig. 266), given by Poli in his magnifi-

cent work already referred to,* was in perfect accordance with the

generally-received opinion
;
and on such respectable authority we are

not surprised to find Cuvier assenting to and sanctioning the statement,

that, when the sea is calm, fleets of these little sailors might be seen

navigating its surface, employing six of their tentacula or arms instead

of oars, and at the same time spreading out two, which are broadly

* Testacea utriusque Sicilia;.
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expanded for the purpose, instead of sails. Should the waves become
agitated, or danger threaten, the Argonaut, as we are told, draws in his

arms, lowers his sail, and, settling to the bottom of his shell, disappears

beneath the waters.

(1474.) It is a thankless office to dispel the pleasant dreams of

imagination
;
yet such becomes our disagreeable duty upon this occasion.

M. Sander Bang, in a recently-published memoir upon this, subject,*

has, from actual observation, apparently established the following

facts :— 1st, That the belief, more or less generally entertained since

the time of Aristotle, respecting the skilful manoeuvres of the Poulpe
of the Argonaut in progressing by the help of sails and oars on the

surface of the water, is erroneous. 2nd, The arms which are expanded
into membranes have no other function than that of enveloping the

shell in which the animal lives, and that for a determinate object to be
explained hereafter. 3rd, The Poulpe, with its shell, progresses in the

open sea in the same manner as other Cephalopods. And lastly, That
when at the bottom of the ocean, the Argonaut, covered with its shell,

creeps upon an infundibuliform disc, formed by the junction of the

arms at their base, and presenting (alas !) the appearance of a Gastero-

pod mollusk.

(1475.) It is not a little remarkable that the same animal should,

even in these days, be the subject of the extremes of credulity and
scepticism; yet such has been the case with the Argonaut. While
zoologists were contented to allow the creature in question the reputa-
tion of being an active and skilful navigator, it has been very generally

stigmatised as a pirate, which, having forcibly possessed itself of the
shell of another animal, lived therein, and made use of it for its own
purposes. It was in vain to urge, in opposition to this calumny, that

the Argonaut was never found in any other shell than the beautiful one
represented in the preceding figure

; that no other creature had been
pointed out as the real fabricator of its abode ; that, whatever the size

of the Poulpe, it occupied a residence precisely corresponding in di-

mensions with those of the possessor. The apparent want of resem-

blance between the outward form of the animal {Jig. 268) and that of

its fragile covering, together with the absence of any muscular connec-

tion between the two, were looked upon as furnishing sufficient evi-

dence of its parasitical habits. The recent observations of Madame
Jeannette Power, to be noticed more at length hereafter, and those of
M. Sander Rang, above alluded to, have, however, completely settled

the so long agitated question
; and, the Argonaut having been watched

carefully from the state in which it leaves the egg until it arrives at
maturity, the manner in which it forms and repairs its frail shell is now
satisfactorily understood.

Guerin s Magasin de Zoologic, translated into the Magazine of Natural History,

vol. iii. New Series, p. .5*21.

O o
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(1476.) A still more interesting group of Cephalopods, and one

which in former periods of the world has been extensively dissemi-

nated, inhabited chambered shells ; but of all the varied forms of these

creatures, whose remains are so abuudantly met with in a lossil state,

and known by the names of Aitiitioti itcs ,
13clc YivixitBs

^

A imiiixiHitcs ,
Ac.

,

two species only have been found to be at present in existence,—the

Spirula, an animal as yet imperfectly known
;
and the Nautilus Pom-

pilius, of which the only specimen obtained in modern times* has been

the subject of a monograph by Professor Owen, who has most com-

pletely investigated its general organisation and relations with other

families of the Cephalopoda. The shell of the Pearly Nautilus (iV.

Pompilius) is extremely common, and may be met with in every con-

Fig. 267.

Animal of the Nautilus Pompilius. (After Owen.)

chological collection, notwithstanding the extreme rarity of the mollusk

that inhabits it
; a circumstance, perhaps, to be explained by the fact

that the living animal dwells in deep water, and when it comes to the

* For this invaluable addition to zoological knowledge science is indebted to Geoige

Bennet, Esq., who obtained the living animal near the island of Lrromanga, New

Hebrides. “ It was found in Marelcini bay, floating on the surface of the water not

far distant from the ship, and resembling, as the sailors expressed it, a dead tortoise-shell

cat in the water. It was captured, but not before the upper part of the shell had been

broken by the boat-hook in the eagerness to take it, as the animal was sinking when

caught.”

—

Mr. Uennd's Journal.
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surface is so vigilant against surprise, that at the slightest alarm it

sinks to the bottom. On making a section of the shell its cavity is

found to be partitioned off by numerous shelly septa into various

chambers
(fig . 267, s, s), in the last of which the body of the animal

is situated. A long tube or siphuncle (h, h), partly calcareous and
partly membranous, passes through all the compartments quite to the

end of the series. The membranous siphuncle is continued into the

animal, and terminates in a cavity contained within its body, hereafter

to be described, which is in free communication with the exterior.

(1477.) Various conjectures have been indulged in concerning the

end answered by the camerated condition of the shell in these Mol-
ldsca. Dr. Hooke * suggested the idea that the chambers might be
filled with air generated by the Nautilus, and thus made so buoyant
that the specific gravity of the animal and its shell should correspond
with that of the surrounding medium, and that, acting in the same
manner as the swimming-bladder of a fish, the creature would float or

sink, as the air in its shell was alternately compressed or rarefied.

Should this supposition be correct, it would seem probable, as Dr.
Buckland has pointed out, that the simple retraction of the head, by
injecting water from the chamber within its body ( pericardium) into the
membranous siphuncle, would cause the needful condensation of the
air contained in this singular float, and allow the Nautilus to sink to

the bottom ; while the protrusion of its arms, by taking off the pres-
sure, and thus allowing of the expansion of the confined air, would
give every needful degree of buoyancy, even sufficient to permit the
mollusk to rise like a balloon to the top of the sea.

(1478.) The body of this Cephalopod is covered with a thin mantle
(a, a), of which a large fold

(
b
)
is reflected on the exterior of the shell.

It is securely fixed to its residence by two lateral muscles, the insertion
of one of which is seen at g. A large coriaceous hood (n) covers the
head, and, when the creature retreats into its habitation, closes the
entrance like a door; while through the infundibulum (i) the ova and
excrementitious matters are expelled from the body. The most re-
markable feature, however, exhibited in the external conformation of
Nautilus, is the conversion of the sucker-bearing arms of other Cepha-
lopods into an elaborate apparatus of tentacular organs appended to
the head (o, o); but these, as well as the eye (in), will be more mi-
nutely described as we proceed.

(1479.) Turning our attention to the anatomical structure of the
Cephalopoda, we find that in all of them the exterior of the body is
entirely formed by an intricate interlacement of muscular fibres. The
sac that contains the viscera, itself muscular, is united to the head by
strong and largely-developed fasciculi

;
the funnel {fuj. 208, .«), through

* Philosophical Experiments and Observations, Ovo. 1 720'.

O 0 2
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which, as through a fleshy pipe, the products of excretion, as well as

the eggs or seminal fluid, are ejected, is formed of a tissue similarly

endowed with contractility ;
while the arms are composed externally of

muscles disposed in various directions, and moreover have their central

portion occupied by strong bands, which traverse them longitudinally

from end to end, so that they are thus gifted with all needful powers

of motion, and may be shortened, elongated, or bent in any direction

at pleasure.

(1480.) In those species which, like Loligopsis {fig. 270), or Onycho-

teuthis {fig. 265), have fins appended to the sides of the visceral sac,

these organs likewise are made up of muscular substance ; and, being

thus converted into broad movable paddles, they also form efficient

locomotive agents.

(1481.) One important circumstance observable in the class before

us must not be forgotten in connection with this portion of the history

of the Cephalopods. We may remind the student, that in the verte-

brate division of animated nature, to which these creatures immediately

lead us, the locomotive system is supported by an internal vascular and

living skeleton, composed either of cartilage, as is the case in the

most imperfect vertebrated genera, or, in the more highly organised

forms, of bones articulated with each other, and possessing within

themselves the means of growth and reuovation derived from the

blood which permeates them in every part. The reader will remember

that, in all the classes that have offered themselves to our notice, we

have not hitherto observed anything at all comparable to an internal

osseous framework such as man possesses ;—dead, extravascular shells,

formed by successive depositions of layers of calcareous material, or

jointed cuticular armour equally incapable of growth, having as yet

represented the skeleton, and formed the only levers upon which the

muscular system could act in producing the movements connected with

locomotion.

(1482.) Having, however, already had abundant opportunities of

seeing how gradually nature proceeds in affecting the development of a

new series of organs, we might naturally be led to expect in the

creatures before us some faint indications, at least, of our approach

to animals possessed of an internal bony framework, and our ex-

pectations in this particular will be found on investigation to be well-

grounded. It is, in fact, in the Cephalopoda, the highest of the

molluscous classes, that the rudiments of an osseous system for the

first time make their appearance ; not, indeed, as yet composed oi

perfect bone, but formed of cartilaginous pieces,—some being so dis-

posed as to protect the ganglionic mass above the oesophagus, which

now from its size well deserves the name of brain, whilst others serve

to afford bases of attachment to the muscular system in different re-

gions of the body.
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(1483.) The most important piece met with in the cartilaginous

skeleton of the Cuttle-Jish incloses and defends the brain, and there-

fore is most appropriately called the cranial cartilage, being the cor-

respondent both in position and office with the cranium of a vertebrate

animal. This rudimentary cranium (fig. 277) embraces the oesophagus

with a cartilaginous ring, encases the brain, affords passage to the

optic nerves, and gives off orbital plates for the protection of the eyes.

This cartilage likewise gives a firm origin to the muscles of the loco-

motive tentacula appended to the head, and, moreover, contains within

its substance an auditory apparatus, presenting the earliest condition

of an organ of hearing such as is met with in the vertebrate division

of the animal kingdom
; in every respect, therefore, it claims to be

considered as the first appearance of a skull. Another broad cartilage

is imbedded among the muscles at the base of the fuunel ; and two

distinct plates situated in the lateral fins of such species as possess

appendages of that description offer, undoubtedly, the rudiments of

those portions of the skeleton that sustain the locomotive limbs of

quadrupeds.

(1484.) But while we thus see in the Cephalopoda the earliest form

of an internal osseous skeleton, we cannot be surprised to find these

mollusks still retaining, at the same time, the tegumentary calcareous

shell or epidermic skeleton of inferior animals.

(1485.) On slitting up the mantle of a Calamary
(
Loligo

)

along the

mesial line of the back, it is found to contain a large cavity, wherein
is lodged a long plate of horn, called the gladius, which in shape might
be not inaptly compared to the head of a Roman spear. This inclosed

horny substance, notwithstanding the dissimilarity of texture, is, in

fact, strictly analogous to the enclosed shell of the Slug, described in

a former page ; and its growth is effected in the same manner, namely,

by an exudation of corneous material from the floor of the chamber
that contains it, and this horny secretion, hardening as it is deposited

layer by layer, adds to the dimensions of the gladius as the growth of

the animal proceeds. Several of these plates may be produced in suc-

cession, and in old individuals it is not uncommon to find two or three

enclosed in the same cavity, and placed one behind the other
; that

nearest the visceral aspect of the chamber being the most recently

formed. These rudimentary shells have no connection whatever with
the soft parts of the Calamaru, to which, iu fact, they are so little ad-
herent that they fall out as soon as the sac wherein they are secreted

is laid open.

(1486.) In the Cuttle-fish (Sepia officinalis
)

the dorsal plate (os

Sepiaj) is found in the same situation as the gladius of the Calamary,
from which, however, it differs remarkably both in texture and com-
position. The cuttle-bone, with the appearance of which every one

is familiar, is principally composed of calcareous substance and,
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were we to judge of its weight from its bulk, would seem calculated

materially to interfere with the movements of an aquatic animal,

destined to swim about, and consequently needing whatever assist-

ance might be derived from lightness and buoyancy. Did a creature

so apparently destitute of natatory organs possess a swimming-

bladder like that of a fish, to assist in supporting it in the water,

we should conceive such an apparatus to be far more adapted to its

predatory habits than a shell so bulky as that which it is destined to

cany.

(1487.) We have, however, already seen in the case of the Nautilus,

that it would be by no means impracticable to convert a shell into a

float nearly equalling a swimming-bladder in efficiency ;
and on more

accurate examination it becomes obvious that even in the bone of the

Cuttle we have a provision of a similar nature, though the end arrived

at is obtained in a very different manner. On making a section of a

cuttle-bone, it will be found to be composed of numerous stages of

very thin calcareous plates placed at some distance above each other,

and kept apart by the interposition of millions of microscopic pillars.

Thus organised, the shell in question becomes sufficiently light to

float in water
;
and consequently, from its buoyancy, no doubt assists,

instead of impeding, the movements of the mollusk. This admirable

float, like the horny gladius of Loligo, is lodged in a membranous

capsule, and inclosed in the back of the Sepia, having no connection

whatever with the sides of the cavity wherein it is placed, but so loose

that it readily falls out on opening the sac.

(1488.) The cuttle-bone is formed in the same manner as other

shells, by the continued addition of calcareous laminae secreted by

that side of the containing capsule which is interposed between the

shell and the abdominal viscera ;
and these layers, being successively

added to the ventral surface of the shell, thus gradually increase its

bulk as the Cuttle-fish advances to maturity. Neither in the mode

of its growth nor in its texture, therefore, does the os Sepia; resemble

boue, properly so called; it receives neither vessels nor nerves, but is

iu all respects a dermal secretion, imbedded in the mantle, and formed

in the same manner as the dorsal plate of the Slug.

(1489) We now come to consider the long-disputed question rela-

tive to the nature of the shell of the Argonaut. The Poulpe that

inhabits the elegant abode represented in a preceding figure (Jig. 200),

when removed from its testaceous covering, has the general form of an

Octopus. Its body (Jig. 208) is inclosed in an ovoid muscular sac (d),

and the head is surmounted by eight long sucker-bearing arms, ot

which six (e, f) taper gradually from their origins to their extremities,

while the other two, formerly regarded as sails, and which we shall

continue to designate by their ordinary name, vela, expand into broad

membranes (b).
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Fiy. 268 .

Animal of the Argonaut out of its shell.

—

a, the syphon; b, the so-called vela; c, the

head; d, the body; e,f, locomotive tentacula. (After Poli.)

(1490.) M. Sander Rang, who, during a residence at Algiers, had
ample opportunity of studying the living Argonaut, ascertained that

in the figure copied from Poli, which we have given in a preceding

page, the animal is placed in its shell in a reversed position; and
that, when alive, the creature is always found with its veliferous arms
turned towards the spire of its shell, instead of in the opposite direc-

tion, as represented in the drawing referred to. Moreover, the vela,

instead of forming sails, are invariably tightly spread out over the

external surface of the shell (Jig. 269),.which they cover and entirely

conceal from view. With its veliferous arms thus firmly embracing
its abode, the Argonaut has two modes of progression. It can cer-

tainly raise itself from the bottom, and sport about at the surface of
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the water; but this is simply effected by the ordinary means used by

Calamaries and Cephalopods in general, namely, by admitting the sea-

water into its body and then ejecting it in •forcible streams from its

funnel, so as to produce a retrograde motion, which is sometimes very

rapid. Its usual movements are, however, confined to crawling at the

bottom with its head downwards ; and in this way it creeps, carrying

its shell upon its back.

(1491.) The reader will obtain a better idea of the real appearance

of the Argonaut in its shell by inspecting the annexed copy of M.
Eang’s figure than from any verbal description, and we borrow that

gentleman’s own account of its general appearance.* The mem-
branous portions of the expanded arms, dilated beyond anything we

could have pictured to ouselves while knowing the animal merely by

specimens preserved in spirits of wine, are spread over the two lateral

surfaces of the shell in such a manner as to cover it completely from

the base of the hard edge to the anterior extremity of the edge of the

opening, and consequently the keel. The application of these mem-
branes is direct, and without any puckering or irregularity whatever

:

the lower part of the two large arms beiug completely stretched, so as

to form a kind of bridge over the cavity left between the back of the

mollusk and the retreating poi'tion of the spire. When the mollusk

Fig. 269.

Argonaut. (After M. Sander Rang.)

contracts itself, it frequently draws in more or less completely its

large arms and their membranes, so as partially to uncover the shell

in front, as is represented in the figure (fig. 2G9).

* For more ample details upon this subject, the reader is referred to an excellent

translation of M. Rang’s paper contained in Mr. Charlesworth’s Magazine of Natural

History, New Series, vol. iii.
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(1492.) There is little doubt that the vela of the Argonaut, which
thus envelope its abode, are the organs employed iu constructing the

brittle fabrics, and the agents whereby fracture and wounds iu the shell

arc repaired and filled up.

(1493.) The positive experiments of Madame Power* leave no

doubts upon the subject; for not only did that lady, by rearing young
Argonauts from the egg, watch the first appearance and earliest growth
of the shell, but, by breaking the testaceous covering of adult speci-

mens, she found that they could readily repair the damage inflicted.

Being desirous of observing the manner in which this operation was
accomplished, the lady to whom science is indebted for these interest-

ing researches examined an individual on the day after its shell had
been intentionally broken, and found that the aperture was already
covered by a thin glutinous lamella, which, although as yet as delicate

as a cobweb, united the margins of the fracture. The next day the
lamina had become thickened to a certain degree and more opaque;
till at length, at the end of ten or twelve days, the new piece had
become quite calcareous. Madame Power is likewise certain that,

while in the act of mending the fractures, the Argonaut applied its

vela to the exterior of the shell, aud wrinkled them upon it
; whence

they may naturally be regarded as being the source from which the
glutinous secretion that finally became hardened into shell pro-
ceeded.

(1494.) In order to understand the manner in which the remarkably-
constructed camerated shells, such as those of Nautilus, are produced,
it is not necessary to imagine any deviation from the simple mode of

procedure adopted in all the cases we have as yet considered. The
continual elongation of the spiral cone is, as is evident from the lines

of growth visible upon its outer surface, effected by the addition of

successive layers to the margin of the aperture of the last-formed
chamber, wherein the animal resides

; and as the production of the
calcareous secretion whereby the shell is enlarged is most rapidly
effected upon that side of the body where the funnel

(fig

.

2G7, i) is

situated, the gradually-expanding shell naturally revolves around an
eccentric axis. While the growth of the shell continues, the animal
is constantly advancing forwards, and thus leaves the first-formed
portions of the shell unoccupied. At intervals, as the Nautilus thus
removes itself further and further from the bottom of its abode, that
portion of its mantle which covers the general surface of its visceral
sac {fig. 267, a) secretes floors of shelly substance behind it; and
thus the septa (s, s) are formed, whereby the shell is separated into
chambers, every chamber having iu turn been occupied by the body of
the Nautilus. The gradual prolongation of the fleshy siphon (A) is

* Magazine of Natural History, April, 1839.—dfawrottiM on the Poulpe of the
Argonaut, by Madame Jeannette Power.
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easily understood, because it naturally increases in length with the

growth of the animal : but how the two muscles {fig. 207, g), that fix

the body to the shell, progressively advance their points of attachment

as the shell enlarges, is not so readily explained ; neither are we pre-

pared to account satisfactorily for the accomplishment of this part of

the process.

(1495.) It has been already stated that in all Cephalopods the

aperture of the mouth is situated in the centre of the disc formed

by the union of the origins of the feet {figs. 272, 276). The oral

orifice is generally surrounded by a broad circular lip {fig. 270, a, a),

which being not unfrequently fringed or papillose, there is little doubt

of its possessing sufficient sensibility to render it of material assist-

ance in manducation.

(1496.) The circular lip partially

conceals a pair of strong horny

mandibles, not unlike the beak of a

parrot, but differing in this parti-

cular,—that in the Cephalopod the

upper mandible is the shorter of the

two, and is overlapped by the lower

jaw. The mandibles detached from

the soft part are represented in fig.

270, b, «, b. There is likewise an-

other important difference between

the structure of the beak of the

Cuttle-fish and that of the bird,

inasmuch as in the former there is

no bony support to the horny jaws,

and consequently some other means

of sustaining them must be had re-

course to. We accordingly find the

place of the jaw-bones supplied by

a fibro-cartilaginous substance {fig.

271, c) that fills the interior of each

mandible, and thus gives it sufficient

solidity for all required purposes. Ex-

ternally, the jaws are imbedded to

a considerable depth in a strong

mass of muscle {fig. 270, b), com-

posed of several layers of fibres

variously disposed, so as to open or

close the jaws with a degree of of the mouth; c, mandibles; </, oesopha-

force proportioned to their large size. gus - Horny beak of the Cuttle-fish

Here, therefore, is an apparatus fully
111 outline*

adequate to co-operate with the elaborately-constructed prehensile

Fig. 270.

Jaws of the Cuttle-fish.

—

a. a, fleshy

orifice of the mouth; b, muscular mass
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arms whereby these predatory animals seize their prey; and a victim

once involved in the tenacious grasp of the teutacula, and dragged to

this powerful beak, can have but little chance of resisting means of

destruction so formidable as those granted to the Cephalopoda.

(1497.) The mandibles of Nautilus PompiUus, instead of being
entirely composed of horn,—as is invariably the case in these genera
that, being provided with tentacula armed with suckers, are thus
capable of seizing active and slippery animals,—would seem to be
rather calculated to break to pieces the testaceous coverings of Mol-
lusca or the armour of the Crustacea. They possess, indeed, the
shape of the jaws already described, but are blunt at their extremi-
ties (Jig. 272, n, o), and thickened by a covering of a dense calcareous
substance ; so that they appear manifestly adapted to crush hard sub-
stances, rather than to cut or lacerate the tender bodies of fishes.*

The jaws of the Nautilus, like those of the Octopus above described,
are embedded in a powerful mass of muscles (p) whereby they are
opened and shut with great force, and are also provided with a distinct
muscular apparatus destined to protrude them when in use, and again
to retract the whole mass of the mouth deeply into the body when
unemployed. The mechanism provided for the protrusion of the
mandibles is a strong semicircular muscle (r, r), which firmly em-
braces the base of the oral apparatus, and by its contraction pushes
it outwards among the labial tentacula (h, Jc); while, on the other
hand, four retiactor muscles, the upper pair of which are represented
in the figure referred to (q, q), arise from the extremities of the
cranial cartilage, and, running forwards to be inserted into the oral
mass, are the agents whereby the whole is again withdrawn and thus
concealed from view.

(1498.) The tongue of the Cephalopoda, as in the Mollusca de-
scribed in the two last chapters, is an exceedingly important instru-
ment, and from its construction would here seem to be an organ of
taste, as well as a necessary assistant in deglutition. In the aunexed
figure, representing a vertical section of the beak of a very large Ony-
choteuthis, the shape and disposition of the different parts °of the
tongue are well seen. The substance of the tongue itself is fleshy

(fO- 271,e, i), and its movements are principally performed by the
action of its own intrinsic muscular fibres : its surface is divided into
several lobes (/, g, h), partially invested with a delicate and papillous
membrane ; but a large portion of the organ is covered with sharp
recurved horny booklets, so disposed that, with their assistance the
morsels of food taken into the mouth are seized and draped backwards
by a kind of peristaltic motion to the commencement of°the oesophagus
(i). The necessity of the provision thus made for enabling.the Cepha-

* Owen. Memoir on the Pearly Nautilus; London, 1332, 4to.
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Fig. 271.

Section of the oral apparatus of Onychoteuthis.—a, circular lip surrounding the mouth;

l>, d, homy beak; c, cartilaginous substance forming the bulk of the mandible; e, i, mus-

cular tongue; f, g, h, lobes upon its surface; k, salivary glands; l, oesophagus.

lopods to swallow the substances upon which they feed, must he at

once apparent; for, seeing that the walls of the mouth are formed

entirely by the hard and inflexible horny beak, it is difficult to con-

ceive how deglutitiou could have been accomplished by any other

contrivance.

(1499.) Four salivary glands pour a copious supply of saliva into the

oral chamber : of these, two, situated on the sides of the root of the

tongue, give off distinct ducts, which terminate near the commence-

ment of the oesophagus ;
while the other pair, generally larger than

the superior, is lodged in the visceral sac on each side of the uppei

part of the crop. The inferior salivary glands each furnish an excre-

tory canal; but their two ducts soon unite into a single tube which,

with the oesophagus, passes through the ring formed by the cranial

cartilage, and, piercing the fleshy mass of the mouth, opens in the

neighbourhood of the spiny portion of the tongue, so that the secre-

tion furnished at this point serves to moisten the aliment as it is taken

up by the lingual hooks to be swallowed. In Onychoteuthis two

salivary glands {Jig- 271,7c) are situated at the root of the tongue,

and their ducts are pointed out in the drawing by pins introduced

into their orifices.
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(1500.) The alimentary canal presents the same general structure

in all the Cephalopod families. The oesophagus {Jig. 270, a, d
; Jig.

272, s), derived from the posterior part of the fleshy mass of the

mouth, passes through a ring formed in the cranial cartilage
; or else,

as in Nautilus, is partially embraced by processes derived therefrom.

It soon dilates into a capacious crop {Jig. 272, t), the walls of which

Fig. 272.

Anatomy of Nautilus Pompilius (after Owen).-a,b,c, d, e,f e, section of the
mantle; g, large circular flap surrounding the mouth, supporting h, a series of retractile
tentacula; j, smaller lobes, also provided with retractile tentacula

;
k, l, presumed

ol actory apparatus; ?«, circular lip; n, o, horny mandibles; p, ij, r, muscular apparatus
o t e mout.i, s, cesopiagus ; crop; v

> gizzard; iv
f

zv, intestine; x, anus; y1
pancreatic

organ
;

2, lobes of the liver.
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are glandular; and, being lined with a mucous membrane that is

gathered into longitudinal plica), this organ readily admits of consider-

able dilatation.

(1501.) From the crop, a short passage {Jig. 272, u) leads into a

strong muscular gizzard (a) resembling that of a granivorous bird,

and lined in the same manner by a thick coriaceous cuticular layer : in

this gizzard, therefore, the food is gradually bruised and reduced to a

pultaceous magma.

(1502.) At a little distance from the gizzard there is in the Nautilus,

appended to the side of the intestine, a globular viscus (y ), which is

hollow, and its cavity communicates freely with the intestinal canal.

The interior of this organ Professor Owen found to be occupied

by broad parallel laminin, puckered transversely so as to offer a

great extent of surface ; and, when examined under a lens, their struc-

ture was seen to be follicular, and evidently fitted for secretion. The

bile is poured into this cavity at the extremity farthest from the intes-

tine, by a duct large enough to admit a common probe.

(1503.) In other geuera this laminated viscus is represented by a

ciecal appendage to the intestine, placed precisely in the same situa-

tion ; and, on opening it, its internal surface is found to be increased by

a spiral lamella that winds closely upon itself from one end to the other.

In such cases it is near the apex of the spire that the bile is received

from the liver, so that in all essential particulars this spiriform viscus

is precisely analogous to the laminated cavity of the Nautilus. There

can be little doubt that this apparatus represents a capacious duodenum,

and that it is by the extensive surface afforded in its interior that the

nutritious portions of the food are separated ; as neither the gizzard

nor the intestine itself presents an organisation adapted to such a pur-

pose. With respect to its other uses Professor Owen remarks, that its

reception of the biliary secretion renders it in some measure analogous

to a gall-bladder ; but most probably its chief office is to pour into the

commencement of the intestinal canal a fluid which is necessary for

the completion of digestion, so that, like the pyloric appendages

of fishes, it might be considered to be the representative of a pan-

creas.

(1504.) The remainder of the intestine is a simple tube, which,

after one or two turns upon itself, mounts up to the base of the funnel,

into which it opens; and thus allows the excrement to be ejected to a

distance from the body.

(1505.) The liver {fig. 272, z
)
is of very great bulk when compared

with the rest of the digestive apparatus. In Nautilus it is divided

into four distinct lobes, which are themselves made up of numerous

lobules of an angular form, each being invested with a very delicate

capsule. On removing the capsule every lobule is seen to be composed

of numerous aciui, which with a needle may be readily separated into
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clusters connected by the ramifications of their excretory duct. In

other genera, such as Octoqms, wherein these acini have been minutely

examined, they have proved to be delicate cells or secerning crcca

wherein the bile is elaborated. The excretory canals derived from all

the lobules of the liver unite by repeated anastomoses, and thus form

two main trunks, which ultimately join, and pour the biliary secretion

into the laminated or pancreatic cavity (y ).

(1506.) In the Cephalopoda, as in all the Mollusca, the bile is sepa-

rated from arterial blood supplied by large vessels derived immediately

from the aorta
; no system of veins analogous to the vena porta of

higher animals being as yet developed.

(1507.) In the Dibrauchiate genera the liver is either undivided or

presents only two lobes, but in other respects its composition and

minute structure is similar to that of the Nautilus.

(1508.) In all the Cephalopoda, with the exception of the Nautilus

Pompilius, there is an orifice in the immediate vicinity of the anus,

through which a coloured secretion, generally of a deep brown or in-

tense black colour, can be poured in astonishing abundance, and,

becoming rapidly diffused through the surrounding water, a means of

defence is thus provided ; for no sooner does danger threaten, or a foe

appear in the vicinity of the Cuttle-fish, than this ink is copiously

ejected, and the elemeut around rendered so opaque and cloudy, that

the Cephalopod remains completely concealed from its pursuer, and

not unfrequently ensures its escape by this simple artifice. The organ

wherein the inky secretion is elaborated, is a capacious pouch variously

situated in different genera. In Octopus it is enclosed in the mass of

the liver ;
in Loligo it is located in the immediate vicinity of the anus

;

and in Sepia (fig . 273, q) the ink-bag is lodged near the bottom of the

visceral sac. On opening it and carefully washing away by copious

ablution the ink within, the cavity of the ink-bag is seen to be filled

up with a spongy cellulosity ;
wherein the blacking material had been

entangled ; and from this cellular chamber a duct leads to the outward

orifice, through which the dark secretion is ejected at the will of the

animal, and squirted from the extremity of the funnel.

(1509.) The Cephalopoda breathe by means of branchiae, and

possess a complex and elaborate circulatory system, organised upon

very extraordinary principles, to the consideration of which we now
invite the attention of the reader.

(1510.) The branchiae {fig. 273, g, g) in all the genera now known
to exist, with the exception of the Nautihis, are two in number, ono
situated on each side of the body; but in the Nautilus Pompilius there

are four branchial organs, two on each side : and hence Professor

Owen has divided the class into two great orders, under tlie names of

Dibranchiata and Tetrabrancliiata

;

the former embracing all the

ordinary genera, while the latter is, as far as we know, only repre-
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sented in modern times by the Pearly Nautilus, depicted in a preced-

ing figure.

(1511.) In both the Dibranclviate and Tetrabrancldate orders, each

branchia consists of a broad central stem, to which is appended a

series of vascular lamella; seen in the figure given below (fig. 273, g):

by this arrangement a very extensive surface is obtained, over which

the blood is diffused for the purpose of respiration. The respiratory

apparatus is lodged within the visceral sac, but separated from the

other viscera by a membranous septum (fig. 273, t)

;

so that a distinct

chamber is formed to contain the branchiae, whereuuto the water is

freely admitted; the surrounding element being alternately drawn into

the branchial cavity by the action of its muscular walls, through a

valvular aperture provided for the purpose, and again expelled in

powerful streams through the orifice of the funnel. Such, indeed, is

the force with which the water is ejaculated through the funnel, that

it not only serves to expel from the body excrementitious matter

derived from the termination of the rectum (fig. 273, s), which opens

into the respiratory cavity, but becomes one of the ordinary agents in

locomotion. This mode of progression, although in fact common to

most of the Cephalopod tribes, is remarkably exemplified in the Argo-

naut, which, instead of navigating the surface of the sea, as has been

already stated, simply darts itself from place to place by sudden and

oft-repeated jets thus violently spouted forth
;
while with its arms

stretched out and closely approximated, and its vela tightly expanded

over the outward surface of its delicate shell, it shoots backwards like

an arrow through the water.

(1512.) Separated from the chamber in which the branchiae are

lodged, by the membranous partition already mentioned (fig. 273, i),

and likewise distinct from the peritoneum containing the viscera, is a

considerable cavity, divided by a membranous partition into two com-

partments, wherein are placed the great trunks of the venous system

(d, d). These chambers, named by Cuvier* the “ great venous cavities,”

are very remarkable ;
inasmuch as, although they contain the vena:

cava?, which here present a truly anomalous structure, they are

lined with a mucous membrane derived from the branchial chamber,

with which they are in free communication, and from whence the ex-

ternal element has free admission to their interior.

(1513.) It is in this
“ great venous cavity,” called by Professor

Owen the “ pericardium,” that, in the Pearly Nautilus, the syphon

which traverses the partitions of its camerated shell (fig. 267) ter-

minates ;
and the reader will now perceive by what mechanism

water received from the branchial chamber may, in that animal,

be injected into its partitioned shell for the purpose already referred

to (§ 1473).

M6moire sur le Ponlpe.
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(1514.) In the “ great venous cavities,” or “ pericardium thus

formed, are lodged the principal venous trunks {Jig. 273, d, d), where-

unto the blood derived from all parts of the body is brought by capa-

pacious vessels (b, c, c
)
that may be called the vena cava. The great

central receptacles of the venous blood [d, d), whilst they are contained

Fit,. 273.

Anatomy of the Cuttle fish (after Hunter).

—

a, a, section of the mantle; A, c, vena'

cava;; d, spungoid appendages of ditto; e, c, branchial hearts; in, in, their lateral

appendages; f.f, ligaments of branchhe; g, branchial organs
;

i, i, systemic auricles;

k, systemic ventricle
; o, the stomach

; p, the ovaria.

P P
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in the pericardium, (or rather project into its interior, being partially

covered with the mucous membrane that lines its walls,) are enveloped

by a mass of spongy appendages of a most remarkable and peculiar

description. These spongy masses are of a yellow colour, and, when

squeezed, they give out an opaque yellowish mucosity ;

* but the most

interesting circumstance connected with these bodies is, that they

communicate by lai'ge and patulous apertures with the interior of the

veins to which they are adherent. The short canals derived from

these apertures are themselves pierced by very numerous orifices, and

so on successively, until each of the spongy bodies referred to is

permeated internally by a multitude of short vessels leading one

into another, and ultimately into the vein itself. Cuvier supposes,

that, seeing it is impossible that these vessels should not be filled

with blood, they might themselves be considered as veins ; but then

their extent, when compared with the very small arteries of the spongy

bodies, forbids us to believe that they have no other office than that

of bringing back into the general current of the venous circulation

blood derived from these arterial ramifications. He suggests, there-

fore, that they more probably form diverticula, in which the venous

blood may become diffused in order to receive, through the interven-

tion of their spongy -walls, the influence of the surrounding medium,

so that in this way they may be rendered subservient to respiration

;

or else it is possible that the orifices in the veins are the openings of

excretory canals derived from these appendages, through which they

may pour into the vein some substance derived from the water in

which they float. Lastly, it is conjectured that they may be emuuc-

tories, through which some principle separated from the blood is

discharged from the body through the pores upon their surface ;
a

supposition rendered more probable, seeing the abundant mucous

secretion that may be extracted from them by pressure. “ However

this may be," observes Cuvier, “ it is certain that the communication

between these bodies and the exterior is very open, for, on blowing

into or injecting the vein, the air or injection passes very readily into

the cavity that the vein traverses ; and, on the other hand, on inflating

the cavity from the branchial chamber, it often happens that the vein

becomes filled with air."

(1515.) Mayerj- not only adopts the last of the above-mentioned

suggestions relative to the nature of these spongy appendages to the

great veins of the Cephalopoda, but ventures to bring forward an

opinion that they perform the office of the kidneys of higher animals,

and separate from the blood a fluid analogous to the urinary secretion;

so that, according to this view, the anatomist referred to does not

scruple to designate the chamber called by Professor Owen “ the

* Cuvier, Memoire sur le Poulpe, p. 1 8.

t Analekten fur Vergleichenden Anatomie, 4to. 1835.
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pericardium” as a urinary bladder, and to the two orifices leading from
thence to the cavity in which the branchiae are lodged he would assign

the name of urethra. Professor Owen has suggested that, in addition

to their subserviency to secretion, these appendages to the veins of

Cephalopods may be provisions for enabling their sanguiferous system

to accommodate itself to those vicissitudes of pressure to which it

must be constantly subjected, and that they bear a relation to the

power possessed by these animals of descending to great depths in the

ocean,—thus answering the same purpose as the capacious auricle,

and the large venous sinuses that terminate in the heart of fishes.

According to this view, these follicles relieve the vascular system, by
affording a temporary receptacle for the blood whenever it accumulates
in the vessels, owing to a partial impediment to its course through the
respiratory organs, serving in this manner to regulate the quantity of

blood sent to the branchiae.*

(1516.) In Nautilus Professor Owen found, in addition to the spun-
goid appendages connected with the veins, lodged in what he denomi-
nates the “pericardium," that the great trunk of the vena cava itself

presents a structure precisely analogous to what has been already

described when speaking of the venous system of Aplysia among the
Gasteropoda (§ 1372), namely a free communication between the
interior of the vein and the cavity of the peritoneum.f The vein
is of a flattened form, being included between a strong membrane on
the lower or ventral aspect, and a layer of transverse muscular fibres

which decussate each other on the upper or dorsal aspect. The adhe-
sion of the coats of the vein to the muscular fibres is very strong,

and these fibres form in consequence part of the parietes of the vein

itself throughout its whole course. But there are several small

intervals left between the muscular fasciculi and corresponding round
apertures both in the vein and iu the peritoneum, so that the latter

membrane at these points seems to be continuous with the lining

membrane of the vena cava. The distinguished anatomist referred to
counted as many as fifteen of these openings, and most of them were
sufficiently large to admit the head of an eye-probe. Here, therefore,

as in Aplysia, there are direct communications between the interior of

the vena cava and the great serous cavity of the abdomen; and.
moreover, in both instances, from the peculiar muscular structure

of the vein at the part where these orifices occur, their use appears
to depend on, or to be in connection with, a power of regulating their

diameters, j

(1517.) The blood derived from the great venous receptacles (Jiy. 273,
d, d) is at once conveyed to the branchiae, and distributed through all

the lamellae (g, g) which enter into the composition of the’ respiratory

* Mem. on Nautilus Pomp. p. 34. + Mem. on the Pearly Nautilus, p. 72.

t Opus cit. p. 30.

p p 2
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apparatus. Two distinct hearts, one placed on each side of the body,

are interposed between the branchiae and the great trunks of the

venous system
; serving by their action forcibly to drive the blood

through the ramifications of the branchial arteries. These lateral

hearts (fie/. 273, e, e) are of a blackish colour, and their walls mode-

rately thick: internally, their cavities are filled with intercommunicat-

ing cells, and, moreover, a strong mitral valve is placed at the orifice

through which they receive blood from the veins, as well as smaller

valvules at the origin of the branchial arteries
;
the latter enter the

principal stem of the branchiae, and, running beneath the ligament

(/), divide and subdivide, so as to be dispersed over all the branchial

leaflets.

(1518.) In Sepia there is appended to each lateral heart a fleshy

appendage (m, m), which, however, is not met with in the generality of

Dibrancliiate Cephalopods. These bodies are attached to the hearts

by narrow pedicles, and Professor Owen considers them to be rudi-

ments of the additional pair of branchise met with in the Pearly

Nautilus.

(1519.) In Nautilus Pompilius the hearts just mentioned do not

exist ;
doubtless, because the greater extent of surface afforded by the

four branchiae of this Ceplmlopod renders the presence of extraordi-

nary agents for impelling the blood through them, in order to ensure

efficient respiration, unnecessary.

(1520.) After undergoing exposure to the surrounding medium in

the extensive ramifications of the brauchial arteries, the purified

blood is returned to the organs belonging to the systemic circulation.

In Sepia it is first received from the branchiae by two dilated sinuses

(i, i), which might almost he regarded as systemic auricles; and from

these it passes into a strong muscular cavity (7c), which corresponds in

function with the left ventricle of the human heart, and by its pulsa-

tions forcibly propels the blood through all the arterial ramifications

of the vascular system. Two aortae, one derived from each of its

extremities, arise from the systemic ventricle, the commencement of

each being guarded by strong valves so disposed as to prevent all

reflux towards this central heart; and thus the circuit of the blood,

accomplished in this complicated system of blood-vessels, is completed.

In Nautilus the lateral sinuses (n, n) are wanting, and the systemic

ventricle is of a square shape ; but in other respects the course of the

circulation is the same as is above described.

(1251.) In the poulpe (Octopus vulgaris),* the blood thus distri-

buted through all parts of the body by the arterial vessels, returns

towards the branchiae through a system of veuous canals, composed

partly of vessels furnished with distinct parietes, partly through a

* Milne Edwards, An. des Sc. Nat. 184.5, tom. iii. p. 34C.
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series of lacunas or spaces only circumscribed by the circumjacent

parts.

(1522.) The veins derived from the anus and the cephalic region,

in conjunction with those of the siphuncle and the great visceral veins,

at length unite and form by their union the two vente cavse [fig. 273,

d, d), through the intervention of which the greater part of the blood

is conducted to the preliminary hearts {fig. 273, e, e). So far these

venous trunks offer no very striking peculiarity, but arrived in the

vicinity of the gizzard, they present a very remarkable arrangement;

instead of being formed by the junction of other smaller veins, they

become uninterruptedly continuous, with an immense venous reservoir,

which occupies all the dorsal aspect of the abdomen, and indeed they

seem to be a continuation of this membranous reservoir. It is to M.
Delle Chiaje* that the merit belongs of having indicated, for the first

time, the existence of this curious arrangement; but, while the illus-

trious Neapolitan naturalist regards it simply as being a large venous

sinus, Milne Edwards looks upon it as being the visceral cavity itself,

lined with peritoneum, as in the higher animals, into which the blood

is received, and wherein it bathes directly the pharyngial mass, the

salivary glands, the stomachs, and the other principal viscera. In the

Cuttle-fish {Sepia) and in the Calrnar {Loligo), the above peculiarities

met with in the “ Poulpe” do not exist, so that there is a remarkable
accordance between the internal structure of these Cephalopods, and
the zoological characters furnished by the number of their cephalic

appendages. In those genera furnished with only four pairs of arms
the venous system is semi-lacunose in its character, whilst in the ten-

armed races it is entirely vascular throughout the abdomen, although it

still presents a lacuuose character in the cephalic region.

(1523.) In the nervous system of the Cephalopoda we may natu-

rally expect to find not only a superiority in the development of the

nervous centres, as compared with the condition of these important
masses in the lower Mollusca, but some indications at least of an
approximation to that arrangement so eminently characteristic of the

vertebrate division of the animal world, to the confines of which we
are now gradually approaching

; more especially as, in the activity of
the movements of these creatures, and in the increased perfection of
their senses, we have abundant evidence of the elevated position

assigued to them, when contrasted with other mollusks of less carni-

vorous and rapacious habits.

(1524.) 1 he nervous ganglia from whence the muscles and viscera
derive their supply are still numerous and widely scattered

; but their

size is considerable, and proportioned to the importance of the organs
over which they preside. It is to the encephalic portions of the

Instituzione di Anntomia e Fisiologia Comparative, parte prima, Animali senza
Vertebre del Regno di Napoli, t. i.
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nervous system, however, that we must principally turn our atten-

tion if we would rightly estimate this part of their economy; and

these, we at once perceive, have in the class before us attained to

such magnitude and importance that they no longer dubiously

emulate the brain of a fish, with which it is not difficult to compare

them.

(1525.) In a Cephalopod, the encephalon—for so we now may truly

call it—is inclosed, as has been already noticed, in a distinct cartila-

ginous skull, which embraces it on all sides, and defends it from injury.

The capacity of the cranial cavity is, however, more than sufficient to

contain the brain; and, as is the case in fishes, the interspace is

filled up with a semi-gelatinous substance. The brain, however, still

forms a ring through which- the oesophagus passes ; so that we might

with propriety preserve the terms supra-oesophageal and infra-cesopha-

geal ganglia, were these parts not now become so intimately united

to each other that they seem fused into a single mass (fig. 277, a, h),

from different portions of which nerves, serving very different offices,

take their origin.

(1526.) In Nautilus the nervous system has been most minutely

and critically examined : and the important deductions to which the

researches of Professor Owen point, relative to the analogies that may

be traced between the encephalon of these creatures and the biain of

higher animals, have served to attach an interest to the study of this

part of the economy of the Cephalopoda, which has scarcely as yet

been sufficiently appreciated by physiologists.

(1527.) Iu the Nautilus Pompilius, the supra-oesophageal ganglion

of the Gasteropoda is represented by a thick round cord of neivous

matter (Jig. 274, J), which is in communication with two nervous

collars (3, 3, 4, 4) that surround the oesophagus, and likewise with two

large ganglia (2) from which the optic nerves take their origin ;
but

in the Cuttle-fish the same portion of the nervous system (Jig. 27 1, a)

is much more largely developed, and presents a ganglionic mass of

considerable size. If we inquire the reason of this want of corre-

spondence in magnitude presented by the same organ in these two

cases, we must necessarily examine the relations in which this pait

of the brain stands with other circumstances in the economy of the tvo

animals in question; and we perceive, as Professor Owen has most

satisfactorily demonstrated,'* that the brain is here developed in ac-

cordance with the relative complexity of the organ of vision, and also

with the perfection of the locomotive faculties possessed by the

Ceplialopods under consideration. With the exception of sundiy

small twigs given off to the mouth aud pharynx, the optic nerves

* Descriptive and Illustrated Catalogue of the Physiological Series of Comp. Anat.

contained in the Museum of the Royal College of Surgeons, in London, vol. iii. part l.

p. 187.
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(Jigs. 274, 2 ; 277, e) are the only ones derived from this part of the

encephalon, and, as we shall afterwards see, both the simply-construct-

ed eye of the Nautilus and the complicated visual organs of the Sepia

are correspondent to the development of the supra-oesophageal brain ; so

that consequently the latter may, with every show of reason, be looked

upon as the representative of the optic lobes found in the encephalon

of fishes,* and the analogue of the bigeminal bodies in the brains of

the higher Vertebrata.

(1528.) The ganglia connected with the inferior aspect of the supra-

oesophageal mass form two distinct collars embracing the oesophagus,

an arrangement of which we have already met with an example in

Clio borealis among the Pteropod Mollusca. The anterior ring of

nervous substance, which no doubt ought rather to be considered as

an agglomeration of ganglia than as a simple ganglionic mass, in

Nautilus gives off nerves, 1st, to the ophthalmic tentacles (Jig. 274,

5); 2ndly, to the digital tentacles (6); 3rdly, there arises from

near the ventral aspect of the ganglionic collar a pair of nerves (7),

each of which soon dilates into a large ganglion (8), from whence are

derived the nerves of the internal labial tentacles (9), and also other

gangliform nerves (10), distributed to what Professor Owen regards

as the olfactory apparatus. Lastly, the anterior collar gives off nerves

(11) which penetrate the muscular integument and supply the infun-

dibulum.

(1529.) In the Dibrauchiate Cephalopods the nerves derived from

that portion of the brain that may be regarded as analogous to the

anterior collar of Nautilus, supply the locomotive sucker-bearing

arms, the labial apparatus, and also the auditory organs (Jig. 277,

c, d)

;

but the latter have not been found to exist in Nautilus Pom-
pilius.

(1530.) There is no possibility of doubting that the above nerves,

distributed as they are to the complex sensitive tentacula connected

with the head and parts of the mouth, represent the fifth pair of

Vertebrata; their general distribution and semi-ganglionic character

being, ceteris paribus, precisely similar: so that those portions of the

brain of vertebrate animals from whence the trifacial and auditory

nerves originate, may reasonably be compared with the anterior sub-

cesophageal collar of the Cephalopoda.

(1531.) The posterior sub-oesophageal gauglionic ring (Jig. 274, 4)
may be compared to the medulla oblongata of quadrupeds

; in Nautilus
it gives origin, 1st, to numerous nerves (13), which, after a short
course, plunge into the muscular parietes of the body to which they
are distributed; 2ndly, to two large cords (14), which terminate by
becoming gangliform (15), and supply the branchial apparatus and

* Cyclopedia of Anat. and Physiol, art. Cephalopoda.
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the viscera; thus representing the par vagum in their distribution,

and in like manner communicating with branches apparently corre-

sponding with the sympathetic nerves that are spread out over the

heart and ramifications of the vascular system. Lastly, slender

nerves allied to the sympathetic, accompany the vena cava into the

abdomen.

(1532.) Such being the arrangement of the principal nervous

ganglia, and the general distribution of the nerves, we must now

turn our attention to the instruments of sensation possessed by these

comparatively highly-gifted animals ; and these, as we shall soon

perceive, are in all respects correspondent, in the perfection of their

structure, with the exalted condition of the brain.

(1533.) The sense of touch, as might naturally be expected, resides

principally in the tentacula, or feet, as they are generally termed,

placed around the mouth, and forming, as we have already seen,

instruments of locomotion as well as prehensile organs. In the

Dibranchiate Cephalopods these tentacula are armed with the tena-

cious suckers described in a former page ;
but in the Nautilus they

are so peculiar, both in structure and office, that a more elaborate

description of them becomes requisite in this place, for which of

course we are necessarily indebted to the same source from whence

we have derived all our information relative to this extraordinary

animal.

(1534.) The head of Nautilus (fig. 267) is of a conical form, and

of a much denser texture than the analogous part in the Dibranchiate

Cephalopods : it is excavated in such a manner as to form a receptacle

or sheath, into which the mouth and its more immediate appendages

can be wholly retracted, and so completely concealed as to require the

aid of dissection before they can be submitted to examination. The

orifice of this great oral sheath is anterior, its superior parietes being

formed by a thick triangular hood (fig. 267, n) with a wrinkled and

papillose exterior; while the sides give off numerous conical aud

triedral processes (o, o, o'): the inferior portion of the cone is thin,

smooth, and concave, and rests upon the funnel (i). From the dis-

position of the hood, and the tough coriaceous texture of its substance,

it is evident that this part is calculated to perform the office of an

operculum by closing the aperture of the shell when the body of the

animal is retracted.

(1535.) The lateral processes (o, o, o) are thirty-eight in number,

nineteen on either side, irregularly disposed one upon another, and

all converging towards the oral sheath ;
but, as the hood itself consists

apparently of two very broad digitations conjoined along the mesial

line, twenty pairs of these lateral appeudages may be enumerated.

There is not the slightest appearance of acetabula, or suckers, upon

any of these cephalic appendages ;
but their exterior surface is more
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or less rugose: each is traversed longitudinally by a canal, in which

is lodged an annulated cirrus or tentacle {figs- 207, 274), which is

Fig. 274.

Nervous system of Nautilus Pompilius (after Owen).—a, a, b, b, cut edges of the

mantle; </, e, j , </, retractile tcntacula
; h, presumed olfactory organ; 1, the supra-

cesophageal ganglion; 2, 2, optic ganglia; 3, 3, 4, 4, sub-cesophageal ganglia; 5, C, 7,

8, 9, nerves supplying the retractile tcntacula; 10, nerves supplying olfactory organ;

11,12, 13, nerves supplying the muscular integument; 14,1.5, 16, nerves representing

the sympathetic system.
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about a line in diameter, and from two inches to two iucbes aud a

half in length. In the specimen examined, a few of these cirri were

protruded from their sheaths to the extent of half an inch, but the

rest were completely retracted so as not to be visible externally
;
and,

on laying open some of the canals, the extremities of several were

found as far as a quarter of an inch from the apertures, so that they

appear to possess considerable projectile and retractile powers.

(1536.) To the above forty tentacula must be added four others of a

different construction, which project immediately beneath the margin

of the hood, like antennas, one before and one behind each eye [fig.

267, ?). These tentacles would seem at first sight to be constructed

upon the same principles as the last
;
but, on examining them atten-

tively, they are found to be composed of a number of flattened circular

discs appended to a lateral stem. Yet even all these organs of touch

form but a small part of the tactile apparatus of the Nautilus Pom-

pilius

;

for the mouth, lodged within the oral sheath, is surrounded

with a series of tentacula even more numerous than those appended

to the exterior of the head. Around the circular lip
(fig 2(2, wi)

which incloses the beak [n, o) are situated four labial pvoccsscs (g, g,

i, i): each of these processes is pierced by twelve canals, the orifices of

which are disposed in a single but rather irregular series along their

anterior margin ;
and every one of these canals contains a tentacle

similar .to, but rather smaller than, those of the external digitations

(7i, h, k, k), although their structure is precisely similar. These cirri,

like the former, receive large nerves; those supplying the external

labial tentacles being derived immediately from the brain [fig. 274,

6, 6), while those distributed to the internal labial tentacles proceed

from a large ganglion (8) that is in communication with the oesopha-

geal ring through the intervention of a considerable nervous trunk

(7).

(1537.) In the Dibranchiate Cephalopods none of the above-de-

scribed cirriferous processes are found to exist; but there is every

evidence that the prehensile arms, and most probably the individual

suckers appended to them, are highly sensitive to tactile impressions.

Every one of the arms receives a large nerve, derived from the same

portion of the oesophageal collar as that which gives origin to the

tentacular nerves of Nautilus, which traverses its whole length, lodged

in the same canal as the great artery of the limb [fig. 264). During

this course the nerve becomes slightly dilated at short distances, and

gives off from each enlargement numerous small nervous twigs which

penetrate into the fleshy substance of the foot. Immediately after

entering the arm aud producing the dilatations above alluded to,

every nerve furnishes two large branches, one from each side, which

traverse the fleshy substance connecting the bases of the arms, to

unite with the nerves of the two contiguous arms, so that all the
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nerves of the feet are connected near their origins by a nervous

zone;* an arrangement intended, no doubt, to associate the move-

ments of the organs to which these nerves are appropriated.

(1538.) There is little doubt, from the character of the soft ajid

papillose membrane which forms a considerable portion of the surface

of the tongue, that in both the Nautilus and in the Dibranchiate

Cephalopods the sense of taste is sufficiently acute ;
far superior,

indeed, to what is enjoyed by any of the Gasteropod Mollusca, and

possibly even excelling that conferred upon fishes, and others of the

lowest Vertebrata that obtain their food under circumstances such as

render mastication impossible, and the perception of savours a super

fluous boon.

(1539.) That the Cephalopoda are provided with a delicate sense

of smell, and attracted by odorous substances, is a fact established by

the concurrent testimony of many authors, although in the most
highly organised genera nothing analogous to an olfactory apparatus

has as yet been pointed out : nevertheless, in Nautilus, Professor

Owen discovered a structure which he regards, with every show of

probability, as being a distinct organ of passive smell, exhibiting the

same type of structure that is met with in the nose of fishes ; and,

from the circumstance of its being the first appearance of an organ

specially appropriated to the perception of odours, well deserving

the attention of the physiologist. We may here premise, that the

exercise of this function in creatures continually immersed in water
must depend upon conditions widely differing from those which confer

the power of smelling upon air-breathing animals. In the latter, the

odorant particles, wafted by the breeze to a distance and drawn in by
the breath, are made to pass, by the act of inspiration, over the

nasal passages; and, being thus examined with a minuteness of

appreciation proportionate to the extent of the olfactory membrane,
give intimations of the existence of distant bodies scarcely inferior

to those obtained from sight and sound. But, in an aquatic medium,
information derived from this sense must be restricted within far

narrower limits
; inasmuch as the dissemination of odoriferous par-

ticles must necessarily be extremely slow, and the power of perceiving
their presence comparatively of little importance, seeing that the
extent to which it can be exercised is so materially circumscribed.

Smell, in aquatic animals, is therefore apparently reduced to a mere
perception of the casual qualities of the surrounding element, without
any power of inhaling odours from a distance. Simple contact
between a sufficiently extensive sentient surface, and the water in

which it is immediately immersed, is all that is requisite in the case
before us ; and if an organ can be pointed out, constructed in such

Cuvier, Memoire sur le Poulpc, p. 36'.
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a manner as to adapt it to fulfil the above intention, there can

be little hesitation in assigning to it the office of an olfactory ap-

paratus.

.(1540.) In Nautilus, the part indicated by Professor Owen* as

appropriated to the sense of smell, consists of a series of soft mem-

branous laminae {fig. 272, l; fig. 274, g) compactly arranged in the

longitudinal direction, and situated at the entry of the mouth, between

the internal labial processes. These laminae are twenty in number,

and are from one to two lines in breadth, and from four to five in

length, but they diminish in this respect towards the sides. They

are supplied by nerves {fig. 274, 10) from the small ganglions (8)

which are connected to the ventral extremities of the anterior sub-

cesophageal ganglia, and from whence the nerves of the internal labial

tentacula are likewise given off.

(1541.) The structure of the eyes in the two divisions of the

Cephalopoda differs remarkably, and in both is so entirely dissimilar

from the usual organisation met with in other classes of animals, that

we must invite the special attention of the reader to this portion of

their economy.

(1542.) In the Tetraeranchiata, of which the Nautilus is the only

example hitherto satisfactorily investigated, according to Professor

Owen’s observations \ the eye appears to be reduced to the simplest

condition that an organ of vision can assume without departing al-

together from the type which prevails throughout the higher classes ;

for although the light is admitted by a single orifice into a globular

cavity, or camera obscura, and a nerve of ample size is appropriated

to receive the impression, yet the parts which regulate the admission,

and modify the direction of the impinging rays, were, in the specimen

examined, entirely deficient. In this structure of the eye, obseites

Professor Owen,| the Nautilus approximates the Gasteropods, nume-

rous genera of which, and especially the Pectinibranchiata of Cuvier,

present examples analogous iu simplicity of structure, and in a pedi-

cellate mode of support and attachment for the head. Moreover, as

the Pearly Nautilus, like the latter group of mollusks, is also attached

to a heavy shell, and participates with them in the deprivation of the

ordinary locomotive instruments of the Cephalopods, the anatomist

whose remarks we quote hence deduces the more immediate piiuciple

of their reciprocal inferiority with respect to their visual oigau, ob-

serving that it would little avail an animal to discern distant objects,

when it could neither overtake them if necessary for food, nor avoid

them if inimical to its existence.

(1543.) The eyes of Nautilus {fig. 2 07, m) are not contained in

orbits, but are attached each by a pedicle to the side of the head, im-

Loc. cit. p. 41. t Mem. on Nautilus, p. 39, et seq. X Op. cit. p. 51.
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mediately below the posterior lobes of the hood. The ball of

the eye is about eight lines in diameter; and, although contracted

and wrinkled in the specimen examined, it appeared to have been

naturally of a globular form, rather flattened anteriorly. The pupil

was a circular aperture, less than a line in diameter, situated iu the

centre of the anterior surface of the eye. This small size of the

pupil in Nautilus, which contrasts so remarkably with the magnitude

of that aperture in the Dibranchiate Cephalopods, Professor Owen
suggests is most probably dependent on the great degree of mobility

conferred upon the eye of the Nautilus, in consequence of its attach-

ment to a muscular pedicle which enables it to be brought to bear
with ease in a variety of directions; whilst, in the higher Cephalopoda,
corresponding motions of the head and body, on account of the more
fixed condition of the eye in them, would have been perpetually

required, had not the range of vision been extended to the utmost by
enlarging the pupillary aperture.

(1544.) The principal tunic of the eye is a tough exterior membrane
or sclerotic

(fit)

.

274), thickest posteriorly, where it is continued from
the pedicle, and becoming gradually thinner to the margins of the

pupil. The optic nerves, after leaving the optic ganglions (2), traverse

the centre of the ocular pedicles, and, entering the eye, spread out
into a tough pulpy mass which extends as far forwards as the semidia-

meter of the globe. This nervous tissue, as well as the whole interior

of the cavity, is covered with a black pigment which is apparently in-

terposed between the impinging rays of light and the sentient mem -

brane. The contents of the eye-ball, of whatever nature they had
been, had escaped by the pupil. If the eye had ever contained a crys-

talline lens, that body must have been very small ; as otherwise, from
the well-known effect of ardent spirits in coagulating it, it would have
been readily perceived. What adds, however, to the probability of this

eye being destitute of a crystalline humour is, the total absence of

ciliary plicae, or any structure analogous to them. In some parts of

the cavity a membrane could be distinguished which had enveloped
the fluid contents of the eye

; but it bad entirely disappeared at the

pupil, which had in consequence freely admitted the preserving liquid

into the interior of the globe.

(1545.) However much is still left to be ascertained by future ob-
servations, we learn from the above able exposition of the appearances
detected on examining the solitary example of a visual organ of this

description hitherto met with, that the eye of the Nautilus exhibits
every indication of inferiority of construction when compared with
that of the Dibranchiate tribes. Encased in no orbital cavity, and
consequently unprovided with any other muscular apparatus than the
fleshy pedicle whereby it is connected with the head

; unprotected by
eyelids and devoid of lachrymal appendages

;
without either transpa-
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rent cornea, aqueous humour, iris, or crystalline lens ; and, moreover,

coated internally with a dark pigment, apparently situated in front of

the nervous expansion which represents the retiua, instead of behind

it in the usual position of the choroid tunic,—all these are facts calcu-

lated to arrest the attention of the physiologist, and excite the sur-

prise of every observer who studies on a large scale this part of the

animal economy.

(1546.) The eyes of the Dibranchiate Cephalopoda are not less re-

markable in their construction than those of the Nautilus, and from

their greater complexity will require a more elaborate description. In

order to simplify the details connected with this portion of our subject

as much as possible, we shall describe separately, as forming distinct

parts of the ocular apparatus met with in the common Cuttle-fish
(
Sepia

officinalis), first, the orbit; secondly, the globe of the eye

;

thirdly, the

chamber of the optic ganglion

;

and fourthly, the muscles of the visual

organ.

(1547.) The orbit differs from that of all other classes of animals,

inasmuch as it is a cavity circumscribed on all sides and covering even

the front of the eye.* The bottom of the orbital cavity is cartilagi-

nous, being partially formed by a process derived from the cranial car-

tilage ; but elsewhere it is made up of the common fleshy integument

Fig. 275.

Anatomy of the eye of the Cuttle-fish. (After Cuvier.)

of the body (fig. 275, d, d, e): becoming gradually attenuated, the skin

(b) passes over the anterior portion of the eye, where, being transparent

* Descriptive and Illustrated Catalogue of the Physiological Series of Comparative

Anatomy contained in the Museum of the Royal College of Surgeons, London, vol. iii.

part i. plate 52.
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(/), it represents the cornea, although it has no connection with the

eye-ball itself. Beneath the cornea the integument again becomes

opaque, and forms a thickened fold (a), which might be considered as

the rudiment of an under eyelid. The orbit, therefore, forms a com-

plete capsule, inclosing the whole of the apparatus of vision.

(1548.) The globe of the eye fills up the anterior part of the orbital

chamber, and is remarkable from having no cornea properly so called ;

so that, on raising the transparent skin (/) which forms the exterior

wall of the orbit and supplies the place of the cornea, the prominent

surface of the crystalline lens (o) is found quite naked beneath it;

neither an aqueous humour, nor an iris properly so called, being pre-

sent. The outer coat of the eye (g, g, i) represents the sclerotic tunic

in man : it is tough, fibrous, and of a silvery lustre
;
perforated ante-

riorly by a large round aperture representing that which contains the

cornea in the human eye, and pierced posteriorly by numerous fora-

mina, through which the multitudinous branches derived from the op-

tic ganglion (Ic) enter.

(1549.) The second tuuic is usually regarded as the retina, occupy-
ing a singular situation and presenting a very anomalous structure.

No choroid intervenes between this retina and the sclerotic, as is the

case in the eye of man
; but numerous nervous branches given from

the optic ganglion (7c), having penetrated into the interior of the eye
through the cribriform sclerotic, immediately expand into a thick ner-

vous membrane which lines the sclerotic tunic, and is continued for-

ward to a deep groove in the substance of the crystalline lens, where-
in it is implanted so as to form a kind of ciliary zone (»t), which is

slightly plicated, and obviously assists in keeping the lens in situ.

(1550.) Between the retina and the vitreous humour is interposed a
thick layer of black pigment, which, being thus strangely situated, has
very naturally puzzled all physiological inquirers, inasmuch as it would
apparently form an insurmountable barrier between the rays of light

and the retinal membrane. The researches of Professor Owen would
seem, however, to have removed the difficulty presented by this hither-

to incomprehensible and anomalous arrangement; as he has succeeded
in discovering, in addition to the thick post-pigmental nervous expan-
sion, a delicate lamella in front of thepigmentum nigrum, correspondent,
in position at least, with the retina of vertebrate animals. “ In the
eyes of different Sepia: which we had immersed in alcohol preparatory
to dissection, we have, however, invariably found between the pigment
and the hyaloid coat a distinct layer of opaque white pulpy matter, of
sufficient consistence to be detached in large flakes, and easily pre-
served and demonstrated in preparations. We confess, however, that
we can discover no connection between this layer and the thick ner-
vous expansion behind the pigment

; but, nevertheless, we cannot but
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regard it as being composed of the fine pulpy matter of the optic nerve,

and as constituting a true prre-pigmental retina.”*

(1551.) It has been already stated that there are no chambers of

aqueous humour ;
and we are hut little surprised that, in animals de-

stined to see objects contained in water, the existence of a refracting

medium scarcely at all differing in density from the surrounding ele-

ment should he dispensed with. To compensate, however, for this de-

ficiency, the crystalline, as is the case in all the aquatic Vertebrata, is

of short focus and great power ;
being, in fact, not merely, as it is

generally described, a double convex lens, which is the usual shape of

this important piece of the optic apparatus, hut exhibiting that form

of a simple magnifier, most approved of by opticians as being best

adapted to ensure a large field of view. Whoever is conversant with

the principles upon which the well-known “ Coddington lens” is con-

structed, will have little difficulty in appreciating the advantages

derived by introducing a precisely similar instrument in the eye of

the Cuttle-fish. The Coddington lens is a sphere of glass divided

into two portions by a deeply-cut circular groove, which is filled up

with opaque matter. The lens of the Cuttle-fish is in like manner di-

vided into two parts of unequal size [fig. 275, o, 6) by a circular inden-

tation, wherein the post-pigmental retina, with its coat of dark varnish

(?n), is fixed, and thus a picture of the most perfect character is ensured.

The crystalline penetrates deeply into the vitreous humour : the latter,

inclosed in a delicate hyaloid membrane, fills up, as iu man, the pos-

terior part of the eye-ball ;
while the small space that intervenes be-

tween the posterior surface of the crystalline and the back of the

ocular chamber sufficiently attests the shortness of the focus of so

powerful a lens.

(1552.) The posterior portion of the orbital capsule is occupied by a

large cavity quite distinct from the globe of the eye, although its walls

are derivations from the sclerotic tunic, wherein is lodged the great

ganglion of the optic nerve (7c), imbedded in amass of soft white sub-

stance. This supplementary chamber is formed by a separation of the

sclerotic into two layers ;
of which one, already described (i), forms the

posterior boundary of the eye-ball, while the other (7t), passing back-

wards, circumscribes the cavity in question. On entering the compait-

ment thus formed, the optic nerve
(
b

)

dilates into a large reniform

ganglion, almost equal in size to the brain itself; and from the peii-

phery of the optic ganglion arise the numerous nervous filaments,

which, after perforating the posterior part of the globe of the eye, ex-

pand into the post-pigmental retina.

(1553.) Between the globe of the eye (g) and the cornea (/) is a

capacious serous cavity, which extends to a considerable distance to-

* Cyclopaedia of Anatomy and Physiology, art. Cephalopoda.
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wards the posterior part of the orbital chamber; and holds the same
relation to the visual apparatus, and the cavity in which it is lodged, as
the serous lining of the human pericardium does to the heart, and the
fibrous capsule in which that viscus is lodged,—evidently forming an
arrangement for facilitating the movements of the eye. The serous
membrane which lines this cavity, after investing the inner surface of
the cornea and the interior of the orbit, is reflected upon the outer
suiface of the sclerotic tunic of the eye, which it likewise covers; and
moieover, at the front of the eye-ball, enters the aperture which in the
eye of a \eitebrate animal would be occupied by the cornea, lines the
chamber corresponding with that of the aqueous humour, and passes
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over even the anterior surface of the crystalline. This serous mem-

brane Cuvier very improperly named the “ conjunctiva

;

’ but, as Pro-

fessor Owen has suggested,* it is evidently rather analogous to the

membrane of the aqueous humour, here excessively developed in con-

sequence of the want of a cornea in the sclerotic aperture. This se-

rous cavity is not, however, a completely-closed sac ;
but, as is fre-

quently the case with the serous membranes of fishes and reptiles, is

in communication with the surrounding medium, through the in-

tervention of a minute orifice visible in the transparent tegumentary

cornea.

(1554.) Four muscular slips are appropriated for the movements of

this remarkable eye, and serve to direct the axis of the organ so as to

ensure distinct vision : they arise principally from the orbital pro-

longations of the cranial cartilage, and are inserted into the sclerotic

tunic.

(1555.) It is always interesting to the physiologist to observe the

earliest appearance of a new system of organs, and witness the gradual

development of additional parts, becoming more and more complica-

ted as we advance from humbler to more elevated grades of the animal

creation. The progressive steps by which the auditory apparatus of

the Vertebrata attains to that elaborate organization met with in the

structure of the human ear, are not a little curious. In the simplest

aquatic forms the central portion of the internal ear alone exists, im-

bedded in the as yet cartilaginous cranium. Gradually, as in fishes,

semicircular canals, prolonged from the central part, increase the audi-

tory surface, but still have no communication with the exterior of the

body. In reptiles and birds destined to perceive sonorous impressions

in an aerial medium, a tympanic cavity and drum are superadded; and

lastly, in the Mammiferous orders, external appendages for collecting

and conveying sound to the parts within, complete the most complex

and perfect form of the acoustic instrument.

(1556.) As far as is yet known, the Tetrabranchiate Gephalopods have

no distinct organ of hearing j but in the Fibranchiata an ear lodged

in an internal cranium for the first time presents itself to our notice,

and at the same time exhibits the lowest possible condition of a local-

ised apparatus adapted to receive sounds.

(1557.) In the anterior and broadest part of the cartilaginous

cranium, j where its walls are thickest and most dense, are excavated

two nearly spherical cavities (Jig. 277, cl), which in themselves consti-

tute the osseous labyrinth of both ears. A vesicle or membranous

sacculus (c), likewise nearly of a spherical form, is suspended in the

centre of each of these cartilaginous cells by a great number of fila-

ments that are probably minute vessels. The two auditory nerves

* Cyclop, of Anat. and Phys. loc. cit. p. 552.

t Cuv. Memoire sur le Poulpe, p. 41.
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Fig. 277.

Brain and auditory apparatus of the Cuttle-fish.—a, b, brain
; c, auditory apparatus

;

d, cavity in which it is lodged; c,/,g, the eye. 1, 2, 3, otolith.

derived from the ence-

phalon enter these ca-

vities through special

canals; and each, di-

viding into two or three

branches, spreads out

over the vesicle to which

it is destined. The au-

ditory vesicle itself is

filled with a transparent

glairy fluid ; and con-

tains, attached to its pos-

terior part, a minute

otolith (1, 2, 8), — a

calcareous body of va-

riable shape in different

genera,—the oscillations

of which doubtless in-

crease the impulses

whereupon the produc-

tion of sound depends.

(1558.) Such is the

simplest form of an ear

;

and if the reader will

compare the organ above

described with that pos-

sessed by the highest

Articulata, as, for ex-

Fig. 278.

Generative organs of the female Cuttle-fish. (After
Cuvier.)

Q Q 2
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ample, the lobster (§ 1172), the similarity of the arrangement will

be at once manifest.

(1559.) All the Cephalopoda are dioecious, and the structure of the

sexual organs both of the males and females is remarkable, inasmuch

as it is peculiar to the class.

(1560.) In the females, the ovarian receptacle is lodged at the

bottom of the visceral sac (fig. 273, p, p), inclosed in a distinct peri-

toneal pouch. The ovary itself is a large bag, the walls of which are

tolerably thick ;
and, on opening it, it is found to contain a bunch of

vesicular bodies, attached by short vascular pedicles to a circumscribed

portion of its internal surface (fig. 278, a). These vesicles, the ovisacs

or calyces, as they are called by comparative anatomists, are, in fact, the

nidi wherein the ova are secreted ; and, if examined shortly before

oviposition commences, every one of them is seen to contain an ovum

in a more or less advanced stage of development. In this condition

the walls of the ovisacs are thick and spongy ;
and their lining mem-

brane, which constitutes the vascular surface that really secretes the

egg, presents a beautiful reticulate appearance.

(1561.) If the contained ova be examined when nearly ripe for ex-

clusion, each is found to be composed of a yolk or vitellus inclosed in a

delicate vitelline membrane, and covered externally by a thicker invest-

ment—the chorion. AVhen the ovum has attained complete maturity,

the ovisac inclosing it becomes gradually thinned by absorption, and

ultimately bursts ;
allowing the egg, now complete with the exception

of its shell, to escape into the general cavity of the ovarium (c). The

oviduct (e) communicates immediately with the interior of the ovarium

by a wide orifice, the dimensions of which are proportioned to the size

of the mature ova. It is generally single ;
but in some genera, as

Loligo and the Octopoda, the canal derived from the ovary soon divides

into two (d, e). The walls of the oviferous duct are thin and mem-

branous until near the external outlet, where they suddenly become

thick and glandular, and, in many genera, surrounded with a very

large laminated gland (/), through the centre of which the eggs have

to pass before they issue from the body. It is the gland last mentioned

that secretes the external horny covering of the egg; a defence which

seems to be deposited in successive layers upon the outer surface of the

previously-existing chorion, and, when completed, forms a thick flex-

ible case made up of concentric lamellm of a dark-coloured corneous

substance.

(1562.) After extrusion the ova of the different families of Cepha-

lopoda are found agglutinated and fastened together into masses of very

diverse appearance. The eggs of the common Cuttle-fish, frequently

found upon the shore, are not inaptly compared by those ignorant of

their real nature to a bunch of black grapes ; to which, indeed, they

bear no very distant resemblance, being generally aggregated in large
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clusters, and fastened by long pedicles either to each other or to some
foreign body. The Argonaut carries its eggs, which are comparatively

of small size, securely lodged in the recesses of its shell
; while the

ova of the Calamary ,
encased in numerous long gelatinous cylinders

that conjointly contain many hundreds of eggs, are fixed to various

submarine substances, and thus protected from casualties. The form
and arrangement of these bunches are no doubt dependent upon the

peculiar character of the terminal gland found in the oviduct of the

parent, whereby the last covering to the ova is furnished.

(1563.) Cuvier remarks that the male Poulpes must be less nume-
rously met with than the female, as among the numerous specimens
dissected by him scarcely one-fifth were of the former sex.

(1564.) The various parts of the male generative apparatus are re-

markably similar, both in

structure and arrange-

ment, to the correspond-

ing portions of the sexual

organs of the female.

The testicle strikingly

resembles the ovary both

in its outward form and

internal arrangement

:

like that viscus, it con-

sists of a capacious mem-
branous sac [Jig. 279, b);

and, on opening this,

there is found attached

to a small portion of its

inner surface a large

bundle of branched caeca

(a), in which no doubt

the seminal fluid is ela-

borated. These strange-

ly-disposed seminiferous

caeca have apparently no

proper excretory ducts

;

but the impregnating

fluid secreted by them

is, as it would seem, Cuvier.)

poured into the general cavity of the sac, exactly in the same manner
as the ova do in the other sex, and, being allowed to escape from this

reservoir through a wide orifice (c), it enters the vas deferens. The
canal last mentioned (d) is long, slender, and very tortuous, but after

many convolutions it enters a wider canal (e), called by C uvier vesicula

seminalis, the interior of which is divided by imperfect septa ; and, its

Fig. 279.

Generative organs of the male Cuttle-fish. (After
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texture being apparently muscular, this part of tlie excretory apparatus

may possibly by its contractions expel the spermatic fluid fi
-om the

body. On issuing from the seminal vesicle, the semen passes the ex-

tremity of an oblong gland (,/), which Cuvier denominates the pi osteite.

its structure is compact and granular, and it seems to be destined to

furnish some accessory fluid subservient to impregnation. Haiing

passed the prostate, the ejaculatory duct communicates with a large

muscular sacculus (g), the contents of which are very extraordinary.

This sacculus is in fact filled with innumerable white filaments, each

about half an inch in length, arranged parallel to each other, and dis-

posed with much regularity. There are three or four rows of them,

one above another, entirely filling the sac ;
and they are maintained in

situ by a delicate spiral membrane, but are quite unconnected with the

sac itself. The filaments when taken out, even long after the death

of the Ceplialopod, exhibit, when moistened, various contortions, and

by some have been regarded as Entozoa

:

but their real natui e is en-

tirely unknown, although from the time of Needham,* their first dis-

coverer, to the present day, various speculations and conjectures have

been entertained concerning them.

(15G5.) From the pouch of Needham a short canal leads to the penis

(7i), a short, hollow7

,
muscular tube, through which the fecundating fl uid

is expelled. It is most probable that the ova of the female are im-

pregnated by the aspersion of the male fluid either during their extru-

sion, as in frogs, or after they are deposited, as is the case in the

generality of fishes ;
but this part of the economy of the Cephalopoda

is still involved in obscurity.

(1566.) Although we mean to defer any minute account of the de-

velopment of the embryo in ovo until an examination of the eggs of

oviparous Vertebrata shall afford more ample materials for elucidating

this important subject, it will be as well in this place briefly to notice

the condition of the young Cephalopods previous to their escape from

the egg, wherein the first part of their growth is accomplished. Be-

fore the egg is hatched, the foetal Cuttle-fish already presents all the

organs essential to its support and preservation : the tentacula upon

the head, the eyes, the respiratory apparatus, and even the ink-bag,

which in the earlier stages of growth were quite ^distinguishable in

the germ of the future being (Jig 280, 1), slowly make their appeal

ance; so that before birth the little creature presents most of the

peculiarities which characterize the species to which it belongs. But

the most prominent feature that strikes the attention of the phjsiolo-

gist is the remarkable position of the duct communicating between the

yolk of the egg, the great reservoir of nourishment provided by nature

for the support of the feetus whilst retained in the egg, and the ali-

* Needham. An Account of some new Microscopical Discoveries, 8vo, 17*'.
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mentary canal of the as yet imperfect Sepia. This communication,

which in vertebrate animals is invariably effected through an opening

in the walls of the abdomen, whereby the vitelline duct penetrates to

the alimentary canal, here occupies a very unusual situation
;
being

Fig. 280.

12 3 4

Embryo of Cuttle-fish.

inserted into the head, through which it penetrates, by an aperture

situated in the front of the mouth, to the oesophagus, where it terminates

{fig. 280, 3).

(1507.) Leaving the Cephalopod Mollusca, we must bid adieu to the

fourth grand division of the animal kingdom, and proceed in the next
chapter to introduce the reader to beings organized according to a

different type, embracing the most highly gifted and intelligent occu-

pants of the planet to which we belong.

CHAPTER XXVI.

Vertebrata.

(1568.) The fifth division of the animal kingdom is composed of
four great classes of animals, closely allied to each other in the grand
features of their organization, and possessing in common a general
type of structure clearly recognisable in every member of the exten-
sive series, although of course modified in accordance with the endless
diversity of circumstances under which particular races are destined to
exist. The immeasurable realms of the ocean, the rivers, lakes, and
streams, the fens and marshy places of the earth, the frozen precincts
of the poles, and the torrid regions of the equator, have all appro-
priate occupants, more favoured as regards their capacities for enjoy-
ment, and more lai'gely endowed with strength and intelligence, than
any which have hitherto occupied our attention, and gradually rising

higher and higher in their attributes, until they conduct us at last to
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Man himself. Fishes, restricted by their organization to an aquatic

life, are connected by amphibious beings, that present almost imper-

ceptible gradations of development, with terrestrial and air-breathing

Reptiles : these, progressively attaining greater perfection of structure

and increased powers, slowly conduct us to the active, hot-blooded

Bikds, fitted by their strength, and by the vigour of their movements,

to an aerial existence. From the feathered tribes of Yertebrata, the

transition to the still more intelligent and highly-endowed Mam-
malia is effected with equal facility ; so that the anatomist finds, to

his astonishment, that throughout this division of animated nature,

composed of creatures widely differing among themselves in form and

habits, an unbroken series of beings is distinctly traceable.

(15G9.) The first grand character that distinguishes the vertebrate

classes is the possession of an internal jointed skeleton, which is not,

as in the preceding classes, extravascular and incapable of increase,

except by the successive deposition of calcareous laminae applied to its

external surface
;
but endowed with vitality, nourished by blood-vessels

and supplied with nerves, capable of growth, and undergoing a per-

petual renovation by the removal and replacement of the substances

that enter into its composition.

(1570.) In the lowest tribes of aquatic Yertebrata the texture of

the internal framework of the body is permanently cartilaginous, and

it continues through life in a flexible, and, consequently, feeble con-

dition ; but as greater strength becomes needful, in order to sustain

more active and forcible movements, calcareous particles are found

to be deposited in the interstices of the cartilaginous substance, and,

in proportion as these accumulate, additional firmness is bestowed upon

the skeleton, until it assumes, at length, hardness and solidity propor-

tioned to the quantity of the contained earthy matter, and becomes

converted into perfect bone.

(1571.) Phenomena precisely similar are observable in tracing the

formation and development of the osseous system, even in those

genera possessed, when arrived at maturity, of the most completely

organized skeletons.

(1572.) In the very young animal the bones consist exclusively of

cartilage ; but as growth proceeds, earth becomes deposited by the

blood-vessels in the as yet soft and flexible pieces of the skeleton,

until by degrees they acquire density and strength as the animal

advances towards its adult condition.

(1573.) The complete skeleton of a vertebrate animal may be con-

sidered as being composed of several sets of bones employed for very

different purposes; consisting of a central portion, the basis and

support of the rest, and of various appendages derived from or con-

nected with the central part. The centre of the whole osseous fabric

is generally made up of a series of distinct pieces arranged along the
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axis of the body, and this part of the skeleton is invariably present;

but the superadded appendages, being employed in different animals

for various and distiuct purposes, present the greatest possible diver-

sity of form, and are many of them wanting in any given genus : so

that a really complete skeleton, that is, a skeleton made up of all the

pieces or elements which might, philosophically speaking, enter into

its composition, does not exist in nature ; inasmuch as it is owing to

the deficiency of some portions, and the development of others in

particular races, that we must ascribe all the endless diversity of form
and mechanism so conspicuously met with in this division of the
animal world.

(1574.) Nevertheless, although there is no such a thing in creation
as a fully-developed skeleton, it will be necessary, in order to prepare
the student for the contemplation of the numerous modifications met
with in this portion of the animal economy, hereafter to be described,

briefly to enumerate the component parts which might theoretically be
supposed to enter into the construction of the framework of an animal;
and thus by comparison he will be enabled, as we proceed, to appre-
ciate more readily the variations from a general type apparent through-
out the vertebrate classes. It may, likewise, be as well thus early to

caution the anatomist who has confined his studies to the contemplation
of the human body, against taking the skeleton of Man as a standard
whereby to direct his judgment; for Man, so highly raised by his
intelligence and mental powers above all other beings, is, so to speak,
a monstrosity in the creation ; and, so far from finding in the human
frame the means of elucidating the laws of animal organization, it is

found to have been constructed upon principles the most aberrant and
remote from those which an extensive investigation of the lower
animals has revealed to the physiologist.

(1575.) A skeleton, described generally, is made up of the following
portions : 1st. of a chain of bones, placed in a longitudinal series
along the mesial line of the back, and more or less firmly articulated
with each other, so as to permit certain degrees of flexure. These
bones, examined individually, present various additional parts destined
to very different ends : some defend the central axis of the nervous
system from external violence

; others, when present, guard and in-
close the main blood-vessels

; and the rest, either acting as prominent
levers, serve to give insertion to the muscles which move the spine, or
afford additional security to the articulations between the vertebral
pieces. Those vertebrae which defend the posterior portions of the
nervous axis, usually called the spinal cord, constitute the spine

;

while
those inclosing the anterior extremity of the nervous axis, which, for
leasons heieafter to be explained, becomes dilated into large masses
foimiug collectively the brain, is by the human anatomist distinguished
as the cranium or skull.
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Secondly, we find appended to the cranial or cephalic portion of the

spine, a set of bones disposed symmetrically, and forming the frame-

work of the face: these bones, it is true, have by many Continental

writers been regarded as constituting additional vertebrae, the paits of

which are still recognisable, although amazingly modified in shape, so

as to inclose the different cavities wherein the senses of vision and

smell, as well as the organs of mastication, are situated. We shall

not, however, waste the time of the student, by considering in this

place the as yet unsettled and vague opinions of transcendental anato-

mists upon this subject ;
it is sufficient for our present purpose to

indicate the facial bones as appendages to the cranial vertebrae, avoid-

ing for the present further discussion concerning them.

(1576.) Another most important addition to the central axis of the

skeleton is obtained by the provision of lateral prolongations, derived

from the transverse processes of the vertebrae, which form a series of

arches largely developed at certain points, so as more or less completely

to embrace the principal viscera, and give extensive attachment to

muscles serving for the movements of the body.

(1577.) The first set of arches is appended to the lateral portions of

the cranial vertebrae, and the bones thus derived enter largely into the

composition of the respiratory apparatus. In Man this important

portion of the skeleton is reduced to a mere rudiment, distinguished

by the name of the os hyoides ; and in the human subject its relations

and connections with the surrounding parts are so obscurely visible,

that the student is scarcely prepared to witness the magnitude and

importance of the hyoid framework in other classes, or the amazing

metamorphoses which, as we shall afterwards see, it undergoes.

(1578.) Behind the hyoid apparatus, other arches are attached to

the transverse processes of the spinal vertebra:, called ribs, and the

study of these appendages to the spine is one of the most interesting

points in the whole range of osteology. In Fishes, wherein respira-

tion is effected entirely by the movements of largely-developed hyoid

bones, the ribs are mere immovable derivations from the transverse

processes of the vertebrae, and serve exclusively for the attachment of

muscles. In Reptiles, respiration is still accomplished by the os

hyoides ; and the ribs, thus performing a secondaiy office, become

convertible to different uses, and assume various forms and propor-

tions. In the Amphibious Reptiles, the most nearly approximated to

Fishes, they either do not exist at all, as being needed neither foi

respiration nor locomotion, or they are represented by minute and

almost imperceptible rudiments appended to the extremities of the

transverse processes of the vertebrae. In Serpents, the ribs are

wanted for locomotion, and are accordingly developed from the head

nearly to the tail, forming a series of strong arches, articulated at one

extremity with the vertebral column by a very complete joint ;
but at
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the opposite extremity they are loose and unconnected. In proportion,

however, as the hyoid bones, with the larynx, of which they form an

important part, become converted into a vocal apparatus, as they gra-

dually do, the ribs, assuming more complete development in a certain

region of the spine, and, being augmented by the addition of a sternal

apparatus, form a complete thoracic cavity, and thus become the basis

of those movements of the body which in hot-blooded animals are sub-

servient to respiration.

(1579.) The next additions required to complete the skeleton are

two pairs of locomotive limbs, representing the legs and arms of Man.
Infinitely diversified as are these members both in form and office,

they are, when philosophically considered, found to be constructed

after the same type. Both the anterior and posterior limbs, when
fully organized, consist of similar parts, most of which are met with

in the limbs of the human skeleton. Three bones constitute the

shoulder, called respectively the Scapula, the Clavicle, and the Cora-

coid bone. Three bones in like manner sustain the hinder extremity

—the Ilium, the Ischium, and the Pubis; and these evidently represent

individually the corresponding pieces found in the shoulder, but dif-

ferently named. The formation of the limbs is likewise strictly

parallel
; a single bone articulates with the osseous framework of

the shoulder, or of the hip, called in one case the Humerus, in the

other the Femur: two bones form the arm, the Radius and Ulna;
aud two likewise enter into the composition of the leg, the Tibia and
Fibula

:

the hand and foot are each supported by a double series of

small bones, forming the Carpus of the one, aud the Tarsus of the

other
;
and in like manner consist of similar pieces, five in number,

called the Metacarpal or Metatarsal boues, and of the Phalanges, or

joints of the fingers and toes.

(1580.) A perfect or typical skeleton must therefore be supposed to

consist of all tbe before-named portions, namely, 1 . the cranial and
spinal vertebrae ; 2. the face

; 3. an elaborately-formed hyoid frame-

work; 4. the ribs; 5. a sternal system of bones, constituting, in con-

junction with some of the ribs, a thorax; and fithly, of four locomo-

tive extremities, made up of the parts above enumerated as enter-

ing into their composition. Seldom, indeed, is it that the student
will find even the majority of these portions of the osseous apparatus
coexistent in the same skeleton ; but, whatever forms of animals
may hereafter present themselves for investigation, let the above de-

scription be taken as a general standard of comparison, and let all

variations from it be considered as modifications of one grand aud
general type.

(1581.) We must, however, proceed one step further in this our pre-

paratory analysis of the skeleton
; and, instead of regarding the indi-

vidual pieces of the osseous framework of an adult animal as so many
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simple bones, be prepared to find them resolvable into several distinct

parts or elements, all or only a part of which may be developed in any

given portion of the osseous system.

(1582.) In order to simplify as much as possible this important sub-

ject, we will select first, what is generally considered as a single bone,

one of the most complex vertebrce of a fish for instance, and examine

its real composition.

(1583.) This bone {fig

.

281, a
)

is found to consist of a central portion

{a), and of sundry processes derived therefrom, some of which the

younger student of human anatomy would at once be able to call by

their appropriate names : to the body of the bone (a) he finds appended

the arch (5) which incloses the spinal cord, surmounted by its spinous

process (c), and with equal facility he recognises in the lateral pro-

cesses (d, d
)
the analogues of the transverse processes of the human

spine ; but here his knowledge fails him, inasmuch as he finds another

arch (<?) formed beneath the body of the bone, and moreover an inferior

spinous process (y), neither of which have any representatives in the

human body.

(1584.) It is evident, therefore, that the human vertebrae are imper-

fectly-developed bones, and do not possess all the parts or elements

met with in the corresponding portion of the skeleton of a fish.

(1585.) The question, therefore, to be solved is this,—how many

elements exist in the most perfect vertebra known ? and this being

ouce satisfactorily settled, it is easy to detect the deficiencies of such

as are less completely developed.

(1586.) Taking the ex-

ample above given as a

specimen of afully-formed

vertebra, it has been found

to be divisible into the

following pieces, all or

only a part of which may

be present in other ver-

tebras, even belonging to

the same skeleton : and

these parts are repre-

sented detached from

each other in the diagram

which accompanies the

figure {fig. 281, b). They are 1st, the centre or body of the bone;

2ndly, twTo elements
(
b

,
b), which embrace the spinal marrow; 3rdly,

the superior process (c) ;
4thly, the two transverse processes {d) ;

5thly, two elements forming the inferior arch, and inclosing the

principal bloodvessels (e); and 6thly, an inferior spinous process (y).

(1587.) With this key before us, we are able with the utmost ease

b Fig. 281 . a
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to comprehend the structure of any form of vertebra that may offer

itself. Thus, iu different regions of the back of the same fish, the

composition of the vertebrae is totally different
; near the tail the

vertebrae consist of the body (a), the superior arch
(
b
)
and spinous

process (c), and the inferior arch («) and spinous process (g). In the

neighbourhood of the head, however, neither the inferior arch nor
spinous process are at all developed ; but the transverse processes,

which were deficient in the former case, are here of great size and
strength. It is obvious, therefore, that the form of a vertebra may be
modified to any extent, by the simple arrest of the development of

certain elements, and the disproportionate expansion of others, until

at length it becomes scarcely recognisable as constituting the same
piece of the skeleton.

(1588.) Who would be prepared to expect, for example, that the oc-

cipital bone of the human head was merely a modification of a few of
the elements of the fish’s vertebra above described enormously ex-

panded, iu order to become adapted to altered circumstances? And
yet how simple is the transition ! By removing the inferior arch

(
e
)

and spinous process (g), and slightly reducing the proportionate length
of the transverse processes (cl), we arrive at the form of a human ver-

tebra, which exhibits precisely similar elements : enlarge the arches
(b, b) that sui’round the spinal axis of the nervous system, increase the
size of the superior spinous element (c), and we have the occipital

bone of a fish : and from hence, through a few intermediate links, we
arrive almost imperceptibly at the occipital bone of the human cra-

nium ; the main differences being that the body is in Man divided in-

to two lateral halves, while the superior arches \b) become spread out
so as adequately to defend the prodigiously-developed masses of the
brain, to which in the human body they correspond.

(1589.) One other illustration of this interesting subject. What
bones compose a completely-formed thorax? In man w:e find, as
every tyro knows, 1st, the dorsal vertebra

;

2ndly, the ribs, with their
cartilages

; and 3rdly, the sternum. But it is not in man that we must
expect a perfectly-developed thoracic framework

; it is in the birds
that are destined to rise in the air by the assistance of their propor-
tionately-powerful thoracic extremities. If, therefore, we examine the
thorax of a bird, we find it composed of pieces w'hich in man are ab-
solutely wanting : we see 1st, the vertebra; 2ndly, the dorsal ribs,
firmly articulated on each side both with their bodies and transverse
processes ; 3rdly, the sternal ribs, extending from the ribs last men-
tioned to the sternum

; and, lastly, the sternum, itself composed, as
we shall afterwards see, of various elements not found in the human
body. If we prosecute our survey a little further, we shall find this
portion of the skeleton offering the greatest possible variety as regards
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the presence or absence of the elements above enumerated : thus, in

the Frog we have vertebras and sternum, but no ribs ; in the Serpent,

vertebras and dorsal ribs, but no sternum or sternal ribs , in klan the

sternal ribs are represented by the costal cartilages ;
and thus a tho-

rax of every required description is constructed by adding or taking

away, expanding or contracting certain elements, all of which a typical

skeleton might be supposed to contain developed in a medium con-

dition.

(1590.) Comparison of the skeleton of a fish with those of the

higher animals demonstrates that the natural arrangement of the

parts of the endoskeleton, is in a series of segments succeeding each

other in the axis of the body. These segments are not, indeed, com-

posed of the same number of bones in any class, or throughout any

individual animal. But certain parts of each segment do maintain

such constancy in their existence, relation, position, and ofiices, as to

enforce the conviction that they are homologous parts both in the con-

stituent series of the same individual skeleton, and throughout the

series of vertebrate animals. Each of these primary segments of the

skeleton is designated a “ vertebra,” but with as little reference to the

primary signification of the word as when the comparative anatomist

speaks of a sacral vertebra. A vertebra is defined by Professor Owen

as “ one of those segments of the endoskeleton which constitute the axis

of the body and the protecting canals of the nervous and vascular

trunks;" such a segment may also support diverging appendages.

(1591.) A vertebra consists, in its typical completeness, of the

elements or parts represented in the following diagram.

Fig. 282.

zygapophysis.

diapopliysU

plcurapophysis

—

parnpophysis.^ V>» q

. neural spine.

neurapophysis.

zygapophysis.

hajmapophysis.

-haemal spine.

(1592.) The names in the above description printed in Roman type

signify those parts which, being usually developed from distinct and in-
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dependent centres, have been named autogenous elements. The italics

denote the parts more properly called processes, which shoot out as

continuations from some of the preceding elements, and are termed
exogenous.

(1593.) The autogenous elements generally circumscribe holes about

the centrum, which in the chain of vertebra form canals. The most
constant and extensive canal is that formed above the centrum (Jig.

282) for the lodgment of the main trunk of the nervous system (neural

axis) by the elements thence termed nearapophyses. The second canal,

below the centrum (Jig. 282), is in its entire extent more irregular

and interrupted; it lodges the central organ and large trunks of the

vascular system (haemal axis), and is usually formed by the lamina;,

which are therefore called hamiapopliyses. At the sides of the

centrum, most commonly in the cervical region, a canal is circum-
scribed by the pleurapophysis, or costal process, by the parapophysis,

or lower transverse process, and by the diapophysis, or upper
transverse process, which canal includes a vessel, and often also a

nerve.

(1594.) Thus a typical or perfect vertebra, with all its elements,

presents four canals or perforations around a common centre ; such a
vertebra we find in the thorax of Man, and most of the higher classes

of vertebrates, also in the neck of many birds. In the tails of most
reptiles and mammals the inferior are articulated or aucliylosed to the
under part of the centrq^ elements, space being needed there only for

the caudal artery and vein. But where the central organ of the circu-

lation has to be lodged, an expansion of the haemal arch takes place,

constituting a thorax. Accordingly, in order to construct the thoracic
cavity, the pleurapophyses (Jig. 282) are much elongated, and the
haemapophyses (Jig. 282) are removed from the centrum, and are
articulated to the distal ends of the pleurapophyses, the bony hoop
being completed by the intercalation of the haemal spine (Jig. 282)
between the ends of the haemapophyses. And this spiue is here
sometimes as widely expanded (in the thorax of Birds and Cheloniaus,
for example), as is the neural spine (parietal bone or bones) of the
middle cranial vertebra of Mammals. In both cases also it may be
developed from two lateral halves, and a bony intermuscular crest may
be extended from the mid-line, as in the skull of the Hyaena and the
breast bone of Birds.

(1595.) The ossified parts of the abdominal vertebra of osseous
fishes answer to the centrum, the neurapophyses, the neural spine,
the paiapophyses, the pleurapophyses, and certain appendages to be
hereafter noticed.

(1596.) In the air-breathing Vertebrata, in which the heart and
bieathing oigans are transferred backwards to the trunk, the corre-
sponding osseous segments of the skeleton are in most instances de-
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v eloped in their typical completeness, in order to encompass and

protect those organs. The thoracic haemapophyses in the Crocodiles

are partially ossified, and in Birds completely so {fid- 282), in which

class the haemal spines of the thorax coalesce together, become much

expanded laterally, and usually develope a median crest downwards,

to increase the surface of attachment for the great muscles of flight.

This speciality is indicated by the name “ sternum,” applied to the

confluent elements in question.

(1507.) The typical thoracic vertebrae in Birds support diverging

appendages, either anchylosed, as in most, or articulated, as in the

Penguin and Apteryx, to the posterior border of the pleurapophysis.

The function of such appendages in this form of typical vertebra is to

connect one haemal arch with the next in succession, so as to associate

the two in action, and to give firmness and strength to the whole

thoracic cage.

(1598.) The diverging appendages are, as might be expected, of all

the elements of the vertebral segment, the least constant in regaid

to their existence, and the subjects of the greatest amount and variety

of modification. Simple, slender spines or styles in fishes {fig. 286,

13), simple plates retaining long their cartilaginous condition in croco-

diles, short, flat, slightly-curved pieces in most Birds,—such, with

one exception, is the range of the variety of form to which these

parts are subject in the segments of the trunk. But that exception

is a remarkable one, inasmuch as we are enal*led to trace the diverging

appendage of that vertebral segment of the body, which from its form

and character constitutes the pelvic arch, through various progressive

phases of development, from that of a simple, articulated, solitary

ray, such as exists in the Lepidosiren, through innumerable modifica-

tions, whereby it is adapted for swimming, steering, balancing,

and anchoring; for exploration, for burrowing, creeping, walking,

and running ; for leaping, seining, climbing, or sustaining erect tbe

entire frame of tbe animal under the general appellation of t e

posterior or pelvic limb.

(1599.) Any given appendage, however, as Professor wen -ji- y

observes, might have been the seat of such developments as convert

that of the pelvic arch into a locomotive limb; and the true insig

into the general homology of limbs, enables us to point ou ma y

potential pairs in the typical endoskeleton. The possi e an

conceivable modifications of the vertebrate Arcbitype are far from

having been exhausted in the forms that have hitherto been lecogmse ,

from the pritnffival fishes of the palteozoic ocean of this planet up to

the present time ; or, in other words, it would be by no means contrary

to the general laws of osteogenic development, however extravagant

* On the Archetype and Homologies of the Vertebrate Skeleton, by Richard Owen,

F.R.S. London, John Van Voorst.
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from the ordinary course of nature, were vertebrate animals to occur

possessed of more than the two pairs of locomotive extremities

usually conferred; so that such beings as hippogriffs and other

winged quadrupeds, however fabulous, would be by no means mon-
strous productions of nature.

As the segments approach the tail in the air-breathing vertebrates,

they are usually progressively simplified, first, by the diminution,
coalescence, and final loss of the pleurapophysis

; next, by the similar
diminution and final removal of the haemal and neural arches; and
sometimes also by the coalescence of the remaining central elements,
either into a long osseous style, as in the Frogs {fig. 308), or
into a shorter flattened disc, as in many Birds. In fishes, how-
eve), the seat of the terminal degradation of the vertebral column is

Hist and chiefly in the central elements, which in the homocercals,
i. e. in those genera which, like the perch {fig. 286), have a sym-
metrical bilobed tail, are commonly blended together, and shortened
by absoi ption, whilst both neural and haemal arches remain with
increased vertical extent, and indicate the number of the metamor-
phosed or obliterated centrums.

(1000.) The anterior vertebrae of the spinal series are modified in
tlieii foi m and dimensions in proportion to the increased development
of the anterior part of the cerebro-spiual axis, and that to such an
extent, more especially in the mammiferous races, that their real
natuieand character are completely masked from ordinary observation

;

nevertheless, guided by the principles above laid down, that the bones
of the cranial portion of the spinal column conform in their essential
arrangement with what has been observed in the rest of the vertebral
series, and that the skull is in reality made up of the same elemental
parts, modified, it is true, to a very remarkable extent, yet still recog-
nisable in accordance with just principles of philosophical induction
as the homologues of those described above.

(1601.) The cranial bones, when examined by any unprejudiced
observer, readily resolve themselves into four distinct vertebra,
which may be named, reckoning them from behind forwards, the—

Occipital, or Epencephalic

;

Parietal, or Mesencephalic

;

Frontal, or Prosencephalic

;

Nasal, or Rhinencephalic.

(1602.) The Occipital Vertebra, in the higher vertebrates, is
represented by the occipital bone, in which all the vertebral elements
are consolidated into one piece; in the Reptilia, however, it is by no
means difficult to identify the several parts which enter into its
composition. They are as follows:

n R
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Centrum Basioccipital

Neurapophyses . . . Exoccipital

Spine Supraoccipital

Parapophyses . . . Paroccipital

The composition of the Parietal Vertebra is—
Parietal centrum . . Basisphenoid

Neurapophyses . . . Alisphenoid

Spine Parietal

Parapophyses . . . Mastoid

The Frontal Vertebra consists of

—

j
Prosphenoid and

Frontal centrum

Neurapophyses .

Spine . . .

Parapophyses

1 Entosphenoid.

Orbitosphenoid

, Frontal

Post-frontal

5*

9

8

10

0

7

12

14

l

4

The Nasal Vertebra is composed of

—

Nasal centrum . . . Vomer . . 16

Neurapophyses . . . Prefrontal . . 2

Spine Nasal . • 20

(1603.) Thus far it is we are enabled to identify the cranial

bones as being modified representatives of the spinal column, by

allowing for that increased development of the neural elements here

rendered necessary by the inordinate magnitude of the ganglionic

centi’es of the cerebro-spinal axis, but when we come to turn our

attention to the constitution of the other portions of the chain repre-

senting the lateral and inferior arches, or, in other words, the para-

pophysial and the hsemapophysial elements, together with the diverg-

ing appendages derived therefrom, the task becomes much moie

difficult. The labours of Professor Owen upon this interesting

subject, unparalleled for depth of research, and exhibiting a grasp

of philosophical argument rarely to be met with, have, howevei,

satisfactorily revealed their real nature, and established beyond a

doubt the alliances which exist between the elaborate structuies in

question, and the arches which exist under simpler conditions ap-

pended to the vertebral segments of the trunk.

From an extended survey of the organization of the skeleton

throughout the vertebrate series it is easy to perceive that, however

diversified in adaptation to external circumstances, there is a general

agreement between the various parts of the osseous framework sufficient

to convince us that all have been constructed in accordance with an

* These numbers correspond with those that indicate the individual bones of the

cranium in subsequent figures.
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ideal plan or archetype, from which tSta, as Plato expresses it, the

Creator has not deviated since the earliest appearance of the palaeozoic

races of vertebrata up to the present period ;
and this “ archetype

Professor Owen has illustrated by the diagram in the preceding page.

(1004.) The nervous system of the Vertebrata is by far more com-

plex and elaborately organised than that of any of the four preceding

divisions of the animal world ;
and consists, in fact, of several dis-

tinct systems differently disposed and appropriated to different offices.

Certain largely-developed ganglia, situated in the cavity of the cranium,

generally considered by themselves on account of their dispiopor-

tionate size when compared with the other nervous centres, are

commonly grouped together under one common designation, and foim

what is called the brain
,
or encephalon: these masses, however, as we

shall hereafter see, preside over various and widely-different functions ;

and with them perception, volition, and intelligence are essentially con-

nected.

(1605.) Continued from the brain, and lodged in a canal formed by

the superior arches of the vertebral column, is a long chain of gan-

glionic centres, so intimately united that they appear confused into a

long medullary cord usually denominated the spinal marrow (medulla

spinalis).

(1606.) The spinal medulla in reality consists of two double series

or columns, composed of symmetrical and parallel ganglia ;
one pair of

columns, the anterior, presiding over those muscular movements whic

are under the control of the will, while the posterior are destined to

receive impressions derived from the exterior of the body . these

columns, therefore, are denominated respectively the motor and sen-

sitive tracts of the spinal cord.
_

(1607.) From the lateral aspects of the medulla spinalis are derived

at intervals symmetrical pairs of nerves, which escape from the spinal

canal by appropriate orifices situated between the different bones of

the vertebral column, and are distributed to the voluntary muscles

and integument of the two sides of the body.
.

_ ,

(1608.) The spinal nerves, however, are not so simple in their com-

position as they were considered to be by the older anatomists : each of

them has, in fact, been found to arise from the spinal cord by two

distinct roots, one derived from the anterior, the other fiom t e

posterior column of the corresponding side; so that each neiie is

evidently made up of two distinct sets of filaments, one set com-

municating with the motor, the other with the sensitive tracts ;
and

thus every nerve derived from the spinal cord is a compound structure,

being composed of filaments distinct in office, although inclosed in

the same sheath, some being connected with the muscular movements,

the others with sensation. But in addition to the cerebro-spinal

ganglia aud the symmetrically-arranged nerves emanating therefrom,
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that are distributed to the organs of sensation and movement, there

exists in the Vertebrata a distinct system of nervous centres lodged

among the viscera, appropriated to the performance of the automatic

functions, and presiding over those involuntary movements of the

body upon which depend the operations connected with nutrition.

These ganglia are Variously distributed, being situated in the head,

the neck, the thorax, and the abdomen; and from them arise large

plexuses of nerves, destined to supply the organs belonging to diges-

tion, circulation, and secretion ; thus forming extensive ramifications,

formerly distinguished by the name of the sympathetic nerve, but
now more properly considered as a distinct system presiding over

organic life, as the former is connected with the phenomena of animal
life.

(1009.) With the increased development of the nervous system in

the vertebrate classes we find the organs of the senses assume a pro-

portionate perfection of structure and regularity of arrangement.
The auditory apparatus, of which we have seen only rudiments in

the lower animals, gradually becomes more and more elaborately

organized : the eyes, now invariably two in number, are lodged in

cavities formed for their reception by the osseous framework of the
face; and exhibit, in the simplicity of their structure, a higher type
of organization than any we have hitherto examined. Organs of

smell, also double, but of very variable construction, are likewise

constantly present. The tongue becomes slowly adapted to ap-
preciate and discriminate savours; and the sense of touch, the most
generally difiused of all, is especially conferred upon organs of

different kinds peculiarly adapted to exercise this faculty. Thus
with increased intelligence higher capabilities of enjoyment are

allotted, and sagacity developes itself in proportion as the nervous
centres expand. But there are minor points, characteristic of the

vertebrate division of the animal world, which must not be omitted

in this preparatory survey of their organization. Their organs of

digestion and nutrition are constructed according to a different type,

and upon a more enlarged plan than in any of the classes enumerated
in the preceding chapter ; and parts are superadded to the digestive

apparatus which in lower tribes had no existence. In addition to

the usual subsidiary glands, namely, the salivary and the hepatic,

a third secretion is poured into the intestine along with the bile

derived from the pancreas, a viscus which we have not as yet met
with. Throughout all the Mollusca we have found the bile

secreted by the liver to be separated from arterial blood, as are
the other secretions of the body

; but in the Vertebijata it is

from venous blood that the bile is formed, and in consequence an
elaborate system of vessels is provided, distinct from the general

circulation, by which a large supply of deoxygenised blood is con-
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veye cl to and distributed through the liver, constituting what is

termed by anatomists the system of the vena porta : nay, more,

in connection with this arrangement we find another remarkable

viscus make its appearance, the spleen

;

from which venous blood is

copiously supplied to the portal vein, and added to that derived from

other sources.

(1610.) A still more important and interesting circumstance, which

strikes the anatomist on comparing the Vertebrata with lower forms

of existence, is the sudden appearance of an entirely new system of

vessels, destined to absorb from the intestines the nutritious products

of the digestive process, and to convey them, as well as fluids derived

from other parts of the body, directly into the veins, there to be mixed

with the mass of the circulating blood. These vessels, of which no

traces have been detected in any of the Invertebrata, are called lym-

phatics and lacteals, but their structure and distribution will occupy our

attention hereafter.

(1611.) The blood of all the Vertebrata is red, and is composed of

microscopic globules of variable form and dimensions in diffeient

animals. In the class of Fishes, owing to the as yet imperfect con-

dition of the respiratory apparatus, the temperature of the body is

scarcely higher than that of the surrounding medium; and, even in

Reptiles, such is the languid condition of the circulation, and the

incomplete manner in whitih tire blood is exposed to the renovating

influence of the oxygen derived from the atmosphere, that the

standard of animal heat is still extremely slow. But in the higher

classes, the Birds and Mammalia, owing to the total separation of

the systemic and pulmonary circulation, the effect of respiration is

increased to the utmost; and, pure arterial blood being thus abun-

dantly distributed through all parts, heat is more rapidly generated,

the warmth of the body becomes considerably increased, and such

animals are permanently maintained at an invarible temperature,

considerably higher than that of the medium in which they live.

Hence the distinction generally made between the hot-blooded and

cold-blooded Vertebrata.

(1612.) The variations in the temperature of the blood, above

alluded to, are, moreover, the cause of other important differences

observable in the clothing, habits, and instincts of these creatures.

To retain a high degree of animal heat necessarily requires a waim and

thick covering of some non-conducting material ;
and consequently in

the hair, wool, and feathers of the warm-blooded tribes we at once re-

cognise the provision made by Nature for preventing an undue expen-

diture of the caloric generated in the body. Such investments,

however, would be ill adapted to the inhabitants of a watery medium

;

and consequently the fish destined to an aquatic life, or the amphibious

reptile doomed to frequent the mud and slime upon the shores, arc
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deprived of such incumbrances, and clothed in a scaly or slippery

•covering more fitted to their habits, and equally in accordance with

the diminished temperature of their blood.

(1013.) Still more remarkable is the effect of a mere exaltation of

animal heat upon the instincts and affections of the different races of

the Vertebrata. The fishes, absolutely unable to assist in the matura-

tion of their offspring, are content to cast their spawn into the water,

and remain utterly careless of the progeny to be derived from it.

The reptile, equally incapable of appreciating the pleasures connected

with maternal care, is content to leave her eggs exposed to the genial

warmth of the sun until the included young escape. But no sooner

does the vital heat of the parent become sufficient for the purposes

designed by Nature, than all the sympathies of parental fondness

become developed, all the delights connected with paternity and
maternity are superadded to other enjoyments ; and the bird,

as she patiently performs the business of incubation, or tenderly

watches over her newly-hatched brood, derives a pleasure from

the performance of the duties imposed upon her, second only

to that enjoyed by the mammiferous mother, who from her own
breast supplies the nutriment prepared for the support of her infant

progeny.

•

CHAPTER XXVII.

PISCES FISHES.

(1014.) To whatever portion of the animal world we turn our atten-

tion, we find the lowest and least perfectly organised tribes to be in-

habitants of the water. To dwell upon the land necessarily demands
no inconsiderable share of strength and activity, limbs sufficiently

strong to support the weight . of the body, muscles possessed of great

power and energy of action, acute and vigilant organs of sense, and,

moreover, intelligence and cunning proportioned to the dangers or

necessities connected with a terrestrial existence.

(IG1 5.) The inhabitant of the waters, on the contrary, although less

highly gifted, may be fully competent to enjoy the position it is destined

to occupy. Being constantly buoyed up on all sides by a dense ele.

rnent, it is easily supported at any required altitude without much
muscular effort ; but feeble limbs are needed to guide its path through

the water, and slight impulses suffice to impel it forward. Thus,
therefore, in Fishes we are prepared to expect a priori, that, as far as
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strength and compactness of structure are concerned, they will be

found inferior to other Vertebrata.

(1610.) We are likewise justified in anticipating that, in intelligence,

and in the relative perfection of their senses, fishes should be less

highly endowed than the other vertebrate classes. Plunged in

the immeasurable depths of the oceau, whereunto no sound can

ever penetrate,—dwellers in the realms of eternal silence, where

even the roar of the storm is lost, vivid and distinct perceptions

of sound can be little needed. Surrounded by a turbid element,

through which the rays of light with difficulty make their way, the

sphere of vision must necessarily be extremely limited. Immersed

in a fluid but little adapted to distribute odorous particles, a

refined sense of smell would be a useless provision. Taste, if it

exists at all, must be blunted to the utmost, from the circum-

stances under which fishes seize and swallow prey ;
and even the

sense of touch, in animals encased in scales and deprived of pre-

hensile limbs, can only be exercised in a vague and imperfect

manner.

(1617.) With such inferiority in their powers of communication

with the external world, and with faculties so circumscribed, we might

justly infer that, as relates to their intellectual powers, fishes hold a

position equally debased and degraded. Destitute of the means of

social intercourse, deprived of all sympathy even with individuals of

their own species, friendless and mateless, the fish is denied even the

privileges of sexual attachment; the female for the most part ejects

her countless eggs into the sea, heedless of the male that blindly

fecundates them as she is careless of the progeny to which they give

birth :—thus, to pursue and destroy their prey constitutes their chief

enjoyment during life, and to be devoured at last is the great end of

their existence.

(1618.) We shall commence our account of' the anatomy of fishes

by an examination of the internal skeleton which forms the framework

of their bodies. The reader has already seen in the Cephalopoda

the first appearance of an osseous system in the cartilaginous pieces

described in the last chapter, and will necessarily expect that

between the rudimental condition which characterises the cephalic

ring of the Cuttle-fish, and the complete and perfect skeleton of the

fish, various gradations of development will occur as we advance

progressively from lower to more elevated forms of the finny race.

Nor in this will he be deceived. The lowest tribes of fish possess

a skeleton but little superior in its organization to that of the

Cephalopod : in the Myxine and Lamprey the cranium is still car-

tilaginous ;
and even the spinal column, not yet divided into vertebrae,

resembles a cartilaginous cord extending from the head to the tail.

Even in the Sturgeon, the Skate, and the Shark, the skeleton is but
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very partially ossified ; and thus we are

gradually and almost imperceptibly con-

ducted to the strong and bony framework
of the typical fishes.

(1019.) But the most curious instance

of gradation between the true fishes and
the mollusca is met with in the Atnplii-

oxus. The Amphioxus is met with in all

the European seas, but is more especially

abundant in the Mediterranean. Its usual

residence is upon banks of sand, where it

finds at once shelter and abundance of

nourishment. Like the Ascidians, it seems
to feed entirely upon infusorial organisms,

either animal or vegetable, which abound
in the localities that it frequents, and
which it swallows just as the Ascidians

do by the instrumentality of the vibratile

cilia, with which its mouth and branchial

chamber are richly provided. Such is the

activity of its movements, that when dug
up from its hiding-place in the sand, if

left loose for a single instant, it buries

itself again with astouishing rapidity, and
thus almost instantaneously eludes the

grasp of those who attempt its capture.

Although decidedly a member of the ver-

tebrate series of animals, the Amphioxus
can hardly be said to possess a skeleton,

so soft is the condition of those tissues

which, from their arrangement, evidently

represent this structure ; still, it is not dif-

ficult to point out the arches of the lower

jaw {Jig. 284, a) and of the branchial ap-

paratus (d), as well as the structure and
position of the spinal column.

(1620.) One of the most interesting fea-

tures in the anatomy of the Amphioxus is,

that the canal which incloses the medulla spinalis presents anteriorly
no cranial expansion, but the dorsal cord representing the spine ex-
tends quite from one extremity of the body to the other, projecting
both behind and before considerably beyond the lateral muscles of
the body, and extending anteriorly considerably further forward than
the oi al apparatus («), or the anterior termination of the spinal cord.

(1021.) The mouth [Jig. 284) is surrounded by a cartilaginous ring,

Fig. 284 .
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composed of several pieces, each of which gives off a prolongation

to support the cirrhi that surround the oral orifice. The buccal

cavity is lined with mucous membrane, and is densely ciliated
;
the

ciliary action forcing continuous currents of water towards the branchial

chamber
(
d), or the branchial canal, as it is called by Muller, which,

being continued backwards, terminates in the commencement of the

alimentary canal (e).

(1022.) The branchial chamber is supported by a very singular sort

of framework, first described by Retzius and Goodsir, and subse-

quently more in detail by Professor Muller. It consists of a con-

siderable number (variable according to the age of the animal) of thin

rib-like processes, which are united together superiorly, but quite free

below, so that they constitute a series of semicircular arches, united

together by transverse cartilaginous bands, so as to roof over the

branchial vault. This solid framework is lined internally with a

kind of mucous membrane, which, however, is not continuous from

rib to rib, and consequently does not fill up the intercostal spaces, but

leaves a fissure between each pair of the cartilaginous arches, so

that in adult specimens there are as many as a hundred of these

branchial fissures or more; nevertheless, as the whole branchial cham-

ber, as well as the margins of these fissures, which are extremely

narrow, are closely set with vibratile cilia, it is very difficult to

perceive their existence, which, indeed, was denied both by Rathke

and Goodsir.

(1623.) On placing a living Amphioxus in water coloured with

indigo, and observing it with a microscope, it is apparent that the

coloured particles that enter the branchial chamber are driven by the

ciliary action, partly towards the alimentary canal, and enter the

intestine, while another part traverses the branchial fissures, and thus

enters the abdominal cavity. There, there is no longer any ciliaiy

movement, but the water which flows iuto it unceasingly through the

branchial apparatus, forms a continuous current, which finds an exit

through the abdominal jmre (c), the margius of which exhibit ceaseless

movements of contraction and dilatation. Behind the abdominal

pore, the cavity of the abdomen is impermeable to water, and closely

embraces the terminal portion of the intestine.

(1024.) The cavity, in which the branchial apparatus above described

is lodged, contains likewise the greater portion of the alimentary tube,

the liver, the generative apparatus, and the kidneys, so that it, in fact,

performs the functions both of a respiratory and abdominal cavity.

(1025.) The digestive system of this singularly-constructed being

presents, in many respects, a very degraded type of structure. The

branchial chamber above described terminates posteriorly in a short

and narrow canal, which is the oesophagus. This opens into a wider

intestine, which is always easily distinguishable, owing to the green
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colour of its parietes. A little beyond the termination of tlie

oesophagus, there is appended to the intestine a long caacum (/),

almost as capacious as the intestine itself, which is supposed hy some

to represent the liver here reduced to its simplest possible condition.

Muller, however, adds that the whole of the intestinal walls, which

are lined with a greenish glandular structure, may be regarded as

performing the functions of a hepatic organ.

(1626.) The whole tract of the intestinal tube, as well as the (so called)

hepatic viscus, is covered internally with vibratile cilia. The ciliary

action is, however, more especially conspicuous in that part of the

intestine which lays beyond the green-coloured portion, and it is here

that excrementitious matter begins to be formed, and which may be

observed turning round and round with velocity in consequence of the

surrounding ciliary movement.

(1627.) At the posterior part of the respiratory chamber, and close

to the abdominal pore, the microscope displays some small detached

glandular bodies, which Muller thinks may be the kidneys ;
he,

however, remarks that he could never discover them by dissection.

(1628.) The ovaria consist of lax cellular tissue, surrounded with

a delicate but strong membrane, which is closed on all sides. They

are adherent by one side to the walls of the abdominal, or rather

thoraco-ventral cavity; elsewhere, they are covered by the peritoneum.

Costa, who first recognised these organs, observed that in the males

the testes occupied the same situation as the ovaria. There are

neither oviducts nor vasa deferentia, so that the products of the

generative organs must necessarily pass through the abdominal cavity,

and escape through the abdominal pore, as is the case among the

cyclostomous cartilaginous fishes.

(1629.) The description given by Muller of the circulation of the

blood in the Amphioxus is extremely interesting. The circulatory

apparatus, while presenting a considerable resemblance to the normal

arrangement met with in other fishes, exhibits an equally strong

analogy with that of some of the Annelida, in its division and distri-

bution.

(1630.) Muller enumerates,* as belonging to the circulatory appa-

ratus of Amphioxus, the following parts:— 1. The arterial heart (das

Arterienherz. 2. The bulbs of the branchial arteries
(
Bulbillen der

Kiemenarterien). 3. The aortic arch, which discharges the functions

of a systemic heart
(
Herzartige aortenbogen). 4. The heart of the

vena port® (Pfortaderherz). 5. The heart of the vena cava (das

Hohlvenenherz) ;
the duties assignable to each being as follows :

—

The arterial heart (fig. 284, l, l) is a thick vessel of uniform calibre

throughout, situated in the median line, and running immediately

* Ueber den Bail und die Lebenserscheinungen des Amphioxus lanceolatus, Berlin

Trans. 1842.
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beneath the branchial chamber, between the arches forming the frame-

work of that cavity
;
posteriorly, this vessel is continuous with the

heart of the vena cava (»). Before the moment of contraction, the

arterial heart is seen to be filled with perfectly colourless blood, but,

when fully contracted, it is completely emptied—the interval between

its contractions is about a minute—from its sides are given off the

bulbs of the branchial arteries (fig. 284, in, m), which are little con-

tractile cavities situated at the commencement of each branchial

vessel, forming so many little hearts accessory to the preceding.

Their number varies with that of the branchial arches from five-and-

twenty to fifty on each side, their office obviously being to distribute

unrespired blood through the branchial apparatus. No branchial

veins can be distinguished in the living animal, but by carefully de-

taching the branchial chamber, and laying it on a strip of glass, it

becomes apparent that the aorta, situated upon the dorsal aspect of the

respiratory cavity, receives the veins supplied from each branchial arch.

(1031.) Aortic arch performing the functions of a heart.—The

blood of the Amphioxus is not, as in fishes, entirely supplied to the

aorta through the medium of the branchiae, but is partly conveyed

immediately into that vessel through two large trunks, the represen-

tatives of the ductus arteriosus (fig. 284, lc), which directly unite the

median arterial heart with the aorta, and are, to a certain extent,

continuations of the heart itself. They ai’e, however, themselves con-

tractile organs, and are actively employed in the propulsion of the

blood, as is the aorta itself (fig. 284, i), which, doubtless, performs the

functions of a heart.

(1 632.) The heart of the vena porta: (fig. 284, o

)

is a long vessel,

which runs along the under surface of the intestine as far as the

hepatic cmcum ;
its contractions are readily observable in the living

animal, the intervals between each being exactly the same as in the

other hearts above mentioned.

(1633.) The heart of the vena cava (fig. 284, n
)
is placed opposite to

the preceding, that is to say, on the dorsal aspect of the hepatic ciecum

;

it is at first of small size, but gradually becoming larger, ultimately

empties itself into the arterial heart (l), which it supplies with blood.

(1634.) The contractions of the vessels, or hearts, above described

succeed each other in such a manner that each in turn becomes

gradually filled, while others contract. The systole of the arterial

heart does not commence before the act of contraction has been com-

pleted in all the rest of the system. Moreover, each trunk contracts

in succession with so much energy that it seems to empty itself

entirely, and remains for some little time undistinguishable, from

which circumstance it necessarily results that any given portion of

the blood will have passed through the entire round of the circulation

in the time which elapses between the consecutive contractions of the
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same portion of the vascular system, a space of time which observation

shows to be in Brauchiostoma about a minute.

(1635.) But, perhaps, the most remarkable feature in the anatomy

of this singularly-organised being is the apparent complete absence

of a brain. The medulla spinalis, slightly thickened towards the

central part of the body, tapers off posteriorly as it approaches the

tail, where it terminates in a point; and towards the anterioi part of

the body, as appeared to MM. Rathke* and Goodsir,f a similat

disposition was observable, hence they conceived that the central axis

of the nervous system in this fish was reduced entirely to the parts

representing the spinal cord in other vertebrata. Subsequent re-

searches have, however, shown that this is not strictly the case, but

that, although there is no cerebral enlargement corresponding to the

encephalon of ordinary fishes, the anterior extremity, inasmuch as

there exist distinct olfactory! and optic organs, must be regarded ns

essentially encephalic in its nature.

(1036.) In tracing the modifications observable in the construction

of the vertebral column of fishes, we have a beautiful illustration of

the progressive advances of ossification in this the central portion of

the osseous system. The spine of the Lamprey, although at first

sight apparently entirely soft and cartilaginous, presents already in

the arches which compose the

spinal canal, and in the soft cord

that represents the bodies of the

vertebrae, slight indications of an

incipient division into distinct

pieces : rings of ossific matter are

distinguishable, encircling at in-

tervals the soft spinal cartilage

upon which they perceptibly en-

croach, so that on making a lon-

gitudinal section of the cord, it

offers an appearance sketched in

the adjoined figure [fig. 285, a).

In a more advanced form of a

fish’s skeleton, as for example in

the Sturgeon, these ossified rings

are found to have enlarged con-

siderably, and penetrate still more deeply into the cartilaginous mass

(fig . 285, b). As the bony rings thus developed approximate the centre,

it becomes more and more evident that they represent the bodies of so

* Bemerkung uber den Bau des Amphioxus lanceolatus, 1841. Monatsbericht der

Acad, der Wissenschaften.

f Trans, of the Royal Soc. of Edinburgh, vol. xv.

f Vide Kolliker, Muller’s Archives, 1843.
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many vertebral
; but even in tbe majority of fishes the central part re-

mains permanently unossified ; so that a cartilaginous axis traverses

the vertebral column from one end to tbe other [fig. 285 c), and it is

not usual to find the central aperture perfectly obliterated, as deline-

ated in the fourth sketch, d.

(1637.) Fishes, being continually resident in an element nearly of

the same specific gravity as their own bodies, require little firmness or

solidity in the construction of their spinal column : a free and unfet-

tered power of flexion in certain directions, so as to permit an ample sweep

of their expanded tail, which forms the principal agent in propelling

them forwards, is far more essential to their habits. Thus the car-

tilaginous spine of the feeble Lamprey is sufficient for all needful pur-

poses ;
and even in the most perfectly ossified fishes, from the manner

in which the vertebrae are united to each other, the greatest possible

flexibility is insured. The body of each vertebra presents two conical

cups, the apices of which are nearly or quite continuous ; the margin

of each cup-like depression is united by elastic ligament to the cor-

responding margin of the contiguous vertebra, and thus between the

bodies of each pair of vertebrae a wide cavity is formed (d), which is

filled up with a semi-gelatinous substance ; so that, by this beautiful

contrivance, the mobility of the w'hole chain is abundantly provided for.

(1638.) There are only twro kinds of vertebrae recognisable in the

skeleton of a fish, viz. the abdominal and the caudal. The abdominal

vertebrae support the ribs, for in these animals the ribs do not consti-

tute a thorax, or contain any of the viscera called thoracic in the human

body: they extend from the head to the commencement of the tail,

and are at once recognisable by tbe nature of the elements which enter

into their composition ; each vertebra being provided with a superior

arch [fig. 281, b), through which passes the spinal cord, a superior

spinous process (c), and two transverse processes (d), to the extremities

of which the ribs' are generally attached. The caudal vertebrae are

composed, as -we have already seen, of different elements : the trans-

verse processes either do not exist, or are very feebly developed ; but

beneath the body an inferior arch is formed, and from this an inferior

spinous process, equalling the superior in length, is prolonged in the

opposite direction [fig. 286, b).

(1639.) As the vertebrae approach the tail, they become somewhat

modified in structure to support the caudal fin ;
their spines become

shorter and thicker, the canals formed by their superior and inferior

arches smaller or nearly obliterated, and at length the spines become,

as it were, soldered to each other, and to the interspinous bones here-

after to be noticed ;
so that they form a broad vertical plate, to the

posterior margins of which the rays of the tail-fin are articulated

[fig. 286, 70).

(1640.) The ribs of fishes are slender bones, appended either to the
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extremities of

each transverse

process of the

abdominal ver-

tebrae, or else

to the bod}r of

the vertebra it-

self : every rib

is connected

with but one

vertebra, and

that only at a

single point.

They do not, as

we have already

said, form a tho-

racic cavity ; but

inclose the ab-

domen, and are

embedded a-

mong the lateral

muscles of the

trunk, to which

they give sup-

port. From each

rib arises a long

styliform pro-

cess (73),which,

inclining back-

wards, is like-

wise plunged

among" the mus-

cular fasciculi

;

and in some

fishes, such as

the Herring and

Carp tribes, si-

milar appen-

dages are de-

rived from the

bodies of the

vertebrae them-

selves, so that

the bones ofsuch

fishes appear to Skeleton of the Perch (PereaJiuviutilis) (alter Cuvier).
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be extraordinarily numerous. On the other hand, many tribes have

hut the rudiments of ribs, and in some, as for example in the Skate,

they are altogether wanting.

(1641.) No sternum
,
properly so called, exists in fishes: but the ex-

tremities of the ribs are sometimes connected with ossilied plates be-

longing to the tegumentary system, which cover the abdomen, and

which by some authors have been regarded as a sternal apparatus.

(1642.) We have now to request the attention of the reader to cer-

tain supplementary organs which are peculiar to the class before us.

These consist in sundry appendages to both the superior and inferior

spinous processes of the vertebrae, which are generally prolonged into

fins situated along the mesial line of the body. These azygos fins,

which must be by no means confounded with the pairs of fins that re-

present the arms and legs, are very variable in their position, and in

many cases are altogether wanting. When fully developed, one of

them is situated along the mesian line of the back, and in the Perch

(Jig. 286) this dorsal Jin is separated into two distinct portions (75)

:

another, denominated the caudal fin, forms the tail ;
and a third, like-

wise situated in the median line at a short distance behind the anal

orifice, is called the anal Jin from that circumstance.

(1643.) These fins present two sets of bones: the interspinous

bones, which form the basis to which they are affixed ;
and the Jin-

rays.

(1644.) The interspinous bones (fig. 286, 74) form a series of strong

dagger-like bones, deeply implanted in the flesh along the mesial line

of the body, between the two great masses of lateral muscles ; their

points generally penetrate to a little distance between the spinous pro-

cesses of the vertebne, to which they are connected by a ligamentous

attachment; whilst to their opposite extremity, which maybe compared

to the hilt of the dagger, the corresponding fin-rays are affixed by a

beautiful articulation. There is generally only one interspinous bone

affixed to a vertebral spinous process, but in the Flat-fishes (Pleuro-

nectidcc) there are two ;
and, moreover, in that remarkable family, the

inferior spinous process of the first caudal vertebra, which, as we have

already seen, is of enormous size, frequently has not fewer than six

or seven interspinous bones appended to its extremity.

(1645.) Each interspinous bone consists of two pieces united by a

suture ; one portion representing the blade, the other the handle of

the dagger, to which we have compared it.

(1646.) The fin-rays of fishes are of two kinds, being either solid,

and apparently composed of one strong piece, like those which support

the anterior half of the dorsal fin of the Perch (75), in which case

they are called spinous rays; or else they are composed of several

slender stems derived from one common root, every one of which is

made up of numerous pieces : these, which bear the name of soft, rays,
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are found in the posterior portions both of the dorsal and anal fin of

the perch, and are invariably met with in the tail of all fishes pos-

sessed of a caudal fin. This difference in the structure of the fin-rays,

trivial as it might appear, is a circumstance to which much importance

is attached by icthyologists, who hence derive the means of separating

osseous fishes into two great groups,—the Acanthopterygii, or such as

possess spinous rays in the composition of their dorsal fin: and the

Malacopteryyii, in which all the fin-rays are tsoft. Every fin-ray,

whether spinous or soft, is in reality made up of two lateral halves

placed side by side: in the soft rays these are easily separable; but in

the spinous rays they are firmly united along the median line, so as to

represent but one bone.

(IG47.) The articulation between every fin-ray and the corresponding

iuterspinous bone forms a hinge-joint, so as to allow of the elevation

or depression of the fin. The structure of this joint is very beautiful

;

the two lateral halves of the ray separate so as to form two branches,

which firmly embrace the sides of the head of the iuterspinous bone,

and terminate in little prominent tubercles, which are received into

corresponding lateral depressions in the bone to which the ray is at-

tached. Sometimes, indeed, the head of the interspinous bone is

completely perforated, and then the two branches of the fin-ray pass-

ing through the opening become firmly united with each other, forming

a kind of joint which is peculiar to fishes, and exactly resembles the

mode of union between two links of a chain. This structure is beau-

tifully exhibited in the articulation of the elongated rays attached to

the head of Lopliius piscatorius. *

(1648.) The composition of the skull of fishes is one of the most

difficult studies connected with their history; nevertheless, it is a sub-

ject of very considerable importance, and has recently occupied the

attention of the most celebrated Continental anatomists. It is not by

any means our intention to engage our readers in discussing all the

conflicting, and sometimes visionary, opinions entertained by different

authors relative to the exact homologv of the individual bones forming

this part of the skeleton; and we shall, therefore, content ourselves by
placing before them, divested as far as possible of superfluous argu-

mentation, Cuvier’s + masterly analysis of the labours of the principal

inquirers concerning this intricate piece of anatomy, taking the Perch
as a standard of comparison. J

(1049.) The head of a fish may be conveniently divided, for the pur-

* Vide Yarrell’s History of British Fishes, vol. i. p. 271. 8vo.

t Cuvier et Valenciennes, Histoire des Poissons, vol. i. 4to.

4 Those who would enter more fully into the discussions relative to* the essential

composition of the skull, are referred to the works of Geoffroy St. Hilaire, Spix,

Rosenthal, Meckel, Bakker, Bojanus, and Okcn, the great disputants upon this

subject.
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pose of description, into several distinct regions, each of which will

require separate notice.

(1650.) The Cranium, which forms the central portion of the skull,

coutains the brain and auditory apparatus, and constitutes the basis

whereunto the other parts are connected. It is remarkable from the

number of distinct pieces of which it consists, inasmuch as in fishes

the elements, or ossifie centres, of which the cranial bones of higher

animals are composed, remain here permanently separated, overlapping

each other so as to form squamous sutures ; but never becoming fused

together, as the elements of the human skull invariably do at a very

early period.

(1G51.) No fewer than twenty-six bones enter into the composition

of the cranium we are now considering ; to which, as is now generally

allowed, the following names are applicable.

(1652.) The Frontal bones are each divided into three portions,

called respectively the Principal frontal (1),* the Anterior frontal (2),

and the Posterior frontal (4).

(1653.) Between the anterior frontal bones is the Ethmoid, a simple

vertical lamella, which is often merely a cartilaginous plate.

(1654.) The middle of the base of the cranium is made up of two

bones : the Basilar (fig- 287, 5), a portion of the occipital forming

the body of the occipital vertebra ;
and the body of the Sphenoid (6),

a distinct bone, which is prolonged anteriorly into a lengthened

process, which serves as the base of the membranous septum between

the orbits.

(1655.) The Parietal bones (7) are placed behind the posterior

frontal, but they do not generally touch each other, beiug separated by

an interposed bone called the Interparietal (8).

(1656.) The Occipital bone is made up of five portions, namely,

two External Occipitals (9), two Lateral Occipitals (10), aud the

Basilar bone (5), already noticed, by which the head is articulated

with the first vertebra of the spine.

(1657.) Two detached bones, which represent the great or temporal

alee of the Sphenoid, fill up the space between the body of the Sphe-

noid and the posterior frontal.

(1658.) Two other pairs of bones, which are elements of the tem-

poral bone in man, likewise assist in forming the cranium : these are

called the Mastoid bones (12), and the Petrous bones (13).

(1659.) A single bone, analogous to the anterior portion of the body

of the human Sphenoid, and which, as will be fully evident hereafter,

is essentially distinct from the posterior portion, bears the name of

* In order to simplify the subject as much as possible, and prevent unnecessary

repetition, the reader will observe that, throughout all the figures connected with the

osteology of the Vertebrata, corresponding bones are indicated by the same numbers.
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the Anterior Sphenoid, while the orbital alee of the Sphenoid are found

in the two bones marked (14).

(1600.) These, therefore, together with the representative of the

Vomer (16), complete the cranial portion of the skull ; no fewer than

six azygos and twenty pairs of bones entering into its composition.

(1661.) Bones composing the upper jaw.—The upper jaw consists

of two pairs of bones, which, from the looseness of their connection

with the other bones of the face, are endowed with considerable

mobility.

(1662.) The Intermaxillary bones (17) form the greater part of the

margin of the jaw, and are attached by a movable articulation to the

anterior extremity of the vomer. These bones are armed with nume-
rous sharp teeth.

(1663.) The Maxillary bones (18) are movably articulated with the

last, and generally are in like manner furnished with teeth. In some
cases they are divided into two or three pieces.

(1664.) Bones of the face.—The bones of the face in fishes are

very numerous ; but, as they are of little importance to the osteo-

logist, a bare enumeratiou of them will answer our present purpose,

and enable the student to recognise them with facility. We have first

the Nasal bones (20); then a chain of bones of variable size and

number (19), so disposed as to form the lower boundary of the orbit,

and hence named Sub-orbital bones. Behind these, again, a similar

chain of ossicles is not unfrequently met with, arching over the tem-

Fi<j. 207.

Cranial and facial bones of the Perch—basilar view (after Cuvier).

S S 2
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poral fossa
; and these, which are apparently peculiar to fishes, are

named the Supra-temporal (21).

(1665.) Pterygo-palatine and temporal system of bones.—Upon each

side of the head is situated a somewhat complex apparatus connected

on the one hand with the articulation of the lower jaw, and on the

other with the opercular or gill-covers. These bones are seven in

number on each side.

(1666.) The Palatine (22) are easily recognisable, forming part of

the roof of the mouth, and generally armed with teeth.

(1667.) Two bones are connected with the posterior edge of each

palate bone : one, situated externally, becomes in reptiles a very im-

portant element, it is called the Transverse bone (24); the second (25)

is named the Internal Pterygoid.

(1068.) The other pieces belonging to this part of the skeleton are

not a little interesting on account of their remarkable arrangement

;

and, perhaps, the anatomical student will be somewhat startled at the

position which some of them occupy. In the first place, the squamous

portions of the temporal, instead of entering into the formation of

the cranium, are here slightly displaced, and, although still called the

Temporal bones (23), are articulated by a hinge-joint with the posterior

frontal and mastoid bones, and thus form a movable basis to which

the opercular apparatus is attached.

(1669.) Connected with the Temporal we have the broad and flat

piece (27) which is the Tympanic bone, and to these the pieces forming

the opercula are appended.

(1670.) Lastly, supporting the lower jaw we find the Jugal bones;

and connecting these with the rest of the temporal apparatus are

two small ossicles (31), which complete this portion of the skeleton.

(1671.) The seven bones above enumerated are almost immovably

connected with each other by the interposition of cartilage between

their edges, a mode of articulation distinguished by the name of

synchondrosis

;

but the whole apparatus moves readily upon the two

hinges, one formed by the articulation of the palate bone with the

maxillary and vomer, and the other by the joint which unites the

temporal bone to the posterior frontal. This movement, by opening

the gill-covers, enlarges the cavity of the mouth when the fish wishes

to take in the water necessary for respiration ;
or else, by acting in a

contrary direction, again expels it.

(1672.) Opercular bones.—The great flap, which in osseous fishes

closes the gill-openings externally, is composed of four pieces, to

which the following names have been given. The Prce-operculum (30)

is attached to the posterior edge or angle of the palato-temporal appa-

ratus last described, and its borders often present spines and indenta-

tions, which, being visible externally, are of much importance to the

icthyologist, as they afford a good character of distinction between
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allied genera. The second piece (28), which from its size is called

par excellence the Operculum, together with the Sub-operculum (32)

and the Inter-operculum (33), form a flap which covers the gill-opening

like a great valve, opening and shutting continually to give exit to the

water used in respiration.

(1673.) Lower Jaw.—The lower jaw of fishes consists of two lateral

halves united by a symphysis in the mesian line, each branch being

articulated with the jugal bone of its corresponding side. Each
division is separable by maceration into four or even five pieces

:

viz. the Dental (31), which supports the teeth; the Articular (35),

bearing the articu-

lating
Fig. 288.

facet ; the

Angular (36), form-

ing the angle of

the jaw ; and a

fourth placed upon

the inner surface

of the articular,

called the Opercu-

lar, because it cor-

responds with a

bone met with in

the lower jaw of

reptiles, to which

the same name has

been applied. The
fifth, when present,

Js very small and

unimportant.

(1674.) Os Ilg-

oid'es and Branchi-

ostegous Bays. —
The Os Hyoides of

a fish is situated

as in other verte-

brate animals
; it

is composed of two

branches, each made up of several pieces (Jig. 288, 37, 38, 39, 40),
and is always suspended from the temporal by means of two small
ossicles (59), which, as they represent the styloid process of man,
are called the Styloid bones.

(1675.) Between the two branches of the os hyoides is placed a
single central piece (42), which becomes of great importance in reptiles

and birds, and upon this is the bone which supports the tongue,
or the Lingual bone (41).

Os hyoides and branchial bones of the Perch (after Cuvier).
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(1070.) The great fissure that exists on each side between the head

and shoulder of an osseous fish, wherein the gills are situated, is not

closed merely by the opercular bones, but likewise by a broad mem-

branous expansion called the Branchiostegous membrane, which is

adherent to the os liyoides, and assists in forming the great valve

of the operculum. This membrane is supported by a series of slender

bones derived from the external margin of each branch of the os liyoides,

and these are named, from their office, the Branchiostegous Rays (43).

(1677.) Branchial apparatus.—Fishes breathe by taking water into

their mouths, and forcing it out again through the apertures situated

upon each side of the neck ; it is thus made to pass between their

gills, which form a series of pectiniform vascular fringes supported

upon a system of bones called the Branchial arches. The branchial

arches, which are generally four in number on each side, are attached

by one extremity to an intermediate chain of bones (53, 54, 55), situ-

ated in the mesial line behind the os liyoides, whilst by their opposite

extremity they are connected by ligaments to the under surface of the

cranium.

(1678.) Every branchial arch consists of several pieces (57, 58, 59,

60, 61), so joined together by ligaments that the whole is perfectly

flexible, and their edges are studded with little osseous plates,

generally armed with teeth, and so disposed as to prevent food

taken into the mouth from being forced out through the branchial

fissures with the issuing streams of water; so that, in reality, these

pieces fulfil in their way the same office as the epiglottis of Mam-

malia.

(1679.) Pharyngeal bones.—The last parts found to enter into

the composition of this portion of a fish’s skeleton, are called, from

their position, the Pharyngeal bones. They are placed immediately

behind the branchial apparatus, and form a second set of masticatory

organs, generally even more efficient than the jaws themselves, being

for the most part provided with very strong teeth.

(1680.) In the Perch there are eight of these bones situated just at

the entrance to the oesophagus, two inferior (56), and six above (62);

their office and efficiency as organs of mastication must be obvious to

the most superficial observer.

(1681.) Upon reviewing the general disposition of the skeleton in

one of the osseous fishes, it is at once apparent that the great instru-

ment of locomotion is the tail, which by extensive and vigorous

lateral movements sculls the body rapidly along through the yielding

element in which these creatures live. In the construction of the

caudal extremity of the skeleton, every precaution has evidently been

taken to convert this part of the body into a broad and expanded oar,

possessed of the utmost possible flexibility in the lateral direction.

No pelvis, therefore, trammels the movements of the spine, neither
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do any transverse processes limit the extent of flexion from side to

side ; while, on the contrary, the extraordinary development of the

spinous processes, both above and below, and more especially the

vertical caudal fin, give an extent of surface proportionate to the

wants of the animal.

(1082.) The dorsal and anal fins, situated upon the mesian plane,

steady, and, perhaps, in some measure direct, the movements of the

body ; while the arms and legs, or rather the pectoral and ventral fins,

which are in this case of secondary importance as locomotive instru-

ments, exhibit a very rudimentary condition, and are but feeble agents

in progression.

(1683.) The posterior extremities, or ventral fins, are even less

efficient than the pectoral in this respect ;
and their position is found

to vary remarkably in different orders. In the Perch these organs are,

as we have seen, attached to the bony framework of the shoulders.

In the Carp tribe (Cyprinidae) they are removed far back towards the

commencement of the tail, and the bones supporting them are merely

embedded in the muscles of the abdomen. In the Cod (Gadidae) the

legs are absolutely in front of the arms, being suspended under the

throat; and in the Auguilliform fishes, the Eel for instance, the

ventral extremities are altogether wanting.

(1684.) Such being the imperfect development of the usual locomo-

tive organs, we are quite prepared to expect a corresponding modifica-

tion in the disposition and efficiency of different parts of the muscular

system. When we compare the muscles of a fish writh those of any

of the higher Verlebrata, the contrast is indeed very striking.

Fig. 289.

Myology of the Perch (after Cuvier).

(1685.) Delicate muscles (Jig. 289) are provided for the erection or
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depression of the different rays sustaining the dorsal and ventral fins,

and thus the fius themselves are expanded or folded up at pleasure.

Similar fasciculi spread out or approximate the rays of the tail, in-

creasing or contracting at will the extent of surface presented by that

organ. The muscles of the pectoral and ventral limbs are small in

proportion to the feebleness of these extremities ; the muscles of the

trunk alone constitute the great bulk of the body, and form the effi-

cient agents in progression.

(1680.) These great lateral masses commence at the back of the

head, where they take an extensive attachment to the largely-developed

cranium : from this point backwards, they fill up the entire space

intervening between the skin and the vertebral column, with both of

which they are intimately connected, reaching even to the origin of

the tail fin. The whole force of these powerful muscles is evidently

exerted in bending the spine from side to side, and in effecting those

vigorous lateral movements of the tail whereby the fish is propelled

through its liquid element. We need, therefore, feel little surprise

at the strength with which this part of the body of fishes is not

unfrequently endowed, or at the velocity of their movement ; at

seeing how easily their speed outstrips our fleetest ships ; how the

Flying-fish
(
Exocetus),

urged on by fear, darts like an arrow to a

distance through the air; or how the Salmon, in obedience to an

imperious instinct, defies even the thundering cataract to stop its

course towards the locality where it is instructed by Nature to deposit

its eggs.
.

(1687.) There are sundry tribes of fishes, which, being destined to

remain at the bottom of the sea, present certain peculiarities of struc-

ture, whereby they are not only distinguished from all others of the

class, but form most remarkable exceptions to the general law in

accordance with which the Vertebrata are organized.

(1688.) The animals presenting this anomalous configuration are

the Pleuroneclidm, or Flat-fishes, as they are generally termed, which

when at rest lie quietly upon the ground, where, from the colour of

the upper part of their bodies, they are scarcely distinguishable. To

an ordinary observer the PleuronectidiB would seem to have their

bodies flattened and spread out horizontally, so that, while resting upon

their broad and expanded bellies, their eyes, situated upon the back of

the head, are thus disposed for the purpose of watching what passes

in the water above them ; and this, the vulgarly-received opinion, is

considerably strengthened by the fact, that what is usually called the

belly is white and colourless, while the back is darkly coloured and

sometimes even richly variegated. The very name used in scientific

language to distinguish this extensive family
(
Pleuronectes*) is calcu-

* xXiufUy the side; n'xof, a fin.
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lated to propagate the error; and few imagine that, in applying the

terms back and belly to the upper and under surfaces of a Plaice or a

Turbot, they are adopting a phraseology quite inadmissible in an anato-

mical point of view.

(1689.) On examin- Fig. 290.

ing the skeleton of a

Flat-fish, we at once

see that what we sup-

pose to be the dorsal

and ventral regious

are in really the tAvo

sides, which are thus

strangely different in

colour ; and that the

great peculiarity of

their structure is the

want of symmetry

between the lateral

halves of the body,

arising from the ano-

malous circumstance

that both the eyes are

placed upon the same

side of the head. Their

cranium, indeed, is

composed of the same

bones as that of an

ordinary fish, but the

two lateral halves are

not equally developed

;

and the result is such

a distortion of the

whole framework of

the face, that both the

orbits are transferred

to the same side of

the mesial line of the

back.
Osteology of the Flounder (PleuroncciesJIe$us).

(1090.) The position of the pectoral and ventral fins slightly par-
ticipates in this want of symmetry, but in other respects the skeleton

{fig. 290) precisely corresponds with that of the generality of osseous
fishes. The superior and inferior spinous processes of the vertebrae
are amazingly developed, and the interspinous bones (74) of inordinate
length, so that the vertical diameter of the body is disproportionately

increased, and the animal is obliged to. swim and rest upon one side.
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The dorsal fin (75) runs along the whole length of the hack ;
the

anal fin (a) reaches from the large spines that form the posterior

houndary of the abdomen to the tail, which latter holds the same

position as in other tribes : so that the reader will have little difficulty

in comparing the different pieces of the skeleton of the Flounder

(Pleuronectes flesus) with the corresponding hones of the Perch

already described.

(1691.) The skeletons of the Cartilaginous Fishes (Chondropterygii*)

will require a distinct notice, inasmuch as they present very remarkable

peculiarities of no inconsiderable interest. In the Sharks, Skates, and

other genera belonging to this important division of the great class

we are now considering, the interior of the hones remains perma-

nently cartilaginous, hut the skeleton is in some regions encrusted, as

it were, with osseous granules. No centres of ossification, from which

radiating fibres of bony matter progressively extend themselves, as is

the case in the osseous fishes, are ever developed ;
and consequently

the skull, although it presents externally the same regions, eminences,

and apertures that are usually met with, is never divided into separate

houes, hut is formed of a single mass of cartilage, in which no sutures

or lines of division are ever distinguishable.

(1692.) The face is likewise much more simple in its structure

;

for, instead of the numerous pieces composing the palato-temporal

region of the Perch (§ 1665), two hones only are met with, one of

which, the palatine, performs the office of an upper jaw and supports

the teeth, while the other connects the lower jaw with the cranium.

The lower jaw itself, moreover, consists of hut one piece on each side,

to which the teeth are attached.

(1693.) From the peculiar conformation of the respiratory apparatus,

which will be explained hereafter, there is no occasion for any oper-

cular flap ; this, therefore, is not present : nevertheless, the hyoid and

branchial arches resemble pretty much those of osseous fishes ; only

the latter are situated further backwards, being placed quite behind

the skull, under the commencement of the spine.

(1694.) The bones of the shoulder are represented by a strong

cartilaginous zone, which in Sharks is quite unconnected with the

vertebral column, but in the Skate (
Raia

)
it is fixed to two large

lateral apophyses derived from the spine (fig. 291). The zone, re-

presenting the scapulary apparatus, consists of a single piece, which

surrounds the body, and on each side supports the bones of the fore-

arm. The enormously developed pectoral fin is composed of the

carpus, amazingly augmented in size, and of the no less remarkable

hand which in the Skate is made up of au immense number of

fingers or rays, and forms by itself nearly half the circumference of

the- body.

* x°''Vsf ,
cartilage; n riftiymt, a fin.
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(1005.) The pelvis, or cartilaginous framework that supports the

hinder extremities, i. c. the ventral fins, is a single transverse piece

Fig. 291.

Cartilaginous Skeleton of the Skate.

of cartilage quite detached from

the rest of the skeleton : it ex-

pands on each side into a broad

plate, to which the fin, the re-

presentative of the foot of

higher animals, is appended,

and likewise in the male it

gives attachment to additional

organs called claspers, the use

of which will be explained in

another place.

(1000.) The anterior portion

(1008.) The Sturgeons

between the osseous and

of the spine in the Skate is not

as yet divided into distinct

pieces
; and, even in the pos-

terior part, the number of ver-

tebral arches is twice as great

as that of the separate bodies

of the vertebrae.

(1007.) In all the Chondro-

pterygii the ribs are mere ru-

diments, and in some cases

can scarcely be said to exist

at all.

(Sturionidm) form a kind of connecting link

cartilaginous fishes, and in them a large
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swimming-bladder exists, from which is obtained the valuable material

called isinglass : but in the Sharks and Rays this organ is not found

;

consequently, especially in the tribe last mentioned, it is only by

means of the vigorous flappings of their enormous hands that these

ground-fishes are able to raise themselves from the bottom. The
disposition and relative importance of different parts of the muscular

system is, therefore, necessarily changed to meet these altered

circumstances : the muscles of the trunk, which in osseous fishes

formed the great agents in locomotion, become now of secondary

importance; while those of the pectoral fins, so feebly developed in

the Perch, are massive and powerful in proportion to the unwieldy

size of the anterior extremities. Another peculiarity in the skeleton

of the Chondropterygii is observable in the construction of the caudal

fin, which, even in the Sturgeon and the Shark, notwithstanding the

importance which this organ still maintains in those genera as an

instrument of locomotion, begins to differ very remarkably from the

tail of an osseous fish. It is true that it still exhibits great expansion

in a vertical direction, and to a superficial observer, if examined

without dissection, might seem to be constructed on the same prin-

ciples ; but, on examining the skeleton of one of these cartilaginous

fishes, it will be found that the vertebral column is continued unin-

terruptedly into the upper half of the generally furcate tail ;
whilst

the lower division of the caudal fin is entirely made up of supple-

mentary rays, appended to the inferior aspect of the caudal vertebrae.

Possessing this form of the tail, the transition is by no means

abrupt from these highly-organized fishes to the Saurian Reptiles,

with which, as we shall afterwards see, they exhibit many remarkable

affinities.

(1699.) If in the highest Heterogangliata we found that, in

addition to the tegumentary skeleton, or shelly covering, so exten-

sively met with among the Mollusca, the first appearances of an

internal osseous system became recognisable, we are not on that

account to imagine that, as soon as bones become developed internally,

the cuticular secretions hitherto denominated shell at once disappear,

but, on the contrary, must be prepared to expect that in some form

or other calcareous armour deposited by the skin should still be

met with. In fishes the coexistence of an internal and of an external

skeleton is undeniable ;
and having already described the former,

which has been aptly enough called the endosheleton, it remains for us

in the next place to examine the latter or exoslceleton, which, as we

shall soon perceive, forms no unimportant part of the anatomy of the

class under consideration.

(1700.) The most usual form of the cuticular covering of fishes is

that of imbricated scales, with which the whole exterior of the body

is compactly encased, as in a suit of armour. Such an investment
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is admirably adapted to tbeir habits and economy. The dense

and corneous texture of the scales, impermeable to water, de-

fends tbeir soft bodies from maceration; while, from their smooth,

polished exterior and beautiful arrangement, they insure the least

possible resistance from the surrounding medium as the fish glides

along.

(1701.) Examined separately, each scale is found to be partially

embedded in a minute fold of the living and vascular cutis, to which
its under surface is adherent. Every scale is, in fact, made up of

superimposed laminae of horny matter secreted by the cutis, precisely

in the same way as the shelly covering of a mollusk, and by macera-
tion the different layers may readily be separated, the smallest and
most superficial being of course the first formed, while the largest and
most recent are those nearest to the surface of the living skin : as far

as relates to the mode of growth, therefore, there is the strictest analogy
between the scale of a fish and shell. Various are the forms under
which these scales present themselves to the icthyologist : sometimes,
as in the eel, they are thinly scattered over the surface of a thick

and slimy cutis; more generally they form a close and compact
imbricated mail : in the Pipe-fishes

(
Syngnathidca

)
the whole body

is covered with a strong armour composed of broad and thick

calcareous plates; and in the Coffin-fishes
( Ostracionidec

)

the

integument is converted into a strong box made up of polygonal
pieces ancbylosed together, so that the tail and fins alone remain
movable.

(1702.) The Sturgeon is covered with broad, shield-like plates.

The skin of the Shark is densely studded with minute sharp spines

of almost crystalline hardness
;
and in many Skates, as in the Thorn-

baclc, similar cuticular appendages, but of more considerable dimen-
sions, are distributed over the back and tail, forming very efficient

defensive weapons.

(1703.) But cutaneous spines, although while in a rudimentary
condition they are obviously mere extraordinary developments of

scales, may occasionally become of sufficient size and importance to

make them convertible to various unexpected uses ; and when thus
exaggerated in their dimensions, and appropriated to distinct offices,

they assume so much of the character of true bone, that it is no
longer easy to demonstrate their real nature, more especially as
they then become in many cases really articulated by means of very
pei feet joints with different pieces of the cndoskeleton properly so
called.

(1/04.) Let us examine this important subject with a little atten-

tion, and we shall soon perceive how closely the endoskeleton and
the exoskeleton may become connected, not to say interchangeable,
with each other, lliere is no possibility of mistaking the spines
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and tubercles upon the back of a common Skate for anything but

cuticular appendages secreted in the same manner as scales from the

surface of a vascular pulp; but in the Fire Flaire (Trygon pasti-

naca), where, instead of the scattered hooks of the former species,

we find a single sharp and serrated spine projecting like a bayonet

from the upper service of the root of the tail, the analogy between

this formidable and bone-like organ and an epidermic structure

becomes apparently more remote, and, did we not know that the

fish possessing such a weapon had no ossified bones internally, we

might be tempted to regard this appendage as a process derived from

the endoskeleton.

(1705.) The spines of the common Stickleback (Gasterosteus
)

are

indubitable derivations from the cuticle
;
but hei'e they become fixed

by movable articulations to the sides of the body, and are raised or

depressed by means of muscles inserted into their bases. Advancing

one step further, we find in Silurus the first ray of the pectoral fin,

enormously developed and forming a strong serrated weapon of a very

formidable description, which, although both in shape and structure

exactly comparable to the spine upon the tail of the Fire Flaire, are

nevertheless connected by most beautiful and perfect joints with the

bones of the shoulder, so that they might easily be regarded as forming

pieces of the encloskeleton, did not their peculiar structure indicate

their real nature.

(1706.) We thus arrive at the important conclusion, that different

portions of the exoskeleton become approximated in character to those

of the endoskeleton, or in truth really convertible into true bone;

and, with this fact before us, it becomes easy to understand the

nature of various parts of the skeleton of a fish, which, upon any

other supposition, would be not a little puzzling to the comparative

osteologist.

(1707.) The nature of the rays of the dorsal and anal fin of the

Perch, for example, together with the interspinous bones upon which

they are sustained, is quite unintelligible if they are regarded as

belonging to the endoskeleton; and no dismemberments of the osseous

system as yet imagined, or supposed sub-divisions of the vertebne

into a greater number of elemental pieces than we have enume-

rated, has been able to solve the difficulty ;
but, if they are regarded

as ossified derivations from the exoskeleton, all difficulties at once

vanish.

(1708.) Again, the ojiercular bones (fig. 287, 28, 30, 32, 33) forming

the gill-covers of an osseous fish have been a fruitful source of discussion,

and M. Geoffroy St. Hilaire* was reduced to the necessity of recog-

nising in these broad plates the ossicles of the human ear, which, after

* Philosophic Anutomique dcs Pieces osseuses dcs Organcs respiratoircs. 8vo. Peris,

11118.
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dwindling to a rudiment in the descending scale of vertebrate animals,

suddenly reappeared in a new and exaggerated form. “ J’ai peu vu

dans la serie des etres de ces resurrections d’organes se remontrant

subiteinent dans uue classe apres avoir disparu dans une ou deux de

celles qui la precede dans lechelle,” are the impressive words of

Cuvier upon a similar occasion
;
and it is certainly far more simple to

imagine the epidermic plates of the Sturgeon ossified and converted

into bone, than to be compelled to have recourse to the bold specula-

tions of the French anatomist regarding the real nature of these

opercular portions of a fish’s skeleton.*

(1709.) In connection with the locomotive organs we must here

notice one of the most elegant contrivances met with in the whole
range of animated nature, by which the generality of fishes are enabled

to ascend towards the surface, or to sink to any required depth without

exertion.

(1710.) The apparatus given for this purpose is called the swim-
ming-bladder, and consists of a reservoir of air {Jig. 292, p) placed

beneath the spine ; in which position it is firmly bound down by the

peritoneum. The outer coat of this bladder is very strong, and
composed of a peculiar fibrous substance from which isinglass is

obtained, but it is lined internally with a thin and delicate membrane.
The shape of the swimming-bladder varies considerably in different

tribes. In the Perch it is a simple cylinder closed at both extremities :

sometimes it gives off branched appendages; sometimes, as in the

Cyprinidcs, it is divided into two portions, one anterior and the other
posterior, by a deep central constriction; but, whatever its shape, its

office is the same, namely, to alter the specific gravity of the fish, and
thus to cause it to rise or sink in the medium it inhabits. By simply
compressing this bladder by approximating the walls of the abdomen,
or occasionally by means of a muscular apparatus provided for the
purpose, upon a principle with which every one is familiar, the fish

sinks in proportion to the degree of pressure to which the contained

* The different opinions on the nature or homology of the opercular bones may be
reduced to two principles : first, that they are modifications of parts of the ordinary

skeleton; secondly, that they are superadded bones peculiar to fishes : the latter view
is that taken by Cuvier. According to the former, which is the more philosophical mode
of considering them, three opinions have been offered; the first by Spix and Geoffroy,

that they are gigantic representatives of the ossicles of the ear, otherwise absent in the
skeleton of fishes,—this view has been adopted by Professor Grant; secondly, that they
are dismemberments of the lower jaw, which by the detachment of the opercular bones
from the ramus is rendered more simple in its composition than in reptiles,—a view
proposed by M. de Blainville and temporarily adopted by Bojanus and Oken, but refuted
by the complicated structure of the lower jaw in certain sauroid fishes, ,as the Lepi-
dosleus, which likewise possesses the opercular bones; thirdly, that they are parts of

the dermal skeleton, in short, scales modified in subserviency to the breathing func-
tion

;
an opinion first proposed by Professor Owen, in his Lectures on Comparative

Anatomy at St. Bartholomew’s Hospital in 1835, and which is the view here adopted.
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air is subjected
;
and, as the compressed air is again permitted

to expand, the creature becoming more buoyant rises towards the

surface.

(171 1.) In the Perch, and many other fishes, this organ is entirely

closed, so that there is no escape for the contained air; and in such

it has been found that if they are suddenly brought up by means

of a line from any great depth, the gas being no longer compressed by

the weight of the column of water above, and having no exit, bursts

the swimming-bladder, and sometimes distends the abdomen to such

an extent, that it pushes the stomach and oesophagus into the fish’s

mouth.

(1712.) In other cases, however, a provision is made, apparently with

a view of obviating such an accident, and a kind of safety-valve pro-

vided, through which the air may be permitted to escape : thus, in the

Carp, a tube communicates between the interior of the air-bladder and

the oesophagus, and in the Herring a similar communication is met

with between this organ and the stomach.

(1713.) The gas which fills the air-bladder has been found in many

cases to be nearly pure nitrogen, but in fishes that live at a great

depth Messrs. Configliacchi* and Biot ascertained that oxygen was

substituted, whence it has been presumed that this apparatus was

in some way or other an auxiliary in respiration ;
and some authors

have even gone so far as to see in the swimming-bladder the repre-

sentative of the lungs of aerial Vertebrata. But, however this may

be, the gas inclosed is indubitably a product of secretion, being derived

either from the lining membrane of the viscus, or from a glaudular

structure which may frequently be distinctly pointed out in its

interior.

(1714.) Cuvier justly observes, that, whatever opinions may be

entertained relative to the use of the air-bladder, it is difficult

to explain how so considerable an organ has been refused to so

many fishes, not only to those which ordinarily remain quiet at

the bottom of the water, as Skates and Flat-fishes, but to many

others that apparently yield to none either in the rapidity or

facility of their movements, such as the Mackerel, for instance

;

yet even while the common Mackerel (Scomber scomber) has no

air-bladder, a very nearly allied species (Scomber pneumatophorus)

is provided with one, and of this many other instances might be

adduced.

(1715.) From the circumstances under which fishes seize and

swallow their prey, it must be evident that they are incapable of

enjoying any very refined sense of taste. Those species which are

carnivorous are of necessity compelled to catch with their mouths,

* SulT analisi dell’ aria contenuta nella vesica natatoria dei Pesci. Pavia, 1 800. 4 to.
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and retain a firm hold of the active and slippery food they are

destined to devour : to divide or masticate their aliment would he

impracticable
; and, even were they permitted so to do, the water

which perpetually washes over the interior of their mouths would

obviously preclude the possibility of appreciating savours. In the

construction of the mouth of a fish we therefore find, generally

# speaking, that every part has been made subservient to prehension :

teeth, sometimes in the form of delicate spines, or else presenting

the appearance of sharp recurved hooks, have been fixed in every

possible situation where they could be made available as prehensile

organs ; not only are the jaws densely studded with these penetrating

points, but they are occasionally placed on every bone which surrounds

the oral cavity, or supports the entrance of the pharynx. The in-

termaxillary, the maxillary, and the palatine bones, the vomer, the

branchial arches, the pharyngeal bones, and even the tongue itself,

may all support a dental apparatus, either of the same description or

composed of teeth of different shapes
;
generally, however, some of

these bones are unarmed, and occasionally teeth of any kind are

altogether wanting.

(1716.) But if such is the most usual arrangement of the dental

apparatus in fishes, we must be prepared to find, in a class so exten-

sive as that we are now investigating, various modifications both in the

form and arrangement of the teeth, adapting them to the diverse

habits and necessities of individual species
;
and a few of these we must

not omit to notice in this place.

(1717.) The Myxine, or Hag-fish, one of the lowest of the entire

class, possesses no osseous framework wliereunto teeth could be

attached ; and yet, from the parasitical life which this creature leads,

it has need of dental organs of considerable efficiency. The Myxine,

feeble and helpless as the casual observer might suppose it, is in

reality one of the most formidable assailants with which the larger

fishes have to contend, since neither strength nor activity avail

aught in defending them against a foe apparently so despicable :

fixing its mouth firmly to the skin of its comparatively gigantic

victim, the Myxine bores its way into its flesh by means of a dental

apparatus of a very extraordinary description. A single fang-like

tooth is fixed to the median line of the palate, and the tongue is

armed on each side with two horny plates deeply serrated : thus pro-

vided, the Myxine, when it attacks its prey, plunges its palatine hook
into its flesh ; and, thus securing a firm hold, the lingual saws,

aided by the suctorial action of the mouth, tear their way to its very

vitals.*

* Professor Owen: “ Odontography, or a Treatise on the Comparative Anatomy
of the Teeth, their Physiological Relations, Mode of Developemcnt, and Microscopic

Structure,” &c. 4to. Bailliere, 11140.

T T
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(1718.) In the Lamprey the whole interior of the mouth is studded
with horny teeth, not merely fixed to the palate and tongue, but to the

cartilaginous representative of the inferior maxilla, and to the inner

surface of the lips.

(171 9.) In the Carp tribe
(
Cyprinida

)

the jaws are destitute of teeth,

but in the throat there is a singular apparatus serving for the mastica-

tion of their food. The basilar bone at the base of the skull supports

a broad three-sided dental plate, which might be compared to an anvil

;

while the two inferior pharyngeal bones are each armed with four or

five large teeth, so disposed, that, by working upon the piece first

mentioned, they bruise and triturate the aliment before it is permitted

to pass into the digestive cavity.

(1720.) In Skates
(
Raida:

)
the internal surface both of the upper

and lower jaws are so covered with teeth, that they have the

appearance of a tesselated pavement : these teeth are sometimes

fiat and smooth, so as to be merely useful in crushing prey; but

in many species they are prolonged into sharp hooks adapted to

prehension.

(1721.) In Sharks a beautiful provision is met with. Several rows

of teeth placed one behind the other are found laid flat, and con-

cealed behind the jaw. One row only, composed of triangular cutting

teeth, stands erect and ready for use ; but when these fall off, blunted

and unfit for service, the next row rises to take their place
;
and thus

a succession of efficient weapons are given to these terrific monsters

of the ocean.

(1722.) We will not enlarge further upon this portion of our sub-

ject; enough has been said for our present purpose, and the reader will

find elsewhere abundant information.*

(1723.) The teeth of osseous fishes are generally firmly anchylosed

to the bones that support them, although in a few instances they are

found fixed in sockets, as in the rostral teeth of the Saw-fish (Pristis ),

and in the mouth of Sphyrama , Acanthurus, Dictyodus, &c. f But there

are other modes of attachment only met with among fishes, some

of which are not a little curious; and Professor Owen, in his

truly splendid work above referred to, thus describes the most

important :

—

“ In the Cod-fish, Wolf-fish, and some other species, in pro-

portion as the ossification of the tooth advances towards its base and

along the connecting ligamentous substance, the subjacent portion

of the jaw-bone receives a stimulus, and developes a process cor-

responding in size and form with the solidified base of the tooth.

In this case the inequalities of the opposed surfaces of the tooth

and maxillary deutal process fit into each other, and for some time

* Vide Yarrell's British Fishes. !ivo. 2 vols. f Owen, Odontography, p. G.
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they are firmly attached together by a thin layer of ligamentous

substance ; but in general anchylosis takes place to a greater or less

extent before the tooth is shed. The small anterior teeth of the

Angler
(
Lophius

)
are thus attached to the jaw, but the large pos-

terior ones remain always movably connected by highly elastic,

glistening ligaments, which pass from the inner side of the base of

the tooth to the jaw-bone. These ligaments do not permit the

tooth to be bent outwards beyond the vertical position, when the

hollow base of the tooth rests upon a circular ridge growing from

the alveolar margin of the jaw; but the ligaments yield to pressure

upon the tooth in the contrary direction, and its point may thus

he directed towards the back of the mouth ; the instant, however,

that the pressure is remitted, the tooth flies back, as by the action

of a spring, into its usual erect position ; the deglutition of the

prey of this voracious fish is thus facilitated, aud its escape pre-

vented.

“ The broad aud generally bifurcate osseous base of the teeth

of Sharks is attached by ligaments to the ossified or semi-ossified

crust of the cartilaginous jaws. The teeth of the Salarias and certain

Murjiloids are simply attached to the gum. The small and closely-

crowded teeth of the Rays are also connected by ligaments to the

subjacent maxillary membrane. The broad tesselated teeth of the

Eagle-Hays have their attached surface longitudinally grooved to

afford them better holdfast, and the sides of the contiguous teeth are

articulated together by true serrated or finely-undulating sutures;

which mode of fixation of the dental apparatus is unique in the animal

kingdom.
“ If the engineer would study the model of a dome of unusual

strength, and so supported as to relieve from its pressure the floor

of a vaulted chamber beneath, let him make a longitudinal section

of one of the pharyngeal teeth of a Wrasse
(
Labrus). The base of

this tooth is slightly contracted, and is implanted in a shallow circular

cavity, the rounded margin of which is adapted to a circular groove in

the contracted part of the base
; the margin of the tooth which im-

mediately transmits the pressure to the bone is strengthened by an
inwardly projecting convex ridge. The masonry of this internal but-

tress, and of the dome itself, is composed of hollow columns, every
one of which is placed so as to transmit in the due direction the super-
incumbent pressure.

“In another case, in which long and powerful piercing and
lacerating teeth were evidently destined, from the strength of the
jaws, to master the death-struggles of a resisting prey, n'e find the
broad base of the tooth divided into a number of long and slender

processes, which are implanted like piles in the coarse osseous

substance of the jaw ; they diverge as they descend, and their

t t 2
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extremities bend and subdivide like the roots of a tree, and are

ultimately lost in the bony tissue. This mode of implantation,

which I have detected in a large extinct Sauroid fish (E7iizodus), is,

perhaps, the most complicated which has yet been observed in the

animal kingdom.”

(1724.) For a full account of the growth and development of the

teeth of fishes, we must refer the reader to the same source from

which we have extracted the preceding paragraphs ;
nevertheless, the

following is a brief abstract of Professor Owen’s views upon this

subject.

(1725.) In all fishes the first step in the formation of a tooth is

the production of a simple papilla from the surface either of the soft

external integument, as in the formation of the I’ostral teeth of the

Saw-fish
(
Pristis), or of the mucous membrane of the mouth, as in

the rest of the class. In these primitive papillae there can be very

early distinguished a cavity containing fluid, and a dense membrane

(membrana propria) surrounding the cavity, and itself covered by

the thin buccal mucous membrane, which gradually becomes more

and more attenuated as the papilla increases in size. The pulp-

substance, or contents of the membrana propria, remains for some

period in a fluid or semi-fluid condition
;

granules are ultimately

developed in it, which at first float loosely, or in small aggregated

groups, in the sauguineo-serous contents of the pulp. These granules

soon attach themselves to the inner surface of the membrana propria,

if they be not originally developed from that surface. The

whole of the contents of the growing pulp becomes soon after

condensed by the numerous additional granules, which are rapidly

developed in it after it has become permeated by the capillary

vessels and nerves. The particles become arranged into linear

series or fibres ;
an appearance which is first appaient at the

superficies of the pulp, to which the fibres are vertical. At this

period ossification commences in the dense and smooth membrana

propria of the pulp, and is thence continued centripetally in the

course of the above-mentioned lines towards the base of the pulp.

Lastly, around the capillaries of the pulp the granules become con-

densed into concentric layers, which then form the walls of minute

tubes, visible on a microscopic examination of the substance of the

tooth.

(1720. In some genera, as Balistes and Clirysoprys, an enamel-pulp

is developed from the inner surface of the capsule which surrounds

the bone-pulp, and by this organ the surface of the teeth of such

fishes is coated with enamel in a manner to be described more at large

hereafter.

(1727.) In most osseous fishes, in addition to the lips, which, even

when fleshy, being destitute of proper muscles, would be unable to
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retain food in the mouth, there is generally behind the front teeth in

each jaw a valve formed by a fold of the lining membrane of the mouth,

and directed backwards so as efficiently to prevent the aliment, and

more especially the water swallowed for the purpose of respiration,

escaping again from the oral orifice.*

(1728.) Fishes have no salivary glands, as saliva to them would be

entirely useless : their oesophagus {fig. 292,#; fig. 302, d) is capa-

cious; and, from the circumstance of their having neither neck nor

thorax, extremely short, so that the food when seized is conveyed at

once into the stomach.

(1729.) The stomach itself is generally a wide cul-de-sac
(fig. 292, h),

Fig. 292.

the shape and proportionate size of which varies of course in different

species. Its walls are most frequently thin, and the lining membrane
gathered into large longitudinal folds {fig. 802, e), so as to admit of

considerable distension ; but occasionally, as for example in the Mullets,

its muscular walls are so thick that it might almost deserve the name
of gizzard, aud in such fishes its power of crushing the food is no
doubt considerable.

(1 /30.) Ihe intestinal canal in the osseous fishes is a simple tube

(fig. 292, i) folded in sundry gyrations proportioned to its length

;

Cuv. et Valenciennes, op. cit. p. 3G7.
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but in the cartilaginous families, such as the Sharks, the Rays, and
the Sturgeons, it presents internally a very remarkable arrangement,

evidently intended to increase the extent of surface over which the

digested aliment may be spread, for the purpose of absorbing its

nutritive portions. In these tribes a spiral valve \fig. 302, h) winds
in close turns from the pyloric to the anal extremity of the capacious

intestine
; so that, although externally the intestine appears short in

proportion to the size of the animal, its mucous lining is exceedingly

extensive.

(1731.) In addition to the biliary secretion which we have met
with in the lower animals, another system of chylopoietic glands for

the first time makes its appearance in the class before us, from which

a fluid termed the pancreatic is poured into the intestine. In the

osseous fishes this viscus presents the simplest condition of a gland,

consisting of simple caeca {jig. 292, n, n) ;
sometimes, as in the

Perch, only three in number; at others, as for instance in the

Salmonidai, extremely numerous. From these appendages a glairy

fluid, resembling saliva in composition, is abundantly secreted, and

becomes mixed with the bile immediately upon its entrauce into the

intestine.

(1732.) In the cartilaginous fishes, such as Sharks and Rays, the

pancreas exhibits a more perfect development, and already presents

the appearance of a conglomerate gland (jig. 302,/), from which the

pancreatic fluid is conveyed into the intestine through a common
duct.

(1733.) The liver of fishes is proportionately very large, and gene-

rally contains abundance of oil. The bile derived from it is received

into a gall-bladder (jig. 292, c), from which a duct of variable length

in different species conveys it into the intestine, in the immediate

vicinity of the pylorus. .

(1734.) It is in these animals that we for the first time find the

biliary secretion separated from venous blood ;
and consequently they

are provided with a new arrangement of the blood-vessels of the

abdomen, which they possess in common with the other Vertebrata,

forming what is termed by anatomists the system of the Vena Porta:.

The veins derived from the stomach
,
the intestines, and the spleen,

which last viscus now makes its appearance, instead of conveying

their contents to the heart, plunge into the substance of the liver,

and there again subdivide into capillary tubes ; thus furnishing to the

liver abundance of venous blood from which the hepatic secretion is

elaborated.

(1735.) The Spleen, now for the first time met with in the animal

creation, is a highly vascular organ, generally inclosed in the mesen-

tery between two folds of the intestine (jig. 292, m; jig. 302, x),

and evidently, in position, presenting no precise relations with the
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stomach. It receives a large supply of arterial blood, which becomes

converted into venous as it circulates through this organ, and in

that state is transmitted to the liver through the portal system of

veins.

(1736.) Another important addition to the animal economy, pecu-

liar to the Vertebrate division of animals, is the lympathic or absor-

bent system of vessels, which in fishes are abundantly distributed

through the body, and ramify like a rich net-work over the walls of

the intestines. These pour the materials absorbed from the body,

and the products of digestion, into the principal venous trunks, to be

mixed up with the circulating blood.*

(1737.) The circulation of the blood in fishes is carried on by the

assistance of a heart composed of two cavities only, which receives

the vitiated blood after it has circulated through the system, and

propels it through the branchiae, where it is exposed to the influence

of the oxygen contained in the surrounding medium. After being

thus purified, the blood is collected from the respiratory organs by the

radicles of the branchial veins
;
and these latter vessels, by their

union, form the aorta. There is, therefore, no systemic heart in

A Fig. 293. B

A. Heart of Lophius piscatorius. B. Ordinary structure of a fish’s heart. In both

drawings, a, represents the vena cava ;
b , the auricle ; c, the ventricle

; d, the bidbous

arteriosus ;
and e, the valvular apparatus guarding its commencement.

fishes, the aorta itself serving to propel the slow-moving blood in its

course through the arterial system.

* For a detailed account of the lymphatic system of fishes, the reader is referred to

the following authors—Monro, Anat. and Physiol, of Fishes, fob; Hewson, Phil.

Trans. 1769; Fohman, Hist. Generate des Lymphatiques des Verteb.; Heidelberg and

Leipzig, fob 1827.
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(1738.) The heart {fig. 292, o) is inclosed in a pericardium, and
situated beneath the pharyngeal hones and branchial apparatus

; the

cavity in which it is lodged being separated from the peritoneum by
a kind of tendinous diaphragm, and also by a capacious sinus, in

which the venous blood derived from all parts of the body is collected

preparatory to its admission into the heart.

(1739.) The auricle of the heart [fig. 293, b, b) is contained within

the pericardium: it varies greatly in form in different fishes, but

its capacity is generally considerably greater than that of the ventri-

cle; and its walls are thin, but, nevertheless, present distinct fleshy

columns.

(1740.) The blood derived from the great sinus before mentioned
enters the posterior part of the auricle of the heart by a large orifice,

which is guarded by two membrauous valves so disposed as to prevent

the reflux of the blood during the contraction of the auricular cham-

ber. The ventricle is strong and fleshy, and at its communication

with the auricle there is a strong mitral valve. The commencement
of the branchial artery {fig. 293, a, d

)
is so muscular and capacious,

that it might almost be considered as forming a second ventricular

chamber : this portion, which has been distinguished by the name of

the bulb {bulbus arteriosus), is separated from the ventricle by strong

valves ; and in the cartilaginous fishes, as, for instance, in the Shark

{fig. 293, b, e), there are several rows of semilunar valves so dis-

posed as most efficiently to prevent the blood from being driven back

again into the ventricle. In the heart of Lophius {fig. 293, a), the

conformation of the cavities is very peculiar. The auricle {b) is large

and pyriform, and the ventricle (c) of a globular shape; but the

most singular feature in its structure is the valve between the ventri-

cle and the bulb {d). This is a soft fleshy protuberance {e), perforated

in the centre, which projects into the cavity of the bulb, and allows

the blood to pass freely in one direction
; but the sides of the canal

collapse, and close the orifice, if the blood is forced back from the

bulb towards the ventricle.

(1741.) Issuing from the pericardium, the branchial artery runs

beneath the centre of the branchial apparatus, dividiug into as many
trunks as there are branchial arches, to each of which a vessel is

given off.

(1742.) To each branchial arch are attached a great number of

vascular lamellae placed parallel to each other, like the teeth of a

comb. The branchial artery, which runs in a groove situated upou

the convexity of the corresponding arch, sends off a twig to every one

of these lamiua3 ;
and this vessel, after twice bifurcating, divides into

an infinite number of little ramuscules, which run across both surfaces

of the branchial fringe, and terminate by becoming converted into

capillary veins.
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(1743.) The radicles of the branchial veins all open into a venous

canal which runs along the internal margin of each lamella, and these

last terminate in the great vein of the corresponding branchial arch,

which runs in the same groove as the artery, but is more deeply

situated, and, moreover, runs in the opposite direction : that is to

say, that the branchial artery derived from the heart, and coming
from the ventral aspect of the body, diminishes in size as it mounts
towards the back, and gives off twigs to the branchial fringe ; whereas
the branchial vein, on the contrary, receiving blood from the lamellae

of the brauchia, increases in diameter as it approaches the dorsal

region.

(1744.) On leaving the gills, the branchial veins assume the appear-

ance and perform the function of arteries. The anterior, even before

escaping from the branchial arch, gives off ramifications to different

parts of the head, and the heart and parts adjacent likewise receive

their supply of arterial blood from a branchial vein,

(1745.) The veins derived from all the branchial arches ultimately

unite and form the aorta, which evidently corresponds to the aorta of

Mammalia, although it has neither auricle nor ventricle at its com-
mencement.

(1746.) The aorta, while in the abdomen, runs beneath the spine,

and gives arteries to the viscera in the usual manner
; but at the com-

mencement of the tail it becomes inclosed in the inferior vertebral

arches, by which it is defended to its termination.

(1747.) There is yet another set of organs, which, as we ascend
from inferior to higher forms of animal life, we encounter for the

first time in the class before us ; an apparatus for elaborating the

urinary secretion, which is peculiar to the Vertebrate classes.

(1748.) The kidneys in fishes are very voluminous : they are situ-

ated on each side of the mesial line, immediately beneath the bodies

of the vertebrae
; and extend along the whole length of the abdomen,

not unfrequently reaching to the base of the skull, where their ante-

rior portion [fig. 292, e) lies above the branchial apparatus. The
ureters {fig. 292, /) generally terminate in a kind of bladder-like

dilatation, the orifice of which is found behind that of the vulva (s).

(1749.) Examined minutely, the substance of the kidney is found to

be entirely composed of microscopic tubules, which terminate in the
ureters: these uriniferous tubes are variously contorted, but of equable
diameter throughout; and they end towards the periphery of the
kidney by blind extremities.

(1750.) The skin of these aquatic animals is perpetually lubricated
by abundant mucous secretion furnished by muciparous' follicles, or
secreted in long tubular organs placed beneath the skin. In the Skate
the vessels last mentioned are remarkably large, and their distribu-

tion very extensive.



050 riSCES FISHES.

Fig. 294 .

Brain and cerebral nerves of the Perch (after Cuvier).—a, the cerebellum ; b, cere-

brum ; c, olfactory ganglia; i, bulbous commencement of the olfactory nerve; o, o,

olfactory nerve, terminating in the nasal capsule ;
n, optic nerve

; p, q, third, fourth, and

sixth pair of nerves, appropriated, as in Man, to the muscles of the eyeball ; «, ophthal-

mic branch of the fifth pair
; ft, superior maxillary branch of the fifth

;
inferior

maxillary branch of ditto
; p, opercular branch

; ?, branch of the fifth pair, mounting

upwards to join 0, a branch from the eighth pair, running to supply the dorsal region

of the body ; s, s, auditory nerve
;

t, t', nerves belonging to the eighth pair ; w, z,

nerves answering to the spinal recurrent.

(1751.) The brain of an adult fish occupies but a small portion of

the cranial cavity ;
the space between the jria mater, which invests the

brain, and the dura mater, which lines the skull, being occupied by a

loose cellular tissue filled with fluid : there is consequently no serous

or arachnoid cavity, such as exists in man. It has been remarked,

that the interval between the cranium and the brain is considerably

less in young than in mature fishes ;—a fact which sufficiently proves

that in them the brain does not grow in the same proportion as the

rest of the body
;
and, indeed, the size of the brain is nearly equal in

individuals of the same species, even although the body of one be

twice as large as that of the other.*

(1752.) In these, the lowestiorms of Vertebrata, the brain consists

of several masses placed one behind the other, either in pairs or

singly; these masses in fact may be regarded as so many distinct

ganglia, the complexity and perfection of which we must expect to

become gradually increased as we proceed upwards towards mammife-

rous quadrupeds.

* Cuv. et Val. op. cit.
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(1753.) The anterior pair of ganglia
(figs

.

294, c; 295; 297, a)

invariably give origin to the olfactory nerves, and consequently may

be justly looked upon as presiding over the sense of smell. These

ganglia are, in fact, the representatives of those masses which in man

are erroneously called the “ olfactory nerves ;
” for even in the human

subject, although their real nature is obscured by the enormous

development of other parts of the encephalon, the so-called nerves

are not nerves at all, but really lobes of the brain from which the

true nerves emanate.

(1754.) The olfactory nerves of fishes, derived from the lobes al-

luded to, vary greatly in composition and proportionate size: some-

times they are quite capillary; sometimes thick, though still simple;

occasionally they are double or triple, and in some cases are composed

of numerous fibres bound up in fasciculi.

(1755.) The organs of smell to

which these nerves are destined

are of very simple structure :

—

Two excavations are found near

the anterior paid of the snout>

lined -with a delicate pituitary

membrane, which is variously

folded, in order to increase the

extent of the sentient surface

(fig

.

295); and it may be pre-

sumed, that from the number of

plicae, which varies amazingly,

some estimate may be formed of

the relative perfection of the sense

of smell in different genera. Into

each olfactory chamber the water

is freely admitted by two distinct

orifices, while behind the pituitary

membrane the olfactory nerve

swells out into a ganglion
( fig. 297, 1), from which nervous fibrils

radiate, to be distributed over the plicated lining of the nose
(
Jc).

(1756.) The second pair of ganglia met with in the brain of a fish

(fig. 297, b) give origin to the optic nerves (2), and may therefore

very properly be regarded as representing the tubercula quadngemina
of the mammiferous brain. The nerves of vision derived therefrom

have no commissure, and present in many species a peculiar structure

which is not a little remarkable; each nerve being composed of a

broad band of nervous substance, folded up like a fan, and inclosed in

a dense membrane, so that when unfolded it presents the appearance

delineated at fig. 290, a.

(1757.) The eye itself differs in many points of structure from

Fig. 295.

Organ of smell in the Skate.
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that of terrestrial Vertebrate, its organization being of course adapted
to bring the rays of light to a focus upon the retina in the denser
element in which the fish resides

;
the power of the crystalline lens is

therefore increased to the utmost extent, and the antero-posterior

diameter of the eye-ball necessarily contracted in the same ratio, in

order that the retina may be placed exactly in the extremely short

focus of the powerful lens.

(J758.) The eyes of all the Vertebrata are constructed upon princi-

ples essentially similar, and present the same tunics and lenses as ai*e

met with in the human eye, and, generally speaking, arranged in the

same manner as in man. It is not our intention, therefore, in the

following pages minutely to describe the anatomy of the eye in every

class which will come under our notice ; but taking the human eye,

with the construction of which we presume our readers to be inti-

mately acquainted, as a standard of comparison, point out those modi-

fications of the general type of structure common to this division of

animated nature.

(1759.) The first thing which strikes the attention of the anatomist,

when examining the eye of a fish, is the size of the crystalline lens,

Fig. 296."

B C

and its spherical form. This shape, and the extreme density of

texture which the lens exhibits, are, indeed, perfectly indispenable.

The aqueous humour, being nearly of the same density as the ex-

ternal element, would have no power in deflecting the rays of light

towards a focus, and consequently the aqueous fluid in fishes is barely

sufficient in quantity to allow the free suspension of the iris : the

vitreous humour, from the same reason, would be scarcely more effi-
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cient than the aqueous in changing the course of rays entering the

eye, and hence the necessity for that extraordinary magnifying power

conferred upon the lens.

(1760.) But the focus of the crystalline will be short in proportion

as its power is increased ;
every arrangement has therefore been made

to approximate the retina to the posterior surface of the lens : the

eye-ball is flattened, by diminishing the relative quantity of the

vitreous humour; and a section of the eye {fig. 296, n, c) shows that

its shape is very far from that of a perfect sphere. This flattened

form could not, however, have been maintained in fishes, had not

special provision been made for the purpose in the construction of the

sclerotic ; the outer tunic of the eye, therefore, generally contains two

cartilaginous plates imbedded in its tissue, which are sufficiently firm

in their texture to prevent any alteration in the shape of the eye-ball

;

and in some of the large fishes the sclerotic is actually converted into

a cup of bone presenting orifices at the opposed extremities—one for

the insertion of the transparent cornea, the other for the admission of

the optic nerve.

(1761.) The vitreous humour and crystalline lens in many fishes

are kept in situ by a ligament placed for the purpose. This is a deli-

cate falciform membrane derived from the retina {fig. 296, b, c),

which plunges into the vitreous humour, and, being continued along

the internal concavity of the eye, is fixed to the capsule of the lens.

In some fishes, as the Salmon, this ligament is of a dark colour; and

in the Conger, there are two such bands, by which the crystalline is

suspended as by its opposite poles.

(j 762.) Another peculiarity in the structure of the visual apparatus

of osseous fishes is the existence of a vascular organ placed at the

back of the eye-ball, and interposed between the choroid tunic and

a brilliant metallic-coloured membraue which invests the choroid

externally. This organ, generally called the “ choroid, gland ” by

the older anatomists {fig. 296, A, g, g), is of a crescentic form, and

always of a deep red colour. It is principally made up of blood-

vessels, which run parallel to each other; and from it issue other

vessels, frequently very tortuous, and always much ramified, which

form a vascular network in the choroid. The nature of this organ

it is not very easy to determine. Some have believed it muscular

;

but the striae perceptible in it are vascular, and not fibrous ; others

have thought it to be glandular, but it has no excretory duct.

Most probably it is an erectile tissue analogous to that of the

corpus cgvernosurn, and has some influence in accommodating the

form of the eye to distances, or to the density of the surrounding

medium.*

(1763.) The pupil of the eye in the animals we are describing is

* Cuv. et "Val. op. cit. p. 338.
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very large, so as to take in as much light as possible
; but generally

motionless. In some genera the shape of the aperture is curious :

thus in the Rays a broad palmate veil hangs in front of the pupillary

aperture
; and in one case, the Anableps, there are two pupils to

each eye.

(1764.) The eyes of osseous fishes are lodged in the bony orbits

of the face, imbedded in a soft glairy cellulosity; but in many
of the cartilaginous tribes, such as the Sharks and Rays, each eye-

ball is movably articulated to the extremity of a cartilaginous

pedicle fixed to the bottom of the orbital cavity {figs. 297, i, and

296, c.)

Fig. 297.

Brain and cerebral nerves of the Skate.

—

a, olfactory ganglion
;

b, c, cerebrum ; d,

cerebellum; c, medulla spinalis; g, the eyeball; t, its cartilaginous pedicle; h, olfactory

sac; 1, distribution of the olfactory nerve.

(1765.) Six muscles serve to turn the eye in different directions

:

namely, four recti, arising, as in man, from the margin of the optic

foramen ;
and two oblique muscles, derived from the anterior part of

the orbit, and inserted transversely into the globe. These muscles are

well represented in fig. 296, wherein the reader will observe that the
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superior oblique (g) does not pass through a pulley, as is the case in

the human subject.

(1760.) It is extremely remarkable, that even in fishes the muscles

of the eye have special nerves appropriated to them, and those pre-

cisely the same as in the highest Mammalia. The third pair of

nerves animates them all, except the external rectus and the superior

oblique ; and also sends off filaments to be distributed to the choroid,

although no ophthalmic ganglion has yet beeu discovered. The fourth

pair is exclusively appropriated to the superior oblique ; and the ex-

ternal rectus, or abductor muscle, invariably receives its supply from

the sixth pair.

(1767.) To animals whose eyes are constantly washed by the water

in which they live any lachrymal apparatus would obviously be super-

fluous ; and consequently, in the class before us, neither lachrymal

gland, nor lachrymal puncta, nor even eyelids, properly so called, are

ever met with.

(1768.) Behind the optic lobes of a fish’s brain the ganglia from

which the other cerebral nerves emanate become confused into one

mass, so that they are no longer distinguishable from each other.

The nerves themselves, however, are easily recognised, and, with

the exception of the ninth pair (the lingual or hypoglossal nerves),

which are not met with in fishes, both in their distribution and

number precisely accord with those with which the human anatomist

is familiar. We have already traced the third, fourth, and sixth

pairs to the muscles of the eye. The fifth issues through the great

ala of the sphenoid, and divides, as in man, into an ophthalmic

branch [fig. 294, a), which runs through the orbit to be distributed

to the parts about the nose; a superior maxillary branch (£?), that

supplies the parts about the upper jaw; and an inferior maxillary

branch (0), destined to the lower jaw: the general distribution

of the nerve, as far as regards the face, is in fact exactly similar to

that of the same nerve in man ; but in fishes it is fouild to give off

other branches not met with in the human subject, one of which (y)

is destined to the operculum. Another (|) takes a very remarkable

course : it mounts up to the top of the skull, joins a large branch of

the eighth pair (0), and, issuing from the cranium through a hole in

the parietal and interparietal bones, passes along the whole length of

the back on each side of the dorsal fin, receiving twigs from all the

intercostal nerves, and supplying the muscles of the fin and the fin-

rays themselves.

(1769.) This branch is superficial until it reaches the little muscles

that move the fin. It has, sometimes, other branches equally superficial,

which descend to the anterior parts of the muscles of the trunk above

the pectoral fins ;
and others, which run as far as the anal fin, where

they form a longitudinal nerve similar to that of the back.
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(1770.) The seventh pair of cerebral nerves {fig. 294, s, s) in fishes,

as in all other Yertebrata, is devoted to the organ of hearing, and brings
to the sensorium the impressions of sound.

(1771.) The sense of hearing in these creatures must necessarily be
very imperfect; they have neither an external ear nor a tympanic
cavity, and consequently are entirely destitute of a membrana tympani,

and of the ossicles of hearing; they have neither Eustachian tube nor

fenestra ovalis

;

the labyrinth alone, and that more simple in its com-
position than the labyrinth of the human ear, is all that the anatomist

meets with in this first appearance of an auditory apparatus among
the Vertebrate classes.

(1772.) The accompanying figure {fig. 298) represents the ear of a

very large fish, the Lophius piscatorius

;

and the student will have

little difficulty in at once recognising all the parts of which it consists.

The soft parts of this simple ear are not inclosed in bony canals, as

in the human subject; but the membranous labyrinth is lodged in a

wide cavity on each side of the cranium : so that little dissection is

necessary to expose the eutire organ, which is surrounded on all sides

with the same kind of oily or mucilaginous fluid, which fills up the wide

interspace that exists between the brain and the dura mater lining the

inner surface of the skull.

Pig. 298.

Auditory apparatus of the Skate.

(1773.) As in all other Vertebrata, there are three semicircular

canals, disposed nearly as in the human ear, and each dilated in

like manner into an ampulla which receives the filameuts of the

acoustic nerve. Two of the semicircular canals coalesce before

they open into the vestibule, so that there are only five orifices

whereby the three semicircular canals communicate with the vestibular

cavity.

(1774.) The membranous vestibule (supported in the figure by two
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pins) is of variable shape, and its walls are very delicate. Its cavity,

as well as the interior of the semicircular canals, is filled with a trans-

parent glairy fluid
;

and it moreover incloses certain hard bodies

[otoliths), generally three in number, suspended by delicate filaments

in its interior.

(1775.) The otoliths of osseous fishes are of a stony hardness, resem-

bling shells, and their structure is nothing at all like that of bone.

(1776.) Their shape varies in different species, but, neverthe-

less, is so constantly the same in fishes of the same kind, that the

forms of these pieces might be employed as an important zoological

character.

(1777.) In the cartilaginous fishes the otoliths are quite soft, re-

sembling starch : in both classes they are composed principally of

chalk, and effervesce strongly when dissolved in acids.

(1778.) The auditory nerve gives a filament to each of the semi-

circular canals, which penetrates into the ampulla of the canal to

which it is destined, and there spreads out ;
but tbe larger portion of

the nerve is distributed over the vestibular sacculus, where it forms a

beautiful network.

(1779.) There is no Cochlea, although some writers imagine that

they can distinguish a rudiment of this part of the ear in a slight pro-

jection from the walls of the vestibule.

(1780.) The ears of fishes are, therefore, much less perfect than

those of other Vertebrate : * deprived of tympanum, of ossicles, and

of Eustachian tube, they can scarcely receive the impressions

produced by the vibrations of tbe ambient element, except by those

vibrations being communicated through the cranium ; and, moreover,

the membranous labyrinth not being inclosed in bone, the skull

can only transmit these movements in a very feeble aud imperfect

manner. The absence of a cochlea would go far to prove that the

ear of fishes cannot appreciate the differences of tones. All that it

offers to the physiologist is a membranous apparatus endowed with

great sensibility, in which the nervous filaments distributed in the

ampullae of the semicircular canals must necessarily partake of all the

movements of the fluid in which they are plunged, and where those

appropriated to the vestibule must be still more strongly agitated by

the shocks that these movements give to the otoliths contained in its

cavities.

(1781.) It is probable, therefore, that fishes hear; that noise pro-

duces in them a powerful sensation
; but that they cannot distinguish

or appreciate differences of tone, as the higher animals are enabled

to do.

(1782.) The nerves composing the eighth pair, preside over the

* Cuv. et Val. op. cit. p. 347.

U U



058 PISCES—FISHES.

same functions in all the Vertebrata. The glosso-pharyngeal sends

twigs to the first branchial arch, the fauces, and the tongue. The
nervus vagus (Jig. 294, t) supplies the three posterior branchiae,

and the lower part of the pharynx
; it is then continued along the

oesophagus to the stomach, where it terminates : it thus presides

over the same functions in all the Vertebrate classes; and it is not

a little interesting to see it even in fishes distributed to the organs

of respiration, notwithstanding the peculiarity of their structure

and position. In these creatures, however, it likewise furnishes

nerves to other parts of the body, and sends a long branch,

which generally runs in the substance of the lateral muscles of the

trunk, communicating with the spinal nerves, and giving off filaments

to the skin; an arrangement the physiology of which is not as yet

understood. The next pair of cerebral nerves in the auimals under

consideration would seem to represent the spinal recurrent of the

human subject
; it supplies the swimming-bladder and the muscles of

the shoulder.

(1783.) All the above nerves posterior to the optic arise from a chain

of ganglia constituting the medulla oblongata; but above these are

situated other important masses entering into the composition of the

encephalon, from which no nerves take their origin, viz. the cerebral

hemispheres and the cerebellum.

(1784.) The cerebral hemispheres in all the Vertebrata are un-

doubtedly the seat of the mental powers ; and as this portion of the

brain becomes developed and perfected, brutality and stupidity give

place to sagacity and intelligence.

(1785.) In the higher quadrupeds, and more especially in man, the

proportionate size of the hemispheres of the brain is so enormous that

they overlap aud conceal all the parts we have been describing ;
but, as

we descend to lower forms, their relative dimensions become gradually

smaller and their structure less complicated, until in fishes, the least

intelligent of all the creatures belonging to this great division of the

animal kingdom, they are found in such a rudimentary condition that

they are frequently far inferior in size even to the olfactory or optic

ganglia (fig. 297, c).

(1786.) The lobes representing the hemispheres in fishes (Jig. 299,

b) are quite smooth externally, and within are hollowed into a large

ventricle, in the floor of which is seen the upper surface of the optic

ganglia (Jig. 299, b, d). They present none of that complication of

parts met with in the brains of higher orders : their inner surface is

lined with transverse fibres (h), and a simple commissure passes

across the auterior part of the ventricle, bringing the two sides into

communication with each other; behind the commissure a passage

leads to the third ventricle, the infundibulum, and the pituitary

gland.
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Fig. 299.

A » C

Brain of the Perch (after Cuvier).—a, cerebellum; b, cerebrum; c, olfactory ganglia;

t, olfactory nerves
; d, optic ganglia

; g, supplementary lobe; h, transverse fibres in the

walls of the cerebral ventricle; n, commissure of the optic nerves
; p, q, r, s, t, u, the

third, fourth, fifth, sixth, seventh, and eighth pairs of cerebral nerves.

(1787.) The cerebellum (fig . 299, a) is at once recognisable from

its position and singleness. In the Perch its form is that of a

blunted cone, with the summit directed slightly backward, but the

shape and relative dimensions of this part of the brain are extremely

variable. It consists, in fishes, only of the central portion (processus

vermiformis ), so that there are neither lateral lobes nor pons Varolii:

its surface is composed of cineritious substance, and in its centre is a

ramified medullary axis containing a ventricle that communicates with

the fourth.

(1788.) One very remarkable feature in the structure of the ence-

phalon of fishes is the existence of supplementary lobes (fig. 299, g)

placed behind the cerebellum, which sometimes are united by a com-

missure : occasionally, as in the Trigla, there are as many as five pairs

of such supplementary masses ; but probably, instead of regarding

these as belonging to the brain, it would be more proper to consider

them as being merely the first ganglia composing the spinal cord

enormously developed in proportion to the importance of the nerves

which they give off to the pectoral fins.

(1789.) The spinal nerves of fishes arise by double roots from the

sides of the medulla spinalis, which generally extends from one

end of the canal formed by the superior vertebral arches, to the

other. The posterior roots are dilated into ganglia soon after

their origin, but the ganglia are extremely minute. The spinal

cord of the Moon-fish (Orlhagoriscus Mola) is, however, an excep-

tion to the usual conformation ; in this remarkable fish the spinal

ganglia are all collected into a stunted mass placed immediately

behind the brain ;
and from this all the spinal nerves are given off,

u u 2
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in the same manner as those forming the ccvuda equina in the human
subject.

(1790.) The Sympathetic system in the creatures we are now exa-

mining is of very small size, when compared with that met with in

the higher Yertebrata; nevertheless, it occupies the usual position,

and communicates as in man with the commencements of the spinal

nerves.

(1791.) There are few subjects more calculated to arrest the

attention of the physiologist than the progressive development of

the generative system in the Vertebrate classes; and it is not a

little interesting to watch the gradual appearance of additional

organs, both in the male and female, as we advance upwards in

the series of animated beings from the cold-blooded and apathetic

fishes. In its simplest condition, the whole generative apparatus,

even of a vertebrate animal, is in both sexes merely a capacious gland

provided with an excretory duct, wherein, in the female, ova are

secreted, and in the male a fecundating fluid is elaborated from the

blood. The eggs of the female, when mature, are expelled from the

nidus in which they were formed, and cast out into the surrounding

water. The male, urged apparently rather by the necessity of getting

rid of a troublesome burden than by any other feeling, ejects the

seminal secretion in the same manner; and the fecundating fluid,

becoming diffused through the waves, vivifies the eggs with which it is

casually brought into contact. Such is the whole process of reproduc-

tion in the osseous fishes.

(1792.) In the females of such fishes, the ovary, or roe as it is

generally called, consists of a wide membranous bag, ordinarily divided

into two lobes, but sometimes, as in the Perch
,
single (Jig. 292, q).

This extensive organ, when distended with ova, fills a large proportion

of the abdominal cavity, and its lining membrane is folded into broad

festoons, wherein the ova are formed, and lodged until sufficiently

mature for expulsion. When ripe, the eggs escape into the cavity of

the ovary, and are expelled in countless thousands into the surrounding

element through the orifice of the ovarian sac (fig. 292, r) which is

situated immediately behind the anus (/c), and in front of the urinary

canal (s).

(1793.) Generally, as has been already stated, the ova of fishes are

fecundated after their expulsion ;
but there are a few instances, as

for example the Viviparous Blenny (Zoarcus viviparus ) of our own

shores, in which the young are hatched in the ovary, and grow to a

considerable size before they are born : in such cases impregnation

must take place internally, and the males in these species have, in

fact, a nipple-like prolongation of the orifice of the duct, through which

the semen escapes, probably for the purpose of introducing the

seminal fluid into the interior of the ovary of the females. Neverthe-
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less, even in these the ovaria present the same structure as in ordinary

fishes; the only difference being that their eggs are retained until the

embryo is far advanced in its development, instead ol being prema-

turely extruded.

(1794.) The testicle in the males of osseous fishes, generally named

“ the milt,” equals in bulk the ovary of the other sex, and the quantity

of the secretion furnished by it must be exceedingly great, ihe

entire organ is composed of slender and very delicate convoluted caeca,

in which the semen is elaborated. These tubes towards the circum-

ference of the testis all terminate in blind extremities, but by their

opposite ends they communicate with the general excretory duct

;

so that, by blowing air into the latter, the entire organ becomes

amazingly distended. In some cases the seminiferous tubules run

parallel to each other, and become furcate as they approach the

exterior of the testis : in others, after dividing and subdividing to

some extent, as they diverge from the common duct, they become

converted into innumerable anastomosing ramifications
;
60 that the

whole substance of the testis appears to be made up of reticulate

tubes, which during the spawning season, when they are filled with

the creamy fluid that they secrete, are visible even with the naked

eye.*

(1795.) It will be observed by the anatomical reader, that while

in the Osseous Fishes the ova escape into the interior of the

ovary, and are expelled through an excretory orifice resembling

the duct of an ordinary gland, in the Cartilaginous Fishes

and in all other Vertebrata the germs burst from the exterior of

the ovarium, where they are generally seized by Fallopian tubes,

and either conveyed out of the body as eggs, or, being hatched

internally, the offspring are nourished in receptacles provided for

the purpose, until they arrive at a considerably-advanced state of

development.

(1796.) But it is only by degrees that these more perfect ovigerous

organs make their appearance, and we would particularly solicit the

attention of 'the student to the different gradations of structure met

with in this part of the animal economy.

(1797.) In the Eel and the Lamprey we have the first appearance

of an ovary, such as is common to the higher Vertebrata. It consists

of a very extensive vascular membrane covered by the peritoneum,

and attached in broad folds beneath the spine, extending nearly

from one end of the abdomen to the other {fig. 300). This viscus

is not hollow, neither has it any excretory duct, so that naturalists

were long at a loss to explain how the ova of these creatures were

expelled.

Muller, de Glandularuni Structura penitiori. Lipsi®, fol. 1(130,
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(1798.) The extensive membrane above alluded to, as is now suf-

ficiently well determined, produces in its substance the germs of the

future progeny
;
and these, as they become mature, break loose from

the nidus wherein they were generated into the interior of the peri-

toneal cavity of the Eel, and float loosely in the abdomen : there is no

Fallopian tube as yet developed ;
but two simple orifices, placed on

each side of the anal opening, serve to give exit to the countless eggs,

which thus escape into the surrounding water.

(1799.) The male organs of the Lam- Fig. 300.

prey and Eel, together with the ovaria

of the female, and the kidneys and

ureters, were accurately described by

Hunter, in the Catalogue of his Col-

lection, and their form and structure

are illustrated by the preparations and

drawings still preserved in the College

of Surgeons;* but in such fishes the

testis of the male so exactly resembles

the female ovary, that it was even ima-

gined by Sir E. Home that no males

existed, or that the females were them-

selves hermaphrodite : according to

Rathke.f however, the testes of the

male are composed of solid granules

precisely like the female ova
;
and the

secretion derived from them is in like

manner allowed to escape into the ab-

domen, from which it is expelled through

similar openings in the peritoneum.

(1800.) In the Sharks and Rays we

meet with a very important addition to

the female sexual apparatus, namely, an

oviduct, by which the germ is seized on

its escape from the ovarium, and fur-

nished with additional covering neces-

sary in such fishes for the security of

the fetus.

(1801.) In these genera the folds of

the ovarian membrane become less ex- Reproductive organs of the Lam-

tensively spread out ; and, from the size Prc>’ marinm).

of the yolks of the eggs formed therein, the organ assumes a race-

mose appearance. The ovaries now form two large bunches placed on

each side of the spine ; and the ova when mature would necessarily

* Sec Physiol. Catalogue, vol. iv. pp. 41), 129, pi. 59 and GO.

t Ncucstc Schriftcn der Naturforschenden Gcsellschaft zu Danzig. Hallo, 1824.
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escape into the abdominal cavity, as those of the Lamprey and Lei

do, were they not seized by the patulous orifices of the two long and

membranous oviducts whereby they are conveyed out of the body.

(1802.) There is, moreover, iu the Chondropterygious Fishes

a necessity for defending the young during the earlier stages of

their growth, by means which it would have been quite foieign to

the purposes of Nature to have adopted in the other division of this

extensive class. The earth is peopled only at its surface, and the

vegetable banquet there spread is abundantly sufficient for the

support of terrestrial beings. The ocean, however, being densely

populated at every assignable depth, could never have supplied

vegetable food to anything like the extent required to satisfy her

progeny ; hence, therefore, the necessity for that astonishing fertility

so remarkable in the osseous fishes—nine millions of ova have

been calculated to be spawned at a birtli by a single cod fish : such

spawn, being naked and unprotected, is eagerly devoured by thousands

of hungry mouths, or the feeble youug soon fall a prey to countless

voracious persecutors. If, however, it was obviously requisite that

the progeny of osseous fishes should be thus multitudinous, iu order

to provide a sufficiency of needful food, it is equally clear that it

would have been incompatible with the design of the Creator that

the ravenous Sharks should be

endowed with equal fecundity

:

their eggs are consequently few

in number ; and, in proportion

to their scarcity, jealous precau-

tion must be taken to insure the

safety of the included young, in

order to prevent the complete ex-

tinction of the race.

(1803.) The means employed

for this end are simple and beau-

tiful. About the middle of the

oviduct of the female there is a

thick glandular mass, destined to

secrete a horny shell in which

the yolk and white of the egg

become encased. The egg when

complete has somewhat the shape

of a pillow-case, with the four

corners lengthened out into long

tendril-like cords (Jig. 301), where-

by the egg is entangled amongst

the sea-weed at the bottom of

would soon be destroyed by the

Fig. 301.

Egg of the Shark.

the ocean. A brittle egg-shell

beating of the waves, hence the
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necessity for the corneous nature of the envelope
; and yet how is the

feeble embryo to escape from such a tough and leather-like cradle ?

Fig. 302.

Viscera of the Shark, in situ.—a, the heart; h, gill openings ; c, c, c, lobes of the

liver; il, c,f, k, alimentary canal; i, .appendage to the intestine; g, biliary duct; t:, the

restis
;

o, p, vas deferens; k, intromittent organ; r, s, openings communicating with the

peritoneal cavity ;
l, claspcrs.
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This likewise has been provided for : the egg remains permanently

open at one extremity, or, to carry out our humble simile, one end of

the pillow-case is left unsewn ;
the slightest pressure from within,

therefore, separates the valvular lips of the opening, and no sooner

has the little shark thus extricated itself from its confinement than

the two sides close again so accurately that the fissure is not at all

perceptible.*

(1804.) The sexual organs of the male Chondropterygii are very

remarkable, and their real character is not properly understood.

The testicle [fig. 302, n) is large, and occupies the same posi-

tion as the ovary of the female ;
but the singularity of this

testis consists in its being made up of two portious, one of which

has an excretory duct, while the other, although equally bulky, has

none.

(1805.) The former portion, when minutely examined, is composed

of an immense assemblage of flexuous secerning vessels, that pour

their secretion into a long and tortuous vas deferens (o), which, after

running in a zig-zag course nearly the whole length of the abdomen,

dilates into a capacious reservoir of semen (p), and ultimately termi-

nates with its fellow of the opposite side in a conical fleshy organ (Zc),

which may be presumed to answer the purpose of an intromittent

apparatus.

(1806.) The second poi’tion of the testis appears to consist of glo-

bular bodies having no excretory duct whatever
;
and it is not impos-

sible that this is an organ analogous to the testis of the Lamprey, and

that its secretion escapes into the abdominal cavity, to be expelled

through two orifices (s, s) situated on each side of the anus, whereby a

free communication exists between the interior of the peritoneal sac

and the external surface of the body.

(1807.) In these highly-organized genera impregnation takes place

internally, and the male is furnished with two strong prehensile organs

called claspers
(
l), by means of which he seizes and securely holds the

female during copulation.

* According to Cuvier, in those Sharks which are viviparous, that is, whose young

are hatched in the oviduct prior to their expulsion, this egg-shell is never formed, and

the investments of the foetus remain permanently membranous. Loc. cit. p. 397.
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CHAPTER XXVIII.

REPTIL1A.

(1808.) The globe that we inhabit is usually said to be made up of

laud aud water, and, perhaps, for the purposes of the geographer,

such a division of the surface of our planet is all that is requisite.

A slight investigation of this subject, however, is sufficient to con-

vince the naturalist, that a very considerable proportion of the world

around us can scarcely be strictly referred to either one or the other

of the geographical sections referred to ; that there are extensive

marshes, for instance, equally ill adapted to be the habitation of

aquatic animals, or of creatures organized for a purely terrestrial

existence ; that some localities may be alternately deluged with water

and parched with drought
;
that the margins of our lakes, the banks

of our rivers, and the shallow ponds and streamlets of warm climates,

could only be adequately populated by beings of an amphibious cha-

racter, alike capable of living in au aquatic or in an aerial medium,

and combining in their structure the conditions necessary for enabling

them to reside in either element.

(1809.) Aquatic animals, strictly so called, breathe by means of

gills;—for a vertebrate animal to respire air, it must be provided

with lungs : but if a creature is destined to live both in air and

water, it must obviously have both gills and lungs coexistent, either

of which may be employed in conformity with the changing necessi-

ties and altered circumstances. We cannot, therefore, be surprised

to find that in the lowest Reptiles this is literally the arrangement

adopted ; that they respire like fishes by means of branchiae while in

the water, whereas on emerging into the air they have lungs ready

for use.

(1S10.) The Amphibia
(
Batrachia , Cuv.) are to the anatomist

amongst the most interesting animals in the whole range of zoology,

as we trust will be made sufficiently evident wdien we come to inves-

tigate their internal economy
; but it is to their outward forms and

habits that we must first introduce the reader, leaving the details of

their organization to be discussed in the sequel.

(1811.) From whatever form or race of animals the zoologist ad-

vances towards the next succeeding it in the great scale of Nature, he

will find himself insensibly led on by such gentle gradations that

the transition from any one class to another is almost imperceptible.
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Nihil per saltum is oue of the most obvious laws in Creation
; and of

this, perhaps, we could not select a more striking illustration than is

afforded by the Lepidosiren (Jig. 303).

Lepidosiren annectans.

(1812.) Two distinct species of this most remarkable animal have

been met with : one, the Lepidosiren paradoxa, discovered by Dr.

Natterer in the river Amazon ;
the other, Lepidosiren annectans, was

found by T. C. B. Weir, Esq., and is a native of the African continent,

inhabiting the river Gambia. An individual of the species last men-

tioned has been minutely anatomized by Professor Owen/ and both

in its outward form and internal organization is so precisely interme-

diate between a Reptile and a Fish, that, while Dr. Natterer regards

it as an Amphibian, Professor Owen considers that, notwithstanding

that it possesses lungs, the icthyic characters predominate, and it

ought rather to be raulced among the Fishes.

(1813.) The body of the Lepidosiren annectans (Jig- 303) is about

a foot long, and covered with scales, resembling those of the cycloid

fishes : the° tail gradually tapers to a point, but is fringed above and

below with a membranous fin, supported by numerous soft, elastic,

transparent rays, articulated to the superior and inferior spines of the

caudal vertebra; the gills are covered by opercula, not being ex-

posed, as in the proper Amphibia ;
and, moreover, it has four rudi-

mentary fins, or legs, as the reader may choose to call them. These

rudimental extremities are round, filiform, and gradually attenuated

to an undivided point; being supported internally by a single-jointed

soft or cartilaginous ray.
’ The nostrils of the Lepidosiren, however,

are merely two blind sacs as in fishes, and do not communicate with

the mouth or fauces; a character which Professor Owen regards as

the only decided evidence that the animal ought in preference to be

ranked among the class Pisces.

(1814.) The Siren lacertina, a creature which inhabits the marshes

of Carolina, is another amphibious animal, scarcely further removed

from the fishes than the last. The Siren attains the. length of two

or three feet ; it has a body very nearly resembling that of an eel

;

* Transactions of the Linncan Society for 1840.
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but instead of pectoral fins it has two rudimentary feet, each provided

with four fingers, its hind feet, the representatives of the ventral fins,

being entirely wanting ; it is, moreover, furnished with gills placed

on each side of the neck, while internally it possesses two capacious

membranous lungs adapted to aerial respiration.

(1815.) In the Proteus anguinus, an animal only met with in the

subterranean waters of Carniola, the body, of which a figure is given

in a subsequent page {Jig. 315), is equally anguilliform
; but the legs

are now four in number, although still very imperfectly developed.

Its gills are fringes of blood-vessels placed externally upon the sides

of the neck, and its thin and delicate lungs {t, z) extend nearly the

whole length of the abdomen.

(1816.) The Amphibia above mentioned, as well as the Meno-
branchus and the Axolotle, both animals of very similar construction,

preserve their branchiae through the whole period of their lives, and

are for this reason denominated Amphibia perennibranchiata

:

but

there are other genera which, although in the early part of their exist-

ence they are equally provided with both gills and lungs, ultimately

become sufficiently perfect in their organization to enable them to

enjoy a more or less complete terrestrial existence
; and, consequently,

their branchiae become obliterated as the lungs grow more efficient,

until at length no vestiges of the former remain perceptible. These

are called A. caducibranchiata.

(1817.) The most remarkable examples of the Caducibranchiate

Amphibia are the Frogs, the Toads, and the Newts, so common in

our own country; and the metamorphosis of these creatures from

the tadpole, or fish-condition under which they leave the egg, to their

perfect air-breathing and four-footed state, is a matter of common
observation. We select the Newt (Triton cristatus

)
as an example of

the changes which these amphibians undergo as they advance towards

maturity.

(1818.) Immediately before leaving the egg, the tadpole of the

Salamander, or Water-Newt {Jig. 304, a), presents both the outward

form and internal structure of a fish. The flattened and vertical tail,

fringed with a broad dorsal and anal fin, the shape of the body, and

the gills appended to the sides of the neck, are all apparent; so

that, were the creature to preserve this form throughout its life, the

naturalist would scarcely hesitate in classing it with fishes properly so

called.

(1819.) When first hatched {Jig. 304, b),* it presents the same fish-

like body, aAd rows itself through the water by the lateral movements

of the caudal fin. The only appearance of legs as yet visible con-

sists in two minute tubercles, which seem to be sprouting out from

* Vide Itusconi, Amours dcs Salamandres Aquatiques, ct devcloppement du Tetard dc

ces Salamandres depuie l’CEuf jusqu’a 1'Animal parfait. 4to. Milan. 18 -

21.
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Fig. 304. A

C

Larva; of Triton.

the skin immediately behind the branchial tufts, and which are, in

fact, the first buddings of anterior extremities. Nevertheless, to

compensate to a certain extent for this total want of those prehensile

limbs which afterwards become developed, two supernumerary organs

are provisionally furnished, in the shape of two minute claspers,

seen in the figure, situated on each side of the mouth ;—by means of

these the little being holds on to the subaquatic leaves, and thus

prevents itself from being washed away by the slightest current.

(1820.) Twelve days after issuing from the egg, the two fore-legs,

which at first resembled two little nipples, have become much elon-

gated, and are divided at their extremity into two or three rudiments

of fingers [fig. 804, o). The eyes, which were before scarcely visible,

and covered by a membrane, distinctly appear. The brauchi®, at

first simple, are divided into fringes, wherein red blood now circulates

;

the mouth has grown very large, and the whole body is so transparent

as to reveal the position of the viscera within. Its activity is like-

wise much increased ; it swims with rapidity, and darts upon minute

aquatic insects, which it seizes and devours.

(1821.) About the twenty-second day (fig. 305, d) the Tadpole, for

the first time, begins to emit air from its mouth ; showing that the

lungs have begun to be developed. The branchiae are still large.

The fingers upon the fore-legs are completely formed; the hind-legs

begin to sprout beneath the skin; and the creature presents in a

transitory condition the same external form as that which the Siren

lacertina permanently exhibits.

(1822.) By the thirty-sixth day the young Salamander {fig. 305, e)

has arrived at the development of the Proteus anguinus; its hind-

legs are nearly completed, its lungs have become half as long as

the trunk of its body, and its branchiae more complicated in struc-

ture.

(1823.) At about the forty-second day the tadpole begins to assume
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Fit). 305.

Larva; of Triton.

the form of an adult Triton {fig. 305, f): the whole body becomes

shorter, the fringes of the branchite are rapidly obliterated, so that

in five days they are reduced to simple prominences covered by the

skin of the head; and the gill-openings at the sides of the neck,

which, as in fishes, allowed the water to escape from the mouth, and

were in like manner covered with an operculum formed by a fold

of the integument, are gradually closed : the membranous fin of

the tail contracts, the skin becomes thicker and more deeply coloured,

and the creature ultimately assumes the form and habits of the

perfect Newt, no longer possessing branchiae at all, but breathing air,

and in every particular completely converted into a Reptile.

(1824.) But, however curious the phenomena attending the deve-

lopment of the tadpoles of the amphibious Reptiles may he to the

observer who merely watches the changes perceptible from day to day

in their external form, they acquire a tenfold interest to the physio-

logist who traces the progressive evolution of their internal viscera;

more especially when he finds that in these creatures he has an oppor-

tunity afforded him of contemplating, displayed before his eyes, as it

were, upon an enlarged scale, those phases of development through

which the embryo of every air-breathiug vertebrate animal must pass

while concealed within the egg. The division, therefore, of Reptiles

into such as undergo a metamorphosis, and such as do not, is by no

means philosophical, although convenient to the zoologist: all Reptiles

undergo a metamorphosis, though not to the same extent. In the
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Perennibranchiata the change from the aquatic to the air-breathing

animal is never fully completed; in the Cadocibeanchiata the change

is accomplished after the embryo has escaped from the ovum ; and in

the Reptilia proper, as well as in Birds and Mammals, which are

generally said to undergo no metamorphosis, the changes referred to

are accomplised in ovo during the earliest periods of the formation of

the fetus.

(1825.) The second order of Reptiles (Ophidia) includes the Serpent

tribes, animals entirely deprived of external locomotive extremities,

and nevertheless endowed with attributes at once formidable and

surprising. Absolutely without limbs or any apparent means of pro-

gression, the scale-clad Serpent makes its way in either element with

equal facility; and walks or leaps, or climbs or swims, at will. Desti-

tute of any prehensile members, it seizes and devours the strongest

and most active prey: it binds its victim in a living rope; or, with a

single scratch inflicted by its venomed fangs, speedily destroys the

stoutest assailant.

(1826.) The transition from the Ophidia to the Lizards (Sauria),

composing the third order of Reptiles, is very gradually accomplished

by several intermediate forms, in which the first buddings of legs

make their appearance ; and these locomotive organs, becoming more

and more completely developed in other genera, at length conduct us

from the flexible and apodous Serpents to the strong and four-footed

Reptiles which are the types of the Saurian division. The progressive

development of the locomotive extremities is not a little curious: even

among some of the Serpents properly so called, as, for example, in

the Anguis fragilis of our own country, the rudiments of these limbs

may be detected beneath the skin ; more especially those of the

hinder extremity, wherein a little pelvis and femur may be distinctly

recognised, while a minute sternum, clavicle, and scapula indicate the

first appearance of the thoracic legs.

(1827.) In Bimanes, the lowest of the Saurian genera, two little

feet, each provided with four toes, are appended to the framework of

the shoulder; and in Seps , which equally possesses the body of a

serpent, all four extremities first make their appearance externally.

As the legs become increased in their relative size and importance,

the trunk is proportionately shortened and its flexibility diminished,

until at length we are conducted almost by imperceptible gradations to

the strong and voracious crocodiles, the most perfect of the Reptile

families.

(1828.) The fourth order of Reptiles (Chelonia) comprises a series

of animals of most anomalous conformation, in which the greater part

of the skeleton is brought quite to the exterior of the body, and the

limbs are absolutely inclosed within the cavity formed by the ribs.

Such are the Tortoises and the Turtles ; but, as we shall describe the
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anatomy of these animals more at length hereafter, we need only

in this place point out to the reader their outward form and general

appearance.

(1829.) Commencing our researches concerning the internal organ-

ization of this extensive class by examining the osteology of the

Eeptilia, we shall, as we have hitherto done, select one skeleton

for special examination ; and afterwards, taking that as a standard

of comparison, observe the most conspicuous modifications of

structure met with in the different divisions of this important

group. Fig. 306 .

(1830.) The skeleton we choose for

particular description is that of the

Crocodile, one of the most interesting

that can possibly be offered to the con-

templation of the comparative anato-

mist
;
inasmuch as it exhibits, developed

to a medium extent, a greater number

of the elements which we have supposed

to enter into the composition of a perfect

or typical skeleton than any other with

which we are acquainted : we, therefore,

beg the attention of the student while

we investigate this important piece of

osteology.

(1831.) A glance at the skeleton of

the Crocodile [fig. 30G) at once shows

us that in consequence of the addition

of a thorax, and the connection which

now necessarily exists between the pelvis

and the spine, the vertebral column be-

comes divisible into distinct regions :

—

viz. the cervical, containing seven ver-

tebras ; the dorsal, formed by those ver-

tebrae which support the thoracic ribs

;

and the lumbar vertebrae intervening

between these and the sacrum. The
number of bones entering into the com-

position of the sacrum, that is, which are

connected with the ossa ilii of the pelvis,

are in this case two in number
;

while,

behind these, six-and-thirty vertebrae

enter into the composition of the tail.

(1832.) In the cervical, dorsal, lumbar,

and sacral regions, no inferior spinous

processes exist ;
but in the caudal por-
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tion of the vertebral column these elements are found greatly developed,

as in fishes, and obviously with the same intention, namely, to increase

as much as possible the vertical extent of the tail, and thus convert

this part of the body, which is here of extraordinary length and great

flexibility, into a powerful instrument of propulsion.

(1833.) The transverse processes of the cervical vertebrre are re-

markably large, and so extended that they materially interfere- with

the lateral movements of the neck ; an arrangement evidently designed

to afford a sufficient extent of insertion for the powerful muscles of

the cervical region.

(1834.) The thorax is composed of a Sternum and two sets of ribs

;

one set being articulated with the transverse processes of the dorsal

vertebrae, and hence called dorsal ribs ; while the others, being fixed

to the sides of the sternum, are named sternal ribs : the contiguous

extremities of the dorsal and sternal ribs are, moreover, united by

intervening cartilages, which, as they are generally more or less per

fectly ossified in the adult Crocodile, might almost be regarded as

additional elements of the thorax.

(1835.) The posterior dorsal ribs are far less perfectly developed

than those situated more anteriorly ; and it is not a little interesting

to observe how gradually, even in the same skeleton, the transition is

effected from the simple condition already noticed in the ribs of

fishes, in which each rib is merely appended to the extremity of the

transverse process of a vertebra, to ribs perfectly adapted to enter into

the composition of a true thoracic cavity, and united by a double

articulation both with the transverse processes and the bodies of the

vertebrae. The head of the last rib of the Crocodile is, in fact, sim-

ple, and merely articulated with the apex of the transverse process of

the corresponding vertebrae ; the next is slightly bifid at its origin,

but both the divisions are still connected with the transverse process :

as we advance still further forwards, the division of the origin of the

rib becomes more and more decided, until at length, at about the fifth

rib, we have two distinct heads, one firmly articulated with the body

of the vertebra, the other with the transverse process
;
presenting an

arrangement precisely similar to that met w'ith in the structure of the

thorax of a bird.

(1836.) The sternal apparatus is not less interesting to the osteo-

logist. The anterior extremity of the sternum is osseous, and consi-

derably prolonged forwards, to be articulated with the clavicles, and

thus afford a support to the anterior extremity. Behind this it becomes

cartilaginous, and affords attachment to the sternal ribs, which enter

into the composition of the thorax : it does not, however, terminate at

the posterior margin of the thoracic cavity, but is continued along the

mesial line of the abdomen quite to the pubis, and gives off eight

abdominal sternal ribs, to which no dorsal correspondents are met
x x



674 REPTILIA.

with. These abdominal ribs serve to support the muscles of the

abdomen, and here present their maximum of development: rudi-

ments of them are, however, still met with in the higher animals,

and even in the human subject we find, in the transverse tendinous

bands which intersect the substance of the rectus muscle of the

abdomen, the last remains of these appendages to the sternal portion

of the skeleton.

(1837.) In the anterior extremity of the Crocodile we have most of

the parts enumerated as entering into the composition of a perfect or

typical skeleton
; the shoulder, however, is composed of only two pieces,

the Scapula aud the Clavicle , the last of which articulates wdth the

sternum : the bones of the arm, fore-arm, and hand, are completely

developed.

(1838.) The posterior extremities are fully formed, the pelvis being

connected by means of the ossa ilii to the transverse processes

of two vertebrae, which therefore, as we have seen, constitute the

Sacrum.

(1839.) In examining the bones which enter into the composi-

tion of the head of the Crocodile, or indeed of most Reptiles,

the anatomist finds his studies much facilitated by the circumstance

that the sutures separating the individual bones never become

obliterated, so that the elements of this portion of their skeleton

remain permanently detached and separate ; and for this reason

we shall take the present opportunity of going a little into detail

concerning the composition of the skull of the Crocodile, as it is

well calculated to illustrate the real structure of the cranium in the

Vertebrata generally.

(1840.) The bones belonging to the face are easily recognised; the

Intermaxillary (17), the Maxillary (18) and the Nasal (20), the Zy-

gomatic
(
b
)
and the Lacrymal (c), all occupy their usual relative posi-

tions. The roof of the mouth is formed, as .in Man, anteriorly by an

elongated process of the upper jaw (18), and posteriorly by the palate-

bone (22).

(1841.) The Frontal consists of five pieces; viz. the Principal

Fronted (1), which probably in the feetus consisted of two lateral

halves, the Anterior Frontal (2, 2), and the Posterior Frontal

(4, 4).

(1842.) The Parietal (7) is, as is generally the case in Reptiles,

represented by a single bone.

(1843.) The Occipital consists of four pieces, which remain

permanently detached; namely, the Basilar (6), the two Lateral

Occipital (10), and the Superior Occipital placed above the foramen

magnum.

(1844.) The Sphenoid, which in Man is regarded as a single bone,

is here represented by several distinct parts. The body is divided
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Fig. 307.

Skull of the Crocodile.

into two portions (6), called respectively the Anterior and the Posterior

Sphenoids. The great or Temporal Ala, (11) are also separate bones,

as also are the Internal Pterygoids (25).

(1845.) A bone (24), which is not met with either in Mammalia or

Birds, passes from the Internal Pterygoid to the point of junction

between the Zygomatic, the Maxillary, and the Posterior Frontal:

this has been named by Cuvier the Transverse hone.

(1846.) The Ethmoid and the Vomer (16) are but very imperfectly

ossified, so that the septum between the nostrils is in the skeleton

extremely incomplete, and the sense of smell of course proportionately

obtuse.

(1847.) But the most interesting of the cranial bones is the Tem-

poral, which, although considered as one bone by the human osteo-

logist, is in Reptiles evidently composed of at least four distinct

and separate parts. These are, 1st, the Petrous hone (Jig. 307,

a, e), which partially encloses the organ of hearing; 2dly, the Tym-

panic bone (a) which supports the membrana tympani; 8dly, the

Mastoid bone (12), which is the homologue of the Mastoid process

of Man ;
aud 4lhly, the Temporal bone, properly so called (23),

which represents the squamous portion of the human Temporal

bone.
x x 2
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(1848.) Each lateral division of the inferior maxilla of Reptiles

is separable into at least five and generally six pieces, which are

united together by suture ; these are named the dental (34), which
support the teeth, the angular (36), the opercular (37), the arti-

cular (35), and two small pieces seen upon the inner surface of the

jaw.

(1849.) Having thus described at some length the composition of

the skeleton iu the Crocodile, which we have chosen for minute
analysis, as being the type of the Saurian Reptiles, we shall now pro-

ceed to examine the osteology of the other orders, so as to appreciate

more correctly the peculiarities of structure that they individually

exhibit.

(1850.) In the Amphibia, as for example in the Frog, one of the

most striking circumstances connected with their history is the extra-

ordinary change which takes place in the condition of every part of

the framework of the body during the evolution of the tadpole, and its

metamorphosis into the perfect frog.

(1851.) The skeleton of a Tadpole is, in every particular, that of a

fish : its texture is soft and cartilaginous, the caudal portion of the

spine prolonged and flexible; neither are there any external limbs

connected with the vertebral column, so as to trammel the lateral

movements of the tail ; and yet in the mature frog {fig. 308) let the

reader observe the
. Try. Fig. 303.

amazing difterence.

The head, it is true,

still preserves some,

what of the character

of that of the fish,

especially in the dis-

proportionate develop-

ment of the face,when
compared with the size

of the cranial cavity

;

but all the bones of

the spine have become

consolidated into ten

vertebrae, firmly con

nected together by
strong articulations,

while the flexible tail of the tadpole has become converted into a

strong and immovable os coccygis, composed of a single piece.

(1852.) No ribs whatever are met with in the Frog; and even in

those Amphibia which are possessed of these elements of the skeleton,

they are mere rudiments appended to tbe extremities of the transverse

processes of the vertebrae. The sternum, however, is largely de-

Skeleton of the Frog.
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veloped, and gives extensive attachment to the muscles of the abdo-

men. The auterior extremities are supported by a semi-cartilaginous

zone, in which the three elements of the shoulder—the scapula,

the clavicle, and the coracoid bone—are distinctly recognisable ;

and the bones of the arm, fore-arm, and hand, are very perfectly

formed.

(1853.) The pelvis is large, and firmly ossified in correspondence

with the strength and magnitude of the hinder extremity ; the ossa

ilii being articulated to the ends of the transverse processes of the

last vertebra, which from this circumstance may be called the

sacrum. The tibia and fibula are consolidated into one bone ; while

two of the bones of the tarsus—the astragalus and the os calcis—
are so excessively elongated, that they might almost he taken for

a second tibia and fibula, did not their position indicate their real

nature.

(1854.) One circumstance is remarkable in the construction of the

shoulder-joint of these reptiles, which are found to have a strong

ligament passing between the head of the humerus and the scapula,

exactly in the same manner as the ligamentinn teres of the human
hip-joint. The use of such a deviation from the ordinary structure

of the articulation is obvious; the frog, as it alights from those

long and vigorous leaps which form its ordinary mode of progression,

receives the whole shock of its fall upon its fore-legs, and thus this

ligament becomes needful as an additional security to the articulation

in question.

(1855.) The skeleton of an Ophidian Reptile presents a strange

contrast to that of the Batrachian last described. Taking the Boa

Constrictor as an example of this order, we find the spine of this

enormous serpent composed of three hundred and four distinct ver-

tebrae, of which two hundred and fifty-two support ribs : flexibility is,

therefore, abundantly provided for in the construction of these lithe

and elegant beings, inasmuch as the division of their spinal column

into so many pieces allows the utmost pliancy in any required di-

rection. Flexibility, however, is not the only condition requisite in

this case ;
strength and precision of movement are equally indis-

pensable, and the question is, how are these apparently opposite

qualities to be so combined and associated as not in the slightest

degree to interfere with each other? The mechanism conspicuous in

the construction of the spine of a serpent is in this respect truly

admirable. The anterior extremity of the body of every vertebra is

rounded into a smooth and polished ball [fig. 309, c), which exactly

fits into a hemispherical cup excavated in the substance of the ver-

tebra next succeeding : a perfect ball-and-socket joint is thus formed

between every vertebra and that which precedes or follows it; and

thus the spine is rendered capable of the utmost latitude of move-
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meat, and offers, at tlie same time, a firm purchase to the muscles

acting upon the vertebral column. To provide, however, against

uudue extent of motion in certain directions, we now meet with other

processes derived from the vertebral arches : in additiou to those

Fig. 309.

C

Vertebra: and Ribs of Boa.

given merely as levers for the attachment of muscles, secondary

apophyses, called oblique or articulating processes, become developed ;

and, contiguous vertebras being likewise movably connected together

by means of these appendages, unnecessary flexure is not allowed, and

all danger of dislocation prevented.

(1856.) Serpents, being entirely deprived of external limbs, have

neither shoulder nor pelvis
;
their ribs alone affording them the means

of progression. These extend on each side in an uninterrupted series

from the first vertebra behind the head to the origin of the tail, so

that the division of the spine into regions is here out of the question.

Every rib is attached at its origin by a kind of ball-and-socket joint

(Jig. 309, a) to the extremity of the corresponding transverse process of

a vertebra
(
b), and is therefore freely movable. There is no sternum

here, neither are there sternal ribs ; but the dorsal ribs, wielded as

they are by innumerable and powerful muscles connected with them,

literally perform the office of internal legs, and materially assist the

creature in progression.

(1857.) Having already enumerated the bones which enter into the

composition of the cranium of a Saurian Reptile, it would be super-

fluous again to mention in detail those met with in the skull of a

serpent, more especially as they will be easily recoguised by a glance

at the annexed figure, in which the corresponding bones are all in-

dicated by the same references : one peculiarity only requires special

notice, namely, the extreme mobility of the principal bones of the

face, and more particularly of the pieces composing the lower jaw, by

which provision these reptiles are enabled to swallow entire animals of

astonishingly large dimensions when compared with the size of their

mouths.

(1858.) In order to allow of this, the bones composing the superior

maxilla (17, 18) are only loosely joined together by ligamentous bands,

and even the arches of the palate are movable. The two halves
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Fig. 310.

Skull of Boa.

of the lower jaw (34, 34) are connected together at the symphysis

by a ligament so loose and elastic that separation to a great extent is

easily allowed ;
and, moreover, those two elements of the temporal,

the Mastoid (12), and the Tympanic (a), which form the bond of

connection betweeen the inferior maxilla and the cranium, are here

lengthened out into long pedicles, so that by their mobility the

entrance to the throat can he dilated in a surprising manner, and

prey of apparently very disproportionate bulk thus introduced into the

stomach.

(1859.) The most extraordinary skeleton met with among Reptiles,

and, indeed, among the Vertebrata generally, is that of the Chelonia

;

in which the ribs and sternum are both placed quite at the exterior

of the body, so as to form a broad dorsal shield called the Carapax,

and an equally strong ventral plate named the Plastrum, between

which the limbs and the head can be more or less completely re-

tracted.

(1860.) Yet, notwithstanding this apparent total inversion of the

osseous system in the creatures before us, it is interesting to observe

by what slight modifications in the arrangement of the elements of

the skeleton such prodigious changes are accomplished. This is well

exemplified in the construction of the Carapax of the common Tor-

toise (jEmys Europaus). In this well-known animal (Jig. 311) the

vertebra of the neck, and of the tail, present nothing particularly

remarkable in their structure ; but, being connected together in the

ordinary manner, the neck and caudal region of the spine present

their usual flexibility. The dorsal vertebra, however, dre strangely

distorted; the elements of the upper arch being disproportionately

developed, while the bodies remain almost in a rudimentary condition.

The superior spinous processes of these vertebra are flattened, and
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converted into broad osseous plates, which form a longitudinal series
along the centre of the back, and are connected together by sutures
resembling those of the human cranium. The ribs are changed into
broad flat bones, firmly united by suture to each other, and also to
the lateral margins of the spinous processes of the vertebrae, so that
they all form, as it were, a single broad plate : the heads of the ribs

Fig. 311.

Skeleton of Tortoise.

are very feebly developed, and the intervals between them and the

bodies of the vertebr® filled up with ligament. The margin of the

shield thus formed by the dorsal ribs is further enlarged by a third

set of flat bones, apparently representing the sternal ribs of the Croco-

dile, fixed by suture around the whole circumference of the Ccirapcuv,

which they assist in completing.
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(186 L.) The Nastrum, or Sternum, is made up of nine pieces, which

have been proved by M. Geoffroy St. Hilaire to be the elements of

this portion of the skeleton in the most complete state of development

in which they are met with. Of these nine elements, eight are disposed

in pairs ; but the ninth, which is always placed between the four pieces

composing the two anterior pairs, is single, and occupies the mesial

line:—in birds we shall afterwards find this element of the sternum

performing a very important office.

(1S62.) The bones of the shoulder, and of the hip, in the Tortoise

{Jig. 311), are absolutely placed within the thorax, and articulated

to the sides of the vertebral column. The precise homology of the

scapular apparatus has not been as yet decidedly pointed out ; there

are, however, three branches, probably representing the Scapula,

the Clavicle, and the Coracoid bone ;
but, in the construction of the

pelvis, the Ilium, the Ischium, and the Pubis are indentified with

facility.

(1863.) The muscular movements of Reptiles are ordinarily slow

and languid, a circumstance which no doubt depends upon the im-

purity of their blood consequent on the imperfect manner in which the

circulating fluid is exposed to the influences of respiration. The

muscles of these animals are, how'ever, peculiarly tenacious of life,

and preserve their irritability and power of contraction for an astonish-

ing length of time after they have even been separated from the body.

The muscles of a Turtle will continue to live for days after the crea-

ture has been decapitated : and the heart will still contract, when

irritated, even many hours after its removal.

(1864.) But perhaps the most interesting phenomenon connected

with the muscular system of the Reptilia is, the progressive develop-

ment of entirely different sets of muscles as the metamorphosis goes

on by which they are converted from their earliest fish-condition to

their mature and perfect state. This series of changes, which doubt-

less takes place in all the higher Vertebrata, is well exemplified in

the tadpole of the Frog or Toad, and the different phases of develop-

ment are in such creatures easily investigated. At first the tadpole

presents the muscular structure of a fish, both in the muscles of the

expanded and vertical tail, and in those of the branchial apparatus.

As growth proceeds, the broad muscles of the abdomen become deve-

loped, and ultimately those of the limbs are superadded as those

members successively make their appearance, the muscles of the

shoulder and pelvic region being first recognisable, and subsequently

those of the legs and feet. In the meautime, as the abdominal

muscles, and those of the extremities, become gradually perfected,

those peculiar to the fish-state are rapidly removed : the broad tail

becomes atrophied and absorbed, diminishing in length nearly at the

rate of a line a-day ; the flaky lateral muscles of the caudal region
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disappear altogether; and, moreover, the entire muscular apparatus of
the branchial and hyoid systems is altered as the character of the
respiratory organs becomes changed, in a manner to be explained
hereafter, from the aquatic to the aerial condition.

(1865.) As Reptiles, for the most part, must from necessity swallow
their prey entire, organs of taste would be scarcely more useful to

them than to the fishes described in the last chapter; and we are,

therefore, not at all surprised to find the tongue in almost every
family appropriated to a totally different use, and not unfrequently
converted into an apparatus of prehension, whereby the food is seized

and conveyed into the mouth.

(1866.) In the Batracoid Amphibia, for instance, we have a remark-
able example of this provision. The Frog and the Toad, notwith-

standing their slow and clumsy movements, are destined to feed upon
insects, and consequently must be provided with some instrument by
which such active prey may be caught. The organ provided for this

purpose is the tongue, which, by a slight modification in its structure,

becomes changed into a prehensile forceps admirably adapted to such

an office. The tongue of the Frog, instead of presenting the usual

arrangement, is found to be fixed to the symphysis of the lower jaw,

and folded back upon itself, so that its point, which is free and bifid,

is lodged in the throat. Thus provided, the Frog is enabled to seize

its victim with the greatest ease. No sooner does a fly approach

sufficiently near, than this living forceps is rapidly everted ; and the

insect, being seized by its furcate extremity, is as speedily brought

between the jaws of its destroyer. The teeth of the Batrachia very

much resemble those of the generality of fishes ; being simple points

soldered to the surface of the jaws, but not implanted in sockets,

sufficient to give a secure hold of their food, but quite unadapted to

mastication.

(1867.) The Cameleon is another curious example of a reptile

obliged to employ its tongue in securing insect prey. The Cameleon

is arboreal in its habits : its feet, cleft, as it were, into two portions,

firmly grasp the boughs upon which it climbs ; while its well-known

power of changing the colour of its skin, so as to imitate that of the

branches around it, efficiently conceals it from observation. The
tongue of this creature, when extended, is as long as its whole body,

and is terminated by a club-shaped extremity, smeared over with a

viscid secretion : when an insect comes within a distance of five or

six inches from the Cameleon, the end of this tongue is first slowly

protruded to the distance of about an inch, and then, with the rapidity

of lightning, launched out with unerring aim
;
the fly, glued to its

extremity, is with equal velocity conveyed into the mouth.

(1868.) The jaws of the Chelonian Reptiles are not armed with

teeth, but cased in horny coverings so as to resemble the beak of a
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bird, with which they crop the vegetable aliment upon which they

generally subsist.

(1809.) Serpents, as regards their means of destroying prey, may

be divided into two great groups ;
the first including those which are

not venomous, the secoud embracing such as are armed with poison-

teeth.

(1870.) In the nou-venomous serpents, as for example in the Boa

Constrictor, the upper jaws and the palate-bones are all lined with

sharp teeth, so that there are four rows of dental organs, two placed

along the margins of the maxilla, and two projecting from the roof of

the mouth: all these teeth are simple, very sharp, and point back-

wards. Each division of the lower jaw is likewise armed with a

single row, which are also directed towards the back of the mouth.

It must be evident, from a mere inspection of these teeth, that they

can be of little use in holding, much less in destroying, such strong

and large animals as the Boa devours ;
and upon a little consideration

we shall find that they are intended for a very different office. These

serpents kill their victims by coiling their lengthy bodies around the

chest, and then by strong muscular contraction they compress the

thorax of their prey so firmly, that, its movements being completely

prevented, respiration is put a stop to, and the animal so seized

speedily perishes from suffocation. But, having succeeded in extin-

guishing life, the most difficult task still remains to be accomplished :

—how is the serpent, utterly destitute as it is of all external limbs, to

force down its throat the carcase of a creatui'e many times thicker

than its own body? The mode adopted is as follows :—Once more

winding itself around the slain animal, it commences at the head,

which by main force it thrusts into its mouth
;
the elastic ligament

at the symphysis of its lower jaw gives way, and the branches of

the inferior maxilla become widely separated, so that the mouth is

stretched enormously as the food is thus forced into it. Deglutition is

here a very lengthy and laborious process ;
and, were there not some

special contrivance to guard against such an accident, no sooner were

the efforts of the snake relaxed in the slightest degree, than the muscles

of the throat and jaws, being in a state of extreme tension, would

force out of the mouth what had already been partially swallowed.

To provide against this, the teeth are in this case converted into a

soi’t of valve: pointing backwards as they all do, they permit the

bulky food to pass into the fauces, but at the same time, their sharp

points being directed towards the throat, efficiently prevent it from

being pushed back again on the opposite direction.*

* In the collection of Professor Bell there is a small snake, which having by mis-

hap attempted to swallow a mouse of too large size, and being quite unable, in conse-

quence of the mechanism referred to, to disgorge it, was found dead, and the skin and

muscles of its neck absolutely rent from excessive stretching.
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(1871.) In the venomous serpents, those teeth which are fixed to
the margin of the superior maxillary bone of the innoxious genera
are generally deficient; and instead of them there is found an appa-
ratus of poison-fangs, constituting perhaps the most terrible weapons
of attack met with in the animal creation. The poison-teeth {fig.
<112, «.) are two in number, one fixed to each superior maxillary bone

:

Fig. 31 2.

Structure of the poison-teeth of Rattlesnake.

when not in use, they are laid fiat upon the roof of the mouth, and
covered by a kind of sheath formed by the mucous membrane of the
palate ; but when the animal is irritated, or about to strike its prey,
they are plucked up from their concealment by muscles inserted into
the upper maxillary bone, and stand out like two long lancets attached
to the upper jaw. Each fang is traversed by a canal; not, as it is

generally described, excavated in the substance of the tooth, but
formed by bending, as it were, the tooth upon itself, so as to inclose a
narrow channel through which the poison flows. The canal so formed
opens towards the base of the tooth by a large triangular orifice, but
at the opposite extremity it terminates near the point of the fang by
a narrow longitudinal fissure. The gland wherein the poison is

elaborated occupies the greater part of the temporal fossa, and is

enclosed in a white and tendinous capsule
(fig. 312, b); the substance

of the organ is spongy, and composed of cells communicating with
its excretory duct (c), by which the venom is conveyed to the opening
at the base of the fang.* The poison-gland is covered by a strong
process ol the temporal muscle (tZ), which is attached to a thin

aponeurotic line (e). I he greater portion of the fibres of this muscle
take their origin from the capsule of the secreting apparatus, which
they partially envelope; and then winding round all the posterior

* Meraoire sur les caracteres tires de l’Anatomic pour distinguer les Serpens venimeux

des Serpens non-venimeux
;
par M. Duvernoy, D.M—Annates des Sc. Nat. tom. xxvi.
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part of the gland, and passing behind the commissure of the lips,

the lower part of the muscle is firmly implanted into the lower jaw

very far anterior to the angle of the mouth. The process of the

temporal muscle which thus surrounds the gland is very thick and

strong, so that it is easy to imagine with what force the poison will

by this mechanism be injected into the wounds inflicted by the fangs,

seeing that the same muscles which close the jaw at the same time

compress the bag of venom with proportionate energy.

(1872.) Behind the large poison-fang in use, the capsule that en-

closes it generally contains the germs of several others, ready to

supply its place should the former be broken off ; and, on the event

of such an accident, one of these supplementary teeth soon becomes

consolidated with the superior maxilla, and adapted in all respects to

take upon itself the terrible office of its predecessor.

(1873.) Dreadful as are the means of offence thus conferred upon
the poisonous serpents, it is impossible to avoid noticing in this place

that admirable provision of Nature, which, in one genus at least,

serves to give timely warning of the vicinity of such dangerous

assailants. We need merely mention the rattle of the Battle-snalces

('Crotalus); an organ, the intention of which is so obvious, that the

most obtuse cannot contemplate it without at once appreciating the

beauty of the contrivance. This singular rattle is formed of nume-
rous horny rings, that are in fact merely modifications of the general

scaly covering of the reptile, so loosely articulated together, that

the slightest movement of their formidable possessor is betrayed by

the startling noise produced by the collision of the different pieces

composing the organ ; even when at rest, the creature announces

by rapid vibrations of the tail the place of its concealment, ap-

parently to caution the inadvertent intruder against too near an

approach.

(L874.) In the grand police of Nature, the scavengers are by no

means the least important agents. In hot climates especially, where

putrefaction advances with so much rapidity, were there not efficient

and active officers continually employed in speedily removing all dead

carcases and carrion, the air would be perpetually contaminated with

pestilential effluvia, and entire regions rendered unhabitable by the

accumulation of putrefying flesh. Perhaps, however, no localities

could be pointed out more obnoxious to such a frightful cause of

pestilence than the banks of the tropical rivers ; those gigantic streams,

which, pouring their waters from realm to realm, daily roll down
towards the sea the bloated remains of thousands of creatures which
taint the atmosphere by their decomposition.

(1875.) Such are precisely the situations inhabited by Crocodiles

and Alligators, the largest of the Saurian Reptiles now in existence,

animals in every way designed by Nature to feed upon putrefying
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materials: their tongue {Jig. 313, d) scarcely projects from the lining

membrane of the mouth, and its sui'face (e) is studded with large

glands
; the whole interior of the mouth is in fact, from its construc-

tion, little adapted to gustation.

(1876.) The Crocodile, nevertheless, likewise kills living prey, which,

from the structure of its teeth, it is obliged to effect by dragging

Fig. 31 3.

Mouth of the Crocodile.

its victim into the water and there drowning it. This mode of pro-

ceeding, however, simple as it might appear, involves many difficul-

ties : as the reptile has no other instruments of prehension besides its

mouth, and is obliged to hold its struggling prey submersed by the

strength of its formidable jaws, it is manifest that, without some

special contrivance, the water rushing into the throat of the Cro-

codile would prevent it from breathing quite as effectually as the

animal it endeavours to drown
;

it might therefore become a question

which of the two would survive immersion longest. The mechanism

employed under these circumstances to give the Crocodile the advan-

tage over its prey is very complete :—A broad cartilaginous plate

{fig. 3 L3,/) stands vertically from the os hyoides, and projects upwards

into the back part of the mouth
; a similar valve

(g)
hangs down

from the back of the palate, so that the two together form a kind of

flood-gate, which, when the mouth is widely opened, effects a complete

partition between the cavity of the mouth and the fauces, where the

aperture of the larynx (/() is situated. The nostrils, moreover, are

placed quite at the extremity of the snout, and the nasal passages

leading from them are prolonged through the whole length of the
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upper jaw until they communicate with the fauces behind the velum

of the palate (g). Such being the arrangement, it is immediately

obvious, that, when the communication between the mouth and the

fauces is cut off by means of the two valves (g /), the Crocodile, by

merely keeping the tip of its snout above the water, breathes with

the utmost facility, and it is thus enabled to keep its prey sub-

merged for any length of time that may be requisite to extinguish

life.

(1877.) The teeth of the Crocodile, and of the higher Saurians, are

not merely consolidated with the bones of the skull to which they are

appended, but are implanted in sockets formed in the bones composing

the upper aud lower jaws. Each tooth is a simple hollow cone, and

encloses a vascular pulp, from the surface of which the bony matter

of the tooth was formed. When a tooth becomes old and worn, a

second is secreted by the same pulp within the cavity of the first, and

the original one is shed, so that a succession of teeth thus make their

appearance.

(1878.) The alimentary canal of Reptiles offers little that requires

special description. The oesophagus (Jig. 318, /, /) is generally

extremely capacious, and the stomach of very variable shape and

capacity. The latter viscus is for the most part pyriform, tapering

gradually towards the pylorus
; such is the case in the Chelonia

and in the Batracoid

Amphibia : in Ser-

pents it resembles a

long bowel, and is ca-

pable of extraordinary

dilatation ;
and in the

Perennibranchiate

Amphibia, as in the

Proteus (Jig. 315, i)

and the Menopoma

(fig. 318, g), it looks

like a mere dilatation

of the intestine.

(l879.)Tliestomach

of the Crocodile is re-

markable as affording

another among the in-

numerable instances

that might be adduced

of that gradual tran-

sition everywhere ob-

servable as we pass

from one class of ani-
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mals to that which next succeeds it in the sevies of creation. The
Crocodile is the connecting link between Reptiles and Birds, and
in almost every part of its body it presents a type of structure almost

intermediate between the two.

(1880.) The stomach of this creature {fig. 314) might in fact be

almost mistaken for the gizzard of a rapacious bird. The oesophagus

(c) terminates in a globular receptacle, the walls of which are very

muscular, and the muscular fibres (a) radiate from a central tendon {/>')

precisely in the same manner as those of a bird. The pyloric orifice

is closely approximated to the termination of the oesophagus, and the

commencement of the duodenum dilated into a round cavity (cl)

;

an

arrangement which, as we shall see in the next chapter, exactly re-

sembles that met with in the feathered tribes.

(1881.) In the neighbourhood of the pylorus, the walls of the

stomach in all the Reptilia become perceptibly thickened; the

intestine is generally short and usually divided into two portions,

representing the small intestines and the colon, the division between

the two being marked by a prominent valve analogous in func-

tion and position to the ileo-colic valve in the human subject;

and sometimes, moreover, as, for instance, in the Iguana, there

is a distinct caecum developed at the commencement of the large

intestine.

(1882.) The auxiliary secretions subservient to digestion in

the class before us, are the Salivary, the Hepatic, and the Pan-

creatic.

(1883.) The Salivai'y glands are of very peculiar construction.*

In the Chelonian, the Saurian, and the Batrachian orders, the

substance of the tongue seems to be principally made up of a thick

glandular mass, formed by a multitude of little tubes united at their

bases, but, becoming separate towards the surface of the tongue, they

give the whole organ a papillose or velvety appearance. This glandu-

lar apparatus rests immediately on the muscles of the tongue, and

upon its sides a multitude of pores are visible through which the

salivary secretion exudes.

(1884.) In the Ophidian Reptiles, from the manuer in which

they swallow they prey, the bulk of the tongue is necessarily reduced

to the utmost extent ; the whole organ seems converted into a slender

bifid instrument of touch, and is covered with a delicate membrane.

Instead of the salivary apparatus described in the last paragraph,

two glandular organs (fig. 312, s, s), placed immediately beneath the

skin of the gums, surround the margins both of the upper and lower

jaws ;
and from these an abundant salivary secretion is poured into

the mouth, through orifices situated externally to the bases of the

teeth.

* Cuvier, Leqons d'Anatomie Comparee, torn. iii. p. 223.
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(1885.) The liver of Reptiles (jiff. 315, h) requires uo particular

description: its secretion, as well as that of the pancreas (Jiff. 315, o),

is poured into the intestine in the usual manner at a little distance

from the pylorus.

(1886.) The Spleen, and system of the Venn Porta, are disposed in

the same manner as in other Vertebrata. The spleen (Jiff. 315, l
)
is

generally more or less closely connected with the stomach ; and the

large vein derived from it, being joined by those proceeding from the

other viscera of the abdomen, forms the trunk of the portal vein (???,),

which soon divides again into numerous branches that ramify in the

substance of the liver.

(1887.) The Lymphatic and Lacteal systems are very important

parts of the economy of these creatures ; and, from the large size

of the absorbent vessels, their disposition is more easily traced in the

class before us than in any other. The principal trunks surround

the aorta and other large blood-vessels, and communicate very

extensively with the veins in different parts of the body. From
the imperfect condition of the valves in their interior, the lacteals

of many tribes may be readily injected from trunk to branch

;

and, when thus filled with mercury, they are found to spread

out between the coats of the intestines like a dense network of

silver.

(1888.) But the most remarkable circumstance connected with

the absorbents of this class of animals is the discovery, made by

Professor Muller of Berlin,* of a system of lymphatic hearts

destined to propel the products of absorption from the chief lym-

phatic trunks into the veins. In the Frog four of these pulsating

cavities are easily displayed by simply raising the skin covering

the regions of the body where they are situated. The posterior pair

of hearts are appendages to the lymphatic trunks which convey

the absorbed fluids derived from the hinder extremities into the

ischiadic veins : they are situated on each side midway between the

extremity of the long bone which represents the os coccyyis and

the hip-joint, and are placed immediately beneath the integument.

They each consist of a single cellular cavity, and pulsate regularly

;

but their pulsations are quite independent of those of the heart,

neither are the contractions of the two lymph-hearts synchronous with

each other.

(1889.) Another pair of these contractile cavities is situated

beneath the posterior margin of the scapula close to the transverse

process of the third vertebra : this pair forces the contents of

the lymphatics of the anterior portions of the body into the jugular

veins.

* Vide Berlin Annals for 1832; and also Pauizza, sopra il sistema linfatico dei Ret-

tili. Pol. Pav. 1833.

Y Y
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(1890.) Fishes respire water by means

of gills. Reptiles, breathing a lighter me-

dium, are provided with lungs—membra-

nous bags into which the external element

is freely admitted, and again expelled in a

vitiated condition, its oxygen having been

employed in renovating the blood which

circulates in an exquisite network of de-

licate vessels, that ramify in rich profusion

over the walls of the pulmonary chamber.

(1891.) This important difference between

Fishes and Reptiles as relates to their mode
of respiration would seem, at first sight, to

draw such a distinct line of demarcation

between thesetwo great classesof Vertebrata

that it would he impossible for the most

superficial zoologist to confound one with

the other, or to be for a single momeut at

a loss in attempting to assign to any creature

belonging to either of these divisions of the

animal world its proper position ; indeed,

to mistake an air-breathing Reptile for a

Fish, properly so called, would appear to

be an error which the most ignorant na-

turalist could hardly be in danger of com-

mitting.

(1892.) We have, however, again and

again had opportunities of observing how

nearly animals of neighbouring classes ap-

proximate each other, not only in their out-

ward form, but in their anatomical con-

struction
;
and, in considering this portion

of our subject, we shall have another most

striking illustration of this great law in

zoology.

(1893.) The perfect and typical Reptile,

as the Lizard, the Tortoise, and the Ser-

peut, breathes air and air only, and is

therefore only provided with lungs adapted

to this kind of respiration : but the Peren-

nibranchiate Amphibia, posessing both lungs

and gills, participate to a greater or less de-

gree in the characters of Fishes, so that in

some, as, for example, in the Lepidosvren

(fig. 303), so near is the approximation,

Fig. 315.

Anatomy of Proteus anguinus.
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that it becomes almost impracticable for the most accomplished anato-

mist precisely to determine whether the animal ought rather to be

called a Reptile or a Fish ;
and lastly, in the Batrachian Amphibia,

as wo have already seen, we have the same animal gradually changed

from a Fish into a complete and perfect Reptile.

(1894.) In considering the apparatus provided for circulation and

respiration in the animals comprised in the class before us, we shall

therefore first describe the organization of these viscera in Reptiles

furnished with lungs only
;
secondly, of those having permanent gills

as well as lungs
; and thirdly, the metamorphoses that take place in

the construction of the breathing organs during the development of

the lungs, and the obliteration of the branchiae in those forms in which

the branchiae are not persistent.

(1895.) The lungs of Reptiles are two capacious membranous sacs

occupying a con-

siderable portion of

the visceral cavity,

which, as there is

no diaphragm as yet

developed, cannot

properly be divided

into thorax and ab-

domen, as it is in

Mammalia. From
the internal surface

of the walls of each

lung membranous

septa project in-

wards, so as partial-

ly to divide the inte-

rior of the organ in

to numerous poly-

gonal cells, which

are themselves sub-

divided into smal-

ler compartments

in a similar man-

ner. This structure

is well seen in the

lung of the Tor-

toise {Jig. 316).

(1896.) The pul-

monary cells are

most numerous and

complete towards

Fig. 316.

Lung of the Tortoise.

Y Y 2



692 REPTILIA.

the anterior extremity of the lung, and it is here that the pul-

monary vessels principally ramify : towards the liiuder part of the

viscus the cells become larger, and the breathing surface propor-

tionately less extensive, until in some cases, as in Serpents, the cells

being quite obliterated, the lung terminates posteriorly in a simple

membranous bladder.

(1897.) The air is brought into the lungs through a long trachea,

composed, as in other Vertebrata, of a series of cartilaginous rings

;

but there is this peculiarity in the construction of the Reptile lung

—

the trachea never divides into bronchial ramifications, but terminates

abruptly by one or more orifices, which open at once into the general

pulmonary cavity.

(1898.) It must be evident, from the whole construction of a lung

of this description, that, owing to the comparatively limited surface

that it presents internally, it is far less adapted efficiently to expose

the circulating fluid to the influence of the atmosphere than the more

complex apparatus of Birds and Mammalia: the respiration of Reptiles

is consequently proportionately imperfect; and hence that coldness of

their blood, and feebleness of muscular movement, which are so cha-

racteristic of the entire class.

(1899.) The air required for purifying the blood is, of course, con-

tinually changed
;
being alternately taken into the lungs, and again

expelled in a deteriorated condition, by a mechanism which will be

found to vary in different Reptiles in accordance with the peculiarities

of their organization. No Reptile possesses a diaphragm, and, being

destitute of this important muscle, the movements whereby inspira-

tion and expiration are accomplished are, in such genera as are fur-

nished with movable ribs, entirely dependent upon the mobility of the

framework of the chest ;
the dilatations and contractions of the thorax

consequent upon the alternate elevation and depression of the ribs

being sufficient to insure the inhalation and expulsion of air,—such is

the case in the Serpent and the Lizard.

(1900.) In the Amphibia, however, there are not even ribs de-

veloped, or, if they exist at all, they are such mere rudiments as to

be quite useless as instruments of respiration ;
and on the other hand,

in the Ciielonian Reptiles, the large and expanded boues of the

thorax are so consolidated together, and so immovably fixed to the

broad and osseous sternum, that respiration in the ordinary manner

would be altogether impracticable. Under these circumstances, as a

compensation for the want of mobility in the chest, the os hyoides and

the muscles of the throat are converted into a kind of bellows, by

which the air is forced mechanically into the lungs, and they are thus

distended at pleasure.

(1901.) Any one who watches a Frog or a Tortoise with a little

attention, will at once understand the mechanism by which this is
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effected. The mouth is kept closely shut ; and the nostrils, which

open immediately into its cavity, are each provided with a muscular

valve, so disposed as freely to permit the entrance of air into the

mouth, but also effectually preventing its return by the same channel.

By this arrangement the descent of the hyoid apparatus fills the

mouth with air ; and the subsequent contraction of the broad muscles

of the throat, the nostrils and the pharynx being of course both

closed, forces the air into the opening of the larynx, and distends the

lungs, from which it is again expelled by the pressure of the ab-

dominal muscles.

(1902.) The structure of the heart and the course of the circulation

in Reptiles afford interesting subjects for investigation. The heart

consists of three cavities, namely, a strong and muscular ventricle [fig.

317, a), and two membranous and very capacious auricles, both of

Fit). 317.

Heart of the Tortoise.

which communicate by valvular openings with the ventricular cavity.

The right auricle (6) receives the venous blood from all parts of the

body through the vente cavse (?t, o, p), the terminations of which are



604 REPTILIA.

guarded by strong valves; the left auricle (c) is appropriated exclu-

sively to the lungs, from which it receives arterial blood through the

pulmonary veins (m, m). It is obvious, therefore, that the ventricle

receives two kinds of blood from the two auricles,—venous blood

from the systemic auricle, and arterial blood from the pulmonic au-

ricle
; and as the interior of the ventricular cavity is crossed by in-

numerable colunuB carnea, giving it almost a spungoid appearance,

the vitiated and purified blood derived from these two sources are

more or less completely mixed together, and blood only partially arte-

rialised is distributed to the system.

(1903.) Two sets of vessels take their origin from the single ven-

tricle, viz. the pulmonary and aortic. The pulmonary artery soon

divides into two trunks (/,/), one destined to each lung; so that a

part of the impure blood expelled from the ventricle is at once driven

to the organs of respiration to be further oxygenised. The aorta,

immediately after its origin, likewise separates into two trunks (cl, e),

the right and the left; which, winding backwards, ultimately join

to form one great vessel
(
l), from which the arteries of the viscera

(i, k), and those destined to the posterior parts of the body, are

given off. From the commencement of the right aortic trunk a very

large vessel is furnished, which bifurcates to form two arteries innomi-

nate (g, g), from which the carotid and subclavian arteries take their

origin.

(1904.) Although the above description refers more immediately to

the construction of the heart of the Tortoise, in all essential particu-

lars it is equally applicable to all Reptiles of the Saurian, Chelonian,

and Ophidian orders ; and when we thus see that, in addition to the

comparatively imperfect condition of their lungs, the blood which cir-

culates through the body is in these creatures a mixed and semi-

venous fluid, we need not be surprised at the contrast which they

offer when compared with the hot-blooded and vigorous animals to be

described in the subsequent chapters of this work.

(1905.) Cuvier committed a serious error in describing the Batra-

chian Reptiles as having a heart composed but of two cavities : our

illustrious countryman John Hunter had already ascertained that, in

Frogs, Toads, and Salamanders, the heart possessed a pulmonary as

well as a systemic auricle ; and his observations have since been

abundantly confirmed by Dr. Davy, Dr. Martin St. Ange, and Pro-

fessor Owen. The pulmonic auricle in these creatures is, indeed, com-

paratively of small size
; but it exists as a perfectly distinct chamber,

and receives the blood from the lungs preparatory to its admission into

the common ventricle.

(1906.) With regard to the use of the additional auricle in the

Reptilia, Professor Owen has well remarked, * that from the impedi-

* Transactions of the Zoological Society of London, vol. i. p. 217.



IU2PTILIA. 095

ments which frequently occur to a free and regular circulation of blood

in these cold-blooded and slow-breathing creatures, the venous side of

the heart is subject to great distension; hence the large size of the

auricles, and of the sinus which receives the systemic veins, and also

the perfect development of the valves intervening between the venae

cavae and the auricle, of which the Eustachian valve of the Mam-
miferous heart still presents a ^ ,

jlf)

rudiment. Had the pulmonary

veins terminated along with the

systemic in the same cavity,

their orifices would have been

subjected to the pressure of

the accumulated contents of

that cavity, and there would

have been a disproportionate

obstacle to the passage of the

aerated blood into the ventricle.

This is obviated by providing

the pulmonary veins with a dis-

tinct receptacle, which is equal-

ly ready with the right auricle

to render its contents into the

ventricle during the diastole of

that cavity.

(1907.) Passing from the

consideration of the more per-

fect Reptile circulation as it

exists in those genera which

in their adult condition possess

lungs only, to those which may
properly be called Amphibious,

and are provided with both

lungs and gills throughout the

whole period of their lives, we

must still pause to notice one

or two intermediate forms,

which, notwithstanding that

they lose their branchiae at an

early stage of their growth, are

evidently closely related to the

Perenuibranchiata, as may be gathered from the arrangement which

their blood-vessels permanently exhibit; such is the M'enopoma, or

Great South-American Salamander, an animal met with in the rivers

and lakes of the South-American continent. In the annexed figure,

taken from the Catalogue of the Hunterian Collection, the principal

Circulation in Menopoma.
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vessels of this creature are delineated as seen from the dorsal aspect.

The lower jaw {Jig. 318, a) has been removed from the head, so that in

the drawing are exposed the cut edge of the masseter muscle {b), the

tougue (c), and the opening of the larynx, into which a bristle (d)

has been introduced, one end of which is seen passing into the cavity

of the right lung: the hag of the pharynx (/, /) has been left entire,

and upon this the main vascular trunks are supported. From the

heart, situated upon the opposite side of the oesophagus, is given off

a large vessel representing the bulbus arteriosus of fishes, which termi-

nates by dividing into four branchial arteries; but, as in the adult

Menopoma there are no branchiae, these vessels (o, o, o
)
wind round

each side of the neck, and again unite into two trunks (r, r) which

by their union form the aorta (t, t). It will easily be perceived that

this arrangement is precisely that met with in fishes
;
only that, as

there are here no gills intervening between the terminations of the

branchial arteries and the commencements -of the branchial veins, these

vessels are immediately continuous with each other. Moreover, from the

lowest branchial arch (o) a pulmonary artery is given off, which ramifies

over the surface of the as yet rudimentary lung (e), and thus gives rise

to a distinct pulmonary circulation.

(1908.) Having carefully considered the disposition of the vessels

in the Menopoma above described, the reader will be able to appre-

ciate the arrangement of the vascular system in those Amphibia

which, being provided both with gills and lungs through the whole of

their lives, literally combine the blood-vessels of a fish with those of

an air-breathing reptile.

(1909.) In the Perennibranchiata, as, for example, in the Proteus,

instead of the bulbus arteriosus being immediately continuous with the

aorta, as it is in the Menopoma, through the interposition of the ves-

sels o, o, o {Jig. 318), the blood derived from the heart is obliged to

pass more or less completely through gills appended to the sides of

the neck before it arrives in the vessels {r, r), which may be said to

represent the branchial veins of fishes.

(1910.) The branchiae are

either vascular tufts or pec-

tiniform organs {Jig. 319,

b, b), essentially analogous in

structure to those of a fish.

The blood, however, which

is propelled from the heart

is not here entirely venous,

but consists of a mixed

fluid, partially derived from

the systemic and partially from the pulmonary auricle, the two

having of course been mingled together in the common ventricle of

Fig. 319.

Branchia of Proteus anguinus.
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the tripartite heart. The contraction of the heart forces the blood

into the bulbus arteriosus, from which it is in great part driven into

the branchiae : arrived there, it passes along the great branchial artery

(fig. 319, a), is made to circulate over the branchial fringes
(
b), and,

being again collected into the branchial vein (c), in a purified condi-

tion, it is poured into those large trunks, the representatives of the

vessels r, r, (fig. 818) which form the aorta.

(1911.) But, besides the branchial circulation, these creatures like-

wise possess lungs (fig. 315, z, t), and a pulmonary circulation of

greater or less importance in different genera. Nevertheless, the

pulmonary artery is merely a small twig given off from the aortic

system of vessels, through which semi-arterialised blood passes to the

lungs, to be returned in a still purer condition to the left auricle of

the heart.

(1912.) If the student has fully comprehended the permanent*
condition of the blood-vessels as it exists in the perfect Reptile

and in the Perennibranchiate Amphibian, he will have little diffi-

culty in understanding the changes which occur in the distribution

of the vascular system during the metamorphosis of the Caduci-

BBANCHIATA.

(1913.) In the Salamander, when the lungs begin to be developed

and are co-existent with the branchial apparatus, the arrangement of

the circulating system is precisely similar to that described as being

permanent in the Perennibranchiata

;

as may be seen by a reference

to the appended diagram, which would equally illustrate the distribu-

tion of the blood-vessels in both cases.

(1914.) In this early stage of

the tadpole’s life, the contraction

of the heart and bulbus arteriosus

drives the greater part of the blood

through the branchial veins (fig.

320, a, a, a) to the gills, from

which it is returned in a purified

condition by the branchial veins

(/,/,/), -which, by their union, at

length form the aorta, as in fishes.

At this period the pulmonary ar-

tery (b), which is very small in

correspondence with the as yet

rudimentary condition of the lungs,

is merely a branch derived from

the aortic system, and reinforced

by a vessel (c) given off from the

bulbus arteriosus. The greater , , ,
. . „ .

proportion of the blood, therefore, guinus (after Rusconi).

Fir,. 320.
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evidently goes to the branchiae, and a very small part to the
lungs.

(1915.) The reader must, however, here remark, that there are small

anastomosing vessels
(fig

.

320, e, e, e), uniting the branchial arteries

with the trunks of the branchial veins, and that these are situated

just at the roots of the gills, since these vessels become of the

utmost importance during the subsequent stages of the metamor-
phosis.

(1916.) The branchiae gradually become diminished in size, and a

smaller quantity of blood passes through them, and as this goes on the

vessels [a, a, a; /, /,/,) shrink in the same proportion. Meanwhile
the lungs are progressively more and more developed, aud the pulmo-
nary artery (b) expands in an equal ratio. As the blood forces its

way with more difficulty through the branchiae, the anastomosing

9 vessels
(
e

, e, e) dilate, and a freer supply of blood is poured into the

pulmonary system; until at last, when the lungs are fully formed, and
the branchial arteries {a, a, a

)
and veins (/, /, /) quite obliterated, all

the blood necessarily passes immediately through the anastomotic

trunks
(
e

,
e, e), which of course then represent the vessels (o, o, o

)
of

the Menopoma {Jig. 318), and the mode of respiration is thus

completely converted from that of a Fish into that of a true Reptile.

(1917.) But, during the progress of these changes in the dispo-

sition of the vascular system, others not less wonderful take place

in the form and uses of the entire hyoid apparatus, and in those

muscles of the throat which are connected with the function of respi-

ration.

(1918.) The hyoid apparatus of the tadpole is, in fact, a very com-

plicated structure,* and, like that of the fish, supports the branchiae,

and facilitates the entrance and expulsion of the water ; moreover,

by opening or closing at pleasure the communication which exists

through the branchial apertures between the mouth and the ex-

terior of the body, it thus allows air to be taken into the lungs at

pleasure.

(1919.) The os hyoides of the tadpole, at an early period of its

development, supports four branchial arches {fig. 321, A, 1, 2, 3, 4),

which bound three branchial fissures, though which, as in a fish, the

water escapes from the mouth. The branchial arches 2 and 3 are

studded on each side with cartilaginous points ; and the arches 1 and

4 have similar points on one side only, so that when the arches are

approximated, as they can be by an elaborate temporary set of muscles

provided for the purpose, the cartilaginous teeth lock into each other

so accurately, that the branchial fissures are completely and firmly

* Reclierches anatomiques et physiologiques sur les organes transitoires et la meta-

morphose (les Batraciens, par J. G. Martin St. Ange.

—

Annates dcs Sciences Naturclles,

vol. xxiv.
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closed
; a provision which is evidently indispensable, in order to allow

the tadpole to fill its lungs with air.

(1920.) The above is the condition of the branchial portion of the

hyoid apparatus before the metamorphosis of the tadpole has made
much progress ; and from this time a series of changes begins of a

most curious aud interesting description.

(1921.) When the metamorphosis has commenced, the os hyoides

and branchial arches assume the appearance represented at fig. 821, b.

Fig. 321.

A B

Metamorphoses of the os hyoides in the Tadpole (after Dr. St. Ange)

The pieces 8 and 9 are no longer both cartilaginous, the latter having

become entirely ossified. The branchial arch 1 is likewise converted

into bone
; and its upper surface, being considerably enlarged, is now

connected with both the pieces marked 1 0 and 1 1 . The three carti-

laginous pieces 5, 0, 7, in Jig. 321, a, are consolidated into one, while

the branchial arches 2, 3, 4, become much reduced in size, the branchiae

approach each other, and the cartilaginous points with which they are

provided adhere together, so that from hour to hour, so to speak, the

mass (2, 3, 4) composed of the three united branchial arches becomes

insensibly obliterated, and in a very few days is entirely absorbed.

While this absorption is going on, the branchial arch 1 assumes

greater consistency, its inferior extremity becomes directed outwards,

and it loses the little cartilaginous teeth previously appended to it ;

the os hyoides thus assumes the simple form represented in fig. 321,

c. Lastly7
,
the cartilage 6 disappears, and the complex branchial appa-

ratus of the tadpole becomes converted into the permanent aud
comparatively simple os hyoides of the Salamander, depicted in fig.

321, d.

(1922.) The branchial arches 2, 3, 4, Dr. St. Ange remarks, are

absorbed in proportion as the circulation becomes modified, their
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Fig. 322

atrophy depending upon the change which takes place in the course of

the blood, owing to the dilatation of the anastomotic vessels (Jig. 320,
e, e, e). and the enlargement of the pulmonary arteries

(
b). It is, there-

fore, owing to a kind of revulsion produced by the afflux of the blood

towards the pulmonary organ, instead of towards the branchiae, that

the atrophy of the branchial capillaries, and subsequently of the

whole branchial apparatus, is produced.

(1923.) We must in the last place,

before leaving the consideration of

the circulating system of the Rep-
tilta, describe that of the Lepidosiren,

a creature so exactly intermediate

between the two classes, that it is

really difficult to determine whether

« it ought most properly to be called a

fish provided with lungs, or a rep-

tile with the circulatory organs of a

fish.

(1924.) The heart resembles that

of a fish, and consists of a single

auricle (Jig. 322, a), a ventricle (b),

and bulbus arteriosus (c). The vena

cava (e), bringing the vitiated blood

from the system, terminates at once

in the auricle, which is represented

in the figure as laid open ; hut the

pulmonary vein (/), whereby the

aerated blood is brought from the

lungs (m, m), passes along as far as

the auriculo - ventricular opening,

where it empties its contents into the

ventricle by a distinct orifice
,
protected

by a cartilaginous valvular tubercle.

(1925.) It is, therefore, only ne-

cessary in this case to dilate the pul-

monary vein previous to its termination, to make a heart with two

auricles
; but, as Professor Owen observes, the same advantage is

secured to the Lepidosiren in a different manner, for, while it still re-

tains the dioecious type of the heart of the fish, the continuation of the

pulmonary vein prevents the admixture of the inspired with the

venous blood until both have arrived in the ventricle.

(1926.) The aorta, or rather the bulbus arteriosus (g), in this in-

teresting creature, fulfils at once the office of a systemic, a bran-

chial, and a pulmonary artery. It gives off on each side six vessels,

which correspond to the six cartilaginous branchial arches ; of these

Course of the circulation in Lepido-

siren (after Owen).
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arches four, namely, the 1st, 4th, 5th, and 6th, support gills, so that

the arteries belonging to them (1, 4, 5, 6) are, as in fishes, distributed

over the branchial fringes, and are thus true or functional branchial

vessels. But the 2nd and 3rd arches have no gills appended to them,

so that the arteries (2, 3) belonging to these arches do not divide, but

are continued round to the dorsal region, where they unite to form an

aorta, as in Menopoma (fig. 318) ; moreover, before their union to

form the systemic trunk, they give off the pulmonary arteries (l, m)

by which the pulmonary circulation is supplied. Thus each contrac-

tion of the ventricle of the heart drives the mixed blood derived from

the venae cavse and pulmonary veins, first, to the gills ;
secondly, to

the aorta, through the vascular trunks (2, 3) ;
and, thirdly, to the lungs

through the pulmonary artery (l, m) ; so that from this arrangement,

whether the creature be placed in water or in air, respiration is carried

on efficaciously either by the pulmonary or branchial apparatus vica-

riously.

(1927.) The principal difference observable between the brain of Eep-

tiles and of Fishes, is the increased proportionate size of the cerebral

hemispheres (fig. 322, b), but they are still extremely small when com-

pared with the bulk of the body. The appended figure (fig. 323), which

represents the brain of the Tortoise in three different aspects, may
easily be compared with that of the fish already given. The olfactory

lobes (c) might now be mistaken for prolongations of the anterior ex-

tremity of the hemispheres
; they contain distinct ventricles, and of

course give origin to the olfactory nerves (o, o). The hemispheres
(
b
)

are much more developed than in the last class ; their surface is

always smooth and without convolutions
;
and they are hollowed out

into capacious ventricular chambers, in which are contained the corpus

striatum and choroid plexus (fig. 323, c), and the two sides are more-

over brought into communication by an anterior and posterior com-

missure.

(1 928.) The optic lobes
(
e
)
are as yet uncovered by the extension of

the hemisphere backwards ; and each, when laid open, is found to

inclose a ventricle (fig. 323, c). The cerebellum (a) is still small, and

consists but of the median portion : behind it is a supplementary

lobe (g), extending over the fourth ventricle, as in Fishes. The student

will easily recognise the pituitary body (/) ; but neither this, nor the

origins of the nerves, present any peculiarity worthy of more particular

description.

(1929.) Taking the cerebral nerves in the order in which they arise,

we will now proceed briefly to trace their general distribution ; and

this we shall find to correspond most exactly in all essential points

throughout the different classes of Vertebrata.

(1930.) The olfactory nerves leave the olfactory lobes of the brain

as single round cords ; and are not, as in the Mammalia, divided into
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Fig. 323.

Brain of the Tortoise.

numerous filaments : there is, consequently, no cribriform plate to

the ethmoid bone; but the nerve of each side (fig. 325, e) is

received into a simple canal, partly osseous and partly car-

tilaginous, through which it is conducted to the cavity of the

nose.

(1931.) The nasal apparatus of Reptiles differs from that of Fishes

in one important particular. Breathing air as these creatures do, the

sense of smell now becomes connected with the respiratory function ;

and, a communication being established between the nasal cavities and

the larynx, the air which passes through this channel into the lungs

must necessarily come in contact with the sentient surface formed by

those portions of the lining membrane of the nose to which the nerves

of smell are distributed
;
and, iu proportion as the extent of that sur-

face becomes developed, the power of appreciating the presence of

odorous particles in the atmosphere will necessarily be increased.

The physiologist is thus enabled to estimate with great exactness the

relative perfection of the sense of smell in different classes, or even

in different families of the air-breathing Vertebrata, simply by observ-

ing the complication and extent of surface presented by the lining

membrane of the olfactory organ.
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(1932.) Taking this as our guide, we must suppose that in all Rep-

tiles the sense in question is extremely obtuse, since in these

creatures there are neither turbinated hones nor ethmoidal plates

as yet distinguishable ; a few folds of the membrane lining the

nose, even in those species which are most highly gifted in

this particular, being the only provision for extending the olfac-

tory surface ; and in many cases, as for example in the Am-
phibia, the nose seems merely a simple canal leading into the

mouth.

(1933.) On reaching the nasal cavity, the olfactory nerve spreads

out into delicate filaments {fig. 325, d), which are distributed to the

Schueiderean membrane covering the septum and upper part of the

nose.

(1934.) The optic nerves of Reptiles {fig. 323, n), soon after their

origin, become confounded together by a commissure, in the same way

as in the human subject ; and, again separating, they are continued

through the optic foramina to the eyes.

(1935.) The eye-ball itself presents few peculiarities in its struc-

ture. In the Tortoise
,
and many Lizards, the sclerotic contains a

circle of bony plates imbedded in its substance, and surrounding its

anterior margin : these are obviously the rudiments of that osseous

zone which in the class of Birds, as we shall find, performs a very

important office. The ciliary processes of the choroid are generally

very feebly developed. The pupil is frequently round, but it is some-

times of a rhomboidal figure, as for example in the Gecko ; and in the

Crocodile and some serpents the pupillary aperture is a vertical fissure

like that of a Cat.

(1936.) The optic nerve enters the eye in the same way as in qua-

drupeds, and, having passed the choroid, it terminates in a round

papilla, from the margin of which the retina spreads out : as to the

rest, the eye of a Reptile differs so little in any essential circumstance

from that of Man as to render any more elaborate description super-

fluous.

(1937.) The eye-ball is moved by six muscles, disposed as in Fishes;

the four recti arising from the margin of the optic foramen, while the

two obliqui are derived from its anterior margin.

(1938.) In Fishes, from the circumstances under which they live,

there is no occasion for the presence of any lachrymal apparatus, or for

eyelids adapted to defend and moisten the surface of the cornea
; but

in the class before us, especially in the more elevated tribes, these

appendages to the eye make their appearance, and gradually assume a

complexity of structure even greater than that which they present in

the human subject.

(1939.) In Serpents, and in some of those Lizards which are most

nearly allied to the Ophidians, there are still no eyelids ;
and conse-
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quently in such genera there can be neither any lacrymal apparatus,

nor a conjunctiva, properly so called: the skin of the head merely

passes like a delicate film over the transparent cornea, offering no
fold worthy of the name of an eyelid.

(1940.) In ordinary Lizards * the skin forms a kind of veil stretched

over the orbit, and pierced by a horizontal fissure, which is closed

by a sphincter muscle. The lower eyelid is the most movable, and

incloses a small cartilaginous plate
;
and there is besides generally a

fold of the conjunctiva at the inner canthus of the eye, which is the

first appearance of a third eyelid or membrana nictitans.

(1941.) In the Chelonian Reptiles, and in the Crocodiles, the upper

and lower eyelids are sufficiently perfect accurately to close the eye

;

but there are no eyelashes as yet present. Moreover, these animals

possess an additional eyelid or nictitating membrane, similar to that of

Birds/ which can be drawn at pleasure over the front of the eye, so

as entirely to conceal it. This is effected by a special muscle provided

for the purpose, which arises from the posterior part of the globe of

the eye, and, after winding round the optic nerve, passes beneath the

eye-ball, to be inserted into the free margin of the membrana nicti-

tans. In Frogs and Toads the upper and lower eyelids are nearly

motionless ; but the third is largely developed, and moved in the same

way as that of the Crocodile.

(1942.) In the higher Reptilia a distinct lacrymal gland and puncta

lacrijrnalia are met with, occupying the same positions as those of the

human subject.

(1943.) The third, fourth, and sixth pairs of the cerebral nerves

have the same distribution in all the Vertebrata; and represent

respectively the oculo-muscular, the pathetici, and the abducentes of

man.

(1944.) The nerves belonging to the fifth pair likewise correspond

both in their distribution and office with the trifacial nerves of mam-

miferous Vertebrata.

(1945.) The facial nerve, or portio dura of the seventh pair, is small

in proportion to the limited development of the soft parts of the face

;

but it is constantly present.

(194G.) The auditory nerve of course is destined to the ear, and

its distribution is almost the same as in Fishes
;
nevertheless, in the

general construction of the organ of hearing, Reptiles present very

important and interesting advances towards a higher form of the

acoustic apparatus, which we must proceed to notice.

(1947.) The ear of Fishes, being only adapted to hear sounds con-

veyed through a watery medium, was found to consist only of the

membranous labyrinth, inclosed in the cavity of the skull, and without

Cuv. Leqons d’Anat. Comp. vol. ii. p. 433.
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any communication with the exterior of the body. Reptiles, on the

contrary, living in air, must be enabled to appreciate the sonorous

vibrations of the atmosphere, and are consequently provided with an

auditory apparatus, capable of responding to pulsations of sound

of far greater delicacy than those transmitted through the denser

element.

(1948.) The first great improvement, therefore, which the anatomist

notices in the composition of the ear of a Reptile, is the addition of

a tympanic cavity, and of a tense and delicate membranous drum, the

vibrations of which are communicated to the labyrinth or internal ear

through the intervention of an ossicle that represents the stapes of

Mammalia.

(1949.) The drum of the ear is situated immediately beneath the

skin, the parts composing

the external ear of qua-

drupeds being as yet en-

tirely deficient. The

membrana tympani, that

now for the first time

makes its appearance in

the series of animals, is

tensely stretched across

the tympanic aperture

;

being covered externally

by the integument of the

head. In the Turtle {jig.

324) the tympanic mem-
brane is represented by

a cartilaginous plate («)•

The ossicle, or colum-

nella as it is here called, is single and trumpet-shaped : it passes quite

across the tympanic cavity
(
b ), its external extremity being inserted

into the drum ; while at its opposite end it expands into a disc (e),

which closes an aperture (foramen ovale) that communicates with the

membranous vestibule of the internal ear. It is obvious, therefore,

that every tremor impressed upon the membrana tympani will be con-

veyed by the columnella to the foramen ovale, and thus communicated

to the fluid contained in the labyrinth, upon which, as in Fishes, the

auditory nerve is distributed.

(1950.) The cavity of the tympanum communicates with the inte-

rior of the mouth by a wide opening, that represents the Eustachian

tube; a circumstance evidently intended .to prevent air or fluid from

being pent up in the tympanic chamber, and thus interfering with the

free vibration of the drum.

(1951.) In Serpents, on account of the peculiar disposition of the

z z

Fig. 324.

Ear of the Tortoise.
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pieces of the temporal bone before described (§ 1858), there is no tym-

panic cavity, and the columuella {fig- 310, v) is absolutely imbedded

in the flesh ; the arrangement, however, in other respects is the same

as in the generality of Reptiles.

(1952.) The lower tribes of Amphibia, as we might be led to expect

from their close approximation to Fishes, have neither tympanum

nor columuella ;
and thus, like Fishes, can only hear in an aquatic

medium.

(1953.) The membranous labyrinth of Reptiles {fig. 325, a, b, c)

corresponds in its general conformation with that of Fishes, pre-

senting the same semicircular canals, ampullae, and vestibular cavity ;

Fig. 325.

Auditory and olfactory apparatus of the Turtle.

and moreover, the sacculus contains cretaceous concretions, or oto-

liths of a similar character. But in this class the membranous

canals become inclosed in a bony sheath, moulded as it were upon

their outer surface; which is another very important step towards

perfecting the auditory apparatus.

(1954.) Neither must we omit to mention, that in the highest of

the Reptilia, as for example in the Crocodile, the first rudiment of a

cochlea makes its appearance, although as yet in a form of extreme

simplicity. This portion of the organ of hearing, which, from the

elaborate structure that it presents in the higher \ ertebrata, must

be regarded as being importantly connected with correct audition, is

seen in this, the earliest stage of its development, to be a simple

conical appendage to the sac of the vestibule ;
and, on opening it, it is

found to be divided by a central cartilaginous septum into two com-

partments, which are, however, continuous with each other at the apex

of the cone. One of these compartments or canals opens at one ex-

tremity into the vestibule, while the other communicates with the
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tympanic cavity by a very small aperture closed with a thin membrane.

Thus, therefore, although the entire organ resembles a simple canal

bent upon itself, the repre- „„„
• „ , , . Fig. 32G.

sentatives ot the scala vesti-

buli, of the scala tympani,

and of the fenestra rotunda

of the human ear can be

distinctly identified.

(1955.) The glosso-plia-

ryngeal and pneumogastric

nerves in Reptiles supply

the same organs to which

they are distributed in the

human subject; the former

being destined to the base

of the tongue and the mus-

cles of the pharynx ; while

the latter, assuming a plexi-

form arrangement, are ap-

propriated to the lungs and

heart, as well as to the oeso-

phagus and the stomach.

(1956.) The hypoglossal

pair of the cerebral nerves,

which was not met with in

Fishes, now becomes dis-

tinctly apparent
;
and, as in

the higher Vertebrata, may
be traced in the muscles of

the tongue.

(1957.) The spinal system

of nerves offers no pecu-

liarity worthy of special de-

scription. In the annexed

figure, taken from Bojanus,

the nerves derived from the

medulla spinalis are seen

to issue in the usual man-

ner from the intervertebral

foramina ; and they evidently

essentially correspond with the grand type of structure common to the
vertebrate classes. In the apodous Reptilia, as for example in the
Serpents, to attempt to divide them into the usual regions is clearly

absurd ; but in quadrupedal forms, as for instance in the Tortoise, the
cervical nerves, the brachial plexus, from which are derived the nerves



708 REPTILIA.

of the anterior extremity, the intercostal nerves, and those forming

the lumbar and sacral plexuses, are at once distinguishable; and the

correspondence between their distribution in the reptile and in the

human subject must forcibly strike the student who makes the com-

parison.

(1958.) Neither does the sympathetic system of the Reptilia offer

any important aberration from that arrangement with which the

human anatomist is familiar. The ganglia are smaller in their pro-

portionate size
; those of the neck and face are, indeed, scarcely per-

ceptible : but the thoracic ganglia are found in their usual positions,

communicating on the one hand with the spinal nerves, and on the

other giving off filaments which form plexuses around the arterial

trunks, and ramify extensively to be distributed to the viscera of

organic life.

(1959.) The sense of touch in all the members of the class under

consideration must, from the nature of their integument, be extremely

imperfect : many of them, as for example the Serpent tribes, are, in

fact, absolutely deprived of any limbs which can be regarded as tactile

organs; and, even in those forms which are provided with efficient

locomotive extremities, they are but ill adapted to exercise the func-

tions of an apparatus of touch.

(1960.) The cuticular investments of the body are formed of dense

and unyielding materials, consisting, in the higher Reptiles, of broad

horny plates, or of imbricated scales. In the Amphibia, indeed,

the skin is smooth, and the epidermis only forms a delicate cor-

neous film
;
yet even in these the cuticle is thrown off at certain

seasons of the year, as the old coat becomes too small for the in-

creasing size of the animal: a phenomenon which in the Lizard

and Serpent tribes is still more remarkably witnessed; for these

animals strip themselves of their old scales as the hand would be

drawn out of a glove, and cast away in one piece the entire epidermic

integument, even to the film which covers the transparent cornea of

the eye.

(1961.) The urinary excretion in Reptiles becomes of very consider-

able importance, and the structure of the kidneys and excretory ducts

proportionately elaborate. The kidneys (Jig. 328, o, p) are generally

situated very far back, even within the cavity of the pelvis where a

sacrum exists, as in the Chelonian and Saurian orders ; and in these

tribes they are very partially covered by the peritoneum being firmly

imbedded in the sacral region. But in the Serpents, in consequence

of the elongated form of the body, and the complete flexibility of

every portion of the spine, the kidneys are peculiar both in their

position and general structure. Instead of being placed upon the

same level as in other Yertebrata, the right kidney of an Ophidian is

situated much more anteriorly than the left; a circumstance which
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much facilitates the packing of the abdominal viscera, and contributes

greatly to ensure the free movements of the vertebral column at this

place'. For the same reason, the kidneys of a serpent are divided

into numerous lobes, placed in a longitudinal series upon the outer

side of the commencement of the ureter, and loosely connected

to each other and to the spine by cellular tissue and a fold of the

peritoneum.

(1962.) As relates to the minute structure of the kidneys in the

Kept ilia, these viscera are invariably composed of convoluted tubes,

which pour their secretion into the commencement of the corresponding

ureter. The ureters of course vary in length according to the position

of the renal organs
; they ultimately terminate in the cloaca (Jig. 328,

m), a cavity or general outlet through which, in the female, the ova,

the faeces, and the urine are discharged, and which in the male gives

passage to the contents of the rectum, the secretion of the kidneys,

and the semen.

(1963.) In connection with the urinary apparatus of Reptiles, it will

be convenient to mention a bladder that exists in Chelonian and

Amphibious Reptiles, and is also found in some Saurian tribes, to

which the name “ urinary bladder” has been erroneously applied.

This bladder, in the Tortoise (Jig. 328, a) and Proteus (Jig. 315, q), is

of considerable size, and in the Frog forms a very capacious recep-

tacle, having its upper part divided into two cornua. It is generally

filled with a clear limpid fluid, which, in the case of the Frog, is

forcibly ejected if the animal be alarmed : but that this fluid is not

urine is obvious from the fact already stated, that the ureters open

into the cloaca (Jig. 328, u
),
and not into the bag referred to ; the

latter, in fact, is the unobliterated remains of the Allantois of the

embryo, concerning which further particulars will be given in the next

chapter, and the fluid contained in it is most probably the product of

cutaneous absorption.*

(1964.) In tracing the development of the generative apparatus

through the different orders of Reptiles, the student will not fail to

observe many beautiful illustrations of progressive improvement.

(1965.) The finny tribes, incapable of social intercourse, were con-

tent with the simple extrusion of their eggs into the sea, leaving

them to be impregnated by the casual approach of a male of the

same species : but even in the Amphibious Reptiles some steps are

gained in associating the sexes with each other
; and although

the eggs are still impregnated out of the body of the mother, in

the Frog this is accomplished in e.vitu, and not subsequent to their

expulsion.

(1966.) Frogs, during the breeding season, are found to pair, and

* Vide Cyclopaedia of Anatomy and Physic, art. Amphibia, by Professor Bell,

p. 104.
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the male having selected his mate mounts upon her back, clinging to

her with unwearying pertinacity during the whole period of oviposition,

and vivifying her eggs by the aspersion of the seminal secretion as

they are successively expelled in long gelatinous chains. During this

protracted embrace the male Frog is assisted in retaining his hold

by the development of a peculiar papillose structure upon the first

toes of the fore-feet, which disappears at the end of the time appro-

priated to reproduction. Of course no intromittent apparatus is as

yet required, and we may naturally expect to find the male organs still

exhibiting great simplicity of construction.

(1967.) The testes and their excretory ducts are, in fact, the ouly

parts as yet met with
; but the anatomy of these parts, although most

accurately investigated by Swammerdam upwards of a century ago,

is still very generally misunderstood. The testicles are situated in

the loius, surrounded by several tongue-like masses of fat, presenting

a peculiar granulated appearance. Each testis is invested by a delicate

capsule, and, on removing this very carefully, the entire viscus is

seen to be made up of short caeca ; the blind extremities of which

alone appearing at the periphery of the organ caused Cuvier to

describe it as being “ an agglomeration of little whitish grains in-

terwoven with blood-vessels.” The semen elaboi’ated by these caeca

is taken up by several small excretory ducts that pierce the kidney,

—

in the immediate vicinity of which the testis lies, and open into the

ureter, that here forms the common excretory duct, whereby the urine

as well as the seminal fluid is discharged, both escaping into the cloaca

at a little distance from the orifice of the allantoid bladder, to be

ultimately ejected through the vent.

(19G8.) Neither is the generative system of the female Frog less

worthy of notice. The ovaria resemble in their essential structure

those of the Lamprey (§ 1797), only they are much less extensive;

consisting of a few festoons of the highly vascular membrane wherein

the ova are secreted, fixed at the pelvic extremity of the abdominal

cavity. On each side of the body is a long and very tortuous oviduct,

which when unravelled is found to be many times the length of the

animal. The fimbriated commencement of this oviduct is firmly

bound down by folds of peritoneum in the immediate vicinity of the

pericardium, and, of course, as remote as possible from the ovary; it

therefore becomes a question of no inconsiderable interest to determine

the manner in which the ova are conveyed from the ovarian nidus

to the orifice of the oviduct : it is obvious that they must first break

loose into the abdominal cavity, as we found them to do in the

Lamprey and the Eel, aud that at length, having made their way into

the neighbourhood of the pericardium, they are seized by the patulus

extremity of the Fallopian tube, and thus conveyed out of the body.

As the ova make their transit through the oviduct, they become
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imbedded in a tenacious albuminous secretion, and are at length

lodged in a dilated portion of the tube, to which the name of uterus

has been very improperly given, preparatory to their expulsion

through the cloaca. After the eggs have been discharged into the

surrounding water, the albuminous mass in which they are imbedded

swells considerably; and, when the young tadpoles are hatched, this

material no doubt serves to nourish them during the earlier period of

their existence.

(1969.) In the Newt
(
Triton) impregnation takes place internally

although the male is still without

any rudiment of an intromittent

apparatus, so that we are com-

pelled to believe that in the case

of these Amphibia the simple ejec-

tion of the male fluid into the

water in the vicinity of the female

is sufficient to ensure its admis-

sion to the ova while still in the

oviduct. An improvement is like-

wise visible in the construction of

the internal viscera subservient to

generation ; and a vas deferens,

quite distinct from the ureter,

makes its appearance. In the

male Salamander [Triton cristatus

)

the testis during the breeding

season consists of two pyriform

masses, from which the seminal

ducts [Jig. 327, c, c
)

are derived.

These soon unite to form a single

convoluted tube (d), through which

the semen is conveyed into the

cloaca. The kidneys (n), and their

excretory ducts (i, i), are here

placed considerably further back ;

but the ureters terminate in the

cloaca at the same point
(
m

)

as

the vasa deferentia. Two Other Generative organs of male Salamander.

large glands (o, o) are apparently connected with the generative func-

tions, and their excretory ducts likewise open into the cloacal outlet.

(1970.) In the female Triton, as also in the Proteus and Siren, the

ovaria and oviducts offer precisely the same arrangement as that met
with in the Frog already described.*

* Vide Rusconi. Observations Anatomiques snr la Sirenc mise cn parallnle ave le

Protee et le tetard de la Salamandre Aquatique. A Pavie, 1 837.
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(1971.) In the Ophidian, Chelonian, and Saurian orders, the testes
of the male sex are situated in the loins; and, in fact, they occupy
the same position throughout the oviparous Vertebrata : they offer no
peculiarity of structure

;
only differing from those of the Frog in the

increased length of the now contorted seminal caeca of which they are

essentially composed. From each testis a long and flexuous vas

deferens conducts the semen into the cloaca. Here, however, in these

more elevated forms of the Reptilia, we have another important
addition to the male sexual apparatus; instruments being given to

facilitate the impregnation of the female during that union of the

sexes which now becomes essential to fecundity. The earliest appear-

ance of the copulatory organ is seen in Serpents and in the Lizard
tribes; and in such reptiles it will be observed, that the penis is

rather a provision for securing the juxtaposition of the sexual apertures

of the male and female than an instrument of intromission. The two

lateral halves of the penis, or corpora cavernosa, as we shall have

to call them hereafter, when they become conjoined in the mesial line,

are as yet quite separate, and placed at each side of the cloacal fissure,

from which they protrude when in a state of erection
; so that there

appear to be two distinct organs of excitement, or, more properly

speaking, of prehension; for each division, being of course imperforate,

is covered with sharp spines, and is obviously rather adapted to take

firm hold of the cloaca of the female than to form a channel for the

introduction of the seminal fluid.

(1972.) In the Chelonian Reptiles the penis is much more perfectly

developed, and really constitutes a very efficient intromittent instru-

ment. The two corpora cavernosa, after commencing separately,

approach each other, and become united along the mesial line so as to

form a single organ of considerable size, terminated at its extremity

by a glans-like dilatation. There is, however, no corpus spongiosum,

or urethral canal, properly so called : the latter is represented by a

deep groove, which runs along the upper surface of the penis from the

cloaca to the extremity of the organ ;
and it is along this groove that

the spermatic fluid is conveyed during coitus.

(1973.) On making a section of this strange apparatus, two canals

are discovered, running one on each side of the central furrow, along

the whole length of the organ as far as the glans, where they termi-

nate, without at all communicating with the exterior ; but, on tracing

them in the opposite direction, they are found to be derived from the

peritoneal cavity, into which they open by distinct orifices.*

(1974.) Two retractor muscles, derived from the pelvis, and ex-

tending along the under surface of the penis quite to its extremity,

fold the whole organ back into the cloaca, where it lies concealed when

not in use.

* Cuv. Anat. Comp. tom. v. p. 115.
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Fig. 328.

(1975.) In the Crocodiles and higher Sauriaus the penis in its

structure resembles that of the Tortoise ;
and, instead of an urethra,

there is merely a deep groove traversing the upper surface of the

organ, along which the semen trickles out of the cloaca.

(1976.) Throughout all the Reptile families the organization of the

female generative system is so extremely similar, that one example

will be abundantly sufficient for our purpose ;
the same description

in fact being equally applicable to the Saurian, the Chelonian, and

the Ophidian orders. The ovaries occupy their ordinary position in the

lumbar region of the abdomen,

where they are attached on each

side of the vertebral column

by a broad fold of peritoneum :

their structure is in all essen-

tial points precisely similar to

those of the Amphibia; but,

owing to the increased propor-

tionate size of the individual

ova formed by their vascular

membrane, they resemble a

string of beads, or assume

somewhat of a racemose ap-

pearance. The oviducts are

long and flexuous ; they com-

mence by a wide orifice (fig.

328, b mj, by which the germs

are taken up from the ruptured

ovisacs of the ovaria in the

same way as those of Mam-
malia are seized by the fim-

briated extremities of the Fal-

lopian tubes. The first portion

of the oviduct is thin and in-

testiuiform
;

but lower down,

where the investments of the

egg are formed, its walls be-

come thicker, and assume a glandular character (n, o, p)

:

they finally

open into the cloaca; and the mode of their termination in the Tortoise

is exhibited in the accompanying figure, where m, m, e m indicate the

terminal portion of the right oviduct laid open ; the left (a m, h m) being

shown through its entire length.

(1977.) The formation of the egg and the development of the

embryo is similar in all the oviparous Vertebrata ; it will therefore

be more convenient, aud preveut unnecessai’y repetition, if we defer

the consideration of this important subject to the next chapter ;
the

Oviduct and ovum of female Tortoise (after

Bojunus).
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reader bearing in mind that in all essential particulars the details

which will be given there, when we come to consider the growth of

the bird in ovo, are equally applicable to the Chelouian, Ophidian, and

Saurian Reptiles.

CHAPTER XXIX.

AVES BIRDS.

(1978.) The class of Vertebrate animals which now offers itself to

our notice contrasts remarkably with the cold-blooded and apathetic

inhabitants of the water; and even with the slow-moving Reptile,

that languidly crawls upon the surface of the grouud, or drags on

an amphibious existence in the marsh or on the shore. The Bird,

ordained to soar into the regions of the air, and not only to sustain

itself in that thin medium, but to skim from place to place with

astonishing rapidity, needs a strength of muscle and activity of limb

even greater than that conferred upon the mammiferous quadruped.

Senses of the utmost acuteness are now requisite, combined with

instinct and intelligence of a high order; and accordingly, both as re-

gards their faculties and enjoyments, the feathered tribes far surpass

the other oviparous Vertebrata.

(1979.) Next to that improvement in the condition of the nervous

system, which we have all along been able to trace advancing pari

passu with the increase of sagacity and the expansion of the bodily

faculties, the most remarkable circumstance observable in the economy

of Birds is the elevated temperature of their bodies and the heat of

their circulating fluids. In the Reptile an impure and semi-oxigenized

blood was slowly propelled through the system from the undivided

ventricle of their trilocular heart
;
and we found their energies, their

instincts, and their affections proportionately feeble and obtuse : but

now, not only does the heart become divided into four cavities,—one

ventricle being appropriated to transmit venous blood to the lungs,

while the other drives a pure and highly-arterialized fluid in copious

gushes to the remotest regions of the body ;—but, as though even this

was not sufficient to meet the necessities of the case, the whole

interior of the bird is permeated by the atmospheric air, which

penetrates even into the bones
;
and the respiratory function being

thus rendered as complete as possible, all parts of the muscular system

are abundantly supplied with blood arterialized to the utmost, and

every fibre, quivering with life intense, is ready to exert that vigorous

activity which brings down the falcon upon his quarry like a thuuder-
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bolt from the clouds, or sustains the migratory bird through long and

perilous journeyings.

(1980.) But increase of muscular energy is by no means the only

consequence resulting from more perfect respiration, and a conse-

quently-increased temperature of the blood : the clothing of the body

must now be changed for a warmer covering than scales or horny

plates; feathers are therefore at once provided as the lightest,

warmest blanket that could be given : maternal care, which to

the cold-blooded Ovipara would have been a useless boon, can now
be beneficially exercised

;
the eggs, no longer left to chance, are

cherished by the vital heat of the parent
;
and the callow brood,

during the first period of their lives, are dependent for support upon
the watchful attentions of the beings from whom they derived their

existence.

(1981.) The skeleton of a vertebrate animal formed for flight must

obviously be constructed upon mechanical principles widely different

from any that have yet come under our notice. The utmost lightness

is indispensable
; but still, in a frame-work which has to sustain the

action of muscles so vigorous, strength and firmness are equally

essential : it is in combining these two opposite qualities that the

human mechanician displays the highest efforts of ingenuity, and by

the scientific disposition of his materials exhibits the extent of

his resources and the accuracy of his knowledge
;
but let the best-

informed and most ingenious mechanic carefully and rigidly investi-

gate the skeleton of a bird, and we doubt not that in it he will find

all his art surpassed, and derive not a little instruction from the

survey.

(1982.) In the spinal column of a bird we find three principal re-

gions, each of which will merit distinct notice.

(1983.) The anterior or cervical region is exceedingly variable in its

proportionate length, and forms the only flexible portion of the spine :

it performs, indeed, the office of an arm, at the extremity of which

the beak, the chief instrument of prehension, is situated. The
number of vertebrae entering into the composition of this part of the

spinal column is very variable in the Swan there are as many as

twenty-three ;
in the Crane, nineteen ; while in the little Sparrow

nine only are met with: their bodies are joined together by articu-

lating facets inclosed in synovial capsules, and not by the interposi-

tion of intervertebral substance ; an interarticular cartilage, however,

is generally met with, by which the movements of the chain are

facilitated. The spinous and transverse processes are short.; while the

oblique processes, united by articulating surfaces, limit the mobility of

the neck.

(1984.) Although this portion of the spine is very properly designated

the “cervical region,” we are not on that account to imagine that
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the vertebras composing it are unprovided with ribs : on the con-

trary, rudimentary costal appendages are generally found connected

with their transverse processes, which, in the young bird, are obvi-

ously separate elements, although they afterwards become united by

anchylosis.

(1985.) But if flexibility is thus abundantly provided for in the

cervical portion of the vertebral column, it is quite evident that in the

thoracic portion of the skeleton, which has to support the framework

of the wings, and sustain the efforts of the muscles connected with

flight, firmness and rigidity become essential requisites ; and accord-

ingly everything has been done to prevent those movements which

in the neck were so advantageously permitted. The bodies and

spinous processes of the contiguous vertebrae are therefore here

firmly consolidated together by anchylosis
;

and, moreover, splints

of bone, derived from the transverse processes, overlap each

other, and still further add to the stability and strength of the

back.

(1986.) The ribs appended to the dorsal vertebrae may he called

the true ribs ; these enter into the composition of the thorax, and

materially assist in strengthening that region. Each rib, as in the

Crocodile, presents a dorsal and a sternal portion connected together

by a joint : the former are attached to the vertebra by a double arti-

culation, their spinal extremity being furcate
;
while the latter are

articulated to the sides of the sternum. A thorax is thus formed,

possessing sufficient mobility to perform the movements connected

with respiration, hut still affording a strong basis to support mus-

cular action
;

and, in order to give the greatest possible strength,

from the posterior margin of each dorsal rib a broad flat process is

prolonged backwards and upwards to overlap the rib next behind, so

as in this manner to hind the whole together into one strong frame-

work.

(1987.) The sternum itself is developed in proportion to the enor-

mous size of the three pectoral muscles which constitute the great

agents in flight : it is principally composed of the central azygos

element before noticed in the Tortoise, which is here remarkably

dilated, and in birds of flight prolonged inferiorly into a deep keel-like

process, so as to increase materially the extent of surface from which

the muscles of the breast take their origin ; but in the cursorial

genera, such as the Ostrich, the Emeu, &c., where the wings are not

available for flying, the keel is entirely wanting, and the sternum

forms merely a kind of osseous shield, covering comparatively a very

small portion of the breast.

(1988.) Whoever considers the position of the hip-joint in the fea-

thered tribes, and reflects how far it is necessarily removed behind the

centre of gravity when the bird walks, carrying its body in a horizon-
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tal position, will at once perceive that the pelvic portion of the spine,

having to sustain the whole weight of the trunk under the most

unfavourable circumstances, and at the same time to give origin to the

strong and massive muscles wielding the thigh, must be consolidated

and strengthened in every possible manner
;
and that even the slight

degree of movement per-

mitted in the dorsal re-

gion would here be in-

admissible. The lumbar

and the sacral vertebras,

and the entire pelvis,

are therefore at an early

period solidly united to-

gether by anchylosis in-

to one bone, and the

number of the vertebras

composing this part of

the skeleton is only dis-

tinguishable from the

situation of the interver-

tebral foramina through

which the spinal nerves

are giveu off. In very

young birds the pelvis

is evidently formed by
the three elements that usually enter into its composition; and the ilium,

the ischium, and the pubes, as well as the ischiadic notch and obturator

foramen, will all be at once recognised by the anatomist, occupying

their usual relative positions
; although he will not fail to notice one

remarkable circumstance, namely, that except in one instance, the

Ostrich, the ossa pubis do not meet in front, so that there is no pubic

arch or symphysis.

(1989.) The anterior extremity of a bird, although an instrument

of flight, is found, when stripped of those feathers and long quills

that form the extensive surface presented by this member during life,

still closely to adhere to the general type in accordance with which

this part of the skeleton is invariably constructed. The framework

of the shoulder exhibits the scapula (Jig. 330, b), the clavicle (d), and

the coracoid element (c) ; notwithstanding that these bones, forming,

as they do, the basis of a limb so vigorous, and wielded by such power-

ful muscles, are necessarily modified in their form and 'general ar-

rangement, so as to constitute strong buttresses adapted to keep the

shoulder-joint firm and steady during flight. The scapula (b) is a long

and slender bone placed upon the ribs, and lying parallel to the spine

along the dorsal region of the thorax, imbedded in the muscles to

Fig. 329.

Skeleton of Eagle.
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which it gives attachment, while at its fixed extremity it assists in

forming the cavity

of the shoulder-

joint. The cora-

coid bone (c) is the

great support of

the shoulder ;
for,

while at one extre-

mity it sustains the

wing, at the oppo-

site it is firmly and

securely united to

the sternum by a

broad articulation.

But the most pe-

culiar element of

this apparatus is

the furculum, or forked bone (d), composed of the conjoined cla-

vicles ; which, being ancliylosed together in the mesial line, and also

strongly connected with tbe shoulder-joint, materially add to the stability

of the whole.

(1990.) In the wing itself the humerus (/) is at once recognised, as

also the ulna (g) and the radius (h ) ; but in some birds, as in the

Penguin, the student might be at a loss to identify one or two small

bones (y>), forming a kind of patella to the elbow-joint ; these appear

to be the representatives of the olecranon process detached from the

ulna. The carpus
(
i

)

consists of only two small bones. The meta-

carpus is formed of two pieces (k, l), ancliylosed together at their two

extremities ; and these, with two, or in some cases three, rudimental

fiugers, complete the wing. The largest finger consists of two, or

sometimes three, phalanges (in, o ) : a second
(
n

)

offers but a single

joint
;
and the third, which is a mere rudiment when present, is an

appendage to the radial side of the carpus.

(1991.) In the pelvic extremity (fig. 329) the femur is a short and

strong bone : to this succeeds the tibia, upon the outer side of which is

fixed a rudimental fibula. The tarsus can scarcely be said to exist,

being at a very early age confused with the metatarsus

;

the whole

forming a single tarso-metatarsal bone, which, in the Wading Birds

especially, is of very great length : at its distal extremity are

three articular surfaces that support the three anterior toes, while

a fourth toe, the hallux, directed backwards, is attached to it

posteriorly by the intervention of a small accessory piece ; and in

Gallinaceous Birds an osseous spur, consolidated with the posterior

face of the tarso-metatarsal bone, is generally considered as a fifth

toe.

Fig. 330.

Wing of bird.
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(1992.) Tbe Dumber of toes varies in different tribes of birds.

Thus, in the Ostrich, there are only two; in many genera there are

three
;
in by far the greater number, four ; and in the Gallvnacea, five.

But whatever the number of toes may be, the number of phalanges

peculiar to each is remarkably constant : thus, the outermost toe

always consists of five phalanges ; the fourth toe invariably of four

;

the third as constantly of three ; the second, when it exists, has only

two ; and, lastly, in the spur or innermost toe there is but a single

piece.

(1993.) So rapidly is the progress of ossification accomplished in

the skeleton of a bird, that it is only in very young animals the indi-

Fig. 331.

Skull of a young Ostrich.

vidual bones or elements composing the cranium can be identified,

as the sutures speedily become obliterated : when, however, they are

examined under very favourable circumstances, as for example in the

skull of a young Ostrich, it is by no means difficult to distinguish

them, and by comparing them with those of other Vertebrata, to

observe the modifications they have undergone both in form and posi-

tion. In the annexed figure the principal pieces, both of the cranium
and face, have beeen indicated by the same figures as were used to

point out the correspondent bones in the skulls of the Crocodile (fu/.

307) and the Serpent (yh/. 310), so that it would be needless again to

enumerate them in this place.

(1994.) The muscular system of the feathered tribes, as far as ac-

tivity and energy of motion is concerned, contrasts strikingly with

that of the Vertebrata we have as yet considered
;
for, with the excep-

tion of Insects, no animals in creation are comparable to Birds, either

in the vigour or velocity of their movements.

(1995.) This perfection of muscular power, which is obviously essen-
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tial to enable the bird to sustain itself in the air, and there perform

the varied evolutions connected with flight, is no doubt mainly con-

nected with the highly-arterialized condition of the blood, and the

completeness of the respiratory apparatus. Neither is it uninteresting

to observe, that while in the Insect respiration was effected by the ad-

mission of air to every part of the system by means of tracheal

tubes, in Birds, likewise, the air freely penetrates to the interior of

the body, and, as we shall afterwards find, is there most extensively

diffused.

(1996.) In the construction of the alimentary system, there are

many interesting peculiarities to invite our notice. Their mouth con-

stitutes the apparatus whereby the prehension of food is accom-

plished; it is in no instance provided with teeth, or adapted to masti-

cate food, but forms a beak encased in a dense, horny sheath, which,

from the varieties of form that it assumes in different genera, becomes

adapted to very various purposes.

(1997.) In the Rapacious tribes, for instance, the bill is a strong

and formidable hook, calculated to tear in pieces the animals de-

voured. In Granivorous Birds, it is a simple forceps for picking up

the seeds of vegetables. In the Snipe and the Curlew it forms a

probe, whereby insects are extracted from tbe soft and marsby ground.

In tbe Parrot it is partially an assistant in climbing, as well as an

organ for seizing food ; and, not to mention innumerable other modifi-

cations, in tbe Flamingo and Duck tribes, it constitutes a shovel, by

the aid of which, alimentary matters are obtained.

(1998.) The sense of taste, even in these highly-gifted animals, is

as yet but very imperfectly developed ;
and their tongue, instead of

being soft and flexible, as in tbe Mammalia, is supported by one or

two bouy pieces, derived from the os hyoides {fig. 332), and covered

Fig. 332.

with a horny sheath, obviously ill adapted to gustation, but simply as-

sisting in the deglutition of food. We must not, therefore, be at all

surprised, if even in birds the tongue is convertible into various in-



AVES BIRDS. 721

struments assisting in the apprehension or preparation of nourish-

ment :—thus, in the Parrot, it is a thumb opposable to the upper

mandible, and eminently serviceable in holding and turning nuts or

morsels of fruit ;—in the honey-eating tribes the tongue is armed at

its extremity with a tuft of horny filaments, resembling a camel-hair

pencil, which, being plunged into the bell of a flower, sucks up the

nectar from the bottom ;—and in the Woodpecker it is absolutely con-

verted into a harpoon, whereby the insect is speared in its lurking-

place, and dragged into the mouth.

(1999.) In most birds, in consequence of the very small size of the

cavity of the stomach, or gizzard as it is generally called, some other

receptacle for the aliment becomes indispensable
;
and accordingly

various provisions have been made for lodging food in sufficient quan-

tities in situations where it may be retained until the gizzard is ready

to receive it. In birds that catch insects on the wing, this is most
conveniently effected by dilating the fauces and upper part of the

throat into a capacious chamber, wherein the insects as they are seized

accumulate: this is remarkably the case in the Swifts. In the Peli-

can a very peculiar plan is adopted
; the beak is amazingly prolonged,

and beneath the lower jaw is suspended a white pouch, formed by the

skin of the throat, wherein large quantities of fish may be contained

and carried about. In other fishiug birds the whole oesophagus is

extraordinarily capacious, and will hold a considerable supply ; but the

most usual arrangement in birds requiring such a reservoir is the ex-

istence of a crop, or dilatation of some part of the gullet into a wide

bag
(
ingluvies), wherein grain or other substances hastily picked up

may be stored preparatory to digestion. After expanding into the crop

in those birds that possess this cavity, the oesophagus again contracts

to its former dimensions (Jig. 333, a); but just before terminating iu

the gizzard, it again dilates to form a second but smaller cavity (b),

called the proventriculus, or bulbus glanclulosus, in which the food un-

dergoes further preparation. The walls of the proventriculus are

thickly studded with large glandular follicles, variously disposed
;
from

whence a copious secretion of “ gastric juice," as it is called, is poured
out and mixed with the aliment. Having, therefore, undergone mace-
ration in the juices of the crop, aud become subsequently saturated

with the gastric fluid, that constitutes so important an agent in diges-

tion, alimentary substances are at length received into the gizzard (c),

where further preparation is necessary.

(2000.) The gizzard in such birds as feed upon vegetable substances
is an organ possessing immense strength; and constitutes', in fact, a

crushing mill, wherein nutritive materials are bruised and triturated

:

its cavity is very small, and lined with a dense, coriaceous, cuticular

stratum ;
and its substance is almost entirely made up of two dense

3 A
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and enormously powerful masses of muscle, the fibres of which radiate

from two central tendons {fig. 333, c), situated upon the opposite sides

of the viscus. The action of

these lateral muscles will ob-

viously grind and crush with

great force whatever is placed

in the central cavity ;
a pro-

cess that is materially expe-

dited by the presence of hard

and angular pebbles, swallowed

for the purpose, by the assist-

ance of which the contained

food is speedily comminuted.

Another and much feebler

set of muscles (d) bounds the

cavity of the gizzard in the

intervals between the great

lateral masses, which, receiving

the food from the proventri-

culus, perpetually feed this

living mill, and retain the ma-

terial to be ground within the

influence of the crushers until

it is properly prepared, when

other fibres, acting the part of a pylorus, allow it to pass on into the

duodenum (a).

(2001.) The intestinal canal of Birds is, as in other classes, very

variable in its relative length as compared with that of the body : its

calibre is pretty equal throughout, and the division into large and

small intestines can scarcely be said to exist. Commencing from the

pylorus, the duodenum {fig. 334, cl, h) is always found to make a long

and very characteristic loop, embracing the lobes of the pancreas {e, e),

and then, after sundry convolutions, the intestine is continued to its

termination in the cloaca. The division between the large and small

intestines is indicated by the presence of one, or more generally two,

ciecal appendages, which communicate with the cavity of the gut at no

great distance from its cloacal extremity.

(2002.) In Birds, the auxiliary secretions subservient to the di-

gestive process are the salivary, the gastric, the hepatic, and the pan-

creatic.

(2003.) The salivary apparatus varies much in structure and dispo-

sition in different tribes. In its simplest form it consists of distinct

secerning follicles, placed immediately beneath the mucous membrane

of the mouth, into which the secretion is poured by numerous orifices.

Fig. 333.

Gizzard of a bird.
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In the Galliuaceous Birds the glands assume a conglomerate charac-

ter. In the Turkey there ax
-e two pairs :

*—the first pair forms a cone,

having its apex directed towards the extremity of the beak ; and the

two glands of the opposite sides touch each other along the mesial liue

through almost their entire length, filling up anteriorly the angle of

the lower jaw. These glands are situated immediately beneath the

skin, but in front they touch the mucous membrane of the mouth; and

their secretion is poured into the buccal cavity by several orifices. The
second pair of glands is smaller, of an elongated form, and is placed

above the posterior third of the former,—this is immediately in con-

tact with the mucous lining of the mouth.

(2004.) In the Woodpeckers the glands that secrete the fluid where-

by the tongue is lubricated are of very considerable size. They
pass further back than the angle of the lower jaw, extending even to

beneath the occiput; and their secretion, which is viscid and tenacious,

enters the mouth by a single orifice situated under the point of the

tongue.

(2005.) In the generality of birds, however, there is only one pair of

salivary glands ; and these, in many cases, seem to be united into a

single mass, separated posteriorly into two lobes, and situated beneath

the palatine membrane, behind the angle of the rami of the lower jaw.

From these glands a thick, white, and viscid fluid is poured into the

mouth through numerous orifices, principally disposed along the mesial

line, which separates the two glands.

(2006.) We have already spoken of the gastric glands which densely

stud the coats of the proventriculus, and furnish the “ gastric juice ;

”

and therefore pass on to notice the othersubsidiary chylopoietic viscera,

namely, the liver, the pancreas, and the spleen.

(2007.) The liver is a viscus of considerable magnitude, consisting

of two principal lobes, and firmly suspended in situ by broad liga-

ments and membranous processes. The vena porta, supplying that

venous blood from which the bile is elaborated, is formed by vessels

derived from numerous sources, receiving not only the veins of the

stomach, spleen, and intestines, as in Mammalia, but likewise the

renal and sacral veins
; another proof, if any were wanting, that no ar-

rangement by which the decarbonization of the blood can be facili-

tated, has been omitted in the organization of the class before us. The
hepatic arteries and the hepatic veins present nothing remarkable in

their disposition, but the course of the bile from the liver into the in-

testine merits our notice. Two sets of ducts are provided for this pur-

pose : the first {fig. 334, i) carries the bile directly from the liver into

the gall-bladder (y), from which another duct conveys the bilious fluid

into the duodenum ; but the second set of bile-vessels conducts the se-

* Cuvier, Lemons d’Annt. Comp. tom. iii. p. 221.

3 A 2
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cretion of the liver at once into the intestine by a wide canal (o), that has

no communication whatever with the gall-bladder. There is, there-

fore, no arrangement like that of the “ ductus communis choledochus ”

of Mammals : if the bile is wanted immediately, it passes at once into

Fig. 334.

Digestive apparatus of a Fowl.

the intestine through the duct o ;
but, if digestion is not going on, it

is conveyed into the gall-bladder through the duct i, to be there re-

tained until needed.

(2008.) The pancreas {fig. 334, e, c) is a conglomerate gland of con-

siderable size, situated in the elongated loop formed by the duode-

num: it generally consists of two portions more or less intimately con-

nected, and from each portion an excretory duct (n) is given off; these

• two ducts terminate separately in the intestine, in the immediate

vicinity of the openings of the biliary canals. In some birds even

three pancreatic ducts are met with, as is the case in the common

fowl ;
but under such circumstances the third duct, instead of opening

into the iutestine at the same point as the other two, issues from the

opposite extremity of the pancreas, and enters the middle of the duo-

denum at the place where the gut turns upon itself.
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(2009.) The spleen [Jig. 884,/) is of very small size in all birds; it

is situated near the anterior extremity of the pancreas, and is loosely

connected to the side of the proveutriculus (b). The distribution of

its vessels, and its general structure, is the same as in Mammalia.

(2010.) The lymphatic system is well developed, and the course of

the lymphatic vessels has been investigated with great care by various

anatomists. The vessels themselves ai-e thin, and have but few

valves; they principally accompany the larger blood-vessels from all

parts of the body to the aorta, around which they form a plexus, and

ultimately join to give rise to two principal trunks or thoracic ducts

;

these terminate severally in the right and left jugular veins, and into

these vessels the greater proportion of the lymph and chyle absorbed

is of course poured, to be mixed with the circulating blood.

(201 1.) Before describing the circulatory apparatus of birds, it will

be advisable in the next place to consider the nature and disposition

of their organs of respiration
; which, from what has been already

stated concerning the heat and purity of the blood in these creatures,

we are prepared to find presenting the highest possible condition of

development. Birds, in fact, breathe not only with their lungs, but

the vital element penetrates every part of the interior of their bodies,

bathing the surfaces of their viscera and entering the very cavities of

their bones ; so that the blood is most extensively subjected to its in-

fluence. The lungs, in fact, are no longer closed bags as those of

Beptiles are, but rather resemble spongy masses of extreme vascu-

larity, firmly bound down in contact with the dorsal aspect of the

thorax ; their posterior surface being fixed to the ribs on each side of

the vertebral column, and entering deeply into the intercostal spaces.

Such lungs are obviously incapable of alternate dilatation and contrac-

tion, so that inspiration and expiration must be provided for by a me-
chanism specially adapted to the emergency. From an examination

of fig. 335, the arrangement adopted will easily be understood: the

bronchi derived from the bifurcated inferior extremity of the trachea

plunge into the anterior face of the lungs (c, c), and by innumerable
canals distribute air throughout their spungoid substance

; but the

main trunks of the bronchial tubes, passing right through the pul-

monary organs, open by wide mouths, represented in the figure, into

the cavity of the thorax, into which the air likewise freely penetrates.

The whole thoracico-abdominal cavity is moreover divided by septa of

serous membrane into numerous intercommunicating cells, all of which
are freely permeated by the atmospheric fluid, which in most instances

is admitted into the very bones themselves, and even penetrates to the

interspaces between the muscles of the neck and limbs; thus, in

some birds of powerful flight, gaining free access to almost every part

of the system.

(2012.) The mechanism by which the air is drawn into, and then
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Fiy. 335.

B

Inferior larynx and lungs of a bird.

expelled from, this extended series of respiratory cells, is sufficiently

simple; the whole being accomplished by the movements of the ex-

panded sternum, assisted slightly by the abdominal muscles. The

descent of the sternum from the vertebral column necessarily enlarges

the capacity of the chest, and, acting like a great bellows, sucks in aii

through the trachea, which not only fills all the spongy substance of

the lungs, but penetrates to all parts whereunto air is admitted ,
while

the ascent of the sternum, and consequent contraction of the tlioiacico-

abdominal space, alternately effects its expulsion.

(2013.) The results obtained by this unusual arrangement are of

great importance in the economy of the feathered races. In the first

place, the perfect oxygenization of the blood is abundantly secured.

Secondly, from the high temperature of the blood, the air drawn in be-

comes greatly ratified, and thus materially diminishes the specific gra-

vity of the bird. Thirdly, from the inflation of the whole body, the

muscles, more especially those of flight, act with better leverage and
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firmer purchase ; so that their efforts are materially favoured. And,

lastly, it is owing to the capacity of the air-cells that the Singing

Birds are enabled to prolong their notes to that extent which renders

them pre-eminent among the vocalists of creation.

(2014.) In connection, therefore, with the respiratory system of the

feathered races, it will be advisable, in the next place, to consider the

construction of the air passages, whereby the atmospheric fluid passes

into and out of the body; and more especially of the organs of voice

connected with them.

(2015.) The trachea is of very great proportionate length in corre-

spondence with the elongated neck ; commencing at the root of the

tongue, and extending into the thoracic cavity, where it divides into

two bronchial tubes, one appropriated to each luug (Jiff. 335 l, I). The
trachea of birds is composed of cartilaginous rings, which are very

generally ossified; each ring, with the exception of two or three imme-
diately beneath the upper larynx, forming a complete circle (Jiff. 336, a)

surrounding the tracheal tube : these rings are inclosed between the

soft membranes of the trachea, and thus keep the air-passages con-

stantly permeable to the atmosphere.

(2016.) In many birds, especially among the web-footed tribes, the

trachea suddenly dilates into wide Pig. 335 .

chambers, or cavities of different

forms and dimensions ; a circum-

stance the object of which has not as

yet been satisfactorily explained : and,

what is still more inexplicable, in

some genera, and those too with the

longest necks, as for example the

Wild Swan, and many of the Wading

Birds, the lower part of the trachea

is lengthened out and variously con-

torted before it terminates in the

chest. This long trachea is provided

with muscles whereby the rings may
be approximated, and thus the length of the tube is considerably

modified: these muscles (Jig. 335, a, d, li) arise from the sternum,
and sometimes also from the furcula, and are continued along the
sides of the windpipe throughout its whole length.

(201 7.) The upper larynx, or rima gloltidis, is in birds but of second-
ary importance in the production of vocal sounds

; it is a simple fissure

bounded by two osseous pieces (Jiff. 336, a, b,f) corresponding with
the arytenoid cartilaffes of Mammalia : these, however, in the Bird are

not connected with chorda} vocales

;

but simply, as they are separated

or approximated, open or close the fissure of tlio glottis. When, there-

fore, we compare the framework of this organ with the cartilaginous

Cartilages of the superior larynx

of a bird.
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pieces found iu the larynx of Mammalia, considerable difference is per-

ceptible, insomuch that it is not easy positively to recognise the analo-

gous portions, more especially as in the Bird the cartilages are more
or less completely ossified. If the broad anterior plate (fig. 336, b)

be considered as the thyroid cartilage, we must suppose the cricoid to

be represented by three distinct ossicles, two of which (c, c) are lateral,

while the third or central portion (e) supports the arytenoid bones (/,/),
which are movably articulated with its anterior margin. The aryte-

noid bones themselves are of an elongated form, and each presents a

long process (g , g) for the insertion of the muscles that act upon them.

These arytenoid bones are moved by two pairs of muscles; the super-

ficial pair (thyro-argtenoidei, (fig. 337,

b) serving to pull asunder, while the

more deeply seated
(
constrictores glotti-

clis, (fig. 337, a) bring together the lips

of the glottis.

(2018.) It is the lower larynx, situ-

ated at the opposite extremity of the

trachea, at the point where that tube

gives off the bronchi, that the real vocal

apparatus of birds is situated ; and in

the more perfect Singing Birds a very

important set of muscles is appropri-

ated to perform those delicate movements

that regulate the condition of the air-

passages at this part, and thus give rise

to all the varieties of tone of which the

voice is capable.

(2019.) In the Insessonal Birds, by

far the most accomplished songsters, of a bir<J -

five pairs of muscles are connected with the inferior larynx ;
and

so disposed as to influence both the diameter and length of the bron-

chial tubes (fig. 335, a, b, n, o, z, s, h). Iu the Parrots, three pairs

only are met with ;
* some of the Natatorcs have two ; other natatorial

birds, as well as the Rasores and Grallatores, only one ; and in a few,

as the King of the Vultures and the Condor, the vocal muscles are

quite deficient.

(2020.) Not only is the respiration of these highly-gifted Vertebrata

thus abundantly provided for, but, as an immediate consequence of the

necessity for supplying the system with pure and highly-oxygenized

blood, the heart, hitherto but imperfectly divided, becomes now sepa-

rated into two distinct sets of cavities, each composed of an auricle

and of a strong ventricular chamber. The right side of the heart re-

jFig. 337.

A B
Muscles of the superior larynx

Vide Yarrell on the Organs of Voice in Birds. Linn. Trans, vol. xvi.
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ceives the vitiated blood from all parts of the system, which is poured
into the corresponding auricle by three large veins, viz. one inferior

and two superior vena; cava- The contraction of this auricle drives
the blood into the right ventricle; the auriculo-ventricular opening
being guarded by a broad fleshy valve, formed by the muscular sub-
stance of the heart itself; and hence the venous blood is forced through
all the ramifications of the pulmonary arteries.

(2021.) The aerated blood is then returned from the lungs by two
veins, which pour it into the left auricle

; and the left ventricle, now
entirely appropriated to the systemic circulation, diffuses it through the
body ;—thus all mixture of the venous and arterial fluids being pre-

vented, the system is supplied by the left side of the heart with pure
and highly-vitalized blood.

(2022.) In the nervous system of Birds there is a very perceptible
improvement when compared with that of Reptiles, more especially in

the increased proportional development of the cerebral hemispheres

:

still, however, there are no convolutions seen upon the surface of the
cerebrum; neither are those extensive communications between the
lateral halves as yet developed, which in the higher Mammalia assume
such size aud importance : the corpus callosum and fornix are both
wanting, a simple commissure being still sufficient. Neither has the
cerebellum in these animals assumed its complete development, pre-
senting only the central portion ; so that the pons Varolii, or the great
commissure, which in Man unites the lateral cerebellic lobes, is of
course deficient. The olfactory and optic lobes are even here recog-
nisable as distinct elements of the cerebral mass, aud the origins of the
nerves strictly conform to the arrangement already described in the
brain of Reptiles. The rest of the cerebro-spinal axis presents no
peculiarity worthy of special notice; and the general distribution of
the cerebral and spinal nerves is so similar in all the Vertebrata, that
it would be useless again to describe them in this place.

(2023.) The sympathetic system in Birds is well developed, and its

arrangement differs in no essential particular from what is seen in the
human body; the situation of the cervical ganglia is, however, peculiar,

inasmuch as they aie lodged in the bony canal formed by the transverse
processes of the vertebra of the neck for the reception of the verte-
bral artery, and are thus securely protected in spite of the unusual
length and slenderness which the neck not unfrequently exhibits.

(2024.) But it in the general arrangement of the nervous system of
the feathered races there is little to arrest our notice, we shall find in
the construction of the organs of their senses many circumstances of
considerable iuteiest to the physiological reader

; and, consequently,
these will require a more extended description.

(2025.) Ihe sense of touch must obviously be extremely imperfect

in these animals; their body, enveloped in feathers, can be little sen-
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sible to impressions produced by the contact of external objects
; and

their limbs, covered as they are with plumes, or cased in horny scales,

are but little adapted to exercise the sense in question. The beak
alone offers itself as calculated to be a tactile instrument

; but even

this, inclosed as it is in the generality of birds by a dense corneous

case, must be very inefficient in investigating the outward surfaces of

substances : nevertheless, in some tribes the beak is undoubtedly ex-

tremely sensible, and is used to search for food in marshy soils, or to

find it in the mud at the bottom of shallow waters; this is the case,

for instance, in many of the long-billed Wading Birds, and also in the

flat-billed aquatic families, such as the Goose and Swan; in these, in

fact, the covering of the beak is comparatively soft, and the nerves

that supply it, derived from the fifth pair, are of very considerable

size.

(2026.) Taste is evidently one of the last indulgences granted, as

we advance from the lower to the more highly gifted races of the ani-

mal creation ; and even in birds it is only necessai*y to inspect the

structure of the tongue in order to be convinced that they can derive

but small enjoyment from this source. The skin of the tongue in

these creatures is totally devoid of gustatory papillae, and frequently,

indeed, enveloped in a horny sheath ; so that, if the sense of taste

exists at all, it must be, to the last degree, limited and obtuse.

(2027.) In return, however, for the imperfection of the above senses,

the olfactory apparatus in this class of animals begins to assume far

greater importance than in the cold-blooded Vertebrata; and the nasal

Fig. 338.

Olfactory apparatus in a Goose.

cavity indicates, by its extent, that it is now well adapted to investigate

the odorous properties of the air taken in for respiration. The septum

narium completely divides the nose into two lateral chambers of consi-

derable extent, which individually communicate with the pharynx [fig.

338, c) ;
and, upon the outer wall of each compartment, three convo-

luted lamium, covered with a most delicate Schneiderian membrane,
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represent the turbinated bones of Mammalia, and increase the olfactory

surface. Of these, the middle turbinated bone (Jig. 338, a) is the

largest
; but the superior appears to be the most important, as it is

upon this that the olfactory nerve is principally distributed, inso-

much that Scarpa considered that the comparative powers of smell

possessed by different birds might be estimated by the develop-

ment of this portion of the olfactory organ. The olfactory nerves

(Jig. 338, b), as in Reptiles, still enter the nose without dividing,

so that there is no cribriform plate to the ethmoid bone. The

nostrils are simple apertures, perforating some part of the homy
beak covering the upper mandible, and are never provided with

movable cartilages or muscles, as those of Mammalia will be found

to be.

(2028.) The eye of a Bird is an optical instrument of such ad-

mirable construction, that, did not the nature of this work compel us

to adopt the strictest brevity in our descriptions, it might well tempt

us to indulge in lengthened details relative to the adaptation and uses

of its various parts. If we contrast the Bird with the Reptile, or

more especially with the Fish, and consider the totally different cir-

cumstances under w'hich these animals exercise the sense of vision,

we might well expect extraordinary modifications in the structure of

their organs of sight. The Fish, immersed in a dense medium, can

see but to a very limited distance around it ; and the sphericity of the

crystalline lens, with the consequent contracted antero-posterior dia-

meter of the eye-ball, at once testifies how small is the sphere of

vision commanded by the finny tribes. The Bird, on the contrary,

dwelling in the thin air, and not unfrequently soaring into regions

where that air is still further ratified, must survey an horizon even

more extensive than that enjoyed by the terrestrial Mammal ; while,

from the rapid movements of the feathered races, it becomes absolutely

requisite that the focus of the eye shall continually vary between the

extremes of long and short sighted vision. The birds of prey, as

tliey fan the air at an altitude which places them almost beyond the

reach of human sight, or sail in broad gyrations through the sky, are

scanning from that height the surface of the ground, and looking out

for mice or other little animals on which to feed : but when the prey

is seen, and the bird, shooting down with the rapidity of a thunder-

bolt, stoops upon the quarry, it must obviously be indispensable

that it should see with equal clearness and distinctness when close

to its victim, as it did when far remote; and to enable it to

do this special provisions have been made in the structure of the

eye-ball.

(2029.) A glance at figure 340, exhibiting a section of the eye of an

Owl, will show the anatomist that in its general composition the

organ is similar to that of Man. The sclerotic and the choroid tunics
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present the same arrangement, the transparent humours of the eye

occupy the same relative positions, and the iris and ciliary folds exist,

as in the human subject. Descending from generalities, however, he
will find many points in the organization of a bird’s eye eminently

deserving separate examination, and it is to these we would specially

invite his notice. First, the shape of the eye-ball is peculiar:—it is

not spherical, as in man, nor flattened anteriorly, as in fishes aud

aquatic reptiles ;
but, on the contrary, the cornea is rendered extremely

prominent, and the antero-posterior axis of the eye considerably

lengthened. This is remarkably exemplified in the Owl; in which

bird, as Dr. Macartney* pointed out, such is the disproportion between

the anterior and posterior spheres of the eye, that the axis of the

anterior portion is twice as great as that of the other. The obvious

consequence of this figure of the globe of the eye is to allow room for

a greater proportion of aqueous fluid, and- for the removal of the crys-

talline lens from the seat of sensation, and thus produce a greater

convergence of the rays of light, by which the animal is enabled

to discern the objects placed near it, and to see with a weaker light;

aud hence Owls, which require this sort of vision so much, possess the

structure fitted to effect it in so remarkable a degree.

(2030.) But it is evident, that, in order to retain this conical shape

of the eye-ball, some further mechanical arrangements are necessary,

which in the spheiical form

of the human eye are not

requisite. In Fishes, where

the eye-ball is constructed

upon entirely opposite prin-

ciples, being compressed an-

teriorly, cartilaginous sup-

ports are found imbedded

in the sclerotic tunic, which,

in some cases, is absolutely

ossified into a bony cup. In

many Reptiles the same end

is obtained by placing a

circle of bony plates around

the cornea; and this latter

plan is again adopted in Birds, to maintain their eyes in a shape pre-

cisely the converse of the former. In the Owls these ossicles are

most largely developed ; in such birds they form a broad zone (fig. 339),

extending from the margin of the cornea, embracing the anterior

conical portion of the eye, aud imbedded between two fibrous layers of

the sclerotic. The figure which is thus given to the eye, from the in-

Fiff. 339.

Eye of the Owl.

Rees's Cyclopedia, art. Birds.
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creased space obtained, is evidently calculated to allow the humours,

forming the refracting media whereby the rays of light are brought to

a focus upon the retina, to become materially changed in shape ;
and

both the convexity of the cornea, and the position of the lens, may

thus be altered so as to adjust them in correspondence with the distance

at which an object is viewed. The cornea is rendered more convex,

and the shape of the aqueous humour consequently adapted to examine

objects close at hand, by the simple action of the muscles that move

the eye-ball : for these, seeing that the edges of the pieces composing

the bony circle overlap each other so as to be slightly movable, as

they compress the globe of the eye, cause the protrusion of the aqueous

humour, and the cornea becomes prominent; or, if the bird surveys

things that are remote, the cornea recedes, aud becomes flattened,

—

an effect caused by the recession of the aqueous humour, and, as some

authors assert,* by muscular fibres disposed around the circumference

of the cornea, and attached to its inner layer, which draw back the

cornea in a manner analogous to the action of the muscles of the dia-

phragm upon its tendinous centre.

(2031.) But the most beautiful piece of mechanism, if we may be

pardoned the expression, met with in the eye of a bird, is destined to

regulate the focal distance between the crystalline lens and the sentient

surface of the retina, in order to insure the clearest possible delinea-

tion either of near or distant objects. The provision for this purpose

is peculiar to the class under our notice ;
and consists of a vascular

organ, called the marsupium. or pccten, which is lodged in the posterior

part of the vitreous humour (Jig.

340, a). This organ is composed

of folds of a membrane resembling

the choroid coat of the eye, and,

being in like manner covered with

pigment, might easily be mistaken

for a process derived from that tunic
;

with which, in fact, it has no

connection, being attached to the

optic nerve just at the point where it

expands into the retina. Its sub-

stance seems to be made up of

erectile tissue, and it is most copiously supplied with blood derived

from an arterial plexus formed by the arteria centralis retinas ;f so that

there is little doubt that, being like the iris endowed with an involun-

tary power of dilatation and contraction, as it enlarges from the injec-

tion of blood, it distends the chamber of the vitreous humour, and
pushes forward the lens; while, as it again collapses, the crystalline

* Vide Cyclop, of Anat. and Phys. p. 304.

t Vide Barkow, in Meckel’s Archiven, Band xii.

Fig. 340.

Section of the eye of an Owl.
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is allowed to approach nearer to the retina, and thus the focus of the

eye is adjusted upon the same principle as that of a telescope. Four

recti and two obliqui muscles preside over the movements of the eye-

ball ; but, as in the Eeptilia, the superior oblique arises from the an-

terior part of the orbit, as well as the obliquus inferior, and its tendon

is not reflected over a trochlea.

(2032.) Birds have three eye-lids : an upper and a lower, resembling

those of mammalia : and a third, which, when unemployed, is con-

cealed in the inner canthus of the eye, but can be drawn down verti-

cally by muscles especially appropriated to its motions, so as to sweep

over the entire cornea, which it then covers like a curtain.

(2033.) The upper and the lower eye-lids differ but little in their

structure from those of Man ;
nevertheless, a few trivial circumstances

are worthy of the notice of the student. In the first place, there are

seldom any eye-lashes attached to the palpebral margins
; and, secondly,

the lower eye-lid is the most movable of the two, and not only con-

tains a distinct tarsal cartilage, but is provided with a special depressor

muscle, which arises from the bottom of the orbit like the levator

palpebral superioris of the
g41

human subject : the ele-

vator of the upper eye-lid,

and orbicularis palpebrarum,

are likewise well developed.

(2034.) The third eyelid,

or nictitating membrane, is

represented in fig. 341, a,

e ; the upper and lower eye-

lids having been divided

through the middle, and

turned back to display it : it

is necessarily, to a certain

extent, transparent, for birds

sometimes look through it

;

as for instance, when the

eagle looks at the sun :
*

it is, therefore, of a mem-

branous texture ;
and a most

admirable and peculiar mus-

cular apparatus is given, by

which its movements are

affected. This is placed at

the back of the eje ball.
Muscles of the nictitating membrane,

and may easily be displayed

by turning aside the recti and obliqui muscles, as in fig. 341, b. Two

* Cuv. Lemons d’Anat. Comp. tom. ii. p. 431.
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muscles are then perceived arising from the globe of the eye, taking

their origin from the outside of the sclerotic coat: one of these (c),

named the quadratus membranes nictitantis, arising from near the upper

aspect of the eye, descends towards the optic nerve ; but instead of

being inserted into anything, as muscles usually are, it terminates in

a most remarkable manner, ending in a tendinous sheath or pully,

through which the tendon of the next muscle passes as it winds
around the optic nerve. The second muscle (d), called the pyramidalis

memb. nictitantis, arises from the inner aspect of the eye-ball
; and its

fibres are collected into a long, slender tendon, which, as it turns

round the optic nerve, passes through the tendinous sheath formed
by the quaclratus, as a rope through a pully, and then is continued in a

cellular sheath formed by the sclerotic, underneath the eye, to the

lower angle of the third eye-lid, into which it is inserted. The reader

will at once perceive how beautifully these two muscles, acting simul-

taneously, cause the nictitating membrane to sweep over the cornea,

which returns again into the inner canthus of the eye by its own
elasticity.

(2035.) Being thus provided with movable eye-lids, a lacrymal
apparatus is, of course, indispensable ; and, accordingly, birds are

supplied with two distinct glands,—one being appropriated to the

secretion of tears, while the other furnishes a lubricating fluid, appa-
rently destined to facilitate the movements of the membrana nic-

ticans.

(2036.) The lacrymal gland is situated, as in Man, at the outer

angle of the eye, and its duct pours the lacrymal secretion upon the

eye-ball near the external canthus. The lacrymal canal, whereby
the tears, after moistening the cornea, are discharged into the nose,

commences by two orifices {fig. 341, a, c) situated just behind the in-

ternal commissure of the eyelids; and is continued into the nasal

cavity, where it terminates in front of the representative of the mid-
dle turbinated bone.

The second gland, the glandula Harden
, seems to supply the place

of the Meibomian glands of the human eye-lids : it forms a consider-

able glandular mass, situated behind the conjunctiva at the nasal
angle of the eye-lids ; and through its excretory duct, which opens be-
hind the nictitating membrane, the lubricating secretion that it fur-

nishes is poured out.

(2037.) Besides the secreting organs above described, a third very
large gland is found, generally lodged in a depression beneath the
vault of the orbit, although in some genera it is situated external to

that cavity : the secretion of this gland is, however, poured into the

nose by one or more ducts, and thus serves copiously to moisten the

Schneiderian membrane.

(2038.) The auditory apparatus of a Bird is almost precisely simi-
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lar in its structure to that of one of the more perfect reptiles, such as

the Crocodile. There is still no external ear, or osseous canal worthy

of beiug called an external meatus, yet in a few rare instances, such

as the Bustard, the feathers around the ear are so disposed as to col-

lect faint impressions of sound; and in the Owls, besides possessing

a broad opercular flap, that pig_ 342 .

forms a kind of external ear,

there are sinuosities, external

to the membrana tympani,

which resemble, not very dis-

tantly, those found in the

ear of man.

(2039.) Entering into the

composition of the organ of

hearing in the class before us,

we have the membrana tympa-

ni [jig. 34’2, a), and tympanic

cavity, from which a wide

Eustachian tube
(
d

)
leads to the posterior nares. The labyrinth pre-

sents the vestibule (c), the semi-circular canals (b), and the rudimentary

cochlea
(
0) ;

all of which so exactly correspond in structure with what

has already been described when speaking of the ear of Reptiles

(§1 948 et seq.), as to render repetition needless. A single trumpet-

shaped bone, the representative of the stapes, communicates immedi-

ately between the membrana tympani and the fenestra ovalis ; but two

or three minute cartilaginous appendages, connected with the mem-

branous drum of the ear, are regarded as being the rudiments of the

Organ of hearing in the Owl.

malleus, incus, and os orbiculare met with in the next class.

(2040.) The kidneys in the Bird {fig. 343, e, e, e) are very large

:

they are lodged in deep depressions, situated on each side of the spine

in the lumbar and pelvic regions : their posterior aspects being moulded

into all the cavities formed by the bones in that situation. In their

essential structure each kidney is made up of innumerable micioscopic

flexuous tubes; which, joining again and again into laiger and still

larger trunks, ultimately terminate in the ureter, without the inter-

position of any infundibular cavity analogous to the pelvis of the

human kidney.

(2041.) From the manner in which the kidneys are imbedded, the

ureters are necessarily derived from their anterior aspect. After

receiving all the terminations of the urinary tubules, they pass behind

the rectum to the cloaca, into which they discharge the urinary secre-

tion. The cloaca, therefore, receives the terminations of the rectum,

of the ureters, and also, as we shall immediately see, of the sexual

passages : no urinary bladder is as yet developed, nevertheless vestiges

of its appearance begin to become visible. The cloaca is, in fact,
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in some birds divided into two compartments, distinct both in their

appearance nud in their office
;
they are, moreover, separated by a

constriction, more or less well defined in different species. It is

into one of these

compartments that Fi9- :i| 3.

the rectum opens,

while the other(./ty.

343, m, m
)
contains

the orifices of the

ureters and genera-

tive cauals; the lat-

ter is, therefore,

generally distin-

guished by the

name of urethro-

sexual portion of

the cloaca, and is

in truth a remnant

of the allantois, and

a rudiment of a

bladder for the ac-

cumulation of the

urine.

(2042.) An unc-

tuous secretion, pe-

culiar to the class

under considera-

tion, has been pro-

vided for the pur-

pose of oiling the

feathers ; and in

water birds the fluid

alluded to becomes

of very great im-

portance to their

welfare, as it causes

their plumy cover-

ing to repel mois-

ture so efficiently that it is never wet. The gland given for this pur-
pose is called the “ uropygium," and is situated upon the back of the
os coccygis from this source the bird distributes the oily material
thus afforded to all parts of its plumage.

(2043.) The male generative organs in Birds are fully as simple in
their structure as those of the Reptilia. The testes are two oval
bodies (Jig. 343, g), invariably situated in the lumbar region,, lying

3 B

Generative organs of the Cock.
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upon the anterior portion of the kidney. In their intimate structure

they consist of contorted aud extremely slender tubes, -wherein the

semen is elaborated, contained in a strong capsule. The sperm-secre-

ting tubules of each testis terminate in a slightly flexuous vas deferens

(h, i), that opens into the cloaca by a simple orifice
(
m , in). In most

birds it can scarcely be said that a penis exists at all, two simple

rudimentary vascular papillae at the termination of the vasa dcferentia

constituting the entire intromittent apparatus
;

so that copulation

between the male and female must, in the generality of species,

be effected by a simple juxta-position of the sexual orifices

:

nevertheless, in the web-footed tribes, which copulate in the water,

and in the Ostrich, the penis of the male is much more perfectly or-

ganized, as will be seen by the following description extracted from

Cuvier.*

(2044.) The structure of the penis is far from being the same in all

birds provided with such an organ : it offers, in fact, two types ex-

tremely different from each other ;
whereof the Ostrich and Drake may

be taken as examples. The penis of the Ostrich is of a size pro-

portioned to that of the bird. Its form is conical ;
and a deep,

narrow groove runs along its upper surface from the base to the

point. The vasa dcferentia open into the cloaca opposite to the

commencement of the groove ; so that the semen flows directly into

this furrow. This penis consists, first, of two solid conical bodies,

entirely composed of fibrous substance, supported at their base

within the sphincter of the cloaca upon its inferior wall. The

fibrous cones are placed side by side, but not confounded together;

and the right is smaller than the left, no doubt to allow this organ,

which never becomes soft as that of quadrupeds, to be more easily

folded back into the cloaca. Secondly, of a fibro-vascular body, which

constitutes the bulk of the inferior aspect of the penis, and is con-

tinued to its extremity. Thirdly, of a cellular portion, capable of

erection, placed beneath the skin lining the urethral groove. This

last is doubtless the first appearance of the corpus spongiosum, which

in Mammifers completely eucloses the canal of the urethra; while the

two others represent the corpus cavemosum. The whole apparatus,

when not in use, is drawn into the cloaca by two pairs of retiactoi

muscles.

(2045.) In Oeese, Ducks, and many wading birds, such as the

Stork, the structure of the male intromittent organ is totally dif-

ferent. When in a state of repose, it is lodged in a pouch under

the extremity of the rectum, and curved, so as to describe three

parts of a circle. When the penis is opened in this condition, it is

found to be made up of tw-o portions, each composing half of its

* Levins d’Anat. Comp. tom. v. p. 108.
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substance. The parietes of one-half are thick, elastic, and slightly

glandular. The other presents internally a great number of trans-

verse grooves and folds.
f
rhis latter portion during erection unrolls

itself outwards like a glove
; and, at the same time, the half first

mentioned, introducing itself into the hollow cylinder formed by the

second, fills it up, and constitutes the firmest part of the organ.

Most of the grooves and folds visible during non-erection become
much less apparent when the penis is protruded

; and their direction

being oblique, they prevent it from stretching out in a straight line,

but oblige it to assume a cork-screw appearance. A deep groove runs
along the whole length of this singular organ

; and it is into the com-
mencement of this groove that the vasa deferentia pour the seminal
secretion.

(2046.) The females of species whose males possess a large

penis, are provided with a rudimentary clitoris of similar con-

struction.

(2047.) The female gene- Fig. 344.

rative system in the feathered

tribes offers a remarkable ex-

ception to what we have as

yet seen in the vertebrate

Ovipara. Iustead of being

symmetrically developed upon

the two sides of the body,

the right oviduct, and most

frequently the corresponding

ovarium, remain permanently

atrophied; and, although they

do exist in a rudimentary con-

dition, they never arrive at

such dimensions as to allow

them to assist in the repro-

ductive process.

(2048.) The fertile ovarium

presents in all essential cir-

cumstances the same organi-

zation as those of the Reptilia

;

and is in the same way at-

tached by folds of peritonamm

in the vicinity of the spine

{jig. 344, /). The contained

ova are found in all stages of

maturity ; and, being con- Generative apparatus of the Hen.

nected together by narrow pedicles, the viscus assumes a distinctly
racemose appearance.

3 jj 2
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(2049.) The oviduct (fig. 344, d , e) commences by a wide funnel-

shaped aperture, and soon assumes the appearance of a convoluted intes-

tine. Its lining membrane varies in texture in different parts : near the

infundibular orifice it is thin and smooth ; further down it becomes

thicker and corrugated
;
and at last, near the termination of the canal,

where the egg is completed by the calcification of its outward covering

(y), it presents a villose texture. The oviduct ultimately opens

into the corresponding side of the urethro-sexual compartment of the

cloaca.

(2050.) We must, in the next place, proceed to describe, with as

much brevity as is consistent with the importance of the subject,

first, the nidus, or ovisac, in which the rudiment of the future being

is produced ; secondly, the structure of the germ
(
ovulum

)
when

it escapes from the ovary
;

thirdly, the additions made to the

ovulwn as it passes through the oviduct
;

aud, lastly, the pheno-

mena that take place during the development of the embryo by

incubation.

(2051.) If the ovarium of a bird be examined whilst in functional

activity, such of the pedunculated ovisacs (calyces, fig. 344,/) as have

within them ovula ripe for exclusion will be found to consist of two

membranes.* Of these, the exterior is very vascular, and is sur-

rounded with a pale zone (stigma), occupying the centre of the calyx.

The lining membrane of the ovisac, on the contrary, is thin and pel-

lucid, but studded with minute corpuscles, which are probably glandu-

lar, or perhaps little plexuses of vessels. Within this ovisac the basis

of the future egg (ovulum) is formed.

(2052.) The ovulum produced in the ovisac, when mature, is

made up of the following parts. The bulk of it consists of an

orange-coloured oleaginous material, enclosed in a most delicate and

pellucid membrane (membrana vitelli)',

•

—this is the J’olk of the

future egg. Upon the surface of the yolk there is visible a slightly-

elevated opaque spot (cicatricula), wherein is lodged the reproductive

germ : this last, which is apparently the most important part of

the ovulum, is a minute pellucid globule; and has been named

after its discoverer the “ vesicle of Purkinje or the germinal

vesicle.

(2053.) The phenomena attending conception are therefore sim-

ply these :—The membranes of the ovisac are gradually thinned by

absorption ; and, being embraced and squeezed by the infundibular

commencement of the oviduct, the transparent zone or stigma gives

way, allowing the ovulum, covered only by its membrana vitelli

,

to

escape into the oviductus. The rent ovisac is soon removed by

absorption ;
and the ovulum, with its cicatricula, is left to be

* Vide Purkinje, Symbol® ad ovi Avium historian! ante incubationcm. 4 to. Lipsi.T,

1830. -
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clothed with other investments : but the germinal vesicle is

now no longer to be seen; its delicate covering having been, as

Purkinje supposes, ruptured by the violence to which it has been

subjected.

(2054.) It is during the passage of the ovulum through the canal of

the oviduct that it becomes enclosed in the other parts entering into

the composition of the egg : these are, the albumen, the chalazas, the

membrana putaminis , and the calcareous shell.

(2055.) The albumen, or glairy fluid forming the white of the egg,

is secreted by the mucous membrane that lines the commencement of

the oviduct; and being laid on, layer upon layer, gradually coats

the membrana vitelli. Some of the albumen meanwhile becomes
inspissated, so as to form an almost invisible membrane, the chalaza,

which being twisted by the revolutions of the yolk, as it is pushed
forward in the oviduct, is gathered into two delicate and spiral cords

{fig. 346, c, c), whereby the yolk is retained in situ after the egg is

completed.

(2056.) The ovulum, now covered with a thick coating of albumen,
and furnished with the chalaza, at length approaches the terminal

extremity of the oviduct, where a more tenacious material is poured
out : it is here that the whole becomes encased in a dense membrane
resembling very thin parchment, called “ membrana putaminis and
ultimately, on arriving in the last dilated portion of the canal {fig.

344, g), the lining membrane of which secretes cretaceous matter, the

shell is formed by the gradual accumulation of extremely minute, poly-

gonal, calcareous particles, so disposed upon the surface of the egg

that imperceptible interstices are left between them for the purpose of

transpiration.

(2057.) Thus, as the oviduct is traced from its infundibular com-
mencement, the different portions of it are seen successively to discharge

the following functions :— the orifice of the infundibulum receives

the ovulum from the ovisac; the succeeding portion, extending nearly

three-fourths of its entire length, secretes the albumen and the cha-

lazas ; it in the next tract furnishes the membrana putaminis
; and in

the last place, the shell ; after which, the complete egg is expelled

through the cloaca.

(2058.) The anatomy of the egg prior to the commencement of

incubation is therefore sufficiently simple. Immediately beneath

the shell is the membrana putaminis
; which, however, we must here

remark, consists of two layers
; and at the larger end of the egg these

layers separate, leaving a space (fig. 345, a, b), called the vesicula

aeris

;

we may further notice, that the chamber so formed is filled with

air containing an unusual proportion of oxygen, destined to serve for

the respiration of the future embryo. Enclosed in the membrana

putaminis the student next finds the albumen and chalazas {fig. 346, c)

;
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and lastly, the yolk, enclosed in its proper membrane (Jig. 345, c), the

membrana vitelli.

(2059.) We must, Fig. 345.

however, dwell a little

more at length upon

the composition of the

yolk. The cicatricula

(Jig. 845, g) is made

up of a thin mem-
brane, which original-

ly enclosed the vesicle

of Purkinje (/); but

this latter, although

introduced into the

diagram for the pur-

pose of illustration, is in reality, as we have already seen, no longer

visible; and we must now change the word cicatricula for that of

blastoderm, which may be presumed to consist of the original cicatricula

and the ruptured vesicle of Purkinje : it is from this blastoderm, or

germinal membrane, as it is sometimes called, that the future being is

developed. Fig. 346 .

(2060.) Immediate-

ly over the blastoderm

the membrana vitelli

is slightly thickened

(fig. 345, h); and be-

neath it is a canal
(
e),

which leads to a cham-

ber (d) placed in the

centre of the yolk;

this cavity is filled

with a whitish granu-

lar substance.

(2061.) Such is the composition of the complete egg of a Fowl;

and, with the exception of trifling circumstances hereafter to be

noticed, of that of vertebrate animals in general. The development

of the embryo is accomplished in the following manner.

(2062.) No sooner has incubation* commenced, than the blastodeim

becomes distinctly separate from the yolk and the membrana vitelli

;

and, as it begins to spread, assumes the form of a central pellucid

spot, surrounded by a broad dark ring (fig. 346, g, h); it at the same

time becomes thickened and prominent, and is soon separable into

three layers; of these, the exterior (fig. 247, c) is a serous layer; the

* Dr. Karl Ernst v. Baer, Uber Entwickelungsgeschiclite dor Thierc. Beobachtung

und Reflexion. 4to. 1337
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internal, or that next the yolk (a), a mucous layer; and between the

two is situated a vascular layer (b), in which vessels soon become

apparent. These three layers are of the utmost importance
; as, from

the first mentioned all the serous structures, from the second all the

mucous structure, and from the third the entire vascular system of the

embryo, originate.

Fig. 347.

(2063.) Towards the close of the first day of incubation the blasto-

derm has already begun to change its appearance, and two white

filaments are apparent in the middle of the central pellucid circle.

Supposing a longitudinal section of it at this period, the membrana
vitelli will be found to have become more prominent where it passes

over the germinal space {fig. 347, l, d). The outer layer of the

blastoderm (c) has become thickened at e into the first rudiment of

the dorsal portion of the embryo
;
but the mucous layer (a), and the

vascular layer (u), have as yet undergone little alteration.

(2064.) At the commencement of the second day {fig. 347, 2
), the

anterior portion of the embryo is dilated, and bent down so as to

inflect the three membranes of the blastoderm at this point.

(2065.) At the conclusion of the second day this inflection is carried

still further ; and from the vascular layer, a single pulsating cavity

{fig. 347, 3, /<), the punctum saliens, the first appearance of a heart,

has become developed : so that considerable advance is already made
towards that disposition of the fetus and its membranous investments

represented in the next figure, to which we now beg the reader’s

attention.

(2006.) The serous membrane {fig. 347, c) hac at the third day

become reflected to a considerable distance over the back of the lotus

;

at one extremity investing the head with a serous covering, while at

the opposite it in like manner covers the tail : it is this reflection of
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the serous layer which forms the amnion, as will be observed in

fig. 348, where the amniotic sac (c), is completed.

(2067.) The mucous layer (a) is now seen to line the as yet open

space which is to

form the abdominal

cavity ;
and by its

inflections gives

birth to the rudi-

ments of the abdo-

minal viscera.

(2068.) From
the vascular layer

(b) has been developed the heart, now composed of two chambers {a,

b), and the branchial arteries (c), which join to form the aorta (m), ex-

actly as in the Menopoma
{fig

.

318). The allantois {p), the uses of

which will be described hereafter, likewise begins to make its appear-

ance.*

(2069.) At the fifth day {fig. 349) the lineaments of the viscera

become tolerably distinct. The sac of the amnios (c) is completed

;

the liver (i), and the lungs (e), begin to show themselves ; and the bag

of the allantois {p) is largely developed : still, however, the heart («, h)

is that of a fish, and the aorta (hi) formed by the union of the

branchial arches (c); so we have yet to trace how, as the lungs increase

in size, the circulatory apparatus becomes changed, and the branchial

organs obliterated.

(2070.) On the third day of incubation there exist four vascular

arches {fig. 348, c) on each side, having a common origin from the

bulb (b), which obviously represents the hulbus arteriosus of Fishes

and Reptiles, before described ;
these encircle the neck, and join

on arriving in the dorsal region to form the aorta, which commences

by two roots, each made up of the union of the four branchial vessels

of the corresponding side. The vascular arches are developed one

after the other, the most anterior being visible even on the second

day : shortly, a second appears behind the first, the former in the

meantime becoming considerably larger; and at length the thiid and

the fourth are formed, the fourth being still very small at the com-

mencement of the third day.

(2071.) At this period three fissures are perceptible between the

branchial arches, and in front of the first pair is the first appearance

of the oral orifice ; which, however, is not, properly speaking, the

aperture of the mouth, since at this epoch the jaws and buccal

cavity are not as yet formed
; but, physiologically considered, it rather

represents the plumjnx.

* Dcs Branchies et des Vaisseaux branchiaux dans les Embryons des animaux ver-

tcbres, par Prof. Ch. Ernst v. Baer. Annalcs des Sciences Nat. tom. xv. ^
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(2072.) At the close of the third day this branchial apparatus is

already slightly changed ; the branchial fissures are wider, and the

fourth vascular arch is become nearly as lai'ge as the others. On the

fourth day the first vascular arch is almost imperceptible, and that for

two reasons : in the first place, it becomes covered up with cellular

tissue ; and, secondly, it is so much diminished in size towards the

second half of the fourth day, that it merely gives passage to a most

slender stream of nearly colourless blood. By the close of the fourth

day it is no longer recognisable
; hut, before its disappearance, it is

seen to have given off from its most convex point a vessel, which be-

comes the carotid artery, so that, when the arch itself is atrophied,

that portion of it which was connected with the bulb of the aorta be-

comes the trunk of the carotid.

(2073.) The second arch then becomes diminished in size, insomuch

that the third and fourth receive the greater part of the blood ; while

in the meantime a fifth arch makes its appearance behind the fourth,

so that in this way there are still four permeable arches.

(2074.) While these changes are going on in the vascular canals,

the first branchial fissure gradually closes; and, to make up for this, a

new one is formed between the arch which originally was the fourth,

and that last developed.

(2075.) At the commencement of the fifth day, there are conse-

quently again four vascular arches and three branchial fissures on each

side ; hut not the same as those of the third day, since one arch and

one fissure have disappeared, and have been replaced by similar parts.

During the fifth day the vascular arch, which at first was the second,

is obliterated, and the two succeeding ones become increased in size

;

but at the end of the fifth day all the branchial fissures are effaced,

being filled up with cellular tissue, and no trace of them is left. The

remainder of the metamorphosis seems to depend principally upon

changes that occur in the bulbus arteriosus (fig. 348, b ), which is by

degrees converted into the bulb of the aorta. This part of the arterial

system, from being a single cavity, about the fifth day divides into two

canals, which become gradually more and more separated, and bent upon

themselves. The separation of the bulbus arteriosus into two vessels

is, in the opinion of Professor Baer, owiug to the circumstance that the

ventricles gradually become separated by a septum, which, as it becomes

more complete, causes two distinct currents of blood to be propelled

from the heart. The current coming from the right ventricle arrives

sooner than the other at the vascular arches, and rushed through the

two posterior and through the middle arch of the left side ;
while the

gush of blood from the left ventricle fills the two anterior arches, and

the middle arch of the right side
; a circumstance depending upon the

course impressed upon the currents derived from the two ventricles.

Each current becomes more and more distinct ; and at last each is pro-
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vided with a proper channel, forming the trunks of the future pul-

monary artery and of the future aorta.

(2076.) It will be seen, that as yet the real aorta does not exist;

Fig. 34.0.

for at this period of the metamorphosis all the blood passes through

the vascular arches that remain into the dorsal vessel {fig. 349, in ),

which is formed in the same manner as the aorta of Fishes by the

union of the branchial vessels.

(2077.) While the branchial fissures penetrated into the pharyngeal

cavity, the branchial vessels were contained in the corresponding brau-

cliial arches ; but, as soon as these fissures disappear, the vascular

trunks abandon the neighbourhood of the pharynx, and begin to as-

sume the character that they afterwards present.

(2078.) The most posterior arch of the left side gradually disap-

pears, and on the seventh day of incubation is no longer recognisable

;

whilst in the meantime the current of blood from the right ventricle

is directed in such a manner as to pass in front of this arch, and

enters the posterior arch of the right side, and the last but one on the

left.

(2079.) As, moreover, the two arches, that were formerly the most

anterior, have become obliterated, while the third and fourth, on the

contrary, are increased in size, the blood, passing backwards through

these arches into the roots of the aorta, enters also the carotid artery,

which now resembles a prolongation of the commencement of the aorta

towards the head. Thus, one part of the primitive root of the aorta

becomes the trunk of the carotid artery.

(2080.) There exist, consequently, on the eighth day, three vascular

arches on the right side, and only two on the left ;
and these five

arches are derived from the heart, as are also two small vascular trunks

now quite distinct, which have been formed from the bulb.

(2081.) The anterior arch of both sides, and the middle arch of the

right side, proceed from the left ventricle
; the posterior arches issue

from the right : but all of them as yet unite to form the two roots of
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the aorta, which are still of pretty equal size, aud each root gives off

a carotid artery. At the point where the anterior arches join the roots

of the aorta, they are now seen to give off newly-formed trunks, which

go to the anterior extremity of their respective sides; and as these

limbs and the head increase in size, and require more blood, the an-

terior arch propels a greater proportion of blood in that direction, and

insensibly less and less into the aorta. The consequence is, that

the anterior arch becomes more and more decidedly the brachio-

cephalic trunk; and in short, on the thirteenth day, it only com-

municates with the dorsal aorta by a small vessel, and ultimately

becomes quite detached, forming the arteria innominata of the corres-

ponding side.

(20S2.) Meanwhile the posterior arches on both sides send out

branches destined to the contiguous lungs. On the eighth day these

vessels are still very small, and difficult to find; but they soon grow

larger, and, during the last half of the period of incubation, they show

themselves as the immediate continuations of the arches from which

they are derived; their junctions with the aorta becoming more and

more imperfect, and constituting the two ductus arteriosi. These

canals are of very unequal size ; that of the right side is much shorter

than that of the left, which is now the only remnant of the original

root of the aorta on that side, and considerably narrower than the root

of the aorta on the right side. On the right side, in fact, the middle

arch now becomes of great importance, and really constitutes the com-

mencement of the descending aorta, receiving the other communica-

tions as subordinate parts.

(2083.) The bird having escaped from the egg, and having breathed

for some time, all the blood from the right ventricle passes into the

lungs, the ductus arteriosi become totally imperforate, and two dis-

tinct circulations are thus established ; one proceeding from the right

side of the heart through the lungs into the left side of the heart,

the other from the left side of the heart through the system into the

right side of the heart.

(2084.) We see, therefore, that of the five pairs of vascular bran-

chial arches which at first by their union formed the aorta as in

Fishes, those of the first pair on both sides and of the fifth on the

left side speedily disappear. The third on each side become the

brachio-cephalic trunks, the fourth of the right side becomes the de-

scending aorta, while the fifth of the right side and the fourth of the

left side are converted into the pulmonary arteries. The very short

trunk common to the two pulmonary arteries, as well as the equally

short trunk of the aorta, properly so called, are produced by the

transformation of the single cavity of the original “ bulbus arteriosus ”

into two distinct canals, and thus this wonderful metamorphosis is

accomplished.
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(2085.) About the hundred-and-twentieth hour from the commence-
ment of incubation, the vascular layer of the blastoderm has spread

extensively over the yolk (Jit). 350, b); and as the vessels formed by

it become perfected, they are found to converge to the navel of the

Fig. 350 .

embryo, and to constitute a distinct system of arteries and veins

(iomphalo-mesenteric), communicating with the aorta and with the heart

of the fetus, and forming a vascular circle surrounding the yolk. The

omphalo-mesenteric arteries, (Jiff. 350, b, c), which thus ramify over

the vitelline sac, are derived

from the mesenteric arteries

;

and the blood distributed

through them is returned, by

the ompludo-mesenteric veins,

to the superior vena cava of

the young chick.

(•2086.) As soon as the in-

testinal system of the embryo

bird is distinctly formed, the

membrane inclosing the yolk

(vitellicle) is seen to communi-

cate with the intestine by a

wide duct (ductus vitello-in-

testinalis), whereby the nutri-

tive substance of the yolk

enters the alimentary canal

to serve as food, and tho

mucous membrane lining the

vitellicle becomes thrown into

close wavy folds, so as to pre-

Fig. 351 .
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sent a very extensive surface. Gradually, as growth advances, the yolk

diminishes in size; and at length, before the young bird is hatched,

the remains of it are entirely withdrawn into the abdominal cavity,

{figs. 354, 353), where its absorption is completed : but even in the

adult bird a little caeeal appendage, or diverticulum, still indicates the

place formerly occupied by the ductus vitello-intestinalis.

(•4087.) While the above phenomena are in progress, another im-

portant system of vessels provided for the respiration of the bird in

ovo are developed, and obliterated before the egg is hatched.

(2088.) At about the period represented in Jig. 349, the sides of

the abdominal cavity, which

is still open anteriorly, are F‘H- 3S2,

occupied by transitory secret-

ing organs, named corpora

Wolfiana; these, apparently,

are the rudiments of the

genito-urinary system : and,

to receive their secretion, a

bladder is developed, called

the allantoid sac ,—a viscus

which is moreover destined

to play an important part in

the economy of the embryo,

and soon becomes its prin-

cipal respiratory organ. The
allantois first makes its ap-

pearance as a delicate bag

(Jig. 349, p). derived from

the anterior surface of the

rectum, but it expands rapid-

ly, and soon occupies a very

considerable portion of the

interior of the egg (Jig. 350,

c), until at last it lines nearly

the whole extent of the mem-

brana putamiivis, and, becom-

ing thus extensively exposed

to the influence of the air

that penetrates the egg-shell,

it ultimately takes upon itself the respiratory function.' When fully

developed (Jig. 351), it is covered with a rich net-work of arteries

and veins (a, b) spread upon its surface. The arteries (Jig. 352, «)

are derived from the common iliac trunks of the embryo, and of course

represent the umbilical arteries of the human fetus; the vein enters

the umbilicus, and, passing through the fissure of the liver, pours
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from the allantois in an arterialized

Fig. 353.

the blood, which it returns

condition, into the inferior

cava, as does the umbilical

vein of Mammalia.

(2089.) About the nine-

teenth day of incubation, the

air-vessel at the large ex-

tremity of the egg {Jig. 351,

c) is ruptured, and the lungs

begin to assume their func-

tion, by breathing the air that

this vesicle contains. The

circulation through the allan-

tois then gradually diminishes,

and it is slowly obliterated,

until merely a ligamentous

remnant, called the urachus,

is left. In Reptiles, however,

as we have already seen, a

portion of the allantoid bag

remains even in

the adult creature

{fig. 315 ,q); and

in Birds in that

compartment of the

cloaca in which the

genital and urinary

passages terminate

are vestiges of the

same organ.

(2090.) Although

the above descrip-

tion is intended to

give a general view

of the process of

oviparous genera-

tion in its most

perfect and conse-

quently most com-

plex form, the read-

er, in applying it

to the development

of the ovum in the

inferior Ovipara,

must bear in mind

Fig. 354.
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the following important differences :— 1st.' That in the air-breathing

Reptilta the white of the egg is almost, if not entirely, wanting ; but

the other phenomena are similar to those witnessed in the Bird. 2ndly.

That in Fishes not only is there no white formed, but for obvious

reasons the allantoid apparatus is not developed. The egg in these

lower tribes contains only the yolk and the cicatricula
; it swells from

absorbing the surrounding water, and the fetus is developed upon
the surface of the yolk; the latter, which, as in Birds, commu-
nicates with the intestine, being slowly received into the abdominal

cavity.

(2091.) The subsequent changes that occur in the circulatory

system of a Bird, namely, the obliteration of the foramen ovale,

and of the ductus arteriosi, whereby the pulmonary and systemic

circulations become quite distinct, are similar to those which take

place in the Mammiferous fetus, and will be described in the next

chapter.

CHAPTER XXX.

MAMMALIA.

(2092.) The highest boon conferred upon the lower animals, “Hea-
ven’s last, best gift,” is parental affection. The cold-blooded Ovipara,

unable in any manner to assist in the maturation of their offspring,

were necessarily compelled to leave their eggs to be hatched by the

agency of external circumstances ; and their progeny, even from the

moment of their birth, were abandoned to chance and to their own
resources for a supply of nourishment. In Birds, the duties and the

pleasures inseparable from the necessity of incubating their ova,

and of providing nutriment for their callow brood, are indeed mani-

fested to an extent unparalleled in the preceding orders of Vertebrata

;

but it is to the Mammalia alone, the most sagacious and intelligent of

all the inhabitants of this world, that the Creator has permitted the

full enjoyment of paternal and maternal love, has thrown the off-

spring absolutely helpless and dependent upon a mother’s care and

solicitude, and thus confers upon the parent the joys 'and comforts

that a mother only knows,—the dearest, purest, sweetest, bestowed

upon the animal creation.

(2093.) The grand circumstance whereby the entire class of beings

generally designated under the name of Quadrupeds may be distin-

guished from all other members of the animal kingdom is, that the
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females of every species are furnished with mammary glands,—secern-

ing organs appointed to supply a secretion called milk ,—whereby the

young are nourished from the moment of their birth, until they have

reached a sufficient age to enable them to live upon such animal or

vegetable substances as are adapted to their maturer condition. The

possession of these lactiferous glands would indeed be in itself a

sufficiently decisive characteristic of the whole group ;
and if to this

we add that their visceral cavity is separated into a thorax and abdo-

men by a muscular diaphragm, and that they breathe by means of

lungs precisely similar to our own, we need not in this place dwell

upon any more minute definition of the Mammiferous Vertebrata.

(2094.) The Mammalia, as we might be prepared to anticipate from

their importance, are extensively distributed. The generality of them

are terrestrial in their habits, either browsing the herbage from the

ground, or, if of carnivorous propensities, leading a life of rapine, by

carrying on a blood-thirsty warfare against animals inferior to them-

selves in strength or ferocity. Many inhabit the trees : some burrow

beneath the surface of the soil; a few can raise themselves into the

air and flit about in search of insect prey : the Otter and the Seal

persecute the fishes even in their own element; and the gigantic

Whales, wallowing upon the surface of the sea, “ tempest the ocean

in their fury.

(2095.) With habits so diverse, we may well expect corresponding

diversity in their forms, or in the structure of their limbs ;
and, in

fact, did we not compress our description of these particulars into

reasonable limits, we might easily test the perseverance of the most

patient reader in following us through the mass of details connected

with this part of our subject. We shall, therefore, commencing as

we have hitherto done, with the osteology of the class, first describe,

in general terms, the characters of a Mammiferous skeleton ;
and

then, as we arrange the Mammalia under the various orders into

which they have been distributed, speak of the most important aber-

rations from the given type.

(209(3.) The vertebral column of all Mammals, with the remarkable

exception of the Cetacea, is divisible into the same regions as in the

human skeleton, viz. the cervical, dorsal, lumbar, sacral, and coccj-

geal or caudal portions.

(2097.) The cervical vertebral are invariably seven in number. The

Sloth (jBradypus tridactylus) was, until recently, regarded as forming

a solitary exception, it having been supposed to possess nine cervical

vertebrae; the researches of Professor Bell, however, show that even

this animal conforms to the general law. The distinguished natu-

ralist referred to* has demonstrated, “that the posterior two of these

« Cyclop, of Anat. and Phys. art. Edentata.
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vertebra have attached to them the rudiments of two pairs of ribs,

in the form of small elongated bones articulated to their transverse

processes; they must, therefore, be considered as truly dorsal ver-

tebra, modified into a cervical form and function suited to the pecu-
liar wants of the animal.” Professor Bell further observes, that “the
object of the increased number of vertebra in the neck of the Sloth
is evidently to allow of a more extensive rotation of the head; for, as

each of the bones turns to a small extent upon the succeeding one, it

is clear that the degree of rotation of the extreme point will be in

proportion to the number of pieces in the whole series. When the
habits of this extraordinary animal are considered, hanging as it does
from the under surface of boughs, with the back downwards, it is ob-
vious that the only means by which it could look towards the ground
must be by rotation of the neck ; and as it was necessary, to effect

this without diminishing the firmness of the cervical portion of the
vertebral column, to add certain movable points to the number pos-
sessed by the rest of the class, the additional motion was acquired by
modifying the two superior dorsal vertebra, and giving them the office

of cervical, rather than by infringing on a rule, which is thus pre-

served entire, without a single known exception.”

(2098.) The occipital bone articulates with the atlas by two lateral

condyles, instead of by a single central articulating surface
; a circum-

stance which depends upon the greatly-increased development of the
encephalon, and the consequent expansion of the cranium.

(2099.) The number of dorsal vertebra depends upon that of the
ribs : thus in the Bat tribe there are only eleven ; while in some of

the Pachydermata, as, for example, in the Elephant and Tapir, as

many as twenty dorsal vertebra may be counted. The lumbar and
sacral vertebra will likewise be more or less numerous in different

genera; and in the number of pieces composing the coccyx, or tail,

there is every variety, from four to five-and-forty.

(2100.) The thorax is enclosed by ribs, that in structure, and in

their mode of connection with the dorsal vertebra, resemble those of

Man. At its dorsal extremity each rib is articulated by its head to

the bodies of the vertebra, and to the intervertebral substance
; while

its tubercle, or the representative of the second head of the rib of a

Bird, is movably connected with the corresponding vertebral trans-

verse process. There are no sternal ribs ; but these are represented

by cartilaginous pieces, whereby, towards the anterior part of the

thorax, each rib is attached to the side of the sternum
;
posteriorly,

however, this connection does not exist. The anterior ribs are there-

fore called true ribs, and the posterior, false or floating ribs, precisely

as in the human skeleton.

(2101.) The sternum is composed of several narrow pieces, placed

in a line behind each other along the middle of the breast. These

3 c
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pieces are generally consolidated : by their lateral margins they give

attachment anteriorly to the clavicles, if these bones be present
; and,

behind these, to the costal cartilages of the true ribs.

(2102.) From the whole arrangement of the thorax, it is evident

that the ribs are capable of extensive movements of elevation and de-

pression, whereby the capacity of the whole thoracic cavity may be

increased or diminished; movements which, aided by those of the

diaphragm, draw in and expel the air used for respiratiou.

(2103.) The anterior extremity is appended to a broad scapula,

generally unconnected with the rest of the skeleton, except by mus-

cular attachments. In quadrupeds that use this extremity as an in-

strument of prehension or of flight, a clavicle is interposed between

the scapula and the sternum ; but most frequently this element of the

shoulder is deficient, and even the coracoid bone, if a vestige of it

remains at all, is reduced to a mere appendage to the scapula, known

to the human anatomist as the coracoid process. The rest of the limb

presents the arm, the fore-arm, the carpus, metacarpus, and jihalanges

;

hut these are so altered in appearance in different orders that no ge-

neral description will suffice, and we must therefore defer this part of

our inquiry for the present.

(2104.) In the posterior extremity there is equal dissimilarity in

the construction of the distal portions of the limb ; but the pelvis,

although much modified in form, consists of the same pieces as in the

human subject, and in like manner has the pubic arch and foramina

fully completed.

(2105.) The cranium and face are made up of numerous bones,

easily recognisable, as they correspond in their general arrangement

with those composing this part of the skeleton in the lower Verte-

brata. Their development in the facial region is large in proportion

to the strength of the muscles moving the lower law ; and they are so

disposed as to form buttresses to resist the powerful pressure of the

teeth, as well as to enclose cavities wherein are lodged the organs con-

nected with the senses of smell and of vision. One example will an-

swer our present purpose, and we have selected the skull of the Pig as

one calculated to show a medium development of the whole series.

(2106.) In the face we find on each side two bones entering into the

composition of the upper jaw, into which teeth are implanted ;
these

are the superior maxillary {fig- 355, 18), and the intermaxillary (1 1 )•

These bones, moreover, bound extensively the cavity of the nose ;
and,

tegether with the palatine process of the palate bone (Jig. 356, 22),

constitute the bony palate, or roof of the mouth. The nasal bones (Jig.

355, 20, 20) complete the upper part of the face; and, being in con-

tact along the mesial line, arch over the nasal chamber.

(2107.) The orbit is bounded anteriorly by the lacrymal bone (c), and

the jugal or malar bone (
b). Its posterior boundary is generally want-
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Fig. 355.

Skull of the Pig.

ing, as the external angular processes of the jugal and frontal bones

do not meet.

(2108.) The orbital cavity is principally formed by processes derived

from the os frontis, the sphenoid, the lacrymal, and the malar bone ;

the ethmoid and the palatine rarely entering into its composition.

(2109.) The os etlimoides, the vomer, and the turbinated bones will

be described minutely when we speak of the olfactory apparatus, which

they contribute to form.

(2110.) The inferior maxilla iu Mammals is characterised by two

circumstances, which distinguish it from that of other Vertebrata.

It consists, in the first place, of only two lateral pieces, exactly similar

to each other, joined together at the chin by a symphysis in many
orders, but in others even this symphysis is obliterated at an early

age, and in the adult the two lateral halves would seem to form but

one piece.

(2111.) Another character peculiar to the lower jaw of a Mammal is,

that it is movably articulated with the temporal bone by means of a

convex and undivided condyle.

(2112.) These marks, identifying the Mammiferous lower jaw, ought

to be well remembered by the geologist.

(2113.) We shall hereafter have occasion to describe tire teeth that

arm the jaws of the different tribes of quadrupeds; and therefore now
proceed to examine their cranial cavity, and the bones that enter into

its formation.

(2114.) The frontal bones (figs. 355, 350, 1, 1) are generally two in

number; and even when, as in Man, they seem to form but one bone,

3 c 2
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the two lateral halves are produced from separate points of ossification,

and only coalesce as age advances : sometimes, indeed, even in the

adult, they remain permanently separated by suture.

Fig. 35 6.

Section of the skull of the Pig.

(2115.) The parietal bones (7, 7) occupy their usual position; and,

although generally double, as in the human skeleton, they are not un-

frequently consolidated together, even at an early age, so as to represent

but a single bone.

(2116.) The occipital bone consists primarily of the same pieces as

in the Reptile ;
but in the Mammifer these are at an early period con-

solidated into one mass, situated at the back of the cranium. Its

basilar portion (5) articulates with the atlas by two condyles; while the

lateral wings (10) and the superior arch (8) surround the foramen

magnum ,
and protect the cerebellic regions of the encephalon.

(2117.) The sphenoid (6), although composed of fewer separate pieces

than in the Reptilia, and even regarded by the human anatomist as a

single bone, is still distinctly divisible, especially in young animals,

into two very important portions,—one anterior, and the other pos-

terior ; each, as we shall soon see, forming the body of a distinct

cranial vertebra. The posterior half (6) consists of the body, in-

cluding the posterior clinoid processes, and of the greater alas and

pterygoid processes (Jig . 356, 25). The anterior half is foimed by

the anterior clinoid processes and alee minores {fig. 356, 1 1). These

two halves may therefore be called, respectively, the anterior and pos-

terior sphenoids.

(2118.) Lastly, we have the temporal bone, exhibiting but one piece,

although made up of all the parts which iu the Reptile were so ob-

viously distinct elements. The petrous portion, wedged into the base

of the cranium, still encloses the internal car. The tympanic element

(fig. 355, a) supports the membrana tympani. The mastoid process

( fij. 356, 12) is the liomologue of the mastoid bone of the Crocodile;
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and, lastly, the squamous element with which the lower jaw is articu-

lated [fig. 355, 23) in the Reptilia, was visibly a distinct bone. Even
to these may be added the zygomatic process, which Professor Owen
regards as an independent elemental part.

(2119.) Reviewing, therefore, all that has been said relative to the

composition of the skull in the different classes of Vertebrata, the

following deductions may be arrived at :—

*

1. That, as we advance from lower to higher forms, the propor-

tionate size of the cranium relative to that of the face becomes
greater.

2. That the number of bones met with upon the inferior and lateral

aspects of the head gradually diminishes : for in Mammalia the ptery-

goid and tympanic bones, which even in Birds are separate pieces,

become very generally confounded with the sphenoid and the temporal;
and also the petrous and squamous portions of the temporal become
blended together.

3. The number of bones normally entering into the composition of

the cranium of adult Mammalia varies considerably. When most
numerous, there are twenty-eight—eleven in the cranium, and seven-
teen in the face. In this case the cranial bones are the following,

—

one occipital, one sphenoid, the two squamous portions of the temporal,

the two tympano-petrous portions of the temporal, the two parietal,

the two frontal, and the ethmoid.

(2120.) The bones of the face are,—two superior maxillary, two in-

termaxillary, two nasal, two lacrymal, the vomer, two inferior turbinated

bones, two palate bones, two jugal bones, and, lastly, the two halves of

the lower jaw.

(2121.) It is true that some slight exceptions occur: thus, for ex-

ample, in the Cetacea the pterygoid bones remain detached : in the

Rodentia the occipital is divided into a superior and inferior portion
;

but, in the latter, the two frontal and the two parietal become con-

solidated into one bone.

(2122.) In Man the bones of the cranium become much less numer-

ous, inasmuch as all the elements of the occipital, of the temporal, of

the frontal, the intermaxillary, and the maxillary, composing the upper

jaw, and the two halves of the lower jaw, respectively coalesce
; and

the skull consists of but one-and-twenty bones,—seven in the cra-

nium, and fourteen in the face.

(2123.) Even this number is not the smallest ; for in some Monkeys

the nasal bones unite and become consolidated into one piece.

(2124.) Having thus enumerated the different osseous pieces forming

the crania of all classes of vertebrate animals, we Dmst next consider

them in another point of view, namely, as being continuations of the

spinal chain of bones, or real vertebne modified in form and propor-

* Meckel, Traite Generale d’Anatomie Comparee, tom. iii. seconde partie, p. 195.
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tiong in conformity with the increased volume of the nervous masses

they are destined to enclose. We must, however, premise, that it is

by no means our intention to adopt unreservedly the theoretical opinions

of those Continental writers who find vertebral elements in the bones

of the face, and even in the nasal cartilages ; still, without overstrain-

ing the facts, it is easy to demonstrate very satisfactorily that the

cranial pieces that immediately enclose the cerebral masses are strictly

vertebrae, and present the same essential structure as those of the

spinal I'egion.

(2125.) That this is the case in the skull of a Reptile, no one,

indeed, who examines the subject, can hesitate to admit ;
but even in

the Mammiferous cranium, where, from the enormous proportionate

size of the encephalon, the cranium is most distorted, it is not difficult

to perceive the relationship.

(2126.) The cranial vertebrae are

three in number,—the occipital, the

parietal, and the frontal : these are

exhibited in the subjoined diagram,

after Carus, representing those of the

Sheep.

(2127.) The occipital vertebra [fig.

357, a) has for its body the basilar

portion ; the arches bound the fora-

men magnum laterally; and above,

the spinous process, flattened out and

expanded in proportion to the size

of those lobes of the brain and cere-

bellum which it defends, forms the

posterior portion of the skull.

(2128.) The body of the second or

parietal vertebra (b) is the body of

the sphenoid ; that is, more properly

speaking, the posterior sphenoid bone,

whose large aim, curving upwards,

meet the parietal, and thus an arch

is formed of sufficient span to cover

the middle lobes of the cerebrum.

(2129.) The anterior, or frontal ver-

tebra (c), has for its body the anterior

sphenoid (alee minores ) ;
its arch

being completed by the cavity of the

os frontis, which encloses anteriorly

the cribriform plate of the ethmoid

bone.

(2130.) From this analysis of the composition of the cranium, it is

Fig. 357 .
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apparent that the temporal bones, although in Man they assist so

materially in completing the cranial cavity, are only intercalated

between the real vertebral elements ;
as indeed might almost have

been anticipated, seeing how differently the pieces belonging to this

bone are arranged in different classes of Vertebrata.

(2131.) Such is the general organization of the Mammiferous skele-

ton. Let us now proceed to consider the osteology of the different

orders into which the Mammalia have been distributed, and observe in

what respects they individually differ from each other.

(2132.) The transition from Birds to Quadrupeds, remotely separated

as they might appear to be, is effected by gentle gradations of struc-

ture ; and the Monotremata, notwithstanding their quadrupedal form

and hairy covering, are so nearly allied to the feathered Ovipara in

many points of their organization, that they evidently form a con-

necting link between these two great classes of animals.

(2133.) It is true that they have mammary glands, and must, there-

fore, be supposed to give suck to their offspring
;
but it is not even yet

satisfactorily determined whether they lay eggs, or produce living

young. The structure of their generative apparatus would seem, in

fact, to be rather allied to the Oviparous than the Mammiferous type

;

and, as in Birds, the rectum, the urinary passages, and the sexual

organs, all discharge themselves into a common cloacal chamber, so

that there is still but a single vent, a circumstance from which the

name of the order is derived.

(2134.) Even their skeleton, in many points, presents a very close

affinity to that of a Bird, as will be evident on examining the osseous

system of the Ornithorhynchus paradoxus (Jig- 358).

Fig. 358.

Skeleton of Ornithorhynchus paradoxus.

(2135.) The mouth of this quadruped indeed resembles that of a

Duck, whence the name of “ Duck-bill," whereby it is usually distin-

guished. It has, moreover, a distinct furcular bone in addition to

what would seem to be the ordinary clavicles ;
but in reality these



760 MAMMALTA.

are the coracoid bones still largely developed. Moreover, the anterior
or sternal ribs are ossified, and a spur is attached to the hind foot of
the male, not remotely resembling that of a Cock : this last appen-
dage is perforated by a duct, and has a gland connected with it, situ-

ated on the inner side of the thigh, by which a poisonous secretion

was formerly supposed to be elaborated.

(2130.) The Marsupjalia, it will be afterwards explained, as re-

gards the conformation of their generative system, are organized in

accordance with a type intermediate between that common to Birds

and that which characterises Mammalia properly so called.

(2137.) The Marsupial quadrupeds bring forth their young alive,

but in such an imperfect condition, that at the period of their birth

scarcely the vestiges of their limbs have become apparent; and in

this state they are conveyed into a pouch formed - by the skin of the

female’s abdomen, where they fix themselves by their mouths to the

nipples of their mother, and, sucking milk, derive from this source

the materials for their growth. These animals are peculiar to the

Australian and American continents
;
nay, in Australia, so anomalous

in all its productions, with one or two exceptions, and those perhaps

brought there by accidental importation, all the quadrupeds are con-

structed after the Marsupial type. The great characteristic whereby
to distinguish the skeleton of a Marsupial Mammifer is, the existence

of two peculiar bones attached to the anterior margin of the pubis,

which in the living animal are imbedded in the muscular walls of the

abdomen, and thus support the pouch of the female. The marsupial

bones, however, exist in the male likewise ; and even in the Monotre-
mata, that are evidently nearly allied to the proper Marsupials,

although no pouch is met with even iu the female sex, the bones

alluded to are found connected with the pubis.

(2138.) This great section of the Vertebrate creation, which, per-

haps, ought rather to be regarded as a class by itself, is composed of

numerous families, of diverse forms and very opposite habits. The

Opossums (Videlphis) of the American continent live in trees, and

devour birds, insects, or even fruits : in these, the thumb of the hind

foot is. opposable to the other fingers, and adapted for grasping

the boughs, whence they are called Pedimanes ; their tail is likewise

prehensile. Others are terrestrial in their habits, wanting the pre-

hensile thumb.

(2139.) The Kangaroo Piat, or Potoroo (Hypsiprymnus), of whose

skeleton we have given a drawing {fig. 359), is remarkable for the

disproportionate size of its hind legs : these, moreover, have no thumb,

and the two innermost toes are joined together as far as the nails;

so that there appear to be but three toes, the inner one being fur-

nished with two claws. Such legs are well adapted to make strong

and vigorous leaps over a level plain ; and in the Kangaroos {Macro-
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pus) the extraordinary development of the posterior extremities is

even yet more wonderful. In other respects, the skeletons of the

Marsupialia conform to the general description already given.

(2140.) All other Mammiferous Yertebrata produce their young
alive, and not until they have attained a considerably-advanced state

of development during their intra-uterine existence. The con-

nection between the maternal and fetal systems in these orders is

maintained during the latter periods of gestation by the development

of a peculiar viscus, called the placenta: nevertheless, after birth,

the young animals are still dependent upon the mother for support,

and live upon the milk supplied by her mammary organs.

(2141.) The lowest order of Placental Mamma t.ta comprises

those forms which, although they breathe air by means of lungs, and

have hot blood like ourselves, are appointed to inhabit the waters of

the ocean, wherein they pass their lives, and even bring forth and

suckle their young. In order to live under such circumstances as

these, the Cetacea must necessai'ily, in many points of their struc-

ture, be organized after the model of fishes; and we cannot be sur-

prised, if in their outward form, and even in the dispositions of their

limbs, they strikingly resemble the finny tribes. Their head is large,

frequently, indeed, of enormous proportions : there is no neck apparent

externally ;
the head and trunk, as in fishes, appearing continuous.

The anterior extremities are converted into broad fins, or paddles

;

whilst the pelvic extremities are absolutely wanting: posteriorly, the

body tapers off towards the tail, and terminates in a broad, horizontal
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fin, which latter, however, is not supported

by bony rays, as in the fish, hut is en-

tirely of a cartilaginous and fleshy struc-

ture. Frequently there is even a vertical

dorsal fin; but this, too, is entirely soft

and cartilaginous, so that in the skeleton

no vestiges of it are apparent.*

(2142.) In the Whalebone-Whale (Ba-

Icena mysticetus ) the peculiarities of the

Cetaceous skeleton are -well exhibited. In

this gigantic animal (Jig. 360), which some-

times measures upwards of a hundred feet

from the snout to the tail, the head forms

nearly a fourth part of the entire length of

its stupendous carcass ; so enormously de-

veloped are the bones of the face that

form the upper and the lower jaws. The

cranial cavity, wherein the brain is lodged,

does not of course participate in this ex-

cessive dilatation, but corresponds to the

size of the brain lodged within it. It,

however, presents one point of physiolo-

gical interest, serving to prove still more

demonstratively that the temporal bone is

merely an adjunct to, and not essentially a

constituent part of, the cranium ; for here

the petrous portion of the temporal bone,

whereiu is lodged the organ of hearing,

is entirely detached from the skull, to

which it is only fastened by a ligamentous

connection. This remarkable arrangement

is no doubt intended to prevent the stun-

ning noises that would else be conveyed

from every side to the ear, by cutting off

all immediate communication between the

auditory apparatus and the osseous frame-

work of the head.

(2143.) The cervical vertebrae, in con-

formity with the shortness of the neck, are

exceedingly thin
; and some of them are not

unfrequently anchylosed into one piece.

* It is interesting to see these fins still formed by

the skin (
exoskcleion), where the osseous system could

not enter into their composition without deviating altogether from the Mammiferous

type.
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(2144.) The thorax is composed in the ordinary manner ; but the

posterior ribs are only fixed to the transverse processes of the cor-

responding vertebra. Behind the thorax the whole spine is flexible,

its movements being untrammelled by any pelvic framework or pos-

terior extremity
; so that, as in fishes, the broadly-expanded tail is tho

great agent in locomotion ; and from the horizontal position of this

mighty oar it is better adapted to enable the auimal to plunge head-

long into the depth, and to rise again to the surface, w’ith all expedi-

tion, than if it had been placed vertically, as it is in fishes.

(2145.) The only vestiges of a pelvis met with in the Whale are,

the rudimentary ossa pubis represented in the figure. These are im-

bedded in the abdominal muscles, and serve to support the external

organs of generation : the caudal vertebra are, however, distinguish-

able by the inferior spinous processes, developed from their under sur-

faces. As to the construction of the anterior extremity, the shoulder

is composed of the scapula alone. The arm and fore-arm are much

stunted, and are not movable at the elbow ;
therefore the muscles for

pronating and supinating the arm do not exist, but are represented

by aponeurotic expansions spread over the surfaces of the bones.

The bones of the carpus are flattened, and more or less consolidated

together. The fingers, likewise, are flat; and the whole limb so

covered with tendinous bands, and enveloped in skin, as to form merely

a fin whereby the creature guides its course through the water.

(2146.) In the Herbivorous Cetacea, as the Manatus and Dugong,

the head is smaller in proportion to the sides of the body, and the

hands better developed, so as to be useful in creeping on land, or

in carrying their young. These genera inhabit the mouths of tro-

pical rivers.

(2147.) The relationship between the Cetacea and the next order

that offers itself to our notice is too evident not to be immediately

appreciated. The thick and naked skin, the gigantic body, the mas-

sive bones, the bulky head, and even the variable and irregular teeth

that arm the ponderous jaws, are all again conspicuous in the Pachy-

dermata; and the river and the marsh, the localities frequented

by the latter, as obviously indicate the intermediate position which

these animals occupy between the aquatic and the terrestrial Mam-

malia.

(2148) The skeleton of the Hippopotamus [fig. 361) offers a good

example of the general disposition of the osseous system in the

Pachydermata. The spinous processes of the last cervical and an-

terior dorsal vertebra are necessarily of prodigious strength, giving

origin as they do to the muscles that support the weighty skull : the

ribs are numerous, broad, and flat; they extend nearly along the

entire length of the trunk, and thus assist in sustaining the bulky

viscera of the abdomen. The pelvis is massive in proportion to the
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Fig. 361-

Skeleton of Hippopotamus.

weight of the body ; and both the thoracic and pelvic extremities,

short, thick, and strong, forming, as it were, pillars upon which the

trunk is raised.

(2149.) The most important differences observable between tbe

different genera of Pachydermatous Mammalia are found in the struc-

ture of their feet, and in the number and disposition of their toes.

In the Elephant there are five to each foot ; but in the living state

they are so encased in the callous skin which forms a sort of hoof to

the foot of this monstrous animal, that they are scarcely perceptible

externally. In the Hippopotamus above delineated there are four,

and also in the Hog tribes ; but in the latter the two middle toes are

disproportionately large. The Rhinoceros has only three toes to

each foot ;
and other varieties in this respect might easily be pointed

out.

(2150.) In the Solidungula, or Solipeds, regarded by Cuvier as a

family belonging to the order last mentioned, we have a tribe of

animals quite peculiar as relates to the construction of their locomo-

tive extremities.

(2151.) In the Horse, for example, a creature obviously formed to

be an assistant to the human race, so completely has every other con-

sideration been sacrificed in order to ensure the utmost possible

strength and solidity in the structure of the foot, that all the toes

appear externally to have been solidified into one bony mass
;
which,

being encased in a single dense and horny hoof, is not only strong

enough to support the weight of the quadruped, and to sustain the

shock produced by its most active and vigorous leaps, but becomes

abundantly efficient to carry additional burdens, or to draw heavy loads

in the service of mankind.
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Fig. 362.(2152.) In the anterior extremity of a

Soliped {fig. 3G2) the shoulder consists

only of the scapula, there being no clavicle

to connect it with the sternum. The hu-

merus is short and very strong : the radius

and ulna are partially consolidated together,

so that all movements of pronation and su-

pination are impossible. The carpus is

composed of seven short bones disposed in

two rows. The metacarpus is a single

bone {the cannon hone), which, from its

leugth and size, is commonly called the
“ fore-leg” of the horse

;
the carpo-meta-

carpal articulation being looked upon as

the “ knee.” Lastly, the foot consists of

three great phalanges; whereof the proximal

is named the “ pastern
"

the second the

"coronary,” and the distal phalanx the

“ coffin hone.” In the macerated skeleton,

however, the vestiges of two other toes are

visible
; but they are merely rudiments re-

sembling osseous splints attached to each

side of the metacarpus or cannon bone.

(2153.) Iu the posterior limbs of the

Horse the same peculiarities are observa-

ble, in the construction both of the leg

and foot.

(2154.) The Ruminants constitute an-

other order of quadrupeds of very great

importance to mankind, distinguished by

their remarkable habit of chewing the

cud ; that is, of bringing up the food again

from the stomach into the mouth, for the

purpose of undergoing a second process of

mastication. They all have well-developed

incisor teeth in the lower jaw, but none iu the upper. The patient
and thirst-enduring Camel, the stately Giraffe, the Ox, the Sheep, the
Goat, the nimble Antelope, and the fleet and elegant Stag, are all

examples of this extensive order; but it is the skeleton of the last

mentioned alone that we shall select for delineation {fig. 3G3).
The most remarkable feature^observable in the Ruminant order of

quadrupeds is, that, with the exception of the Camel tribe and the
Musk-deer, the males, and sometimes the females, are provided with
two horns attached to the os frontis, appendages not met with in any
other Vertebrata. In some, as the Giraffe, these horns consist merely
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Fig. 363 .

of a bony protuberance developed from each frontal bone, which is

coated with a hairy

skin derived from the

common integument

of the head. In

others, as in the Ox,

Goat, Antelope, &c.,

the bony nucleus of

the horn is covered

over with a sheath of

corneous matter, giv-

ing it a hal'd and

smooth surface.

(2155.) Both the

above kinds of horns

are persistent ; but in

the Deer ti'ibe the de-

fences of the head,

which are large and

branched, are decidu-

ous, being formed

every year from a

vascular skin that co-

vers them externally

during the period of

their growth, but

shrivels up and dries

when they are com-

pleted. These horns

fall off after a certain
Skeleton of tlle StaS'

time, to be renewed again the following season; the mode of their

formation will, however, be examined in another place.

(2156.) In consequence of the weight of the horns in such species

as possess weapons of this description, the head is necessarily ex-

tremely heavy; and in genera where the horns are wanting or feebly

developed, as in the Camel or the Giraffe, such is the length of the

neck, that, even with a disproportionately small head attached to the

extremity of so long a lever, incessant and violent muscular exertion

ivould be needed to sustain or to raise it from the ground. This diffi-

culty is obviated by a very simple and elegant contrivance : a broad

band of ligament, composed of the same elastic tissue as that com-

posing the ligamenta subflava of the human spine, is extended from

the tips of the elongated spiuous processes of the back, and sometimes

even as far backwards as the lumbar and sacral regions. This liga-

ment, strengthened by additions derived from most of the vertebral
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processes over which it passes, runs forward to he fixed anteriorly to

the crest of the occipital bone, and to the most anterior of the cervi-

cal vertebrae. The whole weight of the cranium and neck being there-

fore fully counterbalanced by the elasticity of this suspensory ligament,

the muscles of the neck act with every possible advantage ; and all

the movements of the head are effected with the utmost grace and
facility.

(2157.) The Ruminantia are generally distinguished as having
“cloven feet;’ and, in fact, both the hind and fore feet present a very

characteristic formation. The bones of the fore arms, as well as the
tibia and fibula, are more or less completely consolidated, especially to-

wards their distal extremities. The carpal and tarsal bones resemble
those of the Horse, and are similarly situated. The metacarpal and
metatarsal or cannon bones are respectively composed of two lateral

halves united along the mesian line ; and to each of these halves is

attached a toe composed of three phalanges, the last phalanx of each
being encased in a strong hoof. In some genera two rudimentary
lateral toes are also distinctly recognisable, but these are too small to

be used in locomotion.

Fig. 364.

Skeleton of Armadillo.

(2158.) The Edentata, forming the next order of quadrupeds, are

so called from the deficiency of teeth observable iu the fore part of

their mouth. In the most perfect tribes, as, for example, in the Ar-
madillo [Jig. 364), the skeleton is well developed in all its parts, and
presents nothing to attract our special notice, except, perhaps, the large

proportionate size of the distal joints and claws that arm the toes

;

but in the Sloths (Bradypus

)

so unusual is the conformation of the

limbs, that it had at one time become quite the fashion for naturalists

to bestow a passing expression of sympathy in alluding to these so-

called miserable and imperfect members of the animal creation.

(2159.) “The Sloths,” says Cuvier,* “derive their name from their

* Regne Animal, vol. i. p. 223, ct seq.
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excessive slowness, tlie result of a structure truly heteroclite, where

Nature seems to have wished to amuse herself by producing some-

thing imperfect and grotesque. These animals have their fingers

joined together by the skin, and only indicated externally by enormous

compressed and hooked claws, which are bent when in repose towards

the palms of the hands or the soles of the feet. The hind feet are

articulated obliquely with the leg, and only rest upon their external

edge; the phalanges of the fingers are articulated by tight hinge-

joints, and the proximal ones become consolidated at a certain age

with the hones of the metacarpus or metatarsus,—even these last be-

come ancliylosed with each other for want of use. To this incon-

venience in the organization of the extremities may he added one

equally great, consequent upon their proportions. The arms and the

fore-arms are much longer than the thighs and the legs, so that when

these creatures walk they are obliged to drag themselves upon their

elbows; their pelvis, too, is so wide, so much inclined laterally, that

they cannot approximate their knees. Their deportment is the natu-

ral consequence of such disproportionate structure. They remain

upon trees, and never quit one till they have stripped it of its leaves,

so difficult is it for them to get to another; nay, it is even asserted

that they let themselves fall from their branch to avoid the trouble of

crawling down.”

(2160.) Well may humanity pause before it ventures to accuse

Nature of having “ wished to amuse herself by producing something

imperfect and grotesque ;

” and we should not have inflicted upon our-

selves the task of quoting so painful a passage, did it not emanate

from such a source, and had not ample opportunities of observation

shown that the very structure so accurately described by Cuvier is

better thau any other adapted to the arboreal life for which the Sloth

is destined. It is not upon the ground, but in the tree, that this

animal must be criticised ;
and there, as we learn, among its native

branches, hanging securely by means of its hooked toes and peculiarly-

organized hind legs, it feeds in situations which otherwise would be

left unoccupied; or, using its long arms, it swings from bough to

hough, with a facility little to be expected from its appearance.

(2161.) The herbage that covers the plain, or the foliage of the

trees, are not, however, the only vegetable materials that have been

made available for the support of Mammiferous quadrupeds. The

Rodentia are furnished with teeth adapted to gnaw even the wood

and the hark, or to crack nuts and other hard fruits, from which they

derive nourishment.

(2162.) This order of Mammals is, therefore, distinguished by the

possession of two incisor teeth in each jaw, so constructed as to

erode hard substances, and which, moreover, by a peculiar mechanism,

to be described in another place, are always kept sharp and tren-
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Fig . 365.

chant: sucli are the incisor teeth of the Beaver or of the Hare
{fig. 365).

(2163.) The skeletons of the Rodentia are slight and feeble,

adapted to the bird-like activity of their habits. Their fingers and toes

are well developed, and the bones of the leg and fore-arm free through-
out their whole length, although the movements of pronation and
supination are as yet much limited. In many genera, more especially

in such as climb trees like the Squirrels, the clavicles are very per-

fectly formed, so that the fore legs can be employed to a certain ex-
tent as hands, for conveying food to the mouth.

(2164.) Very generally, the hind legs of the Rodentia are conside-

rably longer than then- anterior extremities
; hence such genera run

by bounds or leaps, and their course is extremely rapid. In the Jerboa
{Dipus) {fig. 36C) this disproportionate size of the hind legs is exces-

sive, insomuch that the creature moves by leaps, like a kangaroo ; and,

the metatarsal bones of the three middle toes being consolidated into

one bone, the whole limb resembles more that of a bird than of a

quadruped.

(2165.) Among all the countless races of the animal kingdom, Man
alone is permitted, in a state of nature, to arrive at old age ; that is

to say, at such an age as to allow feebleness and decrepitude to usurp

the place of strength and activity. Man only is capable of such a

privilege, because he alone possesses that foresight which enables him
to prepare in youth against the decline of his faculties, and is endowed
with sympathies and affections directing the young and the vigorous

to maintain the aged and the infirm.

(2166.) Among the lower animals, sickness and decay are not per-

mitted to exist. Activity and health alone are conspicuous throughout

the broad creation : disease and decline are banished from the world.

Does any creature lack but for a brief period its accustomed powers

of escape, the destroyer is at hand instantly to remove it' from its ap-

3 D
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pointed sphere of action. Butchers are placed on all sides, ready

to perform their
^.366.

office
;
and nothing

is permitted to live

hut what possesses

its faculties and its

strength unim-

paired and unen-

feebled.

(2167.) The great

character that dis-

tinguishes the Car-

nivorous quadru-

peds is, the high

degree of intelli-

gence and activity

for which they are

so remarkable. The

perfection of their

limbs, and the

acuteness of their

senses, at once in-

dicate their superi-

ority over the Her-

bivorous races ; and

their jaws, armed

with powerful flings,

usually distinguish-

ed by the name of

canine teeth, show

at a glance the Skeleton of Jerboa,

nature of their ap-

pointed food, and their murderous propensities.

(2168.) The distribution of these tyrants of the animal creation

we shall find to be coextensive with that of the victims they are ap-

pointed to destroy.

(2169.) The aquatic tribes of the Carnivora {Amphibia, Cuv.) are

obviously constructed for swimming. Their bodies, covered over with

short, close, and polished hair, taper off towards each extremity,

resembling in form those of the Cetaceans. The cervical, thoracic,

and lumbar regions of the spine are light and flexible ; and the pel-

vis contracted and placed as far back as possible. Both the anterior

and posterior extremities, although completely formed, are short; and

in the living animal are only free externally as far as the carpal and

tarsal joints. The feet, moreover, arc broadly webbed, and thus be-
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come converted into most efficient paddles, by the aid of which these

creatures swim with astonishing ease and elegance, the hinder pair

performing at once the functions of oars and rudder. Upon land,

, Fig. 367.

Skeleton of Seal.

however, their movements are, as might be supposed, extremely clumsy

:

it is true that they not unfrequently scramble on to the beach, there

to bask in the sun, or to suckle their little ones ; but, if danger

threatens, they immediately take to the water, and fall easy victims

if their retreat towards the sea be intercepted.

(2170.) Such being the helplessness of the Seals when they quit

the water for the shore, it is not surprising that, in some of the larger

and more unwieldy forms, assistant locomotive oi-gans have been

given, derived from unlooked-for sources. Thus in the Walrus (Tri-

checus rosmarus), which apparently obtains nourishment from the fuci

of the shore, as well as by destroying living prey, even the cauine

teeth of the upper jaw are converted into instruments of progression,

and serve as crutches to drag the animal along. In these creatures

the upper jaw is extremely dilated and massive, and the canine teeth

implanted in it not unfrequently project downwards to a distance of

from one to two feet from the mouth. The strength of the tusks so

formed is proportionate to the bulk of this gigantic Seal, and by their

aid the Walrus is enabled to climb on to tbo rock in order to repose

after its labours in the ocean.

(2171.) The Terrestrial Carnivora, that live upon flesh, are naturally

divisible into two great sections. Of these, the most cruel and blood-

thirsty, who walk only upon their toes, and are called from this circum-

stance “ Digitigrada,” bound along with an elasticity and swiftness that

are abundantly provided for in the construction of every part of their os-

seous system. In this section are classed the extensive tribes of

Weasels, (Jig. 368), and of Civets, the Hyenas, and the race of Cats,

the most formidable and ravenous of quadrupeds.

3 d 2
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Fig. 368.

Skeleton of the Weasel.

(2172.) In the Feline Carnivora, indeed, to which belong the Lion

and the Tiger
, so justly celebrated for their strength and ferocity, a

peculiar and beautiful provision is visible in the construction of the

foot, whereby the claws that arm the last phalanges of the toes are

kept constantly sharp, their points never being allowed to become

worn by touching the ground ; hence they are in these creatures ter-

rific instruments of attack. The mechanism provided for effecting

this is as follows :—three elastic ligaments, derived from the penulti-

mate joint of the toe, are inserted into the last phalanx in such a

manner that, by their elasticity, under ordinary circumstances, they

keep the claw laid back upon the upper aspect of the foot ; so that

the soft cushions beneath the toes being the only parts brought in con-

tact with the ground, these creatures always walk with a stealthy and

noiseless tread. But when the Tiger springs upon his prey, the ten-

dons of the flexor muscle of the toes, implanted into the opposite sur-

face of the phalanx, overcoming the elasticity of the retractile liga-

ments, pluck forward the curved claws, and, burying them deeply into

the flesh of the victim, the strongest animals struggle vainly to shake

off a gripe so tenacious.

(2173.) But, among the Digitigrade Carnivora, none are of so much

importance as the Dog; an animal specially provided for the use of

mankind, to be his companion in the field, and his assistant at the

chase. Nor has Nature, in the case of the Dog, merely given to man
a servant endowed with sagacity and zeal : man has need of help in

various ways, and under very different circumstances. In bodily

strength he is unable to cope with ferocious enemies that surround

him on all sides ; his senses are imperfect, when compared with those

of some of the lower animals ; in speed he is outstripped by the very

creatures appointed to be his food—how then are all these deficiencies

to be compensated? The Dog has been placed at man’s disposal : its

instincts, its size, its form, its senses, and its corporeal attributes, are

all subjugated to his control; and thus whatever aid he may require,

is to be obtained by the cultivation of its faculties.
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(2174.) The Plantigrade Carnivora, as their name indicates, in

walking apply tjie entire sole of the foot to the ground, as far hack as

the end of the os calcis : such are the Bear (Ursm), the Glutton
(
Gulo),

the Badger (Melee), and others of similar organization. These tribes

are less exclusively carnivorous in their habits than the preceding, and

their nails are not retractile, so that their points are blunted by drag-

ging upon the ground.

(2175.) The Insectivora form another section of these destructive

quadrupeds, distinguished by their molar teeth being studded with

sharp points, and thus calculated to devour insect prey : the Hedgehog

(
Krinaceue), the Shrew (Sorex), and the Mole (Talpa), are well-known

examples of this division, and their habits are known to all. We
need scarcely mention the peculiar circumstances under which the

Mole passes its subterranean existence, or the extraordinary confor-

mation of its anterior extremities, whereby they are converted into

most efficient instruments for digging beneath the soil. The extended
scapula, the strong and well-developed clavicle, the square and massive

humerus, and, moreover, the broad and rake-like hand, all proclaim

the office of this strange limb : while the long and carinated sternum
indicates with equal plainness the size and pow'er of those muscles by

which the apparatus is wielded.*

(2176.) The Cheiroptera, or family of Bats, present a striking

contrast to the Mole both in form and habits . neither would it be

easy to conceive that a skeleton, consisting almost of precisely the

same elements, could be converted to uses so diametrically oppo-

site.

Fuj. 3110.

Skeleton of Bat.

(2177.) In these Mammalia the anterior extremities are converted

into wings, enabling them to emulate the very birds in their powers of

flight, and in the velocity of their movements, when upon the wing

* For an admirable history of the habits of the Mole, the reader is referred to Bell's

British Quadrupeds, page 85.
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pursuing insect prey. In creatures destined to such a life, the whole

skeleton must of course he lightened, and the bones attenuated to the

utmost. The skull, the spine, the thorax, the pelvis, and the hind ex-

tremities, all testify, by the delicacy of their structure, that no unne-

cessary weight is here permitted. It is, however, in the construction

of the anterior limbs that the Cheiroptera present the most remark-

able peculiarities. The scapula! are broad and expanded, covering a

considerable portion of the back of the thorax, thus giving a firm

basis to the wing. The clavicles are large and perfectly formed, in

order to resist the powerful action of the pectoral muscles used in de-

pressing the wings during flight ; and, in order to give, those muscles a

sufficient extent of origin, the sternum, although exhibiting the gene-

ral characters of that of a quadruped, is deeply carinated along the

mesial line. The humerus is of moderate length, but the fore-arm

prolonged and slender
;

it consists, in fact, of but one bone, so that

all movements of pronation and supination are necessarily impracti-

cable. The carpal bones present their usual structure and arrange-

ment at the base of the hand ; but those of the metacarpus, except-

ing that of the thumb, are so extraordinarily lengthened, that they

themselves form a considerable portion of the framework of the wing,

which is completed by the phalanges of the fingers appended to their

extremities. All these wire-like fingers are connected together by a

broad duplicature of skin, derived from the sides of the body, which

is continued along the whole length of the hind legs, and even fills up

the interspace between these last and the tail ; this membrane forms

an expansion sufficiently extensive to become converted into an organ

of flight. The fingers composing this strange hand are obviously

incapable of closing towards the palm, as ours do when grasping an

object : their only movements are such as fold up the wing against the

side of the body, by laying the fingers close along the side of the fore-

arm, as in closing a fan. The thumb alone is left free ; and this being

short, and armed with a strong nail, is employed in enabling the crea-

ture to cling to some elevated object in those gloomy lurking-places

wherein it hides during the day.

(2178.) The Quadrumana, next to mankind the most elevated mem-

bers of the animal creatiou, are, as is evident from every point of their

organization, the destined inhabitants of the trees; neither will it ap-

pear astonishing, when we consider the extensive provision that has

been made for the support of animal life amid the dense and pathless

forests of tropical climates, that auimals so intelligent, and capable of

enjoymeut, should have been widely disseminated through extensive

regions of our globe.

(2179.) The great distinction characteristic of the Quadrumana is

found in the organization of their feet, all of which are converted into

prehensile instruments, whereby they can seize the boughs of the
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trees wherein they reside, and thus securely swing themselves from

branch to branch, or even leap from one tree to another, with wonder-

ful activity and precision. Their hands are constructed upon the same

principle as those of Man; their thumbs, although less perfectly

formed than our own, being opposable to the other fingers, and thus

securing a firm and steady grasp. The bones of the fore-arm are free,

and accurately articulated with each other ; the pronation and supi-

nation of the hand are, therefore, accomplished with facility. In

the construction of the feet the same provisions have been made to

enable them to take a firm grasp : the toes, like the fingers of the

hand, are long and flexible, and the representative of the great toe is

converted into a very perfect thumb, easily opposable to the rest; the

foot, or posterior hand, therefore, equals, or even surpasses in its pow-

ers of prehension, the hand which terminates the anterior limb. For

many of the American monkeys a fifth hand has been provided, formed

by their long and muscular tail, which, from its extreme flexibility,

can be forcibly twisted around any foreign object, and holds it with a

tenacious grasp. Thus abundantly furnished with prehensile instru-

ments, the Quadrumana are obviously most excellent and accomplished

climbers ; springing fearlessly through the forest by strong and vigo-

rous leaps, or chasing their prey even to the topmost branches of the

trees wherein they live.

(2180.) But, however grotesquely some of the more anthropoid

Quadrumana resemble the human race, the approximation, even in

their outward form, is at best exceedingly remote. The lower tribes,

such as the Lemurs of Madagascar, walk on all fours like cats, and are

still remarkable for their long and fox-like muzzle. The brutal and

ferocious Baboons are scarcely more human in their appearance
; and

even in the most elevated species, called by the vulgar “ wild men of

the woods,” the interval that separates them from humanity is wide

indeed

!

(2181.) Taking the skeleton of the Orang-Outang (Simia Satyrus)

as one of the most perfect examples met with in the class under con-

sideration, it is at once evident that such an animal is by no means

adapted to walk in an erect position, although well fitted to maintain

a semi-upright attitude, such as is best calculated for climbing. The

skull, whose very outline indicates brutal ferocity, is armed with ca-

nine teeth, scarcely less formidable than those of the Tiger ; and the

massive jaws of this creature are moved by muscles almost equally

powerful. It is true that the protuberance of the face is considerably

diminished, and the facial angle thus materially enlarged ; but to make

up for the feebleness of the upper jaw, consequent upon this reduced

size of the bones composing it, additional strength is needed to resist

the strong pressure of the enormous temporal muscles. This is given

by adding strong buttresses to the outer angle of the. orbit, formed
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by the union of the frontal and the jugal bones, and thus the whole
outline of the face becomes more
humanized.

(2182.) Another advance to-

wards the condition of the human
skull is apparent in the position

of the foramen magnum, and of

the condyles of the occipital bone,

which are considerably advanced

forwards beneath the base of the

cranium, thus allowing the head
to be articulated to the atlas at

a very considerable angle with

a line drawn through the axis of

the spine
; a condition evidently

favourable to the erect posture.

(2183.) The thorax is well

formed and capacious, giving great

freedom of respiration
; but the

spinal column is short and clumsy,

neither does it present those grace-

ful sigmoid curves that convert

the human spine into a perfect

spring, upon the top of which the

head is carried.

(2184.) The arms are of in-

ordinate length, and extremely

powerful; the joints perfect, and
the clavicle well formed. But in

the construction of the pelvic ex-

tremities the differences between

this and the human skeleton be-

Fig. 370 .

come strikingly apparent. The
pelvis is long, and the ossa ilii narrow

; the thighs and legs so

short, that, when the creature stands erect, the tips of the fingers

almost touch the ground. The protuberance of the os calcis is very

slight ; and thus the posterior hands, although well adapted for taking

hold of any object, are but ill calculated to sustain the weight of the

body in an upright posture. Upon the ground, indeed, the living

animal puts the spectator in mind of a human being crippled in the

lower extremities ; but, in its native trees, these members, like those

of the Sloth, are admirably suited to the circumstances under which

the Orang is ordained to live.

(2185.) Having thus introduced the reader to the different orders

of Mammalia, as well as to the principal differences observable in the
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arrangement of their osseous system, we must briefly glance at some
few points connected with their myology, selecting those that seem
most worthy of being specially pointed out to the notice of the anato-

mical student.

(2186.) To enumerate all the varieties that occur in the disposition

of the muscular system in vertebrate animals, would of course be in-

. compatible with the extent of this work ; and perhaps, even were it

practicable, the details would scarcely possess much interest to the be-

ginner in comparative anatomy. Considered generally, indeed, the
muscular system of quadrupeds conforms very accurately in its arrange-
ment to that of the human subject

; and for the most part the same
names are applicable to the individual muscles, allowance being made
for such modifications in the manner of their origins and insertions

as are rendered necessary by the disposition of the skeleton, or in

order to accommodate them to the performance of special functions.

To enumerate, therefore the muscles of the jaws, of the neck, of the
spine, of the chest, of the abdomen, or even of the extremities, in

such genera as have the members last mentioned completely developed,

would only be to repeat circumstances with which the human anato-
mist is already familiar : nevertheless, there are some points of prac-

tical importance connected with this part of our subject that must not

be altogether passed over in silence.

(2187.) The diaphragm is a muscle only met with in the class be-

fore us, and in all Mammalia it forms the great agent in respiration
;

dividing the thoi'acic from the abdominal cavity by a broad musculo-

tendinous septum, and presenting a disposition in all essential particu-

lars similar to that of Man.

(2188.) Another muscle of considerable anatomical interest is the

cutaneous muscle provided for the movements of the integument. In
many tribes, more especially those which, like the Hedgehog, the

Echidne, and the Porcupine, have the skin covered with spines, this

muscle is extremely developed, investing the greater part of the body

with a thick layer of muscular fibres, called not improperly the panni-

culus carnosus. In Man, too, this muscle exists, but under a very

different aspect ; being only found in certain regions of the body,

where it forms numerous cutaneous muscles adapted to different

offices. In the neck, where it is principally developed, it is called the

platysma myoides

:

in the facial region it is likewise of great import-
ance; the occipito-frontalis, the corrugator supercilii, and other muscles
connected with the expression of the countenance, being indubitably

but portions of the fleshy paunicle. In the palm of the hand it

is slightly visible, forming the palmaris brevis; and even the little

muscles connected with the external ear may be referred to the same
series.

(2189.) In Whales, no pelvis or posterior extremities' exist; it is
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needless, therefore, to remark, that the whole of the muscular system

appropriated to those parts in higher animals must be totally wanting

:

hut, iu return, the muscles connected with the caudal portion of the

spine are amazingly powerful, so as to render the horizontally-

expanded tail an instrument of propulsion, adequate to the necessities

of these unwieldy animals. A large triangular muscle is found in the

Cetacea, apparently replacing the quadratus lumborum, the psoas, and

the iliacus, which arises from the lower surface of the last rib, from

the last dorsal vertebrae, and also from those of the loins and sacrum

:

from this powerful assemblage of muscular fasciculi, tendons are given

off, to be iuserted into the lower surface of the bones that support the

tail, converting this organ into a mighty oar, adapted by its position

to bring the creature with all speed to the top of the ocean in search of

air. It is, as might be supposed, in the muscles of the limbs that

the most important differences exist. In the anterior extremities, for

example, the presence or absence of a clavicle will materially affect

the disposition of the muscles of the shoulder, as will also the exist-

ence of a coracoid process to the scapula; nevertheless in their geueial

arrangement they conform to those of Man. The rhomboid muscles,

which to creatures walking on all fours must be important agents,

are generally found iu quadrupeds to take their origin as far forward

as the head; the serrati magni, likewise, whereby in tbe prone

position the weight of the body is as it were suspended from the

scapula, must be immensely strong.

(2190.) The muscles acting upon the arm are similar iu all the

Mammalia; but in the fore-arm, as might be expected from the very

variable condition of this part of the skeleton, the disposition of the

muscular system varies too, and even the existence of many muscles

could not be expected : thus as the movements of pronation and supi-

nation are, from the immovable condition of the bones of the fore-

arm, impracticable in the Cetaceans, the Ruminants, the Solipeds,

and others, the pronators and supinators are denied ;
or, if their re-

presentatives exist, they become simply assistants m flexion and ex-

tension The flexors and extensors of the wrist are pretty constant,

but the muscles devoted to the hand and fingers vary in almost

every order. The palmaris longus, although generally present where

the hand is flexible, is wanting where its action upon the palmar fascia

would be useless, as, for example, in the ungulate tribes.

(2191.) In quadrupeds there are two extensor tendons appropriated

to each of the fingers that correspond to the four outer fingers ol the

human hand; whilst in Man the index and little fingers only have

auxiliary extensors.

(2192.) The abductor and extensor muscles of the thumb are not

so perfectly developed in any animals as they are in the human hand.

The short extensor is, in fact, wanting even in Monkeys ;
and in tbe
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lower orders of quadrupeds even the extensor longus and abductor are
blended together, or totally wanting.

(2193.) The deep and superficial flexors of the fingers are very gene-
rally met with, the number of tendons furnished by each corresponding
of course to that of the fingers themselves

; but in the Solipeds the
two muscles are almost blended together. Even iu the Ruminants,
although these muscles remain separate, their tendons become con-
founded together, and divide again, to be inserted into the phalanges
to which they are appropriated. In these Ungulata, too, as we need
scarcely say, the lumbricales and interossei are quite deficient; and the
short muscles of the thumb are completely developed only in Man and
in the Quadrumana.

(2194.) It is in the human species only that the lower extremities
aie oigauized so as to maintain the body in the erect position, and, in

consequence, the glutaei muscles in the human body are enormously
developed when compared with those of the lower animals : but the
other muscles derived from the pelvis and thigh present but slight

differences throughout the whole class under consideration. In the
leg and foot likewise it is not difficult to identify the muscles that
correspond to those found in the human subject, but, as in the ante-

rior extremity, modified in their disposition and mode of insertion in

accordance with the construction of the skeleton.

(2195.) The articulations whereby the different pieces composing
the Mammiferous skeleton are connected to each other are constructed
upon the same principles as in the human body, insomuch that to

describe them even in general terms would be useless.

(2190.) The bones of the cranium and face, as in Man, are joined
together by harmony or by suture. The articulations of the lower jaw
are double, each presenting an interarticular cartilage; except in the
Cetacea, where, instead of such a structure, a very thick matted liga-

mentous substance, having its interstices filled with oil, passes directly

from the condyles of the jaw to the temporal bones.

(2197.) The joints of the spine, thorax, nncl pelvis are all con-
structed upon the same principles as the corresponding articulations
in the human subject; and the same may, with slight exceptions, be
said of those of the extremities. The chief differences will be found
in the connection between the radius and ulna, the movements of
rotation becoming gradually less manifest as we descend from Man :

the tibia and. fibula, too, ultimately become completely anchylosed to
each other. The hip-joint contains an internal ligamentum teres

;

but
in a few instances, e. g. the Omithorhynchus, the Echidne, the Sloths,
the Elephant, the Seals, and the Orang-Outang, this round ligament
is deficient. I he arrangement of the other articulations will be at
once apparent, on reference to the figures of the different skeletons
already given.
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(2198.) Turning to the digestive system of Mamtniferous animals,

their teeth first invite our attention. We have already, when de-

scribing the osseous framework of these elevated beings, exposed their

Fig. 371.

Mouth of Whalebone Whale.

general arrangement in the jaws of the different orders ; hut it still

remains for us to explain the varieties of their structure and the mode

of their formation.

(2199.) The most remarkable form of teeth, one indeed that is

unique, is met with in the Whalebone Whale (Balcena mysticetus). The

teeth in this Cetacean are not, indeed, instruments of mastication

;

but form a very curioifs apparatus, adapted to strain the waves of the sea

as through a sieve, and thus obtain from the ocean a sufficiency of food

for the sustenance of its monstrous body.

(2200.) The whalebone (as it is improperly called) is attached to the

gums of the upper jaw, being arranged in thin flat plates of some

breadth, and varying in length according to the size of the whale.*

These plates are placed in several rows, similar to teeth in other

animals ;
they stand parallel to each other, having one edge directed

towards the circumference of the mouth. The outer row is composed

of the longest plates, and these are in proportion to the varying

distances between the two jaws, some being fourteen or fifteen feet long,

* J. Hunter, on the Structure and (Economy of Whales. Philos. Trans. 1787.
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and twelve or fifteen inches broad, but towards.the anterior and pos-

terior part of the mouth they are very short.

(2201.) Inferiorly each plate of whalebone is terminated by a broad

fringe of horny fibres resembling hair; and, seeing that in some
whales there are about three hundred plates composing the outer

row on each side of the mouth, the reader may form some idea of

the extent of this enormous strainer, whereby the little Clio

Borealis, and other small Mollusca that swarm so abundantly in

the Northern ocean, are caught by shoals preparatory to their being

swallowed.

(2202.) For what is known concerning the growth of whalebone, we
are indebted to John Hunter; and, as it would be difficult to curtail

his clear and concise description of the process, it is here given in his

own words.*

(2208.) “ The formation of whalebone is extremely curious, beiug

in one respect similar to that of hair, horns, spurs, &c.; but it has

besides another mode of growth and decay, equally singular.

(2204.) “ These plates form upon a thin vascular substance, not

immediately adhering to the jaw-bone, but having a more dense

substance between, which is also vascular. This substance, w'hich

may be called the nidus of the wdialebone, sends out thin, broad

processes answering to each plate, on which the plate is formed, as

the cock’s spur or the bull’s horn on the bony core, or a tooth on

its pulp; so that each plate is necessarily hollow at its growing

end, the first part of the growth taking place on the inside of this

hollow.

(2205.) “ Besides this mode of growth, which is common to all

such substances, it receives additional layers on the outside, formed

from the above-mentioned vascular substance, extended along the

surface of the jaw. This part also forms upon it a semi-horny

substance between each plate, which is very white, rises with the

whalebone, and becomes even with the outer edge of the jaw. This

intermediate substance fills up the spaces between the plates as

high as the jaw ; acts as abutments to the whalebone ; or is similar

to the alveolar processes of the teeth, keeping them firm in their

places.

(2206.) “ As both the whalebone and intermediate substance are

constantly growing, and as we must suppose a determined length

necessary, a regular mode of decay must be established, not depend-

ing entirely on chance, or the use it is put to. In its growth, three

parts appear to be formed : one from the rising cone, which is the

centre; a second on the outside; and a third, being the intermediate

substance. These appear to have three stages of duration ; for that

which forms on the cone, I believe, makes the hair, and that on the

* Vide supra.
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outside makes principally the plate of whalebone : this, when got a

certain length, breaks off, leaving the hair projecting, becoming at

the termination very brittle : and the third, or intermediate* substance,

by the time it rises as high as the edge of the skin of the jaw, decays

and softens away like the old cuticle of the sole of the foot when
steeped in water.”

(2207.) Other kinds of teeth, met with among Mammals, are com-

posed of calcareous earths deposited in a nidus of animal matter, and

consequently resemble bones

in the hardness of their tex-

ture. In their simplest form

these teeth consist of but one

kind of material, called ivory;

and in such cases there is no

distinction into classes as in

the human subject, every tooth

being conical, and formed upon
a simple pulp. Such are the

teeth of the Porpoises {Delphi- Teeth of the PorP°ise -

nidce), and of the Cachelot Whales (Physeter). The example selected to

illustrate their structure and mode of growth is a preparation of a portion

of the jaw of the Bottle-nose Whale (Delphinus Tursio) contained in the

Hunterian collection. -)- From this it is seen (fig. 372) that each tooth

of the Cetaceans in question is a hollow cone of ivory (a, b, c, d),

which, on being split longitudinally, is found to contain a vascular

pulp exactly filling up its internal cavity. It is upon the surface of

this pulp that the ivory matter is produced and deposited, stratum

inter stratum, within the tooth, thus gradually adding to its substance

as growth proceeds. In animals possessing a dental apparatus of this

description, Mr. Hunter observed that the teeth are not at first de-

veloped in the jaw, but appear to form in the gum upon the edge of

the maxillary bones; and that they either sink into the jaw as they

lengthen, or, as is more probably the case, the alveoli rise to inclose

their roots as growth advances. It would moreover appear that these

creatures do not shed their teeth; but that, as the jaw enlarges, new
teeth are constantly produced from behind, while those towards the

symphysis fall off, and their sockets become absorbed : thus the size

of the teeth is made to keep pace with the increasing dimensions of

the jaw.J The exact number of teeth met with in any species of these

Whales will evidently be uncertain.

* Mr. Hunter means, by “ intermediate,” interposed between the contiguous plates,

not between the “ hair ” and the laminated whalebone.

+ Preps. No. 327 and 328.

\ The Animal CEconomy, by John Hunter, with notes by Richard Owen, Esq., F.R.S.,

p. 353. London, 1837.
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(2208.) In the male Narwal
(
Monodon

)
there are no teeth implanted

along the margins of the jaws ; but from the intermaxillary bone of

the left side of the face there projects a single tusk of great strength,

which sometimes attains the length of eight or ten feet. This formid-

able weapon is fully developed only upon one side of the body ; never-

theless, the corresponding tooth exists in a rudimentary condition, in-

closed in the opposite intermaxillary bone.

(2209.) In the Elephant, a creature which so obviously forms a con-

necting link between the gigantic Cetacea and terrestrial quadrupeds,

tusks, more ponderous even than that of the Narwal, project from both

intermaxillary bones : but these, as well as the tusks of other Pachy-
debmata, grow upon a simple pulp, such as that which forms the

teeth of the Bottle-nose Whale
;
are formed of ivory, without any

enamel ; and their growth is only limited by the abrasion to which

they are subject.

(2210.) In by far the greater number of quadrupeds the teeth

present a more complex structure, and consist of two distinct sub-

stances of very different texture : the one analogous to the ivory of the

simple teeth described in the last paragraph ; the other called enamel,

of crystalline texture, and such extreme density as to withstand being

worn away by acting upon the hardest materials used as food. Teeth

of this description may be advantageously divided into two principal

groups : first, those whose growth is continuous during the entire life-

time of the animal ; and, second, those which are completed at an early

period, and then cease to grow.

(2211.) The first division includes the incisor teeth of the Ilodentia,

or dentes scalprarii, as they have been termed. Such teeth are, in

fact, chisels of most admirable construction, destined to gnaw the

hardest kinds of food, and yet never to all appearance wearing away or

becoming blunted by use.

(2212.) The annexed figure (373) represents a section of the incisor

Growth of incisor tooth in the Porcupine.

tooth, and of the left ramus of the lower jaw of a Porcupine (Hystrix

cristata), and from this example the structure of such ' teeth will be
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readily understood. The bulk of the tooth consists of solid ivory (a),

which in its texture and mode of growth resembles that of a simple
tusk, being continually growing from behind by the addition of new
matter produced from the vascular pulp (c), so that, were such a tooth

not worn away constantly at the point, it would curl up over the face

like the tusk of the Babiroussa; and if by accident the opposing tooth

in the upper jaw should be broken off, this circumstance in fact really

takes place.

(2213.) But, besides the ivory-forming pulp (c), there is a vascular

membrane (e) which exists only upon the anterior surface of the

socket, its limits on each side being distinctly marked by a defined

line. This membrane secretes enamel, and coats the convex surface

of the tooth with a thin layer (b) of that dense substance. From this

beautiful arrangement it results, that while the anterior end of the

tooth is perpetually worn away by attrition against hard substances,

the ivory is abraded more rapidly than the enamel that coats it in

front
;

thus, therefore, the tooth constantly preserves its chisel-like

shape, and presents the sharp cutting edge formed by the layer of

enamel.

(2214.) The second kind of teeth, composed of bone and enamel,

are limited in their growth ; and the entire crown or projecting portion

is invested with enamel covering its surface. The teeth of all the

Carnivora, of the Qoadrumana, and also of Man, are of this descrip-

tion. From marked differences in their form in different regions of

the mouth, such teeth are conveniently divisible into different groups,

called respectively incisores, laniares or canine teeth, pseudo-molares

or false grinders, and molares or grinding teeth.

(2215.) Whatever may be the shape of teeth of this class, their

mode of growth is similar to that observed in those of our own species.

Fig. 374.

Growing teeth of a young Lion.

We have chosen, in order to illustrate this, the growing permanent

teeth of a young Lion, wherein the different organs employed in their
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formation are easily distinguishable. The ivory, that forms the bulk
of the tooth

[fig. 374, b) is formed by the surface of an internal pulp
(a

) ; and as it slowly accumulates, encroaching upon the central cavity,

and penetrating more deeply into the socket, the fang is gradually
formed, and the central pulp shrinks until, in the fully-formed

tooth, it becomes reduced to a thin membrane richly supplied
with vessels and nerves, which lines the small central cavity that

remains.

(2216.) Before the progressively advancing tooth issues from the
nidus wherein it is produced, the enamel is deposited upon the surface

of the ivory by the lining membrane of the capsule (c), and becomes
arranged in crystalline fibres placed perpendicularly to the surface of
the ivory, until the whole crown of the tooth is adequately coated with
this important additional substance. Meanwhile the growth of the
tooth still proceeds by the lengthening of its root, until at last the
crown issues from the jaw, and the enamel-secreting membrane (c)

becomes obliterated.

(2217.) The most complex condition of the dental organs is that
found in the molar teeth of herbivorous quadrupeds, which, being
destined to act the part of mill-stones in grinding down and commi-
nuting vegetable substances, must necessarily, like the mill-stones of
human contrivance, have a grinding surface, presenting prominent
edges and deep sulci, not liable to become worn even by the continual
abrasion to which they are subjected. In order to obtain this end, the
ivory and enamel indigitate, as it were, in the substance of the tooth

;

and are, moreover, imbedded in a third material, not met with in the
simpler foims, called the ccvicntuvx or cvustci pBtvosci. In consequence
of this arrangement, seeing that the plates of ivory, of enamel, and of

cement, are all of Fig. 375.

different degrees of

hardness, the softer

substances are most

easily worn away
;

and thus these com-

pound teeth always

offer an efficient

grinding surface.

(2218.) By in-

specting the ac-

companying figure

(fig. 375), repre-

senting a section of

the tooth of an

Elephant, the dis-
Structure of the molar teeth of the Elephant.

position referred to will be better understood : the layers of enamel

3 E
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are seen to alternate with plates of ivory, while all the interstices are

filled up by the circumfused cementum.

(2219.) During the growth of a compound tooth of this description,

the enamel-secreting membranes derived from the capsule of the tooth,

of course, interdigitate with the ivory-forming pulps that arise from

the bottom of the sockets, and thus the hard materials formed by

them take the same arrangement. After these structures have been

completed, one or other of the sets of pulps, most probably the enamel

pulps, changing their action, fill up all the intervening spaces with the

crusta petrosa.

(2220.) As during the growth of a quadruped the size of the .

jaws is continually increasing, a necessity exists for changing the

teeth once or oftener during the life of the animal, in order to

adapt these organs to the altered conditions required: hence the

necessity for sheddiug the teeth of young animals, and replacing

them with others of larger dimensions or more numerous than the

first set.

(2221.) This is effected in two different ways, each of which demands

our separate notice.

(2222.) In most quadrupeds, as, for example, in the Carnivora, the

Quadrumana, and the greater number of herbivorous genera, the

succession of the teeth is provided for precisely in the same way as in

our own persons, namely, by the formation of a new tooth below each

of the deciduous oues
(fig . 374, d, d

) ; so that, when the latter falls out

in consequence of the absorption of its fangs, the former is ready to

take its place. The germ of the second tooth is at first found im-

bedded in the jaw-bone, in the immediate vicinity of the roots of the

one which it is destined to replace ; and, as its growth advances, the

old and used tooth is gradually removed to make way for the new-

comer. The steps of this process are exactly similar to those by which

the milk-teeth of a child are changed, and the details connected with it

are familiar to every anatomist.

(2223.) But in the Elephant, and some other genera of Pachyder-

mata, the succession of the teeth is effected in a different manner

;

the place of the first-formed being supplied by others that advance

from behind as the former become used. Animals exhibiting this

mode of dentition have the grinding surfaces of their molar teeth

placed obliquely ;
* so that, if they were to issue altogether from the

gum, the anterior portion would be much more prominent than the

posterior, notwithstanding that the opposed teeth act upon each other

in a horizontal plane. The consequence of this arrangement is, that

the anterior portion of these teeth is ground down to the roots, and

wTorn away sooner than the posterior portion. Moreover, the posterior

* Cuv. Lcqons d’Anat. Comp. tom. iii. p. 122.



MAMMALIA. 787

part of the tooth is considerably wider than the' anterior
; so that, as

the succeeding tooth advances from behind, there is always sufficient

room to receive it; and in this way, by the time that the first

tooth is quite destroyed and falls out, a new one from behind has
already taken its office. There is, therefore, no absorption of the

roots of these teeth, but they are ground down from the crown to the
stump.

(2224.) The new tooth that thus advances from behind is always of

larger dimensions than that to which it succeeds ; because the animal
itself has grown in the interval, and the jaws have become proportion-
ally developed.

(2225.) The Elephant in this way may have a succession of seven or
eight teeth on each side in both jaws, or from twenty-eight to thirty-

two in all ; and, nevertheless, seeing that the anterior ones successively

fall out, there are never more thau two visible at once above the gums
on each side, or eight in all

:
generally, indeed, there is only one

visible at a time. Every successive tooth is composed of more laminae

thau that which immediately preceded it, and a longer time is required
to perfect its growth.

(2226.) Nearly the same account of this process was found in the

Manuscripts of John Eunter,* who lucidly accounts for such an
aberration from the ordinary course of proceeding. “These crea-

tures,” says that distinguished observer of Nature, “ do not shed then-

teeth as other animals do that have more than one
; for those that

have more than one tooth can afford to be for some time without some
of their teeth : therefore the young tooth comes up in many nearly in

the same place with its predecessor, and some exactly underneath
; so

that the shedding tooth falls sometimes before the succeeding tooth

can supply its uses. But this would not have answered in the Ele-

phant ; for if the succeeding tooth had formed in the same situation

with respect to the first, the animal would have been for some time
entirely deprived of a tooth on one side, or, at least, if it had one on
the same side in the opposite jaw, that one could have been of no use;

and if this process took place in both sides of the same jaw, and in

either jaw, the animal would have been entirely deprived of any use of

the two remaining.”

(2227.) The teeth of Mammalia being thus adapted to so many
various offices, and serving under different circumstances to hold,

to bruise, to cut, to tear, or to grind alimentary substances, we
must naturally expect the movements, of which the lower jaw is

capable, to be in correspondence with the nature of the dental

apparatus.

(2228.) In Man, as the student well knows, in consequence of the

* Descriptive and Illustrated Catalogue of the Physiol. Series of Comp. Anat. in the

Mu?. Roy. Coll. Surg. Lond. Part i. p. 100.
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laxity of the ligaments that connect the inferior maxilla with the

temporal bone, and the thickness of the articular cartilage that is

interposed between the convex surface of the condyle and the shallow

glenoid cavity, every kind of motion is permitted in conformity with

the omnivorous habits of the human race : and the temporo-maxillary

articulation is no longer a mere hinge, but the teeth can be made to

act upon each other by rubbing their grinding surfaces in all needful

directions. In the Herbivorous quadrupeds these triturating motions

are likewise extensive. In the Rodentia the movements of the lower

jaw are principally backwards and forwards, thus giving free play to

their chisel-like teeth whilst employed in eroding bal’d substances

;

and in the Carnivora, where there is no necessity for any grinding

motion, the condyle is so locked into a deep and transverse glenoid

cavity, that the movements of a hinge only are permitted.

(2229.) But, whatever the degree of motion conferred upon the

lower jaw, the muscles that act upon it are exactly comparable to those

of the human subject. The masseter is strengthened in proportion to

the hardness of the substances used for food ; the temporal covers a

greater or less extent of the cranium, as the jaws are stronger or more

feeble ; and even the pterygoid muscles differ only in relative size and

form from those of Man.

(2230.) The digastric muscle, however, which is an important agent

in depressing the lower maxilla, does not preserve the same arrange-

ment in the lowTer quadrupeds that it presents in the human species.

In Monkeys, indeed, it still exhibits two fleshy bellies, and a central

tendon that traverses the stylo-hyoideiis ; but in general it is a single

fleshy muscle, ai’ising from the neighbourhood of the mastoid process,

and inserted near the angle of the jaw.

(2231.) The tongue, in nearly all the Mammifera, is composed

of the same muscles as in Man ; and their disposition is so similar,

as to render any detailed enumeration of them quite unnecessary.

The only exceptions worthy of notice are found in the Ant-eaters

(Myrmecophaga), and in the Echidna, animals possessing tongues of

remarkable length and slenderness, by means of which they secure

their insect prey.

(2232.) In both these animals the tongue suddenly becomes much

contracted at the place where it begins to be free from the surround-

ing parts. It then appears to be made up of two very long and

slender muscular cones, laid one upon the back of the other, their

apices being at the end of the tongue.* Each of these cones consists

of two muscles : one external, composed of a multitude of distinct

fasciculi investing the internal muscle in a circular manner, and

forming around it numerous little rings resembling the anuelli of an

Cuv. Lemons d’Anat. Comp. tom. iii. p. 264.
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earth-worm. The internal muscle, on the contrary, is of great length

;

it arises from the middle and upper part of the sternum, runs forward
along the neck, passes between two layers of the mylo-glossus, and
afterwards becomes surrounded by the annular muscle. It is composed
of distinct fasciculi, rolled upon themselves in an elongated spiral

;

the external fibres terminate at the first rings
;
those beneath attain

the rings that succeed, and so on until the innermost fibres reach
quite to the extremity of the tongue. It is easy to perceive that,

by its action, this muscle will shorten the tongue until it lies in a
very small compass, or bend it in any direction ; whilst the annular
muscle will lengthen it, exactly in the same way as the body of a
leech is extended or contracted.

(‘-1233.) In the Ant-eater the annular muscle does not appear so
distinctly double as it does in the Echidna

;

but it forms by itself

almost all the substance of the tongue, which is thus capable of being
elongated to a wonderful extent.

(2234.) Regarding the tongue with reference to the sense of taste,

the Mammalia may be looked upon as the only animals capable of
receiving much enjoyment from this source, since in them alone the
liugual mucous lining seems to be perfectly adapted to gustation.
Even among these highly-endowed creatures, it is only in Man, and
those Herbivorous orders that prepare their food in the mouth by a
prolonged mastication, that the sense in question exhibits much deli-

cacy of perception
; for the Carnivorous quadrupeds, seeing that they

tear to pieces and swallow their food in large morsels, can scarcely be
supposed to pay much attention to its sapid qualities.

(2235.) In the Cat tribe
(
Felidce), indeed, all the middle portion of

the surface of tongue is covered over with sharp, recurved, and homy
spines, adapted, as it were, to file off remnants of soft flesh from the
bones of their victims

; and the gustatory papillae are elsewhere of
small dimensions. The tongue of the Porcupine, likewise, is armed
on each side near its extremity with broad, horny, and sharp scales

;

but, with these exceptions, the mucous covering of the tongue,

the various kinds of papillae upon different parts of its surface, and,

moreover, the distribution of the nerves supplied to it, differ in no
important circumstance from what is observed in the human organ of

taste.

(2236.) Importantly connected with the perfection of the sense of

taste, and materially assisting in the mastication of food, is the salivary

apparatus, which, throughout all the Mammalia, is made up of the

glands, that offer the same general arrangement as in Man.
(2237.) The parotids vary principally in their proportionate size, and

their ducts always perforate the lining membrane of the mouth in the

vicinity of the molar teeth.

(2238.) The submaxillary and the sublingual glands are also very
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generally present
; and, as in the human subject, the saliva that

they furnish enters the mouth beneath the under surface of the

tongue.

(2239.) The mucous lining of the lips and cheeks is likewise

studded with muciparous follicles, called, from their situation, buccal,

molar, or labial glands; these likewise serve to lubricate the oral

cavity.

(2240.) In the Seals (Pliocidat
)
there are no parotids, neither are

these glands found in the Echidna hystrix, or in the Ant-eater
(
Myrme

-

cophaga); but in the last-named genus their place is supplied by two

other secreting organs, of which Cuvier gives the following descrip-

tion.* One is in contact inferiorly with the upper edge of the masseter

muscle, and fills up a great part of the space that represents the

temporal, zygomatic, and orbital fossae, where it partially embraces

the globe of the eye : the excretory duct derived from this gland

opens into the mouth, behind the superior maxillary hone. The

other, which is probably destined to furnish the viscid secretion that

coats the worm-like tongue of this animal, is oval and flat, lying in

front of the tendon of the masseter behind the angle of the lips, and

then running along the edge of the lower lip as far as its middle.

Its canal opens externally in a groove at the commissui-e of the lips,

and a white, thick, and tenacious fluid may be pressed out, from the

cells of which the gland seems to be made up.

(2241.) In a few species, in addition to the salivary glands met with

in Man,f there is a group, apparently a continuation of the molar,

which mounts up along the superior maxillary hone, beneath the

zygoma, even to behind the globe of the eye. The excretory ducts

derived from this group pierce the mucous membrane near the poste-

rior margin of the superior alveolar ridge ;
such an arrangement is

met with in the Ox, the Sheep, and the Horse.

(2242.) In the Amphibious Mammalia the salivary system is very

feebly developed ; and in the Cetacea, as might be expected from

their habits, no salivary glands whatever are to be detected.

(2243.) Before considering the mechanism of deglutition in the

Mammalia, we must, in the next place, briefly describe their hyoid

apparatus

;

more especially as this remarkable system of bones, which

in the lower Vertebrata was so importantly connected with the respira-

tory function, is now reduced to an extremely simple condition, and,

although it is still intimately connected with the larynx, is more par-

ticularly remarkable, as forming a centre of attachment for almost all

the muscles of the throat.

(2244.) Perhaps there is no part of the bony framework of the body

that exemplifies more strongly than the os hyoides the impossibility

* Leyons d’Anat. Comp. tom. iii. p. 215.

+ Leyons d’Anat. Comp. tom. iii. p. 210.
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of attaining correct physiological views relative to the composition of

the skeleton by the mere examination of the human subject. Let

the student, for instance, compare for a moment the os hyoides of

Man with that of the Fish, or of the Amphibious Reptile, and

endeavour, in the simple segment of a circle presented by the one,

to find the analogues of the body and complicated arches of the

others
; then, doubtless, he will find that, without some intermediate

gradations of form, it is not easy to trace the slightest relationship

between them.

(2245.) The human os lvyoides consists of a central portion and two

cornua
; but these are generally so completely consolidated as to form

but one hone, which is connected by the interposition of a broad liga-

ment with the upper margin of the thyroid cartilage ; moreover, two

smaller appendages, called the lesser cornua, are articulated with the

upper surface of the hyoid bone, close to the point of junction between

the cornua majora and the body; from whence ligaments, called the

stylo-hyoid, pass upwards and backwards to the styloid processes of

the temporal bone.

(2246.) All the apparatus of hyoid arches passing between the body

of the bone and the base of the cranium, which were so largely deve-

loped in the lower Vertebrata, have therefore totally disappeared;

and the question to be solved is, how we may identify the remaining

portions with any of the elements of the more complex structures that

have come under our notice.

(2247.) Difficult as this would be to the student who had confined

his attention to the human body, on re-

ferring to the os hyoides of a quadru-

ped, one of the Carnivora for instance,

the analogies become at once perceptible.

The body (Jig- 376) is evidently the

representative of the central portion of

the hyoid apparatus in Fishes, in Rep-

tiles, and in Birds, which have been

described in preceding pages. The lin-

gual, elements, found even in birds, are

quite obliterated ;
but two arches still re-

main. The posterior of these (Jig. 376,)

which represent the larger cornua of the

human os hyoides, do not reach the cra-

nium, but, as in Man, are attached by

muscle and ligament to the thyroid cartil-

age: while the anterior cornua, so small in Man, are in quadrupeds

by far the largest, each consisting of two pieces, of which the second

are articulated with the extremities of the styloid bones, and

these last are in turn joined to the temporal bones by means

Fig. 376 .
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of articulating surfaces. In Man the styloid bones become anchy-
losed with the temporal, giving rise to the “styloid processes;”

and the intermediate pieces of the anterior cornua have their

places supplied by ligaments (the stylo-hyoid): in this way, there-

fore, the hyoid apparatus attains the form that it exhibits in the

human skeleton.

(2248.) The muscles connected with the os hyoides in quadrupeds

correspond with those met with in the human body
;
and their action

in effecting the deglutition of food is well known to the anatomical

reader.

(2249.) The passage of the fauces in the Mammalia presents an

organization peculiar to the class, and exhibits structures adapted to

prevent alimentary materials from entering the air-passages during

the operation of swallowing. The most remarkable of these is the

epiglottis, forming a valvular fibro-cartilaginous lid, that accurately

closes the opening of the larynx during the transit of food into the

throat. The communication between the posterior nares and the

faucial cavity is likewise protected by a musculo-membranous valve,

called the velum pendulum palati; but as, with the exception of the

Cetacea, hereafter to be noticed, the arrangement of these parts

exactly resembles what is seen in the human subject, it would be super-

fluous to describe them more minutely in this place.

(2250.) The bag of the pharynx in all the Mammalia is similar

in its structure to that of Man
;
and its muscles, namely, the stylo-

pliaryngeus
,
and the three constrictors, although stronger than in our

own species, offer no differences worthy of more particular notice.

(2251.) The oesophagus, leading from the termination of the pharynx

into the stomach, is a long muscular tube, that traverses the chest in

front of the bodies of the dorsal vertebrm, and, having pierced the

diaphragm, reaches the abdominal cavity. Its lining membrane is

loose and much plicated, so as to allow of considerable dilatation

;

but externally its walls are very muscular, the surrounding muscles

being arranged in two distinct layers. Iu Man the outer stratum of

muscular fibres is disposed longitudinally, while the inner layer con-

sists of circular fibres ; but in most other Mammalia both these layers

assume a spiral course, and cross each other obliquely as they embrace

the oesophageal tube.

(2252.) The stomach itself presents such endless diversity of form,

that merely to enumerate all the details that have been amassed rela-

tive to this part of our subject would fill many volumes, without

perhaps at all advancing our real knowledge concerning the progress

of digestion ; we must, therefore, content ourselves with a very gene-

ral view of the organization of this important viscus, and regard the

Mammalia as possessing either simple, complex, or compound stomachs,

each of which will deserve a distinct notice.
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(2253.) In the simple form of stomach the . organ consists of a
single cavity, os is the case in the human species, let the shape of the
viscus be elongated, pyriform, or globular;—for in this respect there
is every possible variety; but whatever its form, or the relative posi-
tions of the cardiac and pyloric orilices, its structure corresponds with
that of Man in all essential particulars. This kind of stomach exists

in by far the greater number of Mammals.
(2254.) In the complex stomach the viscus is made up of several

compartments communicating with each other, but without presenting
any difference of organization, such as in the present state of physio-
logical knowledge would lead us to suppose them to possess different

functions : neither are we at all able to find any connection between
such an arrangement and the nature of the substances used as food.

The Kangaroo (Macropus major), the Kangaroo Rat
(
Hypsiprymnus

),

the Porcupine
(
Hystrix), and the Hyrax, are amongst the most

striking examples.

(2255.) The compound stomach is that possessed by the Rumi-
nantia, or animals that chew the cud ; and consists of four distinct

cavities, differing very materially both in their size and in the
arrangement of their lining membranes. The first and by far the
largest cavity {Jig. 377, cl) is called the paunch [rumen), and is of very
great size, occupying a considerable portion of the abdominal cavity,

and forming the great

receptacle into wdiich

the crude vegetable

aliment is received

when first swallowed

:

this chamber is lined

with shaggy villi. The
second cavity [reticu-

lum) (c) is much small-

er, and its walls are

covered withnumerous

polygonal cells, from

whence it derives the

name it bears. The
third chamber (e),

called the psalterium,

has its lining mem-
brane disposed so as

to form deep lamellae,

arranged longitudinally in alternating large and small layers, and
thus presenting a most extensive surface. The fourth stomach

(abomasm ) (/) also exhibits very numerous folds of mucous mem-
brane : it is of a pyriform shape, and by its smaller end terminates
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at the pylorus (g). The three first stomachs are lined internally

with a thin cuticular investment; but the last, apparently the repre-

sentative of the single stomach of those quadrupeds that have but

one stomachal cavity, is coated with a soft membrane that furnishes

abundantly the ordinary gastric secretions, and appears to be more

especially the digestive stomach.

(2256.) The passage of the food through these different chambers

will be easily understood on referring to the preceding figure, in which

the course of the aliment before and after rumination is indicated by

the direction of the probes a, b. The oesophagus, it will be observed,

communicates on the one hand with the paunch (d), and on the other

with the cavities c, e,f; and, moreover, by means of a muscular fold

formed by the walls of the second cavity, a passage may be formed

leading directly into the third stomach (e) without communicating with

the second (c). The process of rumination would, therefore, seem to

be effected in the following manner. The herbage when first swal-

lowed iu an unmasticated condition passes into the capacious paunch

(cl), where it accumulates, and undergoes, no doubt, a kind of prelimi-

nary maceration. When the Ruminant has done grazing, and is at

leisure, the food is again regurgitated into the mouth, to undergo more

careful aud complete mastication ;
for this purpose, a part of it is ad-

mitted into the reticulum (c) and there formed into a smooth aud lubri-

cated bolus ; which, being expelled into the oesophagus, is immediately

seized by the spiral muscles surrounding that canal, and forced for-

wards into the mouth. After undergoing a thorough triturition, the

aliment is once more swallowed, aud it then enters into the third sto-

mach
(
e
'),

passing along the muscular fold that leads from the oesopha-

gus into that compartment. Here it is spread out over the extensive

surface formed by the laminated walls of the psalterium, and is pre-

pared for admission into the last cavity (/), which, as has been said, is

the true digestive stomach.

(2257.) While the young Ruminant continues to be nourished by

its mother’s milk, the three first cavities are undeveloped and compa-

ratively very small ; so that the milk passes on immediately into the

fourth stomach, to be at once appropriated as aliment.

(2258.) In the Camel, the Dromedary, aud the Llama, the walls of

the reticulum and of a portion of the paunch are excavated into deep

cells or reservoirs bounded by muscular fasciculi, wherein water may

be retained in considerable abundance, unmixed with the contents of

the stomach ;
it is in consequence of this arrangement that these ani-

mals are able to subsist for many days without needing a fresh supply

of water even during long journeys in a tropical climate.

(2259.) In the Cetacea the stomach consists of several bags that

communicate with each other. These bags vary from five to seven in

number; but in the present state of our knowledge concerning the
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physiology of digestion it is difficult to divine what is the purpose of
such an arrangement, more especially as rumination is here out of the
question. The first stomach of the Whale is, however, no longer
merely a reservoir,* as the food undergoes a considerable change in it.

The flesh of its prey is entirely separated from the bones, which
proves that the secretion of this cavity has a solvent power. This was
found to be the case in the Bottle-nose Porpoise and in the large Bot-
tle-nose Whale; in both of which several handfuls of bones were con-
tained in the first cavity, without the smallest remains of the fish to

which they had belonged. In others the earth had been dissolved, so
that only the soft parts remained

; and, indeed, it is only partially-di-

gested materials that can be conveyed into the second and third cavi-
ties, the orifices being too small to permit bones to pass.

(2260.) The rest of the alimentary canal in most quadrupeds, like
that of Man, is divisible into the small and the large intestines

;

the division between the two being marked by oue or even two appen-
dages, called respectively the caecum and the appendix vermiformis.

(2261.) The small intestines require no particular description, as in

all minor circumstances, such as their proportionate length and diame-
ter, or in the number and arrangement of the valvulce conniventes,

they do not differ from the human. The large intestines, however,
offer very great variations of structure, and will therefore merit our
more attentive consideration

;
we shall accordingly lay before the

reader the following resume of the principal facts connected with this

subject, as given by the indefatigable Cuvier.f

(2262.) In Man, the Oraugs
(Simla), and the Wombat

(
Pliascolo

-

mys), both caecum and vermiform appendage are met with.

(2263.) In the other Quadrumana, the Digitigrade Carnivora,
the Marsdptalta, the Bodentia, the Pachydermata, the Buminantia,
the Solipeds, and the Amphibious Mammals, there is a caecum with-

out any vermiform appendage.

(2264.) Neither caecum nor appendix vermiformis are found in the

Edentata, the Plantigrade Carnivora, nor in the Cetacea.

(2265.) Numerous exceptions, of course, occur to the above sum-
mary ; but it would be useless to notice them in a survey so general

as the present.

(2266.) Even where no caecum exists, the separation between the

large and small intestines is generally indicated by a valve
(
ileo-colic

)

formed by the lining membrane of the bowel : this, for example, is

the case in the Sloths and Armadillos.

(2267.) In all the Mammalia that possess a caecum, this organ ap-

pears to be a prolongation of the colon beyond the point at which the

small intestine enters its cavity. The caecum thus formed varies ma-
* Sir E. Home, Lectures on Comp. Anat. vol. i. p. 225.

t Lemons d’Anatomie Comparde, tom. iii. p. 465.
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terially, both as relates to its size, shape, and structure : in animals

that live upon vegetables, and even in some that are omnivorous, it is

generally very large, gathered into sacculi, and often distinctly glandu-

lar ; but in such as live upon flesh it is always small, and its cavity

smooth, resembling a small intestine.

(2268.) The assistant cbylopoietic viscera, namely, the liver, the

pancreas, and the spleen, are constructed upon the same principles as

in the human subject, and, except in a few minor circumstances, offer

little to arrest our particular notice.

(2269.) The liver occupies the same position as in Man, being prin-

cipally situated in the right hypochondrium, where it is securely sus-

pended by broad folds of peritonaeum connecting it to the abdominal

surface of the diaphragm and to the circumjacent parts. It is most

frequently, especially in the more active carnivorous families, divided

by deep fissures into several lobes ; a disposition whereby the free

movement of this part of the body is evidently facilitated. The gall-

bladder, when present, which is not invariably the case, receives the

bile indirectly through a cystic duct derived from the hepatic, so that

the biliary fluid, poured into the duodenum, through a ductus commu-

nis choledochus, is derived either immediately from the liver, or is

regurgitated from the gall-bladder as occasion requires.

(2270.) The pancreas resembles the human in every particular,

and its secretion enters the duodenum at the same point as that of

the liver.

(2271.) The spleen is always attached to the stomach by a dupli-

cature of the peritonseal lining of the abdomen, and is organized in

the same manner as that of Man, except in the Cetacea, where this

viscus is divided into several small portions quite distinct from each

other.

(2272.) The system of the vena porta is made up of the venous

trunks derived from the spleen, the stomach, the pancreas, and the in-

testinal canal: these all unite to form one large central trunk, which,

after entering the liver, again divides and subdivides minutely in that

viscus, and furnishes the venous blood, from which the bile is princi-

pally if not entirely elaborated.

(2273.) The peritonaum, or the serous membrane lining the abdomi-

nal cavity, forms in the Mammalia a shut sac, and by its numerous

inflections invests all the chylopoietic viscera, forming broad mesen-

teric folds to support the intestines; it thus encloses between its

laminae the entire system of mesenteric vessels, and also the lacteals

derived from the alimentary canal : as to the rest, its structure and

disposition, even to the formation of the omental sacs, differ in no

important respect from what is found in the human body.

(2274.) The chyle, the result of the digestive process, is taken up

from the mucous lining of the intestinal canal by innumerable micros-
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copic orifices that form the commencement of the 'lacteal system, which
in the Mammalia seems to assume its most perfect development.
This important system of absorbent vessels consists of slender canals

enclosed between the two layers of the mesentery, to the root of which
they converge from all the tract of the intestine. The valves formed
by the lining membrane of these tubes are in Mammals so numerous
and perfect that it is no longer possible to inject them from trunk to

branch. Before terminating in the thoracic duct, these vessels per-

meate numerous “ mesenteric glands," as they are called, by means
whereof they appear to communicate freely with the venous system

;

but the bulk of the matter absorbed enters a kind of reservoir called
the “ receptaculum chyli," whence, by means of the thoracic duct, the
chyle is conveyed to be mixed up with the mass of circulating fluid,

and is ultimately poured into the vena innominata at the juuction of

the jugular and subclavian veins of the left side of the body.

(2275.) The lymphatic system of Mammals, as far as it has been
studied, conforms in its arrangement to that of Man.

(2276.) Neither will it be at all necessary to describe at any length
the construction of the respiratory and circulatory organs in the class

now under consideration
; seeing that the structure of the lungs, the

mechanism of respiration, the arrangement of the pulmonary vessels,

the cavities of the heart, and the general disposition of the arteries

and veins of the systemic circulation, differ in no material circumstance
from what is met with in our own persons.

(2277.) The lungs, occupying the two sides of the chest, are each
contained in a distinct chamber, formed by the ribs and diaphragm,
without in any part adhering to its walls. Each lung is enclosed in a
serous cavity formed by the pleura, which, after lining the ribs, the
intercostal muscles, and the thoracic surface of the diaphragm, is re-
flected on to the lung itself at the point occupied by the roots of the
pulmonic vessels, and invests the entire surface of the viscus

; it more-
over passes deeply into those fissures that separate the lung into seve-
ral distinct lobes.

(2278.) In the interspace between the two pleurae, called the mcdias-
tina, is lodged the heart, contained in a fibro-serous envelope (the

pericardium)-, and behind this the oesophagus, accompanied by the
principal trunks of the vascular system, passes through the thorax
into the abdomen.

(2279.) Each lung is a closed bag, composed of innumerable cells

that communicate with the terminations of the bronchial tubes, and
collectively present an immense surface, over which the blood con-
tained in the capillaries of the pulmonary vessels is made to circu-

late.

(2280.) The inspiration and expiration of air are effected by the
alternate movements of the diaphragm and of the walls of the thoracic
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cavity, whereby the atmospheric fluid is drawn into and expelled from
the pulmonary cellules, and is thus constantly renewed as it becomes

deteriorated by the abstraction of the oxygen consumed during the

process of converting the venous into arterial blood.

(2281.) The purified blood, after passing through the pulmonary

capillaries, is collected iu an arterialized condition by the pulmonary

veins, and conveyed to the systemic side of the heart, which offers

the same arrangement throughout the entire class, consisting of an

auricular chamber {Jig. 378, c), and of a very muscular ventricle
(
a),

the auriculo-ventricular opening being guarded by mitral valves and

columnce carnece, similar to those found in the human heart. From the

left ventricle the blood is driven into the aorta {e), the commencement
of which is guarded by three semilunar valves, and thus it passes

through the entire system.

(2282.) When again collected from the periphery of the body, the

now vitiated fluid is returned to the heart by the venous system, and

poured through the vena cava into the right or pulmonic auricle ; and

hence it passes into the right ventricle {Jig. 378, b), to be again re-

turned through the pulmonary artery to the lungs, thus completing the

circulation.

(2283.) But although the general arrangement of the circulatory

and respiratory organs in all Mammals thus in every respect resembles

that which exists in the human body, there are of necessity valuations

in the distribution of certain parts of the sanguiferous system, adapted

to the peculiarities of organization presented by the different orders

and even families of this great class, which must not be wholly passed

over in silence.

(2284.) In the Cetacea,

for instance, many interest-

ing circumstances are ob-

servable in the arrangement

of the vascular system.

(2285.) In the herbivorous

genera, as for example in the

Dugong, the two sides of the

heart are separated to a con-

siderable extent by a deep

fissure {Jig. 378, a, b), so

that the pulmonary and sys-

temic hearts are much more

evidently distinct viscera

than they appear to be in

the quadrupedal forms ;
ne-

vertheless, in the Whalebone

and Spermaceti Whales the

Fig. 378.

Heart of the Dugong.
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heart assumes the usual appearance, aucl is only remarkable for its

amazing size
; this, indeed, may well have attracted the notice of

Hunter,* while investigating such gigantic beings. “ In our exa-
mination of particular parts,” says that emiuent anatomist, “ the size

of which is generally regulated by that of the whole animal, if we
have only been accustomed to see them in those which are small or

middle-sized, we behold them with astonishment in animals so far

exceeding the common bulk as the Whale. Thus the heart and aorta
of the Spermaceti Whale appeared prodigious, being too large to be
contained in a wide tub, the aorta measuring a foot in diameter.
When we consider these as applied to the circulation, and figure to

ourselves that probably ten or fifteen gallons of blood are thrown out
at one stroke, and moved with an immense velocity through a tube of
a foot in diameter, the whole idea fills the mind with wonder.”

(2286.) In the arrangement of the blood-vessels of the Cetacea
many interesting peculiarities are met with, f The general structure
of the arteries, indeed, resembles that of other Mammals, and where
parts are nearly similar their distribution is likewise similar. But
these animals have a greater proportion of blood than any others
known, and there are many arteries apparently intended as reservoirs,
wherein a large quantity of arterial blood may accumulate, apparently
for important purposes, where vascularity could not be the only object.

Thus the intercostal arteries divide into a vast number of branches,
which run in a serpentine course between the pleura and the ribs,

and penetrate the intercostal muscles, everywhere lining the walls
of the thorax. These plexiform vessels, moreover, pass in between
the ribs near their articulation, and anastomose extensively with each
other. The medulla spinalis is likewise surrounded with a net-work
of arteries in the same manner, more especially as it comes out from
the brain, where a thick substance is formed by their ramifications

and convolutions, and these vessels most probably anastomose with
those of the thorax. The precise function assigned to this extensive
plexus of arteries has not been as yet satisfactorily determined,
although it is doubtless a receptacle wherein arterial blood is stored

up during the long-continued submersion to which these animals are

so frequently subjected.

(2287.) As the Cetacea have no pelvic extremities, the aorta, instead
of bifurcating into iliac arteries, is entirely appropriated to supply the
enormous tail beneath which it is continued, inclosed in a canal formed
by the roots of the inferior spinous processes of the caudal vertebne,
that are here again developed as in fishes.

(2288.) The venous system in the Cetacean order is equally re-

markable for the plexuses formed by it in different parts of the

* The Animal (Economy, by J. Hunter, with Notes by Professor Owen, p. 36G.

+ Hunter, ut supra
, p. 365.
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body
;
of these the most important communicates with the abdo-

minal cava, and is of immense extent. The veins of these creatures,

moreover, are almost entirely deprived of valves, so that every

possible arrangement has been made to delay the course of the

circulating blood during the temporary suspension of respiration

that occurs whenever the animal plunges beneath the surface of the

water.

(2289.) In other aquatic Mammals that dive, and are thus sub-

jected to prolonged immersion, large dilatations are found connected

with the principal trunks of the venous system in the neighbourhood

of the heart, in order to prevent a dangerous distension of these

veins while the circulation is impeded and respiration put a stop to.

This is particularly remarkable in the Seal tribe ; and in these

Carnivora we are assured by good authorities that it is not uncommon

to find the foramen ovale of the heart, and the ductm arteriosus, which

in the foetus allows blood to pass from the pulmonary artery directly

to the aorta, still open even in the adult animal; but this arrange-

ment, as we are well satisfied, is by no means to be regarded as the

normal structure of the heart in a Seal.

(2290.) In many of the long-necked herbivorous quadrupeds a

peculiar provision has been made in the disposition of the internal

carotid arteries, apparently intended to equalse the force of the

blood supplied to the brain in different positions of the head : for

this purpose the arteries referred to, just as they enter the skull,

divide into several branches, which again unite so as to assume a kind

of plexiform arrangement, forming what is called the rete mirabile of

old authors. The effect of this subdivision of the main trunk into

so many smaller channels will evidently be to moderate the rapidity

with which the blood would otherwise enter the cranium, and thus

preserve the brain from those sudden influxions to which it would

otherwise be constantly liable.

(2291.) We must likewise notice a structure, in some respects similar

to the above, that exists in the arteries both of the anterior and

posterior extremities of the Sloths
(
Bradypus). In these slow-moving

animals, the axillary and iliac arteries, just before entering the limbs

to which they are respectively destined, suddenly divide into nume-

rous small channels, which agaiu unite into one trunk before the

arteries of the member are given off. No doubt such an arrange-

ment will very materially retard the course of the blood as it flows

through these multiplied canals, and perhaps is materially connected

with the long-enduring strength of muscle that enables these crea-

tures to cling without fatigue to the branches whereby they suspend

themselves.

(2292.) Innumerable other minor differences in the course and

distribution of the blood-vessels might of course be pointed out, a few
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of which may require notice elsewhere ; but, generally speaking, the
arrangement of the vascular system in all quadrupeds is so similar,
that the anatomical student who may push his researches thus far
will never be at a loss in identifying the different vessels, and com-
paring them with those found in the human body.

(2203.) Although the respiration of Mammalia is inferior, as
regards the extent to which their blood is exposed to the influence
ol the atmosphere, to the perfection of this process in Birds, never-
theless, such is the elevated temperature of the body in these hot-
blooded animals, that a warm covering of some non-conducting
material is here absolutely requisite to retain the vital warmth, and
defend them against the thermometrical changes of the element
they inhabit. Their skin is generally, therefore, clothed with a
warm covering of hair; a cuticular structure, the nature and growth
of which it behoves us now to examine. We must first, however,
notice the organization of the skin itself, and then the nature of
the various structures employed to defend it will be readily under-
stood.

(2294.) The skin of all Mammals, like that of the human body,

consists of the cutis, or vas-

cular true skin ; of the epider-

mis, or cuticle; and of a thin

layer of pigment interposed

between the two, which is a

diversely-coloured secretion,

deposited like the cuticle

upon the surface of the cutis.

(2295.) The hairs that cover

the quadruped, whatever be

their form or thickness, are

cylinders of horny or cuticu-

lar substance, that grow upon

so many minute vascular

pulps, from the surface of

which the corneous mate-

rial is perpetually secreted.

Some kinds of hair are per-

manent, and, if constantly

cut, will continue to grow

during the whole life of the

animal ;
such is the hair of

Man, and that which forms

the mane and tail of the

TIorse : but generally the Section of the lip of a young Lion (after

hair is shed at stated periods, Hunter).

3 F
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to be replaced by a fresh growth. For the most part, these structures

are so minute that the apparatus employed in forming them escapes

observation
;
but in vei'y large hairs, such as those that compose the

whiskers of the Seal, or of the Lion, it is not difficult to display the

organs by which they are secreted. The appended figure, taken from

one of the drawings in the Hunterian collection, represents a section

of the lip of a young Lion, and in it all the parts connected with the

growth of the larger hairs are beautifully displayed. A bulb or

sacculus, formed by an inward reflection of the cutis {fig. 379, b, e),

and lined by a similar inflection of the cuticle (/), contains in its

fundus a vascular pulp (g, g, g), well supplied with large vessels and

nerves {h). It is from the surface of the pulps {g), exhibited upon a

magnified scale at a, that the horny stem of the hair is gradually

secreted, and its length of course increases in proportion to the accu-

mulation of corneous matter continually added to the root.

(229G.) Various are the appearances, and widely different the uses,

to which epidermic appendages, in every way analogous to hair, both

as relates to their composition and mode of growth, may be converted :

the wool of the Sheep, the fur of the Rabbit, the spines of the Hedge-

hog, the quills of the Porcupine, the scaly covering of the Manis,

and even the armour that defends the back of the Armadillo, are all

of them but modifications of the same structures, adapted to altered

conditions under which the creatures live. Eveu the horn upon the

snout of the Rhinoceros is but an agglomeration of hairy filaments,

formed upon a broad and compound pulp. The nails and claws that

arm the fingers and toes, the corneous sheath that invests the horns

of the Ox and Antelope, nay, the hoofs of herbivorous quadrupeds,

are all epidermic secretions from the vascular cutis; or, in other

words, are hairs altered in their form and extent, according to the

exigencies of the case.

(2297.) Widely different, however, are the so-called horns of the

Deer tribe, which in reality consist of bone, and, being deciduous,

have to be reproduced from year to year by a most peculiar and

interesting process. No sooner does the return of genial weather

again call forth the dormant reproductive energies of the system,

than the budding antlers begin to sprout from the forehead ot the

Stag, and rapidly expand in their dimensions from day to day. On

making a longitudinal section of the young horn, it is found to be

continuous with the os fronds, having its outer surface covered with a

vascular periosteal membrane derived from the pericranium, which

in turn is protected by a fine velvety skin. Moreover, when a grow-

ing antler is injected minutely, and its earthy matter removed by

means of an acid, vessels derived from the periosteum are found to

traverse it in all directions, proving its identity with real bone. As

growth goes on, the external carotid arteries, thus called upon rapidly
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to furnish a prodigious supply of materials, dilate in a remarkable
manner, and soon the palm and the antlers of the horn have acquired
their full dimensions. No sooner is this accomplished, than a promi-
nent ring or burr is formed around the base; which, projecting
outwards, compresses and soon obliterates the vessels that have
hitherto supplied the growing defeuces. The circulation being
thus put a stop to, the soft teguments and periosteum peel off in
strips

; and the bone, denuded of its covering, becomes a formidable
weapon.

(2298.) At the close of the breeding season the removal of the
horns is speedily effected: the connection between their bases and
the os frontis is gradually weakened by interstitial absorption, until

at length a slight effort is sufficient to detach the branching honours
of the Stag, and they fall off, leaving a broad cicatrix ; this soon
skins over, and the succeeding year calls forth a repetition of the
process.*

(2299.) The Cetacea form a very remarkable group among the
hot-blooded Mammifers, as relates to the external covering of their
bodies. No covering of hair or wool would have been efficient

in retaining the vital heat under the circumstances in which these
creatures live ; and, even if such clothing could have been made
available, it would have seriously impeded their progress through
tli6 water. Another kind of blanket has therefore been adopted :

—

the cuticle is left perfectly smooth and polished, without any
vestige of hair upon its surface

; but, beneath the skin, fat has
been accumulated in prodigious quantities, and, enveloped in this

non-conducting material, the Whales are fully prepared to inhabit

an aquatic medium, and to maintain their temperature even in the
Polar Seas.

(2300.) The skin of all quadrupeds contains innumerable secerning
follicles, whereby lubricating fluids are continually furnished for

the purpose of maintaining the surface in a moist or supple condition

;

but not unfrequently these glandular follicles are aggregated together

in considerable numbers, so as to form secreting pouches. In many
species of Stags and Antelopes, for example, large pouches of

this description are found below the margin of the orbit, that furnish

a secretion vulgarly regarded as the Stag’s “ tears.” In most instances

some of the cutaneous glands secrete a highly-odorous material,

especially in the vicinity of the parts of generation
; and their secre-

tion being most abundant during the rutting season, it is not without
reason that these organs are looked upon as destined to attract the

* In a physiological point of view this rapid production of osseous matter is truly

wonderful. The horns of the Wapiti Deer, thus annually reproduced, will weigh up-

wards of thirty pounds
; and in the fossil Irish Elk the weight of these deciduous

defences must have been greater than that of the entire skeleton.

3 F 2
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sexes, and perhaps to stimulate the sexual passions. The preputial

glands, so called because they furnish an odoriferous fluid that

lubricates the prepuce and glans of the penis in the male, and of the

clitoris in the female, are of this kind.* For the most part, these

are simple sebaceous follicles contained in the thickness of the prepuce

;

hut occasionally they are replaced by true conglomerate glands, formed

of lobes and lobules, and having but a single excretory duct, that opens

Fig. 380.

Sexual organs of male Beaver.

upon the sides of the glans penis or clitoridis beneath the prepuce.

Many of the Rodentia are furnished with glands of this description,

and they are situated on each side of the penis, immediately beneath

the skin that covers the pubic region.

(2301.) It is with the preputial glands that we must notice the still

more elaborately developed secretiug organs of the Beaver, that

furnish the drug called “ castor.” These organs, represented in the

annexed figure (Jig. 380), consist of large glandular pouches (g, h),

that discharge their contents in the vicinity of the anal and preputial

apertures ;
but of what importance the material thus abundantly

secreted may be in the economy of the animals so provided, it is not

easy to conjecture.

(2302.) The secreting apparatus of the Musk Deer (Moschvs moschi-

Cuv. Lemons d’Anat. Comp. tom. v. p. 252, el srq.
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ferus), which produces musk, is of analogous conformation. This is

an oval pouch situated beneath the skin of the lower part of the belly

:

its walls are thin and apparently membranous, hut the membrane that

lines them is rugose and plicated. The orifice leading to this pouch
is small, and opens in front of the prepuce.

(2303.) Lastly, in connection with these odoriferous glands we may
mention the “ temporal glands” of the Elephant, from the duct of

which, situated on each side midway between the eye and the ear,

there flows a viscid and fetid liquid; and likewise the “ anal glands"

met with in most Caknivoba. The ducts of the glands last men-
tioned open near the margin of the anus ; and in some genera, as the

Skunk and the Polecat, the stench produced by the fluid poured from
these sources is so intolerable as to become a most efficient defence

against a foreign enemy.

(2304.) We now come to consider the nervous system of the Mam-
malia, and are of course prepared to anticipate that in proportion as

they surpass all other animals in intelligence, so will the encephalic

masses assume a complexity and perfection of structure such as we
have not hitherto witnessed in the whole series of the animal crea-

tion. Their senses likewise may be presumed to have attained the

utmost delicacy of organization in correspondence with the exalted

attributes conferred upon this important class, and consequently to

exhibit appendages and accessory parts, adapting them most accu-

rately to repeat to the sensorium impressions derived from without.

(2305.) Abstruse as the study of the brain has been rendered by
the chaotic assemblage of names applied by the earlier anatomists, in

their bewilderment, to every definable portion of its substance, we
have little doubt that, when the grand laws that have hitherto guided

us in investigating the nervous system of the lower animals are had
recourse to, the student will soon perceive how little difficulty there

is in comparing even the brain of Man with the encephalon of the

humbler Vertebrata examined in preceding pages, and thus tracing

the progressive advances from simple to more complex organization.

(2306.) The great lessons deducible from all that we have as yet

seen relative to the essential organization of the nervous system are

obvious enough. First, that all nerves, whether connected with sen-

sation or the movements of the body, emanate from or are in commu-
nication with nervous masses called ganglia, which are in fact so many
brains presiding over the functions attributable to the individual

nerves. Secondly, that in the lower animals where these ganglia

exist, they are comparatively small, and more or less completely

detached from each other; but that in the Vertebrata such is the in-

creased development of the central masses of the nervous system,

that they coalesce, as it were, into one great organ called the cerebro-

spinal axis ;
and thus that the encephalon and medulla 'spinalis are
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both made up of symmetrical pairs of ganglia appointed to different

functions, but so intimately blended together that they are no longer

distinguishable, except from the pairs of nerves with which they are

connected.

(2807.) Taking the above for axioms—and they are incontrovertible

—let us proceed to analyse the cerebro-spinal axis of the Mammalia,

and to compare it in simple terms with that of Birds, Beptiles, and

Fishes already examined.

(2308.) Commencing at the anterior extremity of the series, the

first encephalic masses that present themselves are the “ olfactory

nerves,' as the human anatomist has been pleased to call them, although

in every one of the details connected with their anatomical structure

and relations they confessedly differ from every nerve in the body.

They are, in truth, not nerves at at all, but brains,—the ganglia or

brains of smell, from which the olfactory nerves properly so called

invariably emanate. In Fishes (§ 1753) they were found to equal,

or even to surpass, in size, the hemispheres themselves. In Beptiles

and Birds they became gradually concealed by the development of the

hemispherical masses ; and in the Mammalia such is their diminutive

appearauce when compared with the cerebrum, that they are scarcely

recognised as elements of the encephalon at all.

(2309.) In all the oviparous Vertebrata the nerves of smell were

two simple cords, one derived from each of the olfactory ganglia, from

which they proceeded through osseous canals to the nose. But in the

Mammifers these nerves are extremely numerous in proportion to the

extent of the surface to be supplied, and escape from the skull

through the cranial plate of the ethmoid bone, which, from the number

of apertures that

it offers for their

passage into the

nose, richly merits

the name of “ cri-

briform,” more

especially in the

carnivorous quad-

rupeds possessed

of the most acute

smell.

(2310.) The in-

terior of the nasal

cavity is divided

by a median sep-

tum into chambers,

in each of which

a very large surface

Fig. 331.

Olfactory apparatus of the Lion.
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is produced by the complicated convolutions of the thin nasal plates of

the ethmoid (fig. 381, a), and of the inferior turbinated bone (b), over

which the hair is made to pass in its progress to the lungs before it

arrives at the posterior nares (c). The whole of this complication of

bony lamellae is covered with a delicate and highly-lubricated mucous
membrane, wherein the olfactory nerves terminate; and from the

figure given, representing the left nasal cavity of a Lion, some idea

may be formed of the acuteness of the sense in question conferred

upon the predaceous Carnivora.

(2311.) With this perfection of the olfactory sense a corresponding

mobility of the outer nostrils is permitted to the Mammiferous races.

In the Reptiles and Birds the external apertures leading to the nose

were merely immovable perforations in the horny or scaly covering

of the upper mandible; but now the nostrils become surrounded

with movable cartilages, and appropriate muscles, adapted to dilate or

contract the passages leading to the nose, or even to perform more
important and unexpected duties, as, for example, in the proboscis

of the Elephant.

(2312.) The Cetacea, as regards the conformation of their nostrils,

and indeed of the whole of their nasal apparatus, form a remarkable

exception to the above description. Inhabiting the water as these

creatures do, they are compelled to breathe atmospheric air. Are
they, then, to smell through the intervention of an aquatic or

aerial medium? To smell in water would require the nose of a fish,

which could not be granted without infringing upon the laws that

regulate the progression of animal organization. To smell in air

would be useless to the Whale; and, moreover, its nasal passages are

required for another function, with which the exercise of smell would

apparently be incompatible.

(2313.) Thus circumstanced, we find the whole nasal apparatus com-

pletely metamorphosed, and so disposed as to answer two important

purposes; viz. first, to allow the Cetacean to breathe air whilst its

mouth is immersed in water ; and, secondly, to provido an outlet

whereby the water that is necessarily taken into the mouth may escape

without being swallowed.

(2314.) The arrangement adopted to attain both these ends is very

beautiful. The nostrils, instead of occupying their usual position, are

situated quite upon the top of the head (fig. 382, a), so that, as soon

as the vertex reaches the surface, air is freely obtained. But another

difficulty remains to be overcome,—how is the Cetacean to breathe

air while its mouth is full of water ?

(2315.) To allow this, the upper extremity of the larynx is pro-

longed, so as to form a thick cartilaginous plug (c). When the creature

breathes, this elongated larynx is introduced into the posterior nares,

as represented in the figure
; and, being firmly embraced by a
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Fie/. 302.

Blowing apparatus of the Porpoise.

sphincter muscle whilst in that situation, the air is admitted into

the trachea through the passages a, b, without ever entering the oral

cavity.

(2316.) It only remains to he seen how the Cetacean gets rid of the

water taken into the mouth, without being obliged to swallow it; and
the same figure, representing a vertical section of the head of a

Porpoise, will enable us to understand the mechanism whereby this is

accomplished. The two canals forming the posterior nares {b) are

defended superiorly by a fleshy valve,*' which is closed by means of a

very strong muscle placed above the intermaxillary bones. To open

this valve the force must be applied from below
; and, when the valve

is shut, all communication is cut .off between the posterior nares and

the capacious cavities placed above them.

(2317.) These cavities are two large membranous pouches lined

with a black skin, which, when they are empty, as represented in the

figure, falls into deep folds ; hut, when full, the walls are distended

so as to form capacious oval receptacles. Externally these chambers

are enveloped by a very strong expansion of muscular fibres, by which

they can be violently compressed.

(2318.) Let us now suppose that the Cetacean has taken into its

mouth a quantity of water that it wishes to expel : it moves its tongue

and its jaws as though it would swallow; hut, at the same time,

closing its pharynx, the water is forced upwards through the posterior

nares (
b),

till it opens the interposed valve, and distends the pouches

placed above. Once in these reservoirs, the water may remain there

* Cuvier, Lejons d’Anat. Comp. tom. ii. p. 673.
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until the creature chooses to expel it, or in other words “ to blow.”

In order to do this, the valve between the pouches and the posterior

nares being firmly closed, the sacs are forcibly compressed by the

muscles that embrace them, and the water is then spouted up through

the “ blow-holes,” or nostrils, to a height corresponding to the violence

of the pressure.

(2319.) It must be evident that it would be impossible that a nose,

through which salt water is thus continually and violently forced,

could be lined with a Schneiderian membrane of sufficient delicacy to

be capable of receiving odorous impressions. In the Cetaceans,
therefore, the nerves of smell, and even the olfactory lobes of the

brain, are totally deficient.

(2320.) The second pair of ganglia entering into the composition

of the encephalon, and giving origin to

nerves, are the optic lobes ; from which

are derived the nerves of vision. In

the Fish and in the Reptile these were

at once recognisable as primary elements

of the brain ; but in the Mammifer, owing

to the excessive development of the sur-

rounding parts, they are quite overlapped

and concealed by the hemispheres. Ne-

vertheless the tubercula quadrigenvina

(fig- 383, d, d) occupy the same relative

position as in the Tortoise, (vide fig. 323,

b, o, e ), and in like manner still give

origin to the nerves appropriated to the

instruments of sight, of which they are

the proper ganglia.

(2321.) The two optic nerves, before

passing to their final destination, par-

tially decussate each other, as in the

proceed forward into the orbit, and penetrating the globe of the eye,

expand into the retina).

(2322.) Minutely to describe the construction of the eye-ball in the
Mammalia would be quite superfluous, seeing that in every esseutial

particular it exactly corresponds with that of Man. The disposition

of the sclerotic and choroid coats, the structure of the cornea, the
arrangement of the humours and of the retina

, the organization of

the iris ,—in short, the whole economy of the eye, is the same through-

out the entire class. Nevertheless, there are a few points of se-

condary importance deserving our attention, whereby the organ is

adapted to peculiarities of circumstances in which different tribes are

placed.

(2323.) In the Cetacea, and also in the amphibious Carnivora that
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catch their prey in the water, the shape of the lens is nearly sphe-
rical as in Fishes; and the antero-posterior diameter of the eye
is in consequence considerably diminished by the extraordinary

thickness of the sclerotic at the posterior aspect of the eye-ball,

—

an arrangement approaching very nearly to that already described

(§ 1760).

(2324.) Instead of the dark brown paint which lines .the choroid

of the human eye, in many Mammals the

Ruyschian tunic secretes a pigmentum, of

various brilliant hues, that shines with me-

tallic splendour. This membrane, called the

“ tapeturn," partially lines the bottom of the

eye-ball, but its use has not as yet been

satisfactorily pointed out.

(2325.) The shape of the pupil likewise

varies in different quadrupeds : for the most

part, indeed, the pupillary aperture is round,

as it is in Man ; but in Ruminants, and many
other Herbivora, it is transversely oblong.

In the Cats (
Felicia)), that hunt in the gloom,

and consequently require every ray of light

that can be made available, the pupil is a

long vertical fissure ; but this only obtains

among the smaller genera, for in those Feline

Carnivora that surpass the Ocelot in size, such

as the Leopard, the Lion, and the Tiger, the

pupil again assumes a round form.

(2326.) The eyes of Mammalia are lodged in bony orbits, as in the

Fig. 385 .

Fig. 384.
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oviparous Vertebrata, and in like manner are .supported in their

movements by a quantity of semifluid fat, with which the orbital cavi-

ties are filled up. Iu Man, as in Birds, Reptiles, and Fishes, six

muscles are appropriated to the movements of each eye-ball, viz.

tour recti and two obliqui. The four recti muscles have the same dis-

position iu Mammalia as in Birds ; that is, they arise from the margin
of the optic foramen, and run forward to be inserted opposite to each

other upon the superior, inferior, and lateral surfaces of the sclerotic

coat. The inferior oblique likewise offers a similar arrangement in

all the Yertcbrata, arising from the margin of the internal wall of the

orbit, and running outwards to be attached to the external surface

of the globe of the eye. But the superior oblique, in the class

before us, takes a very peculiar course. Arising like the rest, it

passes forward to the upper and inner margin of the orbit, where
its tendon is reflected over a little cartilaginous pulley {fig. 385, c),

and turns back again to be inserted into the external and posterior

aspect of the eye-ball.

(2327.) In addition to the six muscles appointed for the movements
of the eye in Man and the Quadrumana, other Mammalia have

a seventh, called the clioanoid orfunnel-shaped muscle. This likewise

arises from the borders of the optic foramen, and, gradually expand-

ing, forms a hollow cone interposed between the recti muscles and the

optic nerve

:

the base of the cone being attached to the sclerotic be-

hind the insertion of the recti. Frequently, indeed, this clioanoid, or

suspensory muscle, is divided into four portions, in which case the ani-

mals so provided would seem to have eight recti muscles.

(2328.) The eye-lids of Mammalia resemble the human in every

respect, excepting that in the lower orders a remnant of the nicti-

tating membrane is still met with
; but it is of small dimensions, and

unprovided with muscles.

(2329 )
The lacrymal apparatus exists in all quadrupeds, aud the

lacrymal gland occupies the same situation as in Man ; the tears

being poured on to the conjunctiva near the external canthus of the

eye-lids. The lacrymal ducts, likewise, whereby the tears are con-

veyed into the nose, so nearly resemble the human as to require no

particular description. The carunculce lacryrnales are also met with

at the inner canthus of the eye-lids. - In some quadrupeds, indeed, an
additional gland exists, called the glandula Harden; this is situated

behind the internal angle of the eye, and secretes a lubricating fluid,

that is discharged beneath the rudiment of the third or nictitating

eye-lid.

(2330.) In Whales, as might be expected from their aquatic habits,

no vestige of a lacrymal apparatus is to be seen.

(2331.) Behind the optic lobes of the encephalon the nervous cen-
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tres, from whence the other cerebral nerves take their origin, are so

intimately blended together that the anatomist is no longer able to

distinguish them from each other. They form, in fact, the “ medulla

oblongata," and are the commencement of that long series of sentient

and of motor ganglia that forms the spinal cord.

(2332.) All the nerves derived from the medulla oblongata, and

from the spinal cord, are throughout the Mammiferous class exactly

compai-able to those met with in our own species, and therefore will

require but brief notice.

(2333.) The third, fourth, and sixth pairs are destined to the mus-

cles of the eye, and their distribution is the same as in Man.

(2334.) The fifth pair, or trigeminal nerves, consist of both motor

and sentient fasciculi, both of which are distributed to the different

parts of the face exactly as in the human subject; allowance of course

being made for the varying form of the jaws, and for the proportionate

size of the different organs connected with mastication.

(2335.) The seventh, or facial nerve, as also the glosso-pharyngeal,

the pneumogastric, and the lingual, have the same oidgin and general

distribution throughout the whole class.

(2336.) The eighth pair of nerves are here, as in all the Yertebrata,

devoted to the sense of hearing, which in the Mammifera attains its

highest development and perfection. The sensitive portion of the

auditory apparatus, or the internal ear, is now enclosed in the petrous

portion of the temporal bone, and imbedded in osseous substance of

such stony hardness that, except in very young subjects, it is by no

means easy to display its different parts.

(2337.) As in Fishes and Reptiles, it consists of several membra-

nous chambers or canals, filled with a limpid fluid, over which the

filaments of the auditory nerve spread out. The whole apparatus, in-

deed, except in its proportionate size, very accurately resembles the

auditory organ of the lower Yertebrata : the semicircular canals ex-

hibit nearly the same arrangement, and in like manner communicate

with the vestibule by five orifices. The vestibule itself is small, and

no longer contains any chalky concretions : it communicates on the

one hand with the cavity of the tympanum, by means of the foramen

ovale
;
and on the other sends off a canal [scala) to form the cochlea,

an organ which in the Mammifer assumes its full development and

perfection.

(2338.) In the Reptilia and Birds, as the reader will remember,

the cochlea was a simple canal bent upon itself [fig- 342, e), one end

of which
(
scala vestibuli ) opened into the vestibule, while the other

(scala tympani) terminated at the tympanic cavity, from which it was

separated by the membrane of the fenestra rotunda ;
but in the Mam-

malia the two scala3 of the cochlea are considerably elongated, and
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wind in a spiral direction around a central axis
(
modiolus), so as very

accurately to resemble the whorls in the shell of a snail, whence the

name of the organ is derived.*

(2339.) It is in the increased complexity of the cochlea, therefore,

that the chief character of the labyrinth of the Mammal consists

;

but in the tympanic cavity the differences between the Mammiferous

ear and that of the Bird are still more striking and decided.

(2340.) The cavity of the tympanum in the class before us is very

extensive, and not unfrequently its extent is considerably enlarged

by the addition of capacious mastoid cells. By means of the Eusta-

chian tube it communicates freely with the throat. Upon its inner

wall it offers the fenestra ovalis and the fenestra rotunda, closed

by their respective membranes; and externally is the membrana

tympani, the vibrations of which are to be conveyed to the laby-

rinth.

(2341.) In Reptiles and Bii'ds the communication between the

drum of the ear and the membrane of the fenestra ovalis was effected

by the interposition of a single ossicle, called the “ columnella ;
” but

in Mammals a chain of four ossicles, named respectively the malleus,

the incus, the os orbiculare, and the stapes, intervenes between the

labyrinth and the membrana tympani : these ossicles, both in their

disposition and connections, are precisely similar to those of Man, and,

moreover, are acted upon by little muscles in every respect compa-

rable to those of the human subject.

(2342.) However remote the structure of the tympanic chain of os-

sicles in the Mammal may appear to be from that of the simple colum-

nella of the Bird, it is interesting to see how gradually the transition

is effected from one class to another even in this particular of their

economy ; for in the Ornithorynchus, the Echidna, and the Kangaroo,

so bird-like is the form of the stapes, that it might easily be mistaken

for the ossicle of one of the feathered tribes,f and every interme-

diate shape is met with as we advance from this point towards the

stirrup-shaped bone of the most perfect quadrupeds.

(2343.) It is in the class under consideration that for the first time

an external ear properly so called makes its appearance, for the fea-

thered appendages of the Owl or of the Bustard (§2038) are scarcely

entitled to such an appellation. In the Mammifera, however, with a

very few exceptions, such as the Cetacea, Moles, and the Seal tribe,

a movable cartilaginous concha is appended to the exterior of the

* In Man, and by far the greater number of Mammals, the scalrn of the cochlea

make two turns and a-half around the modiolus
; but in a few Rodent quadrupeds, as,

for example, in the Guinea-pig, the Cavy, and the Porcupine, there are as many as

three turns and a-half.

t Vide Sir Anthony Carlisle, “ on the Physiology of the Stapes." Phil. Trans, for

1805.
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head, adapted by its form and mobility to collect the pulses of sound
and convey them inwards towards the drum of the ear. The basis of

this external auricle is composed of fibre-cartilage covered with a deli-

cate skin, and its cavity is moulded into various sinuosities, so dis-

posed, no doubt, as to concentrate sonorous impressions. In Man, as

the anatomist is aware, numerous small muscles act upon the auricular

cartilages ; but in quadrupeds possessed of movable ears the number
and size of these muscles are prodigiously increased, and the ears

are thus directed with facility in any required direction.

(2344.) More minutely to describe the structure of the auditory

apparatus in the Mammiferous class would be foreign to our present

purpose : nevertheless, we must not omit to notice one most remark-
able provision whereby the Whales, strangely circumstanced as those

creatures are, are permitted to hear either through the medium of

the air they breathe, or of the water in which they pass their lives.

The reader will at once appreciate the difficulties of the case : the

ear of a fish, without any external communication, although best adap-

ted to receive the stunning concussions conveyed through the denser

element, could never appreciate the more delicate vibrations of the

air, and the ordinary Mammiferous ear would be perpetually deafened

by the thundering of the water. How is the Whale to hear what is

going on in either the sea or the atmosphere ?

(2345.) The plan adopted is simple and efficacious :—The external

meatus of the ear is reduced to the smallest possible diameter, the

canal being barely wide enough to admit a small probe ; this is the

hydrophonic apparatus, and is all that is exposed for the reception of

aquatic sounds. The Eustachian tube, on the contrary, is very

large, and opens into the blow-hole through which the Whale re-

spires atmospheric air: if, therefore, the Cetacean comes to the

top of the water to breathe, it is the Eustachian tube that conveys

aerial sounds to the ear, and thus it hears sufficiently under both

conditions.

(2346.) So far, as the student will have perceived, the different

portions of the encephalon to which we have adverted correspond

most exactly to similar parts met with even in the brain of a reptile

:

—where, then, are we to look for those grand differences whereby the

Mammiferous brain is peculiarly characterized ? The peculiarities of

the brain of a Mammal are entirely due,—first, to the increased pro-

portional development of the cerebral hemispheres ;
and, secondly, to

the existence of lateral cerebellic lobes, in connection with both of

which additional structures become requisite.

(2347.) In those Marsupial tribes that form the connecting links

between the Oviparous and Placental Vertebrata, the brain still ex-

hibits a conformation nearly allied to that of the Bird, and the great

commissures required in the more perfect encephalon are even yet de-
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ncient
; but in the simplest brain of a Placental Mammifer the cha

racteristic differences are at once apparent.

(2348.) In the Rabbit, for example, (Jig. 383), the cerebral hemi-

spheres (b) are found very ma-

terially to have increased in

their proportionate dimensions

;

and although, even as yet, con-

volutions upon the surface of

the cerebrum are scarcely in-

dicated, additional means of

intercommunication between

the hemispheric masses become
indispensable. The corpus cal-

losum, therefore, or great trans-

verse commissure of the hemi-

spheres (Jig. 383, c,) is now
superadded to those previously

in existence
; while other me-

dullary layers, called by various

ridiculous names, bring into

unison remote portions of the

cerebral lobes.

Fi<!. 30 C.

a, a

A
(2349.) In proportion as in- Brain of the Lion,

telligence advances, the surface

of the cerebral hemispheres becoming more extensive is thrown into

numerous convolutions separated by deep sulci; until at length in the

Carnivora, as, for instance, in the Lion, (Jig. 386,) the cerebrum (e, e
)

attains such enormous dimensions that the other elements of the en-

cephalon are, as it were, hidden among its folds.

(2350.) But, in addition to this increased complexity of the cere-

brum, the cerebellum likewise has assumed a proportionate import-

ance. In the Oviparous races this important element of the brain

consisted only of the mesian portion, so that no cerebellic com-
missure was requisite; but in the Mammal it exhibits in addition

two large lateral lobes (Jig. 386, c, c), and co-existent with these the

pons Varolii (

d

) makes its appearance, embracing the medulla ob-

longata and uniting the opposite sides of the cerebellum.

(2351.) The structure of the spinal cord and the origins of the

spinal nerves throughout all the Mammalia are precisely similar,

and exactly correspond with what occurs in the human body; neither

does the anatomical distribution of the individual nerves derived

from this source require any special notice, since, generally speaking,
it differs in no important particular from the arrangement with
which every anatomist is familiar.

(2352.) The sense of touch in Mammalia is diffused over the whole
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surface of the body : its perfection in different parts being of course

influenced by the nature of the integument, and the number of

sentient nerves appropriated to any given region. All the nerves

derived from the sensitive tract of the spinal medulla, and the three

divisions of the fifth pair of eucephalic nerves, are equally susceptible

of tactile impressions ; so that, in a class so extensively distributed

as that before us, we need not be surprised to find a special apparatus

of touch developed in very different and remote parts adapted to

particular exigencies. Thus the whiskers of the Seal and of nocturnal

Carnivora, the lips of the Horse, the trunk of the Elephant, the

hands of Man, the hind feet of the Quadrumana, and even the ex-

tremity of the tail where that organ is prehensile, are all in turn

made available as tactile instruments, and exercise the sense in ques-

tion with the utmost delicacy.

(2353.) In the Bats, where the sense of vision becomes inadequate

to guide them through the dark recesses where they lurk, that of

touch assumes its utmost development, and every part of the body

that could by possibility be furnished with it has been abundantly

provided for in this respect. Not only is the broad expanse of the

wing acutely sensible, but the very ears have been converted into

delicate feelers ; nay, from the tip of the nose in some species,

membranes of equal sensibility have been largely developed, so that

the Bats, as was ascertained by Spallanzani, even when deprived

of sight and hearing, will fly fearlessly along, and avoid every

obstacle with wonderful precision, guided apparently by the sense of

touch alone.

(2354.) The sympathetic system of the Mammifera differs in no

important particular from the human, the arrangement of the gan-

glia and the distribution of the plexuses being in all respects the

same.

(2355.) In the conformation of the genito-urinary apparatus in

Mammalia the physiologist will find many circumstances of extreme

interest.

(2356.) Even in Birds, as the reader will remember, the secre-

tions of the testes and of the kidneys were both poured into the

common cavity of the cloaca, and discharged through the anal

orifice. No bladder was provided for the reception of the urine ;

and a simple, grooved but imperforate penis, even where that

organ was most fully developed, was sufficient for the purposes

of impregnation.

(2357.) Widely different, however, is the arrangement of the male

genito-urinary system in the class we are now considering. The

cloacal cavity is no longer met with, the terminations of the rectum

and of the sexual ducts being now remotely separated ;
the penis is

traversed by a complete urethral canal, through which the seminal
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fluid is forcibly ejaculated; and, moreover, subsidiary glands, not
met with in any of the preceding classes, add their secretions to that
of the testes, and thus facilitate the intromission of the fecundating
fluid. An urinary bladder is now superadded to the renal apparatus,

wherein the urine is permitted to accumulate in considerable quan-
tities, prior to its expulsion through the urethra,—the excretory duct
common to both the urinary and generative organs.

(2358.) Not less remarkable are the corresponding changes observa-
ble in the disposition of the female reproductive organs. The Mam-
mifers are appointed to bring forth living young

;
an uterine receptacle

is, therefore, necessarily provided for the reception of the foetus,

and mammary glands are given to support the tender offspring during
the earlier portion of its existence : but the history of these organs
cannot be laid before the reader at a glance, and we must therefore
patiently trace out their development step by step, and gradually
ascend from the Oviparous type up to the most complete forms of the
genito-urinary system.

(2359.) Commencing with the urinary apparatus, the first parts that
offer themselves to our notice are the kidneys, the ureters, and the
bladder ; in describing which the same remarks will be found appli-

cable to both sexes.

(2360.) The kidneys in all the Mammiferous orders occupy a similar
position, being situated in the loins on each side of the aorta, from
whence they receive a copious supply of arterial blood by the renal
aiteries, which, after having supplied the urinary secretion, is returned
to the circulation by the emulgent veins that empty themselves into

the inferior cava.

(2361.) As relates to their intimate structure, the kidneys of all

quadrupeds are essentially similar to those of our own species, each of
these organs being composed of uriuiferous tubules of extreme tenuity
that terminate in central papillae from which the urine flows. These
tubules, as they advance into the medullary substance of the kidney,
bifurcate again and again, until they arrive at the cortical or external
portion, where they spread out on all sides, and, becoming exceedingly
flexuous, are inextricably intervolved among each other, so that the
entire cortex is composed of their gyrations. At last all the uriniferous

vessels terminate in blind extremities, and according to Muller* have
no immediate communication with the vascular system.

(2362.) In form the kidneys of Mammals more or less resemble the
human; but there is one important circumstance observable in many
tribes, which is well calculated to show that these organs, even when
they appear most simple, are in reality formed by the coalescence of

several distinct glands. In the human fetus the kidneys present a

3 G

* De Gland. Structure, p. 102.
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tabulated appearance
;
that is to say, they are evidently composed

of numerous divisions, each having the same structure : but in the

adult the lines of demarcation between these tabes become entirely

obliterated. In many genera, however, this division into tabes remains

permanent during the whole lifetime of the creature ; such, for

example, is remarkably the case in amphibious Carnivora, as the

Otter and the Seal tribes, and still more strikingly in the Cetaceans,

where the kidneys are not inaptly comparable to large bunches of

grapes. But whatever the form of the organ, or the number

of lobules entering into its composition, the urine secreted by

each kidney is received into a common excretory duct called the

ureter, and is thus conveyed into the bladder prepared for its recep-

tion.

(2363.) The urinary bladder exists in all the Mammalia, and

receives the ureters by valvular orifices in precisely the same manner

as in the human subject. In the male its excretory duct, the urethra,

is common to the urinary and generative systems, and terminates

at the extremity of the penis
;
but in the female the urethral canal

is of much simpler structure, opening by a distinct orifice into the

vulva.*

(2304.) We have preferred laying before the reader the above gene-

ral view of the urinary system of Mammalia to noticing in detail

those varieties that occur in the disposition of the bladder and ure-

thra of some of the lower tribes, in conformity with the different

types of organization presented by their sexual organs ; these, how-

ever, must not be lost sight of in following out the development

of the reproductive apparatus, from the oviparous races to the most

perfect and highly-gifted members of the animal creation. It is to

this important subject that we must now invite the attention of the

reader.

(2365.) The oviparous Vertebrata lay eggs, and their young are

perfected without further nourishment derived from the maternal

system than is contained within the egg itself. In our own species,

and throughout all the races of Mammalia found on the European

continent, the females produce their young alive and fully formed,

capable of independent existence, but, nevertheless, nourished for a

considerable period by milk derived from the breast of the mothei

.

The distinction, therefore, between an oviparous and a viviparous

creature would appear to be sufficiently broad, and the physiological

relations between them as remote as possible.

(2366.) The student, however, who has followed us thus far through

the tang sei’ies of living beings that have successively presented

themselves to our notice, must naturally expect that between

* The Lemurs and the Mole form remarkable exceptions, for in these creatures the

female urethra traverses the clitoris precisely as in the other sex.
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Fig. 387.

animals so dissimilar in their economy as the Bird and the Mammal
intermediate types of organization must occur, and that tho trans-

ition from one to the other is here, as elsewhere, gradually accom-

plished.

(2367.) In this respect his expectations will be by no means dis-

appointed. The Ornithorynchus paradoxus and the Echidna, animals

met with only in the continent of New Holland, aro most obviously

connecting links between these two grand classes
; and it is, therefore,

with the history of these strange animals that we must commence our

examination of the Mammiferous generative system.

(2368.) The Ornithorynchus paradoxus well deserves the specific

epithet applied to it by zoologists. It

has, indeed, the form of a quadruped,

and its body is covered with hair, and
not with feathers

; but its mouth is the

beak of a duck, and upon its hind feet,

which are broadly webbed, the male

carries a spur not unlike that of a barn-

door fowl. Having the beak of a bird,

how is the creature to suck? Never-

theless the females have mammary
glands well developed, but destitute of

prominent nipples, so that the mode in

which the young animal obtains the milk

provided for it is even yet a puzzling

question. Does the Ornithorynchus lay

eggs, or produce living young ones?

This is a query that has not been satis-

factorily answered
; and its generative

apparatus is so nearly related to that

of an oviparous animal that even ana-

tomy throws but little light upon the

subject.

(2369.) Both in the male and female

there is, in fact, but one vent, that leads

to a cloacal chamber resembling that of

a bird, and the entire organization of

the sexual organs is rather that of an
egg-laying than of a viviparous creature,

as will be evident from the following

details respecting them.

(23/0.) The penis of the male Ornithorynchus is perforated by a
urethral canal, through which the semen passes, but not the urine; its

extremity, moreover, is terminated by two tubercles, giving it almost
a bifid appeamiyio. This penis when in a relaxed state is lodged in

3 o 2

Male generative organs of Orni-

thorynchus paradoxus

.
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a little pouch in the floor of the cloaca, from which it projects when
erected.

(2371.) The cloacal -.cavity, as in birds, gives passage to the feces

and to the urine. The testes (fig. 387, a) and the vasa deferentia (b)

resemble those of an oviparous animal
; but, on the other hand, there

is a complete urinary bladder (c), and moreover a pair of auxiliary

(
Congaer's

)
glands (d, d), organs never met with except in the Mam-

miferous class.

(2372.) The anatomy of the female organs is not less singular. The
ovaria (fig. 389, a, a) are large and racemose, like those of a bird

;

while the two oviducts or uteri (fig. 388, a, a), as the reader may
choose to call them, open into the cloaca by two distinct orifices

(c, c), situated on each side of the urethra, derived from the bladder (b).

(2373.) It is to Professor Owen that science is indebted for all that

is known relative to the ana-

tomy of the female Ornitho-

rynchus when in a gravid state,

and his researches upon this

subject appear to establish the

following interesting particu-

lars. First, that the ovaria,

notwithstanding their racemose

appearance, exhibit all the es-

sential characters of the Mam-
miferous type of structure ; and

corpora lutea were formed where

the reproductive germs had

escaped from them. Secondly,

that the eggs contained in the

uterine cavities (fig. 389, c, e)

had no connection whatever

with the walls of the

uterus. Thirdly, that each

ovum exhibited the usual parts

of an egg, viz. the cortical

membrane, the albumen, and

the yolk; and that upon the

latter a membrana vitelli and the blastoderm or germinative membrane

were plainly perceptible. Fourthly, that the uterine walls assume an

increased thickness when in an impregnated state, but that not the

slightest trace of a decidual or adventitious membrane is apparent in

the cavity of the womb. From all these circumstances, the distin-

guished author of the paper referred to* was led to adopt the sub-

* On the Ova of the Omithorynchus paradoxus, by Richard Owen, Esq. Phil.

Trans. Part II. for 1834, page 563.

Fig. 388.

Generative organs of female Omithorynchus.
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joined train of reasoning as to the probability of the Ornithorynchus
being a viviparous Mammal. The form, the structure, and the de-

tached condition of the ova, observes Professor Owen, may still be

regarded as compatible with, and perhaps favourable to, tbe opinion

that they are excluded as such, and that the embryo is developed out

of tbe parent’s body. But the following objections pi’esent themselves

to this conclusion :—the only part of tbe efferent tube of the genera-

tive apparatus which can be compared in structure or relative position

with tbe shell-secreting uterus of tbe Fowl is tbe dilated terminal

cavity in which, in all the specimens examined, the ova were situated

;

and upon the oviparous theory it must be supposed either that the
parietes of this cavity, after haviug secreted the requisite quantity of

soft material, suddenly assume a new function, and complete the ovum
by providing it with the calcareous covering necessary to enable it to

sustain the superincumbent weight of the mother during incubation

;

or that this is effected by a rapid deposition from the cuticular surface

of the external passages
; or lastly, according to a more recent

but still more improbable supposition, by a calcareous secretion
of the abdominal glands poured out upon the ovum after its exclu-

sion.

Fig. 389.*

Ovaria of Ornithorynchus paradoxus.

(2374.) But granting that the egg is provided in any of these ways

* Owing to an error on the part of the draughtsman, who has neglected to reverse

the drawing, the left uterus in the above figure is represented on the right side, and
vice versa.
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with the necessary external covering, yet, from the evidence afforded

hy the specimens examined, the ovum is deficient in those parts of

its organization which appear to he essential to successful incubation,

viz. a voluminous yolk to support the germinal membrane, and the

mechanism for bringing the cicatricula into contiguity with the body of

the parent. Add to this, that such a mode of development of the

fetus requires that all the necessary nutritive material be accumulated

in the ovum prior to its exclusion. Now the bony pelvis of the

Bird is expressly modified to allow of the escape of an egg, both

large from the quantity of its contents, and unyielding from its

necessary defensive covering; but, whatever affinities of structure

may exist in other parts of the Omithorynchus, it is most important

to the question of its generation to bear in mind that it manifests no

resemblance to the Bird in the disposition of its pubic bones.

(2375.) From the above considerations it is therefore probable that

the young Ornithorynchi are produced alive
;

yet still the reader

will perceive, by the closeness of the reasoning brought to bear upon

the subject, how nearly the oviparous and mammiferous modes of

generation are approximated by the interposition of these connecting

forms of Yertebrata.

(2376.) But if from these arguments, derived from the anatomical

construction of the female parts, it is allowable to conjecture that

the Omithorynchus is ovo-viviparous, using that term in a strictly

philosophical sense, the difficulties of the case are by no means

removed ;
and granting that the contents of the ovum are barely

sufficient to nourish the embryo during the very earliest stages of its

development, we have yet to learn how the fetus is matured after

the exhaustion of this supply. There

is no reason whatever to suppose

that a placenta exists at any period

of uterine gestation ;
neither is there

a marsupial pouch in which tile pre-

maturely-born young can be carried

about and supplied with milk ;
so

that whether the young Monotreme

be developed in the uterus, or out

of the uterus, we are equally at a

loss to understand how its nutrition

is provided for.

(2377.) In this state of uncertainty,

the anatomy of the young Oruitho-

rynchus, examined at as early a period

as possible, becomes a subject of ex-

treme interest ;
and fortunately Pro-

fessor Owen has been enabled to

Fig. 390.

Y oung Ornithorynchus.
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add observations upon this subject to his other valuable researches
relative to the generation of these creatures.* The annexed figure

{fig. 390) is a portrait of one of the specimens dissected, and from
every appearance it could not have been more thau a few days
old, that is, supposing it to have been bom at an advanced period

of its development. It was as yet blind, and the situation of the

eyes was only indicated hy the convergence of a few wrinkles to one

point; but, when these were put upon the stretch, the integument

was found entire, and completely shrouding or covering the eye-ball

anteriorly : its skeleton was, moreover, quite in a cartilaginous condi-

tion, and it was obviously in every respect helpless, and still depend-

ent upon its mother for sustenance.

(2378.) The stomach was found filled with milk,—a sufficient proof

that at that period, at least, it was nourished by the lacteal secretion;

but, with regard to its previous fetal condition, the difficulties that

have been above alluded to remained in their full force. No trace

of an umbilical cicatrix was visible upon the ventral surface of the

body, even when examined with a lens,—a sure proof that no placenta

had existed. The ileum was carefully examined, but there was no

appearance of the pedicle of the vitelline vesicle; nevertheless, the

other vestiges of fetal organization were more obvious than in the

ordinary mai'supial or ovo-viviparous Mammalia. The umbilical vein

was seen extending from a linear cicatrix of the peritoneum, opposite

the middle of the abdomen, along the anterior margin of the suspen-

sory ligament to the liver. It was reduced to a mere filamentary

tube filled with coagulum. From the same cicatrix the remains of

the umbilical arteries extended downwards, and near the urinary blad-

der were contained within a duplicature of peritoneum, having be-

tween them a small flat oval vesicle, the remains of an allantois,

which was attached by a contracted pedicle to the fundus of the

bladder ; but still, as both the embryo of a Bird and that of tbe ovo-

viviparous Rejotile have an allantois and umbilical vessels developed,

no certain inference can be drawn from the above appearances as to

the oviparous or viviparous nature of the generation of the Ornitho-

rynchus.

(2379.) Such is the present state of our knowledge relative to

the first type of Mammiferous generation, viz. that met with among

the Monotremata. In the second, or Marsupial type, the pheno-

mena, although equally strange, are better understood, and to these

we must now beg the attention ot the student.

(2380.) The Marsupialia, from the variety of their forms and

extensive distribution, constitute a most important section of Mam-

* Owen on the Young of the Ornithorynclius paradoxus.

vol. i.

Trans. Zool. Society,
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miferous quadrupeds, distinguished by the peculiarities that occur in
the organization of their generative apparatus, and by the singular
mode in which they produce and suckle their young. Animals of
this kind are only met with in the American and Australian regions
of our globe

; and so widely do they differ, as far as their reproduction
is concerned, from all the Mammiferous inhabitants of the Old World,
that they might even be regarded as forming quite a distinct and
separate group in the animal creation, serving to accomplish another
step in that grand transition by which the physiologist is conducted
from the oviparous to the placental Vertebrata.

(2381.) Ihe Marsupialia are, strictly speaking, ovo-viviparous,
that is to say, the uterine ovum never forms any vascular connection
with the maternal system, but after a very brief intra-uterine gesta-
ti°u the embryo is expelled in a very rudimentary and imperfect con-
dition, even its extremities being as yet but partially developed

; and
in this helpless state the fetus is conveyed from the uterus into a
pouch or marsupium, formed by the integument of the abdomen, there
to be nourished by milk sucked from the mammary glands, until it

arrives at such a state of maturity as enables it to assume an inde-
pendent existence.

(2382.) We may naturally expect, therefore, that, with habits so
remarkable, the structure of the generative apparatus, both in the
male and female Marsupial, wdll offer important peculiarities, and
these accordingly first present themselves for description.

(2383.) We select the Kangaroo as an example of the entire group;
beginning, as we have hitherto done, with the organization of the

male organs of generation.

(2384.) The first circumstance that strikes the attention of the

anatomist in a male Marsupial is the extraordinary position of the

testes, which, instead of being situated behind the penis, as in most
placental Mammals, are placed in front of that organ in a kind of

scrotum that occupies the same place as the pouch of the female,

and is in like manner supported by two marsupial bones derived from

the pubes, around which the cremaster muscle winds in such a man-
ner as to enable it powerfully to compress the testicles during the

congress of the sexes. The vasa deferentia derived from the testes

open into the commencement of the urethra, which now, for the first

time, forms a complete canal leading from the bladder to the extremity

of the penis. The auxiliary glands that pour additional secretions

into the urethra are of great size, and more numerous than those met
with in the human subject. In the first place, the commencement of

the urethral tube is embraced by a bulky and conical prostate, to which

succeed three pairs of large secreting organs
(
Couper's glands), each

enveloped in a musculo-membranous sheath, apparently intended to

compress their substance, and thus efficiently discharge their secre-
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tion into the canal of the urethra, there to be mixed up with the
seminal fluid.

(2385.) But, perhaps, the most decided peculiarities that charac-
terise the males of

3gi
Marsupial quadrupeds

are met with in the

construction of the

penis itself. The two

roots or crura of the

corpora cavernosa are

not, as in the higher

Mammals, attached to

the branches of the

ischium by ligament-

ous bands, but each

swells into a large

bulb enclosed in a

powerful muscular en-

velope. The bulbous

portion of the urethra

is likewise double,

and embraced by pow-

erful muscles. In the

Kangaroo, moreover,

the spongy erectile

tissue that encloses

the urethra passes

with thatcanal through

the centre of the body

of the penis, formed

by the corpora caver-

nosa, so that a glans

can scarcely be said

to exist ; but in other Generative organs of female Kangaroo.

Marsupials, as, for example, in the Opossums
(
Didelpliis), the ex-

tremity of the intromittent organ is bifid, thus forming another

approximation to the oviparous type.

(2386.) In the female Kangaroo, and other Marsupials, there are

still two distinct uteri, opening into the vagina by distinct orifices

;

and even the vagina itself is double, exhibiting a very peculiar and

interesting arrangement, represented in the preceding figure {fig.

391). The ovaria (a, a) are now reduced to comparatively small dimen-

sions when compared with those of the Ovipara ;
a circumstance that

depends upon the reduced size of the ovarian ovules, which no longer

present the bulky yolks peculiar to oviparous generation, the necessity
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for the existence of such a large store of food being now superseded

by the provision of another kind of nourishment derived from the

mammary glands. The Fallopian tubes commence by wide fimbriated

apertures, and each leads into a separate uterine canal
(
b ), in which

the first part of gestation is accomplished. The two uteri open by two

orifices
(
c

, f) into the two vaginae (g, g), which remain quite distinct

from each other from their commencement to their termination in

the urethro-sexual canal (h), a kind of cloaca into which both the

vaginae and the urethra empty themselves.

(2387.) Such being the arrangement of the generative apparatus

of the female Kangaroo, we are prepared, in the next place, to con.

sider the structure of the Marsupial ovum, and to trace its progress

from the ovary, where it is first formed, into the Marsupial pouch,

where the development of the fetus is ultimately completed.

(2388.) The ovary of a Marsupial animal, as has been already

observed, resembles that of ordinary Mammalia, aud presents the same

dense structure. But the ovarian ovules, although characterised by

the paucity of yolk as compared with the oviparous classes, yet have

a larger proportion than exists in the placental Mammalia. When
impregnation is effected in the Marsupial animal, the Graafian vesicle

or ovisac is ruptured, and the little ovulum escapes into the Fallopian

tube, whereby it passes into the uterine cavity
;
from whence of course

it must absorb the materials destined to support the future embryo,

in the same manner as the egg is furnished in the oviduct with the

albumen that invests the yolk. The development of the embryo

from the blastoderm or germinal membrane is, no doubt, accomplished

in the same manner in all Mammalia as it is in Birds, up to a cer-

tain stage of maturity ;
but at that stage of growth, when, in the

case of the Bird, the yolk is required to contribute to the nourish-

ment of the newly-formed being, in the Mammifera where no ade-

quate supply of yolk exists, other means must be resorted to ;
and

accordingly the Marsupial embryo is born prematurely, in order to

supply it with milk, and in the ordinary Mammal a placenta is deve-

loped, forming a means of vascular communication between the mother

and the fetus.

(2389.) The important investigations of Professor Owen upon

this subject* cannot be too highly appreciated. Jn the gravid uterus

of a Kangaroo, examined by this indefatigable labourer in the cause

of science, a fetus was met with that had apparently arrived very

nearly at the term of its intra-uterine existence ; and the following is

a summary of its anatomy at this period.

(2390.) The ovum (fig. 392, c) was lodged in one of the uterine

cavities, and the fetus was about an inch and four lines in length.

* Oil the Generation of Marsupial Animals, with a Description of the Impregnated

Uterus of the Kangaroo, by ltichard Owen, Esq. l’hil. Trans. 1834. ^
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The walls of the gravid uterus were obviously dilated, and its parietes

varied in thickness from one to two lines, being in the unimpregnated
state about half a line ; but this increase was not in the muscular
coat, but in the lining membrane, which was thrown into irregular

folds and wrinkles. There was, however, not the slightest trace of

any vascular connection between the uterus and the ovum, neither

placenta nor villi, nor any determination of vessels to a given point

on either of the opposed surfaces of the chorion or uterus : on the

contrary, the external membrane of the ovum (chorion)
exhibited not

the slightest trace of vascularity, even under the microscope, and

seemed in every respect to resemble the membrana putaminis that

lines the egg-shell.

(2391.) The body of the fetus itself was immediately enclosed in

a transparent membrane
(
b), the amnios.

(2392.) Between the chorion (a) and the amnios (b) was an exten-

sive vascular membrane (e,

il, d, e, e) ; its figure seemed

to have been that of a cone,

of which the apex was at the

umbilicus of the fetus.

(2393.) Three vessels

could be distinguished di-

verging from the umbilical

cord, and ramifying over it.

Two of these trunks con-

tained coagulated blood
;

while the third was smaller,

empty, and evidently the arte-

rial trunk. No trace of any

other membrane could be

seen extending from the fetus

besides the three above men-

tioned,—the chorion (a), the

amnios (b), and the inter-
j , , Embryo of Kangaroo.

posed vascular mombraue,

the nature of which becomes the next subject of inquiry.

(2394.) On tracing the three vessels above alluded to, as ramifying

over the vascular membrane, through the umbilicus into the abdomen,

the two larger ones, filled with coagulated blood, were found to unite,

and after being joined by the mesenteric vein penetrated the liver

:

these, consequently, were the representatives of the omphalo-mesenteric

or vitelline vein of the embryo bird (§ 2085). The third vessel passed

between the convolutions of the small intestine along tbe mesentery

to the abdominal aorta, corresponding to an omphalo-mesenteric or vitel-

line artery. The membrane, therefore, upon which they ramified
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answers to the vascular layer of the germinal membrane which
spreads over the yolk in the oviparous animals, or to the vitelline

vesicle of the embryo of ordinary Mammalia.

(2395.) A filamentary pedicle connected this membrane to the in-

testine near the termination of the ileum, thus completing the resem-

blance between this apparatus and the vitelline system of Birds. But
here wrn must caution the student not to be misled on one important

point : the contents of the vitelline sac in the Marsupials, although

doubtless intended to afford nourishment to the embryo animal, and

thus representing the yolk of the bird’s egg, differs from it in one

very essential circumstance. The yolk of the oviparous ovum is

ready formed in the ovary and exists prior to conception ; hut in the

Mammal, where the ovarian yolk is met with in extremely small

quantities, the contents of the vitellicle must obviously be derived

from some other source, most probably from absorption from the

uterine cavity.

(2396.) In the Marsupial ovum the vascular membrane of the vitel-

licle is doubtless sufficient for the respiration of the little creature up

to the time of its birth, and accordingly, the allantoic system (§ 2088)

is but very partially developed. In the ovum delineated in the last

figure, there was, as yet, no perceptible trace either of an allantois or

of a urinary bladder; but, as has been proved by another dissection,

during the latter week of uterine gestation, the urinary bladder is

prolonged beyond the umbilicus so as to form a small allantois des-

tined to receive the renal secretion, which becomes more abundant as

the little fetus increases in size and completeness.*

(2397.) In the mammary fetus of a Kangaroo a fortnight old, Pro-

fessor Owen detected both au urachus and umbilical arteries, but

these only extended from the bladder and iliac vessels as far as the

umbilicus ;
neither could any umbilical vein be found penetrating the

liver. It is in the placental Mammals that we shall find these ves-

sels assuming their full importance, and developing themselves into a

new system, whereby the communication between the mother and her

offspring is still more effectually provided for.

(2398.) When we consider the very early period at which the young

Kangaroo is born, namely, at about the thirty-ninth day after concep-

tion, it is only reasonable to suppose that the organs most immediately

connected with the vital actions are precociously matured ;
and accor-

dingly, even in the embryo above delineated
(fig . 392), the intestines,

the liver, the kidneys, and the testes were all conspicuous, and the

diaphragm, the heart, and the lungs were in such an advanced condi-

tion as to show that they would soon be capable of prematurely taking

upon themselves the exercise of the circulatory and respiratory func-

tions.

* See Proceedings of the Zool. Society for August, 1837.
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(2399.) This rapid development of the viscera connected with circu-
lation and respiration, is in truth essentially requisite

; for no sooner
has the embryo arrived at the size represented in the next figure {fig.
393, a), and while the limbs are still in a most rudimentary condition,
the embryo is transferred from the uterus into the marsupial pouch,
where it is found attached by its mouth to one of the nipples, from
whence the materials of its support are to be obtained, until it has
acquired sufficient strength and size to leave the strange portable nest
in which its fetal growth is accomplished, and procure food adapted to

a maturer condition.

(2400.) A very beautiful provision is met with in the construction
of the respiratory passages of the young Marsupial, intended to obviate
the possibility of suffocation consequent upon the admission of milk into
the trachea,—a circumstance that without some peculiar arrangement
might easily happen

; but of this we must quote the original description,

extracted from the paper already referred to.* “ The new-born Kan-
garoo,” observes Professor Owen, “ possesses greater powers of action

than the same-sized embryo of a Sheep, and approximates more nearly in

this respect to the new-born young of the Rat; yet it is evidently in-

ferior to the latter. For although it is enabled by the muscular power
of its lips to grasp and adhere firmly to the nipple, it seems to be
unable to draw sustenance therefrom by its own unaided efforts. The
mother, as Professor Geoffroyf and Mr. Morgan

J have shown, is

therefore provided with a peculiar adaptation of a muscle (analogous
to the cremaster) to the mammary gland, for the evident purpose of

injecting the milk from the nipple into the mouth of the adherent
fetus. Now it can scarcely be supposed that the fetal efforts of suction

should always be coincident with the maternal act of injection; and,

if at any time this should not be the case,

a fatal accident might happen from the

milk being forcibly injected into the larynx.

Professor Geoffroy first described the mo-

dification by which this purpose is effected,

and Mr. Hunter appears to have foreseen

the necessity for such a structure, for he

has dissected two small fetuses of the Kan-

garoo for the especial purpose of showing

the relation of the larynx to the posterior

nares.§ The epiglottis and arytenoid car-

tilages are elongated and approximated, so

* Page 348.

t Memoires du Musee, tom. xxv. p. 48.

+ Trans. Lin. Society, vol. xvi. p. 61.

§ “See Nos. 3731, 3734, 3735, in the Physiologi-

cal series of the Hunterian Museum, in which there

Fig. 393.
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that the rima glottidis is thus situated at the apex of a cone-shaped

larynx {fig. 393, n, a), which projects, as in the Cetacea, into the

posterior nares, where it is closely embraced by the muscles of the

soft palate. The air passage is thus completely separated from the

fauces, and the injected milk passes in a divided stream, on either

side of the larynx, into the oesophagus.”
“ Thus aided and protected by modifications of structure, both in

the system of the mother and in its own, designed with especial refer-

ence to each other’s peculiar condition, and affording therefore the

most irrefragible evidence of Creative foresight, the feeble offspring

continues to increase from sustenance, exclusively derived from the

mother, for a period of about eight months. The young Kangaroo

may then be seen frequently to protrude its head from the mouth of

the pouch, and to crop the grass at the same time that the mother is

browsing. Having thus acquired additional strength, it quits the

pouch, and hops at first with a feeble and vacillating gait; but con-

tinues to return to the pouch for occasional shelter and supplies of

food, till it has attained the weight of ten pounds. After this it will

occasionally insert its head for the purpose of sucking, notwithstand-

ing another fetus may have been deposited in the pouch ; for the latter,

as we have seen, attaches itself to a different nipple from the one

which had previously been in use.”

(2401.) Thus therefore are we conducted by the Ovo-vivipara, as

the Marsupialia are properly called, to the most perfect or placental

type of the generative system.

(2402.) Commencing our account of the reproductive organs of

viviparous Mammalia, by examining those of the male sex, we have

another striking example of the insufficiency of the nomenclature

employed by the anatomist who confines his studies to the human

body, when it becomes necessary to describe corresponding organs

even in animals organized after the same type.

(2403.) True it is, that there is the same general arrangement of

the generative apparatus; and it is convenient, as far as possible, to

apply the same names to structures that apparently represent each

other : but a very superficial examination of the facts will serve to

show that great differences exist between them
;
and, accordingly, we

are not surprised to find the utmost perplexity and confusion in the

descriptions of these parts, arising from the indiscriminate application

of the terms employed in human anatomy to totally dissimilar struc-

tures.

(2404.) It is not, however, our business here to criticise the labours

of authors upon this subject ; we must content ourselves with select-

ing an example of one of the more complex forms under which

are evidences that Mr. Hunter had anticipated most of the anatomical discoveries

which have subsequently been made upon the embryo of the Kangaroo.^
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the male genitals present themselves, and leave the reader to
contrast the various organs with those met with in the human sub-
ject.

(2405.) The annexed figure {fig. 394, a) represents the generative
viscera of the male Hedgehog. The rectum

(
a

)
and the neck of the

bladder (h) remain in situ

;

but the rest of the latter viscus has been
removed, and the first portion of the urethra (e) slit open, in order to
show the relations of the surrounding parts.

(2406.) The testes {b, b

)

present the same structure in all the class,

and consist essentially of an immense assemblage of extremely deli-

cate tubuli seminiferi,
. , . ,

J
,

’ Fig. 394 .

enclosed in a dense al-

bugineous tunic from

which septa pass inter-

nally, whereby the semi-

niferous tubes are divided

into several fasciculi

:

after piercing the proper

fibrous tunic of the testes,

the sperm-secreting tubes

are collected into au ex-

tremely tortuous duct,

that by its convolutions

forms the epididymis,

as in Man, and is then

continued, under the

name of vas deferens, to

the commencement of

the urethra, into which

the two ducts open
(
b ,

b, b). In the Horse, aud
many Ruminants, the vas b a
deferens presents a re-

Male genei
'at>ve apparatus of the Hedgehog.

markable structure : before its termination it suddenly swells to a
considerable diameter, depending upon the increased thickness of the
walls of the canal, which at the same time become cellular, and se-

crete a gelatinous fluid that escapes into the cavity of tho duct.

(2407.) In their situation the testes of placental Mammals are
found to offer very striking differences. In tho Cetacea, tho Elephant,
and the Seal tribes, they remain permanently in the abdomen, bound
down by a process of the peritoneum. In Man, and most quadrupeds,
on the contrary, they pass out of the abdominal cavity through the
inguinal rings, and are suspended in a scrotal pouch formed by the
skin, and a cremaster muscle, and lined by a serous prolongation of
the peritoneal sac. The spermatic cords, therefore, formed by the



832 MAMMALTA.

vessels and excretory canal of the testes will take a different course,

in conformity with the variable position of these organs, and, where a

scrotum exists, must enter the abdomen through an inguinal canal.

Still, from their horizontal posture, quadrupeds are hut little liable to

hernise, even where the inguinal passages are much more open than

in the human subject.

(2408.) The quantity of the seminal fluid furnished by the testes

is very small, as must be evident from the extreme nan-owness of the

duct through which it passes into the urethra. Nevertheless, as the

impregnation of the female now requires the forcible injection of this

fluid, it is absolutely requisite to increase the bulk of the vivifying

secretion, in order to enable the muscles that embrace the urethral

tube efficiently to expel it. For this purpose additional glands are

given, whereby different fluids are poured into the urethral cavity,

apparently for the sole purpose of diluting the spermatic liquor, and

thus forming a vehicle for its expulsion. These succenturiate glands,

as they are named, are not found in any oviparous animal ; but in the

Mammal such is their size and importance that there may be just

reason for supposing them to exercise a more important office than

that usually assigned to them by physiologists : and this supposition

seems to obtain additional weight when we consider the great diversity

of structure that they exhibit in different quadrupeds.

(2409.) The vesicular seminales are the first of these accessory

secreting organs that require our notice. In Man the seminal

vesicles, as they are erroneously termed, resemble two membranous

reservoirs, situated beneath the neck of the bladder, and were once

supposed to be receptacles for containing the semen. When opened,

however, they are found to be composed of the windings of a

very sinuous secreting surface ; and, as their excretory ducts open

into the urethra in common with the vasa deferentia, they obviously

add the fluid that they elaborate to the secretion of the testes.

(2410.) But notwithstanding their apparent importance in the

human species, these organs do not exist at all in by far the greater

number of Carnivora ;
neither are they found in the Ruminants, nor

in the cetaceous Mammals.

(2411.) In other quadrupeds, on the contrary, they are found; and

their proportionate size is extremely remarkable. This is specially

the case in the Rodent tribes, and among the Tnsectivora. In the

Hedgehog, for example, their bulk is enormous. In this creature

they form two large masses (fig. 394, a, c, c), each composed of four

or five bundles of long and tortuous secerning vessels folded upon

themselves in all directions, and pouring the product of their secre-

tion into the urethra by two ducts (fig. 394, b c, c), quite distinct from

the vasa deferentia.

(2412.) The prostates are the next succenturiate glands, super-
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added to the essential generative organs of the placental Mammals

;

and so diverse is their structure in different tribes, that it is not
always easy to recognise them under the varied forms that they
assume.

(2413.) In Man the prostate is a solid glandular mass, that em-
braces the commencement of the urethra, into which it discharges its

secretion by numerous small ducts
; and this is the most common

arrangement throughout the Mammiferous orders.

(2414.) In Ruminants, Soltpeds, and in the Elephant, there are

two or even four prostates of a very different kind; each gland hav-

ing a central cavity, into which smaller cavities open by wide orifices.

In these creatures, therefore, the prostatic secretion accumulates in

the interior of the gland, from whence it is conveyed into the urethra

by appropriate excretory canals.

(2415.) In most of the Rodentia, in the Moletmi in the Hedgehog,
the structure of the prostate is so peculiar that many distinguished

comparative anatomists refuse to apply the same name to organs that

obviously represent the gland we are describing, preferring, with

Cuvier, to call them “ accessory vesicles.”

(2416.) In the Hedgehog, the prostate is replaced by two large

masses {Jig. 394, a, d, d), each composed of parallel, flexuous, and
branched tubes, all of which unite into ducts common to the whole
group, whereby the fluid elaborated is conveyed into the urethra
through minute orifices {Jig. 394, b, e, e).

(2417.) A third set of auxiliary secreting bodies, very generally

met with, are called by the name of “ Cowper’s glands." These in

our own species are very small, not exceeding the size of a pea ; but
in many quadrupeds they are much more largely developed. In the

Hedgehog {Jig. 394, a, /) they are obviously composed of convoluted

tubes, and their ducts open by distinct apertures (b, g, g) into the

floor of the urethra.

(2418.) The caual of the urethra, through which the urine as well

as the generative secretions are expelled from the body of the male

Mammal, is a complete tube, and no longer a mere furrow, as we have

seen it to be in all the Ovipara possessed of an intromittent apparatus.

It extends from the neck of the bladder to the extremity of the penis ;

but in this course, owing to its relations with the surrounding parts,

it will be necessary to consider it as divisible into two or three dis-

tinct portions, each of which offers peculiarities worthy of remark.
The first part of the urethral tube is not unfrequently, as in the hu-

man subject, more or less completely surrounded by the prostate

gland, and in such cases merits the name of “ prostatic portion;" but

where, as in the Hedgehog, the prostates do not enclose the commence-

ment of the canal, this division of the urethra does not exist.

(2419.) The second is the “ muscular portion,” extending from the

3 H
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prostate to the root of the penis, and it is iuto this part that all the

generative secretions are poured from their respective ducts [Jig. 394,

b, b, c, e, g, h). Externally, this division of the urethra is enclosed

by strong muscles [Jig. 394, a, i, i), which by their convulsive contrac-

tions forcibly ejaculate the different fluids concerned in impregnation,

and thus secure an efficient intromission of the seminal liquor into

the female organs.

(2420.) The third portion of the urethra is enclosed in the body of

the penis, and surrounded by the erectile tissue, of which that organ

essentially consists
;
but in all quadrupeds this part of the canal is

not so decidedly continuous with the muscular portion as it appears

to be in Man and the generality of Mammalia. In many Ruminants,

and in some of the Hog tribe, the muscular division of the canal

opens into the upper part of the third or vascular division, in such a

manner that a cul-de-sac occupies the commencement of the vascular

bulb of the urethra, as it is called by anatomists, into 'which the secre-

tion of Cowper’s glands is poured, without having been previously

mixed with the seminal or prostatic fluids. In some Rodents, as, for

example, in the Squirrel and the Marmot, the arrangement is still

more curious; for the cid-de-sac of the bulb of the urethra in these

creatures, which receives the secretion of Cowper's glands, is length-

ened out into a long tube that runs for some distance beneath the

proper urethra, and only joins that canal near the extremity of the

penis.

(2421.) The body of the penis in the Mammalia, as in all other

Vertebrata possessed of such an organ, is composed of vascular erec-

tile tissue ; but now, besides the corpora cavernosa, which in Reptiles

and Birds formed the entire organ, another portion is superadded,

destined to enclose the canal of the urethra in a thick erectile sheath,

and, moreover, to form the glans, or most sensitive part of the intro-

mitten t apparatus.

(2422.) The corpora cavernosa are now securely fixed to the bones

of the pelvis by two roots or crura; and eveu in the Cetacea, where

no pelvis is met with, the ossa ischii exist, apparently only for the

purpose of giving firm support to the origin of the parts in question.

The size of the corpora cavernosa in Man, and many other animals,

is of itself sufficient to give the needful rigidity to the parts during

sexual excitement; but in some tribes an additional provision is le-

quired to ensure adequate firmness. Thus in Monkeys, Bats, the

Cabnivoea, the Rodentja, and the Balamida among Cetaceans, a

bone is embedded in the substance of the male organ, of which it

forms a considerable part. Where this bone exists, the corpora caver-

nosa are proportionately small, and the fibrous walls of the penis are

confounded with its periosteal covering.

(2423.) The corpus spongiosum, likewise composed of erectile tissue,
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is quite distinct from the cavernous bodies, and, as we have said

before, is only found in the Mammifera. It commences by a bulbous
origin that embraces the urethra, and it accompanies that canal quite

to the extremity of the penis, where it dilates into the glans.

(2424.) The size and shape of the male organ varies of course in

every genus of quadrupeds, as does the form aud texture of the

glans. To describe these would lead us into details of too little

importance to be noticed in a survey so general as that we are now
taking ; nevertheless, we cannot entirely omit to notice the strange

and unaccountable structure met with in some of the Rodent tribes,

whereby the penis is rendered a most formidable-looking apparatus,

the object of which it is not easy to conjecture
; although, as an

instrument of excitement, no one will be disposed to deny its

efficiency.

(2425.) Thus, in the Guinea-pig tribe (Cavia, Ilig.), the penis is

strengthened by a flat bone that reaches forward as far as the ex-

tremity of the gland beneath which is the termination of the urethra

;

but behind and below the orifice of this canal is the opeuing of a

pouch, whereiu are lodged two long horny spikes. When the

member is erect, the pouch alluded to becomes everted, and the

spikes {fig. 395, d
)
are

protruded externally to

a considerable length.

Both the evected pouch

(
b
)
and the entire surface

of the glans are, more-

ever, covered densely

with sharp spines or

hooklets ; and as though

even all this were not

sufficient to produce the

needful irritation, still

further back there are,

in some species, two

sharp and strong horny

saws (c, c) appended to the sides of the organ. From this terrible

armature of the male Cavys, it would be only natural to expect

some corresponding peculiarity in the female parts
; but, how'ever

inexplicable it may appear, the female vagina offers no uncommon
structure.

(2426.) We have, in the last place, to examine the generative system
of the female placental Mammalia, and thus to trace the development

of this important system to its most complete aud highest form.

(2427.) In the Marsupialia, as the reader will remember, there

were still two distinct uteri, that were obviously the representatives

Fig. 39.5.

Penis of the Agouti.
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of the oviducts of the oviparous classes. In the human female, on
the contrary, the uterus is a single central viscus, into which the
germs derived from the ovaria are introduced through the two “ Fallo-

pian tubes," as the oviducts are now designated
; hut we shall soon

see that the viviparous Mammals offer in the anatomical structure of

the generative system of the female so many intermediate gradations

of form, that we are almost insensibly conducted even from the

divided uteri of the Ornithorynchus up to the most elevated and con-

centrated condition that the uterine apparatus ultimately attains in

our own species.

(2428.) In the female Babbit, for example, we have a placental

Mammal that in every part of the organization of its reproductive

organs testifies its near affinity to the Marsupial type. The ovaria

[jig. 396, h, l), although widely different as regards the size of the

Fig. 396.

Uterus of the Rabbit.

contained ovules from those of oviparous animals, still retain faint

traces of a botryoidal or racemose appearance.

(2429.) The oviducts (n, o), or the Fallopian tubes as we must now

call them, are reduced in their diameter to very small dimensions,

and testify by their tenuity how minute must be the ovule to which

they give passage. To these succeed the uteri (<?,/), still entirely

distinct from each other throughout their whole extent, and even

opening into the vagina (g) by separate orifices, into which the probes

i, h, have been introduced. A.s far as its anatomy is concerned, such

an uterine apparatus might belong to a marsupial Mammifer: and

even in the rest of the sexual parts obvious relations may be traced
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between the rodent we are describing and the ovo-viviparous quad-
rupeds.

(2430.) It is true there are no longer two vaginae terminating in a
single cloacal cavity, but let the reader observe how nearly the vagina of

the Rabbit [Jig. 396, a, b) approximates the condition of a cloacal chamber.
Anteriorly it receives the contents of the bladder (cl, m) ; while the

rectum (s) terminates by an anal orifice (?•), so closely conjoined with
the aperture of the vulva, that the anatomist is almost in doubt
whether the external opening might not be described as common both
to the vagina and intestine. Advancing from this lowest form of a

placental uterine system, it is found that the two uteri before their

termination become united so as to form a central portion common to

both, called the body of the uterus, through the intervention of which
they communicate with the vagina by a single passage named the os

tinea; still, however, the cornua uteri, especially in those tribes that

are most remarkable for their fecundity, become during gestation far

more capacious than the mesial portion of which they appear to be
prolongations. It is, in fact, in the cornua that the numerous pro-

geny of such animals are lodged during the whole time of their reten-

tion in the uterus; and consequently such an arrangement is abso-

lutely requisite, as must be evident from simply inspecting the gravid

uterus of a Sow (fit). 397), where the cornua uteri (c, c), are of re-

markable dimensions.

(2431.) As we ascend from the more prolific inferior races to the

Quadrumana and the Human species, the proportionate size of the

body of the uterus becomes matei-ially increased, and that of the

cornua diminishes in the same ratio, until in the Monkeys and in

Woman the latter become quite lost, and the now pyriform central

part appears to compose the entire viscus, into the cavity of which the

Fallopian tubes seem immediately to discharge themselves. Thus
gradually, therefore, does the oviparous sexual apparatus assume the

viviparous type; and then, passing through numerous intermediate

forms, ultimately attains its most concentrated condition in the uterus

of the human female.

(2432.) In every other part of the generative system we shall

likewise find the characters of the type at length completely estab-

lished. The ovaria (Jig. 397, a) entirely lose all traces of their

original racemose condition, for now the quantity of granular matter

inclosed along with the germ in each Graafian vesicle, the last remnant

of the yolk, has become almost inappreciable, and the little ovarium

ovules are inclosed in a dense parenchymatous substance enveloped by

a smooth albugineous tunic. The Fallopian tubes
(
b
)
correspond, in

the smallness of their diameter, with the minuteness of the globules

they are destined to convey from the ovaries into the uterine recep-

tacle ; and lastly, the excretory canal of the bladder (cl) becomes quite
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Fig. 397.

Uterus of the Sow.

separated from the vagina (e), and the anal and generative apertures

are found completely distinct from each other.

(2433.) After the above brief sketch of the anatomy of the organs

of generation in the higher Mammalia, it now remains for us to trace

the development of the germ from the moment of impregnation to

the birth of the fetus, and observe in what particulars placental

generation differs from the oviparous and ovo-viviparous types already

described. In the viviparous or placental Mammmifer, the effect of

impregnation is the bursting of one or more of the Graafian vesicles,

and the escape of the contained germs from the ovisacs wherein they

were formed. In the Ovipara, owing to the delicacy of the ovisacs,

the vascular membranes composing them, when once ruptured, are

speedily removed by absorption ;
but in the Mammal this is not the

case, and a cicatrix remains permanently visible upon the surface of

the ovary, indicating where the rupture has occurred : such cicatrices

are known by the name of corpora lutea.

(2434.) On the rupture of the ovarian ovisac, the vesicle of Purkinje,

or the essential germ, accompanied only by a most minute quantity of

granular fluid, or yolk, is taken up by the fimbriated extremity of the
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Fallopian tube, and conveyed into the interior of the uterus, where

its development commences. Observations are wanting to teach us

precisely what are the first appearances of the embryo ; but there is

not the least doubt that the materials for its earliest growth are ab-

sorbed in the cavity of the womb, and that its formation from a blasto-

derm, or germinal membrane, is exactly comparable to what occurs in

the egg of the Bird, already minutely described in the last chapter

(§ 2058 et seq.), and that in every particular, as relates to the growth

and functions of the vitelline or omphalo-mesenteric as well as of the

amniotic systems, the phenomena are the same as in the marsupial

Mammal up to the period when the young Marsupian is prematurely

born, to be afterwards nourished in the pouch of its mother from
materials derived from the breast.

(2435.) But precisely at that point of development where the Mar-
supial embryo is expelled from the uterus of its parent, namely, when
the functions both of the vitellicle and of the allantoid apparatus

become no longer efficient either for nutrition or respiration, a third

system of organs is developed in the placental Mammifer, whereby a

vascular intercommunication is established between the fetus and the

uterine vessels of the mother, forming what has been named by human
embryologists the Placenta.

(2436.) In the ovum of a Sheep, at that period of the growth of the

fetus which nearly corresponds with the end of utero-gestation in the

prematurely-born Kangaroo, all the three systems alluded to are co-

existent and easily distinguishable, as will be seen in the accompany-

ing figure {fig. 398). The fetus (a), inclosed in its amniotic membrane

Fitj. 398.

Embryo of the Sheep.

(5), has its limbs as yet but very imperfectly formed, exhibiting pretty

nearly the condition of a nascent Marsupial {vide Jig. 393); but here

it will be seen that the umbilical systems exhibit very striking

differences in the two races. The vitellicle (f), with its pedicle (e), are
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of very small dimensions; the allantoid sac (g), on the contrary, is of

considerable bulk, and, having ceased to act as a respiratory organ,

becomes adapted to receive the urinary secretion through the canal

of the urachus. The most important feature, however, is the rapid

extension of the umbilical vessels
(
d), which in Birds and Marsupials

were distributed only to the allantois

;

but in the placental Mammals
these vessels rapidly spread over the chorion (7t), and, coming in

contact with the vascular surface of the womb, they soon form a new
bond of communication between the mother and the fetus, constituting

the placenta ; and thus the offspring is nourished, until, its iutra-uterine

growth being accomplished, it is born in au advanced condition of

development, and becomes the object of maternal care during that

period in which it is dependent upon the breast of its mother for

support.

(2437.) The appearance of the placenta varies much in different

tribes : thus, in the Sheep and other Ruminants it cousists of nume-
rous detached masses of villi

(
i

,
i), that indigitate with correspond-

ing processes derived from the maternal womb ; in the Mare it covers

the whole surface of the chorion
; but in the greater numbers of

Mammals, and in the Human female, it forms a single vascular cake,

whence is derived the name appropriated by anatomists to this import-

ant viscus.

(2438.) After the development of the placental system, it is obvious

that the arteries derived from the common iliac trunks of the fetus,

which at first were distributed only to the allantois, as in the case

of the Bird (§ 2088), on the development of the placenta become

transferred to the latter viscus, and form the umbilical arteries of

the navel-string. The vein, likewise, notwithstanding its prodigiously-

increased extent of origin after the placenta has been formed, takes

the same course on entering the umbilicus of the fetus as it did when

it was derived only from the allantois ; so that, although the placenta

completely usurps the place of the allantois, both the allantoic and

placental circulations are carried on through the same umbilical

arteries and veins.

(2439.) In order to complete our history of fetal development up to

the full establishment of the permanent double circulation that cha-

racterises all the hot-blooded Vertebrata after birth, it only remains for

us to notice the changes that occur in the vessels of the fetus, whereby,

on the cessation of the functions of the placenta, the pulmonary circu-

lation is at length brought into action.

(2440.) Up to the period of birth the arrangement of the fetal cir-

culation remains essentially that of a Reptile, inasmuch as both the

venous blood derived from the system and the arterialized blood that

comes from the placenta, are mixed together in the as yet imperfectly-

separated chambers of the heart. Under these circumstauces the
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arrangement of the vascular system is as follows :—Pure blood,

supplied from the placenta, is brought into the body by the umbilical

vein, w'hich passes partly into the portal system of the liver, but

principally through the ductus venosus into the inferior cava, and

thence into the heart. From the construction of the heart during

this portion of fetal existence it is obvious, that, in that viscus, all the

blood derived from the placenta, from the venous system of the fetus,

and also from the as yet inactive lungs, is mingled together prior to

its distribution through the arterial system. The two auricles commu-

nicate freely with each other through the foramen ovale; and, by

means of the ductus arteriosus, the greater portion of the blood

driven from the right ventricle during the systole of that cavity

passes into the aorta, a very small proportion only finding its

way into the pulmonary arteries. Such a heai’t, therefore, supplies

a mixed fluid to the fetal system ; of which a portion, having

passed through the arterial trunks, finds its way back to the

placenta through the two umbilical arteries, there to recommence

the same circle. .

(2441.) Immediately after birth, however, the whole arrangement

is altered, and the adult condition fully established. The lungs

assume their functions, and the pulmonary arteries attain their full

proportions ; while the placenta at once ceases from its office, and all

the umbilical vessels become obliterated. The ductus venosus is no

longer permeable, so that the portal system and that of the venae cava

are quite separated : the foramen ovale closes, thus completely sepa-

rating the right from the left auricle : the ductus arteriosus is reduced

to a mere ligament ; all the blood, therefore, driven from the right

side of the heart must now pass into the expanded lungs, and be

returned through the pulmonary veins to the left side of the heart.

Thus the pulmonary and systemic circulations being rendered totally

distinct, arterialized blood alone enters the arterial system, to be

distributed through the body; and, the umbilical arteries disap-

pearing, the highest form of the circulatory apparatus is fully es-

tablished.

(2442.) After birth the mammary glands supply the first nutriment

to the still helpless offspring. These vary in number and position in

different species of placental Mammifers, their number being of course

greatest in the most prolific races. Where the arms or anterior limbs

can be used for supporting or clasping the feeble young, as in the

Quadkumana, the Bats, and the females of our own species, it is

upon the breast that these nutrient founts are placed ; but in less

gifted tribes the mamma are situated beneath the abdomen or in the

inguinal region. Their structure, however, is similar throughout the

entire class
; each gland consisting of innumerable minute secreting

cells, grouped together in lobules and in lobes. Delicate excretory
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ducts, derived from all these ultimate cells, unite together again and
again until they form capacious ducts, or rather reservoirs for milk.
In the Human female the lactiferous canals terminate by numerous
orifices upon the extremity of the nipple; but, where the nipples are

of large size, they generally contain a wide cavity wherein the milk
accumulates in considerable quantities, to be discharged through one
or two orifices only. Such are the modes by which Supreme Benefi-

cence has provided for the infant progeny of Mammiferous beings,

and conferred the endearments of maternity where He has bestowed

intelligence to appreciate affection. But even this is not all: from
the superabundance of the store provided there may be yet to spare

;

and Man is privileged to bid his lowing herds yield him their milk for

food, and thus obtains no slight addition to the bounteous table spread

for his enjoyment.
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