





¢ Let us take a Survey of the principal Fabrick, viz. the Terraqueous
Globe itself; a mosg stupendous work in every particular of it, which
doth no less aggrandize its Maker than every curious complete work doth
its Workman. Let us cast our eyes here and there, let us ransack all the |
Globe, let us with the greatest accuracy inspect every part thereof, search
out the inmost secrets of any of the creatures, let us examine them with
all our gauges, measurc them with our nicest rules, pry into them with
our microscopes and most exquisite instruments, still we find them to
bear testimony to their infinite Workman.”

DERHAM’S PHYSICO-FHEOLOG Y, BOOK II. P. 88.

¢ Could the body of the whole Earth - - be submitted to the Exami-
nation of our Senses, were it not too big and disproportioned for our
Enquiries, too unwieldy for the Management of the Eye and Hand, there
is no question but it would appear to us as curious and well-contrived
a frame as that of an human body. We should see the same Concate-
nation and Subserviency, the same Necessity and Usefulness, the same
Beauty and Harmony in all and every of its Parts, as what we discover
in the Body of every single Animal.” SPECTATOR, NO. 543,
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PREFACE.

TureE important subjects of enquiry in
Matural Theology come nnder consideration
in the présent Treatise.

The first regards the inorganic Elements
of the Mineral Kingdom, and the actual
dispositions of the Materials of the Barth:
many of these, although produced or modi-
fied by the agency of violent and disturbing
forces, affbrd abnndant proofs of wise and
provident Intention, in their adaptations to
the uses of the Vegetable and Animal King-
dowms, and especially to the condition of Man.

The second relates to Theories which have
been entertained respecting the Origin of
the World; and the derivation of existing
systems of organic Life, by an eternal suc-
cession, from preceding individuals of the
same species; or by gradnal transmutation
of one species into avother. I have endea-
voured to show, that to all these Theories
the phenomena of Geology are decidedly
opposed. .

The third extends into the Organic Re-
mains of a former World the same kind of
investigation, which Paley has pursued with
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so much success in his examination of the
evidences of Design in the mechanical
structure of the corporeal frame of Man, and
of the inferior Animals which are placed with
him on the present surface of the Earth.

The myriads of petrified Remains which
are disclosed by the researches of\ Geology
all tend to prove, that our Planet has been
occupied in times preceding the Creation of
the Human Race, by extinct species of
Animals and Vegctables, made up, like
hvmg Orgamc Bodies, of ¢ Clusters of Con-
trivances,” which demonstrate the exercise
of stupendous Intelligence and Power. They
further show that these extinet forms of Or-
ganic Life were so closely allied, by Unity
in the principles of their construction, to
Classes, Orders, and Families, which make
up the existing Animal and Vegetable King-
doms, that they not only afford an argument
of surpassing force, against the doctrines of
the Atheist and the Polythubt but supply
a chain of connected evidence, ammmtmg to
demonstration, of the continuous Being, and
of many of the highest Attributes of the One
Living and True God.
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The scientific Reader will feel that much value has been added
to the present work, from the whole of the Palecontology, during’
its progress through the Press, having had the great advantage
of passing under the revision of Mr. Broderip, and from the
botanical part having being submitted to Mr. Robert Brown,
1 have also to acknowledge my obligations to Mr. Clift for his
important assistance in the anatomy of the Megatherium; to
Professor Agassiz of Neuchatel for his unreserved communica-
tions of his discoverics relating to Fossil Fishes; to Mr. Owen
for his revision of some parts of my Chapter on Mollusks; and
to Mr. James Sowerby for his assistance in cngraving mest of
my figures of radiated animals, and some of those of Mollusks.

To all these Gentlemen 1 feel it my duty thus to offer my
public acknowledgments.

Many obligatious to other scicutific friends are also acknow-
ledged in the course of the work.
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Byficld, and most of the Steel plates of Mollusks by Mr. Zeitter,



NOTICE

Thue series of Treatises, of which the present is one, is
published under the following circumstances :

The Ricur HonounrasrLr and RevEreNnp Francis
Henry, EarL of BripgEwATER, died in the month of
I‘cbmary, 1829 ; and by his last Will and Testament, bear-
ing date the .Zoth of February, 1825, he directed certain
Trustees therein named to invest in the public funds the
.sum of Eight thousand pounds sterling; this sum, with
the aceruing dividends thereon, to be held at the disposal
of the President, for the time being, of the Royal Society
of London, to be paid to the person or persons nominated
by him. The Testator further directed, that the person or
persous selected by the said President should be appointed
to write, print, and publish one thousand copies of a work
On the Power, Wisdom, and Goodness of God, as mani-
fested in the Creation ; illustrating such work by all reason-
able arguments, as for instance the variety and_formation of
God's creatures in the animal, vegetable, and mineral king-
doms; the cffect of digestion, and thereby of conversion ;
the construction of the hand of man, and an infinite variely
of other arguments; as also by discoveries ancient and
modern, in arts, sciences, and the whole extent of literature.
He desired, moreover, that the profits arising from the sale
of the works so published should be paid to the authors of
the works. ; o
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JUNTRODUCTION.

Cuarrir L
Extent of the Province of Geology.

Tr a stranger, landing at the extremity of Eng-
land, were to traversc the whole of Cornwall
and the North of Devonshire; and crossing to
St. David's, should make the tour of all North
Wales ; and passing thence through Cumber-
land, by the lIsle of Man, to the south-western
shore of Scotland, should proceed cither through
the hilly region of the Border Countics, or,
along the Grampians, to the German Ocean;
he would conclude from such a journey of
many hundred miles, that Britain was a thinly
peopled sterile region, whose principal inha-
bitants werc miners and mountaincers.

Another foreigner, arriving on the coast of
Devon, anq. crossing the Midland Countics,
from the mouth of the Exe, to that of the Tyue,
would find a continued succession of fertile
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hills and valleys, thickly overspread with towns
and cities, and in many parts crowded with a
manufacturing population, whose industry is
maintained by the coal with which the strata of
thesc diStricts are abundantly interspersed.*

A third foreigner might travel from the
coast of Dorsct to the coast of YO{;kSllil‘e, over
elevated plains of oolitic limestone, or of chalk ;
without a single mountain, or mine, or coal-pit,
or any important manufactory, and occupicd by
a population almost cxclusively agricultural.

Let us supposc these three strangers to meet at
the termination of their journeys, and to com-
pare their respective observations ; how different
would Dbe the results to which each would have
arrived, respecting the actual condition of Great
Britain. The first would represent it as a thinly
peopled region of barren mountains; the se-
cond, as a land of rich pastures, crowded with

* It may be scen, in any correct geological map of England,
that the following important and populous towns are placed
upon strata belonging to the single geological formation of the
new red sandstone :— Exeter, Bristol, Worcester, Warwick, Bir-
mingham, Lichficld, Coveutry, Leicester, Nottingham, Derby,
Stafford, Shrewsbwmy, Chester, Liverpool, Warriugton, Man-
chester, Preston, Yok, and Carlisle.  The population of these
nineteen towns, by the census of 1830, exceeded a million.

The most convenient small map to which T can refur my
readers, in illustration of this and other parts of the piesent
essay, is the single sheet, reduced by Gardner from Mr.
Greenough’s large map of England, published by the Geological
Society of London.
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a flourishing population of mgnufacturers; the
third, as a great corn field, occupied by persons
almost exclusively engaged in the pursuits of
husbandry.

These dissimilar conditions of three great
divisions of our country, result from differences
in the geological structure of the districts
through which our three travellers have been
conducted. The first will have seen only those
north-western portions of Britain, that are com-
posed of rocks bclonging to the primary and
transition serics: the second will have traversed
those fertile portions of the new red sandstone
formation which are made up of the detritus
of more ancient rocks, and have beneath, and
near them, inestimable treasures of mineral coal :
the third will have coufined his route to wolds
of limestone, and downs of chalk, which are
best adapted for sheep-walks, and the produe-
tion of corn.*

Hence it appears that the numerical amount

* The rowld from Bath through Cirencester and Oaford to
Buckingham, and theuce by Kettering and Stamford to Lincoln,
affurds a good example of the unvaried sameness in the features
and culture of the soil, and in the occupations of the people,
that attends the line of direction, in which the oolite formativn
crosses England from Weymouth to Scarborough.

The road from Dorchester, by Blandford and S.hsbury, to
Andover and Basingstoke, or from Duustable to Royston, Cam-
bridge, and Newmarket, affords similar examples of the dall wni-
formity that we observe in a journev along the line of hearing
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of . our population, their varied occupations,
and the fundamental sources of their industry
and wealth, depend, in a great degree, upon
the geological character of the strata on which
they live. Their physical condition also, as
indicated by the duration of life and health,
depending on the morc or less salubrious
nature of their employments; and their moral
condition, as far as it is connected with these
employments, are directly affected by the geolo-
gical causes in which their various occupa-

tions originate.
From this example of our own country, we
learn that the same constituent materials of the

of the chalk, from near Bridport on the coast of Dorset, to
Flamborough Iead on the coast of Yorkshire,

Tu the same line of direction, or line of bearing of the strata
across England, a journey might be made from Lyme Regis to
Whitby, almost entirely upon the lias formation; and from
Weymouth to the Ilumber, without once leaving the Oxford clay.
Indeed almost any route, taking a uorth-east and south-west
direction across England, will for the most part pass continu-
ously along the same formation ; whilst a line from south-cast to
north-west, at right angles to the former, will nowhere continue
on the same stratum beyond a few miles. Such a line will give
the best information of the order of superposition, and various
conditions of the very numerous strata, that traverse our island in
a succession of narrow belts, the main direction of which is nearly
north-east and south-west. This line has atforded to Mr. Co-
nybeare the instructive section, from Newhaven necar Brighton,
to Whitehaven, published in his Geology of England and
Wales; along which nearly seventy changes in the character of
the strata take place.
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earth are not uniformly continuous in all direc-
tions over large superficial areas. In one district,
we trace the course of crystalline and granitic
rocks; in another, we find mountains of slate;
in a third, alternating strata of sandstone, shale,
and limestone ; in a fourth, beds of conglomerate
rock ; in a fifth, strata of marl and clay; in a
sixth, gravel, loose sand, and silt. The subor-
dinate mineral contents of these various forma-
tions are also different; in the more ancient,
are veins of gold and silver, tin, copper, lead
and zinc; in another serics, we find beds of
coal; in others, salt and gypsum; many arc
composed of freestone, fit for the purposes of
architecturc ; or of limestone, useful both for
building and cement; others of clay, conver-
tible by firc into materials for building, and
pottery : in ahmost all we find that most im-
portant of mineral productions, iron.

Agaiu, if we look to the great phenomena of
physical geography, the grand distributions of
the solids and fluids of the globe; the disposition
of continents and islands above and amidst the
waters; the depth and extent of seas, and lakes,
and rivers; the elevation of hills and mountains;
the extension of plains; and the excavation, de-
pression, and fractures of valleys; we find them
all originating in causes which it is the province
of Geology to investigate.

A more minute examination traces the pro-
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gress of the mineral materials of the earth,
through various stages of change and revolution,
affecting the strata which compose its surface;
and discloses a regular order in the superposi-
tion of these strata; recurring at distant inter-
vals, and accompanied by a corresponding regu-
larity in the order of succession of many extinct
races of animals and vegetables, that have fol-
lowed one after another during the progress of
thesec mineral formations; arrangements like
these could not have originated in chance, since
they afford evidence of law and method in the
disposition of mineral matter; and still stronger
evidence of design in the structure of the organic
remains with which the strata are interspersed.

How then has it happened that a science thus
important, comprchending no less than the
entire physical history of our planet, and whose
documents are co-extensive with the globe,
should have been so little regarded, and almost
without a name, until the commencement of
the present century ?

Attempts have been made at various periods,
both by practical observers and by ingenious
speculators, to estublish theories respecting the
formation of the carth ; these have in great part
failed, in conscquence of the then imperfect
state of those subsidiary scicnces, which, within
the last half century, have enabled the geologist
to return from the region of fancy to that of
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facts, and to establish his conclusions on the
firm basis of philosophical induction. We now
approach the study of the natural history of the
globe, aided not only by the higher branches
of Physics, but by still more essential recent
discoveries, in Mineralogy, and Chemistry, in
Botany, Zoology, and Comparative Anatomy.
By the help . of these sciences, we are en-
abled to extract from the archives of the
interior of the earth, intelligible records of for-
mer conditions of our planct, and to decipher
documents, which were a sealed book to all
our predecessors in the attempt to illustrate
subterranean history. Thus enlarged in its
views, and provided with fit mcans of pursuing
them, Geology extends its rescarches into re-
gions more vast and remote, than come within
the scope of any other physical scicnce except
Astronomy. It not only comprchends the en-
tire range of the mineral kingdom, but in-
cludes also the history of innumecrable extinct
races of animals and vegetables; in each of
which it exhibits evidences of design and con-
trivance, and of adaptations to the varying con-
dition of the lands and waters on which they
were placed ; and besides all these, it discloses
an ulterior prospective accommodation of the
mineral elements, to existing tribes of plants and
animals, and more especially to the uses of man.
Evidences like these makce up a history of a high
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and ancient order, unfolding records of the ope-
rations of the Almighty Author of the Universe,
written by the finger of God himself, upon the
foundations of the everlasting hills.

Cuarrrr 11,

Consistency of Geological Discoveries with
Sucred History.

It may scem just matter of surprise, that
many learned and religious men should regard
with jealousy and suspicion the study of any
natural phenomena, which abound with proofs
of some of the highest attributes of the Deity ;
and should reccive with distrust, or total in-
credulity, the announcement of conclusions,
which the geologist deduces from careful and
paticnt investigation of the facts which it is
his province to explore. These doubts and
difficulties result from the disclosures made by
geology, respecting the lapsc of very long periods
of time, before the crcation of man. Minds
which have been long accustomed to date the
origin of the universe, as well as that of the
human race, from an era of about six thou-
sand years ago, reccive rcluctantly any infor-
mation, which if {rue, demands some new
modification of their present ideas of cosino-
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gony; and, as in this respect, Geology has
shared the fate of other infant sciences, in
being for a while considered hostile to revealed
religion ; so like them, when fully understood,
it will be found a potent and consistent aux-
iliary to it, exalting our conviction of the Power,
and Wisdom, and Goodness of the Creator.*

No reasonable man can doubt that all the
phenomena of the natural world derive their
origin from God; and no one who belicves the
Bible to be the word of God, has causc to fear
any discrepancy between this, his word, and the
results of any discoveries respecting the nature
of his works; but the early and deliberative
stages of scientific discovery are always those
of perplexity and alarm, and during these stages
the human mind is natarally circumspect, and
slow to admit new conclusions in any depart-
ment of knowledge. The prejudiced persecutors
of Galileo apprehended danger to religion, from

* Tlwe et hyjusmodi colorum phrenomena, ad Epocham
sexmillennem, salvis nature legibus, wgré revocari  possunt.
Quin fatendum crit potius non candem fuisse originem, neque
coaevam, Telluris nostree et totius Universi: sive Intellectualis,
sive Corporei.  Neque mirum videri debet hwee non distinxisse
Mosem, aut Universi originem non tractisse scorsim ab illd
mundi nostri sublunaris : Hac enim non distinguit populus, aut
separatim wstimat.—Recte igitur Legislator sapientissimus philo-
sophis reliquit id negotii, ut ubi maturuerit ingenium humanum,
per wtatem, usum, et observationes, opera Dei alio ordine dige-
rerent, perfectionibus divinis atque rerum natura: adaptato.~-
Burnet’s Archeoloyie Philosophice. C. viii. p. 306, 4to. 1692.
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the discoveries of a science, in which a Kepler,*
and a Newton found demonstration of the most
sublime and glorious attributes of the Creator.
A Herschel has pronounced that ““ Geology, in
the magnitude and sublimity of the objects of
which it treats, undoubtedly ranks in the scale of
sciences next to astronomy ;” and the history of
the structure of our planet, when it shall be fully
understood, must lead to the same great moral
results that have followed the study of the me-
chanism of the heavens; Geology has alrcady

* Kepler concludes ove of his astronomical works with the
following prayer, which is thus trauslated in the Christian
Observer, Aug. 1834, p. 495.

« 1t remains only that { should now lift up to heaven my eyes
and hands from the table of my pursuits, and humbly and de-
voutly supplicate the Father of lights. O thou, who by the
light of naturce dost enkindle in us a desire after the light of
arace, that by this thou mayst translate as into the light of glory;
I give thee thanks, O Lord and Creator, that thou hast glad-
dened me by thy creation, when 1 was curaptured by the work
of thy bands. Behold, J bave here completed a work of my
calling, with as much of intellectual strength as thow hast granted
we. 1 have declared the praise of thy works to the men who
will read the evidences of it, so far as my finite spirit could com-
prehend them in their infinity. My mind endeavoured to its
utmost to reach the truth by philosophy; but if any thing
unworthy of thee has been taught by me—a worm born and
nourished in sin—do thou teach me that 1 may correct it,  Have
T been seduced into presumption by the admirable beauty of thy
works, or have T sought my own glory among men, in the con-
struction of a work designed for thine honour? O then gra-
ciously and mercifully forgive me; and finally grant me this
favour, that this work may never be injurious, but may conduce
to thy glory and the cood of souls.”
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proved by physical evidence, that the surface of
the globe has not existed in its actual state from
cternity, but has advanced through a series of
creative operations, succeeding one another at
long and definite intervals of time; that all the
actual combinations of matter have had a prior
existence in some other state; and that the ulti-
mate atoms of the material elements, through
whatever changes they may have passed, are,
and ever have becn, governed by laws, as regular
and uniform, as those which hold the planets in
their course. All these results entirely accord
with the best feelings of our nature, and with
our rational conviction of the greatness and
goodness of the Creator of the universe; and
the reluctance with which evidenees, of such
high importance to natural theology, have been
admitted by many persons, who are sincerely
zcalous for the interests of religion, can only be
explained by their want of accurate information
in physical science; and by their ungrounded
fears lest natural phenomena should prove in-
consistent with the account of creation in the
book of Genesis.

It is argued unfairly against Geology, that he-
cause its followers arc as yet agreed on no com-
pletc and incontrovertible theory of the carth ;
and because carly opinions advanced on imper-
fect evidence have yielded, in succession, to more
extensive discoveries; therefore nothing certain
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is known upon the whole subject; and that all
geological deductions must be crude, unauthen-
tic, and conjectural.

It must be candidly admittcd that the season
has not yet arrived, when a perfect theory of
the whole earth can be fixedly and finally estab-
lished, since we have not yet before us all the
facts on which such a theory may eventually be
founded ; but, in the mean while, we have abun-
dant evidence of numerous and indisputable phe-
nomena, each establishing important and unde-
niable conclusions ; and the aggregate of these
conclusions, as they gradually accumulate, will
form the basis of future theories, cach morc
and more nearly approximating to perfection ;
the first, and second, and third story of our
cdifice may be soundly and solidly constructed;
although  time must still clapse before the
roof and pinnacles of the perfect building can
be completed.  Admitting  therefore, that we
have yet much to learn, we contend that much
sound knowledge has been already acquired ;
and we protest against the rejection of estab-
lished parts, beeause the whole is not yet made
perfect.

It was assuredly prudent, during the infancy
of Geology, in the immature state of those phy-
sical sciences which form its only sure foun-
dation, not to cnter upon any comparison of
the Mosaic account of creation with the struc-
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ture of the earth, then almost totally un-
known ; the time was not then come when the
knowledge of natural phenomena was suffici-
ently advanced to admit of any profitable in-
vestigation of this question ; but the discoverics
of the last half century have been so extensive
in this department of natural knowledge, that,
whether we will or not, the subject is now forced
upon our consideration, and can no longer es-
cape discussion. The truth is, that all observers,
however various may be their speculations, re-
specting the secondary causes by which geolo-
gical phenomena have been brought about, are
now agreed in admitting the lapse of very long
periods of time to have been an essential condi-
tion to the production of these phenomena.

It may thercfore be proper, in this part of our
cuquiry, to consider how far the brief account of
creation, contained in the Mosaie narrative, can
be shown to accord with those natural phe-
nomena, which will come under cousideration
in the course of the present essay.  Indeced
some cxamination of this question scems in-
dispensable at the very threshold of an inves-
tigation, the subject matter of which will be
derived from a scries of events, for the most part,
long antecedent to the creation of the human
species. I trust it may be shown, not only that
there is no inconsistency between our interpreta-
tion of the phenomena of nature and of the Mo-
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saic narrative, but that the results of geological
enquiry throw important light on parts of this
history, which are otherwise involved in much
obscurity.

If the suggestions I shall venture to propose
require some modification of the most commonly
received and popular interpretation of the Mo-
saic narrative, this admission ncitlier involves
any impcachment of the authenticity of the text,
nor of the judgment of those who have formerly
interpreted it otherwise, in the absence of infor-
mation as to facts which have but recently been
brought to light ; and if, in this respeet, geology
should scem to require some little concession
from the literal interpreter of scripture, it may
fairly be held to afford ample compensation
for this demand, by the large additions it has
made to the evidences of natural religion, in
a department where revelation was not designed
to give information.

The disappointment of those who look for a
detailed account of geological phenomena in
the Bible, rests on a gratuitous expectation of
finding therein historical information, respecting
all the operations of the Creator in times and
places with which the human race has no con-
cern; as reasonably might we object that the
Mosaic history is imperfect, because it mmakes no
specific mention of the satellites of Jupiter, or
the rings of Saturn, as feel disappointment at
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not finding in it the history of geological phe-
nomena, the details of which may be fit matter
for an encyclopedia of science, hut are foreign
to the objects of a volume intended only to be
a guide of religious belicf and moral conduct.
We may fairly ask of those persons who con-
sider physical science a fit subject for revelation,
what point they can imagine short of a com-
munication of Omniscicnce, at which such a reve-
lation might have stopped, without imperfections
of omission, less in degree, but similar in Kind, to
that which they impute to the existing narrative
of Moses? A revelation of so much only of
astronomy, as was known to Copernicus, would
have scemed imperfect after the discoveries of
Newton; and a revelation of the science of New-
ton would have appeared defective to La Place :
a revelation of all the chemical knowledge of
the eighteenth century would have been as
deficient in comparizon with the information of
the present day, as what is now known in this
science will probably appear before the termi-
nation of another age; in the whole circle of
sciences, there is not one to which this argument
may not be cxtended, until we should requirce
from revelation a full developement of all the
mysterious agencies that uphold the mecha-
nism of the material world.  Such a reve-
lation might indeed be suited 1o beings of a
more exalted order than maukind, and the at-
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tainment of such knowledge of the works as
well as of the ways of God, may perhaps jorm
some part of our happiness in a future state ; but
unless human nature had been constituted other-
wise than it is, the above supposed communication
of omniscience would have been imparted to crea-
tures, utterly incapable of receiving it, under any
past or present moral or physical condition of
the human race ; and would have been also at
variance with the design of all God’s other dis-
closures of himself, the end of which has uni-
formly been, not to impart intellectual but moral
knowledge.

Several hypotheses have been proposed, with a
view of reconciling the phenomena of Geology,
with the brief account of creation which we find
in the Mosaic narrative.  Some have attempted
to ascribc the formation of all the stratified
rocks to the effects of the Mosaic Deluge; an
opinion which is irreconcileable with the enor-
mous thickness and almost infinite subdivisions
of these strata, and with the numerous and regular
successions which they contain of the remains
of animals and vegetables, differing more and
more widely from cxisting species, as the
strata in which we find them arc placed at
greater depths. The fact that a large propor-
tion of these remains Dbelong to extinct ge-
nera, and almost all of them to extinct specics,
that lived and multiplicd and died on or ncar



DISCOVERIES WITH SACRED HISTORY. 17

the spots where they are now found, shows that
the strata in which they occur were deposited
slowly and gradually, during long periods of time,
and at widely distant intervals. These extinct
animals and vegetables could thercfore have
formed no part of the creation with which we
are immediately connected.

"It has been supposed by others, that these
strata werc formed at the bottom of the sea,
during the interval between the creation of man
and the Mosaic deluge ; and that, at the time of
that deluge, portions of the globe which had
been previously clevated above the level of the
sea, and formed the antediluvian continents, were
suddenly submerged ; while the ancient bed of
the ocean rose to sapply their place. To this
hypothesis also, the facts I shall subsequently
advance offer insuperable objections.

A third opinion has been suggested, both by
learned theologians und by geologists, and on
grounds independent of one another; viz. that
the Days of the Mosaic creation nced not be
understood to imply the same length of time
which is now occupied by a single revolution of
the globe ; but successive periods, cach of great
extent: and it has been asserted that the order
of succession of the organic remains of a former
world, accords with the order of creation re-
corded in Genesis. This assertion, though to a
certain degree apparently correct, is not entirely

G. ¢
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supported by geological facts; since it nppears
that the most ancient marine animals occur in
the same division of the lowest transition strata
with the earlicst remains of vegetables; so that
the evidence of organic remains, as far as it
goes, shows the origin of plants and animals to
have been contemporaneous: if any creation of
vegetables preceded that of animals, no evidence
of such an event has yet been discovered by the
rescarches of gecology. Still there is, 1 believe,
no sound critical, or theological objection, to the
interpretation of the word “ day,” as meaning a
long period ; but there will be no necessity for
such extension, in order to reconcile the text of
Genesis with physical appearances, if it can be
shown that the time indicated by the phenomena
of Geology* may be found in the undefined
interval, following the announcement of the first
verse.
In my inaugural lecture, published at Oxford,
1820, pp. 31, 32, 1 have stated my opinion in
* A very interesting treatise on the Consistency of Geology
with Sacred History has recently been published at Newhaven,
1833, by Professor Silliman, as a supplement to an American
edition of Bakewell's Geolegy, 1833. The author contends that
the period alluded to in the first verse of Genesis, “In the be-
ginning,” is not nccessarily connected with the first day, and that
it may be regarded as standing by itsell, and admitting of any
extension backward in time which the facts may scem to require.
He is further disposed to cousider the six days of creation as

periods of time of indefinite length, and that the word “day” is
not of necessity limited to twenty-four hours.



DISCOVERIES WITH SACRED HISTORY. 19

fuvour of the hypothesis, * which supposes the
word ‘ beginning, as applied by Moses in the
first verse of the book of Genesis, to express an
undefined period of time, which was antecedent
to the last great change that aflected the surface
of the earth, and to the creation of its present
animal and vegetable inhabitants ; during which
period a long series of operations and revolutions
may have been going on; which, as they are
wholly unconnected with the history of the
human race, are passed over in silence by the
sacred historian, whosc only concern with them
was barely to state, that the matter of the uni-
verse is not cternal and self-existent, but was
originally created by the power of the Al-
mighty.”

1 have great satisfaction in finding that the
view of this subject, which I have here expressed,
and have long entertained, is in perfect ac-
cordance with the highly valuable opinion of
Dr. Chalmers, recorded in the following passages
of his Evidence of the Christian Revelation,
chap. vii. :—* Does Moses ever say, that when
God created the heavens and the earth he did
more, at the time alluded to, than transform
them out of previously cxisting materials?  Or
does he ever say that there was not an interval
of many ages between the first act of creation
described in the first verse of the Book of Gie-
nesis, and said to have been performed at the
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beginning, and those more detailed operations,
the account of which commences at the second
verse, and which are described to us as having
been performed in so many days? Or, finally,
docs he ever make us to understand that the
gencalogies of man went any farther than to fix
the antiquity of the species, and, of conse-
quence, that they left the antiquity of the globe
a frce subject for the speculation of philo-
sophers ?”

It has long been matter of discussion among
learned theologians, whether the first verse
of Genesis should be considered prospectively,
as containing a summary announcement of that
new creation, the details of which follow in the
record of the operations of the six successive
days; or as an abstract statement that the
heaven and carth were made by God, without
limiting the period when that creative agency
was excrted. The latter of these opinions is
in perfect harmony with the discoverics of
Geology.

The Mosaic narrative commences with a de-
claration, that ““ In the beginning God created
the hcaven and the earth.” These few first
words of Genesis may be fairly appealed to by
the geologist, as containing a Dbrief statcment
of the creation of the material clements, at a
time distinctly preceding the operations of the
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first day: it is nowhere affirmed that God cre-
ated the heaven and the earth in the first day,
but in the beginning ; this beginning may have
been an epoch at an unmeasured distance, fol-
lowed by periods of undefined duration, during
which all the physical operations disclosed by
(ieology were going on.

The first verse of Genesis, therefore, scems
explicitly to assert the creation of the Universe
* the heaven,” including the sidereal systems ;*
“und the earth,” more especially specifying
our own planet, as the subsequent scene of the
operations of the six days about to be described :
no information is given as to events which may
have occurred upon this carth, unconnected with
the history of man, between the creation of its
component matter recorded in the first verse,
and the era at which its history is resumed
in the second verse; nor is any limit fixed
to the time during which these intermediate
events may have becn going on: millions of
millions of ycars may have occupied the inde-
finite interval, between the beginning in which
God created the heaven and the carth, and the

* The Hebrew plural word, shamaim, Gen. i. 1, translated
heaven, means etymologically, the lugher regions, all that seems
above the carth : as we say, God above, God on high, God in
heaven ; meaning thereby to express the presence of the Deity
m space distinet from this earth.—L. B. Pusey.
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Py

evening or commencement of the first day of the

Mosaic narrative.*
The second verse may describe the condition

of the carth on the evening of this first day ; (forin
the Jewish mode of computation used by Moses,

# [ have much satisfaction in subjoining the following note
by my friend, the Regius Professor of Hebrew in Oxford, as
it enables me to advance the very important sanction of Hebrew
eriticism, in snpport of the inter, prvtat:ons, by which we may recon-
cile the apparent difficulties arising from geologlcal phenomena,
with the literal interpretation of the first chapter of Genesis.—
“ Two opposite crrors have, I think, been committed by critics,
with regard to the meaning of the word bara, created ; the one,
by those who asserted that it must in itsclf signify ¢ created out
of nothing;” the other, by those who endeavoured, by aid of
etymology, to show that it must in itsclf signify ¢ formation out
of existing matter.”  In fact, neither is the case; nor am I aware
of any language in which there is a word signilying nceessarily
“ereated out of nothing;” as of course, on the other hand, no
word when used of the agency of God would, in itself, imply the
previous existence of matter.  Thus the English word, create, by
which bara is translated, expresses that the thing created received
its existence from God, without in itself conveying whether God
called that thing into existence out of nothing, or no; for our
very addition of the words < ont of nothing,” shows that the word
creation has not, in itself, that force: nor indeed, when we speak
of ourselves as creatures of God’s hand, do we at all mean that
we were phusically tormed out of nothing, In like manner,
whether bare should be paraphrased by ¢ created out of nothing”
(as far as we cane comprehend these words), or, “ gave a new
and distinet. state of existence to a substance already existing,”
must depend upon the context, the circumstances, or what God
has elsewhere revealed, not upon the mere force of the word.
This is plain, from its use in Gen. i. 27, of the creation of man,
who, as we are instructed, chap. ii. 7, was formed out of previ-
ously existing matter, the ¢ dust of the ground.” The word bara
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cach day is reckoned from the beginning of one
evenimg to the beginning of another cvening).
This first evening may be considered as the ter-
mination of the indefinite time which follewed
the primeval creation announced in the first

is indeed so far stronger than asak, “made,” in that dara can
only be used with reference to God, whereas asak may be applied
to man. The difference is exactly that which exists in English
between the words by which they are rendered, “created™ and
“made.” But tis seems to me to belong rather to our mode of
conception than to the subject itself; for making, when spoken
of with reference to God, is equivalent to creating.

The words accordingly, bara, crcated—asah, made—-yatsar,
Jormed, are used repeatedly by Isaiuh, and are also employed by
Amos, as equivalent to cach other,  Bara and asah express alike
a formation of something new (de novo), something whose exist-
ence in this new state oviginated in, and depends entirely upon
the will of its creator or maker.  Thus God speahs of Himself as
the Creator ¢ boree” of the Jewish people, ¢. y. Isaiah alii.
1,15; and a new event is spohen of under the same term as *“a
creation,” Numb. xvi. 30, English version, ¢ If the Lord make a
new thing:” in the margin, Heb. *¢ ereate a ercature.”  Again,
the Psalmist ases the same word, Ps. c¢iv. 30, when deseribing
the renovation of the face of the carth through the suceessive
generations of living creatures, ¢ Thou sendest forth thy spirit,
they are created ; and thou rencwest the face of the carth,”
The question is popularly treated by Beausobre, 1Tist. de Mani-
cheisme, tom, ii. lib. 5, ¢. 45 or, in a better spirit, by Pctavius
Dogm, Theol. tom."iii. de opificio sex dicrum, lib. I, ¢. 1, § 8.

After having continually 1c-read and studied this account, 1
can come to no other result than that the words * created” and
“made” are synonymous, (although the former is o us the
stronger of the two), and that, becanse they are so constantly in-
terchanged; as, Gen. i. ver. 21, ¢ God ereated great whales :” ver.
25, ¢ God mude the beast of the earth ;™ ver. 26, *“ Let us make
man ;" ver. 27, * 50 God crcated man.” At the sume time it is
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verse, and as the commencement of the first of
the six succceding days, in which the carth was to
be fitted up, and peopled in a manner fit for the
reception of maukind. We have in this second
verse, a distinct mention of carth and waters, as

very probable that bara,*“ created,” as being the strouger word, was
selected to describe the first production of the heaven and the earth.

The point, however, upon which the interpretation of the first
chapter of Genesis appears to me really to turn, is, whether the
two first verses are merely a summary statement of what is related
in detail in the rest of the chapter, and a sort of introduction to
it, or whether they contain an account of an act of creation, And
this last seems to me to be their true interpretation, first, because
there is no other account of the creationof the earth ; secondly, the
second verse deseribes the condition of the carth when so created,
and thus prepares for the account of the work of the six days; but
if they speak of any creation, it appears to me that this creation
“ in the beginning” was previous to the six days, because, as you
will observe, the ereation of each day is preceded by the declara-
tion that God said, or willed, that such things should be (“ and
God saild ), and therefore the very form of the narrative seems to
imply that the creation of the first day began when these words are
first used, i.c. with the ereation of light in ver. 3..The time then of
the ereation in ver, I appears 1o me uot to be defined : we are told
only what alone we are coneerned with, that all things were made
by God. Nor is tlus any new opinion. Many of the fathers
(they are quoted by Petavius, L. ¢. ¢. 11, § i.—viii.) supposed the
two first verses of Genesis to contain an account of a distinet and
prior act of creation ; some, as Augustine, Theodoret, and others,
that of the creation of matter; others, that of the clements;
others again (and they the most numcrous) imagine that, not
these visible heavens, but what they think to be called elsewhere
< the highest heavens,” the “ heaven of heavens,” are here spoken
of, our visible heavens being related to have been created on the
second day. Petavius himself regards the light as the only act
of creation of the first day (c. vii. “* de opere prime diei, i. e.
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already existing, and involved in darkness;
their condition also is described as a state of
confusion and emptiness, (tohu bohw), words
which are usually interpreted by the vague and
indefinite Greek term, “ chaos,” and which may

luce™), considering the two fitst verses as a summary of the ac-
count of creation which was about to follow, and a general de-
claration that all things were made by God.

Episcopius again, and others, thought that the creation and
fall of the bad angels took place in the interval here spoken of :
and misplaced as such speculations are, still they seem to show
that it is natural to suppose that a considerable interval may have
taken place between the creation related in the first verse of Ge-
nesis and that of which an account is given in the third and fol-
lowing verses.  Accordingly, in some old editions of the English
Bible, where there is no division into verses, you actually find a
break at the end of what is now the sccond verse; and in Lu-
ther’s Bible (Wittenburg, 1557) you have in addition the figure |
placed against the third verse, us being the beginning of the
account of the creation on the first day.

This then is just the sort of confirmation which one wished for,
because, though one would shrink from the impicty of bending
the lanzuage of God’s book to any other thun its obvious mean-
ing, we can not help fearing lest we might be unconsciously
influcnced by the floating opmions of our own day, and therefore
turn the more anxiously to those who explained Holy Scripture,
before these theories existed.  You must allow me to add that I
would not define further.  We know nothing of creation, nothing
of ultimate causes, nothing of space, except what is bounded by
actual existing bodies, nothing of time, but what is limited by the
revolution of those bodies. I should be very sorry to appear to
dogmatize upon that, of which it requires very little reflection, or
Teverence, to confess thut we are necessarily ignorant. Hardly
do we guess aright of things that are upon carth, and with lubour
do we find the things that are before us; but the things that are in
heaven who hath searched out ?"—Wisdom, ix. 16.—F. 3, Pusey.
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be geologically considered as designating the
wreck and ruins of a former world. At this
intermediate point of time, the preceding unde-
fined geological periods had terminated, a new
series of events commenced, and the work of the
first morning of this new creation was the calling
forth of light from a temporary darkness, which
had overspread the ruins of the ancient carth.*”
We have further mention of this ancient carth
and ancient sea in the ninth verse, in which the
waters are commanded to be gathered together
into one place, and the dry land to appear; this
dry land Dbeing the same carth whose material
. creation had been anvounced in the first verse,
and whose temporary submersion and temporary
darkness are described in the second verse; the
appearance of the land and the gathering together
of the waters are the only facts aftirmed re-
specting them in the ninth verse, but ncither
land nor waters are said to have been ereated on
the third day.
A similar interpretation may be given of the
fourteenth and four succeeding verses ; what is

* T learn from Professor Pusey that the words «“let there be
light,” yehi or, Gen. i 3, by no means necessarily imply, any
more than the Eoglish words by which they are translated, that
light had never esisted before.  They may speak only of the
substitution of light for darkuness upon the surface of this, our
planet : whether light had existed before in other parts of God's
creation, or had existed upon this earth, before the darkness de-
scibed in v. 2, is fureign to the purpose of the narrative,
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herein stated of the celestial luminaries scems to
be spoken solely with reference to our planct,
and more especially to the human race, then
about to be placed upon it. We are not told that
the substance of the sun and moon were first
called into existence upon the fourth day:*
the text may equally imply that these bodies were
then prepared, and appointed to certain oflices,
of high importance to mankind; “to give light
upon the carth, and to rule over the day,
and over the night,” “ to be for signs, and for
seasons, and for days, and for years.”  The fact
of their creation had been stated before in the
first verse. The stars also arc mentioned (Gen. 1.
16) in three words only, almost parenthetically ;
as if for the sole purpose of announcing, that
they also were made by the same Power, as
those Juminaries which are more important to
us, the sun and moon.| This very slight
notice of the countless host of cclestial hodics,
all of which are probably suns, the centres
of other planctary systems, whilst our little
satellite, the moon, is mentioned as next in im-
portance to the sun, shows clearly that astro-
nomical phenomena are here spoken of only
according to their relative importance to our
carth, and t{o mankind, and without any re

roard

* Sce notes, p. 22 and p. 26.
+ The literal translation of the words reeth huccocabim, is,
¢ And the stars.”—E. B. Pusey.
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to their real importance in the boundliss uni-
verse. It seems impossible to include 1 e fixed
stars among those bodies which are sairl (Gen.
i. v. 17.) to have becn set in the firmarent of
the heaven to give light upon the carth; since
without the aid of telescopes, by far the greater
number of them are invisible.  The same prin-
ciple seems to pervade the description of creation
which concerns our planet: the creation of its
component matter having been announced in the
first verse, the phenomena of Geology, like
those of astronomy, are passed over in silence,
and the narrative proceeds at once to details of
the actual creation which huve more iinmediate
reference to man.”

* The .-Howing observations by Bishop Gleig (though, at the
time of w1’ 'ng them, he was not entirely convinced of the reality
of facts ann. nced by geological discoveries) show his opinion of
the facility ¢ <o interpreting the Mosaic account of creation, as
to admit of a indefinite lapse of time prior to the existence of
the human rac.

“ 1 am indeec strongly inclined to believe that the matter of
the corporcal universe was all created at once, though different
portions of it may have been reduced to form at very different
periods 5 when the universe was created, or how long the solar
system remaiued in a chaotic state are vain enquiries, to which
no answer can he given,  Moses records the history of the earth
only in its present state; he affirms, indeed, that it was created,
and that it was without form and void, when the spirit of God
began to move on the surface of the fluid mass ; but, he does not
say how long that mass had been in the state of chaos, or
whether it was, or was not the wreck of somec former system,
which had heen inhabited by living creatures of different kinds
from those which occupy the present. 1 sy this, not to meet
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The interpretation hiere proposed secms more-
over to solve the difficulty, which would otherwise
attend the statement of the appearance of light
upon the first day, whilst the sun and moon and
stars arc not made to appear until the fourth.
If we suppose all the hcavenly bodics, and
the earth, 1o have been created at the indefi-
nitely distant time, designated by the word be-
giuning, and that the darkncss described on the
evening of the first day, was a temporary dark-
ness, produced by an accumulation of densc va-

the objection which has sometimes been urged against the Mo-
saic cosmogony, from its representing the works of creation
as being no more than six or seven thousand years old, for Moses
gives no such representation of the age of those works. How-
ever distant the period may be, and it is probably very distant,
when God created the heavens and the earth ; there has been a
time when it was not distant one year, one day, or onc hour.
Those, therefore, who contend that the glory of the Almighty
God manifested in his works, cannot be limited to the short
period of six or seven thousand years, arc not aware that the
same objection may be made to the longest period which can
possibly be conceived by the wmind of man. No assignable
quantity of successive duration bears any proportion to cternity,
and though we should suppose the corporeal universe to have
been created six millions or six hundred millions of ycars ago, a
caviller might still say, and with equal reason, that the glory of
Almighty God mauifested in his works cannot be so limited. Tt
is not to silence such objections as this, that [ have admitted the
existence of a former earth and visible heavens to be not incon-
sistent with the cosmogony of Moses, or indeed with any other
part of scripture, but only to prevent the faith of the pions
reader from being unsettled by the discoveries, whether real or
pretended, of our modern geologists.  1f these philosophers have
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pours “upon the face of the deep;” an incipient
dispersion of these vapours may have readmitted
light to the earth, upon the first day, whilst the
exciting cause of light was still obscured ; and
the further purification of the atmosphere, upon
the fourth day, may have caused the sun and
moon and stars to reappear in the firmament of
heaven, to assume their new relations to the
newly modified carth, and to the human race.*
We have evidence of the presence of light
during long and distant periods of time, in which

really discovered fossil hones that must have belonged to species
and genera of animals, which now no where exist, cither on the
earth or in the ocean, and 1f the destruction of these genera or
species cannot be accounted for by the general deluge, or any
other catastrophe to wineh we know, from authentic history, that
our globe has heen actually subjected, or if at be a fact, that
towards the surfuce of the carth are found strata, which could
not have been so disposed as they are, but by the sea, or at least
some watery mass remaining over them in a state of tranquillity,
for & much longer period than the duration of Noah’s Hood ; if
these things be indeed well ascertuined, of which I am however
by no means convineed, there is nothing in the sacred writings
forbidding us to suppose that they are the ruins of a former
carth, deposited m the chaotic mass of which Moses informed us
that God formed the present system.  His history, as far as
it comes down, is the history of the present earth, and of the
primeval ancestors of its pesent inhabitants ; and one of the
most scientitic and ingenious of geologists has clearly proved,t
that the human race cannot be much more ancient than it
appears to be in the writings of the Hebrew Jawgiver.,”—Stuck-
kousc’s Bible, by Bishop Glei, p. 6, 7, 1316.
* See note, p. 26,
1 See Cuvier's Essay on the Theory of the Barth.
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the many extinct fossil forms of animal life
succeeded one another upon the early surface of
the globe : this evidence consists in the petrified
remains of eyes of animals, found in geological
formations of various ages. In a future chapter
I shall show, that the eyes of Trilobites, which
are preserved in strata of the transition forma-
tion, (Pl. 45, Figs. 9, 10, 11), were constructed
in & manner so closely resembling those of ex-
isting crustacea ; and that the eyes of lchthyo-
sauri, in the lias, (P 10, Figs. 1, 2), contained
an apparatus, so like onc in the eyes of many
birds, as to leave no doubt that these fossil cyes
were optical instruments, calculated to receive, in
the same manner, impressions of the same light,
which conveys the perception of sight to living
animals. This conclusion is further confirmed
by the gencral fact, that the heads of all fossil
fishes and fossil reptiles, in every geological for-
mation, are furnished with cavities for the re-
ception of eyes, and with perforations for the
passage of optic nerves, although the cases are
rare, in which any part of the cye itself has been
preserved. The influence of light is also so
necessary to the growth of existing vegetables,
that we cannot but infer, that it was equally
essential to the development of the numerous
fossil species of the vegetable kingdom, which
are coextensive and cocval with the remains of
fossil animals.
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It appears highly probable from recent disco-

veries,* that light is not a material substance, but
only an cffect of undulations of ether; that this
infinitely subtle and elastic ether pervades all
space, and even the intcrior of all bodies; so
long as it remains at rest, there is total dark-
ness; when it is put into a pcculiar state of
vibration, the sensation of light is produced :
this vibration may be cxcited by various causcs ;
¢. g. by the sun, by the stars, by electricity, com-
bustion, &c¢. If then light be not a substance,
but only a scries of vibrations of ether, i. e.
an cffect produced on a subtile fluid, by the
excitement of onc or many extrancous causes, it
can hardly be said, nor is it said, in Gen. i. 3, to
have been ereated,{ thongh it may be literally
said to be called into action.

Lastly, in the reference made in the Fourth
Commandment, Exod. xx. 11, to the six days of
the Mosaic creation, the word asak, < made,” is
the same which is used in Gen. 1. 7, and Gen. 1.
16, and which has been shown to be less strong
and less comprehensive than bara, ¢ created ;”
and as it by no means necessarily implies crea-
tion out of nothing, it may be here employed

* For a general statement of the undulatory theory of light,
see Sir John Herschell, wt. Light, part iii. sec. 2. Encye.
Metropol.  Sce also Professor Airy’s Mathematical Tracts, 2nd
edit. 1831, p. 219; and Mrs. Somerville’s Connexion of the
Physical Sciences, 1834, p. 184.

1 Sce Note, p. 26.
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to express a new arrangement of materials that
existed before.*

After all, it should be recollected that the
question is not respecting the correctness of the
Mosaic narrative, but of our interpretation of it
and still further, it should be borne in mind that
the object of this account was, not to state /n what
manncer, but by whom, the world was made.  As
the prevailing tendency of men in those carly
days was to worship the most glorions objects of
nature, namely, the sun and moon and stars; it
should scem to have been one important point in
the Mosaic account of ¢reation, to guard the Is-
raclites against the Polytheism and idolatry of
the nations around them 3 by announcing that all
these magnificent celestial bodies were no Gods,
but the works of One Almighty Creator, to whom
alone the worship of mankind is due. |

* See Note, p. 22,

+ Having thus far ventured to enter mto a series of explana-
tions, which I think will reconeile even the letter of the text of
Genesis with the phenomena of Geology, I forbear to suy moie
on this important subject, and have muach satisfaction in being
able to refer my readers to some admirable articles in the Chris-
tian Observer (May, June, July, August, 1834pfor a very able
and comprehensive summary of the present state of this ques-
tion ; explaining the difficulties with which it is surronnded, and
offering many temperate and judicious suggestions, as to the
spirit in which investigations of this kind ought to be conducted.
I would also refer to Bishop Horsley's Sermons, Bvo. 1816, vol.
iil. ser, 39; to Bishop Bird Sumner’s Records of Creation, vol. ii.
p- 356 Douglas’s Errors regarding Rehgion, 1830, p. 261-2064,

G. D
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Cuarrer 1IT.
Proper Subjects of Geological Enguiry.

Tur history of the earth forms a large and
complex subject of enquiry, divisible at its out-
set, into two distinct branches; the first, com-
prchending the history of unorganized mineral

Higging on the Mosaical and Mineral Geologies, 1832; and
more especially to Professor Sedgwick’s cloquent and admirable
discourse on the Studies of the University of Cambridge, 1833, in
which he has most ably pointed out the relations which Geology
bears to natural veligion, and thus sums vp his valuable opinion
as to the kind ol information we ought to look for in the Bible:
¢ The Bible instiucts us that man, and other living things, have
been placed but a few yvears upon the cuth; and the physical
monuments of the world bear witness to the sume truth : if the
astronomer tells us of myriads of worlds not spoken of in the
sacred records; the geologist, in like manner, proves (not by
arguments from analozy, bt by the incontrovertible evidence of
physical phenomena) that there were former conditions of our
planet, separated from cach other by vast intervals of time,
during which man, and the other ereatures of his own date, had
not been called iuto being,  Perivds such as these belong not,
therefore, to thé moral history of our race, and come neither
within the letter nor the spivit of revelation.  Between the first
creation of the carth and that day in which it pleased God
to place wan upon it, who shall dare to detine the interval?
On this question seripture i< silent, but that silence destroys not
the meaning of those physical monuments of his power that God
has put before our eyes, giving us at the same time facultics
whereby we may interpret them and comprehend their meaning.”
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and of the various changes through
it has advanced, from the ereation of Ws

component clements to its actual condition; the
second, embracing the past history of the animal
and vegetable kingdoms, and the successive

modifications which these two great departinents
of nature have undergone, during the chemical
and mechanical operations that have aflected
the surface of our planet.  As the study of both
these branches forms the subject of the science
of Geology, it is no less important to examine
the nature and action of the physical forces,
that have affected unorganized mineral bodies,
than to investigate the laws of life, and varied
conditions of organization, that prevailed while
the crust of our globe was in process of for-
mation.

Before we enter on the history of  fossil
animals and vegetables, we must therefore first
briefly review the progressive stages of mineral
formations; and sce how far we can discover
in the chemical constitution, and mechanieal
arrangemcent of the materials of the carth,
proofs of general prospective adaptation to the
economy of animal and vegetable life.

As far as our planet is concerned, the first act
of creation seems to have consisted in giving
origin to the elcments of the material world,
These inorganic elements appear to have re-
ceived no subscquent addition to thair number,
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and to have undergone no alteration in their
pature and qualitics 5 but to have been sub-
mitted at their ereation to the self same laws that
regulate their actual condition, and to have con-
tinucd subject to these laws during every sne-
ceeding period of geological chanee. The same
clements also whieh enter the composition of
existing  animals and plantg, appear to have
performed similar functions in the cconomy of
many successive animal and vegetable erea-
tions,

In tracing the history of these natural phe-
nomena we enter at once into the consideration
of Geological Dynamics, ineluding the nature
and mode of operation of all kinds of physical
agents, that hive at any time, and in any
manuner, aflected the surface and interior of the
earth. 1o the foremost rank of these agents, we
find Fire and Water,  those two universal and
mighty antagonizing forees, which have most
materially influenced the condition of the globe;
and which man also has converted into the most
eflicient instruments of his power. and obedient
auxiliaries of his mechanical and chemical and
culinary operations.

The state of the ingredients of erystalline
rocks has, in a great degree, been influenced
by chemical and clectro-magnetic forces 5 whilst
that of stratified sedimentary deposits has re-
sulted chicfly from the mechanical action of
moving water, and has occasionaily been modi-
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fied by large admixtures of animal and vege-
table remains,

As the action of all these forees will be ren-
dered most intellicible by examples of their
cffects, T at once refer my roaders for a synoptice
view of them, to the secetion which forms the first
of my scries of plates.®  The objeet of this see-
tion is, first, to represent the order in which
the successive series of stratified formations are
piled on one another, almost like courses of
masonry 5 sccondly. to mark the changes that
occur in thetr mineral and mechanieal con-
dition ; thirdly, to show the manuer in which all
stratificd  rocks have ot vavious periods heen
disturbed, by the introsion of unstratified erys-
tulline rocks: and vuriously aflected by cleva-
tions, depressions, fractures; and  disloeations;
fourthly, to wive examples of the alterations in
the forms of amimal and vegetable life, that have
accompanicd these changes of the mineral con-
ditions of the carth,

From the above seetion it appears that there
are eight distinet varictics of the crystalline un-
stratified rocks, and twenty-cight well defined
divisions of the stratificd formations.  Taking
the average maximum thickness ot cach of thesc
divisions, at one thousand feet,] we should have

* The detanled explanation of this scetion i given 1w the de-
seription of the plates in vol. ii. .

I Many formations greatly excecd, whilst others full short, off
the average here taken.
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a total awmount of more than five miles; but as
the transition and  primary strata very much
exceed this average, the aggregate of all the
European stratified scries may be considered to
be at Teast ten milex.

. Cuarree IV.
Relation of U nstradificd to Stralified Rocks.

I siavn enter into no further details respecting
the component members of cach group of strati-
licd rocks, than are vepresented by the Tines of
division and colonrs upon the section.®  They
are arranged under the old divisions o’ pronary,
(rausition, sccondiary, and lerliary scries, more

* For particular mfornation 1espeeting the mineral character
and orgame remiuns of the strda composiuy cach series, I must
tefer to the numerous publications that have heen dovoted to
these subjeets N most convenient sty of the contents of
these publications will he tound in De La Beehe's Manual off
(:('U'U‘P{.\. and e Vo Mever's Pofeolozin, (Frankiurt, [R32);
ample detuls tespecting the Fnzlish statcae onen in Cony-
beare and Phallip<'s Geolosv of Enclind and Wales, See ulso
Bahewell's Tntioduction G Guooloay, En 335 and Professor Phil-
lips's wticle Goology, in the Poeyclopn dia Metiopolitana s also
Professor Phillipss Gande to Geoloay, Svo. 1858 and D Lo
Beehe's Researches in Theoreticnl Geoloay, Svo. 18531 The
istory of the orgame remaine uf the tertiry period has been
most ably elueilated i Fyells Prineiplos of Geology.
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from a scnse of the convenience of this long re-
ceived arrangement, than from the reality of
any strongly defined bounduries by which the
strata, on the contines of cach series, are sepa-
rated from one another.

Ax the materials of stratified rocks are o ercat
degree derived, directly or indircetly, from those
which are wnsteatified,® ic will he premature to
enter upon the consideration of derivative strata,
until we have considered briefly the history off
the primitive formations. We  therefore com-
mence our inguiry at that most ancient period,
when there s mueh  evidence to render it
probable that the entire materials of the globe
were in a fluid state, and that the cause of this
fluidity was heat. The form of the carth heing
that of an oblate spheroid, compressed at the
poles, and enlarged at the equator, is that which
a fluid  mass would  assume from  revolution
round its axiz.  The further fact, that the short-
est dinmeter coincides with the existing  axis

* In speaking of erystalliue rochs of supposed igneous ougin
as unstratitied, we adopt a distubution which, though not strietly
acewrate, haslong been ingeneral use amony, peologists, Fjected
masses of granite, basalt, and fava have frequenty honzontal
partings, dividing them info beds of vanous extent and thickness,
such as those whieh are most remankable in what the Wernerians
have called the Floetz trap formation, PLT, section Fig. 6. but
they do not present that subdivision into successions of small beds,
and stll smaller laminee, which usually exists in scdunentary
strata that have been deposited by the action of water.
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of rotation, shows that this axis has been the
same ever since the crust of the earth attained
its present solid form.

Assuming that the whole materials of the
globe may have once been in a fluid, or even a
nebular state,* from the presence of intense
heat, the passage of the first consolidated por-
tions of this fluid, or nebulous matter, to a solid
state may have been produced by the radiation
of heat from its surface into space; the gradual
abstraction of such heat would allow the particles
of matter to approximate and crystallize; and
the first result of this crystallization might have
been the formation of a shell or crust, composed
of oxidated metals and metalloids, coustituting
various rocks of the granitic series, around an
incandescent nucleus, of melted matter, heavier
than granite; such as forms the more weighty
substance of basalt and compact lava.

It is now unnecessary to dwell on controver-
sies which have prevailed during the last half
century, respecting the origin of this large and
important class of unstratified crystalline rocks,

* The nebular hypothesis ofters the most simple, and therefore
the most probable theory, respecting the first condition of the
material elements that compose our solar system. Mr. Whewell
has shown how far this theory, supposing it to be established,
would tend to exalt our conviction of the prior existence of
some presiding Iutelligence.—Bridgewater Treatises, No. 11I.
Chap. vii.
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which the common consent of nearly all modern
geologists and chemists refers to the action of
fire. The agency of central heat, and the ad-
mission of water to the metalloid- bases of the
earths and alkalis, offer two causes which, taken
singly or conjointly, seem to explain the pro-
duction and state of the mineral ingredients of
these rocks; and to account for many of the
grand mechanical movements that have affected
the crust of the globe.

The gradations are innumerable, which con-
nect the infinite varieties of granite, syenite,
porphyry, greenstone, and basalt with the tra-
chytic porphyries and lavas that are at this day
¢jected by volcanos. Although there still re-
main some difficulties to be explained, there is
little doubt that the fluid condition in which all
unstratified crystalline rocks originally existed,
was owing to the solvent power of heat; a power
whose effect in melting the most solid materials
of the earth we witness in the fusion of the
hardest metals, and of the flinty materials of
glass.*

* The experiments of Mr. Gregory Watt on bodies cooled
slowly after fusion; and of Sir James Hall, on reproducing arti-
ficial crystalline rocks, from the pounded ingredients of the
same rocks highly heated under strong pressure; and the more
recent experiments of Professor Mitscherlich, on the production
of artificial crystals, by fusion of definite proportions of their com-
ponent elements, have removed many of the objections, which
were once wiged aguinst the igneous origin of crystalline rocks.
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+/Beneath the whole series of stratified rocks
that appear on the surface of ‘the globe (see
section Pl. 1), there probably exists a founda-
“tion of unstratified crystalline rocks; bearing
an irregular surface, from the detritus of which
the materials of stratified rocks have in great
measure been derived,* amounting, as we have
stated, to a thickness of many miles. This is
indeed but a small depth, in comparison with
the diameter of the globe ; but small as it is, it
affords certain evidence of a long series of
changes and revolutions; affecting not only the
mineral condition of the nascent surface of the
earth, but attended also by important alterations
in animal and vegctable life.

The detritus of the first dry lands, being
drifted into the sea, and there spread out into
extensive beds of mud and sand and gravel,
would for cver have remained beneath the sur-
face of the water, had not other forces been
subsequently employed to raise them into dry
land : these forces appear to have been the same
expansive powers of heat and vapour which,
having caused the elevation of the first raised
portions of the fundamental crystalline rocks,

* Either directly, by the accumulation of the ingredients of
disintegrated granitic rocks; or indirecily, by the repeated de-
struction of different classes of stratified rocks, the materials of
which had, by prior operations, been derived from unstratified
formations.



TO:STRATIFIED. ROCKS. 43

‘contigued. their energies through’all succeeding
-geological epochs, and still exert them in:pro-
ducing the phenomena of active volcanoes;’
phenomena incomparably the most violent that
now appear upon the surface of our planet.*

The evidence of design in the employment of
forces, which have thus effected a grand general
purpose, viz. that of forming dry land, by ele-
vating strata from beneath the waters in which
they were deposited, stands independent of the
truth or error of contending theories, respecting
the origin of that most ancient class of strati-
fied rocks, which are destitute of organic re-
mains (sec pl. 1.—section 1,2, 3,4,5,6,7). Itis

* ¢ The fact of great and frequent alteration in the relative level
of the sca and land is so well established, that the only remain-
ing questions regard the mode in which these alterations have
been effected, whether by elevation of the land itself, or subsi-
dence in the level of the sea? And the nature of the force
which has produced them? The cvidence in proof of great and
frequent movements of the land itsclf, both by protrusion and
subsidence, and of the connection of these movements with the
operations of volcanos, is so various and so strong, derived from
so many different quarters on the surface of the globe, and every
day so much extended by recent enquiry, as almost to demon-
strate that thesc have been the causes by which those great re-
volutions were effected ; and that although the action of the in-
ward forces which protrude the land has varied greatly in diffe-
rent countries, and at different periods, they are now and ever
have been incessantly at work in operating present change and
preparing the way for future alteration in the exterior of the
globe.”—Geological Sketch of the Vicinity of Hastings, by Dr.
Fitton, pp. 85, 86.
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immaterial to the present question, whether they
were formed (according to the theory of Hutton)
from the detritus of the earliér granitic rocks,
spread forth by water into beds of clay and sand ;
and subsequently modified by heat : or whether
they have been produced, (as was maintained by
Werner) by chemical precipitation from a fluid,
having other powers of solution than those pos-
sessed by the waters of the present ocean. It
is of little importance to our present purpose,
whether the non-appearance of animals and ve-
getables in these most ancient strata was caused
by the high temperature of the waters of the
ocean, in which they were mechanically depo-
sited ; or by the compound naturc and uninha-
bitable condition of a primeval fluid, holding
their materials in solution.  All observers admit
that the strata were formed beneath the water,
and have becn subscquently converted into dry
land : and whatever may have been the agents
that caused the movements of the gross unor-
ganized materials of the globe; we find sufficient
evidence of prospective wisdom and design, in
the benefits resulting trom these obscure and
distant revolutions, to future races of terrestrial
creatures, and more especially to Man.*

* In describing geological phenomena, it is impossible to avoid
the use of theoretical terms, and the provisional adoption of
many theoretical opinions as to the manuer in which these phe-
nomena have been produced.  From among the various and
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i tntpatified crystalline mcks ‘wholly®esti-
ite of hmmai or, vegetable reiains, we ‘search
it vain for those most obvious evidences of con-'
tnvance, which commence with the ﬁrst traces
of organic life, in strata of the transition period ;
the chief agencies which these rocks indicate,
are those of fire and water ; and yet even here we
find proof of system and intention, in the pur-
pose which they have accomplished, of supply-
ing and accumulating at the bottom of the water
the materials of stratified formations, which, in
after times, were to be elevated into dry lands,
in an ameliorated condition of fertility. Still
more decisive are the evidences of design and
method, which arise from the consideration of the

conflicting theories that have been proposed to explain the most
difficult and complicated problems of Geology, 1 sclect those
which appear to carry with them the highest degree of probabi-
lity; but as results remain the same from whatever cause they
have originated, the force of inferences from these results will be
unaffected by changes that may arise in our opinions as to the phy-
sical causes by which these have been produced. As in estimat-
ing the merits of the highest productions of human art it is not
-requisite to understand pertectly the nature of the machinery by
* which the work has beeu effected in order to appreciate the skill
“and talent of the artist by whom it was contrived ; so our minds
may be fully impressed with a perception of the magnificent re-
sults of creative intelligence, which are visible in the phenomena
of nature, although we can but partially comprehend the mecha-
nism that has been instrumental to their production; and although
the full developement of the workings of the material instru-
ments by which they were effected, has not yet been, and perhaps
may never be, vouchsafed to the prying curiosity of man.
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Mﬁtm and’ uomposlﬁon of their* aﬂme
siineral ingrediénts. In every pmﬁcle matter
tb ‘which crystallization has been applied, ‘we
recognize the ‘#ction of those undeviating laws of
polar forces, and chemical affinity, whick have
given to all crystallized bodies a series of fixt
definite forms and definite compositions. Such
universal prevalence of law, method, and order
assuredly attests the agency of some presiding
and controlling mind.

A further argument, which will be more in-
sisted on in speaking on the subject of metallic
veins, may be founded on the dispensation
whereby the primary and transition rocks are
made the principal repositories of inany valuable
metals, which are of such peculiar and indis-
pensable importance to mankind.

Cuarrer V.
Volcanic Rocks, Basalt, and Trap.

In the state of tranquil equilibrium which our
planet has attained in the region we inhabit,
we are apt to regard the foundation of the solid
earth, as an emblem of duration and stability.
Very different are the feelings of those whose lot
is cast near the foci of volcanic eruptions ; to
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theearth affords no stable resting ‘place,

but Jurs ﬂm paroxysms of .yolcanic astivity,
reels to and fro, and vibrates beneath their
feet; overthrowing cities, yawning with dreadful
chasms, converting seas into dry lands, and dry
lands into seas. (See Lyell's Geology, vol. i.
Passim.)

To the inhabitants of such districts we speak
a language which they fully comprehend, when
we describe the crust of the globe as floating on
an internal nucleus of molten elements; the
have secn these molten elements burst forth in
liguid streams of lava ; they have felt the carth
bencath them quivering and rolling, as if upon
the billows of a subterranean sea; they have
secn mountains raised and valleys depressed, al-
most in an instant of time; they can duly ap-
preciate, from sensible experience, the force of
the terms in which geologists describe the
tremulous throes, and convul«ive agitations of the
earth ; during the passage of its strata from the
bottom of the scas, in which they received their
origin, to the plains and mountains in which
they find their present place of rest.

We see that the strcams of ecarthy matter,
which issue in a state of fusion from active
volcanos, are spread around their craters in
sheets of many kinds of lava; some of these so
much resemble beds of basalt, and various trap
rocks, that oceur in districts rcmote from any
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exigting volcanic vent; as to rénder i probable
that the latter also have been poured, ¥th from
the interior of the earth. We further find the
rocks adjacent to voleanic craters, intersected by
rents and fissures, which have been filled with
injections of more recent lava, forming trans-
verse walls or dykes. Similar dykes occur not
only in districts occupied by basalt and trap
rocks, at a distance from the site of any modern
volcanic activity ; but also in strata of every
formation, from the most ancient primary, to
the most recent tertiary (see Plate 1. section
f1—f8.h 1—h 2.1 1—i 5): and as the mineral
characters of these dykes present insensible gra-
dations, from a state of compact lava, through
infinite varieties of greenstone, serpentine, and
porphyry to granite, we refer them all to a
common igneous origin.

The sources from which the matter of these
ejected rocks ascends are deeply seated be-
neath the granite; but it is not yet decided
whether the immecdiate cause of an eraption
be the access of water to local accumulations
of the metalloid bases of the earths and alkalies ;
or whether lava be derived directly from that
general mass of incandescent elements, which
may probably exist at a depth of about one hun-
dred miles beneath the surface of our planet.*

See chapter on the Tnternal temperature of the earth,
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rces now in,action ‘are conpected,

both with the phenomena of basaltic formations,
and. also with the more ancient eruptions of
greenstone, porphyry, syenite, and granite. The..
intrasion both of dykes and irregular beds of un~
stratified crystalline matter, into rocks, of every
age and every formation, all proceeding upwards
from an unknown depth, and often accumulated
into vast masses overlying the surface of strati-
fiedl rocks, are phenomena coextensive with the

globe.

Throughout all these operations, however tur-
bulent and apparently irregular, we see ultimate
proofs of method and design, evinced by the
uniformity of the laws of matter and motion,
which have ever regulated the chemical and
mechanical forces by which such grand effects
have been produced. If we view their aggre-
gate results, in causing the elevation of land
from beneath the sea, we shall find that volecanic
forces assume a place of the highest importance,
among the second causes which have influenced
the past, as well as the present condition of the
globe ; each individual movement has contri-.
buted its share towards the final object, of con-
ducting the molten materials of an uninhabit-
able planet, through long successions of change
and of convulsive movements, to a tranquil state

G. E
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of eq’ml'ﬂiﬂum 3 -in' which-‘it has MMe the -
convenient and delightful habitation: of wan, and’
of the multitudes of terrestrial creatures that are
‘his fellow tenants of its actual surface.*

CuarteR V1.
Primary Stratified Rocks.

In the sammary we have given of the leading
phenomena of unstratified and volcanic rocks, we
have unavoidably been led into theoretical spe-
culations, and have seen that the most probable
explanation of these phenomena is found in the
hypothesis of the original fluidity of the entire
materials of the earth, caused by the presence of
intense heat. From this fluid mass of metals,
and metalloid bases of the earths, and alkalies,
the first granitic crust appears to have been
formed, by oxydation of these bases; and sub-
sequently broken into fragments, disposed at
-unequal levels above and below the surface of
the first formed seas.
- Wherever solid matter arose above the water.
it became exposed to destruction by atmospheric

* See further detnils respecting the effects of volcanic forces
in the deseription of P, I. Vol. ii.
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agents;, bytrams, rt()mt& and mundauqns, at
that timé ‘probably acting with intense wolence,
and. washing down and spreaditig’ forth, in the
form of mud and sand and gravel, upon the
bottom of the then existing seas, the materials.of,
- primary stratified rocks, which, by subsequent
exposure to various degrees of subterranean heat,
became converted into beds of gneiss, and mica
slate, and hornblende slate, and clay slate. In
the detritus thus swept fromn the earliest lands
into the most ancient seas, we view the com-
mencement of that enormous series of derivative
strata which, by long continued repetition of
similar processes, have been accumulated to a
thickness of many miles.*
The total absence of organic remains through-

¢ Mr. Conybeare (in his admirable Report on Geology to the
British Association for the Advancement of Science, 1832,
p. 367) shows, that many of the most important principles of
the igneous theory, which has been almost demonstrated by
modern discoveries, had been anticipated by the universal
Leibnitz. “ In the fourth section of his Protogewea, Leibnitz
presents us with a masterly sketch of his general views, and,
perhaps, even in the present day, it would be difficult to lay
down more clearly the fundamental positions which must be
necessarily comman to every theory, attributing geological
phenomena in great measure to central igneous agency. He
attributes the primary and fundamental rocks to the refrigeration
of the crust of this voleanic nucleus; an assumption which well
accords with the now almost universally admitted igneous origin
of the fundamental granite, and with the structure of the primi-
tive slates, for the insensible gradation of these formations ap-
pears to prove that gneiss must have undergone in a greater,
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out those lowest portlons of thgse stmta, which
haVe lxaen called prnmary, is a fact consistent

snd ‘mica slate in a léu degree, the same action of which the
maximum intensity produced granite.

< The ‘dislocations and deranged position of the strata he
attributes to the breaking in of vast vaults, which the vesicular
and cavernous structire assumed by masses, during their re-
frigeration from a state of fusion must necessarily have occasioned
in the crust, thus cooling down and consolidated. He assigns
the weight of the materials and the eruption of elastic vapours as
the concurrent -causés of these disruptions; to which we should
perhaps add, that the oscillations of the surface of the still fluid
nucleus may, independently of any such cavities, have readily
shattered into fragments the refrigerated portion of the crust;
especially, as at this early period, it must have been necessarily
very thin, and resembling chiefly the scoriee floating on a surface
of lava just beginning to cool. He justly adds, that these dis-
ruptions of the crust must, from the disturbances communicated
to the incumbent waters, have been necessarily attended with
diluvial action on the largest scale. When these waters had
subsequently, in the intervals of quiescence between these
convulsions, deposited the materials first acquired by their force
of attrition, these sediments formed, by their consolidation,
various stony and earthy strata. Thus, he observes, we may
recognise a double origin of the rocky masses, the one by
refrigeration from igneous fusion, (which, as we have seen, he
considered principally to be assignable to the primary and
fundamental rocks,) the other by concretion from aqueous
solution. We have here distinctly stated the great basis
of every scientific classification of rock formations. By the
repetition of similar causes (i. e. disruption of the crust and con-
sequent inundations) frequent alternations of new strata were
produced, until at length these causes having been reduced to a
condition of quiescent equilibrium, a more permanent state of
things emerged. Have we not here clearly indicated the data
on which, what may be termed the chronological investigation of
the series of geological phenomena, must ever proceed 7"
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with thé""‘hypothesxs whldx forms part ‘of the
theory of gradual refrigeration ; viz. tﬂat the
waters of the first formed oceans were too much
heated to have been hab:table by any kind-of
organic beings.*

In these most ancient condmons, both of
land and water, Geology refers us to a state
of things incompatible with the existence of
animal and vegetable life ; and thus on the evi-
dence of natural phenomena, establishes the
important fact that we find a starting point,
on this side of which all forms, both of animal
and vegetable beings, must have had a Dbe-
ginning.

As, in the consideration of other strata, we
find abundant evidence in the presence of or-
ganic remains, in proof of the exercise of
creative power, and wisdom, and goodness,
attending the progress of life, through all
its stages of advancement upon the surface of
the globe; so, from the absence of organic re-
mains in the primary strata, we may derive
an important argument, showing that there was
a point of time in the history of our planet,
-(which no other researches but those of geology
can possibly approach,) antecedent to the be-
ginning of either animal or vegetable life. This

¢ 8o long as the temperature of the carth’continued intensely
high, water could have existed only in the state of steam or va-
pour, floating in the atmosphere around the incandescent surface.
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donclasion is the'more important, beéaitsé it has
been tHe refuge of some speculative philosopHers
to refer the origin of existing organizations, either
to an external succession of the same species,
or to the formation of more recent from more
ancient specles, by successive -developments,
without the interposition of direct and repeated
acts of creation ; and ‘thus to deny the existence
of any first term, in the infinite series of succes-
sions which this hypothesis assumes. Against
this theory, no decisive evidence has been ac-
cessible, until the modern discoveries of geology
had established two conclusions of the highest
value in relation to this long disputed question :
the first proving, that existing species have had
a beginning ; and this at a period comparatively
recent in the physical history of our globe: the
second showing that they were preceded by
several other systems of animal and vege-
table life, respecting each of which it may
no less be proved, that there was a time when
their existence had not commenced; and that
to these more ancient systems also, the doctrine
of cternal succession, both retrospective and
prospective, is equally inapplicable.*

¢ Mr. Lyell, in the four first chapters of the second volume of
his Principles of Geology, has very ably and candidly examined
the arguments that have been advanced in support of the doc-
trine of transmutation of species, and arrives at the conclusion,
—* that species have a real existence in nature, and that each
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Having this eyxdapﬁx‘bmh of ﬂl;e lgﬁgmmng
and: end of several systems of organighd
each affording internal proof of the e eﬁ
exercise of creative design, and wxsdom, ‘and
power, we are at length conducted back to a
period anterior to the earliest of these systems;
a period in which we find a series of primary
strata, wholly destitute of organic remains ; and
from this circumstance, we infer their deposition
to have preceded the commencement of organic
life. Those who contend that life may have ex-
isted during the formation of the primary strata,
and the animal remains have been obliterated by
the eftects of heat, on strata nearest to the gra-
nite, do but remove to onc point further back-
wards the first term of the finite scries of organic
beings ; and there still remains beyond this point
an antecedent period, in which a statc of total
fusion pervaded the entire materials of the funda-
mental granite ; and one universal mass of incan-

was endowed, at the time of its creation, with the attributes and
organization by which it is now distinguished.”

Mr. Dela Beche also says (Geological Researches, 1834, p,
239, 1st edit. 8vo.) ¢ There can be no doubt that many plants can
adapt themsclves to altered conditions, and many animals ac-
commodate themselves to different climates; but when we view
the subject generally, and allow full importance to numerous
exceptions, terrestrial plants and animals secm intended to fill
the situations they accupy, as these were fitted for them ; they
appear created as the conditions arose, the latter not causing a
modification in pieviously existing forms productive of new

species.”
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déscent'élements, wholly incompatible ‘with any
conditien of life, which can be shown to have

ever existed, formed the entire substance of the
globe.*

* In adopting the hypothesis that the primary stratified rocks
have been altered and indurated by subjacent heat, it shiould be
understood, that although heat is in this case referred to as one
cause of the consolidation of strata, there are other causes which
have operated largely to consolidate the secondary and tertiary
strata, which are placed at' a distance above rocks of igneous
origin. Although many kinds of limestone may have been in
certain cases converted to crystalline marble, by the action of heat
under high pressure, there is no need for appealing to such
agency to explain the consolidation of ordinary strata of carbonate
of lime; beds of secondary and tertiary sandstone have often a
calcareous cement, which may have been precipitated from
water, like the substance of stalactites and ordinary limestone.
When their cement is siliceous, it may also have been supplied
by some humid process, analogous to that by which the siliceous
matter of chalcedony and of quartz is either suspended or dis-
solved in nature; a process, the existence of which we cannot
deny, although it has yet baffled all the art of chemistry to imi-
tate it. The beds of clay which alternate with limestone, and
sand, or sandstone, in secondary and tertiary formations, show no
indications of the action of heat; having undergone no greater
consolidation than may be referred to pressure, or to the admix-
ture of certain proportions of carbonate of lime, where the clay
beds pass into marl and marlstone. Beds of soft unconsolidated
clay, or of loose unconsolidated sand, are very rarely if ever found
amongst any of the primary strata, or in the lower regions of the
transition formation ; the effects of heat appear to have converted
the earlier deposits of sand into compact quartz rock, and beds
of clay into clay slate, or other forms of primary slate. The rock
which some authors have called primary grauwacke, seems
to be a mechanical deposit of coarse sandstone, in which the form
of the fragments has not been so entirely obliterated by heat, as
in the case of compact quartz rock.
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It may be said we. have 10 right’ to. ﬁany the
posgible existence of life and organizatigp upon
the surface, or in the interior of our’ planet,
under a state of igneous fusion. ‘ Who,” says
the ingenious and speculative Tucker, (Light of
Nature, book iii. chap. 10), “can reckon up all.
the varieties that infinite wisdom can contrive,
or show the impossibility of organizations dissi-
milar to any within our experience? Who
knows what cavities lie within the earth, or
what living creatures they may contain, endued
with senses unknown to us, to whom the streams”
of magnetism may serve instead of light, and
those of electricity affect them as sensibly as
sounds and odours affect us? Why should we
proncunce it impossible that there should be
bodies formed to endure the burning sun, to
whom fire may be the natural element, whosc
bones and muscles are composed of fixed earth,
their blood and juices of molten metals? Or
others made to live in the frozen regions of
Saturn, having their circulation carried on by
fluids more subtle than the highest rectified
spirits raised by chemistry ?”

It is not for us to meet questions of this kind
by dogmhtizing as to possible existences, or to
presume to speculate on the bounds which crea-
tive Power may have been pleased to impose on
its own operations. We can only assert, that as
the laws that now regulate the movements and
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pmpet‘ﬁes -of all the:material elements, can be
shown ..to have. undergone no.change simce
matter was first created upon our planet; no
forms of organization such as now exist, or such
as Geology shows to have existed, during any.
.stages of the gradual .formation of the earth,
could have supported, f'or an instant, the state of
fusion here supposed. - -

We therefore.(conclude, that whatever beings
of wholly different natures and properties may
be imagined to be within the range of possible
existences, not one of all the living or fossil
species of animals or vegetables, could ever have
endured the temperature of an incandescent
planet. All these species must therefore have
had a beginning, posterior to the state of uni-
versal fusion which Geology points out.

I know not how I can better sum up the con-
clusion of this argument, than in the words of
my Inaugural Lecture, (Oxford, 1819, p. 20).

“ The consideration of the evidences afforded
by geological phenomena may enable us to lay
more securely the very foundations of natural
theology, inasmuch as they clearly point out to
us a period antecedent to the habitable state of
the earth, and consequently antecedent to the
existence of its inhabitants. When our minds
become thus familiarized with the idea of a
beginning and first creation of the beings we
scc around us, the proofs of design, which the
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structure-of thiose beings affords, carry with them

-a’ more forcible™ conviction of -an iutelligent
Creator, dnd the hypothesis of an' eterhal suc-
cession of causes, is thus at once removed. - Wé
argue thus: it is demonstrable from Geology
that ‘there was a period when no organic beings
had existence ; these organic beings must there-
fore have had a beginning subsegquently to- this
period ; and where is that beginning to be found
but in the will and fiat of an intelligent and all-
wise Creator?”

The same conclusion is stated by (‘uv;er, to
be the result of his observations on geological
phenomena: ‘ Mais ce qui étonne davantage
encore, et ce qui n’est pas moins certain, c’est
qui la vie n’a pas toujours existé sur la globe,
et qu’il est facile & 'observateur de reconnoitre
le point ol elle a commencé & déposer ses pro-
duits.”—Cuvier, Ossemens Fossiles, Disc. Prelim.
1821, vol. i. p. ix.
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- CuAprer VII.
Strata qf the T'ransition Series.

Tnus far we have been occupled with rocks, in

“which: we trace: chiefly the results of chemical
and ;nechamﬁal forces ; but, as soon as we enter
on the examination of strata “of the Transition
Series, the history; of organic life becomes as-
sociated with that of mineral phenomena.*

The mineral character of the transition forma-
tions presents alternations of slate and shale,
with slaty sandstone, limestone, and conglomerate
rocks ; the latter bearing evidence of the action
of water in violent motion ; the former showing,
by their composition and structure, and by the
organic remains which they frequently contain,
that they were for the most part deposited in the
form of mud and sand, at the bottom of the
sea. . +

Here, therefore, we enter on a new and no
less curious than important field of enquiry,

* It is most convenient to include within the Transition series,
all kinds of stratified rocks, from the earliest slates, in which we
find the first traces of animal or vegetable remains, to the termi-
nation of the great coal formation. The animal remains in the
more ancient portion of this series, viz. the Grauwacke group,
though nearly allied in genera, usually differ in species from
those in its more recent portion, viz. the Carboniferous group.
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and commence our examination of the relics
of a former world, with a view to ascertain
how far the fossil members of the animal and
vegetable kingdoms may, or may not, be related
to existing genera and species, as parts of one
great system of creation, all beahng marks of
derivation from a common- author.*. '
Beginning with the animal kingdom, we ﬁnd'
the four great existing divisionssof -Vertebrata,
Mollusca, Articulata, and Radaata, to have been
coeval with the commencement of orgamc life

]

upon our globe.t 3 i5a

* In Plate 1, 1 have attempted to convey sotie idea of the
organic remains preserved in the several series of formations, by
introducing over each, restored figures of a few of the most cha-
racteristic animals and vegetables that occupied the lands and
waters, at the periods in which they were deposited.

1 ¢ It has not been found necessary, in discussing the history
of fossil plants and animals, to. constitute a single new class;
they all fall naturally into the same great sections as the ex-
isting forms.—We are warranted in concluding that the older
organic creations were formed upon the same general plan as at
present. They cannot, therefore, be correctly described as en-
tirely different systems of nature, but should rather be viewed as
corresponding systems, composed of different details. The dif-
ference of these details arises mostly from minute specific dis-
tinctions ; but sometimes, especially among terrestrial plants, cer-
tain crustacea, and reptiles, the differences are of a more general
nature, and it is not possible to refer the fossil tribes to any
known recent genus, or even family. Thus we find the problem
of the resemblance of recent and fossil organic beings to resolve
itself into a general analogy of system, frequent agreement in
important points, but almost universal distinction of minute
organization.”—Phillips’s Guide to Geology, p. 61-63, 1834,
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No higher .condition of Vertebrata has been
‘yet discovered in the transition .formation than
that of fishes, whose history will be reserved for
a subsequent chapter.

The Mollysea,* in- the transmon series, aﬁ‘ond
examples of’ émral families, and many-genera,
which seem at that time to have been universally
'diffused over.all parts of the world. Some of
these, (e. g. the Orthoceratite, Spirifer, and Pro-
ducta) became extinct at an early period in the
history of stratification, whilst other genera (as
the Nautilus and Terebratula) have continued
through all formations unto the present hour.

The earliest examples of Articulated animals
are those afforded by the extinct family of Tri-
lobites, (see Plates 45 and 46) to the history of
which we shall devote peculiar consideration
under the head of Organic Remains. Although
nearly fifty species of these Trilobites occur in
strata of the transition period, they appear to
have become extinct before the commencement
of the secondary series.

The Radiated Animals are among the most
frequent organic remains in the transition strata ;
they present numerous forms of great beauty,
from which 1 shall select the family of Crinoidea,

* In this great division, Cuvier includes a vast number of
animals having soft bodies, without any articulated skeleton or
spinal marrow, such as the Cuttle-fish, and the inhabitants of
univalve and bivalve shells.
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or lily-shaped ‘animals allied to: Star-fish, for
peculiar consideration in a future chapter.  (See
Pl. 47, Figs. 5, 6, -7.)- Fossil .corallines also
abound among the radiata of this ;period, and
show that this: family had entered thus early
upon -the' important geological-- functions - of
adding their calcareous habitations to the solid
materials of the strata of the globe. :Their.his-
tory will also be considered in another chapter.

Remamsqf Vegetables in the Tmmttum Series.
4

Some 1dea may be fonned of the vegetation
which prevailed during the deposition of the
upper strata of the transition series, from the
figures represented in our first plate (Fig. 1 to
13). In the inferior regions of this series plants
are few in number, and principally marine ;* but
in its superior regions the remains of land plants
are accumulated in prodigious quantities, and
preserved in a state which gives them a high
and two-fold importance; first, as illustrating
the history of the earliest vegetation that ap-
peared upon our planet, and the state of climate

¢ M. A. Brogniart mentions the occurrence of four species of
fucoids in the transition strata of Sweden and Quebec; and Dr.
Harlan has described another species found in the Allcghany
Mountains,
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and geclogi¢al ohanges which then prevailed :*
sheondly, as affecting, in no sl degree, the
actual condition of the human race. 444 :
The strata in which these: vegetable remains
have been collected together in such vast abun-
dance have been justly designated by the name
of the carboniferous order, or great coal forma-
tion. (See Conybeare and Phillips’ Geology of
England and Wales, book iii.) It is in this
formation chiefly, that the remains of plants
of a former world have been preserved and con-
verted into beds of mineral coal ; having been
transported to the bottom of former seas and
estuaries, or lakes, and buried in beds of sand
and mud, which have since been changed into
sandstone and shale. (See Pl. 1, sec. 14.)t

* The nature of these vegetables, and their 1elations-to ex-
stmg species, will be considered 1n a future chapter

1 The most characteristic type that exsts i this country of the
general condition and circumstances of the strata composing the
great carboniferous ordcr, 18 found 1n the north of England. It
appears from Mr. Forster’s section of the strata from Newcastle-
upon-Tyne to Cross Fell, m Cumberland, that their umted thick-
ness along this line exceeds 4 000 feet. This enormous mass 1s
composed of alternating beds of <hale or indurated clay, sand-
stone, lunestone, and coal. the coal 1s most abundant i the
upper part of the scnes, near Newcastle and Durham, and the
hmestone predominates towards the lower part; the mdividual
strata cnumerated by Forster are thirty-two beds of coal, sixty-
two of sandstone, seventeen of limestone, one mtrading bed of
trap, and one hundred and twenty-eight beds of shale and clay.
The animal remains hitherto noticed an the limestone beds are
almost exclusively marine; hence we infer that these strata were
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Besides this coal; qpany strata: of the carboni-
ferous ordeg confain subordmauwbeds of .a rich
argnllacw iron'ore, which' the near. position of
the coal Tenders aay of reduction to a. oetallic
state; and 'this reduction is further facilitated
by the proximity of limestone, which is requisite
as a flux to sepafate the metal from the ore, and
usually abounds it the lower regions of the car-

boniferous strata.
A formation that is at once the vehlcle of two

such valuable mineral productions as coal and
iron, assumes a place of the first importance
among the sources of benefit to mankind ; and

deposited at the bottom of the sea. The fresh-water shells that
occur occasionally in the upper regions of this great series show
that these morerecent portions of the coal formation were deposited
in water that was either brackish or entirely fresh. It has lately
been shown that fresh-water deposits occur also occasionally
in the lower regions of the carboniferous series. (See Dr. Hib-
bert’s account of the limestone of Burdie House, ncar Ildinburgh
Transactions of the Royal Society of Edinburgh, vol. xiii.;
and Professor Phillips’s Notice of fresh-water shells of the genus
Unio, in the lower part of the coal series of Yorkshire; London
Phil. Mag. Nov. 1832, 349.) The causes which collected these
vegetables in beds thus piled above each other, and separated by
strata of vast thickness, composed of drifted sand and clay, re-
ceive illustration from the manner in which drifted timber from
the existing forests of America is now accumulated in the estua-
ries of the great rivers of that continent, particularly in the estuary
of the Mississippi, and on the River Mackenzie. See Lyell's
Principles of Geology, 3rd edit. Vol. iii. Book iii. Ch. xv. and
Prof. Phillips's Article Geology in Encyclopsedia Metropolitana,
Pt. 37, page 596.

G. F
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this beneﬁt is the direct. result of physical
changes which affected the earth at those re-
mote periods of time, when the :forms of
vegetable life appeared upon its surface. .
The important uses of coal and iron in admi-
nistering to the supply of our daily wants, give
to every individual amongst us, in almost every
moment, of -our lives, a personal concern, of
which but few are conscious, in the geological
events of these very distant eras. We are all
brought into immediate connection with the ve-
getation that clothed the ancient earth, before
one-half of its actnal surface had yet been formed.
The trees of the primeval forests have aot,
like modern trees, undergone decay, yielding
back their elements to the soil and atmosphere
by which they had been nourished ; but, trea-
sured up in subterranean storehouses, have been
transformed into enduring beds of coal, which in
these later ages have become to man the sources
of heat, and light, and wealth. My fire now
burns with fuel, and my lamp is shining with the
light of gas, derived from coal that has been
buried for countless ages in the deep and dark
recesses of the earth. We prepare our food, and
maintain our forges and furnaces, and the power
of our steam-engines, with the remains of plants
of ancient forms and extinct species, which were
swept from the earth ere the formation of the
transition strata was completed. Our_ instru-



' VEGETABLE REMAINS. 67

ments of cutlery, the tools of our mechanics, and
the countless stachines which -we -constract, by
the infinitely varied applications of iron; are de-
rived from ore, forithe most part ‘coeval with, or
more ancient than the fuel, by the aid of which
we. reduce it to its metallic state; and apply it
to innumerableuses in the economy of human
tife. Thus, from the wreck of forests that waved
upon the surface of the primeval lands, and
from ferruginous mud that was lodged at the
bottom of the' primeval “waters, we derive our
chief supplies’ of coal and irop; those two
fundamental elements of art and industry, which
contribute more than any other mineral produc-
tion of the earth, to increase the riches, and
multiply the comforts, and ameliorate the con-
dition of mankind.

Caarrer VIIL
Strata of the Secondary Series,

Wz may consider the history of secondary, and
also oftertiary strata, in two points of view : the
one, respecting their actual state as dry land,
destined to be the habitation of man; the other,
regarding their pmor condition, whilst in _pro-
gress of formation at the bottom of the waters,



* The secondary strata are composed of extensive beds of sand
and sandstone, mixed occasionally with pebbles, and alternating
with deposits of clay, and marl, and limestone. The materials
of most of these stratn appear to have been derived from the
detritus of primary and transition rocks; and the larger frag-
ments, which are preserved in the form of pebbles, often indicate
the sources from which these rounded fragments were supplied.

The transport of these materials from the site of older forma-
tions to their place in the secondary series, and their disposition
in strata widcly extended over the bottom of the early seas, seem
to have resulted from forces, producing the destruction of more
ancient lands, on a scale of magnitude unexampled among the
actual phenomena of moving waters.

J
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such manner, ahd in sucli-proportions, as are in
various degrees favourableto the growth of the
different: vegetable productionts, which man re-
quires for hxmé&f and the domestic - ammhie
he has collected around him.- Pt

The process is- obvious ‘whereby even solid
rocks are converted into soil fit for the main-
tenance of vegetation, by simple exposure to
atmospheric agency; the disintegration pro-
duced by the vicissitudes of heat and cold,
moisture and dryness, reduces the surface of
almost all strata to a comminuted state of soil,
or mould, the fertility of which is usually in
proportion to the compound nature of its ingre-
dients.

The three principal naterials of all strata are
the earths of flint, clay, and lime ;*cach of these,
taken singly and in a state of purity, is com-
paratively barren: the admixture of a small
proportion of clay gives tenacity and fertility to
sand, and the further addition of calcareous
earth produces a soil highly valuable to the agri-
culturist : and where the natural proportions are
not adjusted in the most beneficial manner, the
facilities afforded by the frequent juxta-position
of lime, or marl, or gypsum, for the artificial
improvement of those soils which are defective
in these ingredients, add materially to the
earth’s capability of adaptation to the impor-
tant office of producing food. Hence it happens
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that the great corn fields, and the greatest popu-
lation of the world, are placed on strata of the
secondary and tettiary formations ; or-on their
detritus, composing still more"compound, -and
consequently more fertile diluvial, and alimﬁial;‘
deposits.* .
Another advantage in the dlsposmon of stra~
tified rocks consists in the fact that strata of
limestone, sand, and sandstone which readily
absorb water, alternate with beds of clay, or
marl, which are impermeable to this most impor-
tant fluid. All permeable strata receive rain-
water at their surface, whence it descends until
it is arrested by an impermeable subjacent bed
of clay, causing it to accumulate throughout the
lower region of each porous stratum, and to form
extensive reservoirs, the overflowings of which on
the sides of valleys constitute the ordinary
supply of springs and rivers. These reservoirs
are not only occasional crevices and caverns;
but the entire space of all the small interstices
# It is no small proof of design in the arrangement of the ma-
teriald that compose the surface of our earth, that whereas the
primitive and granitic rocks are least caleulated to afford a fertile
soil, they are for the most part made to constitute the mountain
districts of the world, which, from their elevation and irregulari-
ties, would otherwise be but ill adapted for human habitation ;
while the lower and more temperate regions are usually composed
of derivative, or secondary strata, in which the compound nature
of their ingredients qualifies them to be of the greatest utility to

mankind, by their subserviency to the purposes of luxuriant vege-
tation.—Buckland's Inaugural Lecture, Oxford, 1820, p. 17.
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of those lower parts of each permeable stratum,
which are beneath the level of the nearest flow-
ing sprmgs Hence if a well be sunk to the
water- bearmg lével of any stratum, it forms.a
tommunication with a permanent subterrancan
sheet of water, affording plentiful supplies to
the inhabitants of upland districts, which are
above the level of matural springs.

A _further benefit which man derives from the
disposition of the mineral ingredients of the
secondary strata, results from the extensive: diffu-
sion of muriate of soda, or common salt, through-
out certain portions of these strata, especially
those of the new red sandstone formation. Had
not the beneficent providence of the Creator
laid up these stores of salt within the bowels
of the earth, the distance of inland countries
from the sea would have rendered this article of
prime and daily necessity, unattainable to a
large proportion of mankind: but, under the
existing dispensation, the presence of mineral
salt, in strata which are dispersed gencrally over
the interior of our continents and larger islands,
is a source of health, and daily enjoyment, to
the inhabitants of almost every region of the
earth.* Muriatc of soda is also among the most

¢ Although the most frequent position of rock salt, and of salt
springs, is in strata of the new red sandstone formation, which
has consequently been designated by some geologists as the sali-
ferous system, yet. it is not exclusively confined to them. The
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abundant of the saline compounds formed by
sublimation in the craters of velcanos. - . -

With respect to the state of animal life, dur-
ing the deposition of the Stcondary strata,
although the petrified remains of Zoophytes;
Crustacea, Testacea, and Fishes, show that the
seas in which these strata were formed, like
those which gave birth to the Transition series,
abounded with creatures referrible to the four
existing divisions of the animal kingdom, still
the condition of the globe seems not yet to have
been sufficiently advanced in tranquillity, to
admit of general occupation by warm-blooded
terrestrial Mammalia.

The only terrestrial Mammalia yet discovered
in any secondary stratum, are the small marsu-
pial quadrupeds allied to the Opossum, which
occur in the oolite formation, at Stonesfield, near
Oxford. The jaws of two species of this genus
are represented in Plate 2. A.5; the double roots
of the molar teeth at once refer these jaws to
the class of Mammalia, and the form of their
crowns places them in the order of Marsupial
animals. Two other small species have been
discovered by Cuvier, in the tertiary formations
of the basin of Paris, in the gypsum of Mont
Martre.

salt mines of Wieliezka and Sicily are in tertiary formations ;
those of Cardona in cretaceous; some of those in the Tyrol in
the oolites ; and near Durham there are salt springs in the coal
formation.
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The Marsupial Order comprehends .a large
number of existing genera, both herbivorous
and carnivorous, ‘which are now. peculiar to
North and,-SoutﬁéAmerma, and to New Holland,
with the adjacent islands. . The kangaroo and
opossum are its most familiar examples. The
name Marsupialia is derived from the presénce
of a large external marsupium, or pouch, fixed
on the abdomen, in which the feetus is placed
after a very short period of uterine gestation,
and remains suspended to the nipple by its
mouth, until sufficiently matured to come forth
to the external air. The discovery of animals of
this kind, both in the secondary and tertiary
formations, shows that the Marsupial Order, so
far- from being of more recent introduction than
other orders of mammalia, is in reality the first
and most ancient condition, under which animals
of this class appeared upon our planet: as far
as we know, it was their only form during the
secondary perjod ; it was co-existent with many
other orders in the early parts of the tertiary
period ; and its geographical distribution in the
present creation, is limited to the reglons we
have above enumerated.*

¢ In a highly important physiological paper, in the Phil. Trans.
London, 1834, part ii. p. 349, Mr. Owen has pointed out ¢ the
most irrefragible evidence of creative foresight, afforded by the
existing Marsupialia, in the peculiar modifications both of the
maternal and feetal system, designed with especial reference to
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.The pecuhar feature in the population of the
whole series of secondary.strata; waathe preva-
lence of numerous and glgantm forms of Saurian

-reptiles. Many of these weré’ excluswely ‘ma-
rine ; others amphibious ; others were terrestzial,
ranging in savannahs and jungles, clothed with a
tropical vegetation, or basking on the margins of
estuaries, lakes, and rivers. Even the air was
tenanted by flying lizards, under the dragon-

each other’s peculiar condition.” With respect to the final
cause of these peculiarities, he conjectures that they have rela-
tion to an inferior condition of the brain and nervous system in
the Marsupialia; and considers the more protracted period of
viviparous utero-gestation in the higher orders of Mammalia to
be connected with their fuller developement of the parts subser-
vient to the sensorial functions ; the more simple form, and infe-
rior condition of the brain in Marsupialia, being attended with a
lower degree of intelligence, and less perfect condition of the
organs of voice.

As this inferior condition of living Marsupialia shows this
order to hold an intermediate place between viviparous and ovi-
parous auimals, forming, as it were, a link between Mammalia
and Reptiles; the analogies afforded by the occurrence of the
more simple forms of other classes of animals®in the earlier geo-
logical deposits, would lead us to expect also that the first forms
of Mammalia would have been Marsupial.

In a recent letter to myself, Mr. Owen adds the following in-
teresting particulars respecting the physiology of this remarkable
class of animals, *¢ Of the generality of'the law, as regards the
simple unconvoluted form of the cerebrum in the Marsupials, 1
have had additional confirmation from recent dissections of a
Dasyurus and Phalangistu. With an organization defective in
that part which I believe to be essential to the docility of the
horse, and sagacity of the dog, it is natural to suppose that the
Marsupial series of warm-blooded quadrupeds would be insuf-
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forin of Pterodactyles; . The earth yas probably
at that time: teo-mutch:eovered with water, and
those portions of land which had emerged above
the . surface, ' wett too frequently agitated by
earthquakes, inundations, and atmospheric irre-.
gularities, to be . extensively occupied by any
hlgher order of quadrupeds than reptiles.
_=As the history of these reptiles, and also that
"of ‘the vegetable remains,* of the secondary for-

ficient for the great purposes of the Creator, when the earth was
rendered fit for the habitation of man. They do, indeed, afford
the wandering savages of Australia a partial supply of food ; but
it is more than doubtful that any of the species will be preserved
by civilized man on the score of utility. The more valuable and
tractable ruminants are already fast encroaching on the plains
where the kangaroo was once the sole representative of the
graminivorous Mammalia.

“ It is interesting, however, to observe, that the Marsupials,
including the Monotremes, form a very complete series, adapted
to the dssimilation of every form of organic matter; and, no
doubt, with enough of instinctive precaution, to preserve them-
selves from extermination, when surrounded with enemies of no
higher intellectual powers than the Reptilia. It would, indeed,
be a strong support to the consideration of them as a distinet
ovoviviparous sub-class of Mammals, if they should be found,
as hitherto, to be the sole representatives of the highest class
of Vertebrata, in the secondary strata.”—R. Owen.

* The vegetable remains of the secondary strata differ from
those of the transition period, and are very rarely accumulated
into beds of valuable coal. The imperfect coal of the Cleveland
Moorlands near Whithy, on the coast-of Yorkshire, and that of
Brora in the county of Sutherland, occurs in the lower region of
the oolite formation; that of Biickeberg in Nassau, is in the
upper.region of the same. formation, and is of superior quality.
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mations, will be made a subject of ‘distinct
inquiry, it will here suffice to stat¥ that the
proofs of method and design in the adaptatior of
these extinct forms of organization tb}h’e varied
circumstances and conditions of the earth’s’pro-
gressive stages of advancement, are similar to
those we trace in the structure of living animal
and vegetable bodies; in each case, we argue
that the existence of contrivances, adapted to
produce definite and useful ends, implies the
anterior existence and agency of creative intel-
ligence.

Cuarrer IX,
Strata of the Tertiary Series.

Tue Tertiary Series introduces a system of new
phenomena, presenting formations in which the
remains of animal and vegetable life approach
gradually nearer to species of our own epoch.
The most striking feature of these formations
consists in the repeated alterndtions of marine
deposits, with those of fresh water (see Pl. 1,
sect. 25, 26, 27, 28).

We arc indebted to Cuvier and Brogniart, for
the first detailed account of the nature and
rclations of a very important portion of the
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tertiary strats, ipitheir inestimable pistory of the
deposits. above the chalk near Paris. ,For a
shott time, these were suppased to be peculiar
to that neighbouthood ; further. observation has
discoyered them to be parts of a great series of
general formations, extending largely over the
whole world, and affording evidences of, at least,
four distinct periods, in their order of succession,
indicated by changes in the nature of the or-
ganic remains that are imbedded in them.*
Throughout all these periods, there seems to
have been a continually increasing provision for
the diffusion of animal life, and we have certain
evidence of the character and numbers of the

¢ In Vol. II. of his Principles of Gceology, Mr. Lyell has
given an interesting map, showing the extent of the surface of
Europe, which has been covered by water since the commence-
ment of the deposition of the tertiary strata.

M. Boué, also, has published an instructive map, representing
the manner in which central Europe was once divided into a
series of separate basins, each maintaining, for a long time, the
condition of a fresh-water lake ; those which were subject to oc-
casional irruptions of the sea, would, for a while, admit of the
deposition of marine remains; the subsequent exclusion of the
sea, and return to the condition of a fresh-water lake, would allow
the same region to become the receptacle of the exuvie of ani-
mals inhabiting fresh water.—Synoptische Darstellung der Erd-
rinde. Hanau, 1827. The same map, on a larger scale, appears
in the second series of the Transactions of the Linnean Society of
Normandy.

.In the Annals of Philosophy, 1823, the Rev. W. D. Conybeare+
published an admirable memoir, illustrative of a similar geolo-
gical map of Europe.
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creatures that were permitted to anjoyu&, in- tﬁe
multitude of shells and bones preser¥ed in_the
strata that were deposited during epch: of ‘the
four epochs we are considering. e

M. Deshayes and Mr. Lyell have recently
proposed a fourfold division of the marfine forma- -
tions of the tertiary series, founded on the pro-
portions which their fossil shells bear to marine
shells of existing species. To these divisions
Mr. Lyell has applied the terms FEocere, Mio-
cene, Older Pliocene, and Newer Pliocene; and
has most ably illustrated their history in the
third volume of his Principles of Geology.

The term Eocene implies the commencement
or dawn of the existing state of the animal crea-
tion ; the strata of this series containing a very
small proportion of shells referrible to living
species.. The Calcaire Grossier of Paris, and
the London clay, are familiar examples of this
older tertiary, or Eocene formation.

The term Miocene implies that a minority of
the fossil shells, in formations of this period, are
of recent species. To this era are referred the
fossil shells of Bordcaux, Turin, and Vienna. *

In formations of the Older, and Newer Plio-
cene, taken together, the majority of the shells
belong to living species; the recent species in
_the newer, being much more, abundant than in -
" the older division.

To the Older Pliocene, belong the Sub-apen-
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nine marine formations, and the English Crag;
and to the Newer Pliocene, the inore recent
marine deposits of Sicily, Ischia, and Tuscany.*

Alternating with these four great marine for-
mations above the chalk, there intervenes a
fourfold series of other strata, containing shells
which show them to have been formed in fresh
water, accompanied by the bones of many ter-
restrial and aquatic quadrupeds.

The greater number of shells, both in the
fresh-water and marine formations of the tertiary
series, are so nearly allicd to existing genera,
that we may conclude, the animals by which
they were formed, to have discharged similar
functions in the economy of nature, and to have
been endowed with the same capacities of enjoy-
ment as the cognate mollusks of living species.
As the examination of these shells would dis-
close nearly the same arrangements and adap-
tations that prevail in living species, it will
be more important to investigate the extinct

* The total number of known fossil shells in the tertiary series
18 3,036.  OF these 1,238 are found m the Eocene; 1,021 in the
Miocene; and 777 in the Older, and Newer Pliocene divisions.
The numerical proportions of recent to extinct species may be
thus expressed.—In the
Newer Pliocenc period.... 90 to 95
Older Pliacene period .... 35 to 50 | Per cent. are of
Miocene period .e0svyen.. 18 recent species,
Eocene period. .......... 3}

—Lyell's Geology, 4. Ed. vol. iii. p. 308.
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genera of the higher orders of animals, which
seem to have been constructed with a view
to the temporary occupation of the . earth,
whilst the tertiary strata were in process of
formation. Our globe was no longer tenanted
by those gigantic reptiles, which had been its
occupants during the secondary period ; neither
was it yet fit to receive the numerous tribes of
terrestrial mammalia that are its actual inhabi-
tants. A large proportion of the lands which
had been raised above the sea, being covered
with fresh water, was best adapted for the abode
of fluviatile and lacustrine quadrupeds.

Our knowledge of these quadrupeds is derived
solely from their fossil remains; and as these
are found chiefly (but not exclusively)* in the
fresh-water formations of the tertiary series, it is
to them principally that our present attention
will be directed.

* The remains of Palerotherium occur, though very‘ rarely, in
the Calcaire Grossier of Paris. The bones of other terrestrial
mammalia, occur occasmnally in the Miocene and Pliocene marine
formations, e. g. in Touraine and in the Sub-apcunines. These
are derived from carcases which, during these respective periods,
were drifted into estuaries and seas.

No remains of mammalia have yrt been found in the Plastic
clay formation next above the chalk; the admixture of fresh-
water and marine shells in this formation seems to indicate that it
was deposited in an estuary. Beds of fresh-water shells are in-
terposed more than once between the marine strata of the Cal-
caire Grossier, which are placed next above the plastic clay.
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Mammalia of the Eocene Period.

In the first great fresh-water formation of the
Eocene period, nearly fifty extinct species of
mammalia have been discovered by Cuvier; the
greater number of these belong to the following
extinet genera, in the order Pachydermata,* viz.
Paleotherium, Anoplotherium, Lophiodon, An-
thracotherium, Cheropotamus, Adapis (see Plates
3'and 4).1

* Cuvier's order Pachydermata, i. e. animals having thick
skins, includes thiee subdivisions of Herbivora, of which the
Elephant, Rhinoceros, and Horse are respectively examples.

+ Paleotherium.

The place of the genus Palaeotherium (see Plates 3 and 4)
is intermediate betwcen the rhinoceros, the horse, and tapir.
Eleven or twelve species have already been discovered ; some as
large as a rhinoceros, others varying from the size of a horse to
that of a hog. The bones of the nose show that, like the tapir,
they had a short fleshy trunk. These animals probably lived
and died upon the margins of the then existing lakes and rivers,
and their dead carcases may have been drifted to the bottom in
seasons of flood. Some perhaps retired into the water to die.

Anoplotherium.

Five species of Anothoplerium (sec Plates 3, 4) have been
found in the gypsum of the neighbourhood of Paris. The
largest (A. Commune) being of the size of a dwarf ass, with a
thick tail, equal in length to its body, and resembling that of an
otter; its probable use was to assist the animal in swimming.
Another (A. Medium) was of a size and form more nearly
approaching the light and graceful character of the Gazelle; a
third species was nearly of the size of a Hare.

The posterior molar teeth in the genus Anoplotherium resemble
those of the rhinoceros; their feet are terminated by two large
toes, like the ruminating animals, whilst the composition of their

G. G
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The nearest .approach among living animals
to the form of these extinct aquatic quadrupeds,
is found in the Tapirs that inhabit the warm
mgions of South America, Malacca, and Su-
matra, ahd in the Daman of Africa.

It is not easy to find a more eloquent and
striking acknowledgment of the regularity and
constancy of the systematic contrivances that
pervade the animal remains of the fossil world,
than is contained in Cuvier's Introduction to his
account of the bones discovered in the gypsum

tarsus is like that of the camel. The place of this genus stands,

in one respect, between the rhinoceros and the horse; and in

another, between the hippopotamus, the hog, and the camel.
Lophiodon.

The Lophiodon is another lost genus, allied most nearly to the
tapir and rhinoceros, and, in some respeets, to the hippopotamus,
and connected closely with the Palwotherium and Anoplothe-
vium. Tifteen species of Lophiodon have been ascertained.

Anthracotherium.,

The genus Anthracotherium was so called from its having
been first discovered in the Tertiary coal, or Lignite of Cadibona
in Liguria: it presents seven species, some of them approximat-
ing to the size and character of the hog; others approaching
nearly to that of a hippopotamus.

Cheropotamus.

The Cheropotamns wus an animal most nearly allied to the
hogs ; in some respeets approaching the Babiroussa, and forming
a link between the Anoplotherium and the Peccary.

Adapis.

The last of the extinct Pachydermata found in the gypsum
quarries of Montmartre, is the Adapis. The form of this crea-
tare most nearly resembled that of a hedgehog, but it was three
times the size of that animal : it seems to have formed a link
connecting the Pachydermata with the Insectivorous Carnivora,
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quarries ‘' of :-the 'neighbourhood of Paris. It
affords, to ‘persons “unacquainted with the mo-
dern method of conducting physical researches,’
an example of the kind of evidence on which
we found our conclusions, as to the form, cha-
racter, and habits of extinct creatures, that are
known only through the medium of their fossil
remains. After stating by what slow degrees the
cabinets of Paris had been filled with innume-
rable fragments of bones of unknown animals,
from the gypsum quarries of Mont Martre,
Cuvier thus records the manner in which he
applied himself to the task of reconstructing
their skeletons. Having gradually ascertained
that there were numerous species, belonging
to many genera, “ I at length found myself,”
says he, “as if placed in a charnel house, sur-
rounded by mutilated fragments of many hun-
dred skeletons, of more than twenty kinds of
animals, piled confusedly around me: the task
assigned mc was, to restorc them all to their
original position. At the voice of comparative
anatomy, cvery bone, and fragment of a hone,
resumed its place. 1 cannot find words to
express the pleasure 1 cxperienced in seeing,
as I discovered onc character, how all the
consequences, which I predicted from it, were
successively confirmed ; the feet were found in
accordance with ‘the characters announced by
the teeth; the teeth in harmony with those
indicated beforehand by the feet; the bones
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;:%' [the legs and thighs, and every, %unectipg
portion of the extremities, were found set together
Qrgcisely as I had arranged them, before my
conjectures were verified by the discovery of the
parts entire : in short, each species was, as it
were, reconstructed from a single one of its
component elements.” (Cuvier's Ossemens Fos-
siles, 1812, tom. iii. Introduction, p. 3, 4.)

Thus, by placing before his readers the
progress of his discovery, and restorations of
unknown species and genera, in the same
irregular succession n which they occurred to
him, he derives from this disorder the strongest
demonstration of the accuracy of the principles
which formed his guide throughout the whole
enquiry ; the last found fragments confirming
the conclusions he had drawn from those first
brought to light, and his retrogradc steps being
a8 nothing, in comparison with his predictions
which were verified.

Discoveries thus conducted, demonstrate the
constancy of the laws of co-existcnce that have
ever pervaded all animated nature, and place
these extinct genera in close connexion with the
l{ving orders of Mammalia.

We may estimate thc number of the animals
collected in the gypsum of Mont Martre, from
the fact, stated by Cuvier, that scarcely a block
is taken from these quarries which does net
disclose some fragment of a fossil skeleton.
Millions of such bounes, he adds, must have been

b}
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destmyed before attentxon was dlrected to, the
subject. "

The subjoined list of fossil animals foand in
thé gypsum quarries of the neighbourhood of
Paris, affords important information as to the’
population of this first lacustrine portion of the
tertiary series.* (See Pl 1. Figs. 7310 96.)

* List or VERTEBRAL ANIMALS FOUND IN THE Gyrsum
oF THE Basiv or Paris,

l’ Paleotherium ........ )
Puchydermata Anoplotherivm ....... l Tixtinet species, of
l\(‘.hempotnmus ........ { extinet genera.
Adapis....... Ceeeaee J
[ Bat. A

existing species.
Fox.

Coatis (Nasua, Storr), large Coati, now

native of the warm parts of America.
Racoon (P’rocyon, Storr), North America.
Genette (Genetta, Cuv., Viverra Genetta,

Linn.), now extending from South of
L Furope to Cape of Good Hope.
Marsupialia. . { Opossum, small (Didelphis, Linn.), allied to
the Opossum of North and South America.

Large Wolf, differing from any
Canis {

Carnivora .. .<

Y, . g
Extinct species belonging to existing genera.

Rodentia ... . J Dormouse(Myoxus,Gm.), two small species,
Squirrel (Sciurus).
Birds, nine or ten species, referrible to the
[ following genera: Buzzard, Owl, Quail,
Woodcock, Sea-Lark (Tringa), Curlew,
and Pelican.
Reptiles ... Fresh-water Tortoises, Trionyx, Emys,
Crocodile. J
Fuhec «eeees Seven extinct species, of extmct Genera. Agass.

Birds .......
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Beegdes ﬂie inany extinét ‘spécies; and extinct
genera ‘of* Mammalia that are ‘efiutherated in
this list, the occurrence of nine or' ten extinct
species of fossil Birds in the Eocene period ‘of
the tertiary series, forms a strnkmg phenomenon
in the history of organic remains.*

In this small number of species, we have
seven genera ‘and these afford examples of four,
out of the six great Orders into which the exist-
ing Class of Birds is divided, viz. Accipitres,
Gallinacew, Gralle, and Palmipedes. Even the
eggs of aquatic birds have been preserved in the
lacustrine formations of Cournon, in Auvergne.f

* The only remains of Birds yet noticed in strata of the Se-
condary series are the bones of some Wader, larger than a com-
mon Heron, found by Mr. Mantell in the fresh-water formation
‘of Tilgate Forest. The bones at Stonesfield, once supposed to
+be derived from Birds, are now referred to Pterodactyles. A
«discovery has recently been made in America by Professor Hitch-
cock, of the footsteps of Birds in the New Red sandstone of the
valley of the Connecticut, which he refers to at least seven
species, all apparently Waders, having very long legs, and of
various dimensions from the size of a Snipe, to twice the size of
an Ostrich. (Sce Pl 26 26°.)

+ In the same Eoccne formation with these eggs, there occur
also the remains of two species of Anoplotherium, a Lophidon,
an Anthracrotherium, a Hippopotamus, a ruminating animal, a
*Dog, a Martin, a Lagomys, a Rat, one or two Tortoises, a Croco-

, dile, a Serpent or Lizard, and threc or four species of Birds.
These remains are dispersed singly, as if the animals from which
iAhey were derived had decomposed slowly and at different in-
tervals, and thus fragments of their bodies had been lodged
irregularly in various parts of the bottom of the ancient lake:
these bones are sometimes broken, but never rolled.
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oo 3 3%”3 ﬂmt, &hﬂ! Nmnal kmgd.qm thus
early estahllshed on the same,general prin-
ciples that, now prevail ; not only did the four
present Classes of Vertebrata exist ; and among
the Orders . Pachydermata, (arm&
vora, Rodentia, and Marsupialia ; but many of
the genera also, into qvh;ch living families are
distributed, were associated together in the same
_system_of adaptations and relations, which they
bold to each other in the actual creation. The
Pachydermata and Rodentia were kept in check
by the Carnivora—the Gallinaceous birds were
controlled by the Accipitres.

“ Le Régne Animal, 3 ces époques reculées,
était composé d’aprds les mémes lois; il com-
prenoit les mémes classes, les mémes familles
que de nos jours; et cn effet, parmi les divers
systémes sur l'origine des étres organisés, il n’en
est pas de moins vraisemblable que celui qui en
fait naitre successivement les différens genres
par des dévcloppemens ou des métamorphoses
graduelles.” (Cuvier, Oss. Foss. t. 3, p. 297.)

This numerical prepondcrance of Pachyder-
mata, among the earliest fossil Mammalia, be-
yond thg proportion they bear among existing
quadrupeds, is a remarkable fact, much insisted
on by Cuvier; because it supplies, from the
*relics of a former world, many intermediate
forms which do not occur in the present distri-
bution of that important Order. As the living
genera of Pachydermata are more widely sepa-
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‘one another! e dhese of By ofber
Quder of Mammalia, it is importent to, B11 these
vacant intervals with the fossil genera of a forme:
state of the earth; thus,supplying links thai
appeared deficient in the grand continuous chain
which connects all past and present formg, of
organic life, as parts of one great system of
Creation,

As the bones of all these animals found in the
earliest series of the tertlary deposits are accom-
panied by the remains of reptiles, such as now
inhabit the fresh waters of warm countries, e. g.
the Crocodile, Emys, and Trionyx (see Pl. 1,
Figes. 80, 81, 82), and also by the leaves and
prostrate trunks of palm trees (Pl. 1, Figs. 66,
67, 68, and PI. 56), we cannot but infer that the
temperature of France was much higher than it
is at present, at the time when it was occupied
by these plants and reptiles, and by Mammalia
allied to families which are natives of some of
the warmest latitudes of the present earth, e. g.
the Tapir, Rhinoceros, and Hippopotamus.

The frequent intrusion of volcanic rocks is
a remarkable accompaniment of the tertiary
strata of the Eocene period, in variousg parts of
Europe; and changes of level, resultmg from
volcanic agency, may partially explain the fact,
that portions of the same districts became alter-'
nately the receptacles of fresh and salt water.

The fresh-water calcareous deposits of this
period are also highly important, in relation to



frogi®the earth, so highly ¢ with carbonate of lime, as to
overspread large tracts of” ¢o with’ beds of calcareous tufa,
or travertino. The waters that flow from the Lago di Tartaro,
near Rome, and the hot springs of San Filippo, on the borders
of ;Tuscamy, dre well known examples of this phenomenon.
These existing operations afford a nearly certain explanation of
the origin of extensive beds of limestone in fresh-water lakes of
the tertiary period, where we know them to have been formed
during seasons of intense volcanic activity. They seem also to
indicate the probable agency of thermal waters in the formation
of still larger calcareous deposits at the bottom of the sed, during
preceding periods of the secoudary and transition series.’

It is a difficult problem to account for the source of the
enormous masses of carbonate of lime that compose nearly one-
eighth part of the superficial crust of the globe. Some have
referred it entirely to the secretions of marine animals; an
origin to which we must obviously assign those portions of
calcareous strata which are composed of comminuted shells and
corallines : but, until it can be shown that these animals have
the power of forming lime from other elements, we must suppose
that they derived it from the sea, either directly, or through the
medium of its plants. In either case, it remains to find the
source whence the sea obtained, not only these supplies of car-
bonate of lime for its animal inhabitants, but also the still larger
quantities of the same substance, that have been precipitated
in the form of calcareous strata.

We cannot suppose it to have resulted, like sands and clays,
from the mechanical detritus of rocks of the granitic series,
because the quantity of lime these rocks contain, bears no pro-
portion to its large amount among the derivative rocks. The
only remaining hypothesis seems to: be, that lime was continually
introduced to lakes and seas, by water that had percolated rocks
through which calcareous earth was disseminated.

* We see that thermal s ’bﬁ in volcamc districts, Mﬁi
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& 13 ® oy (<3
& Mammalia of the Miocene Period.

The second, of Miocene Systém of Tertiary
Deposits, contsins an Hdfliixture of the extinct
genere. of lacustriine mammalia, of the first or
Eocene series, with the, engliest forms of gefiera
which exist at the preseht time. This admix-
ture was first noticed by M. Desnoyers, in the
marine formations of the Faluns of Touraine.*

Although carbonate of lime occurs not m distinct masses
among rocks of igneous origin, 1t forms an mgredient of lava
and basalt, and of various hinds of trap rocks The calcarcous
matter thus dispersed through the substance of these volcanic
tocks, seems to afford a magazine from which percolating water,
charged with carbonic acid gas, may, in the lapse of ages,
have derived sufficient carbonate of lime to form all the existing
strata of limestone, by successive precipitates at the bottom of
ancicnt lakes and seas. Mr. De la Beche states the quantity
of lime in granite composed of two-fifths quartz, two-fifths
felspar, and one-fifth mica, to be 0.37; and in greenstone, com-
posed of equal parts of felspar and homblende, to be 7.29.
(Geol. Resedarches, p. 379.)—The compact lava of Calabria con-
tains 10. of carbonate of lime, and the basalt of Saxomy 9.5.

We may, in like manner, refer the origin of those large
quantities of silex, which constitute the chert and flint beds
of stratified formations, to the waters of hot springs, holding
siliceous earth in solution, and depositing it on exposure to
reduced degrees of temperature iind pressure, as silex is deposited
by the hot waters that issue from the geysers of Iceland.

* Here, the remains of Paleotherium, Anthracotherium, and
Lophiodon, which formed the prevailing genera in the Eocene
period, are found mixed with bones of the Tapir, Mastodon,
Rhinoceros, Hippopotamus, and Horse: these bones are frac-
tured and rolled, and sometimes covered with flustra, and must
have been derived from carcases drifted into an estuary, or sea.
Annales des Sciences Naturelles. Février, 1828,
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Similar admixtures have been found ip-Ba-
varia,* and mear Datmstadt:t' Mainy“of these

also indieate a lacistrine, or swampy
-catdition of the regigmp they inhabited ; one of
them, the Dinotherium , giggnteum (glgahﬁq

o

g Count Munster and lﬁ;,ﬂurchﬁon have discovered, at
Georgensgemiind, in Bavaria, ‘the bones of Paleeotherium, Ano-
plotherium, and Anthracotherium, mixed with those of Mastodon,
Rhinoceros, Hippopotamus, Horse, Ox, Bear, Fox, &c.; and
several species of land shells.

A very interesting detailed description of the remains found
at this place has been published by Hermann von Meyer,
Frankfurt, 1834, 4to. with 14 plates.

+ We learn from the excellent publication of Professor Kaup,
of Darmstadt, that at Eppleshemm, near Altzey, about twelve
leagues south of Mayence, remains of the following ammals have
been found, in strata of sand, referrible to the second or Miocene
period of the tertiary formations. These are preserved in the

museum at Darmstadt.
Namxcr of

Speclun Gigantic Heibivorous

Dmnotherium XEEEEEY 2 ... { Anmals fifteen and
eighteen feet long.

Larger than living spe-

Tapirus o «ovvanan. 2 €

cies.
Chalicothertum . ... .. 2 .... Allied to Tapirs.
Rhinoceros . ..... vee 2
Tetracaulodon ...... 1 . .. Alhed to Mastodon.
Hippotherium ...... 1 .... Alled to the Horse
Sus......o.e..one. 3 .... Hog.
Felis vvovnnnnnnn.. 4 ... JLamge Cats, some a

large as a Lion.

Machairodus ........ 1 .. Allied to Bear.  Ursus
Cultridens.
Gulo eeernnnn.... .. 1 .... Glutton.
. Allied to Dog, large
Agnotherium, . ...... 1 . =2
gnotherium { as a Lion.

See Description d'Ossemens Fossiles, par Kaup. Darmst. 1832
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Tapiryof Cuvier), is calculmd 1o jhave been
eighteen feet in length, and was much the largest
of all terrestrial Mammalia yet discovered, ex-
ceeding even the largest fossil elephant.

The Dinotherium will be described in a sub-
sequent chapter.

Mammalia of the Pliocene Periods.

The third, and fourth, or Pliocene divisions
of the tertiary fresh-water deposits,” contain no
more traces of the extinct lacustrine genera of
the Paleotherian family, but abound in extinct
species of existing genera of Pachydermata,
c. g. Elephant, Rhinoceros, Hippopotamus, and
Horse, together with the extinct genus Mas-
todon. With these also occur the first abundant
traces of Ruminantia, e. g. Oxen and Deer.
The number of Rodentia becomes also enlarged ;
and the Carnivora assume a numerical import-
ance commensurate with the increased numbers
of terrestrial herbivora.

The seas, also, of the Miocene and Pliocenc
periods, were inhabited by marine Mammalia,
consisting of Whales, Dolphins, Seals, Walrus,
and the Lamantin, or Manati, whose existing
species are chiefly found near the coasts and
mouths of rivers in the torrid zone (see Pl. 1,
Figs. 97 to 101). 'The presence of the Lamantin
adds another argument to those which arise from
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the tropical» character of ‘many other animals
éven of the latest tertiary strata, in favour of the
opinion, that the climate of Europe maintained
a high, though probably a gradually decreasing
temperature, even to the latest peuod of the
tertiary formations.

We have many sources of evidence whereby
the history of the Pliocene periods is illustrated :
First, we have the remains of terrestrial animals,
drifted into estuaries or seas, and preserved
together with marine shells ; such are the Sub-
apennine marine formations, containing the re-
mains of Elephant, Rhinoceros, &c. and the
Crag of Norfolk.*

Secondly, we have similar remains of terres-
trial quadrupeds, mixed, with fresh-water shells,
in strata formed during the same epoch, at the
bottom of fresh-water lakes and ponds; such as
those which eecur in the Val D’Amo, and in the
small lacustrine deposit at North Cliff, near
Market - Weighton, in Yorkshire. (See Phil.
Mag. 1829, vol. vi. p. 225.)

Thirdly, we have remains of the‘same animals

* In the museum at Milan, [ have seen a large part of the
skeleton of a Rhinoceros, from the Sub-apennine formation,
having oyster shells attached to many of its bones, in such a
manner as to show that the skeleton must have remained undis-
turbed for a considerable time at the bottom of the sea. Cuvier
also states that in the museum at Turin there is the head of an
elephant, to which shells of the same kind similarly attached,
aud fitted to the form of the bones.
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in caverns and fissurés of rocks, which formed
parts of the dry land during the more recent
portions of the same period. Such are the bones
collected by Hyenas, in the caves of Kirkdale,
Kent's Hole, Lunel, &c.: and the bones of
Bears in caverns of the limestone rocks of
central Germany, and the Grotte d’Osselles,
near Besancon. Such also are the bones of the
osseous breccia, found in fissures of limestone
rocks on the northern shores of the Mediter-
ranean, and in similar fissures of limestone at
Plymouth, and in the Mendip Hills in Somerset.
These are derived chiefly from herbivora which
fell into the fissures before they were partially
filled with the detritus of a violent inundation.

Fourthly, we have the same remains con-
tained in deposits of diluvial detritus, dispersed
over the surface of formations of all ages.

As I have elsewhcre (Reliquise Diluviana) *

* The evidence which I have collected in my Religuis
vianee, 1823, shows, that one of the last great physical events
that have affected the surface of our globe, was a violent inun-
dation, which overwhelmed great part of the northern hemis-
phere, and that this event was followed by the sudden disap-
pearance of a large number of the species of terrestrial qua-
drapeds, which had inhabited these regions in the period imme-
diately preceding it. I also ventured to apply the name Dilu-
vium to the superficial beds of gravel, clay, and sand, which
appear to have been produced by this great irruption of water.

The description of the facts that form the evidence presented
in this volume, is kept distinct from the question of the identity
of the event attested by them, with any deluge recorded in
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entered - into - the .-evidences illustrating the
state of animal life, during the period imme-
diately preceding the formation of this diluvium,
I must refer to that work for details respecting
the nature and habits of the then existing popu-
lation of the earth. It appears that at this
epoch, the whole surface of Europe was densely
peopled by various orders of Mammalia ; that
the numbers of the herbivora were maintained
in due proportion by the controlling influence of
carnivora; and that the individuals of every
species were constructed in a manner fitting

history. Discoveries which have been made, since the publica-
tion of this work, show that many of the animals therein de-
scribed, existed during more than one geological period preceding
the catastrophe by which they were extirpated. Hence it seems
more probable, that the event in question, was the last of the
many geological revolutions that have been produced by violent
irruptions of water, rather than the comparatively tranquil inun-
dation described ia the Inspired Narrative.

Tt has been justly argued, against the attempt to identify
these two great historical and natural phenomena, that as the
rise and fall of the waters of the Mosaic dcluge are described to
have been gradual, and of short duration, they would have pro-
duced comparatively little change on the surface of the country
they overflowed. The large preponderance of extinct species
among the animals we find in caves, and in superficial deposits of
diluvium, and the non-discovery of human bones along with
them, afford other strong reason for referring these species to a
period anterior to the creation of man. This important poiut,
however, cannot be considercd as completely settled, till more
detailed investigations of the newest members of the Pliocene,
and of the diluvial and alluvial formations shall have taken
place,
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each to its own enjoyment of the pleasures of
existence, and placing it in due and useful
relations to the animal and vegetable kingdoms
by which it was surrounded. N

Every comparative anatomist is familiar wnth
the beautiful examples of mechanical contri-
vance and compensations, which adapt each
existing species of herbivora and carnivora to
its own peculiar place and state of life. Such
contrivances began not with hvmg specxes the
geologist demonstrates their prior existence in
the extinct forms of the same genera which he
discovers beneath the surface of the earth, and
he claims for the Author of these fossil forms
under which the first types of such mechanisms
were embodied, the same high attributes of
Wisdom and Goodness, the demonstration of
which exalts and sanctifies the labours of sci-
ence, in her investigation of the erganizations
of the living world. '
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CHarTER X.

Relations of the Earth and its Inhabitants
to Man.

Frou the statements which have been made in
the preceding chapters, it appears that five
rincipal causes have been instrumental in pro-
gucing the actual condition of the surface of our
gobe. First, The passage of the unstratified
rystalline rocks, from a fluid to a solid state.—
Sccondly, The deposition of stratified rocks at
the bottom of the ancient scas.—Thirdly, The
elevation both of stratified and unstratificd rocks
from bencath the sea, at successive intervals, to
form continents and islands.—Fourthly, Violent
inundations; and the decomposing Power of
atiospheric agents; producing partial destruc-
tion of these lands, and forming, from their
detritus, extensive beds- of gravel, sand, and
clay.—Fifthly, Volcanic eruptions.

We shall form a better estimate of the utility
of the complex disposition of. the materials of
the earth, which has resulted from the operations
of all thesc mighty conflicting forces, if we
consider the inconveniences that might have
attended other arrangements, more simple than

G. H
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those which actually exist. Had the earth’s
surface presented only one unvaried mass of
granite or lava; or, had its nucleus been sur-
rounded by entire concentric coverings of strati-
fied rocks, like the coats of an onion, a single
stratum only would have been accessible to its
inhabitants; and the varied intermixtures of
limestone, clay, and sandstone, which, under
the actual disposition, are so advantageous to
the fertility, beauty, and habitability, of the
globe, would have had no place.

Again, the inestimably precious treasures of
mineral salt and coal, and of metallic ores, con-
fined as these latter chiefly are, to the older
series of formations, would, under the supposed
more simple arrangement of the strata, have
been wholly inaccessible; and we should have
been destitute of all these essential elements of
industry and civilization. Under the existing
disposition, all the various combinations of strata
with their valuable contents, whether produced
by the agency of subterranean fire, or by mecha-
nical, or chemical deposition beneath the water,
have been raised above the sea, to form the
mountains and the plains of the present earth ;
and have still further been laid open to our reach,
by the exposure of each stratum, along the sides
of valleys.

‘'With a view to human uses, the production
of a soil fitted for agriculture, and the general
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dispersion of metals, more especially of that
most important metal iron, were almost essential
conditions of the earth’s habitability by civilized
man.

I would in this, as in all other cases, be un-
willing to press the theory of relation to the
human race, so far as to contend that all the
great geological phenomena we have been con-
sidering were conducted solely and exclusively
with a view to the benefit of man. We may
rather count the advantages he derives from
them as incidental and residuary consequences ;
which, although they may not have formed the
exclusive object of creation, were all foreseen
and comprehended in the plans of the Great
Architect of that Globe, which, in his appointed
time, was destined to become the scene of human
habitation.*

* <]t is true that by applying ourselves to the study of nature,
we daily find more and more uses in things that at first appeared
useless. DBut some things are of such a kind as not to admit of
being applied to the benefit of man, and others too noble for us
to claim the sole use of them. Man has no farther concern with
this earth than a few fathoms uunder his feet: was then the
whole solid globe made only for a foundation to support the
slender shell he treads upon? Do the magnetic effluvia course
incessantly over land and sea, only to turn here and there a ma-
riner's compass? Are those immense bodies, the fixed stars,
hung up for nothing but to twinkle in our eyes by night, or to
find employment for a few astronomers?  Surcly he must have
an overweening conceit of man’s inportance, who can iwagine
this stupendous frame of the universe made for him alone.
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. With - respeet’ to . the: animal kingdom, we
acknowledge with gratitude, that among the
higher classes, ‘there is a certain number of
living species, which are indispensable to the
supply of human food and raiment, and to the
‘aid "of civilized man in his various labours and
occupations ; and that these are endowed with
dispositions and faculties which adapt them in
a peculiur degree for domestication :* but their
number bears an extremely small proportion to
the total amount of existing species; and with
regard to the lower classes of animals, there are
but very few among their almost countless multi-
tudes, that minister cither to the wants or luxuries

Nevertheless, we may so far acknowledge all things made for
man as that his uses are regarded conjointly with those of other
creatures, and that he has an interest in every thing reaching his
notice, and contributing cither to the support of his body, the
improvement or entertainment of his mind. The satellites that
turn the night of Jupiter into day, assist him in ascertaining  the
longitude, and measuring the velocity of light : the mighty sun,
that like a giant holds the plancts and comets in their orbits,
enlightens him with its splendour, and cherishes him with its
warmth: the distant stars, whose attraction probably confines
other planets within their vortices, direct his course over the
boundless sea, and the inhospitable desert.”—Tucker's Light of
Nature, book iii. chap. ix. p. 9.

Sce an excellent note on prospective provisions, to afford ma-
terials for human arts, and having reference to the future disco-
veries of human science, in Rev. W. D. Conybeare’s Inaugural
Address to Bristol College, 1831.

* See Lyell's Principles of Geology, 3rd edit. vol. ii. hook 3,
c. d
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of the human race. Even could it be proved
that all existing species are serviccable to man,
no such inference could be drawn with respect
to those numerous extinct animals which Geology
shows to have ceased to live, long before épr
race appeared upon the earth. It is surely more
consistent with sound philosophy, and with all
the information that- is vouchsafed to us respect-
ing the attributes of the Deity, to consider each
animal as having been created first for its own
sake, to receive its portion of that cnjoyment
which the Universal Parent is pleased to impart
to cach creature that has life; and secondly, to
bear its share in the maintenance of the general
svstem of co-ordinate relations, whercby all
families of living beings are reciprocally sub-
servient to the use and benefit of one another.
Uuder this head only can we include their rela-
tions to man; forming, as he does, but a small,
although it be the most noble and exalted part,
of that vast system of universal life, with which
it hath pleascd the Creator to animate the sur-
face of the globe.

« More than three-fifths of the carth’s surface,”
says Mr. Bakewell, “ are covered by the ocean ;
and if from the remaining part we deduct the
space occupied by polar ice and eternal snow,
by sandy deserts, sterile mountains, marshes,
vivers and lakes, the habitable portion will
scarcely exceed one-fifth of the wholce of the globe.
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Nor have we reason to believe that at any former
period the dominion of man gver the earth was
more extensive than at present. The remaining
four-fifths of our globe, though untenanted by
mankind, are for the most part abundantly
stocked with animated beings, that exult in the
pleasure of existence, independent of human
control, and no way subservient to the neces-
sities or caprices of man. Such is, and has been
for several thousand years, the actual condition
of our planet ; nor is the consideration foreign to
our subject, for hence we may feel less reluct-
ance in admitting the prolonged ages or days of
creation, when numerous tribes of the lower
orders of aquatic animals lived and flourished,
and left their remains imbedded in the strata
that compose the outer crust of our planet.”
Bakewell’s Introduction to Geology, 4th edit.

p. 6.
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Cuaprter X1

.
Supposed Cases of Fossil Human Bones.

Berore we enter on the consideration of the
fossil remains of other animals, it may be right
to enquire whether any traces of the human
species have yet been found in the strata of the
earth.

The only evidence that has been yet collected
upon this subject is negative; but as far as
this extends, no conclusion is more fully estab-
lished, than the important fact of the total
absence of any vestiges of the human species
throughout the entire series of geological forma-
tions.* Had the case been otherwise, there
would indeed have been great difficulty in re-
conciling the early and extended periods which
have been assigned to the extinct races of
animals with our received chronology. On the
other hand, the fact of no human remains
having as yet been found in conjunction with
those of extinct animals, may be alleged in con-
firmation of the hypothesis that these animals
lived and died before the creation of man.

* See Lyell’s Principles of Geology, vol. i. pp. 153 and 159,
first edit. 1830.



* One of these skeletons is preserved in the British Museum,
and has been described by Mr. Konig, in the Phil. Trans. for 1814,
vol. civ. p. 101. According to General Ernouf, (Lin. Trans. 1818,
vol. xii, p. 53), the rock in which the human bones occur at
Guadaloupe, is composed of consolidated sand, and contains also
shells, of species now inhabiting the adjacent sea and land, to-
gether with fragments of pottery, arrows, and hatchets of stone.
The greater number of the bones are dispersed. One entire
skeleton was extended in the usual position of burial; another,
which was in a softer sandstone, seemed to have been buried in
the sitting position customnary among the Caribs. The bodies thus
differently interrcd, may have belonged to two different tribes.
General Ernouf also explains the occurrence of the scattered
bones, by reference to a tradition of a battle and massacre on
this spot, of a tribe of Gallibis by the Caribs, about the year
1710. These scattered bones of the massacred Gallibis were
probably cavered, by the action of the sea, with sand, which soon
after became converted to solid stone.

On the west coast of Irelund, near Killery Harbour, a sand
bank, which is surrounded by the sea at high water, is at this
time employed by the natives as a place of interment.
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There i8, however, no reason to consider these
bones to be of high antiquity, as the rock in
which they occur is of very recent formation,
and is composed of agglutinated fragments of
shells and corals which inhabit the adjacent
water. Such kind of stone is frequently formed
in a few years from sand-banks composed of
similar materials, on the shores of tropical seas.

Frequent discoveries have also been made of
human bones, and rude works of art, in natural
caverns, sometimes inclosed in stalactite, at
other times in beds of earthy materials, which
are interspersed with bones of extinct species of
quadrupeds. These cases may likewise be ex-
plained by the common practice of mankind in
all ages, to bury their dead in such convenient
repositories. The accidental circumstance that
many caverns contained the bones of extinct
species of other animals, dispersed through the
same soil in which human bodies may, at any
subsequent period have been buried, affords no
proof of the time when these remains of men
were introduced.

Many of these caverns have becn inhabited
by savage tribes, who, for convenience of occu-
pation, have repeatedly disturbed portions of soil
in which their predecessors may have been
buried. Such disturbances will explain the occa-
sional admixture of fragments of human skele-
tons, and the bones of modern quadrupeds, with
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those of extinct species, introduced at more early
periods, and by natural causes.

Several accounts have been published within
the last few years of human remains discovered
in the caverns of France, and the province of
Liege, which are described as being of the same
antiquity with the bones of Hyenas, and other
extinct quadrupeds, that accompany them. Most
of these may probably admit of explanation by
reference to the causes just enumerated. In
the case of caverns which form the channels of
subterranean rivers, or which are subject to
occasional inundations, another cause of the ad-
mixture of human bones, with the remains of
animals of more ancient date, may be found in
the movements occasioned by running water.

Cuarrer XII.
G eneral History of Fossil Organic Remains.

As ‘“thevariety and formation of God's creatures
in the animal, vegetable, and mineral kingdoms”
are specially marked out by the founder of this
Treatise, as the subjects from which he desires
that proofs should be sought of the power,
wisdom, and goodness of the Creator; 1 shall
enter at greater length into the Evidences of this
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kind, afforded by fossil organic remains, than 1
might have done, without such specific directions
respecting the source from which my arguments
are to be derived. I know not how I can better
fulfil the object thus proposed, than by attempt-
ing to shew that the extinct species of Animals
and Vegetables which have, in former Periods,
occupied our Planet, afford in their fossil re-
mains, the same evidences of contrivance and
design that have been shewn by Ray, Derham,
and Paley, to pervade the structure of existing
Genera and species of organized Beings.

From the high preservation in which we find
the remains of animals and vegetables of each
geological formation, and the exquisite mecha-
nism which appears in many fossil fragments of
their organization, we may collect an infinity
of arguments, to show that the creatures from
which all these are derived were constructed
with a view to the varying conditions of the
surface of the Earth, and to its gradually in-
creasing capabilities of sustaining more complex
forms of organic life, advancing through succes-
sive stages of perfection.*

* When we speak of different forms of animal life, as pos-
sessing various degrees of perfection, we do not impute to any
creature the presence of absolute imperfection, we mean only,
that animals of more simple structure discharge a lower office
in the gradually descending scale of animated beings. All per-
fection has relation to the object proposed to be attained by
each form of organization that occurs in nature, and nothing
can be called imperfect which fully accomplishes the end pro-



108 ORGANIC REMAINS,

Few facts are more remarkable in the history
of the progress of human discovery, than that it
should have been reserved almost entirely for
the researches of the present generation, to arrive
at any certain knowledge of the existence of
the numerous extinct races of animals, which
occupied the surface of our planet, in ages pre-
ceding the creation of man. The rapid progress,
which during the last half century, has becn
made in the physical sciences, enables us now
to enter into the history of Fossil Organic Re-
mains, in a manner which, till within a very
few years, would have been quite impracticable ;
during thesc years the anatomy of extinct specics
of Quadrupeds has been most extensively investi-

posed : thus a Polype, or an Oyster, are as perfectly adapted to
their functions ut the bottom of the sca, as the wings of the
Eagle are perfect, as organs of rapid passage through the air,
and the feet of the stag perfect, in regard to their functions
of effecting swift locomotion upon the land.

Unusual deviations from ordinary structure appear monstrositics
only, until considered with reference to their peculiar use, but
are proved to be instruments of perfect contrivance, when we
understand the nature of the service to which they are applied :
thus; the beak of the Cross Bill (Loxia curvirostra, Linn.) would
be an awkward instrument if applicd to the ordinary service of
the Leaks of the Passerine Order, to which this bird belongs;
but viewed in relation to its peculiar function of extracting seeds
from between the indurated scales of Fir cones, it is at once seen
to be arl' instrument of perfect adaptation to its intended work.

The Perfection of an organized Body is usually considered to
be in proportion to the Variety and compound Nature of its
parts, as the imperfection is usually considered to be in the
Ratio of its Simplicity.
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gated; and the greatest of comparative anatomists
has devoted much of his time and.talent to
illustrate their organization.  Similar inquiries
have been carried on also by a host of other
enlightened and laborious individuals, conduct-
ing independent researches in various countries,
since the commencement of the present century ;
hence our knowledge of the osteology of a large
number of extinct genera and species, now rests
on nearly the same foundation, and is estab-
lished with scarcely less certainty, than the
anatomical details of those creatures that present
their living bodies to our examination.

We can hardly imagine any stronger proof of
the Unity of Design and Harmony of Organiza-
tions that have cver pervaded all animated
nature, than we find in the fact established by
Cuvicr, that from the character of a single limb,
and even of a single tooth or bone, the form and
proportions of the other bones, and condition of
the entirec Animal may be inferred. This law
prevails, no less universally, throughout the
existing kingdoms of animated nature, than in
those various races of extinct creatures that have
preceded the present tenants of our planet;
hence not only the framework of the fossil
skeleton of an extinct animal, but also the cha-
racter of the muscles, by which each bone was
moved, the external form and figure of the body,
the food, and habits, and haunts, and mode of
life of creatures that ceased to exist before the
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creatiop of the human .race, can . with..n igh
degree of probability be ascertained.

Concurrent with this rapid extension of our
knowledge of the comparative anatomy of extinct
families of the ancient inhabitants of the earth,
has been the attention paid to fossil Conchology;
a subject of vast importance in investigating the
records of the changes that have occurred upon
the surface of our globe.

Still more recently, the study of botanists has
been directed to the History of fossil vegetables ;
and although, from the late hour at which this
subject has been taken up, our knowledge of

fossil plants is much in arrear of the progress
made in Anatomy and- Conchology, we have
already a mass of most important evidence,
showing the occurrence of a series of changes in
vegetable life, coextensive and contemporaneous
with those that have pervaded both the higher
and lower orders of the animal kingdom.

The study of Organic Remains indeed, forms
the peculiar feature and basis of modern Geology,
and is the main cause of the progress this
science has made, since the commencement of
the present century. We find certain families
of Organic Remains pervading strata of every
age, under nearly the same generic forms which
they present among existing organizations.*

.. é. The Nautilus, Echinus, Terebratula, and various forms

of Corals; and among Plants, the Ferns, Lycopodiaces, and
Palms.
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‘Other families, both ‘of gnimals and veggtables,
are limited to particular formations, there being
certain points where entire groups ceased to
exist, and were replaced by others of a different
character. *The changes of genera and species
are still more frequent; hence, it has been well
observed, that to attempt an investigation of
the structure and revolutions of the earth, with-
out applying minute attention to the evidences
afforded by organic remains, would be no less
absurd than to undertake to write the history
of any ancient people, without reference to the
documents afforded by their medals and inscrip-
tions, their monuments, and the ruins of their
cities and temples. The study of Zoology and
Botany has therefore become as indispensable
to the progress of Geology, as a knowledge of
Mineralogy. Indeed the mineral character of
the inorganic matter of which the Earth’s strata
are composed, presents so similar a succession of
beds of sandstone, clay, and limestone, repeated
irregularly, not only in different, but even in
the same formations,* that similarity of mineral
composition is but an uncertain proof of con-
temporaneous origin, while the surest test of

* The same formation which in England constitutes the argil-
laceous deposits of the London Clay, presents at Paris the sand
and freestone of the Calcaire Grossier; whilst the resemblance
of their Organic remains, proves the period of their deposition
to have been the same, notwithstanding the difference in the
character of their mineral ingredients.
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identity of time is afforded by, the correspond-
ence of the organic remains: in fact without
these, the proofs of the lapse of such long periods
as Geology shews to have been occupied in the
formation of the strata of the Earth, would have
been comparatively few and indecisive.

The secrets of Nature, that are revealed to us,
by the history of fossil Organic Remains, form
perhaps the most striking results at which we
arrive from the study of Geology. It must
appear almost incredible to those who have not
minutely attended to natural phenomena, that
the microscopic examination of a mass of rude
and lifeless limestone should often disclose the
curious fuct, that large proportions of its sub-
stance have once formed parts of living bodies.
It is surprising to consider that the walls of our
houscs are sometimes composed of little else
than comminuted shells, that were once the
domicile of other animals, at the bottom of
ancient scas and lakes.

It is marvellous that mankind should have
gone on for so many centuries in ignorance of
the fact, which is now so fully demonstrated,
that no small part of the present surface of
the earth is derived from the remains of ani-
mals, that constituted the population of ancient
seas. Many cxtensive plains and massive
mountains form, as it were, thc great charnel-
houses of preceding generations, in which the
petrified exuvize of extinct races of animals and
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‘are ;piled iato stupendous monnments
of the operatiobs of life and death, during almost
immeasurable periods of past time. * At the
sight of a.spectacle,” says Cuvier,* ¢ go im-
posing, so térrible’ as that of the wreck of animal
life, forming almost the entire soil on which we
tread, it is difficult to restrain the imagination
from hazarding some conjectures as to the causes
by which such great effects have been pro-
duced.”

The deeper we descend into the strata of the
Earth, the higher do we ascend into the archeeo-
logical history of past ages of creation. We
find successive stages marked by varying forms
of animal and vegetable life, and these generally
differ more and more widely from existing
species, as we go further downwards into the
receptacles of the wreck of more ancient crea-
tions.

When we discover a constant and regular
assemblage of organic Remains, commencing
with one series of strata, and ending with anotler,
which contains a different assemblage, we have
herein the surest grounds whereon to establish
those Divisions which are called geological
formations, and we find many such Divisions
succeeding one another, when we investigate the
mineral deposits on the surface of the Earth.

* C'uvier rapport sur le progres des sciences naturelles, p. 179.
G, 1
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genera, bearing important relations to exiati
forms of animals and vegetables, and often sup-
plying links that had hitherto appeare,d deficient,
in the great chain whereby all animated beingg
are held together in a series of near and gradual
connexions.

This discovery, amid the relics of past crea-
tions, of links that seemed wanting in the present
system of organic nature, affords to natural
Theology an important argument, in proving
thic unity and uriversal agency of a common
great first cause ; since every individual in such
an uniform and closely connected series, is thus
shewn to be an integral part of one grand
original design.

The non-discovery of such link« indeed, would
form but a negative and feeble argument aganst
the common origin of organic beings, widely
separated from one another; bLecause, for aught
we know, the cxistence of intervals may have
formed part of the original design of a common
creator ; and because such apparent voids may
perhaps exist only in our own imperfect know-
ledge; but the presence of such links throughout
all past and present modifications of being,
shews an unity of design which proves the unity
of the intelligence in which it originated.

It is indeed true that animals and vegetables
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“of th¥lovher olussek Prevatled chigfly at thie cotht
eficement of organic 'life, but they'did 'not
prevail exclusively ; we find in rocks of the tran-
sition formation, not only remains of radiated
and articulated animals and .nollusks, such ad
Corals, Trilobites, and Nautili; but we see the
vertebrata also represented by the Class of Fishes.
Reptiles have been found in some of the earliest
strata of the secondary formations.* In the foot-
steps on the New Red sandstone, we have pro-
hably the first traces of Bird: and Marsupi:ia.
(See PL. 26". and 26G.) The bones of Birds ocevr
in the Wealden formation of Tilgawe forest, and
those of Mars: pialia in the Golite at Stonestield.
(See Pl. 2. Figs A. B.) In the midway regions
of the secondary ruta, are the carlicst remains
yet discovered of felacea. | In the tertiary forma-
tions, we fird voth Birds, Cetacea, and terrestrial
Mammalia, some referrible to existing genera,
and all to existing orders. See Pl 1, fig. 73—101.
Thus it appcars, that thc more perfect forms
of animals become gradually more abundant, as
we advance from the older into the newer series
of depositions : whilst the more simple orders,
though often changed in genus and specics, and
* E. g. In the Magnesian Conglomerate of Durdham Down
near Bristol, and in the bituminous marl slate, (Kupferschiefer)

of Mansfeld in the Hartz.
+ There 13, in the Oxford Museum, an ulna from the Great
Oolite of Enstone near Woodstock, Oxon, which was examined

by Cuvier, and pronounced to be cetaccous; and also a pottion
of a very large nib, apparently of 4 whale, from thc same locality.



+$18 7 PROOFS OF LONG LAPSE OF TIME. s

‘igdrhetities losing whole farmilies, which ‘tre bé-
placed by new ones, have peryaded’ the entire’
range of fossiliferous formations. .

The most prolific source of organic remains
has been the accumulation of the shelly coverings
of animals which occupied the bottom of the sea
during a long series of consecutive generations.
A large proportion of the entire substance of
many strata is composed of myriads of these
shells reduced to a comminuted state by the
long continued movements of water. In other
strata, the presence of countless multitudes of
unbroken corallines, and of fragile shells, having
their most delicate spines, still attached and un-
disturbed, shows that the animals which formed
them, lived and died upon or near the spot
where these remains are found.

Strata thus loaded with the exuvie of innu-
merable generations of organic beings, afford
strong proof of the lapse of long periods of time,
wherein the animals from which they have been
derived lived and multiplied and died, at the
bottom of seas which once occupied the site of
our present continents and islands. Repeated
changes in species, both of animals and vege-
tables, in succeeding members of different form-
ations, give further evidence, not only of the
lapse of time, but also of important changes in
the physical condition and climate of the ancient
earth.

Besides these more obvious remains of Tes-
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saoeseund: of larger. apimals, minute examination
diseloses qcca%onally prodigious accumulations
of miscrocopic shells that surprise us no less, by
their abundance than their extreme minuteness ;
the mode in.which they are sometimes crowded
together, may be estimated. from the fact that
Soldani collected from less than an ounce.and a
half of stone found in the hills of Casciana, in
Tuscany, 10,454 microscopic chambered shells.
The rest of the stone was composed of fragments
of shells, of minute spines of Echini, and of a
sparry calcareous matter.

Of several species of these shells, four or five
hundred weigh but a single grain; of one
species he calculates that a thousand individuals
would scarcely weigh one grain. (Saggio Orit-
tografico, 1780, pag. 103, Tab. I11. fig. 22, H. 1.)
He further states that some idea of their dimi-
nutive size may be formed from the circum-
stance that immense numbers .of them pass
through a paper in which holes have been
pricked with a needle of the smallest size.

Our mental, like our visual faculties, begin
rapidly to fail us when we attempt to compre-
hend the infinity of littleness towards which we
are thus conducted, on approaching the smaller
extremes of creation.

-Similar accumulations of microscopic shells
have been observed also in various sedimentary
deposits of freshwater formation. A striking



like those of a bivalve shell, and now inhabit
the waters of lakes and marshes. Certain clay
beds of the Wealden formation below the chalk,
are so abundantly charged with microscopic
shells of the Cypris Faba, that the surfaces
of many laminge into which this clay is easily
divided, are often entirely covered with them as
with small seeds. The same shells occur also in
the Hastings sand and sandstone, in the Sussex
marble, and in the Purbeckh limestone, all of
which were deposited during the same geological
epoch in an ancient lake or estuary, wherein
strata of this formation have been accumulated
to the thickness of nearly 1000 feet. (See Dr.
Fitton's Geol. sketch of Hastings, 1833, p. 68.)
We have similar evidence of the long duration
of time, in another series of Lacustrine forma-
tions, more recent than the chalk, viz. in the
great freshwater deposits of the tertiary period
in central France; here the district of Auvergne
prescnts an arca of twenty miles in width, and
eighty miles in length, within which strata of
gravel, sand, clay, and limestone have been
accumulated by the operations of fresh water, to
the thickness of at least seven hundred feet.
Mt. Lyell, in his Principles of Geology, 3rd ed.
vol. iv. p. 98, states that the foliated character of
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3

many of the marly: beds of this formation is due
to the presence of countless myrlads of similar
exuvie of the Cypns which give rise to divisions
in the marl as thin as paper. Taking this fact
in conjunction with the habit of these animals to
moult and change their skin annually, together
with their shell, he justly observes that a more
convincing proof of the tranquillity of the waters,
and of the slow and gradual process by which
the lake was filled up with fine mud canunot be
desired.

Another proof of the length of time that must
have elapsed during the deposition of these
tertiary freshwater formations in Auvergne, is
afforded necar Cleremont by the occurrence of
beds of limestone several feet in thickness,
almost wholly muade up of the Indusie, or
Caddis-likc coverings, resembling the cases that
enclose the larve of our common May-fly.

Mr. Lyell states that a single individual of
these Indusiz is often surrounded by no less
than a hundred minute shells of a small spiral
univalve, (Paludina), fixed to the outside of this
tubular case of a larva of the genus Phryganea.
See Lyell's Principles of Geology, 3rd edit. vol.
iv. p. 100. Itis difficult to conceive how strata
like these, extended over large tracts of country,
and laid one above another, with beds of inarl
and clay between them, should have contained
the coverings of such multitudes of aquatic
animals, by any other process thau that of
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gradual accumulation. during a long series of
years.

In the case of deposits formed in estuaries, the
admixture and alternation of the remains of flu-
viatile and lacustrine shells with marine Exuvie,
indicate conditions analogous to those under
which we observe the inhabitants both of the
sea and rivers existing together in brackish
water near the Deltas of the Nile,* and other
great rivers. . Thus, we find a stratum of oyster
shells, that indicate the presence either of salt or
brackish water, interposed between limestone
strata filled with freshwater shells among the
Purbeck formations; so also in the sands and
clays of the Wealden formation of Tilgate forest,
we have freshwater and lacustrine shells inter-
mixed with remains of large terrestrial reptiles,
e. g. Megalosaurus, Iguanodon, and Hyleeo-
saurus; with these we find also the bones of
the marine reptiles Plesiosaurus, and from this
admixture we infer that the former were drifted
from the land into an estuary which the Plesio-
saurus also having entered from the sca, left its
bones in this common receptacle of the animal
and mineral exuvie of some not far distant
land.{

Another condition of organic remains is that

* See Mudden’s Travels in Egypt, vol. ii. p. 171-175.

t+ For the detailed history of the organic remains of the
Wealden formation, see Mr. Mantell’s highly instructive and
accurate volumes on the geology of Sussex.
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of which a well known example occurs in the
oolitic slate of Stonesfield, near Oxford. At
this place a single bed of calcareous and sandy
slate not six feet thick, contains an admixture of
terrestrial animals and plants with shells that
are decidedly marine; the bones of Didelphys,
Megalosaurus, and Pterodactyle are so mixed
with Ammonites, Nautili, and Belemnites, and
many other species of marine shells, that there
can be little doubt that this formation was depo-
sited at the bottom of a sea not far distant from
some ancient shore. We may account for the
prescnce of remains of terrestrial animals in
such a situation by supposing their carcases to
have been floated from land at no great distance
from their place of submarine interment.

A similar explanation may be given of the
mixture of the bones of large terrestrial mam-
malia with marine shells, in the Miocene Tertiary
formations of Touraine, and in the Crag of
Norfolk.

Cases of Animals destroyed suddenly.

The cases hitherto examined, are examples of
the processes of slow and gradual accumulations
in which arc preserved the remains of marine,
lacustrine, and terrestrial animals that perished
during extended periods of time, by natural
death. It remains to state that other causes
seem to have operated occasionally, and at
distant intervals, to produce a rapid accumu-
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lation of ‘certain . strata, accompanied by.
sudden destruction, not only of testacea, but also
of the higher classes of the then existing inhabi-
tants of the seas. + We have analogous instances
of sudden destruction operating locally at the
present time, in the case of fishes that perish from
an excessive admixture of mud with the water of
the sea, during extraordinary tempests ; and also
from the sudden imparting of heat, and noxious
gases, to water in immediate contact with the
site of submarine volcanoes. - A sudden irrup-
tion of salt watcr into lakes or estuaries, pre-
viously occupied by fresh water, or the sudden
occupation of a portion of the sea, by an
immense body of freshwater from a bursting
lake, or unusual land flood, is often fatal to large
numbers of the inhabitants of the waters thus
respectively interchanged.*

The greater number of fossil fishes present no
appearance of having perished by mechanical
violence ; they seem rather to have been des-
troyed by some noxious qualities imparted to
the waters in which they moved ; either by
sudden change of temperature,{ or an admix-

¢ See account of the effects of an irruption of the sea into the
freshwater of the lake of Lowestoffe, on the coast of Suffolk.
Edinburgh Philosophical Journal, No. 25, p. 372.

+ M. Agassiz has observed that a sudden depression to the
amount of 15°.of the temperature of the water in the river Glat,
which falls into the lake of Zurich, caused the immediate death
of thousands of Barbel. .
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ture of ‘¢arbonic' acid, or ‘sulphuretted hydrogen
gas, of of bituminous or earthy matter in the
form of mud. 't
'The -circumstances - unde.r which the fossil
fishes dre found at Molte Bolca seem to indicate
that they perished suddenly on arriving at a
part of the then existing seas, which was ren-
dered noxious by the volcanic agency, of which
the adjacent basaltic rocks afford abundant evi-
dence. The skeletons of these fish lie parallel
to the laminm of the strata of the calcareous
slate; they are always entire, and so closely
packed on one another, that many individuals
are often contained in a single block. The
thousands of specimens which are dispersed
over the cabinets of Europe, have ncarly all
been taken from one quarry. All these fishes
nmust have died suddenly on this fatal spot, and
have been speedily buried in the calcareous
sediment then in the course of deposition. From
the fact that certain individuals have even pre-
served traces of colour upon their skin, we are
certain that they were entombed before decom-
position of their soft parts had taken place.*

* The celebrated fish (Blochius longirostris) from this quarry,
described as petrified in the act of swallowing another fish (Ithi-
olitologia Veronese, Tab. XI1.) has been ascertained by M.
Agassiz to be a deception, arising from the accidental juxta-
position of two fishes. The size of the head of the smaller fish
supposed to be swallowed, is such as never could have entered
the diminutive stomach of the putative glutton; moreover it doex
not enter within the margin of its jaws,
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»» The fishes of Torre d’Orlando, in the Bay of
Naples, near Castelamare, seem also to have
perished suddenly. M. Agassiz finds that the
countless individuals which occur there in Ju-
rassic limestone, all belong to a single species
of the genus Tetragonolepis. An entire shoal
seems to have been destroyed at once, at a place
where the waters were either contaminated with
some noxious impregnation, or overcharged with
heat.* '

In the same manner also, we may imagine
deposits from muddy water, mixed perhaps with
noxious gases, to have formed by their sediments
a succession of thick beds of marl and clay,
such as those of the Lias formation ; and at the
same time to have destroyed, not only the Tes-
tacca and lower orders of animals inhabiting the
bottom, but also the higher orders of mariite
creatures within the regions thus invaded. Evi-
dence of the fact of vast numbers of fishes and
saurians having met with sudden death and
immediate burial, is also afforded by the statc
of entire preservation in which the bodies of
hundreds of them are often found in the Lias.

* The proximity of this rock to the Vesuvian chain of vol-
canic eruptions, offers a cause sufficient to have imparted either
of these destructive powers to the waters of a limited space
in the bay of Naples, at a period preceding those intense vol-
canic actions which prevailed in this district during the deposi-
tion of the Tertiary strata, and which are still going on there.
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It sometimes happens that ‘scarcely a single
bone, or scale, has been removed from the place
it oceupied during life ; this condition could not
possibly have been retained, had the uncovered
bodies of these animals been left, even for a few
hours, exposed to putrefaction, and to the
attacks of fishes and other smaller animals at
the bottom of the sea.*

Another celebrated deposit of fossil fishes is
that of the cupriferous slate surrounding the
Hartz. Many of the fishes of this slatc at Mans-
feldt, Eiseleben, &c. have a distorted attitude,
which has often been assigned to writhing in the
agonies of death. The true origin of this con-
dition, is the unequal contraction of the muscular
fibres, which causcs fish and other animals to
become stiff, during a short interval between
death and the flaccid state preceding decompo-
sition. As these fossil fishes maintain the alti-
tude of the rigid stage immcdiately succeeding
death, it follows that they wecre buried before
putrefaction had commenced, and apparently in
the same bituminous mud, the influx of which
had caused their destruction. The dissemina-
tion of Copper and Bitumen through the slate

* Although it appears from the preservation of thesc animals,
that certain parts of the Lias were deposited rapidly, there are
also proofs of the lapse of much time during the deposition of
other parts of this formation. See Notes in future Chapters on
Coprolites and fossil ‘Loligo.
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that contains so many perfect fishes around the
Hartz, seems to offer two other causes, either of
which may have produced their sudden death.*
From what has been said respecting the ge-
neral history of fossil organic Remains, it appears
that not only the relics of aquatic, but also those
of terrestrial animals and plants, are found
almost exclusively in strata that have been accu-
- mulated by the action of water. This circum-
stance is readily explained, when we consider
that the bones of all dead creatures that may be
left uncovered upon dry land, are in a few years
entirely destroyed by various animals, and the
decomposing influence of the atmosphere. 1f
we except the few bones that may have been
collected in caves, or buried under land slips,
or the products of volcanic Eruptions, or in sand
drifted by the winds,T it is only in strata formed

* Under the turbuleut couditions of our planct, whilst strati-
fication was in progress, the activity of volcanic agents, then
frequent and iutense, was probably attended also with atmo-
spheric disturbances affecting both the air and water, and
producing the same fatality among the then existing Tribes of
fishes, that is now observed to result from sudden and violent
changes in the electric condition of the atmosphere. M. Agassiz
has observed that rapid changes in the degree of atmospheric
pressure upon the water, affect the air within the swimming
bladders of fishes, sometimes causing them to be distended to a
fatal degree, and even to burst. Multitudes of dead fishes, that
have thus perished during tempests, are often seen floating on the
surface, and cast on the shores of the lakes of Switzerland.

t Captain Lyon states, that in the deserts of Africa, the
bodies of camels are often desiccated by the heat and dryness
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by water that any remains of land animals can
have been preserved. 'ty
We continually see the carcases of such ani-
mala drifted by rivers in their seasons of flood,
into lakes, estuaries, and seas; and although it
may at first seem strange to find terrestrial
remains, imbedded in strata formed at the bottom
of the water, the difficulty vanishes on recollec-
tion that the materials of stratified rocks are
derived in great part from the Detritus of more

of the atmosphere, and become the nucleus of a sand hill;
which the wind accumulates around them. Benecath this sand
they remain interred like the stumps of palm trees, and the
buildings of ancient Egypt.

In a recent paper on the geology of the Bermudas (Proceed-
ings of Geol. Soc. Lond. Ap. 9, 1834), Lieutcnant Nelson
describes these islands as composed of calcareous sand and
limestone, derived from comminuted shells and corals; he con-
siders great part of the materials of these strata to have been
drifted up from the shore by the action of the wind, The
surface in many parts is composed of loose sand, disposed in
all the irregular forms of drifted snow, and presents a surface
covered with undulations like those produced by the ripple of
water upon sand on the sea shore. Recent shells occur both in
the loose sand and solid limestone, and also roots of the Palmetto
now growing in the island. The N. W. coast of Cornwall
affords examples of similar invasions of many thousand acres
of land by Deluges of sand drifted from the sea shore, at the vil
lages of Bude, and Perran Zabulo; the latter village has becen
twice destroyed, and buried under sand, drifted inland during
extraordinary tempests, at distant intervals of time. See Trans,
of Geol. Soc. of Cornwall, vol. ii. p. 140. and vol. iii. p. 12,
See also De la Beche's Geological Manual, 3rd edit. p. 84, and

Jameson’s Translation of Cuvier's Theory of the Earth, 5th ed.
Note G,
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ancient lands. As the forces of rains, torrents,
and inundations have conveyed this detritus into
lakes, estuaries, and seas, it is probable that
many carcases of terrestrial and amphibious
animals, should also have been drifted to great
distances by currents which swept such ehormous
quantities of abraded matter from the lands; and
accordingly we find, that strata of aqueous for-
mation have become the common repository not
only of the Remains of aquatic, but also of
terrestrial animals and vegetables.

The study of these Remains will form our
most interesting and instructive subject of in-
quiry, since it is in them that we shall find the
great master key whereby we may unlock the
secret history of the earth. They are documents
which contain the evidences of revolutions and
catastrophes, long antecedent to the creation of
the human race ; they open the book of nature,
and swell the volumes of science, with the
Records of many successive series of animal
and vegetable generations, of which the Creation
and Extinction would have been equally un-,
known to us, but for recent discoveries in the
science of Geology.
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Caaprer XIII.
Aggregate of Animal Enjoyment increased, and
that of Pain diminished, by the existence of
Carnivorous Races.

Berore we proceed to consider the evidences
of design, discoverable in the structure of the
extinct carnivorous races, which inhabited our
planet during former periods of its history; we
may briefly examine the nature of that universal
dispensation, whereby a system of perpetual de-
struction, followed by continual renovation, has
at all times tended to increase the aggregate of
animal enjoyment, over the entire surface of the
terraqueous globe.

Some of the most 1mportant provisions which
will be presented to us in the anatomy of these
ancient animals, are found in the organs with
which they were furnished for the purpose of
capturing and killing their prey; and as con-
trivances exhibited in instruments formed ex-
pressly for destruction, may at first sight, seem
inconsistent with the dispensations of a crea-
tion founded in benevolence, and tending to
produce the greatest amount of enjoyment to

G, K
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the greatest number of individuals; it may be
proper to premise a few words upon this subject,
before we enter on the history of -that large
portion of the animals of a former world, whose
office was. to effect the destruction of life.

The law of universal mortality being the
established condition, on which it has pleased
the Creator to give being to every creature upon
earth, it is a dispensation of kindness to make
the end of life to each individual as easy as
possible. The most easy death is, proverbially,
that which is the least expected ; and though, for
moral reasons peculiar to our own species, we

- deprecate the sudden termination of our mortal
life; yet, in the case of every inferior animal,
such a termination of existence is obviously the
most desirable. The pains of sickness, and de-
crepitude of age, are the usual precursors of
death, resulting from gradual decay : these, in
the human race alone, are susceptible of allevia-
tion from internal sources of hope and consola-
tion ; and give exercise to some of the highest
charities, and most tender sympathies of huma-
nity. But, throughout the whole creation of
inferior animals, no such sympathies exist ; there
is no affection or regard for the feeble and aged ;
no alleviating care to relieve the sick ; and the
extension of life through lingering stages of
decay and of old age, would to each individual
be a scene of protracted misery. Under such a
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system, the natural world would present a mass
of daily suffering, bearing a large proportion to
the total amount of animal enjoyment. By the
existing dispensations of sudden destruction and
rapid succession, the feeble and disabled are
speedily relieved from suffering, and the world
is at all times crowded with myriads of sentient
and happy beings; and though to many indivi-
duals their allotted share of life be often short,
it is usually a period of uninterrupted gratifica-
tion ; whilst the momentary pain of sudden and
unexpected death is an evil infinitely small, in
comparison with the enjoyments of which it is
the termination.

The inhabitants of the earth have ever been
divided into two great classcs, the one herbivor-
ous, the other carnivorous; and though the ex-
istence of the latter may, at first sight, seem
calculated to increase the amount of animal
pain; yet, when considered in its full extent,
it will be found materially to diminish it.

To the mind which looks not to general results
in the economy of Nature, the earth may seem
to present a scene of perpetual warfare, and in-
cessant carnage: but the more enlarged view,
while it regards individuals in their conjoint
relations to the general benefit of their own
species, and that of other spccies with which
they are associated in the great family of Na-
ture, resolves each apparent case of individual
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evil, into an example of subserviency to uni-
versal good.

Under the existing system, not only is the
aggregate amount of animal enjoyment much
increased, by adding to the stock of life all the
races which are carnivorous, but these are also
highly beneficial even to the herbivorous races,
that are subject to their dominion.

Besides the desirable relief of speedy death
on the approach of debility or age, the carni-
vora confer a further Denefit on the species
which form their prey, as they control their
excessive increase, by the destruction of many
individuals in youth and health. Without this
salutary check, each species would soon mul-
tiply to an extent, exceeding in a fatal degree
their supply of food, and the whole class of
herbivora would ever be so nearly on the verge
of starvation, that multitudes would daily be
consigned to lingering and painful death by
famine. All these evils are superseded by the
establishment of a controlling Power in the
carnivora; by their agency the numbers of
each species are maintained in due proportion
to one another—the sick, the lame, the aged,
and the supernumeraries, are consigned to
speedy death; and while each suffering indi-
vidual is soon relieved from pain, it contributes
its enfecbled carcase to the support of its
carnivorous benefactor, and leaves more room
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for the comfortable cxistence of the healthy
survivors of its own species.

The same “ police of Nature,” which is thus
beneficial to the great family of the inhabitants
of the land, is established with equal advantage
among the tenants of the sea. Of these also,
there is one large division that lives on vege-
tables, and supplies the basis of food to the
other division that is carnivorous. Here again
we see, that in the absence of carnivora, the
uncontrolled herbivora would multiply indefi-
nitely, until the lack of food brought them also
to the verge of starvation; and the sea would
be crowded with creatures under the endurance
of universal pain from hunger, while death by
famine would be the termination of ill fed and
miserable lives.

The appointment of death by the agency of
carnivora, as the ordinary termination of animal
existence, appears therefore in its main results
to be a dispensation of benevolence; it deducts
much from the aggregate amount of the pain
of universal death; it abridges, and almost
annihilates, throughout the brute creation, the
misery of disease, and accidental injuries, and
lingering decay; and imposes such salutary
restraint upon excessive incrcase of numbers,
that the supply of food maintains perpetually
a due ratio to the demand. The result is,
that the surface of the land and depths of the
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waters are ever crowded with myriads of ani-
mated beings, the pleasures of whose life are
co-extensive with its duration; and which,
throughout the little day of existence that is
allotted to them, fulfil with joy the functions
for which they were created. Life to each indi-
vidual is a scene of continued feasting, in a
region of plenty; and when unexpected death
arrests its course, it repays with small interest
the large debt, which it has contracted to the
common fund of animal nutrition, from whence
the materials of its body have been derived.
Thus the great drama of universal life is perpe-
tually sustained; and though the individual
actors undergo continual change, the same parts
are cver filled by another and another genera-
tion; renewing the face of the earth, and the
bosom of the decp, with endless successions of
life and happincess.



Cuaprrer X1V.

Proofs of Design in the Structure of Fossil®
Vertebrated Animals.

SECTION 1.

FOSSIL MAMMALIA.—DINOTHERIUM.

EnoueH has, I trust, been stated in the preced-
ing chapter, to show the paramount importaunce
of appealing to organic remains, in illustration of
that branch of physico-theology with which we
are at present occupied.

The structure of the greater number, even of
the earliest fossil Mammalia, differs in so few
essential points from that of the living represen-
tatives of their respective Orders, that I forbear
to enter on details which would indeed abound
with evidences of creative design, but would
offer little that is not equally discoverable in the
anatomy of existing species. I shall, therefore,
limit my observations to two extinct genera,
which are perhaps the most remarkable of all
fossil Mammalia, for size and unexampled pecu-
liarities of anatomical construction ; the first of
these, the Dinotherium, having been the largest
of terrestrial Mammalia; and the second, the
Megatherium, presenting greater deviations from
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_ordinary animal forms, than occur in any other
species, either of recent or fossil quadrupeds.

It has been already stated, in our account of
the Mammalia of the Miocene period of the
tertiary series, that the most abundant remains
of the Dinotheritim are found at Epplesheim, in
the province of Hesse Darmstadt, and are de-
scribed, in a work now in process of publication,
by Professor Kaup. Fragments of the same
genus are mentioned by Cuvier, as occurring in
several parts of France, and in Bavaria and
Austria. .

The form of the molar teeth of the Dinothe-
rium (Pl. 2, C. Fig. 3), so nearly resembles that
of the Tapirs, that Cuvier at first referred them
to a gigantic species of this genus. Professor
Kaup has since placed this animal in the new
genus Dinotherium, holding an intermediate
place between the Tapir and the Mastodon, and
supplying another important extinct link in the
great family of Pachydermata. The largest
species of this genus, D. Giganteum, is calcu-
lated, both by Cuvier and Kaup, to have
attained the extraordinary length of eighteen
feet. The most remarkable bone of the body
yet found is the shoulder-blade, the form of
which more nearly resembles that of a Mole
than of any other animal, and seems to indicate
a peculiar adaptation of the fore leg to the
purposes of digging, an indication which is



DINOTHERIUM. 137

corroborated by the remarkable structure of the
lower jaw.

The lower J&WS of two species of Dmothe-
rium, figured in Plate 2. C. Figs. 1. 2. exhibit
peculiarities in the disposition of the tusks, such
as are found in no other living or fossil animal.

The form of the molar teeth, Pl. 2. C. Fig. 3,
approaches, as we have stated, most nearly to
that of the molar teeth in Tapirs; but a remark-
able deviation from the character of Tapirs, as
well as of every other quadruped, consists in the
presence of two enormous tusks, placed at the
anterior extremity of the lower jaw, and curved
downwards, like the tusks in the upper jaw of
the Walrus. (PL.2.C. 1.2))

I shall confine my present remarks to this
peculiarity in the position of the tusks, and en-
deavour to show how far these organs illustrate
the habits of the extinct animals in which they
are found. It is mechanically impossible that
a lower jaw, nearly four feet long, loaded
with such heavy tusks at its extremity, could
have been otherwise than cumbrous and incon-
venient to a quadruped living on dry land. No
such disadvantage would have attended this
structure in a large animal destined to live in
water; and the aquatic habits of the family of
Tapirs, to which the Dinotherium was most
nearly allied, render it probable that, like them,
it was an inhabitant of fresh-watcr lakes and
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rivers. To an animal of such habits, the weight
of the tusks sustained in water would have been
no source of inconvenience ; and, if we suppose
them to have been employed, as instruments for
raking and grubbing up by the roots large
aquatic vegetables from the bottom, they would,
under such service, combine the mechanical
powers of the pick-axe with those of the horse-
harrow of modern husbandry. The weight of
the head, placed above thcse downward tusks,
would add to their efficiency for the service here
supposed, as the power of the harrow is increcased
by being loaded with weights.

The tusks of the Dinotherium may also have
been applied with mechanical advantage to hook
on the head of the animal to the bank, with the
nostrils sustained above the water, so as to
breathe securcly during sleep, whilst the body
remained floating, at perfect ease, beneath
the surface: the animal might thus repose,
moored to the margin of a lake or river,
without the slightest muscular exertion, the
weight of the head and body tending to fix and
keep the tusks fast anchored in the substance of
the bank; as the weight of the body of a sleep-
ing bird keeps the claws clasped firmly around
its perch. These tusks might have been further
used, like those in the upper jaw of the Wal-
rus, to assist in dragging the body out of the
water; and also as formidable instruments of
defence. i,
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The structure of the scapula, already noticed,
seems to show that the fore leg was adapted to
co-operate with the tusks and teeth, in digging
and separating large vegetables from the bottom.
The great length attributed to the body, would
have been no way inconvenient to an animal
living in the water, but attended with much me-
chanical disadvantage to so weighty a quadruped
upon land. In all these characters of a gigantic,
herbivorous, aquatic quadruped, we recognize
adaptations to the lacustrinc condition of the
earth, during that portion of the tertiary periods,
to which the existence of these secmingly ano-
malous creatures appears to have been limited.

SECTION I1.
MEGATHERIUM,.

As it will be quite impossible, in the present
Treatise, to give particular descriptions of the
structure, even of a few of the fossil Mammalia,
which have been, as it were, restored again to
life by the genius and industry of Cuvier; 1 shall
endeavour to illustrate, by the details of a single
species, the method of analytical investigation,
that has been applied by that great philosopher
to the anatomy both of fossil and recent animals.

The result of his researches, as recorded in the
Ossemens Fossiles, has been to show that all
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fossil quadrupeds, however differing in generic,
or specific details, are uniformly constructed on
the same general plan, and systematic basis of
organization as living species; and that through-
out the various adaptations of a common type to
peculiar functions, under different conditions of
the earth, there prevails such universal confor-
mity of design, that we cannot rise from the
perusal of these inestimable volumes, without a
strong conviction of the agency of one vast and
mighty Intelligence, ever directing the entire fa-
bric, both of past and present systems of creation.

Nothing can exceed the accuracy of the
severe and logical demonstrations, that fill these
volumes with proofs of wise design, in the con-
stant relation of the parts of animals to one
another, and to the general functions of the
whole body. Nothing can surpass the perfection
of his reasoning, in pointing out the beautiful
contrivances, which are provided in almost end-
less variety, to fit every living creature to its
own peculiar state and mode of life. His illus-
tration of the curious conditions, and concurrent
compensations that are found in the living &le-
phants, apply equally to the extinct fossil species
of the same genus ; and similar exemplifications
may be extended from the living to the extinct
species of other genera, e.g. Rhinoceros, Hippo-
potamus, Horse, Ox, Deer, Tiger, Hyzna, Wolf, .
&c. that are - usually associated with the Elephant
in a fossil state.
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The animal I shall select for my present pur-
pose is that most extraordinary fossil creature, the
Megatherium, (see Pl. 5), an animal, in some parts
of its organization, nearly allied to the Sloth, and,
like the Sloth, presenting an apparent monstrosity
of external form, accompanied by many strange
peculiarities of internal structure, which have
hitherto been but little understood.

The Sloths have afforded a remarkable excep-
tion to the conclusions which naturalists have
usually drawn, from their study of the organic
structure and mechanism of other animals. The
adaptation of each part of the body of the Ele-
phant, to produce extraordinary strength, and of
cvery member of the Deer and Antelope to give
agility and speed, are too obvious to have escaped
the attention of any scientific observer; but, it
has been the constant practice of naturalists, to
follow Buffon in misrepresenting the Sloths, as
the most imperfectly constructed among all the
members of the animal kingdom, as creatures
incapable of enjoyment, and formed only for
misery.

The Sloth does, indeed, afford the greatest
devlations from the ordinary structure of living
quadrupeds; and these have been erroneously
considered as imperfections in its organization,
without any' compensating advantage. I have
elsewhere * attempted to show that these ano-

* Linnean Transactions, Vol. XVII., Part 1.
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malous conditions are so far from being defects,
or sources of inconvenience in the_ Sloth, that
they afford striking illustrations of the varied
contrivances, whereby the structure of every
creature is harmoniously adapted to the state in
which it was destined to live. The peculiarities
of the Sloth, that render its movements so awk-
ward on the earth, are fitted with much advan-
tage to its destined office of living entirely upon
trees, und feeding upon their leaves: so also, if
we consider the Megatherium with a view to its
provinee of digging and feeding upon roots, we
shall, in this habit, discover the explanation of
its unusual structure. and apparently incongruous
proportions; and find, in cevery organ, a relation
of obvious convenience, and of adaptation to the
office it bad to discharge.®

It will be my present object to enter into such
a minute investigation of some of the more re-
markable parts of this animal, viewing them with
a constant reference to a peculiar mode of life, as
may lead to the rccognition of a system of well

* The remains of the Megatherium have been found chiefly in
the southern regious of America, and most abundantly in Para-
guay; it appears also to have extended on the north of the
equator as far as the United States, We have, for some time,
possessed detailed descriptions of this animal by Cuvier, Oss.
Foss. vol. 5. and a series of large engravings, by Pander and
D’Alton, taken from a nearly perfect skeleton, sent in 1789 from
Buenos Ayres to Madrid. Dr. Mitchell and Mr. Cooper have
described, in-the Annals of the Lyceum of Nat. Hist, of New
York, May, 1824, some teeth and bones found in the marshes of
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connected contrivances, in the mechanism of a
creature apparently the most monstrous, and
seeming to present the most ill-assorted propor-
tions, that occur throughout the entire range of
the animal kingdom.

We have here before us a gigantic quadruped,
(see Pl 5, Fig. 1), which at first sight appears
not only ill-proportioned as a whole, hut whose
members also scem incongruous, and clumsy. if
considered with a view to the tunctions o,
responding limbs of ordinary quadruped et us
only examine them withi the aid of that clue,
which is our best and esscutial guide in every
investication of the mechanisin of the animal
frame ; let ns first infer from the total composi-
tion und capubilities of the machinery, what was
the general nature of the work it was destined to
pertorm 5 and from the character of the most im-
portant parts, namely, the fect and teeth, make
ourselves acquainted with the food these organs
were adapted to procure and masticate 5 and we
shall find every other member of the body act-

the Isie of Skiddaway, on the coast of Georgia, which correspond
with ‘the skeleton at Madrid. Cuvier, Vol. V. pait 2, p. 519.—
In the year 1832, many parts of another skeicton were brought
to England by Woodbine Parish, esq. from the bed of the river
Salado, near Buenos Ayres: thesc are pluced in the muscum of
the Royal College of Surgeons in London, and will *  described
in the Trans, Geol. Soc. Lond. Vol. 111, N. 8. Part 3, by my friend
Mr. Clift, a gentleman from whose great anatomical knowledge,
T have derived most important aid, in my investigation of this
animal.
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ing in harmonious subordination to this chief
purpose in the animal economy.

In the case of ordinary animals, the passage
from one form to another is so gradual, and the
functions of one species receive such ample and
obvious illustrations from those of the species
adjacent to it, that we are rarely at a loss, to see
the final cause of almost every arrangement that
is presented to the anatomist. This is more es-
pecially the case with respect to the skeleton,
which forms the foundation of all the other me-
chanisms within the body, and is of the highest
importance in the history of fossil animals, of
which we rarely find any other remains besides
the bones, and teeth, and the scaly or osseous in-
teguments. I select the Megatherium, because
it affords an example of most extraordinary
deviations, and of egregious apparent monstro-
sity; viz. the case of a gigantic animal exceed-
ing the largest Rhinoceros in bulk, and to which
the nearest approximations that occur in the
living world, are found in the not less anoma-
lous genera of Sloth, Armadillo, and Chlamy-
phorus; the former adapted to the peculiar
habit of residing upon trees; the two latter
constructed with unusual addptations to the
habit of burrowing in search of their food and
shelter in sand; and all limited in their geo-
graphical distribution, nearly to the same re-
gions of America that were once the residence
of the Megatherium.
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1 shall not here enter on the unsettled ques-
tions as to the precise age of the deposits in
which the Megatherium is found, or the ‘causes
by which it has been extirpated ; my object is to
show that the apparent incongruities of all its
partg, are in reality systems of wise and well
contrived adaptation to a peculiar mode of life.
1 proceed therefore to consider, in the order in
which they are described by Cuvier, the most
important organs of the Megatherium, beginning
with the head, and from thence advancing to the
trunk and extremities.

Head.

The bones of the head (Pl. 5, Fig. 1. a.) most
nearly resemble those of a Sloth. The long and
broad bone, (b,) descending the check from the
zygomatic arch, connects it more ncarly with
the Ai than with any other animal : this extraor-
dinary bone must have been auxiliary to the
power of muscles, acting with more than usual
advantage, in giving motion to the lower de (d).

The anterior part of the muzzle (c) is so
strong and substantial, and so perforated with
holes for the pd8sage of nerves and, vessels,
that we may be sure it supported some organ of
considerable size: a long trunk was needless to
an animal possessing so long a neck ; the organ
was probably a snout, something like that of

G. L :
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the Tapir, sufficiently elengated to gather up
roots from the ground. The septum of the nos-
trils also being strong and bony, gives further
indication of the presence of a powerful organ
appended to the nose ; such an apparatus would
have afforded compensation for the absence of
incisor teeth and tusks. Having no incisors,
the Megatherium could not have lived on grass.
The structure of the molar teeth (Pl 5, Fig. 6—
11, ard Pl 6, No. 1), shows that it was not car-
nivorous.
The composition of a single molar tooth resem-
~bles that of one, of the many denticules, that are
united in the compound molar of the Elephant;
and affords an admirable exemplification of the
method employed by Nature, whereby three
substances, of unequal density, viz. wory, ena-
mel, and crusta petrosa, or camentum, are
united in the construction of the teeth of grami-
nivorous animals. The teeth are about seven
inches long, and nearly of a prismatic form (Pl.
5, Fig. 7. 8). The grinding surfaces (Pl. 5. Fig. 9.
a.b. c. and Pl 6, Z. a. b. c.) exhibit a pecu-
liar and beautiful contrivance for maintaining
two cutting wedge-shaped salient edges, in good
working. condition during the whele existence of
the tooth ; being, as I before stated, a modifica-
tion of the contrivance employed in the molars
of the Elephant, and other herbivora. The



MEGATHERIUM, 147

same principle is.applied by tool-makers for the
purpose of maintaining a sharp edge in axes,
scythes, bill-hooks, &c¢. An axe, or bill-hook, is
not made entirely of steel, but of one thin plate
of steel, inserted between two plates of softer
iron, and so enclosed that the steel projects be-
yond the iron, along the entire line of the cut-
ting edge of the instrument. A double advan-
tage results from this contrivance; first, the in-
strument is less liable to fracture than if it were
entirely made of the more brittle material of
steel ; and secondly, the cutting edge is more
easily kept sharp by grinding down a portion of
exterior soft iron, than if the entire mass were of
hard steel. By a similar contrivance, two cut-
ting edges are produced on the crown of the
molar teeth of the Megatherium. (Sce Pl. 6,
W.X. Y. Z. and PL 5, Figs. 6--10.)*

* The outside of the tooth, like that of an axe, is made of a
comparatively soft material, viz, the crusta petrosa, (a a), inclos-
ing a plate of enamel, (b b), which is the hardest substance, or
steel of the tooth, This enamel passes twice across the grinding
surface, (z), and forms the cutting edges of two parallel wedges,
Y. b. b.: a longitudinal section of these wedges is seen, Pl 6.
v. w.x. Y. Within the enamel, (bb), is a central mass of
ivory, (c), which, like the external crust, (a) is softer than the
enamel. A tooth, thus constructed of materials of unequal den-
sity, would have its softer parts, (a ¢), worn down more readily
than the harder plates of enamel, (b b).

We find a further nicety of mechanical contrivance, for pro-
ducing and maintaining two transverse wedges upon the surface
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Pl. 6, W. X. represents the manner in which
each lower tooth was opposed to the tooth above
it, so that the hard enamel of the one should
come in contact only with the softer materials of
the other ; viz. the edges of the plates of enamel,
(b) rubbing upon the ivory, (¢); and the enamel,
(), upon the crusta petrosa, (a), of the two teeth
opposite to it. Hence the act of mastication formed
and perpetually maintained a series of wedges,
locking into each other like the alternate ridges
on the rollers of a crushing-mill ; and the mouth
of the Megatherium became an engine of pro-
digious power, in which thirty-two such wedges
formed the grinding surfaces of sixteen molar
teeth; each from seven to nine inches long,
and having the greater part of this length fixed
firnly in a socket of great depth.

As the surfaces of these tecth must have worn
away with much rapidity, a provision, unusual in
molar teeth, and similar to that in the incisor tceth

of each too{h, in the relative adjustment of the thickness, of the
lateral and transverse portions of the plate of enamel, which s
interposed between the external crust, (a), and the central ivory,
{c). Had this enamel been of uniform thickness all round the
central ivory, the tooth would have worn down equally to a hori-
zontal surface. In the crown of the tooth, Pl. 6. Z. the plate of
enamel is seen to be thin on the two sides of the tooth, whilst the
transverse portions of the same plate, (b. b.) are comparatively
thick and strong. Hence the weaker lateral portions of thin
enamel wear away more rapidly, than the thicker and stronger
transverse portiong, (b b), and do not prevent the excavation of
the furrow across the surface of the ivory, ¢.
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of the Beaver and other Rodentia,* supplied the
loss that was continually going on at the crown,
. by the constant addition of new matter at the
root, which for this purpose remained hollow,
and filled with pulp during the whole life of the
animal.{

1t is scarcely possible to find any apparatus in
the mechanism of dentition, which constitutes a
more powerful engine for masticating roots, than
was formed by these teeth of the Megatherium ;
accompanied also by a property, which is the
perfection of all machinery, namely, that of
maintaining itself perpetually in perfect order,
by the act of performing its work.

Lower Jwie.
The lower jaw (Pl. 5, 1. d.) is very large and
weighty in proportion to the rest of the head; the
object of this size being to afford deep sockets

* The incisors of the Beaver, and other Rodentia, and tusks of
the Hog and Hippopotamus, which require only an external cut-
ting edge, and not a grinding surface, ure constructed on the
same principle as the cutting edge of a chisel or an adze; viz. a
plate of hard enamel is applied to the outer surface only, of the
ivory of these teeth, in the same manner as the outer cutting
edge of the chisel and adze is faced with a plate of steel, welded
against an inner plate of softer iron. A tooth thus constructed
maintaing its cutting edge of enamel continually sharp, by the
act of working against the similarly constructed extremity of the
tooth opposed to it,

+ Pl 5, Fig. 11, represents the section of the éavity contain-
iny this pulp.
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for the continual growth and firm fixture of the
long and vertical molar teeth ; the extraordinary
and strong process (b) descending from the zy-
gomatic arch in the Megatherium, as well as in
the Sloths, seems intended to support the un-
usual weight of the lower jaw consequent upon
the peculiar formn of the molar teeth.

Bones of the Trunk.

The vertebree of the neck, though strong, are
small in comparison with those towards the
opposite extremity of the body; being duly
proportioned to the size of a head, comparatively
light, and without tusks. The dorsal portion
of the vertebral column is of moderate size, but
there is an enlargement of the vertebre of the
loins, corresponding with the extraordinary bulk
of the pelvis and hind legs ; the summits of the
spinous processes, (e,) are flattened like those in
the Armadillo, as if by the pressure of a cuirass.

The sacral bone, (Pl. 5, Fig. 2, a), is uni{ed to
the pelvis, (p), in a manner peculiar to itself,
and calculated to produce extraordinary strength ;
its processes indicate the existence of very
powerful muscles for the movement of the tail.
The tail was long, and composed of vertebre of
enormous magnitude, (Pl. 6, Fig. 2), the body of
the largest being seven inches in diameter, and
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the horizontal distance between the extremities
of the two transverse processes, being twenty
_inches. If to this we add the thickness of the
muscles and tendons, and of the shelly integu-
ment, the diameter of the tail, at its largest end,
must have been at least two feet; and its cir-
cumference, supposing it to be nearly circular
like the tail of the Armadillo, about six feet.
These vast dimensions are not larger in propor-
tion to the adjacent parts of the body, than
those of the tail of the Armadillo, and as this
animal applies its tail, to aid in supporting the
weight of its body and armour, it is probable
that the Megatherium made a similar use of
the same organ.* To the caudal vertebraz were
attached also large inferior spines, or additional
Chevron bones, which must have added to the
strength of the tail, in assisting to support the
body. The tail also probably served for a
formidable instrament of defence, as in the
Pangolins and Crocodiles. 1In 1822, Sellow saw
portions of armour that had covered a tail, found
near Monte Video.

The ribs are more substantial, and much
thicker, and shorter, than those of the Elephant

* The tail of the Elephant is remarkably light and slender,
with a tuft of coarse hair at its extremity, to brush off flies; that
of the Hippopotamus is a few inches only in length, and flatiened
vertically, to act as a small rudder in swimming.
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or Rhinoceros ; and the upper convex surfaces of
some of them exhibit a rugous and flattened
condition of that part, on which the weight of
a bony cuirass wonld most immediately have
rested.

Anterior Extremity.

The scapula or shoulder blade, (Pl. 5, Fig. 1,f,)
resembles that of no other family except the
Sloths, and exhibits in the Acromion (g,) con-
trivances for strength, peculiar to itself and
them, in its mode of articulation with the collar
bone (h); it exhibits also unusual provisions
for the support of the most powerful muscles for
the movement of the arm.

The clavicle or collar bone (h) is strong, and
curved nearly as in the human subject; the
presence of this bone in the Megatherium, whilst
it is wanting in the Elephant, Rhinoceros, and
all the large ruminating animals, shews that the
fore leg discharged some other office, than that
of an organ of locomotisi. This clavicle would
give a steady and fixt position to the socket, or
glenoid cavity of the scapula, admitting of rota-
tory motion in the fore leg, analogous to that of
the human arm. There is in these circumstances
a triple accommodation to the form and habits
of the Megatherium ; 1°. a free rotatory power
of the arm wuas auxiliary to its office, as an
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instrument to be employed continually in digging
food out of the ground ; 2°. this act of perpetual
digging in search of stationary objects like roots,
required but little locomotive power ; 3°. the com-
paratively small support afforded to the weight
of the body by the fore leg, was compensated
by the extraordinary and colossal strength of
the haunches and hind legs. In the Elephant,
the great weight of the head and tusks require
shortness of neck, and unusual enlargement and
strength in the fore legs; hence, the anterior
parts of this animal are much stronger and larger
than its hinder parts. In the case of the Mega-
therium, the relative proportions are reversed ;
the head is comparatively small, the neck is
long, and the anterior part of the body but
slightly loaded in comparison with its abdominal
and posterior, regions. In the shoulder blade
and collar bone there is great provision to give
strength and motion to the fore legs; but this
motion is not progressive, nor is the strength
calculated merely to support the weight of the
body. The humerus; {k) articulates with the
scapula by a round head, admitting of free
motion in various directions, and is small at its
upper and middle part, but at its lower end
attains extraordinary breadth, in consequence
of an enormous expansion of the crests, which
rise from the condyles, to give origin to
muscles for the’movement of the forc foot and
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toes.* The ulna (1) is extremely broad and
powerful at its upper extremity, affording large
space for the origin of muscles, concerned in the
movements of the foot. The radius (m) revolves
freely on the ulna, as in the Sloths and Ant-
eaters, both of which make much use of the
fore leg, though for different purposes; it has a
cavity at its upper end, which turns upon a
spherical portion of the lower part of the hu-
merus, and a large apophysis (n), projecting from
its longitudinal crest, indicates great power in
the muscles that gave rotatory motion.

The entire fore-foot must have been about a
yard in length, and more than twelve inches
wide; forming a most efficient instrument for
moving the earth, from that depth within which
succulent roots are usually most abundant. This
great length of the fore-foot, when resting upon
the ground, though unfavourable to progressive
motion, must have enabled one fore-leg, when
acting in conjunction with the two hind legs and
tail, to support the entire weight of the body ;
leaving the other fore-leg. at liberty to be em-
ployed exclusively in the operation of digging
food.t

* There is a similar expansion of the lower part of the
Humerus in the Ant-eater, which employs its fore feet in digging
up the solid hills of the Termite Ants.

+ At Pl 5, beneath Fig. 1, are represented the fore-foot of an
Armadillo (Dasypus Peba), and the fore-foot of the Chlamy-
phorus, each adapted, like that of the Megatherium, to form an
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The toes of the fore-foot are terminated by
large and powerful claws of great length; the
bones, supporting these claws, are composed
partly of an axis, or pointed core, (0,) which
filled the internal cavity of the horny claw ; and
partly of a bony sheath, that formed a strong
case to receive and support its base. These
claws were set obliquely to the ground, like the
digging claws of the Mole, a position which
made them instruments of greater power for the
purpose of excavation.

Posterior Extremities.

The pelvis of the Megatherium (Pl. 5, Fig.
2. p.) is of vast solidity and expanse; and the
enormous bones of the ilium (r) are set nearly at
right angles to the spine of the back, and at
their outer margin, or crest, are more than five
feet asunder, very much exceeding the diamnecter
across the haunches of the largest Elephant : the
crest of the ilium, (s,) is much flattened, as if by
the pressure of the armour. ' This enormous size
of the pelvis would be disproportionate and in-
convenient to an animal of ordinary stature and
instrument of peculiar power for the purpose of digging; and
each presenting an extraordinary enlargement and elongation of
the exireme bones of the toes, for the support of long and mas-
sive claws. At Pl. 5, Figs. 18, 19, the anterior parts of these

animals are represented, and show how large a proportion the
claws bear to the other parts-of the body.
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functions ; but was probably attended with much
advantage to the Megatherium, in relation to its
habit of standing great part of its time on three
legs, whilst the fourth was occupied in digging.

The pelvis being thus, unusually wide and
heavy, presents a further deviation from other
animals, as to the place and direction of the
acetabulum, or socket which articulates with the
head of the thigh bone (u). This cavity, in
other animals, is usually set more or less
obliquely outwards, and by this obliquity fa-
cilitates the movement of the hind leg; but in
the Megatherium it is set perpendicularly down-
wards, over the head of the femur, and is also
nearer than usual to the spine; deriving from
this position increase of strength for supporting
vertical pressure, but attended with a diminished
capability of rapid motion.* .

From the enormous width of the pelvis, it

“ There is also a further peculiarity for the increase of strength
in the manner in which that part, which, in most other animals,
is an open space, called the tschiatic notch (Pl. 5, Fig. 2 ¢.), is
nearly closed with solid bone by-thie union of the spines of the
ischia with the elongated transverse processes of the sacral verte-
bree, (a). .

Further evidence of the enormous size and power in the mus-
cles of the thigh and leg is afforded by the magnitude of the
cavity in the sacrum, (Pl. 5. d,) for the passage of the spinal mar-
row: this cavity being about four inches in diameter, the spinal
marrow must have been a foot in circumference. The extraor-
dinary maguitude also of the nerves which proceeded from it to
supply the leg, is indicated by the prodxg:ous size of the sacral
foramina.
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follows also that the abdominal cavity was ex-
tremely large, and the viscera voluminous, and
adapted to the digestion of vegetable food.

The form and proportions of the thigh bone, (v)
are not less extraordinary than those of the
pelvis, being nearly three times the thickuness
of the femur of the largest Elephant. Its
breadth is nearly half its entire length, and its
head is united to the body of the bone by a
neck of unusual shortness and strength, twenty-
two inches in circumference. Its length is two
feet four inches, and its circumference at the
smallest part two feet two inches; and at the
largest part, three feet two inches. Its body is
also flattened ; and by means of this flatness,
cxpanded outwards to a degree of which Nature
presents no other example. These peculiarities
in the femur appear to be subservient to a
double purpose: first, to give extraordinary
strength by the shortuess and solidity of all its
proportions ; and secondly, to afford coempensa-
tion, by its flatness outwards ; for the debility
which would otherwise have followed from the
inward position of the sockets, (t,) by which the
femur, (u,) articulates with the pelvis.

The two bones of the leg (x, y,) are also cx-
tremely short, and on a scale of solidity and
strength, commensurate with that of the femur
that rests upon them. This strength is much
increased by their being united at both extre-
mities ; an union which is said by Cuvier to
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oceur in no other animals except the Armadillo
and Chlamyphorus; both of which are con-
tinually occupied in digging for their food.

The articulation of the leg with the hind foot
is admirably contrived for supporting the enor-
mous pressure of downward weight; the astra-
galus (z), or great bone of the instep, being nine
inches broad, and nine inches high, is in due
proportion to the lower extremity of the tibia, or
leg bone, with which it articulates; and rests
upodn a heel bone, of the extraordinary length of
seventeen inches, with a circumference of twenty-
eight inches. This enormous bone, pressing on
the ground, gives a firm bearing and solid sup-
port to the continuous accumulation of weight,
which we have been tracing down from the
pelvis through the thigh and leg: in fact the
heel bone occupies nearly one-half of the entire
length of the hind foot; the bones of the toes
are all short, excepting the extreme joint, which
forms an enormous claw-bone; larger than
the largest of those in the fore-foot, measuring
thirteen inches in circumnference, and having
within its sheath a core, ten inches long, for the
support of the horny claw with which it was
invested. The chief use of this large claw was
probably to keep the hind foot fixed steadily
upon the ground.*

* It is probable that the large thick claw, Pl. 5 5', was placed

on the second toe of the hind foot. Its size approaches nearly
to that of the first toe of this foot, and both of these differ mate-
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Feet and legs thus heavily constructed, must
have been very inefficient organs of rapid loco-
motion, and may consequently seem imperfect,
if considered in relation to the ordinary func-
tions of other quadrupeds; but, viewed as in-
struments adapted for supporting an almost sta-
tionary creature, of unusual weight, they claim
our admiration equally with every other piece of
animal mechanism, when its end and uses are
understood. The perfection of any instrument
can only be appreciated by looking to the work
it is intended to perform. The hammer and
anvil of an anchorsmith, though massive, are
neither clumsy nor imperfect; but bear the same
proportionate relation to the work in which they
are employed, as the light and fine tools of the
watchmaker bear to the more delicate wheels of
his chronometer.

Bony Armour.

Another remarkable character of the Mega-
therium, in which it approaches most nearly to
the Armadillo, and Chlamyphorus, consists, in
its hide having probably been covered with a
bony coat of armour ; varying from three-fourths
of an inch, to an inch and half in thickness, and

rially in form and proportions, from the three more elongated and
flatter claw bones of the fore foot, the oblique form of which is
peculiarly adapted for digging.
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resembling the armour which covers these living
inhabitants, of the same warm and sandy regions
of South America. Fragments of this armour
are represented at Pl. 5, Figs. 12, 13.*

~ A covering of such enormous weight, would
have been consistent with thé general structure
of the Megatherium ; its columnar hind legs
and colossal tail, were calculated to give it due
support ; and the strength of the loins and ribs,
being very much grcater than in the Elephant,
seems to have been necessary for carrying so
ponderous a cuirass as that which we suppose
to have covered the body.t

* The resemblance between some parts of this fossil armour,
and of the armour of an Armadillo, (Dasypus Peba) is extended
even to the detail of the patterns of the tuberculated compart-
ments into which they are divided, see Pl. 5, Figs. 12, 14. The
increase of size in the entire shield is in both cases provided for,
by causing the centre of every plate to form a centre of growth,
around which the margin receives continual additions, as the
increasing bulk of the body requires an increase in the dimen-
sions of the bony case, by which it is invested. Figs.. 15, 16,
17, represent portions of the armour of the head, body, and tail
piece of the Chlamyphorus. Figs. 18, 19, represent the manner
in which the armour is disposed over the head and anterior part
of the body of the Chlamyphorus, and Dasypus Peba. The
body of the Megatherium, when covered with its corresponding
coat of armour, must in some degree have resembled a tilted
waggon. ’

+ In the Transactions of the Academy of Berlin, 1830, Pro-
fessor Weis has published an account of some Bones of the
Megatherium, discovered near Monte Video, accompanied by
several fragments of bony armour. Much of this armour he
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It remains to consider, of what use this cuirass
could have been to the gigantic animal on which
it probably was placed. As the locomotive
organs of the Megatherium indicate very slow
power of progression, the weight of a cuirass
would have afforded little impediment to such
tardy movements; its use was probably defen-
sive, not only against the tusks and claws. of
beasts of prey, but also, against the myriads of
insects, that usually swarm in such climates as
those wherein its bones are found ; and to which
an animal that obtained its food by digging
beneath a broiling sun, would be in a peculiar

refers without doubt to the Megatherium; other portions of it,
and also many bones from the same district, he assigns to other
animals. A similar admixture of bones and armour, derived
from more than onc species of animal, bearing a bony cuirass,
is found in the collection made at several and distant points of
the country above Buenos Ayres, by Mr. Parish. Although no
armour was found with the fragments of the large skeleton,
in the bed of the Salado, the rough broad flattened surface of a
part of the crest of the ileum of this skeleton, (see Pl. 5, Fig. 2.
1, s,) and the broad condition of the summit of the spinous pro-
cesses of many vertebre, and also of the superior convex portion
of certain ribs on which the armour would rest, afford cvidence of
pressure, similar to that we find on the analogous parts of the
skeleton of the Armadillo, from which we might have inferred
that the Megatherium also was covered with heavy armour, even
had no such armour been discovered near bones of this animal in
other parts of the same level district of Paraguay. In all these
flattened bones the effects of pressure are confined to those parts
of the skeleton, on which the armour would rest, and are such
as occur in a remarkable degree in the Armadillo.

G. M
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degree exposed. We may also conjecture it to
have had a further use in the protection afforded
by it to the back, and upper parts of the body ;
not only against the sun and rain, but against
the accumulations of sand and dust, that might
otherwise have produced irritation and disease.*

Conclusion.

We have now examined in detail the skeleton
of an extinct quadruped of enormous magnitude ;
every bone of which presents peculiarities, that
at first sight appear imperfectly” contrived, but
which become intelligible when viewed in their

* To animals that dig only occasionally, like Badgers, Foxes,
and Rabbits, to form a habitation beneath the ground, but seek
their food upon the surface, a defence of this kind would not
only have been unnecessary but inconvenient.

The Armadillo and Chlamyphorus are the only known animals
that have a coat of armour composed of thick plates of bone,
like that of the Megatherium. As this peculiar covering is con-
fined to these quadrupeds, we can hardly imagine its use to be
solely for protection against other beasts and insécts; but as the
Armadillo obtains its food by digging in the same dry and sandy
plains, which were once inhabited by the Megatherium, and
the Chlamyphorus lives almost entirely in burrows beneath the
surface of the same sandy regions; they both. probably receive
from their cuirass the same protection to the upper parts of their
bodies from sand and dust, which we suppose to have been
afforded by its cuirass to the Megatherium. The Pangolins are
covered with a different kind of armour, composed of horny
moveable scales, in which there is no bony matter.
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relations to one another, and to the functions of
the animal in which they occur.

The size of the Megatherium exceeds that of
the existing Edentata, to which it is inost nearly
allied, in a greater degree than any other fossil
animal exceeds its nearest living congeners.
With the head and shoulders of a Sloth, it com-
bined in its legs and feet, an admixture of the
characters of the Ant-eater, the Armadillo, and
the Chlamyphorus; it probably also still further
resembled the Armadillo and Chlamyphoras, in
being cased with a bony coat of armour. Its
haunches were more than five feet wide, and its
body twelve feet long and eight feet high ; its
feet were a yard in length, and terminated by
most gigantic claws ; its tail was probably clad
in armour, and much larger than the tail of
any other beast, among extinct or living terres-
trial Mammalia. Thus  heavily counstructed,
and ponderously accoutred, it could neither run,
nor leap, nor climb, nor burrow under the
ground, and in all its movements must have
been’ necessarily slow; but what need of rapid
locomotion to an animal, whose occupation of
digging roots for food was almost stationary?
and what need of speed for flight from foes, to
a creature whose giant carcase was encased in
an impenetrable cuirass, and who by a single
pat of his paw, or lash of his tail, could in an
instant have demolished the Couguar or the
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Crocodile? Secure within the panoply of his
bony armour, where was the enemy that would
dare encounter this Leviathan of the Pampas?
or, in what more powerful creature can we find
the cause that has effected the extirpation of
his race?

His entire frame was an apparatus of colossal
mechanism, adapted exactly to the work it had to
do; strong and ponderous, in proportion as this
work was heavy, and calculated to be the vehicle
of life and enjoyment to a gigantic race of qua-
drupeds ; which, though they have ceased to be
counted among the living inhabitants of our
planet, have, in their fossil bones, left behind
them imperishable monuments of the consum-
mate skill with which they were constructed.
Each limb, and fragment of a limb, forming
co-ordinate parts of a well adjusted and perfect
whole; and through all their deviations from
the form and proportion of the limbs of other
quadrupeds, affording fresh proofs of the infi-
nitely varied, and inexhaustible contrivances of
Creative Wisdom. '



FOSSIL SAURIANS, 165

SECTION 11l

FOSSIL SAURIANS,

In those distant ages that elapsed during the
formation of strata of the secondary series, so
large a field was occupied by reptiles, referrible
to the order of Saurians, that it becomes an im-
portant part of our enquiry to examine the his-
tory and organization of these curious relics of
ancient creations, which are known to us only in
a fossil state. A task like this may appear
quite hopeless to persons unaccustomed to the
investigation of subjects of such remote anti-
quity ; yet Geology, as now pursued, with the
aid of confparative anatomy, supplics abundant
evidence of the structure and functions of these
extinct families of reptiles ; and not only enables
us to infer from the restoration of their skeletons,
what may have been the external form of their
bodies; but instructs us also as to their economy
and habits, the nature of their food, and even of
their organs of digestion. 1t further shows their
relations to the then existing condition of the
world, and to the other forms of organic life
with which they were associated.

The remains of these reptiles bear a much
greater resemblance to one another, than to those
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of any animals we discover in depesits: preced-
ing or succeeding the secondary series.*

The species of fossil Saurians are so numer-
ous, that we can only select a few of the most
remarkable among them, for the purpose of
exemplifying the prevailing conditions of animal
life, at the periods when the dominant class of
animated beings were reptiles; attaining, in
many cases, a magnitude unknown among the
living orders of that class, and which seems to
have been peculiar to those middle ages of geo-
logical chronology, that were intermediate be-
tween the transition and tertiary formations.

During these ages of reptiles, neither the car-
nivorous nor lacustrine Mammalia of the tertiary
periods had begun to appear; but the most for-
midable occupants, both of land and water, were
Crocodiles, and Lizards; of various forms, and
often of gigantic stature, fitted to endure the
turbulence, and continual convulsions of the
unquict surface of our infant world.

When we see that so large and important a
range has been assigned to reptiles among the

. * The oldest strata in which any reptiles have yet been found
are those counected with the magnesian-limestone formation.
(PL. 1, Sec. 16). The existence of reptiles allied to the Monitor
in the cupriferous slate and zechstein of Germany, has long been
known. In 1834, two species of reptiles, allied to the Iguana
and Monitor, were discovered in the dolomitic conglomerate, on
Durdham Down, near Bristol.



FOSSIL SAURIANS. 167

former population of our planet, we cannot but
regard with feelings of new and unusual interest,
the comparatively diminutive existing orders
of that most ancient family of quadrupeds, with,
the very name of which we usually associate a
sentiment of disgust. We shall view them with
less contempt, when we learn from the records of
geological history, that there was a time when
reptiles not only constituted the chief tenants,
and most powerful possessors of the earth, but
extended their dominion also over the waters of
the seas; and that the annals of their history
may be traced back through thousands of years,
antecedent to that latest point in the progressive
stages of animal creation, when the first parents
of the human race were called into cxistence.
Persons to whom this subject may now be
presented for the first time, will receive, with
much surprise, perhaps almost with incredulity,
such statements as are here advanced. It
must be admitted, that they at first seem much
more like the dreams of fiction and romance,
than the sober results of calm and deliberate
investigation ; but to those who will examinc the
evidence of facts upon which our conclusions
rest, there can remain no more reasonable doubt
of the former existence of these strange and
curious creatures, in the times and places we
assign to them; than is felt by the antiquary,
who, finding the catacombs of Egypt stored
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with the mummies of Men, and Apes, and Cro-
codiles, concludes them to be the remains of
mammalia and reptiles, that have formed part

of an ancient population on the banks of the
Nile.

SECTION 1V.

ICHTHYOSAURUS.

Nearry at the head of the surprising disco-
veries, which have been made relating to the
family of Saurians, we may rank the remains
of many extraordinary species, which inhabited
the sea; and which present almost incredible
combinations of form, and structure; adapting
them for modes of life, that do not occur among
living reptiles. These remains are most abun-
dant throughout the lias and oolite formations
of the secondary series.* In these deposits we

* The chief repository in which these animals have been found
is the lias, at Lyme Regis ; but they abound also along the whole
extent of this formation throughout England, e. g. from the
coast of Dorset, through Somerset and Leicestershire, to the
coast of Yorkshire: they are found also in the lias of Germany
and France. The range of the genus Ichthyosaurus seems to have
begun with the Muschelkalk, and to have extended through the
whole of the oolitic period into the cretaceous formation. The
most recent stratum in which any remains of this genus have yet
been found is the chalk marl at Dover, where they have been
discovered by Mr. Mantell: 1 have found them in the gault,
ncar Benson, Oxon.
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find not ‘only animals allied to Crocodiles, and
nearly approaching to the Gavial of the Ganges;
but also still more umerous gigantic Lizards,
that inhabited the then existing seas and es-
tuaries.

Some of the most remarkable of these reptiles
have been arranged under the genus Ichthyo-
saurus, (or Fish Lizard), in consequence of the
partial resemblance of their vertebrse to those
of fishes. (See Plate 1, Fig. 51, and Plates
7, 8, 9.) If we examine these creaturcs with
a view to their capabilities of locomotion, and
the means of offence and defence, which
their extraordinary structure afforded to them;
we shall find combinations of form and me-
chanical contrivances, which are now dispersed
through various classes and orders of existing
animals, but are no longer united in the same
genus. Thus, in the same individual, the snout
of a Porpoise is combined with the teeth of a
Crocodile, the head of a Lizard with the vertebra
of a Fish, and the sternum of an Ornithorhynchus
with the paddles of a Whale. The general out-
line of an Ichthyosaurus must have most necarly
resembled the modern Porpoise, and Grampus.
It had four broad feet, or paddles, (Pl. 7), and
terminated behind in a long and powerful tail.
Some of the largest of these reptiles must have
exceeded thirty feet in length.

There are seven or eight known species of
the genus Ichthyosaurus, all agreeing with one.
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another in the general principles of their con-
struction, and the possesslon of those peculiar
organs, in which I shall efldeavour to point out
the presence of mechanism and contrivance,
adapted to their habits and state of life. As
it will be foreign to our purpose to enter on
details respecting species, 1 shall content myself
with referring to the figures of the four most
common forms (Plates 7, 8, 9.)*

Head.

The head, which in all animals forms the most
important and characteristic part, (see Pl. 10,

* PL 7, is a Jarge and nearly perfect specimen of the Ichthy-
osaurus Platyodon, from the lias at Lyme Regis, being one of
the splendid scrics of Saurians, purchased in 1834 of Mr.
Hawkins by the British Museum. Portions of the paddles, and
many lost fragments, are restored from the corresponding parts
which are preserved; a few vertebree, and the extremity of
the tail are also restored conjecturally. Beautiful and accurate
lithographed figures of this specimen, and of the greater part of
this collection, arc published in Mr. Hawkins's Memoirs of
Ichthyosauri and Plesiosauri, London, 1834, Pl. 8. Fig.1,is a
small specimen of the Ichthyosaurus Communis, from the lias
at Lyme-Regis, belonging to the Geol. Soc. of London. PL 8,
Fig. 2, a small Ichthyosaurus Intermedius, from the lias at Lyme
Regis belonging to Sir Astley Cooper. Pl 9, Fig. 1, an Ichthy-
osaurus Tenuirostris, from the lias of Street, near Glastonbury, in
the collection of Rev. D. Williams. Fig. 2 is the continuation
of the tail, and Fig. 3, the reverse of the head. The teeth in
this species are small, and in due proportion to the slender
character of, the snout.
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Figs. 1, 2), at once shows that the Ichthyosauri
were Reptiles, partaking partly of the charac-
ters of the modern Crocodiles, but more allied to
Lizards. They approach nearest to Crocodiles
in the form and arrangement of their teeth.
The position of the nostril is not, as in Croco-
diles, near the point of the snout; it is set, as
in Lizards, near the anterior angle of the orbit of
the eye. The most extraordinary feature of the
head is the enormous magnitude of the eye,
very much exceeding that of any living animal.*
The expansion of the jaws must have been
prodigious; their length in the larger species,
(Ichthyosaurus Platyodon), sometimes exceeding
six fect; the voracity of the animal was doubt-
less in proportion to its powers of destruction.
The neck was short, as in fishes.

Teeth.

The teeth of the Ichthyosaurus (Pl 11, 8, c,)
are conical, and much like those of the Croco-
diles, but considerably more numerous, amount-
ing in some cases to a hundred and eighty; they
vary in each species; they are not enclosed in
‘deep and separate sockets, as the teeth of Croco-

* In the collection of Mr. Johnson at Bristol is a skull of
Ichthyosaurus Platyodon, in which the longer diameter of the
orbital cavity measures fourteen inches. .
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diles, but -are ranged in one long continuous
furrow, (PL. 11, 8,c¢), of the maxillary bone, in
which the rudiments of a separatlon into distinct
alveoli may be traced in slight ridges ex-
tending between the teeth, along the sides and
bottom of the furrow. The contrivance by
which the new tooth replaces the old one, is
very nearly the same in the Ichthyosauri as in
the Crocodiles (Pl 11, a, B, ¢); in both, the
young tooth begins its growth at the base of
the old tooth, where, by pressure on one side,
it causes first a partial absorption of the base,
and finally a total removal of the body of the
older tooth, which it is destined to replace.*

As the predaceous habits of the Ichthyosauri
exposed them, likc modern Crocodiles, to fre-
quent loss of their teeth, an abundant provision
has in each case been made for their continual
renewal.

* In Pl 11, Fig. a, shews the manner in which the older
tooth in the Crocodile becomes absorbed, by pressure of & younger
tooth rising within the cavity of its hollow base. Fig. ¢, repre-
sents a transverse scction of the left side of the lower jaw of an
Ichthyosaurus, shewing two teeth in their natural place, within
the furrow of the jaw; the younger tooth, by lateral pressure,
has caused absorption of the inside portion of the base of the
older tooth. Fig. B, represcnts a transverse section of the entire
snout of an Ichthyosaurus, in which the lower jaw exhibits on
both sides, a small tooth (a), which has caused partial absorption
of the base of the larger tooth, (c). In the upper jaw, the
bases of two large teeth (d, d,) are seen in their respective
furrows. e
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Eyes. .

The enormous magnitude of the eye of the
Ichthyosaurus (Pl. 10, Fig 1, 2), is among the
most remarkable peculiarities in the structure
of this animal. From the quantity of light ad-
mitted in consequence of its prodigious size, it
must have possessed very great powers of vision;
we have also evidence that it had both micro-
scopic and telescopic properties. We find on
the front of the orbital cavity in which this
eye was lodged, a circular serics of petrified thin
bony plates, ranged around a central aperture,
where once was placed the pupil; the form and
thickness of each of these plates very much re-
sembles that of the scales of an artichoke (PI.
10, Fig. 3). This compound circle of bony
plates, does not occur in fishes; but is found in
the eyes of many birds,* as well as of Turtles,
* The bony sclerotic of the Ichthyosaurus approaches to the
form of the bony circle in the eye of the Golden Lagle (PI. 10,
Fig. 5); one of its uses in each case being to vary the sphere of
distinct vision, in order to descry their prey at long or short dis-
tances. These bony plates also assist to maintain the prominent
position of the front of the eye, which is so remarkable in birds.
In Owls, whose nocturnal habits render distant vision impossible,
Mr. Yarrel observes, that the bony circle (Pl. 10, Fig. 4), is
concave, and elongated forwards, so that the front of the eyc
is placed at the end of a long tube, and thus projects beyond
the loose and downy feathers of the head; he adds; ¢ The
extent of vision enjoyed by the Falcons is probably denied
to the Owls, but their more spherical leas and corresponding

cornea give them an infensity better suited to the opacity
of the medium in which they are required to cxercise this
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Tortoises, and Lizards; and in-a less degree in
Crocodiles. (Pl 10, Figs. 4. 5. 6.) A -
In living animals these bony plates .are fixed -
in the exterior or sclerotic. coat of the eye, and
vary ‘its scope of action, by altering the con-
vexity of the cornea: by their retraction they
press forward the front of the eye and convert
it into a microscope ; in resuming their position,
when the eye is at rest, they convert it into a
telescope. The soft parts of the eyes of the Ich-
thyosauri have of course entirely perished; but
the preservation of this curiously constructed hoop
of bony plates, shews that the enormous eye, of
which they formed the front, was an optical in-
strument of varied and prodigious power, enabling
the Ichthyosaurus to descry its prey at great or
little distances, in the obscurity of night, and in
the depths of the sea ; it also tends to associate
the animal, in which it existed, with the family
of Lizards, and exclude it from that of fishes.*

power. They may be compared to a person near-sighted, who
sees objects with superior magnitude and brilliancy when within
the prescribed limits of his natural powers of vision, from the
increased angle these objects subtend.” Yarrel on the Anatomy
of Birds of Prey, Zool. Journal, v. 3, p. 188.

* There are analogous contrivances for the purpose of resisting
pressure, and maintaining the form of the eye in fishes, by the
partial or total ossification of the exterior capsule ; but in fishes,
this ossification is usually simple, though carried to a different
extent in different species; and the bone is never divided trans-
versely into many plates, as in Lizards and Birds; these capsules
of the eye are often preserved in the heads of fossil fishes: they
abound in the London clay; and occasionally occur in chalk.
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A further advantage resultmg from this curious
apparatus of bony plates, was to give strength
to the surface of so large an’ eye-ball, enabling
it the better to resist the pressure of deep water,
to which it must often have been exposed ;. it
would also have protected this important organ
from injury by the waves of the sea, to which an
eye, sometimes larger than a man’s head, must
frequently have been subject, when the nose was
brought to the surface, for the necessary purpose
of breathing air: the position of the nostrils,
close to the anterior angle of the eye, rendered
it impossible for the Ichthyosaurus to breathe
without raising its eye to the surface of the
water.

Jaws.

The Jaws of the Ichthyosauri, like those of
Crocodiles and Lizards, which are all more or
less elongated into projecting beaks, are com-
posed of many thin plates, so arranged as to
combine strength with elasticity and lightness,
in a greater degree than could have been ef-
fected by single bones, like those in the jaws of
Mammalia. It is obvious that an under jaw so
slender, and so much elongated as that of a
Crocodile or Ichthyosaurus, and employed in
seizing and retaining the large and powerful
animals which formed their prey, would have
been comparatively weak and liable to fracture
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if composed of a single bone. Each side of the
lower jaw was therefore made up of six separate
pieces, set together in a manner that will be
best understood by reference to the Figures in
Pl 11.*

This contrivance in the lower jaw, to combine
the greatest elasticity and strength with the
smallest weight of materials, is similar to that
adopted in binding together several parallel
plates of elastic wood, or steel, to make a cross-
bow; and also in setting together thin plates of
steel in the springs of carriages. As in the
carriage spring, or compound bow, so also
in the compound jaw of the Ichthyosaurus,
the plates arc most numerous and strong, at
the parts where the greatest strength is required
to be exerted; and are thinner, and fewer,
towards the ecxtremities, where the service to
be performed is less severc. Those who have

* These figures are sclected from various plates by Mr. Cony-
beare and Mr, De la Beche. Fig. 1 isarestoration of the entire head
of an Ichthyosaurus, in which each component bone is designated
by the letters appropriated by Cuvier to the equivalent bones in
the head of the Crocodile.  In the lower jaw, u, marks the dental
bone; v, the angular bone; a, superangular or coronoid ; y, arti-
cular bone; z, complementary; 4, opercular. Fig. 2, is part
of an under jaw of an Ichthyosaurus, shewing the manuer in
which the flat bones, v, z, u, are applied to each other, towards
the posterior part of the jaw. Figs. 3, 4, 5, 6, 7, shew the
manner in which these bones overlap, and lock into each other,
at the ‘transverse sections, indicated by the lines immediately
above them in Fig. 2. Fig. 8, shews the composition of the
bones in the lower jaw, as seen from beneath.
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witnessed the shock given.to the head of a
Crocodile, by the act of snapping together its
thin long jaws, must have seen how liable to
fracture the lower jaw would be, were it com-
posed of one bone only on each side: a similar
inconvenience would have attended the same
simplicity of structure in the jaw of the Ichthy-
osaurus. In each case, therefore, the splicing
and bracing together of six thin flat bones of
unequal length, and of varying thickness, on both
sides of the lower jaw, affords compensation for
the weakness and risk of fracture, that would
otherwise have attended the elongation of the
snout.

Mr. Conybeare points out a further beautiful
contrivance in the lower jaw of the 1chthyosaurus,
analogous to the cross bracings lately introduced
in naval architecture, (see Pl. 11, Fig. 2.)*

Vertebre.

The vertebral column in the Ichthyosaurus was
composed of more than one hundred joints ; and

* The coronoid bone, (x) is interposed between the dental, (a),
and opercular (&), its fibres have a slanting direction, whilst
those of the two latter bones are disposed horizontally ; thus,
the strength of the part is greatly increased by a regular dia-
gonal bracing, without the least addition of weight or bulk;
a similar structure may be noticed in the overlapping bones of
Ale heads of fish, and in a less degree, in those of Turtles.—
Geol. Trans. Lond. Vol. V. p. 565, and Vol. I. N. S. p. 112,

G. N
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although united to a head nearly resembling
that of a Lizard, assumed, in the leading prin-
giples of its construction, the character of the
yertebree of fishes. As this animal was con-
structed for rapid motion through the sea, the
mechanism of hollow vertcbre, which gives fa-
cility of movement in water to fishes, was
better calculated for its functions than the
solid vertebrae of Lizards and Crocodiles.*
(Sce Plate 12, a. and B.) This hollow coni-
cal form would be inapplicable to the ver-
tebree of land quadrupeds, whose back, being
nearly at right angles to the legs, requires a
succession of broad and nearly flat surfaces,
which press with considerable weight against

* The sections of the vertebree of a fish (A c. c.) present two
hollow cones, united at their apex in the centre of each verte-
bra, in the form of an hour-glass; but the base of each cone,
(b.b.) instead of terminating in a broad flat surface, like the base
of the hour-glass, is bounded by a thin edge, like the edge of a
wine glass, and by this alone touches the corresponding edge of
the adjacent vertebra. Between these hollow vertebree, a soft
and flexible intervertebral substance, in the form of a double
solid cone (e. ¢.) is so placed that each hollow cone of bone plays
on the cone of clastic substance contained within it, with a
motion in every direction ; thus forming a kind of universal joint,
and giving to the entire column great strength, and power of
rapid flexion in the water.  But as the inflections in the perpen-
dicular direction are less necessary than in the lateral, they are
limited by the overlapping, or contiguity of the spines.

This mode of articulation gives mechanical advantage to ani-
mals like fishes, whose chief organ of progressive motion is.the
tail; and the weight of whose bodies being always suspended "in
-water, creates little or no pressure on the edges, by which alone
the vertebra touch each other.
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each other. It is quite certain, therefore, that
such large and bulky creatures as the Ich-
thyosauri, having their vertebre constructed
after the manner of fishes, had they been
furnished with legs instead of paddles, could
not have moved on land without injury to
their backs.*

Ribs.

The ribs were slender, and most of them
bifurcated at the top: they were also conti-
nuous along the whole vertebral column, from
the head to the pelvis, (see Plates 7, 8, 9);
and in this respect agree with the structure of
modern Lizards. A considerable number of
them were united in front across the chest:
their mode of articulation may be seen in PI. 14.

* Sir E. Home has further remarked a peculiarity of the spinal
canal, which exists in no other animals; the annular part (Pl
12, D a. and E a.) being neither consolidated with the body of
the vertebra, as in quadrupeds; nor connected by a suture, as in
Crocodiles ; but remaining always distinct, and articulating by a
peculiar joint, resembling a compressed oval ball and socket joint,
(D g. and E g.). And Mr. Conybeare adds, that this mode of
articulation co-operates with the cup-shaped form of the interver-
tebral joints, in giving flexibility to the vertebral column, and
assisting its vibratory motions; for, had these parts been consoli-
dated, as in quadrupeds, their articulating processes must have
locked the whole column together, so as to render such a motion
of its parts impossible ; but by means of this joint every part
ylers to that motion. The tubercle by which the transverse
apophysis of the head of the rib articulates with the vertebra, is
seen at d.
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The ribs of the right side were united to those
of ‘the left, by intermediate bones, analogous to
the cartilaginous éntermediate and sternal por-
tions of the ribs in Crocodiles ; and to the bones
which, in the Plesiosaurus, form what Mr. Co-
nybeare has called the sterno-costal arcs. (See
PL 17.) This structure was probably subser-
vient to the purpose of introducing to their
bodies an unusual quantity of air; the animal
by this means being enabled to remain long
beneath the water, without rising to the surfate
for the purpose of breathing.*

* The sterno-costal ribs probably formed part of a condensing
apparatus, which gave these aninals the power of compressing
the air within its lungs, before they descended beneath the water.
In the Lond. and Edin. Phil. Mag. Oct. 1833, Mr. Faraday has
noticed a method of preparing the organs of respiration in
man, so as considerably to extend the time of holding the breath
in an impure atmosphere; or under water, as practised by pearl-
fishers; and illustrated by experiments of Sir Graves C. Houghton.
If & person inspires deeply, and cecasing with his lungs full of air,
holds his breath as long as he is able, the time during which he
can remain without breathing will be double, or more than double,
that which he could do if he hell his breath without such deep
inspiration. When Mr. Brunel, jun. and Mr. Gravatt descended
in a diving-bell to examine the hole where the Thames had
broken into the tunnel at Rotherhithe, at the depth of about
thirty feet of water, Mr. Brunel, having inspired deeply the com-
pressed air within the diving-bell, descended into the water below
the bell ; and found that he could remain twice as long under
water, going into it from the diving-bell at that depth, as he
could under ordinary circumstances.

Mr. Gravatt has also informed me that he is able to dive, and
remain three minutes under water, after inflating his lungs with
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- Sternum. ,

To a marine animal that breathed air, it was
essential to possess an apparatus whereby its
ascent and descent in the water may have
"been easily accomplished ; accordingly we find
such an apparatus, constructed with prodigious
strength, in the anterior paddles of the Ichthyo-
saurus; and in the no less extraordinary com-
bination of bones that formed the sternal arch,
or that part of the chest, on which these pad-
dles rested. Pl. 12, Fig. 1.

It is a curious fact, that the bones composing
the sternal arch are combined nearly in the
same manner as in the Ornithorhynchus* of
New Holland ; which secks its food at the bot-
tomn of lakes and rivers, and is obliged, like the

the largest possible quantity of common air, by a succession of
strong and rapid inspirations, and immediately compressing the
lungs thus filled with air, by muscular exertion, and contraction
of the chest, before he plunges into the water. By this compres-
sion of the lungs, the specific gravity of the body is also in-
creased, and the descent is conscquently much facilitated.

All these advantages were probably united in the mode of re-
spiration of the Ichthyosaurus, and also in the Plesiosaurus.

* In this anomalous animal the Oruithorhynchus or Platypus,
we have a quadruped clothed with fur, having a bill like a duck,
with four webbed feet, suckling its young, and most probably ovo-
viviparous: the male is furnished with spurs.—See Mr, R. Owen’s
Papers on the Ornithorhynchus Paradoxus, in the Phil. Traus.
London, 1832, Part 11. and 1834, Part II.  See also Mr. Owen's
Paper on the same subject in Trans. Zool. Soc. Lond. Part 111
1835, in which he poiuts out many approximations in the gene-
rative and other systems of this animal to the organization of
reptiles.
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Ichthyosaurus, to be continually rising to the
surface to breathe air.*

Here then we have a race of animals that
became extinct at the termination of the secon-
dary series of geological formations, presenting,
in their structure, a series of contrivances, the
same in principle, with those employed at the
present day to effect a similar purpose in one
of the most curiously constructed aquatic qua-
drupeds of New Holland.t

Paddles.

In the form of its extremities, the Ichthyo-
saurus deviates from the Lizards, and approaches
the Whales. A large animal, moving rapidly
through the sea, and breathing air, must have

* In both these animals there is superadded to the ordinary
type of bones in quadrupeds, an cnlargement of the coracoid
bone (c), and a peculiar form of sternum, resembling the fur-
culp of birds. In Pl. 12, Fig. 1, a. represents the peculiar
sternum or furcula; b. b. the clavicles; c¢. c. the coracoid
bones; d. d. the scapule; ¢. e. the humeri; f. g. the radius
and ulna. At Fig 2, the same letters are attached to the cor-
responding bones of the Ornithothynchus.

The united power of all these bones imparts to the chest and
paddles peculiar strength for an unusual purpose; not so much
to effect progressive motion (which, in the Ichthyosaurus, was
produced with much greater facility and power by the tail), as to
ascend and descend vertically in quest of air and food.

+ The Echidna, or spiny Ant-eater, of New Holland, is the
only known land quadruped that has a similar furcula and cla-
vicles. As this animal feeds on Ants, and takes refuge in deep
burrows, this structure may be sabsidiary to its great power of
digging. A cartilaginous rudiment of a furcula occurs also in the
Dasypus ; and seems subservient to the same purpose.
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required great modification of the fore-leg and
foot of the Lizard, to fit it for such cetaceous
habits. The extremities were to be converted
into fins instead of feet, and as such we shall
find them to.combine even a still greater union
of elasticity with strength, than is presented by
the fin or paddle of the Whale. Plate 12, Fig.
1, shows the short and strong bones of the arm
(e), and those of the fore arm (f, g); and be-
yound these the series of polygonal bones that
made up the phalanges of the fingers. These
polygonal bones vary in number in different
species, in some exceeding one hundred; they
differ also in form from the phalanges both
of Lizards and Whales; and dcrive, from their
increase of number, and change of dimensions,
an increase of elasticity and power. The
arm and hand thus converted into an elastic
oar or paddle, when covered with skin, must
have much resembled externally the undivided
paddle of a Porpoise or Whale. The position
also of the paddles on the anterior part of the
body was nearly the same ; to these were super-
added posterior extremities, or hind fins, which
are wanting in the cetacea, and which possibly
make compensation for the absence of their flat
horizontal tail : these hind paddles in the Ich-
thyosaurus are nearly by one half smaller than
the anterior paddles.* »

* In the Ornithorhynchus, also, the membranous expansion, or
web of the hind feet, is very much less than that on the fore foot.
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" +Mr. Conybeare remarks, with his usual acu-
men, that “the reasons of this variation from
the proportions of the posterior extremities of
quadrupeds in general, are the same which lead
to a similar diminution of the analogous parts in
Seals, and their total disappearance in the ceta-
cea, namely, the necessity of placing the centre
of the organs of motion, when acting laterally,
before the centre of gravity. For the same
reason, the wings of birds are placed in the fore
part of their body, and the centre of the mov-
ing forces given to ships by their sails, and to
steam-boats by their paddles, is similarly placed.
The great organ of motion in fishes, the tail, is
indeed posteriorly placed, but this by its mode of
action generates a vis a lergo, which impels the
animal straight forwards, and does not therefore
operate under the same conditions with organs
laterally applied.” G.T.V. 5, p.579.

I shall conclude this detailed review of the
peculiarities of one of the most curious, as well
as the most ancient, among the many genera
of extinct reptiles presented to us by Geology,
with a few remarks on the final causes of those
deviations from the normal structure of its pro-
per type, the Lizard ; under which the Ichthy-
osaurus combines in itself the additional charac-
ters of the fish, the Whale, and Ornithorhynchus.
As the form of vertebree by which it is associ-
ated with the class of fishes, seems to have been
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introduced for the purpose of giving rapid mo-
tion in the water to a Lizard inhabiting the ele-
ment of fishes; so the further adoption of a
structure in the legs, resembling the paddles of
a Whale, was superadded in order to convert
these extremities into powerful fins. The still
further addition of a furcula and clavicles, like
those of the Ornithorhynchus, offers a third and
not less striking example of selection of contri-
vances, to enable animals of one class to live in
the element of another class.

If the laws of co-existence are less rigidly
maintained in the Ichthyosaurus, than in other
extinct creatures which we discover amid the
wreck of former creations, still thesc deviations
are so far from being fortuitous, or evidencing
imperfection ; that they present examples of
perfect appointment and judicious choice, per-
vading and regulating even the most appa-
rently anomalous aberrations.

Having the vertebree of a fish, as instru-
ments of rapid progression; and the paddles of
a Whale, and sternum of an Ornithorhynchus,
as instruments of elevation and depression ; the
reptile Ichthyosaurus united in itself a combi-
nation of mechanical contrivances, which are
now distributed among three distinct classes of
the animal kingdom. If, for the purpose of
producing vertical movements in the water, the
sternum of the living Ornithorhynchus assumes
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forms and combinations that occur but in one
other genus of Mammalia, they are the same
that co-existed in the sternum of the Ichthy-
osaurus of the ancient world; and thus, at
points of time, separated from each other by the
intervention of incalculable ages, we find an
identity of objects effected by instruments so
similar, as to leave no doubt of the unity of the
design in which they all originated.

1t was a necessary and peculiar function in the
economy of the fish-like Lizard of the ancient
seas, to ascend continually to the surface of the
water in order to breathe air, and to descend
again in search of food ; it is a no less peculiar
function in the Duck-billed Ornithorhynchus of
our own days, to perform a series of similar move-
ments in the lakes and rivers of New Holland.

The introduction to these animals, of such
aberrations from the type of their respective
orders, to accommodate deviations from the usual
habits of these orders, exhibits an union of com-
peusative contrivances, so similar in their rela-
tions, so identical in their objects, and so perfect
in the adaptation of each subordinate part, to
the harmony and perfection of the whole; that
we cannot but recognise throughout them all,
the workings of one and the same eternal prin-
ciple of Wisdom and Intelligence, presiding from
first to last over the total fabric of Creation.
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SECTION V.

INTESTINAL STRUCTURE OF ICHTHYOSAURUS
AND OF FOSSIL FISHES.

From the teeth and organs of locomotion, we
come next to consider those of digestion in the
Ichthyosaurus. If there be any point in the
structure of extinct fossil animals, as to which it
should have seemed hopeless to discover any
kind of evidence, it is the form and arrangement
of the intestinal organs; since these soft parts,
though of prime importance in the animal
economy, yet being suspended freely within the
cavity of the body, and unconnected with the
skeleton, would leave no traces whatever upon
the fossil bones.

It is impossible to have seen the large appa-
ratus of teeth, and strength of jaws, which we
have been examining in the Ichthyosauri, without
concluding that animals furnished with such
powerful instruments of destruction, must have
used them freely in restraining the excessive
population of the ancient seas. This inference
has been fully confirmed by the recent disco-
very within their skeletons, of the half digested
remains of fishes and reptiles, which they had
devoured, (see Pl. 13, 14,), and by thc further
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discovery of Coprolites, (see Pl. 15,)i. e. of feecal
remains in a state of petrifaction, dispersed
through the same strata in which these skeletons
are buried. The state of preservation of these
very curious petrified bodies is often so perfect,
as to indicate not only the food of the animals
from which they were derived, but also the
dimensions, form, and structure of their stomach,
and intestinal canal.*

On the shore at Lyme Regis, these Coprolites
are so abundant, that they lie in some parts of
the lias like potatoes scattered in the ground ; still

* The following description of these Coprolites, is given in
my memoir on this subject, published in the Transactions of*
the Geological Society of London, 1829, (vol. iii. n. s. part i.
p- 224. with three plates.)

«¢ In variety of size and external form, the Coprolites resemble
oblong pebbles or kidneyzpotatoes. They, for the most part,
vary from two to four inches in length, and from one to
two inches in diameter. Somec few are much larger, and bear
a due proportion to the gigantic calibre of the largest Ichthyo-
sauri; others are small, and bear a similar ratio to the more
infantine individuals of the same species, and to small fishes:
some arc flat and amorphous, as if the substance had been
voided in a semifluid state; others are flattened by pressure of
the shale. Their usual colour is ash-grey, sometimes inter-
spersed with black, and scwetimes wholly black. Their sub-
stance is of a compact earthy texture, resembling indurated
clay, and having a conchoidal and glossy fracture. The struc-
ture of the Coprolites at Lyme Regis is in most cases tortuous,
but the number of coils is very unequal; the most common
number is three: the greatest I have scen is six: these varia-
tions may depend on the various species of animals from which
they ave derived; 1 find analogous variations in the tortuous
intestines of moadern Skates, Shaihs, and Dog-tish,  Some
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more common are they in the lias of the Estuary
of the Severn, where they are similarly disposed
in strata of many miles in extent, and mixed so
abundantly with teeth and rolled fragments of
the bones of reptiles and fishes, as to show that
this region, having been the bottom of an ancient
sea, was for a long period the receptacle of the
bones and feecal remains of its inhabitants.
The occurrence of Coprolites is not however
peculiar to the places just mentioned, they are
found in greater or less abundance throughout the
lias of England ; they occur also in strata, of all

Coprolites, especially the small ones, show no traces at all of
contortion.

¢ The sections of these faeecal balls, (see Pl. 15, Figs. 4, and 6,)
show their interior to be arranged in a folded plate, wrapped
spirally round from the centre outwards, like the whorls of a
turbinated shell; their exterior also retains the corrugations and
minute impressions, which, in their plastic statc, they may have
received from the intestines of the living anjmals. (See Pl. 15,
Figs. 3, and 10 to 14.) Dispersed irregularly and abundantly
throughout these petrified faces, are the scales, and occasionally
the teeth and bones of fishes, that seem to have passed undi-
gested through the bodies of the Saurians; just as the enamel of
teeth and sometimes fragments of bone, are found undigested
both in the recent and fossil album greecum of hysenas. These
scales are the hard bright scales of the Dapedium politum, and
other fishes which abound in the lias, and which thus appear to
have formed no small portion of the food of the Saurians. The
Bones are chiefly vertebra of fishes and of small Ichthyosauri;
the latter are less frequent than the bones of fishes, but still are
sufficiently numerous, to show that these monsters of the ancient
deep, like many of their successors in our modern oceans, may
have devoured the small and weaker individuals of their own
species.” :
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aiges that contain the remains of carnivorous rep-

-tiles, and have been recognized in many and

distant regions both of Europe and America.*
The certainty of the origin of these Coprolites
is established, by their frequent presence in the
abdominal region of fossil skeletons of Ichthyo-
sauri found in the lias of Lyme Regis. One of
the most remarkable of these is represented in
Pl. 13; the coprolitic matter loaded with fish
scales, within the ribs of these and similar spe-
cimens, is identical in appearance and chemical
composition with the insulated coprolites that
occur in the same strata with the skeletons.t

* Professor Jeeger has recently discovered many Coprolites
in the alum slate of Gaildorf in Wirtemberg; a formation
which he considers to be in the lower region of that part of the
new red sandstone formation which in Germany is called Keuper;
and which contains the remains of two species of Saurians,

In the United States Dr. Dckay has also discovered Copro-
lites in the Green-sapd formation of Monmouth, in New Jersey;
see PL 15, Fig. 13. ‘

+ This specimen has been presented by Viscount Cole to the
Geological Collection of the University of Oxford. It affords
decisive proof that the substances in question cannot be referred
to adventitious matter, placed accidentally in contact with the
fossil body, inasmuch a< the large coprolitic mass is enclosed
between the back bone and the right and left series of the ribs, of
which the greater number remain nearly in their natural position.
The quantity of this coprolite is prodigious, when compared with
the size of the animal in which it occurs; and if we were not
acquainted with the powers of the digestive organs of reptiles and
fishes, and their capacity of gorging the larger animals that form
their prey; the great space within these fossil skeletons of Ich-
thyostiuri, which is occasionally filled with coprolitic matter, )
would appear inexplicable.
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The preservation of such feecal matter, and its
conversion to the state of stone, result from the
imperishable nature of the phosphate of lime, of
which both bones, and the products of digested
bones are gqually composed.

The skeleton of another Ichthyosaurus in the
Oxford Museum, from the lias at Lyme Regis,
(PL. 14) shews a large mass of fish scales, chiefly
referrible to the Pholidophorus limbatus,* in-
termixt with coprolite throughout the entire
region of the ribs; this mass is overlaid by many
ribs, and although, in some degree perhaps,
extended by pressure, it shows that the length

* According to Professor Agassiz, the scales of Pholidophorus
limbatus, a species very frequent among the fossils of the lias, are
more abundant than those of any other fish in the Coprolites found
in that formation at Lyme Regis; and shew that this species was
the principal food of these reptiles. In Coprolites from the coal
formation, near Edinburgh, he has also recognised the scales
of Paleoniscus, and of other fishes that are often found entire
.ln strata that accompany the coal of that neighbourhood.
‘Scales of the Zeus Lewisicnsis, a fish discovered by Mr. Man-
tell, in the chalk, occur in Coprolites derived from voracious
fishes during the deposition of this formation.

A Coprolite from the lias, (Pl 15, Fig. 3), remarkable for its
spiral convolutions, and vascular impressions, affords a striking
example of the minute accuracy with which investigations are
now conducted by naturalists, and of the kiud of evidence which
comparative anatomy contributes in aid of geological enquiry.
On one side of this Coprolite, there is a small scale, (Fig. 3, «,)
which I could only refer to some unknown fish, of the numerous
species that occur in the lias. The instant I shewed it to M.
Agassiz, he not only pronounced its species to be the Pholido-
phorus limbatus; but at once declared the precise place which
this scale had occupied upon the body of the fish. A minute
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of the stomach was nearly co-extensive with the
trunk.

. Among living voracious reptlles we have ex-
amples of stomachs equally capacious; we know
that whole human bodies have been foynd within
the stoinachs of large Crocodiles ; we know also,
from the form of their teeth, that the Ichthyo-
sauri, like the Crocodiles, must have gorged their
prey entire; and when we find, imbedded in
Coprolites derived from the larger Ichthyosauri,
bones of smaller Ichthyosauri, of such dimen-
sions, (see Pl. 15, Fig. 18. And Geol. Trans.
2, S. vol. iii, Pl. 29, Figs. 2, 3, 4, 5,) that the
individuals from which they were derived, must
have measured several feet in length; we infer.
that the stomach of these animals formed a pouch,
or sac, of prodigious size, extending through
nearly the entire cavity of the body, and of
capacity duly proportioned to the jaws and
teeth with which it co-operated.

tube upow its inner surface, (Pl. 15, Fig. 3’,) scarcely visible
without a microscope, shewed it to have been one of those
which form the lateral line of perforated scales, that pass from
the head towards the tail, one on each side of every fish; and
convey a tube for the transmission of lubricating mucus from
glands in the head, to the extremity of the body. The place
of the scale in this line, had been on the left side, not far
from the head. Fig. 3'' is the upper surface of a similar scale,
shewing at e the termination of the mucous duct.



COPROLITES,

Spiral Disposition of Small Intestines.

As the more solid parts of animals alone, are
usually susceptible of petrifaction, we tannot
demonstrate by direct evidence the form and size
of the small intestines of the Ichthyosauri, but
the contents of these viscera are preserved in
such perfection in a fossil state, as to afford
circumstantial evidence that the bowels in which
they were moulded, were formed in a manner
resembling the spiral intestines of some. of the
swiftest and most voracious of our modern
fishes.

We “shall best understand the structure of
these intestines by examining the corresponding
organs of Sharks and Dog-fish, animals not
less peculiarly rapacious among the inhabitants
of our modern scas, than the Ichthyosauri were
in those early periods to which our considera-
tions are carried back. We find in the intestines
of these fishes, (see Pl. 15, Figs. 1, and 2,) and
also in those of Rays, an arrangement resembling
that of the interior of an Archimedes screw,
admirably adapted to increase the extent of
internal surface for the absorption of nutriment
from the food, during its passage through a tube
containing within it a continuous spiral fold,
coiled in such a manner, as to afford the greatest

G. o
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pessible extent of surface in the smallest space.

A similar contrivance is shown by the Coprolites

to have existed in the Ichthyosaurus. See Pl.

15, Figs. 3, 4, 6.*

Impressions of the Mucous Membrane on
Coprolites.

«

Besides the spiral structure and consequent
shortness of the small intestine, we have addi-
tional evidence to shew even the form of the
minute vessels and folds of the mucous mem-

* These cone-shaped bodies are made up of a flat and con-
tinuous plate of digested bone, coiled round itself whilst it was
yet in a plastic state. The form is ncarly that which would be
assumed by a piece of riband, forced continually forward into
a cylindrical tube, through a long aperture in its side. In this
case, the riband moving onwards, would form a succession of
involuted coues, coiling one round the other, and after a certain
number of turns within the cylinder, (the apex moving continu-
ally downwards,) these cones would emerge from the end of the
tube in a form resembling that of the Coprolites, Pl. 15, Figs.
3,5,7,10,11,12, 13, 14. In the same manner, a lamina of
coprolitic matter would be coiled up spirally into a series of
successive cones, in the act nf passing from a small spiral vessel.
inta the adjacent large intestine. Coprolites thus formed fell into
soft mud, whilst it was accumulating at the bottom of the sea, and
together with this mud, (which has subsequently been indurated.
into shale and stone,) they have undergone so complete a process
of petrifaction, that in hardness, and beauty of the polish. of.
which they are susceptible, they rival the qualities of orpa-
mental marble.

Fig. 6, shews a longitudinal section through the. axis’ oﬁ"
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brane, by which it was lined. This eviderice
consists in a series of vascular impressions and
corrugations on the surface of the Coprolite,
-which it could only have received during its
passage through the windings of this flat tube.*
Specimens thus marked are engraved at Pl 15,
Figs. 3, 5,7, 10, 12, 13, 14.

If we attempt to discover a final cause for
these curious provisions in the bowels of the
extinct reptile inhabitants of the seas of a
former world, we shall find it to be the same
that explains the existence of a similar structure

a coprolite, from the inferior chalk, in which this involute
conical form is well defined. Fig. 4, is the transverse section
of another Coprolite from the lias, shewing the manner in which
the plate coils round itself, till it terminates externally in a
broken edge, (at b). In all the figures the letter b, marks the
transverse section of this plate, where it is broken off near the
termination of its outer coil; the sections at b, shew also the
size and form of the flattened passage through the interior of the
screw,

A lamina of tenacious plastic substance pressed continually
forwards from the interior of such a screw, into the cavity of
the large intestine, would coil up spirally within it, until it
attained the largest size admitted by its diameter; from this coil
successive portions would be broken off abruptly, (at b,) and
descending into the cloaca would be thence discharged into the
sen.

* These impressions cannot have been derived from the mem-
brane of the inferior large intestine, because they are continued
along those surfaces of the inner coils of the Coprolibe, which
became permanently covered by its outer coils, in the act of
passing from the spiral tube into this large intestine. ‘
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in'the modern voracious tribes of Sharks and
Dog-fish.*

As the peculiar voracity of all these animals
required the stomach to be both large and long,.
there .would remain but little space for the
smaller viscera ; these are therefore reduced, as
we have seen, nearly to the state of a flattened
tube, coiled like a corkscrew around itself;
their bulk is thus materially diminished, whilst
the amount of absorbing surface remains almost
the same, as if they had been circular. Had a
large expansion of intestines been superadded
to the enormous stomach and lungs of the
Ichthyosaurus, the consequent enlargement of
the body would have diminished the power of
progressive motion, to the great detriment of an

* Paley, in his chapter on mechanical compensations in the
structure of animals, mentions a contrivance similar to that
which we attribute to the Ichthyosaurus, as existing in a species of
Shark, (the Alopecias, Squalus Vulpes, or Sea Fox). ¢ In this
animal, he says, the intestinc is straight from one end to the other :
but, in this straight, and consequently short intestine, is a winding,
cork-screw, spiral passage, through which the food, not without
several circumvolutions, and in fact by a long route, is conducted
to its exit. Here the shortness of the gut is compensated by
the obliquity of the perforation.”

Dr. Fitton has called my attention to a passage in Lord
King's Life of Locke, 4°. p. 166, 167, from which it appears
that the importance of a spiral disposition within the intestinal
canal, which he observed iu many preparations in the collection
of anatomy at Leyden, was duly appreciated by that profound
philosopher.
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animal whlch depended on its speed for the
capture of its prey.

The above facts which we have ehclted from
the coprolitic remains of the Ichthyosauri, afford
a new and curious contribution to our knowledge
both of the anatomy and habits of the extinct in-
habitants of our planet. We have found evidence
which enables us to point out the existence of
beneficial arrangements and compensations, even
in those perishable, yet important parts which
formed their organs of digestion. We have ascer-
tained the nature of their food, and the form and
structure of their intestinal canal ; and have traced
the digestive organs through three distinct stages
of *descent, from a large and long stomach,
through the spiral coils of a compressed ileum,
to their termination in a cloaca; from which the
Coprolites descended into the mud of the nascent
lias. 1In this lias they have been interred during
countless ages, until summoned from its deep
recesses by the labours of the Geologist, to give
evidence of events that passed at the bottom
of the ancient seas, in ages long preceding the
existence of man.
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 Intestinal Structure of Fossil Fishes.

Discoveries have recently been made of Co-
prolites derived from fossil fishes. Mr. Mantell
has found them within the body of the Macro-
poma Mantellii, from the chalk of Lewes, placed
in contact with the long stomach of this vora-
cious fish : the coats of its stomach are also well
preserved.* Miss Anning also has discovered
them within the bodies of several species of
fossil fish, from the lias at Lyme Regis.
Dr. Hibbert has shown that the strata of
fresh-water limestone, in the lower region of
the coal formation, at Burdie House, near Edin-
burgh, are abundantly interspersed with Copro-
lites, derived from fishes of that early era; and
Sir Philip Egerton has found similar feecal
remains, mixed with scales of the Megalich-
thys, and fresh-water shells, in the coal for-
mation of Newcastle-under-Lyne. In 1832,
Mr. W. C. Trevelyan recognized Coprolites in

* See Mantell's Geol. of Sussex, Pl. 38. I learn from Mr.
Maatell, that the form of the Coprolites within the Macropoma
most nearly resemble those engraved, Pl. 15, Figs. 8, 9, of the
present work : he also conjectures that the more tortuous kinds,
(PL 15, Figs. 5, 7), long known by the name of Juli, and sup-
posed to be fossil fir cones, may have been derived from fishes

,of the Shark family, (Ptychodus) whose large palatal teeth (PL
27. f) abound in the same locaht,les of the chalk formatlon mth
them, at'Steyning and Hamsey. *
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the centre of nodules of clay ironstone, that
abound in a low cliff composed of shale, be-
longing to the coal formation at Newhaven,
near Leith. I visited the spot, with this gen-
tleman and Lord Greenock, in September,
1834, and found these nodules strewed so
thickly upon the shore, that a few minutes
sufficed to collect more specimens than I could
carry ; many of these contained a fossil fish, or
fragment of a plant, but the greater number had
for their nucleus, a Coprolite, exhibiting an
internal spiral structure; they were probably
derived from voracious fishes, whose bones are
found in the same stratum. These nodules
take a Dbeautiful polish, and have been ap-
plied by the lapidaries of Ldinburgh to make
tables, letter presses, and ladies’ ornaments,
under the name of Beetle stones, from their
supposed insect origin. Lord Greenock has dis-
covered, between the laminge of a block of coal,
from the neighbourhood of Edinburgh, a mass
of petrified intestines distended with Coprolite,
and surrounded with the scales of a fish, which
Professor Agassiz refers to the Megalichthys.

This distinguished naturalist has recently as-
certained that the fossil worm-like bodies, so
abundant in the lithographic slate of Solen-
hofen, and described by Count Miinster in the
Petrefacten of Goldfuss, under the name of
Lumbricaria, are either the petrified intestines



* As these Cololites are most frequently found insulated in
the lithographic limestone, M. Agassiz has ingeniously explained
this fact by observing the process of decomposition of dead
fishes in the lakes of Switzerland. The dead fish floats on
the surface, with its belly upwards, until the abdomen is so
distended with putrid gas, that it bursts: through the aperture
thus formed the bowels come forth into the water, still adhering
together in their natural state of convolution. This intestinal
mass is soon torn from the body by the movement of the
waves; the fish then sinks, and the bowels continue a long
time floating on the water: if cast on shore, they remain
many days upon the sand before they are completely decom-
posed. The small bowels only are thus detached from the body,
the stomach and other viscera remain within it.

We owe this illustration of the nature of these fossil bodies,
whose origin has hitherto been inexplicable, to the author of a
most important work on fossil fishes, now under publication
at Neuchatel. His qualifications for so great and difficult a
task are abundantly guaranteed by the fact, that Cuvier, on
seeing the progress he had made, at once placed at the disposal
of Professor Agassiz the materials he had himself collected
towards a similar work.

.
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.' It is probable that to many persons inexperi-
enced in anatomy, any kind of information on a
subject so remote, and apparently.so inaccessible,
as the intestinal structure of an extinct reptile or
a fossil fish, may at first appear devoid of the
smallest possible importance ; but it assumes a
character of high value, in the investigation of
the proofs of creative wisdom and design, that
are unfolded by the researches of Geology ; and
supplies a new link to that important chain,
which connects the lost races that formerly in-
habited our planet, with species that are actually
living and moving around ourselves.* The sys-
tematic recurrence, in animals of such distant
eras, of the same contrivances, similarly dis-
posed to effect similar purposes, with analogous
adaptations to peculiar conditions of existence,
shews that they all originated in the samc Intel-
ligence. ,
When we see the body of an Ichthyosaurus,
still containing the food it had eaten just before
its death, and its ribs still surrounding the
remains of fishes, that were swallowed ten thou-

* Le temps qui répand de la dignité sur tout ce qui échappe &
son pouvoir destructeur, fait voir ici un exemple singulier de son
influence: ces substances si viles dans leur origine, étent ren-
dues 4 la lumiére aprés tant de siccles, deviennent d’une grande
importance puis qu'elles servent & remplir un nouveau chapitre
dans Phistoire naturelle du globe.—Bulletin Soc. Imp. de Moscow,
No. VI. 1833, p. 23.
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sand, or more than ten times ten thousaad years
ago, all these vast intervals seem annihilated,
time altogetheg disappears, and we are almost
brought into as immediate contact with events
of immeasurably distant periods, as with the
-affairs of yesterday.

SECTION VI.
PLESIOSAURUS.*

WEe come next to consider a genus of extinct
animals, nearly allied in structure to the Ichthy-
osaurus, and co-extensive with it through the
middle ages of our terrestrial history. The dis-
covery of this genus forms one of the most im-
portant additions that Geology has made to com-
parative anatomy. It is of the Plesiosaurus, that
Cuvier asserts the structure to have been the
most heteroclite, and its characters altogether
the most monstrous, that have been yet found
amid the ruins of a former world.t To the head
of a Lizard, it united the teeth of a Crocodile;
a neck of enormous length, resembling the body
cof a Serpent: a trunk and tail having the pro-
portions of an ordinary quadruped, the ribs of a

¢ See Pl. 16, 17, 18, 19.

+ Cet habitant de I'ancien monde peut-étre la plus hétéroclite
et celui de tous qui paroit le plus mériter le nom de monstre.~
Oss..Foss. V. Pt. 2, p. 476.
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Camelion, and the paddles of a Whale.. Such
are the strange combinations of form and struc-
ture in the Plesiosaurus -a genus, the remains
of which, after interment for theusands of years
amidst the wreck of millions of extinct inhabi-
tants of the ancient earth, are at length recalled
to light by the researches of the Geologist, and
submitted to our examination, in nearly as per-
fect a state as the bones of species that are now
existing upon the earth.

The Plesiosauri appear to have lived in shal-
low seas and estuaries, and to have breathed air
like the Ichthyosauri, and our modern Cetacea.
We are already acquainted with five or six spe-
cies, some of which attained a prodigious size
and length; but our present observations will
be chiefly limited to that which is the best
known, and perhaps the most remarkable of
them all, viz. the P. Dolichodeirus.*

# The first specimens of ghis animal were discovered in the lias
of Lyme Regis, about the year 1823, and formed the foundation
of that admirable paper (Geol. Trans. Lond. vol. 5, Pt.2.) in which
Mr. Conybeare and M. De la Beche established and named this
genus. Other examples have since been recognised in the same
formations in different parts of England, Ireland, France, and
Germany, and in formations of various ages, from the muschel
kalk upwards to the chalk. The first specimen discovered in a
state approaching to perfection, was that in the collection of the
Duke of Buckingham, (figured in the Geol. Trans. Lond. N. S.
Nol. 1, Pt. 2, PL. 48). Another specimen, nearly entire, in the
collection of the British Museum, eleven feet in length, is figured
in our second volume, (Pl. 16); and at Pl. 17, a still more pe}-
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Head *

The head of the P. Dolichodeirus exhibits a
combination of the characters of the Ichthyo-
saurus, the Crocodile, and the Lizard, but most
nearly approaches to the latter. It agrees with
the Ichthyosaurus in the smallness of its nostrils,
and also in their position near the anterior angle
of the eye ; it resembles the Crocodile, in having
the teeth lodged in distinct alveoli; but differs
from both, in the form and shortness of its head,
many characters of which approach closely to
the Tguana.{ .

fect fossil skeleton, also in the British Museum, discovered by Mr.
Hawkins, in the lias at Strect, near Glastonbury, At Pl 161is also
copicd Mr. Conybeare's restoration of this animal, from dislocated
fragments, before any entire skeletons were found. The near
approach of this restoration to the character of the perfect ske-
letons, affords a striking example of the sure grounds on which
comparative anatomy enables us to rggonstruct the bodies of fossil
animals, from a carcful combination of insulated parts. The
soundness of the reasoning of Cuvier, on the fossil quadrupeds
of Montmartre, was established by the subsequent discovery of
skeletons, such as he had conjecturally restored from insulated
bones. Mr. Conybeare’s restoration of the Plesiosaurus Doli-
chodeirus, (Pl. 16,) was not less fully confirmed by the speci-
mens above mentioned.

* See PI. 16, 17, 18.

+ Mr. Conybeare, in the Geol. Traus. second series, vol. 1,
part 1, Pl. 19, has published figures of the superior and lateral
view of a nearly perfect head of this animal. Our figure, P. 18,
Fig. 2, represents the head of. the specimen in the British Mu-
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Neck.

The most anomalous of all the characters of
P. Dolichodeirus is the extraordinary extension
of the neck, to a length almost equalling that of
the body and tail together, and surpassing in the
number of its vertebra (about thirty-three) that
of the most long-necked bird, the Swan : it thus
deviates in the greatest degree from the almost

seum, of which the entire figure, on a smaller scale, is given in
PL 16. The head is in a supine position; the upper jaw is dis-
torted, and shows scveral of the separate alveoli that contained
the tecth, and also the posterior portion of the palate. The
under jaw is but little disturbed.

A figure of another lower jaw is given at Pl. 18, Fig. 1, taken
from a specimen also in the British Museum, found by Mr. Haw-
kins, at Street.

Pl. 19, Fig. 3, represents the extremity of the dental bone of
another lower jaw, in the same collection, retaining scveral teeth
in the anterior sockets, and also exhibiting a serics of new teeth,
rising within an interior range of small cavitics. This arrange-
ment for the formation of new teeth, in cells within the bony
mass that contains the older teeth, from which they shoot irre-
gularly forwards through the substance of the bone, forms an
important point of resemblance whereby the Plesiosaurus as-
sumes, in the renovation of its teeth, the character of Lizards,
combined with the position of the perfect teeth in distinct alveoli,
after the manner of Crocodiles.

The number of teeth in the lower jaw was fifty-four, which, if
met by a corresponding series in the upper jaw, must have made
the total number to exceed one hundred. The anterior part of
the extremity of the jaw enlarges itself like the bowl of a spoon,
to allow space for the reception of the six first teeth on each side,
which are the largest of all.
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universal law, which limits the cervical vertebrae
of quadrupeds to a very small number. Even
in the Camelopard, the Camel, and Lama, their
number is uniformly seven. In the short neck
of the Cetacea the type of this number is main-
tained. In Birds it varies from nine to twenty-
three ; and in living Reptiles from three to eight.*
We shall presently find in the habits of -the
Plesiosaurus a probable cause for this extraordi-
nary deviation from the normal character of
the Lizards.

» To compensate for the weakness that would have attended
this great elongation of the neck, the Plesiosaurus had an
addition of a series of hatchet-shaped processes,on each side
of the lower part of the cervical vertebree. (Pl. 17, and Pl. 19,
1, 2.) Rudiments and modifications of these processes exist in
birds, and in long-necked quadrupeds. In the Crocodiles they
assume a form, most nearly approaching that which they bear in
the Plesiosaurus.

The bodies of the vertebree also more nearly resemble those
of certain fossil Crocodiles, than of lchthyosauri or Lizards;
they agree further with the Crocodile, in having the annular part
attached to the body by sutures; so that we have in the neck of
the P# Dolichodeirus a principle of construction resembling that
of the vertebres of Crocodiles ; combined with an elongation very
ir‘;'uqh: exceeding that of the longest neck in birds, and such as
occurs in no other known animal of the extinct or living creations.
The length of the neck in P. Dolichodeirus is nearly five times
that of the head ; that of the trunk four times the length of the
head, and of the tail three times; the head itself being ane-thir-
teenth, part of the whole body.—See Geol. Trans. Lpnd Val. "’.
p. 559, Qna 179! I ‘N. B. p. 103, et seq.

facg N
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.Back and Tail. .

The vertebra of the back were not disposed in
hollow cones, like those of fishes, but presented
to each other nearly flat surfaces, giving to. the
column a stability, like that which exists in the
back of terrestrial quadrupeds. The articulat-
ing processes, also, were locked into one another
in such manner as to give strength, rather than
that peculiar kind of flexibility, which admitted
of the same quick progressive motion in the
Ichthyosauri that we find in fishes : but as rapid
motion was incompatible with the structure of
the other parts of the Plesiosaurus, the combi- .
nation of strength, rather than of speed with
flexibility, was more important.

The tail, being comparatively short, could not
have been used like the tail of fishes, as an
instrument of rapid impulsion in a forward dn'ec-
tion ; but was probably employed more as a
rudder, to steer the animal when swimming. on
the surface, or to elevate or depress it in ascend-
ing and descending through the water. The
same consequence as to slowness of motion
would follow from the elongation of the neck,
to so great a distance in front of the anterior

‘paddles. The total number of vertebree in the
entire column was about ninety. From all these
circumstances we may infer that this amma.l,
althougb of considerable size, had to seek its fm,
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as well as its safety, chiefly by means of artifice
and concealment.

Ribs.* -
The ribs are composed of two parts, one ver-
tebral and one ventral; the ventral portions of
one side, (Pl. 18, 3, b,) uniting with those on
the opposite side by an intermediate transverse
bone, (a, ¢,) so that each pair of ribs encircled
the body with a complete belt, made up of five
parts.¥ Cuvier observes that the similarity of
this structure to that of the ribs of Cameleons
and two specics of Iguana, (Lacerta Marmorata,
Lin. and Anolius, Cuvier,) seems to shew that
the lungs of the Plesiosaurus Dolichodeirus,
(as in these three subgenera of living Sauriauns,)
were very large; and possibly that the colour
of its skin also was changeable, by the varied
intensity of its inspirations.}] Oss. Foss. Vol. V.
Pt. 2. p. 280.

“see PI. 16, 17, 18.

+ The ventral portion of each vib, (Pl. 17, and Pl 18, 3,
b,) appears to have been composed of three slender bones fitted
to one another by oblique grooves, allowing of great expansive
movement during the inflation of the lungs: the manner in
which these triple bones were folded over one another, is best
seen in u single series between @, and b, the upper ends of the
ventral portions of the ribs (b) have been separated by pressure,
from th Jower ends of the vertebral portions. (d.)

t We ‘tiave no means to verify this ingenious conjecture, that
the Plesiosaurus may have been a kind of sub-marine Cameleon,
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This hypothesis of Cuvier is but conjectural,
respecting the power of the . Plesmsaurus to
change the colour of its skin; and to the un-
experienced in comparative anatomy, it may
seem equally conjectural, to deduce any other
conclusions respecting such perishable organs
as the lungs, from the discovery of peculiar con-
trivances, and unusual apparatus in the ribs;
vet we argue on similar grounds, when from the
form and capabilities of these fossil ribs, we infer
that they were connected, as in the cameleon,
with vast and unusual powers of expansion and
contraction in the lungs; and when, on finding
the ribs and wood-work of a worn-out bellows,
near the\ yins of a blacksmith's forge, we con-
clude thai these more enduring parts of the

possessing the power of altering the colour of its skin; it must
however be admitted that such a power would have been of
much advantage to this animal, in defending it by concealment
from its most formidable enemy the Ichthyosaurus, with which,
its diminutive head and long slender neck, must have rendered
it a very unequal combatant, and from whose attacks its slow
locomotive powers must have made escape by flight impossitite ;
the enlarged condition of the lungs, would also have been of
great advantage in diminishing the frequency of its ascents to
the surface, to inspire air; an operation that must have been
attended with constant danger, in a sea thickly swarming with
Ichthyosauri. Dr. Stark has recently observed that certain fishes,
especially minnows, have a tendency to assume the colour of the
vessel in which they are kept. (Proceedings Zool. Soc. Lond.
July, 1833.) As in animals of this class there are no lungs,
this change of colour must arise from other cause than that to
which nt hu been am'ihted in the Cameleon.

G. | .

.
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ftanw of this instrument, have been connected
with a proportionable expansion of leather.

The compound character of the ribs, probably
also gave to the Plesiosaurus the same. power
of compressing air within its lungs, and in that
state taking it to the bottom, which we have
considered as resulting from the structure of
the steno-costal apparatus of the Ichthyosauri.

Extremities.*

As the Plesiosaurus breathed air, and was
therefore obliged to rise often to the surface for
inspiration, this necessity was met by an appa-
ratus in the chest and pelvis, and in the bones
of the arms and legs, cnabling it to ascend and
descend in the water after the manner of the
Ichthyosauri and Cetacea; accordingly the legs
were converted into paddles, longer and more
powerful than those of the lchthyosaurus, thus
compensating for the comparatively small assist-
ance which it could have derived from its tail.t

Comparing these extremities with those of
other vertebrated animals, we trace a regular

® See Pl 16, 17, 19,

+ The number of joints represcating the phalanges of the
fingers and toes exceeds that in the Lizards and Birds, and also
in all Mammalia, excepting the Whales, some of which present a
similgy increase of number to accommodate them to the corres-

ponding office of a paddle. The mode of connection between
the joints was (like that in the Whales,) by synchondrosis.
The phalanges of the Plesiosaurus present a link, between the
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series of links and gradations, from the corres-
ponding parts of the highest mammalia, to their
least perfect form in -the fins of fishes.” In the
fore paddle of the Plesiosaurus, we have all the
essential parts of the fore leg of a quadruped,
and even of a human arm; first the scapula,
next the humerus, then the radius and ulna,
succeeded by the bones of the carpus and meta-
carpus, and these followed by five fingers, each
composed of a continuous series of phalanges.
(see PI. 16, 17, 19.) The hind paddle also offers
precisely the same analogies to the leg and foot
of the Mammalia; the pelvis and femur are
succeeded by a tibia and fibula, which articulate
with the bones of the tarsus and metatarsus,
followed by the numerous phalanges of five long
toes.

From the consideration of all its characters,
Mr. Conybeare has drawn the following infe-
rences with respect to the habits of the Plesio-
saurus Dolichodeirus, ¢ That it was aquatic is
evident, from the form of its paddles; that it
was marine is almost equally so, from the re-
mains with which it is universally associated ;

still more numerous and angular joints of the paddle of the
Ichthyosaurus, and the phalanges of land quadrupeds, which are
more or less cylindrical ; in these sea Lizards they were flattehed,
for the purpose of giving breadth to the extremities as organs.of
swimming. As its paddles give no indication of having carried
even such imperfect claws, as those of the Turtles and Seals,
the Plesiosanrus apparently could have made l:ttle or no pmms
in any other element than water.
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that it may have occasionally visited the shore,
the resemblance of its extremities to those of
the Turtle may lead us to conjecture ; its motion
however must have been very awk ward onland ;
its long neck must have impeded its progress
through the water; presenting a stnklng con-,
trast to the organization which so admu'ably
fits the Ichthyosaurus to cut through the waves.
May it not therefore be concluded (since, in
addition to these circumstances, its respiration
must have required frequent access of air,) that
it swam upon, or near the surface; arching
back its long neck like the swan, and occasion-
ally darting it down at the fish which happened
to float within its reach. It may perhaps have
lurked in shoal water along the coast, concealed
among the sea-weed, and raising its nostrils to a
level with the surfuce from a considerable depth,
may have found a secure retreat from the as-
saults of dangerous enemies; while the length
and flexibility of its neck may have compen-
sated for the want of strength in its jaws, and
its incapacity for swift motion through the water,
by the suddenness and agility of the attack
which they enabled it to make on every animal
ﬁt;tgd for its prey, which came within its reach,”
—Geol. Trans. . s. vol. i. part ii. p. 388.

.We began our account of the Plesiosaurus
thh quoting the high aathority of Cuvier, for
(.onsadermg it as on¢ of the most anomalous and
monstfous producuons of the ancient systems of
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creation; we have seen in proceeding through
our examination of its details, that these appa-
rent anomalies consist only in the diversified
arrafigement, and varied proportion, of parts
fundamentally the same as those that occur in
the most perfectly formed creatures of the pre-
sent world.

Pursuing the analogies of construction, that
connect the existing inhabitants of the earth
with those extinct genera and species which
preceded the creation of our race, we find an
unbroken chain of affinities pervading the entire
series of organized beings, and connecting all
past and present forms of animal existence by
close and harmonious ties. Even our own
bodies, and some of their most important orgauns,
are brought into close and direct comparison
with those of reptiles, which, at first sight, ap-
pear the most monstrous productions of crea-
tion; and in the very hand and fingers with
which we write their history, we recognise the
type of the paddles of the Ichthyosaurus and
Plesiosaurus.

Extending a similar comparison through the
four great classes of vertebral animals, we find
in each species a varied adaptation of ana-
logous parts, to the different circumstances and
conditions in which it was intended to be
placed. Ascending from thie lower orders, we
trace a gradual advancement in structure and
office, till we arrive at thesc whose functlons
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are thé most exalted : thus, the fin of the fish
hecomes the paddle of the reptile Plesiosaurus
and Ichthyosaurus; the same organ is con-
verted into the wing of the Pterodactyle, the
bird and bat; it becomes the fore-foot, or paw,
in quadrupeds that move upon the land, and
attains its highest consummation in the arm
and hand of rational man.

I will conclude these observations in the
words and with the feelings of Mr. Conybeare,
which must be in unison with those of all who
have had the pleasure to follow him through his
masterly investigations of this curious subject,
Jrom which great part of our information re-
specting the genus Plesiosaurus has been de-
rived:

*“ To the observer actually engaged in tracing
the various links that bind together the chain of
organised beings, and struck at every instant by
the development of the most beautiful analogies,
almost every detail of comparative anatomy,
however minute, acquires an interest, and even
a charm ; since he is continually presented with
fresh proof of the.great general law, which
Scarpa himself, one of its most able investi-
gators, has so elegantly expressed : ¢ Usque adeo
natura, una eadem semper atque multiplex, dis-
paribus etiam formis effectus pares, admirabili

varietatum simplicitate conciliat.’”
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SECTION VIL

MOSASAURUS, OR GREAT ANIMAL OF MAESTRICHT.

THe Mosasaurus has been long known by the
name of the great animal of Maestricht, occur-
ing near that city, in the calcareous freestone
which forms the most recent deposit of the
cretaceous formation, and contains Ammonites,
Belemnites, Hamites, and many other shells
belonging to the chalk, mixt with numerous
remains of marinc animals that are peculiar to
itself. A nearly perfect head of this animal was
discovered in 1780, and is now in the Museum
at Paris. This celebrated head during many
years baffled all the skill of Naturalists; some
considered it to be that of a Whale, others of a
Crocodile ; but its true place in the animal king-
dom was first suggested by Adrian Camper, and
at length confirmed by Cuvier. By their inves-
tigations it is proved to have been a gigantic
marine reptile, most nearly allied to the Monitor.*
The geological epoch at which the Mosasaurus

* The Monitors form a genus of Lizards, frequenting marshes
and the banks of rivers in hot climates; they have received
this name from the prevailing, but absurd, notiou that they give
warning by a whistling noise, of the approach of Crocodiles and
Caymans. One species, the Lacerta nilotica, which devours
the eggs of Crocodiles, has been sculptured on the monuments
of ancient Egypt. .
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first appeared, seems to have been the last of
the long series, during which the oolitic and
cretaceous groupes were in process of formation.
In these periods the inhabitants of our planet
seem to have been principally marine, and
some of the largest creatures were Saurians of
gigantic stature, many of them living in the
sea, and controlling the excessive increase of
the then existing tribes of fishes.

From the lias upwards; to the commencement
of the chalk formation, the Ichthyosauri and
Plesiosauri were the tyrants of the ocean ; and
Jjust at the point of time when their existence
terminated, during the deposition of the chalk,
the new genus Mosasaurus appears to have been
introduced, to supply for a while their place and
office," being itself destined in its turn to give
place to the Cetacea of the tertiary periods.
As no Saurians of the present world are inha-
bitants of the sea, and the most powerful living
representatives of - this order, viz. the Crocodiles,
-though living chiefly in water, have recourse
to stratagem rather than speed, for the capture
of their prey, it may not be unprofitable to
examine the mechanical contrivances, by which
a reptile, most nearly allied to the Monitor, was
s0 constructed, as to possess the power of
moving in the sea, with sufficient velocity to

* Rewmains of the Mosasaurus have been discovéred by Mr.

Mantell in the upper chalk near Lewes, and by Dr. Morton in
the green sand of Virginis.
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overtake and capture such large and powerful
fishes, as from the enormous size of its tecth
and jaws, we may conclude it was intended to
devour.

The head and teeth, (Pl. 20.) point out the
near relations of this animal to the Monitors;
and the proportions maintained throughout all the
other parts of the skeleton warrant the conclu-
sion, that this monstrous Moenitor of the ancient
deep was five and twenty feet in length, although
the longest of its modern congeners does not
exceed five feet. The head here represented
measures four feet in length, that of the largest
Monitor does not exceed five inches. The most
skilful Anatomist would be at a loss to devise
series of modifications, by which a Monitor
could be enlarged to the length and bulk of a
Grampus,* and at the same time be fitted to
move with strength and rapidity through the
waters of the sea; yet in the fossil before us,
we shall find the genuine characters of a Mo-
nitor maintained throughout the whole skeleton,
with such deviations only as tended to fit the
animal for its marine existence.

The Mosasaurus had scarcely any character
in common with the Crocodile, but resembled
the Iguanas, in having an apparatus of teeth
fixed on the pterygoid bone, (Pl. 20, k.) and
placed in the roof of its mouth, as in many

* The Grampus is from 20 to 25 feet long, and very fero-
cious, feeding on seals and porpoises as well as on fishes. .
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serpents and fishes, where they act as barbs to
prevent the escape of their prey.*

The other parts of the skeleton follow the
character indicated by the head. The vertebree
are all concave in front, and convex behind;
being fitted to each other by a ball and socket
joint, admitting easy and universal flexion.
From the centre of the back to the extremity of
the tail, they are destitute of articular apophyses,
which are essential to support the back of
animals that move on land : in this respect, they
agree with the vertebre of Dolphins, and were
calculated to facilitate the power of swimming ;
the vertebre of the neck allowed to that part
also more flexibility than in the Crocodiles.

The tail was flattened on each side, but high
and deep in the vertical direction, like the tail
of a Crocodile; forming a straight oar of im-
mense strength to propel the body by horizontal

* The teeth have no true roots and are not hollow, as in the
Crocodiles, but when full grown, are entirely solid, and united
to the sockets by a broad and firm base of bone, formed from
the ossification of the pulpy matter which had secrcted the
tooth, and still further attached to the jaw by the ossification
of the capsule that had furnished the enamel. This indurated
capsule, passed like a circular buttress around its base, tending
to make the tooth an instrument of prodigious strength. The
young tooth first appeared in a separate cell in the bone of the
jaw, (Pl 20, h.) and moved irregularly across its substance,
until it pressed against the base of the old tooth ; causing it
gradually to bécome detached, together with its base by & kind
of mecrosis, “and to fall off like the horns of a Deer. The

teeth, in the roof of the mouth, are also constructed on the same
principle, with those in the jaw, and renewed in like manner.
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movements, analogous to those of skulling.
Although the number of caudal vertebre was
nearly the same as in the Monitor, the propor-
tionate length of the tail was much diminished
by the comparative shortness of the body of
each vertebra ; the effect of this variation being
to give strength to a shorter tail as an organ for
swimming ; and a }apidity of movement, which
would have been unattainable by the long
and slender tail of the Monitor, which assists
that animal in climbing. There is a further
provision to give strength to the tail, by the
chevron bones being soldered firmly to the body
of each vertebra, as in fishes.

The total number of vertebree was one hun-
dred and thirty-threc, nearly the same as in
the Monitors, and more than double the num-
ber of those in the Crocodiles. The ribs had
a single head, and were round, as in the family
of Lizards. Of the extremities, sufficient frag-
ments have been found to prove that the Mosa-
saurus, instead of legs, had four large paddles,
resembling those of the Plesiosaurus and the
Whale: one great use of these was probably to
assist in raising the animal to the surface, in
order to breathe, as it apparently had not the
horizontal tail, by means of which the Cetacea
ascend for this purpose. All these characters
unite to show that the Mosasaurus was adapted
to live entirely in the water, and that although
it was of such vast proportions compared with
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the living genera of these families, it formed
a link intermediate between the Monitors and
the Jguanas. However strange it may appear
to find its dimensions so much exceeding those
of -any existing Lizards, or to find marine
genera in the order of Saurians, in which there
exists at this time no species capable of living
in the sea; it is scarcely less strange than the
analogous deviations in the Megalosaurus and
Iguanodon, which afford examples of still greater
cxpansion of the type of the Monitor and Iguana,
into ‘colossal forms adapted to move upon the
land. Throughout all these variations of propor-
tion, we trace the persistence of the same laws,
which regulate the formation of living genera,
and from the combinations of perfect mechanism
that have, in all times, resulted from their ope-
ration, we infer the perfection of the wisdom
by which all this mechanisin was designed, and
the immensity of the power by which it has ever
been upheld.

Cuvier asserts of the Mosasaurus that before
he had seen a single vertebra, or a bone of any
of its extremities, he was enabled to announce
the character of the entire skeleton, from the ex-
amination of the jaws and tecth alone, angd even
from.a single tooth. The power of doing this
resultsfmmthose magnificent laws of co-gxist-
ence,whmsh“ form the basis of the science of ¢ ¢om-
parative anatomy, and which give the highest
interest to its discoveries.
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SECTION VIl
PTERODACTYLE.*

AmonG the most remarkable disclosures made
by the researches of Geology, we may rank the
flying reptiles, which have been ranged by
Cuvier under the genus Pterodactyle; a genus
presenting more singular combinations of form,
than we find in any other creatures yet disco-
vered amid the ruins of the ancient earth.{

The structure of these animals is so excecd-
ingly anomalous, that the first discovered Ptero-
dactyle (Pl. 21) was considered by one natu-
ralist to be a bird, by another as a species of
bat, and by a third as a flying reptile.

This extraordinary discordance of opinion
respecting a creature whose skeleton was almost
entire, arose from the presence of characters
apparently belonging to each of the three classes
to which it was referred. The form of its head,
and length of neck, resembling that of birds, its
wings approaching to the proportion and form of

* See Pl. 1, Figs. 42, 43, and Plates 21, 22.

+ Pierollactyles have hitherto been found chiefly in the quar-
.vies of lithographic limestone of the jura formation at Aichstadt-
-and Solepbofen ; a stone abounding in marine remains, and also
iy Libellulee, and other insects. They have also been
* discovered 'in the lias at Lyme Regis, and in the oolitic slate of
Stonesfield. -
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those of bats, and the body and tail approximat-
ing to those of ordinary Mammalia. These
characters, connected with a small skull, as is
usual among reptiles, and a beak furnished with
not less than sixty pointed teeth, presented a
combination of apparent anomalies which it was
reserved for the genius of Cuvier to reconcile.
In his hands, this apparently monstrous produc-
tion of the ancient world, has been converted into
one of the most beautiful examples yet afforded
by comparative anatomy, of the harmony that
pervades all nature, in the adaptation of the
same parts of the animal frame, to infinitely
varied conditions of existence.

In the case of the Pterodactyle we have an
extinct genus of the Order Saurians, in the class
of Reptiles, (a class that now moves only on
land or in the water), adapted by a peculiarity
of structure to fly in the air. It will be interest-
ing to see how the anterior extremity, which in
the fore leg of the modern Lizard and Crocodiles
is an.organ of locomotion on land, became con-
verted into a membraniferous wing; and how
far the other parts of the body are modified so as
to fit the entire animal machine for the func-
tions of flight. The details of this enquiry will
afford such striking examples of numerical agree-
ment in the component bones of every limb, with
those in the corresponding limbs of living
Lizards, and are at the same time so illustrative
of contrivances for the adjustment of the same
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organ to effect different ends, that I shall select
for examination a few points, from the long and
beautiful analysis which Cuvier has given of the
structure of this animal.

The Pterodactyles are ranked by Cuvier
among the most extraordinary of all the. extinct
animals that have come under his consideration ;
and such as, if we saw them restored to life,
would appear most strange, and most unlike to
any thing that exists in the present world.—
“ Ce sont incontestablement de tous les étres
dont ce livre nous révele I'ancienne existence, les
plus extraordinaires, et ceux qui, si on les voyait
vivans, paroitroient les plus étrangers a toute Ia
nature actuelle.” (Cuv.Oss.Foss.Vol.V.Pt.11,
p- 379.)

We are already acquainted with eight spe-
cies of this genus, varying from the size of a
Snipe to that of a Cormorant.*

In external form, these animals somewhat
resemble our modern Bats and Vampires:
most of them had the nose elongated, like the
snout of a Crocodile, and armed with conical

* In Pl 21, | have given an engraving of the Pterodactylus
longirostris, which was first published by Collini, and formed the
basis on which this genus was established.

At Pl. 22, O. is engraved the smallest known species, P. Bre-
virostris, from Solenhofen, described by Professor Soemmering.

A figure and description of a third species, P. macronyx, from
the lias at Lyme Regis, have been published by myself, (Geol.
Trans, Lond. second series, Vol. 3, Pt. 1). This species was
about the size of a Raven, and its wings, when expanded, must
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teeth. Their eyes were of enormous gsiiie, appa-
rently enabling them. to fly-by night. From
their wings projected fingers, terminated by long
hooks, like the curved claw on the thumb of the
Bat. These must have formed a powerful paw,
wherewith the animal was enabled to creep or
climb, or suspend itself from trees.

It is probable also that the Pterodactyles had
the power of swimming, which is so common in
reptiles, and which is now possessed by the
Pteropus Pselaphon, or Vampire Bat of the
island of Bonin. (See Zool. Journ. No. 16, p.
458.) ¢ Thus, like Milton's fiend, all qualified
for all services and all elements, the creature
was a fit companion for the kindred reptiles that
swarmed in the seas, or crawled on the shores of

a turbulent planet.
¢ The Fiend,
QO'er bog, or steep, through strait, rough, dense, or rare,
With head, hands, wings, or feet, pursues his way,
And swims, or sinks, or wades, or creeps, or flies."”
Paradise Lost, Book I1. line 947.

With flocks of such-like creatures flying in the

have been about four feet from tip to tip. A fourth species, P.
crassirostris, has been described by Professor Goldfuss. In Pl.
22, N. 1 have given a reduced copy of his plate of the specimen ;
and in Pl 22, A. a copy of his restoration of the cntire animal.
Count Munster has described another species, P. medius. Cuvier
describes some bones of a species, P. grandis, four times as ] '
as P. longirostris, which latter was about the size of a Wnadm
cock. Professor Goldfuss has described d' seventh specied front’
Sulenhofen, P. Mnnalen, and has proposed the name P. M~ .
landi, for the eighth undescribed species found at Stonesfield.
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air, and shoals of no less monstrous Ichthyo-
sauri and Plesiosauri swarming in the ocenn,
and gigantic Crocodiles, and Tortoises crawling
on the shores of the primeeval lakes and rivers,
Mr, sea, and land must have been strangely
\ in these carly periods of our infunt

@.“{u‘As the most obvious feature of these fossil
reptiles is the presence of organs of flight, it
is natnral to look for the peculiarities of the
Bird or Bat, in the structure of their component
bones. All attempts, however, to identify them
with Birds are stopped at once by the fact of
their having teeth in the beak, resembling those
of reptiles: the form of a single bone, the os
quadratum, enabled Cuvier to pronounce at
once that the creature was a Lizard: Dbut a
Lizard possessing wings exists not in the pre-
sent creation, and is to be found only among the
Dragons of romance and heraldry ;| while a
moment’s comparison of the head and tecth

* Geol. Trans. Lond. N. S, Vol. 111, part. 1.

+ One diminutive living species of Lizard, (the Draco volans,
see Pl 22, L.) differs from all other Saurians, in having an ap-
pearance of imperfect wings, produced by a membranous expan-
sion of the skin over the fulse ribs which project almost horizon-
tally from the back ; the membrane expanded by these false ribs,
acts like a parachute to support the animal in leaping from tree
to tree, but has no power to beat the air, or become an instru-
mentof true flight, like the arm or wing of Birds and Bats; the
arm ‘or fore leg of the Draco volans differs not from that of
- common Lmu-ds

¢ R Y Q
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w1th those of Bats (Pl. 21, and Pl. 22, M.) shows
that the fossil animals in question cannot be
referred to that family of flying Mammalia.
The vertebra of the neck are much elongated,
and are six or seven only in number, whereas
they vary from nine to twenty-three in birds.*
In birds the vertebrae of the back also vary
from seven to eleven, whilst in the Pterodactyles
there are nearly twenty ; the ribs of the Ptero-
dactyles are thin and thread-shaped, like those
of Lizards, those of birds are flat and broad,
with a still broader recurrent apophysis, peculiar
to them. In the foot of birds, the metatarsal
bones are consolidated into one: in the Ptero-
dactyles all the metatarsal bones are distinct ;
the bones of the pelvis also differ widely from
those of a bird, and resemble those of a Lizard ;

* In one species of Pterodactyle, viz. the P. macronyx,
Geol. Trans. ~. s. V. iii. pl. 27, page 220, from the lias at Lyme
Regis, there is an unusual provision for giving support and
movement to a lurge head at the extremity of a long neck, by
the occurrence of bony tendons running parallel to the cervical
vertcbree, like the tendons that pass along.the back of the
Pigmy Musk (Moschus pygmaeus,) and of many birds. This
provision does not occur in any modern Lizards, whose necks are
short, and require no such aid to support the head. In the
compensation which these tendons afforded for the weakness
arising from the elongation of the neck, we have an example of
the same mechanism in an extinct order of the most antient
reptiles, which is still applied to strengtben other parts of the
vertebral. column, in a few existing species of mnmmalla aml
birds. . . -~

v
K
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all these points of agrcement, with the type of

Lizards, and of difference from the character of

birds, leave no doubt as to the place in which

the Pterodactyles must be ranged, among the -
Lizards, notwithstanding the approximation

which the possession of wings seems to give

them to Birds or Bats. }

The number and proportions of the bones in
the fingers and toes in the Pterodactyle, require
to be examined in some detail, as they afford
coincidences with the bones in the correspond-
ing parts of Lizards, from which important con-
clusions may be derived.

As an insulated fact, it may scem to be of
little moment, whether a living Lizard or a fossil
Pterodactyle, might have four or five joints in
its fourth finger, or its fourth toe ; but those who
have patience to examine the minutiee of this
structure, will find in it an exemplification of
the general principle, that things apparently
minute and trifling in themselves, may acquire
importance, when viewed in connexion with
others, which, taken singly, appear equally
insignificant. Minutie of this kind, viewed in
their conjoint relations to the parts and pro-

_portions of other animals, may illustrate points
of high importance in physiology, and thereby
become connected with the still higher conside-

" rations of natural theology. If we examine the
fore-foot of the existing Lizards, (Pl. 22, B.) we
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find the number of joints regularly increased by
the addition of one, as we proceed from the first
finger, or thumb, which has two joints, to the
third, in which there are four; this is precisely
the numerical arrangement which takes place in
the three first fingers of the hand of the Ptero-
dactyle; (Pl. 22, c. . E. N. 0. Figs. 30—38.)
thus far the three first fingers of the fossil
reptile agree in structure with those of the fore-
foot of living Lizards; but as the hand of the
Pterodactyle was to be converted into an organ
of flight, the joints of the fourth, or fifth finger
were lengthened, to become expansors of a
membranous wing.*

* Thus in the P. Longirostris (Pl. 21, 39—42.) and P.
Brevirostris, (Pl. 22, Fig. O, 39—42,) the fourth finger is
stated by Cuvier to have four elongated joints, and the fifth or
ungual joint to be omitted, as its presence is unnccessary.
In the P, Crassirostris, according to Goldfuss (Pl. 22, Figs. a,
,) this claw is present upon the fourth finger, (43) which thus
has five bones, and the fifth finger 18 elongated to carry the wing.
Throughout all these arrangements in the fore foot, the normal
numbers of the type of Lizards are maintained.

If, as appcars from the specimen engraved by Goldfuss, of
P, Crassirostris, (Pl. 22, v, 44, 45,) the fifth finger was elon-
gated to expand the wing, we should infer from the normal
number of joints in the fifth finger of Lizards being only three,
that this wing finger had but three joints. In the fossil itself
the two first joints only are preserved, so that his conjectural
addition of a fourth joint to the fifth finger, in the restored
figure, (Pl. 22, A, 47,) seems inconsistent with the annlogiea,,
that pervade the structure of this, and of every othet species, nf
Pterodactyle, as describetl by Cuvier.
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As the bones in the wing of the Pterodactyle
thus agree in number and proportion with those
in the fore foot of the Lizard, so do they differ
entirely from the arrangement of thc bones
which form the expansors of the wing of the
Bat.*

The total number of toes in the Pterodactyles
is usually four; the exterior, or little toe, being
deficient ; if we compare the number and pro-
portion of the joints in these four toes with
those of Lizards, (Pl. 22, ¥, 6, 1, 1,) we find the
agrecement as to number, to be not less perfect
than it is in the tingers; we have, in each case,
two joints in the first, or great toe, three in the
second, four in the third, and five in the fourth.
As to proportion also, the pcuultimate joiut is
always the longest, and the antcpenultimate, or
last but two, the shortest ; these relative propor-
tions are also precisely the same, as in the feet
of Lizards.t The apparent usc of this disposi-

* The Bat, see Pl 22, M, 30, 31, the first finger or thumb
alone, is free, and applicd to the purpose of suspension and
creeping ; the expansors of the wing are formed by the meta-
carpal bones, (26—29,) much clongated and terminated by the
minute phalanges of the other four fingers, 32—45, thus
preseating an adaptation of the hand of the mammalia to the
purposes of Hight, analogous to that which in the fossil world,
the Pterodactyle affords with respect to the hand of Lizards.

+ According to Goldfuss the P. Crassirostris had one more
‘toe-than Cuvier assigns to the other species of Pterodac-
tyles; -in thiy respect it is so far frem violating thc analogics
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tion of the shortest joints in the middle of the
toes of Lizards, is to give greater power of
flexion for bending round, and laying fast hold
on twigs and branches of trees of various di-
mensions, or on inequalities of the surface of
the ground or rocks, in the act of climbing, or
running.*

All these coincidences of number and pro-
portion, can only have originated in a pre-
meditated adaptation of each part to its pe-
culiar office ; they teach us to arrange an
extinct animal under an existing family of rep-
tiles; and when we find so many other peculia-
rities of this tribe in almost every bone of the
skeleton of the Pterodactyle, with such modifi-
cations, and such only as were necessary to fit
it for the purposes of flight, we perceive unity
of design pervading every part, and adapting to
motion in the air, organs which in other genera

we are considering, that it adds another approximation to the
character of the living Lizards; we have seen that it also
differs from the other Pterodactyles, in having the fifth, instead
of the fourth finger elongated, to become the expansor of the
wing.

Tt is however probable that the fifth toe had only three
joints, for the same reasons that are assigned respecting the
number of joints in the fifth finger. In the P. Longirostris,
Cuvier considers the small bone, (Pl 21, 5, 6,) to be a rudi-
mentary form of the fifth toe.

* A similar numericpl disposition prevails also in the toes of . .
birds, attended by similar advantages. A
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are calculated for progression on the ground or
in the water.

If we compare the foot of the Pterodactyle
with that of the Bat, (see Pl. 22, k,) we shall
find that the Bat, like most other mammalin,
has three joints in every toe, excepting the first,
which has only two; still these two, in the Ba,
are equal in length to the three bones of the
other toes, so that the five claws of its foot range
in one strait line, forming altogether the com-
pound hook, by which the animal suspends itsclf
in caves, with its head downwards, during its
long periods of hybernation ; the weight of its
body being, by this contrivance, equally divided
between each of the ten toes. The unequal
length of the toes of the Pterodactyle must have
rendered it almost impossible for its claws to
range uniformly in line, like those of the Bat,
and as no single claw could have sapported for
a long time the weight of the wholc body, we
may infer that the Pterodactyles did not suspend
themselves after the manner of the Bats. The
size and form of the foot, and also of the leg
and thigh, show that they had the power of
standing. firmly on the ground, where, with
their wings folded, they possibly moved after
the manner of birds; they could also perch
on trees, and climb on rocks and cliffs, with
‘their hind and fore feet conjointly, like Bats
‘and Lizards.
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With regard to their food, it has been conjec-
tured by Cuvier, that they fed on insccts, and
from the magnitude of their cyes that they may
also have been noctivagous. The presence of
large fossil Libellule, or Dragon-flies, and
many other insects, in the same lithographic
quarries with the Pterodactyles at Solenhofen,
and of the wings of coleopterous insects, mixed
with bones of Pterodactyles, in the oolitic slate
of 'Stgnesfield, near Oxford, proves that large
insects existed at the samie time with them, and
may havé contributed to their supply of food."
We know that many of the smaller Lizards of
existing 9pecms are insectivorous ; -some are also
carnivorous, and others omnivorous, but the
head and teeth of two species of Pterodactyle,
are so much larger and stronger than is ne-
cessary for the capture of insects, that the
larger specics of them may possibly have fed on
fishes, darting upon them from the air after the
manncr of Sea Swallows and Solan Geese.
The enormnous size and strength of tlie head and
teeth of the P. Crassirostris, would ot only
have enabled i to catch fish, but also to kill
and devour the few small marsupial mamimalia
which then existed upon the land.

The entire range of ancient anatomy, affords
few more striking examples of the uniformity of
the laws, which connect the extinct animals of
the fossil creation with existing organized beings,
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than those we have been examining in the case
of the Pterodactyle. We find the details of
parts which, from their minuteness should
scem insignificant, acquiring great importance
in such an investigation as we are now conduct-
ing ; they shew not Iess distinctly, than the co-
lossal limbs of the most gigantic quadrupeds, a
numerical coincidence, and a concurrence of
proportions, which it seems impossible to refer
to the effect: of aocidpnt ; and which

out unity of purpose, “and deliberate desxgn, in
some ' intelligent First Cause, from which they
were all derived. We bave seen that whilst all
the laws of existing organization in the order of
Lizards, are rigidly maintained in the Pterodac-
tyles; still, as Lizards modified to move like
birds and Bats in the air, they received, in
each part of their frame, a perfect adaptation to
their state. We have dwelt more at length on
the minutia of their mechanism, because they
convey us back into ages so exccedingly remote,
and show that even in those distaut eras, the
same care of a common Creator, which we wit-
ness in the mechanism of our own bodies, and
those of the myriads of inferior creatures that
move around us, was extended to the structurc of
creatures, that at first sight scem made up only
of monstrosities.
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SECTION IX.

Tue Megalosaurus, as its name implies, was a
Lizard, of great size, of which, although no
s]geleton has yet been found entire, so many
perfact bones and teeﬂx bave been. dlscovereg
in the same quarries, that we are ngarly as well
acquainted with the form and dimensions : of
its limbs, as if they had been found togethgr
in @ single block of stone.*

From the siz¢ and proportions of these bones,
as compared with existing Lizards, Cuvier
concludes the Megalosaurus to have been an
enormous reptile, measuring from forty to fifty
feet in length, and partaking of the structure of
the Crocodile and the Monitor. el

* This genus was established byﬁe Author, in'a Memoir,
published in the Geol. Trans. of Ina&on, (Vol 1,N.B. Pt. 2,
1824), and was fmded upon specimens dl‘coweled in ibe
oolitic slate of Stonesfield, near Oxford, the plage in which
these bones have as yet chiefly occurred. Mr. Mantell has
discovered remains of the same animal in the Wealden fresh-water
formation of Tilgate Forest; and from this circumstance we'infer
that it existed dnnng the deposition of the entire series of oolitic
strata. 'The author, in 1826, saw fragments of a jaw, containing
tecth, and of ‘some other bones of Megalosaurus, in the museum;
at Besangon, from the oolite of that neighbourhood, ST



MEGALOSAURUS. 235

As the femur and tibia measure nearly three
feet each, the entire hind leg must have attained
a length of nearly two yards: a metatarsal
bone, thirteen inches long, indicates a corres-
ponding length in the foot.* The bones of
the thigh and leg are not solid at the centre,
as in Crocodiles, and other aquatic quadrupeds,
but have large medullary cavities, like the
bones of terrestrial animals. We learn from
this circumstance, added to the character .of
the foot, that “thé’' Megalosaurus lived chiefly

i‘ﬁ‘ the mt%mal’ éondition of these fossil bones,
we e the Same adaptation of the skeleton to
its proper eélement, which now distinguishes the
bones of terrestrial, from those of aquatic Sau-
rians.t In the Ichthyosauri and Plesiosauri,
whose’ paddles were calculated exclusively to
move in water, even the largest bones of the
arms and legs were solid throughout. Their
weight would in no way have embarrassed their
action in the fluid n&pdtum they inhabited ; but in
the huge Megaloaaﬁrus, and still more gigantic
Iguanodon, which are shown by the character of
their feet.to have been fitted to move on land,
the larger ’bones of the legs were diminished

y ;ﬁw
‘f’%&
,Sge Geol. Tram. 204 series, Vol. 3, p. 427, Pl. 41.
-t ¥ learn from Mr. Owen that the long bones of land Tor-
 toises have a close cancellonl internal structure, but not a mc-
~dullary cavity.



“5§The medidlary cavities in the fossil bories of Megalosaurus,
froth Btonesfield, are umlly filled with calcareous spar. - In the
Oxford Museum there is a specimen from the Wealden fresh-
water formation at Langton, near Tunbridge Wells, which is
perbaps unique amongst organic feinains: it presents the cunm?
fact of a perfect cast of the interior of a large bone, appa~
rently the femur of a Megalosaurus, exhibiting the exact form
and ramifications of the marrow, whilst the bone itself has
entirely perished. The substance of this cast is fine sand,
cemented by oxide of iron, and its form distinctly represents
all the minute reticulations, with which the marrow filled the
intercolumniations of the cancelli, near the extremity of the
bone. It exhibits also casts of the perforations along the
internal parietes, whereby the vessels entered obliquely from
the exterior of the bone, to communicate with the marrow.
A mould of the exterior of the same bone has been also formed
by the sandstone in which it was imbedded : hence, although the
bone itself has perished, we have precise representations both of
its external form and internal cavities, and & model ‘of the mar-
row that filled this femur, nearly as perféct as could be made by
pouring wax into an empty marrow-ﬁqm and con(himg away
the bone with acid. The sand which'formed this cast must have
cntered the medullary cavity by a fracture across the other ex-
tremity of the bone, which was wanting in the specimen.
From this natural preparation of anciént enatomy we learn
that the disposition of marrow, aud its connection with the‘mi»
culated extremities of the interior of the femur, were the
these gigantic Lizards of a former world, as in medullary cavi-
ties of eaisting species. e - .
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saurus to have been in a high degree carni-
vorous: - it probably fed on smaller reptiles,
such as. Crocodiles and Tortoises, whose re-
mains abound in the same strata with its bones.
It may &8s have tiken to the waterin pummt of
Pleswsaunandﬁshﬁs‘ e G

The most: impertant pat.. of ;he an!o
saurus yet found; Gonsists of ‘a. fraginent of the
lower " jaw; ‘contaiving many teeth, (Pl 23,
Figs. 1'-2), " The form of this jaw shows that
;ihe head was terminated by a straight and

" narrow snout, compressed laterally like that of
‘the Delphinus Gangeticus.

As in all animals, the jaws and teeth form
the most characteristic parts, T shall limit my
present observations to a few striking circum-
stances in the dentition of thc Mcgalosaurus.
From these we learn that the animal was a
reptile, clogely allied to some of our modern
Lizards ; and viewing the teeth as instrumnents
for providing food to a carnivorous creature of
enormous maguitude, they appear to have been
admtrably adapted to the destructive office for

which they ’,"were designed. Their form and

. Mf Waﬁ? mfema me that a living Iguana (1. Tubercu-
l% in the gardens of the Zoological Society of London, in the
. mmﬁhr of 1834, was obaerved frequently to enter the water, and
. ‘mﬂcms a smoll pond, using its long tail as the instrument of

progréwon, and keeping its fore feet motionless.
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mipthaniser ‘will best be ﬁW by refeience

71

ip the figures in PL23%- &, © u L)

In the strycture of these teetl; (PB' 23,
Figs. 1, 2, 3), we find'a mﬂiwfan
mechanical contrivances analogous {o those
which are adopted in the construction of the
knife, the sabre, and the saw. When first pro-
truded above the gum, (Pl 23, Figs. 1. 2.) the
apex of each tooth presented a double cutting
edge of serrated enamel. In this stage, its
position and line of action were nearly vertical,
and its form like that of the two-edged point
of a sabre, cutting equally on each side. As
the tooth advanced in growth, it became curved

* The outer margin of the jaw (Pl. 23, Fig 1. 2'.) rses
neaily an inch above its inner margin, forming & continuous la-
teral paiapet to support the teeth on the exterior side, where the
greatest support was necessary ; whilst the inner margin (PI. 23,
Fig. 1) thiows up a series of triangular plates of bone, formg
a zig-7ag buttress along the interiot of the alveoli. From the
centre of each triangular plate, a bony partition crosses to the
outer paiapet, thus completing the successive alveoli. The new
teeth ale seen in the angle between each triangular plate, rising
in reserve to supply the loss of the oldér teeth, as piten as pro-
gressive growth, or accidental fracture, may rendet M regewal
necessary ; and thus aﬂ’ordmg an exubersat pin¥ision for » rapid
succession and restoration of these most M ippleineats.
They were formed in distinct cavities, byﬁm ﬁ&mﬂ‘ the old teeth,
towards the interior surface of the jaw, “and
them by the usual process of presaure and ama
ing themselves into the cavitiss thbs MW This contri-
vance for the renewal of teeth is tlg,pt which
takes place in the dentition of many q!%l ﬁ;ﬂr&&

v

.
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backwprds, in the form of a prening knife,
(P1. 23, Figs. 1.9. ), and the edge of serrated
enamgl; was contibned dgwnwardg to the.base of +
the inner and cutting side of the tooth, (Fig- 1
B. D.), whilst, on the outer side, a similar
edge descended, but to a short distance from the
point (Fig. 1, B, to C.), and the convex portion
of the tooth (A.) became blunt and thick, as the
back of a knife is made thick, for the purpose
of producing strength. The strength of the
tooth was further increased by the expansion
of jits sides, (as represented in the transverse
section, Fig. 4, A. D). Had the serrature
continucd along the whole of the blunt and
convex portion of the tooth, it would, in this
position, have possessed no useful cutting power;
it ceased precisely at the pomt (C.), beyond
which it could no longer be effective. In a
tooth thus formed for cutting along its concave
edge, each movement of the jaw combined the
power of the knife and saw; whilst the apex,
in meking the first incision, acted like the two-
edged paint'of a sabre. The bachward curva-
ture of the fullgrown teeth, enabled them to
retain, YkeéParbk, the prey which they had
penetpd :f h M lése adaptations, we see con-
i high o hosn ingenunity has also
he ion of various instru-

w
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voured .to show that the establishment of carni-
vorous races throughout the animal kingdom
tends materially to diminish the aggregate
amount of animal suffering. The provision of
teeth and jaws, adapted to effect the work of
death most speedily, is highly subsidiary to the
accomplishment of this desirable end. We act
ourselves on this conviction, under the impulse
of pure humanity, when we provide the most
efficient instruments to produce the instantane-
ous, and most easy death, of the innumcrable
animals that are daily slaughtered for the sup-
ply of human food.

STOTION X

1GUANODON.*

As the reptiles hitherto considered appear from
their teeth to have been carniverous, so we find
extinct species of the same great family, that
assumed the character and office of Berbivora.
For our knowledge of this genus, we are in-
debted to the scientific researches of Mr. Man-
tell. This indefatigable historian ¢f the Weal-
den fresh-water formation, b mot only found

* See Pl 1, Fig. 45, and PL 45 avd Mantell's Geology of ,
Sussex, and of the South-east of Englaod, |,
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the remains of the Plesiosaurus, Mégalosaurus,
Hylwosaurus,* and several species of Cro-
codiles and Tortoises in these deposits, of a
period intermediate between the oolitic and
cretaceous series, but has also discovered in
Tilgate Forest the remains of the Iguanodon,
a reptile much more gigantic than the Mega-
losaurus, and which, from the character of its
teeth, appears to have been herbivorous.| The
teeth of the Iguanodon are so precisely similar,
in the principles of their construction, to the
teeth of the modern Iguana, as to leave no

* The Hyleosaurus, or Lizurd of the Weald, was discovered
in Tilgate Forest, in Susses, in 1832. This extraoidnary Lizard
was probably about twenty-five feet long. Its most peculia cha-
racter consists 1n the remains of a series of long, flat, and pointed
bones, which seems to have formed an enormous dermal funge,
like the horny spines ou the back of the modein Iguma  These
bones vary i length fiom five to seventeen mches, and 1n width
from three to seven inches and a half at the base. Together
with them were found the remams of large dermal bones, or thick
scales, which were probably lodged n the akin

+ The Iguanodon has hitherto been found only, with oye ex-
ception, n the Wealden fresh-water formation of the south of
England, (Pl 1, sec. 22.), intermediate between the marine
oolitic deposits of the Portland stone and those of the green-
sand formagion fn the cretaceous seres. The discovery,
1834, (Phil. Mag. July 1834, p. 77), of a large propo:-
tion of the skdlidon of ome of these animals, in strata of the
Intter formation, ‘i fy'ffusrries of Kentish Rag, near Maid-
stone, shews that fe darstion of this animal did not cease with
the completion the Wealden series. The individual from
which this skelefoss was derived kad probably been dnfted to sea,

5rded flie bones found in the fresh-water depo-
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doubt of the near connedtion, of this most gi-
gantic extinct reptile with the Iguaa;as of our
own time. When we consider that the» lgrgest
living Iguana rarely exceeds five feet in length,
whilst the congenerous fossil animal must have
been nearly twelve times as long, we cannot
but be impressed by the discovery of a resem-
blance, amounting almost to identity, between
such characteristic organs as the teeth, in one
of the most enormous among the extinct reptiles
of the fossil world, and those of a genus whose
largest species is comparatively so diminutive.
According to Cuvier, the common Iguana in-
habits all the warm regions of America: it
lives chiefly upon trees, eating fruits, and seeds,
and leaves. The female occasionally visits the
water, for the purpose of laying in the sand
its eggs, which are about the size of those of a
pigeon.*

sits subjacent to this marine formation, had been drifted into an
estuary. This unique skeleton is now in the museum of Mr.
Mantell, and confirms nearly all his conjectures respecting
the many insulated bones which he had referred to the Igua-
nodon.

* In the Appendix to a paper in the Geol. Trmw (N. 8.
Vol. I1L. Pt. 3) on the fossil bones of thalgumodon,‘ﬂmd in
the Isle of Wight and Isle of Purbeck, I hays meqtioned the
following facts, illustrative of the Womm habits of the kﬁnt

Iguana.
In the spring of 1829, « Mr. W. 3 Mm a living
Iguana, about two feet long, in ¢ Millei's aue-

sery gardens, near Bristal. It had -and
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As the modern Iguana is fotind dnly“in the
warmest regions of the present earth, we may
reasonably infer that a similar, if not a still
warmék climate, prevailed at the time when so
huge a Lizard as the Iguanodon inhabited what
are now the temperate regions of the southern
coasts of England. We know from the frag-
ment of a femur, in the collection of Mr.
Mantell, that the thigh-bone of this reptile
much exceeded in bulk that of the largest
Elephant : this fragment presents a gircumfe-
rence of twenty-two inches in its smallest part,
and the entire length must have been between
four and five feet. Cowmparing the proportions of
this monstrous bone with those of the fossil teeth
with which it is associated, it appears that they
bear to one another nearly the samnc ratio that
the femur of the Iguana bears to the smularly
constructed and peculiar teeth of that animal,*

other kinds of animal food, until happening to be ncar some
kidney-bean plauts that were in the house for forcing, 1t began
to eat of their lcaves, and was from that tme forth supphed from
these plants.” In 1828, Captam Belcher found, in the sland of
Isabella, swarms of Iguanas, that appeared omnwvorous; they
fed vo ly on the eggs of birds, and the mtestmes ot fowls
and i

* From u careful romparison of the bones of the Iguanodon
with thoas of the Jgiiana, made by taking an average from the
proportions dgiffersnt bones from eight separate parts of the
respedtive skeletopy *ﬁt. Mantell has arrived at these dimensions
As being wgmumofthefonowlngpum of thi
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It has been stated, in the preceding section,
that the large medullary cavities in the femur
of the Iguanodon, and the form of the bones of
the fect, show that this animal, like the Megalo-
saurus, was constructed to move on land.

A further analogy hetween the extinet fossil
and the recent Iguana is offered by the presence
in both of a horn of bone upon the nose, (Pl. 24,
Fig. 14). The concurrence of peculiarities so
remarkable as the union of this nasal horn with
a mode ,of dentition of which there is no ex-
ample, except in the Iguanas, affords one of
the many proofs of the universality of the laws
of co-existence, which prevailed no less con-
stantly throughout the extinet genera and spe-
cies of the fossil world, than they do among the
living members of the animal kingdom.

Teet.
Length from snout to the extiemity of the tail. ... 70
Lengthoftal ..o oo i, 52}
Circumference of body ..., .. teseasieaseeses 14}

Mr. Mautell calculates the femur of the Ignanodon to be twenty
times the size of that of a modcrn Iguana; but as animals do
not increase m length in the same ratio as in bulk, it does not
follow that the Tzuanodon attamed the enormous length of one
hundred feet, although it approached perhaps nearly \aseventy
feet.

As the Iguanodon, from its enormous bulk, must have been
unable to mount on trees, it could not have appliedsits tail to the
same purpose a3 the Iguana, to assist in climbing® and the lon-

itudinal diameter of its caudal vertebree is mugh less in propor-
tion thon in the Iguana, and shews the entire thil 10 have been
comparatively shorter,
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Teeth.

As the teeth are the most characteristic and
important parts of the animal, I shall endeavour
to extract from them evidence of design, both
in their construction and mode of renewal, and
also in their adaptation to the office of consum-
ing vegetables, in a manner peculiar to them-
selves. They are not lodged in distinet sochets,
like the teeth of Crocodiles, but fixed, as in
Lizards, along the internal face of the dental
bone, to which they adhere by one side of the
bony substance of their root. (Pl 24, Fig. 13.)

The tecth of most herbivorous quadrupeds,
(exclusively of the defensive tusks), are divided
into two classes of distincet oftice, viz. incisors
and molars ; the former destined to colleet and
sever vegetable substances from the ground, or
from the parent plant; the latter to grind and
masticate them on thar way towards the sto-
mach. The living Iguanas, which are in
great part herbivorous, afford a striking excep-
tion to this economy : as their teeth are little
fitted for grinding, they transmit their food very
slightly comminuted into the stomach.

Our giant Iguanodon, also, had teeth resem-
bling thos&’o'f the Iguana, and of so herbivorous a
character, that at first sight they were supposed
by Cuvier gg.be the teeth of a Rhinoceros.
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. -The examination of these teeth will lead us to
-the discovery of remarkable contrivances, adapt-
ing them to the function of cropping tough ve-
getable food, such as the Clathraria, and: similar
plants, which are found buried with the Igua-
nodon, might have afforded. We know the form
and power of iron pincers to gripe and tear
nails from their lodgment in wood : a still more
powerful kind of pincers, or nippers, is con-
structed for the purpose of cutting wire, which
yields to them nearly as readily as thread to a
puir of scissors. Our figures (Pl. 24, Figs. 6,
7, 8, 12) show the place of the cutting edges,
and form of curvature, and points of enlargement
and contraction, in the teeth of the Iguanodon,
to be nearly the samne as in the corresponding
parts of these powerful metallic tools; and the
mechanical advantages of such teeth, as in-
struments for tearing and cutting, must have
been similar,*

The tecth exhibit also two kinds of provisions
to maintain sharp edges along the cutting
surface, from their first protrusion, until they
were worn down to the very stump. The first

* Fig. 2. represents the front of a young tooth; and.Figs. 5,

.6, 7, 8, the front of four other teeth, thrown slightly into profile.

In all of these we recognise a near approach to Y f%m‘ of the

nipping pincers, with a sharp cutting edge at the appet margin of

the enamel. The enamel is here expressed by Mavy lines, which

represent its actual structure : it is placed ‘onlygiiifront, like the
! in.frgnt of the incisors of Rodentia. '
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~of these is a sharp and serrated edge, extending
on each side downwards, from the point to the
broadest portion of the body of the tooth.- (See
Figs. 1, 2, 6, 8, 12, &c.)

The second provision is one of compensatxon
for the gradual destruction of this serrated edge,
by substituting a plate of thin enamel, to
maintain a cutting power in the anterior portion
of the tooth, until its entire subatance was con-
suined in service.* .

Whilst the crown of the tooth was thus gra-
dually diminishing above, a simultaneous ab-
sorption of the root went on below, caused by
the pressure of a new tooth rising to replace the
old one, until by this continual consumption at
both extremities, the middle portion of the older
tooth was reduced to a hollow stump, (Figs. 10,
11), which fell from the jaw to make room for a

* This perpetual edge resulted from the enamel being placed
only on the front of the tooth, like that on the incisors of Ro-
dentia. As the softer material of the tooth itself must have worn
away more readily than this enamel, and most readily at the part

' remotest from it, an oblique section of the crown was thus perpe-
tuaily-maintained, with a sharp cutting edge in front, like that of
the n?pers (See Figs. 7. 8. 12.)

The younger tooth, (Fig. 1), when first protruded, was lancet-
lhaped, with a sérrated edge, extending on each side downwards,
from the point to its broadest portion, as in the living Iguana.

(PL ﬁ&-%{ , and Fig. 4.) This serrature censed at the broadest
dinmeter of th tooth, i. e. precisely at the line, below which, had

been qontinued, they would have had no effect in cutting.
8. 9. 12.)" As these saws were gradually worn
Hng power was transferred to the enamel in front,

away, the £
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more efficient successor.* 1In this last ~tage the
form of the tooth had entirely changed, and the
crown had become flat, like the crown of worn-
out human incisors, and capable of performing
imperfect mastication after the cutting powers
had diminished.. There is, 1 believe, no other
example of teeth which possess the same me-
chanical advantages as instruments of cutting .
and tearing portions of vegetable matter from
tough and rigid plants. In this curious piece
of animal mechanism, we find a varied adjust-
ment of all parts and proportions of the tooth,
to the cxercise of peculiar functions; attended
by compensations adapted to shifting conditions
of the instrument, during different stages of its

and here we find a provision of another kind to give efficacy and
strength.  The front was traversed longitudinally by alternate
ridges and furrows, (Pl. 24, Figs. 2, 5, 6, 7, 8), the ridges
serving as ribs or buttresses to strengthen and prevent the
enamel from scaling off, and forming, together with the furrows,
an edge slightly wavy, and disposed in a series of minute googes,
or fluted chisels ; hence the tooth became an instrument of greater
power to cut tough vegetables under the action of the jaw, than
if the enamel had been in a continuous straight line. By these
contrivances, also it continued effective during every stage
through which it passed from the serrated lancet-poiit of the
new tooth, (Fig. 1), to its final consumption. (Fig. 10, 11.)

* In PL 24, Fig. 13, the jaw of a recent Iguana exhibits the
commencement of this process, and a number of young teeth are
seen forcing their way upwards, and causing absorption at the
base of the older teeth. Figs. 10, 11, exhibit the effect of simi-
lar absorption upon the residuary stump of the fossil tooth of an
Iguanodon. . TR

Eoy
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_consumption. And we must estimate the works

of naturc by a different standard from that which
we apply to the productions of human art, if
we can view such examples of mechanical con-
trivance, united with so much economy of ex-
penditure, and with such anticipated adaptations
to varying conditions in. their application, with-
out feeling a profound conviction that all this
adjustment has resulted from design and lugh
intelligence.

SECTION XI.
AMPHIBIOUS SAURIANS ALLIED TO CROCODILES.

THE fossil reptiles of the Crocodilean family do
not deviate sufficiently from living gencra, to
require any description of peculiar and discon-
sinued contrivances, like those we have seen in
the Ichthyosaurus, Plesiosaurus, and Pterodac-
tyle; but their occurrence in a fossil state is of
high importance, as it shows that whilst many
forms of vertebrated animals have onc after ano-
ther been created, and become extinct, during
the successive geological changes of the surface
of our gig,be there. are others which have sur-
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+¥ivwl Wl "(hest changes-and revolations, and still

ietuin the leading featurés andei-whioh'they first
*hj;peared upon our planet. crend e

+If we look to the state of the earth,  anil the
chargcter of its population, at the time when
Crocodilean forms were first added to the num-
ber of its inhabitants, we find that the highest
class of living beings were reptiles, and that
the only other vertebrated animals which then
existed were fishes ; the carnivorous reptiles at
this early period must therefore have fed chiefly
upon them, and if in the existing family of
Crocodiles there be any, that are in a peculiar
degree piscivorous, their form is that we should
expect to find in those most ancient fossil genera,
whose chief supply of food must have been de-
rived from fishes.

In the living sub-gencra of the Crocodilean
family, we see the elongated and slender beak
of the Gavial of the Ganges, constructed to feed
on fishes ; whilst the shorter and stronger snout
of the broad-nosed (rocodiles and Alligators
gives them the power of seizing and devouring
quadrupeds, that come to the banks of rivers
in hot countries to driuk. As there were scarcely
any mammalia* during the secondary periods,
whilst the waters were abundantly stored with

* The small Opossums in the oolite® formation at Stonesfield,
near Oxford, are the only land mammalia whose bones have
been yet discovered in any strata more ancicnt than the tertiary.
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fishes, we might,.d priori, expect thet & any*
+Crocodilean: forms had then- existed:thay would -
most nearly have resembled the modern fayial.
And we have hitherto found only those gepéra
which have elongated beaks, in formations gn-
terior to, and including the chalk ; whilst true
Crocodiles, with a short and broad snout, like
that of the Cayman and the Alligator, appear
for the first time in strata of the tertiary periods,
in which the remains of mammalia abound.*
During these grand periods of lacustrine
mammalia, in which but few of the present
genera of terrestrial carnivora hud been called
into existence, the important office of controlling
the excessive increase of the aquatic herbivora
appears to have been consigned to the Croco-
diles, whose habits fitted them, in a peculiar
degree, for such a service. Thus, the past his-
tory of the Crocodilean tribe prescnts another
example of the well regulated workings of a

* Oue of these, found by Mi. Spencer i the London clay of
the Isle of Sheppy, 13 engraved, P1. 25°, Fig 1. Crocodiles of
this kind have been found in the chalk of Meudon, in the
plastic clay of Auteul, n the London clay, m the gypsum of
Mont Maitre, and 1 the ligmites of Provence.

The modern broad-nosed (‘rocodileans, though they have the
power to capture mammalia, are ot limited to this kind of prey ;
they feed largely also on fishes, and occasionally on birds. Tihie
omnivorous character of the eaisting Crocodilean family, seems
adapted to the present general diffusion of more varied kinds of
food, than existed when the only form of the beak in this family
was fitted, Jike that of the Gawial, to feed chiefly on Fishes.

+
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consigtent plan in the economy of animated
nature, under which each. individual, :whilst
following its own- instinct, and pursuing its
own good, i8 instrumental ‘in . promoting -the.
general welfare of :the whole family of its co-
tempaoraries.

Cuvier observes, that the presence of Croco-
dilean reptiles, which are usually inhabitants of
fresh water, in various beds, loaded with the
remains of other reptiles and shells that are
decidedly marine, and the further fact of their
being, in many cases, accompanied by fresh-
water Tortoises, shows that thcre must have
existed dry land, watered by rivers, in the early
periods when these strata were deposited, and
long before the formation of the lacustrine ter-
tiary strata of the neighbourhood of Paris.*
The living species of the Crocodile family are
twelve in number, namely, one Gavial, cight
true Crocodiles, and three Alligators. There are
also many fossil species: no less than six of
these have been made out by Cuvier, and several

* M. Geoffroy St. Hilaire has arranged the fossil Saurians
with long and narrow beaks, like that of the Gavial, under the
two new gencra, Tcleosaurus and Steneosaurus. In the Teleo-
saurus, (Pl. 25, Fig. 2.) the nostrils form almost a vertical
section of the anterior extremity of the beak ; in the Steneo-
saurus, (PL 25', Fig. 3.) this anterior termination of the nasal
canal had nearly the same arrangement as in the Gavial, opening
upwards, and being almost semi-circular on each side.~—Recher-
ches sur les grands Sauriens, 1831. ‘
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others, from the secondary and tertiary forma«- '
tions in England remain to be. described.®. - -
It would be foreign to' our. pmmtpurp&e, to-

M.

- enter into a -minute comparison' of Ahe osteology:
of living and fossil genera and species of this
family. We may simply observe, with respect
to their similar manner of dentition, that they
all present the same examples of provision for
extraordinary expenditure of teeth, by an un-
usually abundant store of these most essential
organs.t As Crocodiles increase to no less
than four hundred times their original bulk,

* One of the finest specimens of fossil Teleosauri yet disco-
vered, (sce Pl. 25, Fig. 1), was found in the year 1824, in the
alum shale of the lias formation at Saltwick, near Whitby, and
is engraved in Young and Bird's Geological Survey of the York-
shire Coast, 2d Ed. 1828 : its entire length is about cighteen feet,
the breadth of the head twelve inches, the snout was long and
slender, as in the Gavial, the teeth, one hundred and forty in
number, arc all small and slender, and placed in nearly a stmight
line. The heads of two other individuals of the same species,
found near Whitby, are represented in the sane plate, Figs, 2. 3.

Some of the ungual phalanges, which are preserved on the hind
feet of this animal, Fig. 1, show that these extremitics were ter-
minated by long and sharp claws, adapted for motion upon laud,
from which we may infer that the animal was not exclusively
marine; from the nature of the shells with which they are usso-
ciated, in the lias and oolite formations, it is probable that both
the Steneosaurus and Telcosuurus frequented shallow scas,  Mr.
Lyell states that the larger Alligator of the Ganges sometimes
descends beyond the brackish water of the delta into the sea.

4 This mode of dentition has becn alrcady excmplified in
speaking of the dentition of the lchthyosaurns, P. 172, and
Pl 11. A,
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éipériod. gt which they leave the egg
st their fall maturity, they are.provided: with
& more frequent succession of teeth than the
mammalia, in order to maintain a duly propor-
tioned supply during every period of their life.
As the predaceous habits of these animals cause
their teeth, placed in so long a jaw, to be pe-
culiarly liable to destruction, the same provi-
sion scrves also to renew the losses which must
often be occasioned by accidental fracture.

The existence of these remedial forces, thus
uniforinly adapted to supply anticipated wants,
and to repair forcseen injuries, affords an ex-
ample of those supplementary contrivances,
which give double strength to the argument
from design, in proof of the agency of Intelli-
gence, in the construction and renovation of
the animal machinery wherein such contri-
vanges are introduced.

The discovery of Crocodilean forms so nearly
allied to the living Gavial, in the same early
strata that contains the first traces of the Ich-
thyosaurus and the Plesiosaurus, is a fact which
seems wholly at variance with every theory that
would derive the race of Crocodiles from Ichthy-
osauri and Plesiosauri, by any process of gradual
transmutation or developement. The first ap-
pearance of all these three families of reptiles
seems to have been nearly simultaneous; and
they all continued to exist together until the ter-
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mination of the secolwlary 46 emaowhen: the ‘
Ichthyossuri and } hathing : extinet,
and forms of C approaching to the

Cayman and the Alligator, were for the first
time intrpduced.

SECTION XIlL
FOSSIL TORTOISLS, OR TFSTUDINATA.

Amonc the existing animal population of the
warmer regions of the earth, there is an exten-
sive order of reptiles, comprchended by Cuvier
under the name of (‘heioniuns, or 'Tortoises.
These are subdivided into four distinct families ;
one inhabiting salt water, two others fresh water
lakes and rivers, and a fourth living entirely
upon the land. Omne of the most striking cha-
racters of this Order consists in the provision
that is made for the defence of creatures, whose
movewments are usually slow and torpid, by in-
closing the body within a double shield or cui-
rass, formed by the expansion of the vertebre,
ribs and sternum, into a broad bony casc.

The small European Tortoise, Testudo Gra:ca,
and the eatable Turtle, Chelonia Mydas, are
familiar examples of this peculiar arrangement
both in terrestrial and aquatic reptiles; in each
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case the shield affords compensation for the
want of rapidity of motion to animals that have
no ready means of escape by flight or conceal-
ment from their enemies. We learn from Geo-
logy that this Order began to exist nearly at the
same time with the Order of Saurians, and has
continued coextensively with them through the
secondary and tertiary formations, unto the pre-
sent time: their fossil remains present also the
same threcfold divisions that ecxist among mo-
dern Testudinata, into groups respectively adap-
ted to live in salt and fresh water, and upon the
land.

Animals of this Order have yet becn found
only in strata more recent than the carboniferous
series.® The carlicst’ example recorded by Cu-
vier, (Oss. Foss. Vol. 5, Pt. 2, p. 625), is that of a
very large species of Sca Turtle, the shell of
which was cight feet long, occurring in the Mus-
chelkalk at Luneville.  Another marine species
has been found at Glaris, in slate referrible to
the lower cretaccous formation. A third occurs
in the upper cretaceous freestone at Maestricht.
All these are associated with the remains of other
animals that arc marine; and though they differ
both from living Turtles and from one another, *
they still exhibit such general accordance in

* The fragment from the Caithness slate, engraved in the Geol.
Trane. Lond. V. iii. Pl. 16, Fig. 6, as portions of a trionyx, is
pronounced by M. Apassiz to be part of a fish.
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the principles of their counstruction, with the
conditions by which existing Turtles are fitted

_for their marine abode, that Cuvier was at once
enabled to pronounce these fossil species to have
been indubitably inhabitants of the sca.*

The genera Trionyx and Limys, present their
fossil species in the Wealden freshwater forma-
tions of the Sccondary scries; and still more
abundantly in the Tertiary lncustrine deposits ;
all these appear to have lived and died, under
circumstances analogous to those which attend
their cognate species in the lakes and rivers of
the present tropics.  They have also been found

¢ Plate 25, Fig. 4, represents a Turtle from the shte of
Glaris: it is shewn to have been marine by the unequal elon-
gation of the toes in the anterior paddle ; because, in freshwater
Tortoises, all the tocs are nearly cqual, and of moderate length ;
and in land Tortoises, they are also nearly equal, and short ; but
in all marine species they are very long, and the central toe of
the anterior paddle, is by much the longrest of all.  The accord-
ance with this latter condition in the specimen before us, is at
once apparent ; and both in this vespect and iu general structure,
it approaches very nearly to living cenera.  This figure is copied
from Vol. 5, Pt. 2, Tub. 14, f. 1, of the Oss. Foss. of Cuvier.
M. Agassiz has favoured me with the following details respecting
important parts which are imperfeetly represented in the drawing
from which Cuvier's cngraving was taken. ¢ The ribs show
evidently that it is nearly connected with the genera Chelonia
and Sphargis, but referrible to no known species; the fingers of
the left fore paddle are five in number; the two exterior are the
shortest, and have each three articulations; and the three in-
ternal fingers, of which the middle one is the longest, have
each four articulations, as in the existing genera, Chelonia and
Sphargis.

G. 5
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in marine deposits, where their admixture with
the remains of Crocodjlean animals shows that
they were probably drifted, together with them,
into the sea, from land, at no great distance.*

In the close approximation of the generic
characters of these fossil Testudinata, of various
and ancient geological epochs, to those of the
present day, wé have a striking example of the
unity of design which has pervaded the con-
struction of animals, from the most distant
periods in which these forms of organized beings
were also called into existence. As the paddle
of the Turtle has at all times been adapted to
move in the waves of the sea, so have the feet of
the Trionyx and Emys ever becn constructed
for a more quicscent life in’ freshwater whilst
those of the Tortoise have been no less uniformly
fitted to creep and burrow upon land.

The remains of land Tortoises have been more
rarely observed in a fossil state. Cuvier men-
tions but two examples, and thege im very recent
formations at Aix, and in the Y8 of France.

Scotland has recently afforded evidence of the
existence of more than one species of these ter-

* Thus two large extinct species of Emys occur, together with
marine shells, m the jura limestone at Soleure. The Emys also
and Crocodiles, are found in the marine deposits of the London
clay at Sheppy and Harwich; and the former is associated with
marine exuvie at Brussels. Very perfect impressions of small
borny scales of Testudinata, occur in the Qolite slate of Stones-
field, near Oxford.
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restrial reptiles, during the period of the New
red, or Variegated sandstone formation. (See
Pl. 1, Sec. 17). The nature of this evidence
is almost unique in the history of organic
remains.*

It is not uncommon to find on the surface of
sandstone, tracks which mark the passage of
small Crustacea and other marine animals, whilst

¢ Sce Dr. Duncan’s account of trucks and footmarks of ani-
mals, impressed on sandstone in the quarry of Corn Cockle Muir,
Dumlfries-shire, Trans. Royal Society of Fdmburgh, 1828,

Dr. Duncan states that the strata which bear these impres-
sions lie on each other like vojuines on the shelf of a library, when
all inclining tn one side : thiit the quarry has been worked to the
depth of forty-five feet fronf the top of the rack ; throughout the
whole of this depth si_m%@i'r impressions have been found, not on
a single stratum only, ;ﬁﬁt on many successive stratas i.e. after
removing a large slab which contained foot-prints, they found
perhaps the very next stratum at the distance of a few feet, or it
might be less thag®an inch, exhibiting a similar phenomenon.
Hence it follows tHiat the process by which the impressions were
made on the x, and subsequently buried, was repeated at
successive intervalls.

1 learn, by a letter from Dr. Duncan, dated October, 1834,
that similar impressions, attended by nearly the same circum-
stances, have recently been discovered about ten miles south of
Corn Cockle Muir, in the Red sandstoue quarries of Craigs, two
miles east of the town of Dumfries. The inclination of the
strata of this place is about 45° S.W. like that of almost all the
sandstone strata of the neighbourhvod. One of these tracks
extended from twenty to thirty feet in length @ in this place also,
as at Corn Cockle Muir, no boncs of auy kind have yet been
discovered.

Sir William Jardine has informed Dr. Duncan that tracks of
animals have been found also in other quarries near Corn Cockle
Muir. ’
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this stone was in a state of loose sand at the
bottom of the sea. Laminated sandstones are
also often disposed in minute undulations, re-
- sembling those formed by the ripple of agitated
water upon sand.*

The same causes, which have so commonly
preserved these undulations, would equally pre-
serve any impressions that might happen to
have been made on beds of sand, by the feet
of animals; the only cssential condition of such
preservation being, that they should have be-
come covered with a further deposit of earthy
matter, before they were obliterated by any suc-
ceeding agitations of the water.

The nature of the impressions in Dumfries-

* In 1831, Mr. Ci. P. Scrope, after visiting the quarries of
Dumfries, found rippled markings, and abundant foot tracks of
small animals on the Forest marble beds north of Bath.  These
were probably tracks of Crustacea.—$See Phil. Mag. May, 1831,
p- 376,

We find on the surface of slabs both of the calcareous grit,
and Stonesficld slate, near Oxford, and on sandstones of the
Wealden formation, in Sussex and Dorsetshire, perfectly pre-
served and petrified castings of marine worms, at the upper ex-
tremity of holes bored by them in the sand, while it was yet soft
at the bottom of the water; and within the sandstones, traces
of tubular holes in which the worms resided. The preservation
of these tubes and castings shews the very quict condition of the
bottom, aund the gentle action of the water, which brought the
materials that covered them over, without disturbing them.

Cases of this kind add to the probability of the preservation of
footsteps of Tortoises on the Red sandstone, and also afford proof
of the alternation of intervals of repose with periods of violence,
during the destructive processes by which derivative strata were
formed.



FOSSIL FOOTSTEPS. 201

shire may be seen by reference to Pl 26. They
traverse the rock in a direction eithet up or
down, and not across the surfaces of the strata,
which are now inclined at an angle of 38°. On
one slab there are twenty-four continuous im-
pressions of feet, forming a regular track, with
six distinct repetitions of the mark of cach foot,
the fore-foot being ditferently shaped from the
hind-foot; the marks of claws are also very
distinct.*

Although these footsteps are thus abundant in
the extensive quarries of Corn Cockle Muir, no
trace whatever has been found of any portion
of the bonces of the animals whose feet they re-
present. This circumstance may perhaps be
explained by the nature of the siliccous sand-
stone having been unfuvourable to the preser-
vation of organic remains. The conditions which
would admit of the cutire obliteration of bones,

* On comparing somc of thesc impressions with the tracks which
1 caused to be made on soft saud, and clay, and upon unbaked
pie-crust, by a living Emys and Testudo Greea, I found the
correspondence with the latter sufliciently close, allowing for
difference of species, to render it highly probable that the fossil
footsteps were also impressed by the feet of land Tortoises.

In the bed of the Sapey aud Whelpley brooks near Tenbury,
circular markings occur in the Old Red Sandstone, which are
referred by the natives to the trachs of Horses, and the impres-
siouns of Patten-rings, and a legendary tale has buen apphed to
explain their history. They arc caused by concretions of Marl-
stone and Iron, disposed in spherical cases around « solid core
of sandstone, and intersected by these water courses,
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would:in #o- way interfere with the preserya-
tion . of mpressions made by feet, and speedily
filled up by a succeeding deposit of sand, whick
would assume, with the fidelity of an artificial
plaster mould, the precise form of the surface
to which it was applied.

Notwithstanding this absence of bones from
the rocks which are thus abundantly impressed
with footsteps, the latter alone suffice to assure us
both of the existence and character of the ani-
mals by which they were made. Their form is
much too short for the feet of Crocodiles, or any
other known Saurians; and it is to the Testu-
dinata, or Tortoises, that we look, with most
probability of finding the species to which their
origin is due.*

The Historian or the Antiquary may have
traversed the ficlds of ancient or of modern

* This evidence of footsteps, on which we are here arguing, is
one which all mankind appeal to in cevery condition of society.
The thief is identified by the impression which his shoe has
left near the scene of lus depredations. Captain Parry found
the trachs of human feet upon the banks of the stieam in Pos-
session Bay, which appeared so fresh, that he at first imagined
them to have been recently made by some natives: on examina-
tion they were distinetly ascertained to be the matks of the shoes
of sowe of his own crew, «leven months before. The frozen con-
dition of the soil had prevented their obliteration.  The Ameri-
can savage not only identifies the Elk and Bison by the
inpression of their hoofs, but ascertains also the time that has
elapsed since each animal had passed. From the Camel’s track

upon the sand, the Arab can determine whether it was heavily or
lightly laden, or whether it was lame.
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battles ;. and amny mW&mm& .of
mazch. of triumphant Cenguerors; -whose ‘Brmies
trampled .down the most mighty .kingdonis:of
the world. The winds and storms have utterly
obliterated the ephemeral impressions of their
course. Not a track remains of a-single® foot,
or a single hoof, of all the countless millions
of men and beasts whose progress spread des
solation over the earth. But the Reptiles, that
crawled upon the half-finished surface of our
infant planet, have left memorials of their pas-
sage, cnduring and indelible. No history has
recorded their creation or destruction; their
very bones are found no more among the
fossil relics of a former world.  Centuries, and
thousands of years, may have rolled away, be-
tween the time in which these footsteps were
impressed by Tortoises upon the sands of their
native Scotland, and the hour when they are
again laid bare, and exposed to our curious and
admiring eyes. Yet we behold them, stamped
upon the rock, distinct as the track of the pass-
ing animal upon the recent snow ; as if to show
that thousands of years are but as nothing
amidst Eternity—and, as it were, in mockery
of the fleeting perishable course of the mightiest
Potentates among mankind.*

* A similar discovery of fossil footsteps has recently been
made in Saxony, at the village of Héssberg, near Hildburg-
'm, in several quarries of grey quartzose sandstone, alter-
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SECTION XIIL

FOSSIL FISHES.

Tue history of Fossil Fishes is the branch
of Paleontology which has hitherto received
least attention, in consequence of the imperfect

nating with beds of red sandstone, nearly of the same age with
that of Dumfries. (See Pl. 26", 26", 26".)

The following account of them is collected from notices by
Dr. Hohnbaum and Professor Kaup. ¢ The impressions of feet
are partly hollow, and partly in relief; all the depressions are
upon the upper surfaces of slabs of sandstone, whilst the reliefs
are only upon the lower surfaces, covering those which bear the
depressions.  These reliefs are natural casts, formed in the sub-
jacent footsteps as in moulds. Ou one slab (see Pl 26'), six
feet long by five feet wide, there occur many footsteps of
morc than one animal, and of various sizes, The larger im-
pressions, which scem to be of the hind foot, are eight inches
long, and five wide. (Sec Pl. 26".) Oune was twelve inches
long. Near to cach large footstep, and at the regular dis-
tance of an inch and a half before it, is a smuller print of a
fore foot, four inches long and three inches wide.  These foot-
steps follow one another i pairs, at intervals of fourteen inches
from pair to pair, each pair being in the same line. Both
large and small steps have the great toes alternately on the
right and left side ; each has the print of five toes, and the first,
or great toe is bent inwards like a thumb.  The fore and hind
foot are ncarly similur in form, though they differ so greatly in
size.

On the samc slubs are other tracks, of smaller and diffe-
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state of our knowledge of existing Fishes. The
inaccessible recesses of the waters they inhabit,
renders the study of their nature and habits
much more difticult than that of terrestrial
animals. The arrangement of this large and
important class of Vertebrata was the last great
work undertaken by Cuvier, not long before his
lamented death, and nearly cight thousand spe-
cies of living Fishes had come under his obser-
vation. The full development of their history

rently shaped feet, armed with nails. Many of these (P, 26
resemble the impressions on the sandstone of Dumfries, and are
apparently the steps of Tortoises.

Professor Kaup has proposed the provisional name of Chirothe-
rium for the great unknown animal that formed the larger foot-
steps, from the distant resemblance, both of the fore and hind
feet, to the impression of a human hand; aud he conjectures
that they may have been derived from some quadruped allied to
the Marsupialia. The presence of two small fossil mammalia
related to the Opossuny, in the Oolite formation of Stonesfield,
and the approximation of this order to the elass of Reptiles, which
has already been alluded to, (page 73, note), ave circumstances
which give probability to such a conjecture.  In the Kangaron,
the first toe of the fore foot is set obliquely to the others, like a
thumb, aud the disproportion between the fore and hind fect is
also very great.

A further account of these footseps has been published by Dr,
Sickler, in a letter to Blumenbach, 1834, Our figure (PL 26,
is copied from a plate that accompanics this letter; on com-
paring it with a large slab, covered with similar footmarks, from
the same quarries, lately placed in the British Museam, (1835)
1 find that the representations, both of the large and small foot-
steps, correspond most accurately.  The hiud foot (PL267), is
drawn from one on this slub. Pl 26" is drawn from a plaste:
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andiminrbers, and of the functions they dis-
obirge in;the economy of nature, ha*has leftito

"his mble successors. - . ' i

-+'The fact of the formation of so !arge & portioh
of the surface of the earth beneath the water,
would 'lead us to expect traces of the former
existence of Fishes, wherever we have the
remains of aquatic Mollusca, Articulata, and
Radiata. Although a few remarkable places
have long been celebrated as the repositories of
fossil Fishes, even of these there are some,
whose geological relations have scarcely yet
been ascertained, while the nature of their
Fishes remains in still greater obscurity.*

The task of arranging all this disorder has

cast in the British Museum, taken from another slab found in
the same quarrics, and impressed with footsteps of some small
aquatic Reptile.

Some fragments of bones were found in the same quarries with
these footsteps, but were destioyed.

A thin deposit of Green Marl, which lay upon the inferior bed
of sand, at the time when the footsteps were impressed, causes the
slabs above and below it to pait readily, and exhibit the casts
that were formed by the upper sand, m the prints that the
animals had made on the lower stratum, through the marl, while
soft, and sufficiently tenacious to retawn the form of the footsteps.

* The most celebrated deposits of fossil Fishes in Europe are
the coal formation of Saarbruck, in Lorraine ; the bituminous slate
of Mansfeld, in Thwingia; the calcarcous lithographic slate of
Solenhofen ; the compact blue slate of Glaris; the limestone of
Monte Bolca, near Verona ; the marlstone of Oeningen, in Swit-
zerland ; and of Aix, in Provence.

Every attempt that has yet been made at a systematic arrange-
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at.lengthi-beep.. undmkembymumm to
whese hands Cuvyier ‘at . once: cmm :he
materials. he had himself collected: -for! ;tha
important work. The able researches of..Pro-
fessor Agassiz have already extended the num~
ber of fossil Fishes to two hundred genera, and
more than eight hundred and fifty species.*
The results of his enquiry throw a new and most
important light on the state of the earth, during
each of the great periods into which its past
history has been divided. The study of fossil
Ichthyology is therefore of peculiar importance
to the geologist, as it enables him to follow an
entire Class of animals, of so high a Division as
the vertebrate, through the whole series of geo-
logical formations ; and to institute comparisons
between their various conditions during succes-
sive Periods of the carth’s formation, such as
Cuvier could carry only to a much more limited
extent in the classes of Reptiles, Birds, and
Mammifers, for want of adequate materials.
ment of these Fishes has beeu more or less defective, from an
endeavour to arrange them under existing genera and families.
The imperfection of his own, and of all preceding classifica-
tions of Fishes, is admitted by Cuvier; and one great proof
of this imperfection is that they have led to no general results,
either in Natural History, Physiology, or Geology.

* No existing genus is found among the fossil Fishes of any
stratum older than the Chalk formation. In the inferior chalk
there is one living genus, Fistolaria; in the true chalk, five; and

in the Tertiary strata of M. Bolca, thirty-nine living genera, and
thirty~eight which are extinct.—Agassiz.
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:n'Lhe system wpon which M. Agassiz has estab-
‘lished his classification of recent Fishes is in a
peculiar degree applicable’to fossil Fishes, being
founded on the character of the external cover-
ings, or Scales. This character is so sure and
congtant, that the preservation, even of a single
scale, will often announce the genus and even
the species of the animal from which it was
derived ; just as certain feathers announce to a
skilful ornithologist the genus or species of a
Bird. It follows still further, that as the nature
of their outward covering indicates the relations
of all animals to the external world, we derive
from their scales certain indications of the rela-
tions of Fishes;¥ the scales forming a kind of
external skeleton, analogous to the crustaceous or

* The foundation of this character is laid upon the dermal
covering, the skin being that organ which, more than any other
part of the body, shews the relations of cvery animal to the ele-
ment iu which it moves,

The form and conditions of the feathers and down show the
relation of Birds to the air in which they tly, or the water in which
they swim or dive. The varied forms of fur and hair and bristles
on the skins of Beasts are adapted to their respective place, and
climate, and occupations upon the Jand.  The scales of Fishes
show a similar adaptation to their varied place and occupations
beneath the waters.

Mr. Burchell informs me that he has observed, both in Africa
and South America, that in the order of Serpents a peculiar
character of the scales appears to indicate a natural subdivision ;
and that in that tribe, to which the Viper, and nearly all the
venomous Snakes belong, an acute ridge, or carinu, along each
dorsal scalé may be considered as a distinctive mark.
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horny coverings of Insects, to the feathers of
Birds, and the fur of Quadrupeds, which shows
more directly than the internal bones, their adap-
tation to the medium in which they lived.

A further advantage arises from the fact that
the enamelled condition of the scales of most
Fishes, which existed during the earlier geolo-
gical epochs, rendered themn much less destructi-
ble than their internal skeleton 5 and cases fre-
quently occur where the entire scales and figure
of the Fish are perfectly preserved, whilst the
bones within these scales have altogether disap-
peared; the enamel of the scales being less

soluble than the more calcareous material of the
bone.*

* The following are the new Owders into which M. Agussiz
divides the Class of Fishes,

First Order, PLACOGIDIANS. (Pl 27, Figs. 1,2, Etym.
whaf, a broad plute))  Fishes of this Oider are characterized
by having their skin covered iriegulatly with plates of evamel,
often of considerable dimensions, and sometimes reduced to
small points, like the shagreen on the <kins of many Sharks,
and the prickly, tooth-like tubercles on the skin of Rays. It
comprehends all the catilaginous fishes of Cuvier, excepting the
Sturgeon.

The enamelled prickly tubercles on the skin of Sharks and
Dog-Fishes arc well known, from the use made of them in rasp-
ing and polishing wood, and for shagreen.

Second Order, GANOIDIANS. (Pl 27, 3, 4. Etym.
yavog, splendour, from the bright surface of their enumel.) The
families of this Order are characterized by angular scales, com-
posed of horny or bony plates, covered with a thick plate of
enamel. The bony Pike (Lepidosteus Osseus, Pl. 27%, Fig. 1);
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944t "must ‘Y& obvious that enother and most
impbrtant branch of natural history is enlisted
in aid of Geology, as soon as the study of the
character of fossil Fishes has been established on
any footing, which admits of such general appli-
cation as.the system now proposed. We intro-
duce an additional element into geological cal-
culations; we bring an engine of great power,
hitherto unapplied, to bear on the field of our
enquiry, and seem almost to add a new sense
to our powers of geological perception. The
gencral result is, that fossil Fishes approximate

and Sturgeons are of this Order. It contains more than sixty
genera, of which fifty are extinct.

Third Order, CTENOIDIANS. (Pl.27, Figs. 5, 6, Etym.
ereeg, @ comb.) The Ctenoidians have their scales jagged or
pectinated, like the tecth of a comb, on their posterior margin.
They are formed of lamine of horn or bone, but have no enamel.
The Perch affords a familiar example of scales constructed on
this principle.

Fowth Oider, CYCLOIDIANS. (Pl 27,Figs. 7, 8. Etym.
swoa\og, a cirele.) Families of this Order have their scales
smooth, and simple at their margin, and often ornamented with
various figures on the upper surface : these scales are composed
of laminw of horn or bone, but have no enamel. The Herring
and Salmon are examples of Cycloidians.

Fach of these Orders containt both cartilaginous and bony
Fishes : the represcntatives of each prevailed in different propor-
tions during different epochs; only the two first existed before
the commencement of the Cretaceous formations: the third and
fourth Orders, which contain three-fourths of the eight thousand
known specics of living Fishes, appear for the first time in the
Cretaceous strata, when all the preceding fossil genera of the two
first Orders had become extinct.
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nearest to existing genera and species,.in the
most recent Tertiary deposits; and ‘differ. from
them most widely in strata whose antiquity is
the highest ; and that strata of intermediate age
are marked by intermediate changes of ichthyo-
logical condition.

It appears still further, that all the great
changes in the character of fossil Fishes take
place simultaneously with the most important
alterations in the other classes of fossil animals,
and in fossil vegetables; and also in the mineral
condition of the strata.*

It is satisfactory to find that these conclu-
sions are in perfect accordance with those to
which geologists had arrived from other data.
The details that lead to them, will be deseribed
by M. Agassiz, in a work of many volumes, and
will form a continuation of the Ossemens Fos-
siles of Cuvier. From the parts of this work
already published, and from communications by
the author, I sclect a few examples, illustrating

* The genera of Fishes which prevail in strata of the Carboni-
ferous order arc found no more after the deposition of the
Zechstein, or Magnesian hmestone. Those of the Oolitic series
were introduced after the Zechstein, and ceased suddenly at the
commencement of the Cretaceous formations. The genera of the
Cretaceous formations arc the first that approximate to existing
gevera. Those of the lower Tertiary deposits of London, Paris,
and Monte Bolca, are still niore nearly allied to existing forms ;
and the fossil Fishes of Oeningen and Aix approximate again yet

closer to living genera, although every one of their species appears
to be extinct.
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the character of some of the most remarkable
families of fodsil Fishes. vy

It appears that the character pf? ﬁ;ssﬂ Fighes
does not change insensibly from one formation
to another, as in the case of many Zoophytes
and Testacea ; nor do the same genera, or eygn
the same families, pervade successive series of
great formations ; but their changes take place
abruptly, at certain definite points in the ver-
tical succession of the strata, like the sudden
changes that occur in fossil Reptiles and Mam-
malia.* Not a single species of fossil Fishes
has yet been found that is common to any two
great geological formations; or living in our
present scas. |

One important geological result has already
attended the rescarches of M. Agassiz, viz.
that the age and place of several formations
hitherto uncaplained by any other character,
have been made clear by a knowledge of the
fossil Fishes which they contain.|

* M. Agassiz observes that fossil I'ishes m the same formation
present greater vauiations of specics at distant localities, than we
find m the specics of shills and Zoophytes, m corresponding parts
of the same formation, and that this cncumstance is readily
explamed by the greater locomotive powcts of this higher class
of ammals.

+ The nodules of clay stone on the coast of Greenland, con-
taming fishes of a species now living in the adjacent seas,
(Mallotus Villosus) aic probably modern concretions.

t Thus the slate of Eungi, in the canton of Glamns, m Swit-
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thily of Saurdid, 6r "Eizah
fike" Meﬂ’ first claiins ‘our atténtion, andl”
highly'important in the physiological considera-
tion ‘of the history of Fishes, as it combires in
the structure both of the bones, and some of the
soft parts, characters which are common to the
class of reptiles. M. Agassiz has already ascer-

zerland, has long been one of the most celebrated, und least
understood localities of fossil Fishes in Europe, and the mineral
character of this slate had till lately caused it to be referred to the
early period of the Transition series. M. Agassiz has found that
among its numnerous fishes, theie is not one belonging to a
single genus, that occurs in any formation older than the Creta-
ceous series; but that many of them agree with fossil species
found in Bohemia, in the lower Cretaceous formation, or Pliiner
kalk ; hence Le infers that the Glaris slate is an altered condition
of an argillaccous deposit, subordinate to the great Cretaceous
formations of other parts of Europe, probubly of the Gault,

Another example of the value of Ichthyology, in illustration
of Geology, occurs in the fact, that as the fossil Fishes of the
Wealden estuary formation ate refernible to genera that charue-
terize the strata of the Oolitic scrics, the Wealden deposits are
hereby connected with the Oolitic period that preceded their com-
mencement, and are separated from the Cretaceous formations
that followed their termination. A change in the condition of
the higher orders of the inhabitants of the waters.seems to have
accompanied the changes that occurred in the genera and species
of inferior animals at the commencement of the Cretaceous for-
mations.

A third example occurs, in the fact that M. Agassiz has, by
resemblances in the character of their fossil Fishes, identified the
hitherto unknown periods of the freshwater deposits of Oeningen,
and of Aix in Provence, with that of the Molasse of Switzerlund.,

G. . T
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tained seventeen genera of -Saurcid Fishes.
Their only living representatives are the genus
Lepidosteus,* or bony Pike (Pl.-27* Fig. 1.);
and the genus Polypterus (Agass. Poiss. Foss.
Vol. 2. Tab. C.), the former containing five
species, and the latter two. Both these genera
are found only in fresh waters, the Lepidosteus
in the rivers of North America, and the Polyp-
terus iu the Nile, and the waters of Senegal.t

The teeth of the Sauroid Fishes are striated
longitudinally towards the base, and have a
hollow cone within (See Pl. 274, 2, 3, 4; and
PJ). 27. 9, 10, 11, 12, 13, 14.) The bones of the
palate also are furnished with a large appa-
ratus of teeth. {

* Lepidosteus Agassiz—Lepisosteus Lacépide.

t The bones of the skull, in Sauroid Fishes, are united by
closer sutures than those of common Fishes. The vertebree arti-
culate with the spinous processes by sutures, like the vertebree of
Saurians ; the ribs also articulate with the extremities of the
spinous processes. The caudal vertebree have distinct chevron
bones, and the general condition of the skeleton is stronger and
more solid than in other Fishes: the air-bladder also is bitid and
cellular, approaching to the character of lungs, aud in the throat
there is a glottis, as in Nirens and Salamanders, and many Sau-
rians.—See Report of Proceedings of Zool. Soc. London, Octo-
ber, 1834.

t The object of the extensive apparatus of teeth, over the
whole interior of the mouth of many of the most voracious
Fishes, appears not to be for mastication, but to enable them to
hold fast, and swallow the slippery bodies of other Fishes that
form their prey. No one who has handled a living Trout or Be{

can fail to appreciate duly the u'nportance of the apparatus in’
question.
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Pl. 27, Figs. 11, 12, 13, 14, represent teeth of
the largest Sauroid Fishes yet discovered, cqual-
ling in size the teeth of the largest Crocodiles:
they occur in the lower region of the Coal form-
ation near Edinburgh, and are referred by M.
Agassiz to n new genus, Megalicthys. Pl. 27,
Fig.-9, and Pl. 27°, Fig. 4, are fragmnents of
jaws, containing many smaller teeth of the same
kind. The external form of all thesc tecth is
nearly conical, and within them is a conical
cavity, like that within the tecth of many San-
rians ; their base is fluted, like the base of the
teeth of the lchthyosaurus. Their prodigious
size shows the magnitude which Fishes of this
family attained at a period so carly as that of -
the Coal formation :* their structure coincides

* We owe the dixcovery of these very curious teeth, and much
valuable information on the Geology of the neghbourhood of
Edinburgh, to the zcal and discernment of Dr. Hibbert, in the
spring of 1834. The limestone in which these Fishes occur lies
near the bottom of the Coal formation, and is loaded with Copro-
lites, derived apparently from predaceous Fishes. It is abun-
dantly charged also with ferns, and other plants of the coul
formation ; and with the crustaceous remains of Cypris, a genus
known only as an inhabitant of fresh water. These circum-
stances, and the absence of Corals and Encrinites, and of all
species of marine shells, render it probable that this deposit was
formed in a freshwater lake, or estuary. It has been recog-
nized in various and distant places, at the bottom of the car-
boniferous strata near Edinburgh.

In the Transactions of the Royal Society of Edinburgh, Vol.
XIIIL. Dr. Hibbert has published a most interesting description of
the recent discoveries made in the limestone of Burdie House,



276 GROLOGICAL DISTRIBUTION

iitirely with that of the teeth of the living Lepi-
dosteus osseus. (Pl. 27%; Figs. 1, 2,8)) - ,
Smaller Sauroid Fishes only have been no-
ticed in the Magnesian limestone, forming about
one fifth of the total number yet observed in
this formation. Very large bones of this vora-
cious family occur in the lias of Whitby and
Lyme Regis, and its genera abound throughout
the Oolite formation.* In the Cretaceous for-
mations they become extremely rare.t They

illustrated with engravings, from which the larger teeth in our
plate are copied. (Pl 27, Fig. 11, 12, 13, 14). The smaller
figures, Pl. 27, Fig. 9, and Pl 27", Fig. 4, are drawn from
specimens belonging to Dr. Hibbert and the Royal Society of
Tdinburgh.

In this memoir, Dr, Hibbert has also published figures of some
curious large scales, found at Burdie House, with the teeth of
Mcgalicthys, and referred by M. Agassiz to that Fish. Similar
scales have been noticed in various parts of the Edinburgh Coal
field, and also in the Coal formation of Newcastle-on-Tyne.
Unique specimens of the heads of two similar Fishes, and part
of a body covered with scales, from the Coal field near Leeds,
are preserved in the museum of that town.

Sir Philip Grey Egerton has recently discovered scales of the
Megalicthys, with tecth and bones of some other Fishes, and also
Coprolites, in the Coal formation of Silverdale, near Newcastle-
under-Line. These oceur in a stratum of shale, containing shells
of three species of Unio, with balls of argillaceous iron ore and
plants.

* The Aspidorhynchus, from the Jurassic limestone of Solen-
hofen, (Pl. 27*, Fig. 5), represents the general character of the
sauroid Fishes.

+ The Macropoma is the only genus of Sauroid Fishes yet
found in the Chalk of England.
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have not. yet been.discovered ip any of the
Tertiary strata; and in $he waters of the )prg-
sent world are reduced to the two geners, Le-
pidosteus and Polypterus. #®

Thus we see that this fmmly of Sauroids
holds a very important place in the history of
fossil. Fishes. In the waters of the Transition
period, the Sauroids and Sharks constituted the
chief voracious forms, destined to fulfil the
important office of checking cxcessive increase
of the inferior familics. In the Sccondary
strata, this oflice was largely shared by Ichthyo-
sauri and other marine Saurians, until the com-
mencement of the Chalk. The cessation of these
Reptiles and of the semi-reptile Sauroid Fishes
in the Tertiary formations made room for the
introduction of other predaccous fumilies, ap-
proaching more ncarly to those of the present
creation.*

* Much light has been thrown o the history of Fishes in the
OMd red sandstone at the base of the Carboniferous series, by the
discoveries of Profussor Sedgwick and Mr, Murchison, in the
bituminous schist of Caithness, (Geol. Trans. Lond. x. s, Vol. 3,
part 1.); and those of Dr. Truile, in the same schist in Orkney.
Dr. Fleming also has made important observations on Fishes in
the old red sandstone of Fifeshire. Further discoveries have
been made by Mr. Murchison of Fishes in the old red sandstone
of Salop and Herefordshire. The general conditions of all these
Fishes accord with those in the carboniferous scries, but their
specific details present most interesting peculiarities. Many of
them will be figured by Mr. Murchison in his splendid Hlustrations
of the Geology of the Border Counties of England and Wales.
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: l select the genus Amblyptems\ (Pl. 2n.),
o% an example of Fishes whose duration-was
limited to the early periods of geological Forma-
tions ; and which are marked by characters. that
cease after the deposition of the Magueam
limestone.

. This genus occurs only in strata of the Carbc—
mferous order, and presents four species at
Saarbriick, in Lorraine;* it is found also in
Brazil. The character of the teeth in Amblyp-
terus, and most of the genera of this early epoch,
shews the habit of these Fishes to have been
to feed on decayed sea-weed, and soft animal
substances at the bottom of the water: they are
all small and numerous, and set close together
like a brush. The form of the body, being not
calculated for rapid progression, accords with
this habit.

* The Fishes at Saarbriick are usually found in balls of clay
ironstone, which form nodules in strata of bituminous coal shale.
Lord Greenock hus recently discovered many interesting ex-
amples of this, and other genera of Fishes in the coal formation
at Newhaven, and Wurdie, near Ieith.  The shore at Newhaven
is strewed with nodules of ironstone, washed out by the action of
the tide, from shale beds of the coal formation. Many of these
ironstones have for their nuclens a fossil Amblypterus, or. some
other Fish; and an infinitely greater number contain Coprolites,
apparently derived from a voracious species of Pygopterus, that
preyed upon the smaller Fishes,
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- The vembtdoqlumn contmueg,%nto  upper
lobe' of the"falt; which is much longer than the
lower lobe, and is thus adapted to sustkin the
body in an-inclined position, with the head. aﬂ
mouth nearest to the bottom. :

- Among existing cartilaginous Fishes, the ver-
tebral column is prolonged into the caudal fin
of Sturgeons and Sharks: the former of these
perform the office of scavengers, to clear the
water of impurities, and have no teeth, but feed
by means of a soft leather-like mouth, capuble
of protrusion and contraction, ou putrid vege-
tables and animal substances at the bottom ;
hence they have constant occasion to keep their
bodies in the same inclined position as the
extinct fossil IFishes, whose feeble brush-like
teeth shew that they also fed on soft substances
in similar situations.*

The Sharks employ their tail in another
peculiar manner, to turn their body in order to
bring the mouth, which is placed downwards
bencath the hcad, into contact with their prey.
We find an important provision in every animal
to give a position of easc and activity to the head
during the operation of feeding.{

* At the siege of Silistria, the Sturgeons of the Danube were
observed to feed voraciously on the putrid bodies of the Turks
and Russian soldiers that were cast into that river.

+ This remarkable elongation of the superior lobe of the tail
is fourid in every bony Fish of strata anterior to and including
the Magnesian limestone ; but in strata above this limestone the
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Fishes of the Magnesian Limestone,
or Zechstein.

The Fishes of the Zechstein at Mansfeld and
Eisleben have been long known, and are com-
apon in all collections; figures of many species
are given by M. Agassiz. Examples of the
Fishes of the Magnesian limestone of the north
of England, are described and figured by Pro-
fessor Sedgwick, in the Geol. Trans. of London,
(2d Series, Vol.iii. p. 117, and Pl. 8, 9, 10). He
states in this paper (p. 99), that the occurrence of
certain Corals and Encrinites, and several species
of Producta, Arca, Terebratula, Spirifier, &c.
shews that the Magnesian limestone is more
nearly allied in its zoological characters to the
Carboniferous order, than to the calcareous for-
mations which are superior to the New red sand-
stone. This conclusion accords with that which
M. Agassiz has drawn from the character of its
fossil Fishes.

tail is regular cnd symmetrical.  In certain bony Fishes of the
secondary period, ti. upper lobe of the tail is partly covered with
scales, but without vertebrie.  The bodies of all these Fishes also
have an integument of rhomboidal bony scales, covered with
enamel.

No species of Fish has been found common to the Carboni-
ferous group, and to the Zechstein or Magnesian limestone ; but
certain genera occur in both, e. g. the genus Paleoniscus and
Polypterus.
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Fishes of the Muschelkalk, Lias, and Oolite

Formations.

"The Fishes of the Muschelkalk are either
peculiar to it, or similar to those of the Lias and
Oolite. * The figure engraved at Pl. 27¢, is
selected as an example of the character of a
Hitnily of Fishes most abundant in the Jurassis
or Oolite formation; it represents the genis
Gyrodus in the family of Pycnodonts, or thick-
toothed Fishes, which prevailed extensively during
the middle ages of Geological History. Of this
extinct family there are five genera. Their leading
character consists in a peculiar armature of all
parts of the mouth with a pavement of thick
round and flat teeth, the remains of which, under
the name of Bufonites, occur most abundantly
throughout the Oolite formation.* The use of
this peculiar apparatus was to crush small she]ls,
and small Crustacea, and to comminute putres-
cent sea-weeds. The habits of the family of
Pycnodonts appear to have been omnivorous,
and their power of progression slow.}

* Pl 27° Fig. 3. represents a five-fold series of these teeth on
the palate of Pycnodus trigonus from Stonesficld ; and Fig. 2, a
series of similar teeth placed on the vomer in the palate of the
Gyrodus Umbilicus from the great Oolite of Durrheim, in Baden.

4+ A similar apparatus occurs in a living family of the Order
Cycloids, n the case of the modern omnivorous Sea Wolf, Anar-
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Another family of these singular Fishes of the
ancient world, which was exceedingly abundant
in the Qolitic or Jurassic series, is that of the
Lepidoids, a family still more remarkable than
the Pycnodonts for their large rhomboidal bony
scales, of great thickness, and covered with beau-
tiful enamel. The Dapedium of the lias (PI. 1.
Fig. 54.) affords an example of these scales, well
known to geologists. They are usually furnished
on their upper margin with a large process or
hook, placed like the hook or peg near the upper
margin of a tile; this hook fits into a depression
on the lower margin of the scales placed next
above it. (See Pl. 27, Figs. 4, 5, and Pl 15, Fig.
17.) All Ganoidian Fishes, of every formation,
prior to the Chalk, were enclosed in a similar
cuirass, composed of bony scales, covered with
enamel, and extending from the head to the rays
of the tail.* Onc or two species only, having
this peculiar armature of enamelled bony scales,

.

rhicas Lupus, and other recent Fishes of different families, M.
Agassiz observes, that it is & common fact, in the class of Fishes,
to find nearly all the moditications which the teeth of these
animals present, recurring in several families, which in other
respects are very different.

* The Pycnodonts, as well as the fossil Sauroids, have ena-
melled scales, but it is in the Lepidoids that scales of this
kind are most highly developed. M. Agassiz has ascertained
nearly 200 fossil species that had this kind of armour. The
use of such an universal covering of thick bony and enamelled
scales, surrounding like a cuirass the entire bodies of so many
species of Fishes, in all formations anterior to the Cretaceous
deposits, may have been 1o defend their bodies against waters
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have yet been discovered in the Cretaceous
series ; and three or four species in the Tertiary
formations. Among living Fishes, scales of this
kind occur only in the two genera, Lepidosteus
and Polypterus.

Not a single genus of all that are found in the
Oolitic series exists at the present time. The
most abundant Fishes of the Wealden formation
belong to genera that prevailed through the
Oolitic period.*

Fishes of the Chalk Formation.

The next and most ranarkable of all changes in
the character of Fishes, takes place at the com-
mencement of the Cretaceous formations. Genera
of the first and sccoud orders (Placoidean and
Ganoidian), which had prevailed exclusively in
all formations till the termination of the Oolitic
series, ceased suddenly, and were replaced by
genera of ncw orders (Ctenoidean and Cycloi-
dean), then for the first time introduced. Nearly
two-thirds of the latter also are now extinet; but
these approach ncarer to Fishes of the tertiary
series, than to those which had preceded the
formation of the Chalk.

that were warmer, or subject to more sudden changes of tem-
perature, than could be endured by Fishes whose skin was
protected only by such thin, and often disconnected coverings, as
the membranous and horny scales of most modern Fishes.

"* The most remarkable of these are the genus Lepidotus,
Pholidophorus, Pycnodus, and Hybodus.
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Comparing the Fishes of the Chalk with those
of the elder Tertiary formation of Monte Bolca,
we find not one species, and but few genera, that
are common to both.*

Fishes of the Tertiary Formations.

As soon as we enter on the Tertiary strata,
another change takes place in the character of
fossil Fishes, not less striking than that in fossil
Shells.

The fishes of Monte Bolca are of the Eocene
period, and are well known by the figures en-
graved in the Ittiolitologia Veronese, of Va d'
and m Knorr. About one-half of these fi

- lt has been already stated, that the remarkable depom ot‘
fossil Fishes at Engi, in the Canton of Glaris, are referred by
M. Agassiz to the lower portion of the Cretaceous system,

Many genera of these are identical with, and others closely
approximate to, the fishes of the Inferior chalk (Pldner kalk) of
Bohemia, and of the Chalk of Westphalia (see Leonhard and
Broun. Neues Jahrbuch, 1834). Although the mineral cha-
racter of the slate of Glaris presents, as we have before stated,
an appearance of high antiquity, its age is probably the same as
that of the Ganlt, or Speeton clay of England. This alteration
of character is consistent with the changes that have given an air
of higher antiquity than belougs to them, to most of the Secon-
dary and Tertiary formations in the Alps.

The Fishes of the Upper chalk are best known by the nume-
rous and splendid examples discovered at Lewes by Mr,
Mantell, and figured in his works. These Fishes are in an un-
exampled state of perfection; in the abdominal cavities of one
species (Macropoma) the stomach, and coprolites are preserved
entire, in their natural place,
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belong to extinct genera, and not one is identical
with any existing species; they are all marine,
and the greater number approach most nearly
to forms now living within the tropics.*

To this first period of the Tertiary formations
belong also the Fishes of the London clay;
many of the species found in Sheppy, though
not identical with those of Mounte Bolca, are
closely allied to them. The Fishes of Libanus
also are of this era. The Fishes in the gypsum
of Mont Martre are referred to the same period
by M. Agassiz, who differs from Cuvier, in at-
tributing them all to extinct genera.

The Fishes of Oeningen have, by all writers,
been referred to a very recent local lacustrine
deposit. M. Agassiz assigns them to the second
period of the Tertiary formations, coeval with
the Molasse of Switzerland and the sandstone
of Fontainbleau. Of seventcen extinct species,
one only is of an extra-European genus, and all
belong to existing genera.

The gypsum of Aix contains some species
referrible to one of the extinct genera of Mont
Martre, but the Breatest part are of existing
genera. M. Agassiz considers the age of this for-

* M. Agassiz has re-nrranged these fishes under 127 Species,
all extinct, and 77 Genera. Of these Genera 38 are extinct, and
39 still living; the latter present 81 fossil species at Monte Bolca,
and the former 46 species. These 39 living Genera appear for
the first time in this formation.
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mﬁPn as nearly coinciding with that of the
Qeningen deposits.

:l?h.e Fishes of the Crag of Norfolk, and the
superior Sub-apennine formation, as far as they
are jrot| known, appear for the most part related
fa gidhetd now common in tropical seas, but are

nct species. ‘

.. Family of Sharks,

sm= me Tamily of Sharks is one of the most
universally diffused and most voracious among
medern Fishes, so there is no period in geolo-
gical history in which many of its forms did not
prévail.* Geologists are familiar with the occur-
rehbe of various kinds of large, and beautifully
enamelled teeth, some of them resembling the
extérnal form of a contracted leech, (Pl 277,
and 277): these are commonly described by the
name of Palate bones, or Palates. As these
teeth are usually insulated, there is little evi-
dence to indicate from what animals they have
been derived.

In the same strata with them are found large
bony Spines, armed on one gide with prickles,
resembling hooked teeth, (see Pl. 27° C. 3. a.)
These were long considered to be jaws, and
true teeth; more recently they have been ascer-

¢ M. Agassiz has ascertaned the existence of more than one
hundred ang fifty extinct species of fossil Fishes allied to this
fanuly.



THREE SUB-FAMILIES. 287

tained to be dorsal spines of Fishes, and from
their supposed defensive office, like those of the
genus Balistes and Silurus, have been nnmed
Ichthyoderulites.

M. Agassiz has at length referred all . theao
bodies .tq extinct genera in the great family of
Sharks, a family which he separates into' three
sub-vfamiliea, each containing forms peculiar to..

certain geological epochs, and which change:
simultaneously with the other great changw in '
fossil remains. non

The first and oldest sub-family, Cestra-
cionts, beginning” with the Transition strata,
appears in every subsequent formation, till the
commencement of the Tertiury, and has only
one living representative, viz. the Cestracion
Philippi, or Port Jackson Shark. (Pl. 1. Fig.
18.) The second family, Hybodonts, beginning
with the Muschel-kalk, and perhaps with the
Coal formation, prevails throughout the Oolite
series, and ceases at the commencement of the
Chalk. The third family of ““Squaloids,” or
true Sharks, commences with the Cretaceous
formation, and extends through the Tertiary
strata into the actual creation.*

* The character of the Cestracionts is marked by the presence
of large polygonal obtuse enamelled teeth, covering the interior
of the mouth with a kind of tesselated pavement. (PI. 274 A. 1,
3, 4,and PI. 274, B. 1, 2, 3, 4, 5.) In some species not less

than sixty of these teeth occupied each jaw. They are rarely
found connected together in a fossil state, in consequence of the



In the section Pl. 1, Fig. 19 represents a tooth of Psam-
modus, and® Fig. 197, a tooth of Orodus, from the Carboniferous
limestone; and Fig. 187, a recent tooth of the Cestracion Phi-
lippi. The Cestracion Philippi, (Pl. 1, Fig. 18, and PL 27¢, A.)
is the only living species in the family of Sharks that has flat
tesselated teeth, and enables us to refer numerous fossil teeth of
similar construction to the same family. As the small anterior
cutting teeth (Pl. 27¢, A. Figs. 1. 2. 5.) in this species, present a
character of true Sharks, which has not been found in any of the
fossil Cestracionts, we have in this dentition of a living species,
the only known link that connects the nearly extinct family of
Cestracionts with the true Sharks or Squaloids.

The second division of the family of Sharks, Hyhodonts, com-
mencing probably with the Coal formation, prevailed during the
deposition of all the Secondary strata beneath the Chalk ; the teeth
of this division possess intermediate characters between the blunt
polygonal crushing teeth of the sub-family Cestracion, and the
smooth and sharp-edged cutting teeth of the Squaloids, or true
Sharks, which commenced with the Cretaceous formations. They

v See PL. 27 C. 3.



ICHTHYODORULITES. 28O

us to rcfer those very common, but little under-
stgod fossils, which have been called Ichthyodo-
rulites, to extinct genera and species of the sub-
famlly of Ceq;racmuts (See page 286). Severql
lwmg species of the great family of Sharks have

are distinguished from those of true Sharks by being plicated, both
on the external and internal surface of the enamel. (See
27%. B, Figs. 8, 9, 10). Plate 27* C. 1. represents
example of a series of teeth of Hybodus reticulatus, still «
to the cartilaginous jaw boues, from the Lias of Lyme Regis.
Striated teeth of this fumily abound in the Stouesticld slate and
in the Wealden formation.

Another genus in the sub-family of Hybodouts, is the Onchus,
found in the Lias at Lyme Regis; the teeth of this genus are re-
presented, PL 274 B.6, 7.

In the third, or Squaloid divisien of fossils of this family, we
have the character of true Sharks; these appear for the first
time in the Cretaccous formations, and extend through all the
Tertiary deposits to the present era, (PLO27 B 11, 12, 130)
In this division the suiface of the teeth is always smooth on the
outer side, and sometimes plicated on the inner side, as it is also
in certain living species; the teeth are often flat and lancet-
shaped, with a sharp cutting border, which, in many species, is
serrated with minute teeth,  Species of this Squaloid family
alone, abound i all strata of the Tertiury formation.

The greater strength, and attened condition of the teeth of
the familics of Sharks (Cestracionts and Hybodonts), that pre-
vailed in the Transition and Secondary formations beneath the
Chalk, had relation, most probably, to their oftice of crushing
the hard coverings of the Crustacea, and of the buny enamelled
scales of the Fishes, which formed their food. As soon as Fishes
of the Cretaccous and Tertiary formations assumed the softer
scales of modern Fishes, the teeth of the Squaloid sub-family
assumed the sharp and cntting edges that characterise the tecth
of living Sharks. Not one species of the blunt-toothed Cestra-
ciont family has yet been discovered in any Tertiary furmation,

G. v
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smooth korny spines connected with the dorsal
fin. In the Cestracion Philippi alone, (Pl 1,
Fig. 18), we find a bony spine armed on its
concave side with tooth-like hooks, or prickles,
similar to thosc that occur in fossil Ichthyo-
dorulites : these hooks act as points of suspen-
sion and attachment, whereby the dorsal fin is
connected with this bony spine, and its move-
ments regulated by the elevation or depression
of the spine, during the peculiar rotatory action
of the body of Sharks. This action of the
spine in raising and depressing the fin resembles
that of a movcable mast, raising and lowering
backwards the sail of a barge.

The common Dog-Fish, or Spine Shark,
(Spinax Acanthias, Cuv.), and the Centrina
Vulgaris, have a horny clevator spinc on each
of their dorsal fins, but without teeth or hooks ;
similar small toothless horny spines have been
found by Mr. Mantell in the chalk of Lewes.
These dorsal spines had probably a further use
as offensive and defensive weapons against vora-
cious fishes, or against larger and stronger in-
dividuals of their own species.®

The variety we find of fossil spines, from the
Greywacke series to the Chalk inclusive, indi-

* Colonel Smith saw a captain of a vessel in Jamaica who
received many severe cuts in the body from the spines of a Shark
in Montego Bay. (Sce Griffith's Cuvier).

The Spines of Balistes and Silurus have not their base, like
that of the spines of Sharks, simply imbedded in the flesh, and
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cates the number of extinct genera and species
of the family of Sharks, that occupied the watera
throughout these early periods of time. Not less
varied are the forms of palate bones and teeth,
in the same formations that contain these
spines; but as the cartilaginous skceletons to
which they belonged have usually perished,
and the teeth and spines are genernlly dis-
persed, it is chiefly by the aid of anatomical
analogies, or from occasional juxtaposition in
the same stratum, that their respective species
can be ascertained.

Fossil Ruys.

The Rays form the fourth family in the order
Placoidians.  Genera of this family abound
among living fishes; but they have not been
found fossil in any stratum older than the Lias;
they occur also in the Jurassie limestone.

Throughout the tertiary formation they are
very abnndant ; of one genus, Myliobatis, there
are seven known species ; from these have been
derived the palates that are so frequent in the
London clay and crag. (See Pl o274, B. Fig.
14.) The genus Trygon, and Torpedo, oceur
also in the Tertiary formations.

attached to strong muscles; but aiticulate with a bone heuneath
them. The Spine of Balistes also is kept erect by u second
spine behind its base, acting hike a bolt o1 wedge, which is
simultanevusly inserted, or withdrawn, by the same muscular
motion that raises or depresscs the spie,
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Conclusion.

In the facts before us, we have an uninter-
rupted series of evidence, derived from the family
of Fishes, by which both bony and cartilagi-
nous forms of this family, are shewn to have
prevailed during cvery period, from the first
commencement of submarine life, unto the pre-
sent hour. The similarity of the teeth, and
scales, and bones, of the earliest Sauroid
Fishes of the coal formation (Megalichthys),
to those of the living Lepidosteus, and the cor-
respondence of the teeth and bony spines of
the only living Cestraciont in the family of
Sharks, with the numerous extinct forms of that
sub-family, whicli abound throughout the Car-
boniferous and Secondary formations, connect
extreme points of this grand verbetrated division
of the animal kingdom, by one¢ unbroken chain,
more uniform and continuous than has hitherto
been discovered in the entire range of geological
rescarches.

1t results from the review licre taken of the
history of fossil Fishes, that this important class
of vertebrated animals presented its actual gra-
dations of structure amongst the earliest inha-
bitants of our planet; and has ever performed
the same important functions in the general
economy of nature, as those discharged by their
living representatives in our modern seas, and
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lakes, and rivers. The great purpose of their
existence seems at all times to have been, to fill
the waters with the largest possible amount of
animal enjoyment.

The sterility and solitude which have some-
times been attributed to the depths of the ocean,
exist only in the fictions of poetic fancy. The
great mass of the water that covers nearly three-
fourths of the globe is crowded with life, per-
haps more abundantly than the air, and the
surface of the carth; and the bottom of the
sea, within a certain depth accegsible to light,
swarms with countless hosts of worms, and ereep-
ing things, which represent the kiudred families
of low degree which crawl upon the Tand.

The common obhject of creation scems ever
to have been, the infinite multiplication of life.
As the basis of animal nutrition is laid in the
vegetable Kingdom, the bed of the ocean is not
less beautifully clothed with submarine vege-
tation, than the surface of the dry land with
verdant herbs and  stately forests. In both
cases, the undue increase of herbivorous tribes
is controlled by the restraining influence of those
which are carnivorous; and the common result
is, and ever has been, the greatest possible
umount of animal c¢njoyment to the greatest
number of individuals.

From no kingdom of nature does the doctrine
of gradual Development and Transmutation of
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‘species derive less support, than from the pro-
gression we have been tracing in the class of
Fishes. The Sauroid Fishes occupy a higher
place in the scale of organization, than the ordi-
nary forms of bony Fishes; yet we find examples
of Sauroids of the greatest magnitude, and in
.abundant numbers in the Carboniferous and
Secondary formations, whilst they almost dis-
appear and are replaced by less perfect forms
in the Tertiary stratu, and present only two
genera among cxisting Fishes.

In this, as ip many other cases, a kind of re-
trograde development, from complex to simple
forms, may be said to have taken place.  As
some of the more early Fishes united in a
single species, points of organization which, at
a later period, are found distinet in separate
families, these changes would scem to indicate in
the class of Fishes a process of Division, and of
Subtraction from more perfect, rather than of
Addition to less perfect forms,

Among living Fishes, many parts in the or-
ganization of the Cartilaginous tribes, (e. g. the
brain, the pancreas, and organs subservient to
generation,) are of a higher order than the cor-
responding parts in the Bony tribes; yet we find
the cartilaginous family of Squaloids co-existing
with bony fishes in the Transition strata, and
extending with them through all geological for-
mations, unto the present time.
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In no kingdom of nature, therefore, does it
seem less possible to explain the successive
changes of organization, disclosed by geology,
without the direct interposition of repeated acts
of Creation.

CHarrer XV.

Proofs of Design in the Fossil Remains
of Mollusks.* :

SECTION L
FOSSIL UNIVALVE AND BIVALVE SHELLS.

We are much limited in our means of obtaining
information as to the anatomical structure of
those nmumerons tribes of extinet animals which
are comprehended under Cuvier's great division
of Mollusks. Their soft and perishable bodies
have almost wholly disappeared, and their ex-
ternal shells, and, in a few cases, an internal
apparatus of the nature of shell, form the only
evidence of the former existence of the myriads
of these creatures that occupied the ancient
waters.

The enduring nature of the calcareous cover-

¢ See note, p. 62.
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ings which these animals had the power of
secreting, has placed our knowledge of Fossil
Shells almost on a footing with that of recent
Conchology. But the plan of our present
enquiry forbids us here to take more than a
general review of the history, and economy of
the creatures by which they were constructed.
* We find many and various forms, both of Uni-
v.alve and Bivalve shells, mixed with numerous
remains of Articulated and Radiated animals, in
the most ancicnt strata of the Transition period
that contain any traces of organic life. Many
of these shells agree so closely with existing
species, that we may infer their functions to
have been the same; and that they were inha-
bited by animals of form and habits similar to
those which fubricate the living shells most
nearly resembling them.*

All Turbinated and simple shells are con-
structed by Mollusks of « higher Order than the
Conchifers, which construct Bivalves ; the former
have heads and eyes; the Conchifers, or con-
structors of bivalves, are without cither of these
important parts, and possess but a low degrec of
any other sensc than touch, and taste. Thus
the Mollusk, which occupies a Whelk, or a
Limpet shell, is an animal of a higher Order

¢ See Mr. Broderip's Introduction to his Paper on some new
species of Brachiopoda, Zool. Trans., vol. 1, p. 141.
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than ‘the Conchifer enclosed between the two
valves of a Muscle or an Oyster shell.  “i-

Lamarck has divided his Order of Tracheli-
pods* into two great sections, viz. herbivorows
and carnivorous ; the carnivorous are also di-
visible into two families of different office, the
one attacking and destroying liring bodies, the
other eating dead bodies that have perished in’
the course of nature, or from accidental causes
after the manner of thosc species of predaceous
beasts and birds, ¢. g. the Hywenas and Vultures,
which, by preference, live on carrion. The same
principle of cconomy in nature, which causcs
the dead carcases of the hosts of terrestrinl
herbivorous animals to be accclerated in their
decomposition, by forming the food of numerous
carnivora, appears also to have been applied to
the submarine inhabitants of the most ancient,
as well as of the existing seas; thus converting
the death of one tribe into the nutriment and
support of life in others,

It is stated by Mr. Dillwyn, in a paper read
before the Royal Society, June 1823, that Pliny
has remarked, that the animal which was sup-

* This name is derived from the position of the foot, or luco-
motive apparatus, on the lower surface of the neck, or of the
anterior part of the body. By mcans of this organ Trachelipods
crawl like the common garden snail (Helix aspersa).  This Helix
offers also a familiar example of the manner in which they have
the principal viscera packed within the spiral shell.
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posed to yield the Tyrian dye, obtained its food
by boring into other shells by means of an
elongated tongue; and Lamarck says, that all
those Mollusks whose shells have a notck or
canal at the base of their aperture, are fur-
snished with a similar power of boring, by means
of a retractile proboscis.* 1In his arrangement
‘of invertcbrate animals, they form a section of
the Trachelipods, which he calls carnivorous.
(Zoophages). In the other section of Tracheli-
pods, which he calls herbivorous (Phytiphages)
the aperture of the shell is entire, and the animals
have jaws formed for feeding on vegetables.
Mr. Dillwyn further asserts, that every fossil
Turbinated Univalve of the older beds, from the

* The proboscis, by means of which these animals are ¢nabled
to drill holes through shells, is armed with a number of minute
teeth, sct like the teeth of a file, upon a retractile membrane,
which the animal is enabled to fix in a position adapted for
boriug or filing a hole from without, through the substance of
shells, and through tlus hole to extraet and feed npon the juices
of the body within them. A fannlian example of this organ may
be seen in the retractile proboscis of Buecinum Lapillus, and Bue-
cinum Undatum, the common whelks of our own shores. A
valuable Paper on this subject has receutly been published by
Mr. Osler (Phil. Trans., 1832, Part 2, P. 497), m which he
gives an engraved figure of the tongue of the Buccinum Unda-
tum, covered with its rasp, whereby it perforates the shells of
animals destined to become s prey.  Mr. Osler modities the
rule or the distinction between the shells of carnivera and herbi-
vora, by shewing that, although it is true that all beaked shells
indicate their molluscous inhabitant to have been carnivorous, an
entire apetture does not always indicate an herbivorous character.
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Trausition lime to the Lias, belongs to the herd:-
vorous genera; and that the herbivorous class
extends through every stratum in the entire
series of geological formations, and still retains
its place among the inhabitants of our existing
seas. On the other hand, the shells of marine
caratvorous Univalves are very abundant in the
Tertiary strata above the Chalk, but are ex-
tremely rare in the Sccondary strata, from the
Chalk downwards to the Inferior oolite ; beneath
which no trace of them has yct been found.

Most collectors have scen upon the sca shore
numbers of dead shells, in which small circular
holes have been bored by the predaccous tribes,
for the purposc of feeding upon the bodics of
the animals contained within them ;  similar
holes occur in many fossil shells of the Tertiary
strata, whercin the shells of carnivorous Tra-
chelipods also abound ; but perforations of this
kind arc extremely rare in the fossil shells of any
older formation.  In the Green-sand and Oolite,
they have been noticed only in those few cuses
where they are accompanied by the shells of
equally rare carnivorous Mollusks ; and in the
Lias, and strata below it, there are neither perfo-
rations, nor any shells having the notched mouth
peculiar to perforating carnivorous species.

It should scem, from these facts, that in the
cconomy of submarine life, the great faily of
carnivorons Trachelipods, performed the siwme
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necessary office during the Tertiary period,
which is allotted to them in the present ocean.
We have further evidence to shew, that in
times anterior to, and during the deposition of
the Chalk, the same important functions were
consigned to other carnivorous Mollusks, viz.
the Testaceous Cephalopods ;* these are of com-
paratively rare occurrence in the Tertiary strata,
and in our modern scas; but, throughout the
Secondary and Transition formations, where car-
nivorous Trachelipods are cither wholly wanting,
or extremely scarce, we find abundant remains
of carnivorous (cphalopods, consisting of the
chambered shells of Nautili and Ammonites,
and many kindred extinct genera of polytha-
lamous shells of extraordinary beauty.  The
Molluscous inhabitants of all these chanbered
shells, probably posscssed the voracious habits
of the modern Cuttle Fish, and by feeding
like them upon young Testacen and Crustacea,
restricted the excessive increase of animal life
at the bottom of the more ancient scas. Their
sudden and ncarly total disappearance at the
commencement of the Tertiary era, would have
caused a Dblank in the “ police of nature,”
allowing the herbivorous tribes to increase to an
excess, that would ultimately have been de- -
structive of marine vegetation, as well as of
themselves, had they not been replaced by a

* See explanation of the term Cephalopod, i note at p. 303.
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different order of carnivorous creatures, destined
to perform in another manner. the office which
the inhabitants of Amnonites andvarious extinet
genera of chambered shells then ceased to dis-
charge. From that time onwards, we have cvi-
dence of the abundance of carnivorous Trache-
lipods, and we sec good reason to adopt the
conclusion of Mr. Dillwyn, that * in the forma-
tions above the Chalk, the vast and sudden
decrease of one predaccous tribe has been pro-
vided for by the creation of many new genera,
and species, possessed of similar appetencies, and
yet formed for obtaining their prey by habits en-
tirely different from those of the Cephalopods.”™

The design of the Creator scems at all times
to have been, to fill the waters of the seas,
and cover the surface of the carth with the
greatest possible amount of organized beings
enjoying lifc ; and the siane expedient of adapting
the vegetable kingdom to hecome the basis of the
life of animals, and of multiplying largely -the
amount of animal existence by the addition of
Carnivora to the Herbivora, appears to have
prevailed from the first commencement of or-
ganic life unto the present hour.*

* Mr. Dillwyn obscrves further, that all the herbivorous marine
Trachelipods of the Transition and Secondary strata were fur-
-nished with an opercalum, as if to protect them against the
carnivorous Cephalopods which then prevailed abundantly; but
that in the Tertiary formations, numetons hethivorous genera

~ appear, which uare not furnished with opereala, us if no longer
r; requiring the protection of such a shield, after the extinetion
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Mr. De la Beche has recently published a list
of the specific gravitics of living shells of different
genera, from which he shews that their weight
and strength are varied in accommodation to the
habits and habitation of the animals by which
they are respectively constructed; and points out
evidence of design, such as we discover, in all
carefully conducted investigations of the works
of naturc, whether among the existing or extinct
forms of the animal creation.*

of the Ammonites and of many cognate genera of carnivorous
Trachelipods, at the termination of the Secondary period, i. e.
after the deposition of the Chalk formation.

* It can scarcely escape the observation of the reader, that,
while the speeific gravities of the land shells cnumerated is
generally greatest, the densities of the floating marine shells are
much the smallest.  The design of the difference is obvious :
The land shells have to contend with all changes of climate, and
to restst the action of the atmosphere, while, at the same time,
they are thin for the purpose of easy transport, their density is
therefore greatest. The Argonaut, Nautilus, and creatures of the
like habits require as hight shells as may be consistent with the
requisite strength: the relative specitic gravity of such shells is
conscquently small. The greatest observed density was that of a
Helix, the smallest, that of an Argonaut.  The shell of the
Tanthina, a floating Moluscous ereature, is among the smallest
densities.  The specific gravity of all the land shells examined
was greater than that of Carara marble; in general more ap-
proaching to Arragonite.  The freshwater and marine shells,
with the exception of the Argonaut, Nautilus, Tanthina, Litho-
domus, Haliotis, and great radiated erystalline Teredo from the
Fast Indics, exceeded Catara marble in density.  This marble
and the Haliotis ave of equal speeific gravities.”---De la Beche's

Geological Researches, 1834, p. 76,
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SECTION I1.

FOSSIL REMAINS OF NAKED MOLLUSKS, PENS, AND
INK-BAGS OF LOLIGO.

It is well known that the common Cuttle Fish,
and other living species of Cephalopods,* which
have no external shell, are protected from their
enemies by a peculiar internal provision, con-
sisting of a Dbladder-shaped sac, containing a
black and viscid ink, the cjection of which
defends them, by rendering opaque the water in
which they thus become concealed. The most
familiar examples of this contrivance are found
in the Sepia vulgaris, and Loligo of our own scas.
(See Pl. 28, Fig. 1.)

It was hardly to be expected that we should
find, amid the petrified remains of animals of the

* The figure of the common Calmar, or Squid (Loligo Vul-
Lam.---Nepia loligo of Linnwus), see PL 28, Fig. 1,
illustrates the origin of the term Cephalopod, a term applied to
a large family of molluscous animals, from the fuct of their fect
being placed around their heads. The feet are lined internally
with ranges of horny cups, or suckers, by which the animal
seizes on its prey, and adheres to extrancous bodies,  The
mouth, in form and substance resembles a Parrot’s beak, and is
surrounded by the feet. By means of these feet and suckers the
Sepia octopus, or common Poulpe (the Polypus of the ancients),
crawls with its head downwards, along the bottom of the sea.
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ancient world, (remains which have been buried
for countless centuries in the deep foundations
of the earth,) traces of so dclicate a fluid as the
ink which was contained within the bodies of
extinet species of Cephalopods, that perished
at periods so incalculably remote: yet the
prescrvation of this substance is established
beyond the possibility of doubt, by the recent
discovery of numerous specimens in the Lias of
Lyme Regis,* in which the ink-bags are pre-
served in a fossil state, still distended, as when
they formed parts of the organization of living
bodies, and retaining the same juxta-position to
a horny pen, which the ink-bag of the existing
Lolizo bears to the pen within the body of that
animal.  (PL 28, Fig. 1)

Having before us the fact of the preservation
of this fossil ink, we find o ready explanation of
it, in the indestruetible nature of the carbon of
which it was chiefly composed. Cuvier describes
the