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MEMOIRS.

On the Colouring Matters of Various Animals, and
especially of Deep-sea Forms dredged by H.M.S.
Challenger. By H. N, Moseley, M.A., Fellow of

Exeter College, Oxford ; late Naturalist on board H.M.S.
Challenger. (With Plates I and II.)

During the voyage of the Challenger I made a continued
series of observations with the spectroscope on the colouring

matters of the various Invertebrata procured by the dredge
and trawl. The colours were examined spectroscopically in

almost all cases in which an animal presented marked
coloration, but usually further attention was only paid in those

instances in which a spectrum presenting isolated bands
was obtained, such colouring matters being of most imme-
diate interest because they are able to be readily identified.

Observations were also carried on on the colouring matters
of shallow water-forms and land animals in continuation
of similar work commenced before the voyage was deter-

mined on.

A simple direct vision spectroscope by Baker, of High
Holborn, was made use of, consisting of slit, collimator, and
compound prism only. The instrument was usually made
use of without a microscope. The position of the bands was
determined by reference to the solar lines, matters being so

arranged that half the field of view was occupied by the

solar spectrum, whilst the other half showed the absorijtion

spectrum to be determined.

The following are the observations made on various colour-

ing matters.

Sponges.

PoLTOPOGON amadou.—A large Hexactinellid sponge, Poli-

opogon Amadou (Wyville Thomson), which was dredged in

630 fathoms off the Kermadec Islands, showed a bright

pinkish-purple colouring of its sarcode. The colour ap-

peared to become developed more vividly on the exposure of

the sarcode to the air. The colouring matter is soluble in

dilute alcohol and fresh water, but not in absolute alcohol*

The lokition gave no absorption bands*

VOL, XVlIi—NEW SER, A
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Alcyonarians.

Tubipora.—The red colouring of the corallum of Tubipora
absorbs all the spectrum but the red, but shows no bands.

Heliopora. — The intense blue colouring of Heliopora

carulea is soluble in the recent or dried condition of the

corallum^ neither in hydrochloric acid, ammonia, caustic

potash, nor alcohol. When the corallum is dissolved in

hydrochloric acid the blue colouring matter is set free as

small flocculent intensely coloured masses, which may be
seen under the microscope to be insoluble in concentrated

hydrochloric acid. The colouring matter, however, when
thus set free is readily soluble in alcohol, and yields an
intensely blue solution of the colour of sulphate of copper

solution. This solution gives no absorption bands, but
simply absorbs most of the red and violet of the spectrum

(PI. I, No. 1). On the addition of alkalies to the solution it

becomes of a dirty green colour. It regains its blue colour

on being again rendered acid with hydrochloric acid. The
blue solution when evaporated to dryness leaves a blue amor-
phous powder behind. The colouring matter is destroyed by
nitric acid.

ZOANTHARIANS.

A species oi Anthea, obtained off Bermuda in 31 fathoms,

was of a dark red colour. The red colouring matter gave

no absorption bands, but yielded the spectrum shown in PI.

I, fig. 3.

Polyperythrin.—A large series of simple stony corals of

very different genera and two forms of Actinia), procured

mostly from deep water in various localities, and also certain

Hydroids, have been found to have a partial or entire deep
madder-red coloration, due to the presence of a peculiar

colouring matter for which the name "polyperythrin" is

proposed. The madder colouring matter yields in the fresh

condition a very well-defined spectrum of three absorption

bands (PI. I, fig. 3 a), the two less refrangible bands being

very dark. One band lies in the green and two at the less

refrangible end of the spectrum (PL I, fig. 3 a). The
green band is the faintest and disappears first on increase of

light transmitted or diminution of the thickness of the film

of colouring matter employed. This banded spectrum is

yielded by fresh portions of the ectoderm or any tissues

showing the madder coloration. The colouring matter is

very stable, and portions of tissues containing it when dried

on a glass slide yield the S2:)ectrum in full intensity after a

lapse of three years. The colouring matter is insoluble in
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water, glycerine, alcohol, and ether, also in strong solu-

tions of ammonia or potash, and it is not affected by picric

acid. When treated with moderately strong hydrochloric,

nitric, or sulphuric acids the colouring matter is dissolved

and yields on addition of water or alcohol a solution of a

peculiar pink colour, which is markedly dichroic, appear-

ing green in certain lights. This acid pink solution yields

when very strong a broad intensely black band, Avhich in-

cludes the D line, and which is continued towards the violet

end of the spectrum as a less intense additional shading.

When the solution is slightly weakened a narrow interval of

light divides the black band into two (PL I, fig. 3 b), and
when it is still further reduced in strength the interval

between the bands becomes wider ; the more infrangible

band becomes much more intense than the narrower one on
its red side, and the fainter shading on the violet side of the

more refrangible band is lost (PL I, fig, 3 c). When the

solution is very weak indeed one band only, the more re-

frangible of the two, remains. On addition of alkalies to

the acid alcoholic solution the colouring matter is precipitated

as a dark burnt sienna-coloured flocculent deposit which
yields the original three-banded spectrum of the fresh sub-

stance, and is redissolved by acids. The precipitate can be

separated by a filter and the colouring matter thus obtained

in the pure condition. When dried it appears as an amor-

phous brown powder, which appears to have all the proper-

ties of the recent colouring matter.

Polyperythrin was first observed in a species of Cerato-

trochus (C diadema, n. sp., H. N. M.), which was dredged

on July 10th, 1873, between the Azores and Madeira. It

appears to be constantly present in various species of the

genus Flabellum, and gives the red tint which is present in

the calcareous corallum of many of these, and which is un-

impaired by maceration of the corallum in strong caustics.

A large series of Flabellum variabile (Semper) was ob-

tained by the Challenger in the Arafura Sea in 60 fathoms.

Some of the corals had their soft tissues uniformly coloured

of a dark madder. In others the colouring matter was
present only in more or less marked streaks, whilst very many
specimens were entirely^devoid of pigiment, and of a uniform

white, in fact albinos.

In most of the specimens the corallum was tinged with

the colouring matter, but in some it was pure white.

Polyperythrin has been observed in the following Coe-

lenterata.

Ceratotrochus diddema, dredged off Pernambuco, Brazil,
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in 675 fathoms, July 10th, 1873. Ibid., July 10th, 1873.

Lat. 37°26' N., long. 25°14' W., 1000 fathoms.

Flabellum variahile (Semper), Arufura sea, 40 fathoms.

Flahellum sp., off Cebu, Philippines, 100 fathoms.

Flabellum sp., April 4th, 1874, 120 fathoms.

Flabellum, September 26th, 1874, off Tion Folokker Islands,

126 fathoms.

Fungia symmetrica, occurring at great depths in all parts

of the world.

Steplianophyllia formosissima, off Cebu, Philippines, lOO

fathoms.

Steplianophyllia sp., Lat. 33°3rS., long. 74°43'W., 21G0
fathoms.

Actinia with a coriaceous test, off Japan, 565 fathoms.

Discosoma sp., lat. 33°42' S., long. 78°18' W., 1375

fathoms.

Wiizostomean Acalep)h (Cassiopeia), found in the trawl

used in 2040 fathoms, February 11th, 1876, in lat. 42°3r S.,

long. 36°2rW.
Further, several sjaecies of Rhizostoma occurring in our

northern seas have a brown colouring matter which is pro-

bably polyperythrin, but for the examination of which op-

portunity has not presented itself to me.

In the deep sea actinia obtained off Japan, the outer sur-

face of the animal was of a pure white, and the colouring

matter was found in the body cavity only intensely tinging

the surfaces of the mesenteries and viscera. In the discosoma

the colouring matter occurred in bands or streaks on the

disc only. In the Rhizostomean, which was unfortunately

too much mutilated for identification, the whole of the sur-

face of the umbrella was thickly covered with the pigment.

A second similar acalej)]! was obtained in the South Atlantic

likewise coloured with polyperythrin, but was like the other

specimens very much torn.

Polyperythrin has not been met with in any red coloured

compound corals nor in any red Actiniadee living in shallow

water, although many such occurring in various parts of the

world have been examined, including the red and pink Hy-
drocorallinoe (Stylasteridaj). Probably, in the ninnerous me-

dusae Avhich have a red brown pigment, the pigment is polype-

rythrin. I lately saw numerous Rhizostomeans cast up on the

Norwegian coast thus coloured, but had not then a spectro-

scope available.

Jdamsia.—An Adamsia obtained off the Pliilippines in

eighteen fathoms adherent to the shell of a Pagurus pre-

sented pink stripes on its external integument, which was of
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a mottled yellow and broAvn colour. The pink colouring

matter in the fresh condition yielded a single well-marked

absorption band (PL 1, fig. 4). The coloming matter when
dried retained its spectrum. It was insoluble in absolute

alcohol. The filaments emitted from the pores in the body-

Avall of these Actiniae were of a light red colour. This colour-

ing matter gave two absorption bands in the green which

were unfortunately not mapped.
C(snopsammia.—A Eupsammid coral (Coenopsammia sp.)

is extremely abundant about tide mark in sheltered bays at

St. Vincent, Cape Verdes, attached to the rock in masses,

and very conspicious from its red colour. Some specimens

are yelloAV, and some, half red, half yellow, were met with.

Also a red specimen with a yellow bud. The red colouring

of the corallum gives an absorption band, the position of

which Avas not determined.

ECHINODERMS.
Purple Pentacrinin.—Many specimens of several species

of Pentacrinus were obtained in various parts of the world

by H.M.S. Challenger. Several of these species are ncAv,

and Avill be described in due course by Professor Sir C.

Wyville Thomson,
Spectroscopic observations Avere made on specimens ob-

tained on five different occasions and localities, viz.

Off the Kermadec Islands, July Uth, 1874, from 630 and

650 fathoms.

Off the Ke Islands, September 26th, 1874, from 126 fathoms.

Off Cebu, Philippines, January 26th, 1875, from 100

fathoms, Avith Euplectella aspergillum.

BetAveen Panglaoand Siquijor Islands, Philippines, January

25th, 1875, from 375 fathoms.

Off the Meangis Islands, February 10th, 1875, from 500

fathoms.

The majority of the specimens Avere found to yield a

colouring matter Avhich is extremely well defined by char-

acteristic absorption s^^ectra, and Avhich may be termed Pen-

tacrinin, having as yet, been observed only in the genus

Pentacrinus. In the fresh condition the colouring matter is

freely soluble in slightly acidified alcohol, and gives a solu-

tion which is of an intense pink colour Avhen vicAved by
transmitted light. The solution Avhen moderately intense

gives a spectrum consisting of three bands (PI. 1, fig. 5 a).

One of these, intensely black with sharply defined margins,

covers the D line extending for a very short distance

beyond the more refrangible side of that line, and for a

greater distance on its other side tOAvards the red, as was
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observed by viewing the spectrum with the bright sodium
line in the field. The second, situated between D and E, is

most intense on its least refrangible border, and shades off

towards the violet. The third band is a broad, dim one,

stretching from h to F. Very little of the red end of the

spectrum is cut off. The whole of the violet is absorbed.

In very intense solutions (PI. I, fig. 46) the absorption at

the violet end spreads up to 6, and unites with the third

band, so that the light is entirely cut off up to h, where
there is a defined dark edge. The second band is intensi-

fied and becomes black. The first band is black as before,

but a paler band is added to it in continuation on its red

side. In very intense solutions the two principal bands
broaden out and almost run together, being separated only by
a narrow interval of yellow. The two principal bands coincide

very nearly with those of turacin. The only difference is

that the least refrangible band in turacin extends a little

further to the green side of D than does that of Pentacrinin.

On the acid alcoholic solution being rendered alkaline by
addition of ammonia the solution becomes of a bluish-green

colour, which shows a slight red fluorescence on the concen-
tration of sunlight in it.

The spectrum is changed. An intensely black band now
occupies a space to the less refrangible side of B ; to the red

side of D is a broad pale band, whilst the third band between
h and F remains as before, excepting that it is intensified for

rather more than half its breadth on its violet side (PL I,

fig. 5 c). In very weak solutions the first and third bands
remain visible after the middle one is lost.

The solution can be rendered acid or alkaline any number
of times with corresponding change of colour and spectrum.

By careful addition of ammonia in small quantities to the

acid solution, in a tall vessel, one part of the solution can be
obtained green, whilst the remainder is still red.

Thus the passage of one spectrum into the other may be

seen at the junction of the two solutions. As the least re-

frangible band of the acid spectrum fades, it takes the form
of a fine black line to the red side of D, with a fainter

margin extending just over D towards the green. As the

ammoniacal portion of the solution is approached a dark,

broad band is seen to extend gradually towards the red from

the least refrangible acid band up to the position of the least

refrangible margin of the dark alkaline band in the extreme

red. The least refrangible margin of the broad band darkens

as the least refrangible acid band fades from view, and at

length assumes the full intensity of the least refrangible alka-
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line band. In a very strong solution, or with weak trans-

mitted light, the broad band appears to extend the entire

distance from the alkaline band in the extreme red to D,
Avhilst the entire violet and blue end of the spectrum is

absorbed continuously as far as b.

By very cautious neutralisation of the solution a green
fluid can be obtained, which yields both acid and alkaline

spectra showing four bands (PL I, fig. 5 d). In it the ex-

treme red band of the alkaline solution and the intense band
in the region of D of the acid solution are seen of equal
intensity, whilst the second band of the acid spectrum
is very faint. In the exactly neutral solution thus yield-

ing four bands, acid and alkaline pentacrinin appear to

coexist.

The acid solution of pentacrinin, when slowly evaporated
and concentrated, yields a precipitate, which, when collected

and dried, appears as a dark violet-coloured amorphous
powder.

This substance, viewed by transmitted light as adhering
to the filtering paper, and rendered transparent with glycerine,

yields the same spectrum as the acid solution.

The dried colouring matter is very sparingly soluble in

absolute alcohol, but freely soluble in this, on the addition
of a few drops of hydrochloric acid. It is not soluble in

dilute hydrochloric _acid alone, requiring the addition of

alcohol to show the spectrum.

The fresh colouring matter is soluble in fresh water, but
remains partly suspended, forming a slightly opaque dark
purple solution, which gives, Avhen quite fresh, a mixed acid

and alkaline spectrum- When the aqueous solution is acidi-

fied the colouring matter becomes entirely dissolved, and
the fluid becomes clear and transparent, and of a beautiful

pink, yielding the same spectrum as the acidified alcoholic

solution. When the intense watery solution is rendered
alkaline a green flocculent precipitate is formed, and in a

very intense solution the two outer bands, the most refran-

gible and least refrangible, are lost, being encroached upon
and included in the general absorption of the ends of the

spectrum.

All the specimens of Pentacrinus obtained off" the Kerma-
decs, which were probably of two specicKS, were of a uniform

dusky purple colour when brought to the surface, being

evidently coloured by acid pentacrinin.

The specimens obtained off" the Meangis islands were
possibly of four species. Of these, three forms were simi-

larly coloured dark purple, one being especially dark, whilst
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the fourth form was of a light pinkish red, and did not
contain purple pentacrinin at all.

The specimens of Pentacrinus obtained off the Ke islands,

when in the fresh condition, had their stems almost white,

and their crowns of a light yellow or light reddish orange,

showing no purple coloration at all ; and those dredged off

Panglao and Signijor islands were almost colourless ; never-

theless, when placed in alcohol, they yielded a solution which
was deeply coloured of a sap green,and which, Avhen acidified,

became of the usual deep pink of pentacrinin. The penta-

crinin was thus in these examples, though present in great

abundance, entirely masked. It is possible that these Pen-
tacrini Avould have shown an alkaline reaction in the fresh

condition. Unfortunately the test was not made. The pen-

tacrinin would be far less visible in the green alkaline

condition.

Red 2ientacrinin.—The species of Pentacrinus obtained off

the Meangis islands, which was of a light pinkish-red colour,

gave a simple light-red solution in absolute alcohol. This

solution, when very intense, absorbed all the spectrum except

a band of light between E and B (PI. I, fig. 6 a). When
the solution was weaker it showed a single broad band in the

region of E, b and F, with some absorption of the ends of the

spectrum (PI. I, fig. 6 b). Addition of ammonia reduced
the brightness of the colour of the solution, and when added
in quantity caused the absorption band to disappear. It did

not render the solution at all green. Hence this one species

was devoid of pentacrinin, and contained an entirely different

colouring matter.

Antedotiin.—The various species of Antedon appear to be
usually either of arose colour or ofan orange or yellow, run-

ning into a yellow brown or of a dark purple. Both the rose or

red and yellow colouring matters are freely soluble in alcohol

and usually in fresh water. The coloured solutions obtained

from a large number of such species dredged by the Challenger

were examined, but none of them yielded a characteristic ab-

sorption spectrum showing bands. The European species

have been similarly found to yield a colouring matter free

from bands. In the case of Antedon rosaceus all the spectrum

but the red is absorbed. I found a purple species occurring at

Suez to yield a similar spectrum.

By dredging in from 8 to 12 fathoms in the channel between
Somerset and Albany Island, at Cape York, Australia, an An-
tedon was obtained in abundance which was of a dark purple

colour. The colouring matter is insoluble in glycerine,

soluble to a large extent in fresh water, and abundantly
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soluble in weak spirit, and gives an intense fuchsin-colourecl

solution. This, when compared with that obtained from a deep

sea Holothurian found to contain the same colouring matter

{v. inf.), is seen to be much redder, but it becomes pinker as

diluted with alcohol, and at last quite pink and indistinguish-

able to the naked eye from that of the Holothurian. The
solution when of moderate strength gives a spectrum

consisting of three well-defined absorption bands (PI. I,

fig. 9 a). On using a very weak solution and gradually

strengthening it the least refrangible band, as being the

most intense, appears first, and is visible in solutions which

appear very slightly '^tinted indeed to the unassisted eye.

The other two bands appear together. The middle band

is at first darkest about E. The most refrangible band, Avhich

is much less dark than the middle one, is of uniform intensity.

Neither the red nor violet ends of the spectrum are much
absorbed.

When the solution is very strong all three bands become
intense ; the violet disappears and all the light, except the

red and yellow, becomes very faint. The bands remain as

before, except that the middle band now appears of uniform

intensity throughout. When the solution is rendered

stronger still, the least refrangible band extends gradually

up towards D, and the whole of the spectrum becomes ab-

sorbed, except a band of light, consisting of red with a little

yellow (PI. I, fig. 2 b).

On the addition of hydrochloric acid to the alcoholic

solution the colour changes to an orange, and the spectrum

now consists of two bands (PL I, fig. 7 c), one lying to the

red side of E, the other to the violet side of b and extending

to F. These bands are in weak solutions separated by an

interval of light. In very intense solutions the bands are

joined by the absorption at the violet end of the spectrum,

and the spectrum consists of a simple band of red, yellow,

and green light (PL II, fig. 9 c). In solutions of inter-

mediate strength the two bands are connected together by
a clouding interrupted by lighter streaks, whilst the more
refrangible band is dark just about the region of F, and has

its main darkest mass separated from this dark narrow streak

at F by a lighter interval.

On the alcoholic solution being rendered alkaline by
addition of ammonia, it changes its colour to a deep violet,

and a flocculent purple precipitate is formed in it, which

can readily be separated by filtration. The precipitate

when dried appears as a violet amorphous powder, Avhich is

insoluble in alcohol and oil of cloves, and can thus be
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rendered transparent and mounted in Canada balsam as

adhering to the filtering paper. This precipitate when thus

dried yields the same spectrum as it does when suspended in

the solution. The spectrum consists of two bands as figured

(PL II, fig. 7^).
. _

The dried precipitate is insoluble in water, ether, and
alcohol, but soluble in acidified alcohol, and then gives the

original acid spectrum (PI. I, fig. 7 c), and when this solu-

tion is carefully neutralised the original three-banded spec-

trum returns, but I obtained it only faintly. Though a

very large quantity of precipitate was removed by ammonia
from a strong and original alcoholic solution, the solution

still remained of a vivid colour and gave its three bands. It

was only after continued addition of ammonia that the whole

of the colouring matter was precipitated.

The colouring matter appears to require a proportionately

increased quantity of ammonia to precipitate it, as the solu-

tion becomes weaker. Both the dried colouring matter

and the alcoholic solution have maintained their colour and
properties unimpaired after a lapse of two years.

Hymenaster.—Several new species of this deep-sea genus

of Sir C. Wyville Thomson were obtained by the Chal-

lenger from deep water. They are of a brilliant scarlet

colour when fresh, and the colour is rapidly discharged in

alcohol. The resulting deeply coloured solution yields, how-

ever, no absorption bands, but a spectrum in which all the

light except the red is sharply cut off. Many other brightly

coloured star-fish were examined, but with a similar result.

Hoplacanthinin.—Several specimens of an echinoid of the

genus Hoplacanthus were obtained by H.M.S. Challenger.

They are of a dark madder colour. Observations were

made on specimens obtained in latitude 6°48' N., longi-

tude 122°25' E. from 800 fathoms, October 23rd, 1874.

The colouring matter is freely soluble in alcohol, yielding a

madder-coloured solution, which shows in the spectrum two

not very sharply defined bands (PL II, fig. 8). The colouring

matter became precipitated in the alcoholic solution when
left to stand in about twelve hours. The absorption bands

could not be obtained from the precipitate.

Antedoninfrom Holothurian.—On Feb. 26th, 1874,in latitude

62°26', longitude 95°44' E., in the extreme south of the South

Indian Ocean, a large Holothurian, with a gelatinous test, was

dredged from 1975 fathoms. The holothurian was about ten

inches long, and three or six broad. The animal was of a

uniform dark purple colour. The colouring matter present

appeared to be identical with that obtained from the Antedon
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dredged at Cape York. It was not obtained in so intense

a solution as from the Antedon, the coagulation of tlie gela-

tinous matter in alcohol no doubt preventing so free a solu-

tion. The spectra yielded by the colouring matter are

figured (PI. II, fig. 9, a, b, c, d, e). In some unimportant re-

spects a difference between the colouring matter of this

Holothurian and that from the Antedon Avas observed.

The alcoholic solution of the Holothurian colouring matter

absorbs the red and violet ends of the spectrum more than
that of the Antedon (PI. II, fig. 9^6), and when acidified with

hydi'ochloric acid in strong solution shows a greater exten-

sion of its less refrangible band towards D than does the

similar solution from Antedon (PI. II, fig. 9 d). In weak
solutions, however, it gives two bands (PI. II, fig. 9 c) coin-

cident with those of the Antedon. It is probable that the

slight difference observed is only due to the turbidity of the

solution of colouring matter from the Holothurian, which is

caused by the gelatinous nature of the animal. Specimens of

the same species of Holothurian, or very similar forms, were
several times dredged by the Challenger in deep water in

various parts of the world, and they were found to be similarly

coloured.

Worms.

Landplanarians.—At Parramatta, near Sydney, New South
Wales, two large species of Rynchodemus are tolerably com-
mon, one of which is of a uniform Prussian blue colour,

whilst the other is of a uniform red. In the blue species the
blue pigment is confined to the superficial structures, and is

most abundant in the cells containing the rod-like bodies.

It is insoluble in alcohol. It changes when acidified with
dilute hydrochloric acid to a red, and is soluble in acidified

alcohol. Neither the red nor the blue pigments yield ab-
sorption bands in the spectrum. The pigment can be
rendered blue or red by being made alkaline or acid any
number of times.

It was thought possible that the red species would be
found to contain the same pigment as the blue one in the

acid condition, since the two sjaecies are exactly alike in

form and occur together, but such was found not to be
the case. The red form contains red pigment which does

not turn blue on being rendered alkaline, and which is in-

soluble in acidified alcohol.

Eteone.—A species of Eteone was obtained from 1127
fathoms, lat. 41-57° N., long. 9'42°, which had a bright
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green pigment in its appendages as is the case in allied

shallow water forms as Phyllodice.^

Sabella.—A Sabella obtained from 600 fathoms contained

chlorocruorin as do shallow-water Sabellpe.-

Sayitta.—Several species of Sagitta were obtained, some
being very large. The large ones contained an abundant
red oily pigment soluble in alcohol, which absorbs all the

spectrum but the red and yellow (PL IV, fig. 1).

Crustacea.

Crustaceorubrin.—Many deep-sea Decapods of various

forms are coloured of an intense scarlet. This is the case

both with Schizopods, such as Gnathophausia and Petalo-

phthalmos (Suhm), and in the Peneids and Caridids,which are

excessively abundant in deep water. The oily red colouring

matter of these Crustacea is soluble in alcohol, and is in

time entirely removed by spirit from specimens preserved in

it. The resulting red solution gives a single broad absorp-

tion band in the green and blue (PI. II, fig. H). Addition of

hydrochloric acid or of ammonia to the solution does not

alter the spectrum. A similar red solution yielding the same

spectrum is formed when large quantities of red pigmented

surface Entomostraca are preserved in spirit. The colouring

matter seems to be identical in the two cases.

Pandarus.—A red colouring matter, probably the same as

the above, was detected with the microspectroscope in a

Pandarus infesting a Carcharias brachiurus, which was

caught oflf the Kermadec Islands. So small a quantity of

the colouring matter was present that the absorption band
obtained was faint and not nearly so extensive as that shown

by intense solutions from the red decapods. It is probable,

however, that the colouring matter is the same (PI. II,

fig. 12).

MOLLUSCA.

Aplysiopurpurin.—An Aplysia is very abundant on the

shore at St. Vincent, Cape Verdes. Its habits are described

by Mr. Darwin in his Journal.^ The purple fluid emitted

by this mollusc is soluble in alcohol. It yields a broad ab-

sorption band in the green and blue, consisting of a darker

and a lighter portion in weak solutions (PI. II, fig. 13 a),

but entirely black in intense solutions. On the solution

being acidified it changes to a beautiful violet, and then

' E. R. Lankester, ' Journal of Auatomy and Physiology,' vol. iv, p. ] 21.

- Ibid., ' Quarterly Journal Microscopical Science,' Nov., 1867.

3 ' Darwin's Journal,' 2nd edition, p. G.
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yields the spectrum shown (PL II, fig. 13 b). The ends of

tlie spectrum are very little absorbed by either of the two

solutions. The colouring matters are evanescent and soon

fade.

In Bronn's ' Klassen und Ordnungen des Thierreichs'i it is

stated that the coloured fluid of Aplysia is, Avlien fresh,

purple red. Hydrochloric acid in small quantities inten-

sifies the purple colour of the fluid, in larger, changes it to

blue. Huschke says the fluid contains iodine, but the purple

colour cannot be derived from this.

An Italian chemist has recently stated that an anilin base

is present in Aplysia.

Doris.—A Doris or example of a closely allied genus

obtained in lat. 0°33' S.,long. 151°34' ^Y., from 2425 fathoms,

September 6th, 1875, had the surface of its foot coloured

of a dark purple, whilst the remainder of the body surface

was devoid of such pigment. The purple colouring matter

was found to be soluble in alcohol acidified with hydro-

chloric acid, and both when fresh and in solution gave a

spectrum showing two well-marked absorption bands (PL II,

fig. 14) which resemble those obtained from the acidified

solution of the colouring matter of Aplysia.

In the Doris, however, the spectrum of the fresh colouring

matter is identical with that of the acidified solution. It is

thus possible that the colouring matter exists in the animal

naturally in the acid form.

lanthinin.—Some large specimens of lanthina were pro-

cured on the surface of the North Atlantic, on June 20th,

18To, and aff'orded an opportunity for the examination of the

well-known purple-coloured fluid emitied by those animals,

and for corroborating some observations made previously

during the voyage.

The colouring matter in question is soluble in spirit, but

apparently only to a limited extent, since, if after a number
of lanthinas have remained for a day or so in spirit, the

coloured spirit be poured off* and fresh spirit substituted,

the colouring matter is seen to be shed out, and in a dense

cloud, and this spirit rapidly becomes as intensely coloured

as the preceding.

The spirit solution is of a pale pinkish-blue colour when
viewed by directly transmitted light, but when held so that

the light reaches the eye from it obliquely it displays a

most brilliant red fluorescence, in this matter resembling

greatly TEsculin, which is also blue by transmitted light.

When examined spectroscopically by transmitted light

1 Bd. Ill, p. ?56.
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the alcoholic solution shows three absorption bands (PI. II,

fig. 15 a), fine, an extremely intense band with well-defined

edges, extends from a little beyond the less refrangible side

of D to about one third of the distance between D and E.

The next band is faint, not so broad as the preceding, and
situate a little to the less refrangible side of E. The third

band is also faint, but rather darker than the last described ;

it extends from F towards the red, and shades gradually off

towards its red edge. The position of the bands is given in

the figure. The least refrangible band is so well marked
that it is easily seen with a weak solution; but the two

others, being fainter, require strong solution used in consider-

able thickness, and with not too high a dispersion, to come out

well. The red end of the spectrum is cut off as far as

almost up to B ; the blue end is visible just into the violet.

If a drop of hydrochloric acid be added to the spirit solu-

tion the colour changes at once to a clear pale blue, and the

spectrum changes to a single band (PI. II, fig. lob), dark in

the centre, and shading off at the edges, which band is

placed nearer the red than the dark band of the alkaline

solution, and overlaps the D line towards the green by
about one third of its breadth. The original colour and

spectrum are restored on the fluid being again rendered

alkaline with ammonia.

If an ianthina be pricked and made to discharge its purple

into a test-tube containing glycerine the colouring matter is

dissolved, and a solution obtained which has a deep violet

colour, and gives the three bands like the spirit solution.

If the purple be treated in the same manner with ether

a coloured solution is obtained, resembling exactly the spirit

one in appearance, fluorescence, and spectrum. The ether

does not become very highly tinged, but leaves a coloured

residue, which, after the ether is poured off, may be dis-

solved in absolute alcohol. A blueish solution showing one

absorption band is the result.

If the fresh purple fluid be treated with acidified ether a

most brilliant dark blue solution is obtained, which is not

fluorescent, and which gives the spectrum shown (PL II,

fig. Id[c).

No method by which the colouring matter, which may be

called lanthinin, could be preserved was discovered. All

the various solutions mentioned above faded in the course

of a week or two, and the ethereal solutions even more
rapidly.

Phosphorescence.—The phosphorescent light emitted by

three genera of deep-sea Alcyonarians was examined spec-
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troscopically. The spectra are figured in the accompanying
woodcut.

1
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tunate in not meeting with a larger number of these

colouring matters yielding characteristic banded spectra.

One of the most striking results of the present series of

observations is the comparatively large number of animal

coloured bodies yielding banded spectra which have been met
Avith. It must, however, be remembered that in the present

instance also a very large number of animal colouring matters

occurring in animals of most various kinds spread over the

greater part of the world have been passed in review with

a very large proportion of negative results, and that the

results here published represent the fruit of work extend-

ing over a period of three years and a half.

Professor Lankester in his paper on Blue Stentorin above

cited^ enumerates the few animal colouring matters known
at the time of the publication of his paper to yield banded

spectra. The list must now be more than doubled, and should

stand thus

:

Htemoglobin (for its distribution see Lankester, * Proc.

Royal Soc,' No. 140, 1873).

Chlorocruorin (Lankester, ' Quart. Journ. Micro. Science,'

Nov., 1867, ' Journal of Anat. and Physiol.,' vol. iv.)

Bonellein (Sorby, ' Quart. Journ. Micro. Science,' vol. xv,

166).

Bile-pigments and derivatives.

Chlorophylloid substances (in Spongilla fluviatilis, Sorby,

'Quart. Journ. Micro. Science,' vol. xv, p. 7).

Turacin (A. H. Church, 'Phil. Trans. S. Soc.,' 1869,

p. 627).
Aphidein and allies (Sorby, ' Quart. Journ. Micro.

Science,' vol. xi).

Actiniochrome, from Bunodes crassicornis (H. N. Moseley,
' Quart. Journ. Micro. Science,' vol. xiii, p. 143, 1873).

Blue stentorin (Lankester, ibid., p. 139).

Pigment of Odax and Labricthys (fish) (George Francis,

of Adelaide, ' Nature,' p. 167, Dec. 30th, 1875).

Polyperythrin.

Red colouring of Ccenopsammia.

Two distinct colouring matters in Adamsia sp.

Purple pentacrinin.

Red pentacrinin.

R. Lankester, 'Quart. Journ. Microscopical Science,' Vol. XIII, new

ser. See also ether papers in the same Journal.

I Abstract of a " Report on the Spectroscopic Examination of Animal

Substances," presented to the British Association at Exeter, 1869, by E.

TJ. Lankester, ' Journal of Anatomy and Physiology,' vol. iv-
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Antedoiiinj found in certain Holothurians as well as in

Antedon.
Hoplacanthinin

.

Crustaceorubrin.

Aplysiopurpurin (the same probably in Doris).

lanthinin.

No doubt the list is capable of much furthur extension.

Besides haemoglobin, the distribution of which is so wide
and yet so partial (Lankester, ' Proc. Royal Soc.,' No. 140,

1873), and bile pigments, peculiar colouring matters giving

absorption spectra have now been found to exist in members
of all the seven groups of the animal kingdom. Amongst
Protozoa such colouring matters occurs in Infusoria and
Sponges ; amongst Coelenterata they occur both in Anthozoa
and Hydromedusae, in Echinodermata in both Crinoidea,

Echinoidea and Holothuroiclea, but not in the Asteroidea.

In Vermes, in Annelids and Gephyreans. In Arthropoda,
in Crustacea and in Insecta. In Mollusks, in Gasteropods
only. In Vertebrata, in four fish, three species of Odax,
and one Labricthys, and twelve birds^ of two closely allied

genera. The Echinodermata and Coelenterata appear to be
the groups which are most prolific of such colouring matters.

The apparently capricious restriction of these colour-

ing matters to certain parts only of the animals possessing

them has been dwelt on by Professor Lankester (/. c).

In the case of haemoglobin such instances, as its restric-

tion to the pharyngeal muscles of certain Gasteropods, and
the nerve-ganglia of Aphrodite aculeata, may be cited, as also

its occurrence only in the muscles of the dorsal fin of Hip-
pocampus amongst the muscles of that fish. I may add an
observation of my own of a somewhat parallel case to this

latter, viz. that in sharks of the genus Carcharias, of which
many were caught and skinned on board the Challenger, a thin

layer of muscles next the skin, and closely adherent to it,

is tinged of a deep red colour with haemoglobin, appearing

like mammalian muscle, whilst all the deeper layers of

muscle forming the main mass of the body are pale and almost

white. In a Carcharias brachiurus caught off the Ker-
madec Islands this red layer of muscles was not more than

a quarter of an inch in thickness. Mr. Lankester accounts

for the presence of the haemoglobin in the muscles of the

dorsal fin of Hippocampus by the special activity of that

organ, but such an explanation fails in the case of the shark,

^ Duriug the voyage of the Challenger I believe 1 saw a notice iu some
scientific periodical to the effect that turaciu had been discovered in an

Australian parroquet. I cannot find the statement again.

VOL. XVII.—NEW SER. B
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the skill being ajjparently immovable. Moreover, the struc-

ture of the skin prechides the idea of its having a respiratory

function. I believe that the transparent pelagic fish Plagusia

will be founds like Leptocephalus^ to be devoid of haemoglobin.

I unfortunately did not test it Avith the spectroscope, but

observed several living specimens to be devoid of red colour-

ing xmder the microscope. I examined many Planarians for

haemoglobin, but did not find it in any, although it occurs

in a parasitic species which I found at Suez in 1872.^

Besides heemogloblin several others of the colouring

matters here under consideration occur in curiously restricted

regions in various animals. I have described in a former

paper" the curious restriction of actiniochrome in specimens

oi Bunodes crassicornis, which are decolorised by the action

of muddy tidal water, to the gonidial tubercles of the animal.

Turacin is restricted to certain feathers and certain parts

of feathers only, and in Labricthys the green pigment dis-

covered by Mr. G. Francis is restricted to certain stripes on

the body. Polyperythrin was found, as already described,

to be diff'used. generally in the tissues of some of the Coelen-

terates in which it occurs, whilst in others it is restricted to

certain superficial stripes, and in one Actinia to the surfaces

of the mesenteries in the interior of the animal only. In

different specimens of the same species, Flabellum variabile, in

which species it is often present in abundance, it is sometimes

entirely absent, sometimes tinges the calcareous skeleton, and
sometimes does not.

Pentacrinin and Antedonin seem to be widely diffused in

immense quantities through the tissues of the crinoids in

which they occur; and Echinoderms generally seem to be

characterised by the presence ofevenly diffused, abundant and
readily soluble pigments.

Those colouring matters which, like those at present under
consideration, absorb certain isolated areas of the visible

spectrum, must be considered as more complex as pigments

than those which merely absorb^more or less of the ends of

the spectrum, since in the latter case the sensation of result-

ing colour is produced by the action on the eye of an evenly

graduated range of light of various refrangibilities, M'hilst

in the former the scale of colours is interrupted at variously

placed intervals of darkness, and a more complex mixture of

residual colours ensues. By the human eye the finer com-
plexities of colour are not distinguished, and although some

' H. N, Moseley, 'Nature,' vol. v, Jauuary 4th, 1872, p. 184.
' H. N. M., on " Actiuioclirome," ' Quart. Journ. Mic. Science,' Vol.

XIII, 1873, p. 143.
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colours produced by absorption spectra, such as turacin,

have a tint which strikes the eye at once as remarkable

and peculiar, yet it is impossible to tell beforehand which
colouring matters will yield absorption bands in their spectra

and which Avill fail to do so.

It seems improbable that the eyes of other animals are

more perfect as spectroscopes than our own, and hence we
are at a loss for an explanation on grounds of direct benefit

to the species of the existence of the peculiar complex pig-

ment in it. That the majority of species of Antedon should

have vivid colouring matters of a simple character and that

few or one only should be dyed by a very complex one is a

remarkable fact, and it seems only possible to say in regard

to such facts that the formation of the particular pigment

in the animal is accidental, i.e. no more to be explained than

such facts as that sulphate of copper is blue.

A certain organic compound becomes formed in the animal

or plant in course of evolution, either as a directly serviceable

tissue-forming element or gland component, or possibly as an

inert and almost excretory product. And this compound has a

complex absorptive action on light. In some animals and plants

the coloured compound is turned to accoirnt by natural selec-

tion,i increased in quantity and distributed in various ways,

either for sexual adornment, concealment, or possibly in such

cases as Actinia for the attraction of prey ; in others it remains
unused. In some instances a colouring matter may exist in an
animal or group as a rudiment, having lost a sexual or other use

which it liad in the ancestors of the animal in question, but

having persisted. No doubt this is the case with the colour-

ing matters of many deep-sea animals. In some cases, again,

a complex substance, produced by evolution for strictly

physiological purposes, and happening to have a bright

colour, may be turned to further advantage by some animals

possessing it for beneficial external adornment. This would
seem to be the case with haemoglobin, the redness of which,

considered as to the colour only, has no use in the majority of

animals, and is indeed mostly concealed in utter darkness ;

but in some instances, as in the cock's comb and in the faces

of the white races of man, is turned to account for sexual

adornment. It is quite possible that in such instances as Pen-
tacrinus the very abundant colouring matter (Pentacrinin) may
have some important physiological function as yet unknown.

It is remarkable that in animals coloured by most widely

different colouring matters albinism should occur in certain

numbers of individuals of a species.

' Notably the case of chlorophyll in green plants.
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When large numbers oi Flabellum variabile were dredged
by us in the Arafura Sea a considerable number^ were always
found to be entirely devoid of pigment and pure white, the

corallum itself even being colourless. Similarly amongst
300 or 400 specimens of Renilla (violacea ?) which were
dredged in the mouth of the La Plata, off Monte Video, one
specimen was found to be of a pure white, all the remainder
being of the deepest violet. In ordinary vertebrate albinos

only skin pigments are affected; but in what may be re-

garded as albino genera, such as the fish Leptocephalus and
in the pelagic Plagusia, even haemoglobin has disappeared.

Colouring matters must have a pedigree and a develop-

mental history which will, in some instances, be able to be
traced in the same manner as that of an organ of the body
or an histological tissue. A pigment thus may become
developed at the root of a zoological phylum, persist in some
branches, die out in others, and in some possibly reappear

by heredity. The existence of Polyperythrin in both Acti-

nozoa and Hydrozoa amongst Coelenterates, and its very

irregular but nevertheless wide-spread distribution amongst
these, seems to be only explicable on such an hypothesis. It

is quite possible that the tracing of zoological relations may
be facilitated by the use of the spectroscope. A careful

chemical examination of some of these numerous colouring

matters which do not in the fresh condition yield banded spec-

tra would, no doubt, give evidence of their being transitional

to certain of the more complex colours, which latter might pos-

sibly be produced from them artificially by action of reagents.

Most Echinoderms are endowed with intense colouring

matters yielding a spectrum, in which nearly all but the red

or red and a little yellow is absorbed. Since some few forms

in each group of the Echinoderms, except the starfish, have
colouring matters yielding banded spectra, and the same
colouring matter, Antedonin, occurs in so widely separated

forms as Holothuria and Antedon, it is quite possible that

in most cases a mixture of colouring matters masks a pig-

ment common to many members of the group, and yielding

a banded spectrum. The examination of the colouring of

young animals might yield interesting results. At the same
time, no doubt, many colouring matters may have had an
entirely isolated formation, as in the case of Turacin, to

which there seem to be no stepping-stones ; and the necessary

' It even became a question whether the majority of specimens were not

unpigmented, in which case the exhibition of pigment or chromatism—as it

might be termed, in antithesis to albinism—would become the exceptional

yariatiou la the species instead of the rule.
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instability of highly complex chemical substances would
render the existence of any but a very imperfect phylum of

pigments impossible.

A considerable number of animal colouring matters with
banded spectra may be made to yield two diiferent spectra,

according as they are rendered acid or alkaline ; and they

exist in the animals in which they occur either in the acid

or alkaline condition, as shown by the spectra. In other

animals, as in the case of Antedonin in the Holothurian
and the Antedon, the colouring matter has three phases,

acid, alkaline, and neutral, and exists in the animals in the

intermediate neutral condition.

Colouring Matters of Deep-Sea Animals.—Very little, if

any, light can penetrate from the surface of the sea to depths

such as 1000 or 2000 fathoms, and I believe that experiment
has shown that little or no effect is produced on sensitized

paper at the moderate depth of sixty fathoms. It is probably,

as far as solar light is concerned, absolutely dark at depths

of 1000 fathoms and upwards, and the fact that two blind

decapod Crustacea were dredged by us in 450 to 490 fathoms

(off Sombrero, D. W. I., March 15th, 1873) seems to point to

a condition of extreme darkness at much less depths. Never-

theless, several facts show that at these depths light of some
kind must exist. Some deep-sea animals are entirely desti-

tute of the eyes possessed by their shallow-water congeners,

and appear, like the blind cave animals, to rely on touch

alone, being provided with specially long antenna hairs, or

fine rays, for the purpose of feeling. Other animals, how-
ever, living in very deep water, have enormously enlarged

eyes, and hence some light must exist ; and a further evi-

dence that such must exist is the fact that several small deep-

sea Lophioid fishes have the dangling lures on their heads

specially developed, and apparently rendered attractive

with a view to enticing their prey, as in the case of

the Angler. Professor Sir C. Wyville Thomson and Dr.

Carpenter have suggested that phosphorescent animals

form the source of light in the deep sea. All the Alcyona-

rians dredged by the Challenger in deep water were found

to be brilliantly phosphorescent when brought to the surface,

and their phosphorescence was found to agree in its manner
of exhibition with the same conditions as are observed in

the case of similar shallow-water forms. There seems no

reason why the animals should not emit light when living

in deep water just as do their shallow-water relatives. The
light emitted by phosphorescent animals is quite possibly

in some instances to be regarded only as an accidental
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pvotluctj and of no use to the animal, although, of coarse,

in some instances it has been turned to account for sexual

purposes, and may have other uses occasionally. There is

no reason why a constant emission of liglit should be more

beneficial than a constant emission of heat, such as takes

place in our own bodies, and it is quite conceivable that

animals might exist to which obscure heat-rays might be

visible, and to which, therefore, men and mammals generally

would appear constantly luminous.

However, be the light beneficial to them or not, it seems

certain that the deep sea must be lighted here and there by

greater or smaller patches of luminous Alcyonarians, with

wide intervals, probably, of total darkness intervening. Very

possibly the animals with eyes congregate around these

sources of light.

The phosphorescent light emitted by three species of deep-

sea Alcyonarians was examined with the spectroscope and

found to consist of red, yellow, and green rays only. Hence,

were the light in the deep sea derived from this source, in the

absence of blue and violet light, only red, yellow, and green

colours could be effective. No bhie animals were obtained in

deep water, but blue animals are not common elsewhere. It is

remarkable that almost all the deep-sea shrimps and schizo-

pods, which were obtained in very great abundance, are of an

intense bright scarlet colour, differing markedly in their in-

tensity of colour from shallow-water forms,, and having

apparently for some purpose developed an unusually large

quantity of the same red pigment matter which colours small

surface Crustacea.

A brilliant green colouring matter was found in some deep-

sea Annelids.

No doubt in many cases the colouring of the deep-sea

animals, as in the case of the purple Holothurians, is useless

and only a case of persistence. The madder colouring of

some of the soft parts of the Corals may be in like case, but

possibly useful for attraction of prey, being visible by the phos-

phorescent light. Nearly all, if not all, of the fish certainly

living on the bottom in the deep sea were of a dull black or

quite white and semi-transparent.

I regret much that I did not examine deep-sea fish with

regard to the existence and amount of hfemoglobin to be found

in them.
The same colouring matters exist in deep-sea animals which

are found in shallow-water forms. Polyperythrin is found

abundantly in surface-swimming Ilhizostomffi and in deep-sea

Corals and Actiniae Antedonin occurs in a shallow water
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(nine fathoms) Antedon at Cape York and in a Holothuvian
found in 1975 fathoms near the Antarctic Sea. No doubt in
many instances in the case of deep-sea possessors of these
pigments, the pigments from being in the dark never exercise
their peculiar complex action on light during the whole life

of the animal, but remain in darkness, never showing their
colour, as does haemoglobin in so many animals.

On Stylochus Pelaoicis, a neiv Species of Pelagic Pla-
NARiAN, with notes on other Pelagic Species, on the
Larval Forms of Thysanzoon, and of a Gymnoso-
MATOUS Pteropod. By H. N. Moseley, Fellow of
Exeter College, Oxford, Naturalist to the Challenger
Expedition. (With Plate III.)

Stylochus pelagicus, a new Pelagic Planarian.

Darwin, in 'Ann. and Mag. Nat. Hist.,' xiv, 1844, p. 241,
251, pi. V, fig. 1, described and figured a Planarian, which
he found living free on the surface of the ocean, in lat. 5°

S., long. 33°W. He named this Planarian P/awa?'ia Oceanica.

The Planarian is referred to the genus Eurylepta Hempa. and
Ehrenberg, by Diesing, ' Syst. Helminthum,^ vol. 1, p. 211,
since it agrees Avith the characters of that genus, having a
distinct head Avith frontal tentacles. Two oceanic species of
Stylochus,^ S. Mertensi and S. pelhicidus (Diesing), were
described by Mertens, Mem. de I'Acad. Imp. des Sciences de
St. Petersburg, 6 ser. sci. ' Math. Phys. et Nat.' II, 13 tab.

I, figs. 4-6. Stylochus Mertensi inhabits the seaweed of the

Sargasso sea. It was found by Mertens in the Atlantic

between lat. 21°—35° N., and long. 36°—38°W. The species

was found by us in the Challenger in abundance on Sar-

gassum bacciferum, wherever we gathered the weed for

examination. Like the crabs Lupea and Nautilograpsus,

Scyllsea pelagica, the little fish Antennarius and almost all the

inhabitants of the gulf weed, it has a protective resemblance
in colour to the seaweed. With S. Mertensi occurred a

second species of Stylochus,^\h^.c\].^\K's> colourless and pellucid,

and which, doubtless, was Stylochus pellucidus. In it a

series of eyespots occur on the tentacles disposed in a single

row reaching from the base to the top anteriorly.

Some notes Avere made on the anatomy of both tliese

Planarians in the fresh state, and specimens were preserved

for further examination, but the bottle containing them

1 = Gnesioceros pellucidus and Mertensi Diesing Revision der turbel-

larien, ' Sitz. Acad. Wiss.,' Wien, 1861.
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unfortunately was broken during heavy weather and they

perished. Several specimens of a beautifully transparent

Planarian were obtained at night with the surface net on

August 14th, 1873, on the voyage from St. Jago, Cape
Verdes, to St. Paul's Rocks in lat. 9° 21' N. long. 18° 25'

^y., and again on Aug. 19th, in lat. 5° 48' N., long. 14° 20'

W. The sea oa each occasion was highly phosphorescent,

and the towing net was perfectly crammed with various

surface animals. Phillirhoe, Salpse, Megalopa, Squilleri-

ctheus, Phyllosoma, together with specimens of Cranchia,

Halobates and Plagusia.

The Planarian is certainly very different in structure from

Mr. Darwin's Eurylepta Oceanica, though it resembles it

closely in habits and mode of life. From Shjlochus pellu-

cidus, it differs in the external characters of general outline

and distribution of the eyes^ and far more importantly in the

structure of the generative organs.

The present oceanic form is placed in the genus Stylochus

on account of the position of the tentacles. In the arrange-

ment of the generative organs it approaches Leptoplana. The
classification of Planarian s will necessarily undergo great

modification when the anatomical structure of a larger number
of forms has been accurately investigated.

Description of Stylochus pelagicus (sp. n., H.N.M.).
Body flat elliptical, slightly narrower posteriorly, with a

sinuous margin. Pellucid white in colour ; mouth central,

elliptical multilobate ; a pair of dorsal tentacles ; eyespots

disposed in a pair of rings round the bases of the tentacles,

and in two pairs of patches in front and behind the nervous

ganglia.

Length 7*5 mm. ; breadth 4*5 mm.
Free swimming in lat. 9° 21' N., long. 18° 25' W., and

in lat. 5° 48' N., long. 14° 20' W. Although the towing

net has been constantly in use during the voyage, this free

swimming Planarian has only been obtained on tlie two
occasions mentioned above, and then only in small numbers.

The animals are extremely lively and swim quickly by means
of a rapid sinuous motion of the thin lateral margins of the

body. They also crawl over objects in the same vi^ay as

ordinary shore Planarians, and are also like these in their

extreme voracity, fastening immediately on any dead animals

placed in the glass with them.

Anatomy.—The exsertile pharynx is oval in outline, and

presents the usual multilobed appearance Avlicn contracted

within its sheath, PI. Ill, fig. 9. The opening on the under

surface of the body, by which the sheath communicates with
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the exterior and by -which the pharynx is extruded is nearly

central in position. The intestine presents the usual niiilti-

ramified arrangement, there being eight pairs of primary

branches and one anterior median, which as usual passes

over the cephalic ganglia and divides into three secondary

branches. There is no anastomosis between any of the

branches, not even between the most posterior pair, although

each member of this pair gives ofiF a short transverse branch
directed inwards towards the middle line.

The cephalic ganglia are large and distinct, of the same
form as in Leptoplana tremellai'is, and of similar structure,

the transverse commisural fibres being very well defined

;

the main nerve trunks are distributed in the usual manner,
a pair of especially stout ones going to supply the posterior

part of the body.

The eye spots, which are intensely black, are disposed in

two pairs of groups situate in front and behind the ganglia

respectively (Plate III, fig. 10), the anterior group being the

largest, and in a pair of rings which encircle the bases of the

tentacles. The tentacles have no eyes on their tips or sides ;

they are situate just in front of the junction of the anterior

with the median third of the body. The water vascular

system is extremely well seen, the fine peripheral trans-

lucent network being clearly defined when the animal is

viewed by transmitted light. I could distinguish no openings
of the system to the exterior.

The generative organs occupy an elongate space situate

immediately behind the mouth (Plate III, fig. 9). The male
organs consist of testis, vesicula seminalis, prostate and penis

(Plate III, fig. 11). The testes are narrow and tortuous in

outline, and commencing on each side at the level of the

hinder margin of the sheath of the pharynx, come back-
wards as far as the anterior generative opening. The vasa

deferentia pass almost transversely inwards, presenting at

their commencement a sudden but short twist upwards,
forming a small loop. This loop at the commencement of

the vasa deferentia is present in very many Planarians, and
persist even in the Landplatiarians Bipalium and Ryncho-
demus. The vasa deferentia open into a mesially placed

ovoid vesicula seminalis, beneath which is an ovoid glandular

cavity, from which proceeds a wide strongly muscular duct,

tortuous in its course in the retracted condition of the penis,

and which terminates in the cavity of that organ.

The penis itself as seen in the retracted condition and as

figured in Plate III, fig. 11, has the shape of a cone with a

truncated apex. It is contained in a spacious flask-shaped
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cavity or sheath with a strongly muscular wall, by contraction

of which the organ is protruded^ and which is in connection

above with the sheath of the pharynx. Branched retractor

muscular fibres are attached to the penis, taking origin from

the sheath walls. The penis consists of a cavity with a mus-
cular wall and a thick lining of horny prickles, which are,

of course, on the exterior when the organ is protruded. This

horny layer does not readily transmit light, hence the area

occupied by it appears dark in the drawing. The cavity of

the penis leads by a tortuous canal, which lies over the uterus

for some distance to the anterior generative opening.

The female organs consist of a uterus, ovaries, oviducts,

and albuminiparous glands.

The uterus is an ovoid chamber, with muscular walls,

situate just posteriorly to the penis sheath. It opens by an

oval aperture towards its posterior part. This aperture may
be seen to gape widely open and again contract from time to

to time as the animal is under observation in the living state.

The ova are dispersed over the central region of the body,

round the pharynx and ganglia, as shown in fig. 9, as in

Leptoplana tremellaris, and other forms. Stretching up

on either side of the sheath of the mouth and that of the

penis from the direction of the uterus are a pair of organs,

which cross the vasa deferentia on their dorsal aspect. These

organs consist of a series of cells or sacs with well-defined

Avails filled with ova. They evidently correspond to the

loncy tubular organs in Leptoplana teremellaris, which is

called uterus by Keferstein (' Beitrage zur Anatomic und
Entwicklungsgeschichte einiger Seeplanarien Abhandlungen

der k. gessellschaft der Wiss zu Gottingen,' 1868, p. 27).

The organ corresponding in Leptoplana to what is here

termed uterus is called by Keferstein " Weibliche Geschlechts

Atrium." This organ is, however, certainly the homo-

lo"-ue of a corresponding mesially placed musclar organ

in Bipalium, which is connected by long and slender

ducts, with an ovary situate far off" in the head. In Bipa-

lium the organ could hardly be termed anything else but

uterus ; it receives here as in Stylochics pelagicus and

Septoplana tremellaris the albuminiparous glands, first

described as such by Keferstein, and its function Avould

appear to be the reception of ripe ova, and their preparation

by addition of albumen and shell for extrusion, which is

just the function of a uterus. The organ has been usually

termed uterus by anatomists, and there would seem to be

nothing to be gained by changing its name. The whole

difficulty arises from the fact that ova are scattered about in
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the tissue over the body, besides appearing in a riper form

in the lateral organs. Eut these lateral organs are surely to

be regarded as reservoirs to which the ova pass from the

various cells as they become ripe, where they receive per-

haps addition of yelk, and where they are stored until

fecundation is effected. They thus correspond to the lower

and central parts of the ovaries of Bipalium and other forms

in which the ripe ova are to be found awaiting passage to

the uterus, whilst the upper parts are filled with ova in all

stages of development.

The exact mode of connection of these lateral organs with

the uterus was not observed. The organs were also ob-

served in only one specimen out of the four examined.

They were not present in the one figured by means of the

camera lucida, fig. 9. It is probable that the male and
female elements reach maturity at different periods in each

individual, and that the one specimen had the female organs

in the highest activity.

A very young specimen, S mm. in length, was obtained.

The pharynx was much larger in proportion to the body
than it is in the adult, and is more cylindrical in form with

fewer folds. The branches of the intestine were fully

developed, as were also the cephalic ganglia and eyes.

The ganglia especially being of their full size and thus ap-

pearing out of proportion to the body, as is the case in so

many other animals in the young condition. And as they

are figured by Keferstein in the young of Leptoplana tre-

mellaris (Keferstein 1. c. Taf. iii, figs. ^0, 21).

Keferstein folloAved his young planarians only until they

were 6 mm. in length. He remarks that they until then

showed no trace of generative organs. In the young Sty-

lochus the organs were not at all formed, but the area to be

occupied by them was plainly defined and occupied by a

mass of tissue, denser than that of the surrounding region,

evidently destined to their formation.

Pelagic Planarian, sp. (?)

Two specimens of a pelagic Planaria Avere obtained by

the towing-net in lat. 2° 55' N., long. 124° 53' E., about

thirty-five miles west-north-west of Siao Talautse Islands, on

October 20th, 1874. Both specimens were very small,

measuring only about 3 mm. in length. They were evi-

dently very young, having as yet no trace of generative

organs, and the tissues not yet well defined.

The body (Plate III, fig. 5) was ovoid in form, and com-
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pletely flattened. The posterior extremity narrowed to a

blunt point. Tentacles were absent.

In the centre of the anterior extremity was a slight depres-

sion or pit, apparently an organ of sense, and which seemed
to be used by the animal as such.

The mouth is elongate and folded, and large in proportion

to the size of the body, as usual in young planarians. The
ramifications of the digestive tube were already marked out,

though not very distinctly. The forward prolongation of

the main digestive tube passes as usual over the nervous

ganglia.

The eyes were disposed in two irregular semicircles situate

one on either side of the ganglia, with their convex side

towards the latter. In one specimen there were twelve eye-

spots on one side and eleven on the other ; in the other eight

on each side. A posterior group of three eyes on either

side was in both of the specimens, separated from the

remainder by the passage between it and them of the last

branch given off by the main digestive tube before it passes

over the ganglia. These groups of eyes seem to be homo-
logous with those situate at the bases of the tentacles of

Stylochus pelagicus.

The most interesting point about the present form is that

the eyes appear to have definite directions which correspond

exactly on the two sides of the body (see Plate III, fig. 13).

In the above described posterior group of eyes this condition

was especially marked, and was seen in both specimen^ of the

animal. Here the most posterior eye looks directly forwards,

the one directly anterior to it directly inwards, and the

outer one of the group obliquely inwards and backwards ;

five of the remaining eyes look directly upwards ; the others

have definite directions, as may be seen in the figure. The
arrangement of the most anterior eyes was not quite sym-
metrical. In the second specimen of the animal with but

eight eyes on either side, the posterior group had nearly the

same directions as in that just described. All of them
showed direction towards definite points.

The specimen with twelve eyes on either side was of a

uniform pale whitish colour. The other specimen had its

upper surface covered with scattered, round, small, brownish
pigment spots.

I3oth specimens were very lively, swimming by undulation

of the body margin.

This planarian, from the seas of the East Indian Archi-

pelago, being devoid of tentacles, seems to indicate another

new pelagic species, which possibly should be referred to
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the genus Lepto'plana , but as ouly very young specimens

were obtained the evidence is insufficient.

The species of Pelagic planarian at present known seem

to be eight in number, viz. :

—

Stylochus Mertensi, Mertens.
— pellucidus, ibid.

— pelagicus, Mihi.

Leptoplana striata, [Schmarda, ' Neu Wirbellose Thiere/

Th. i, 1, 17, Taf. ii, 34.

— sp. (?) Mihi.

Stylochoplana tenera, Stimpson, ' Prodromus Proc. Acad.

Nat. Sci. Philad.,' 1857, p. 29.

Eurylepta oceanica, DarAvin.

Cenh'ostomuin gigas, Schmarda, 1. c, 17, Taf. iii, 36.

The two species of Mertens, living as they do on and
amongst the Gulf-weed, are not thoroughly pelagic in their

habits; but they are excellent swimmers, and are often to be

found free in the region of the weed, and form a transition

to the entirely pelagic species. Probably Schmarda^s Cen-

trostomum gigas may also be only occasionally free swimming.

Larva of Thysanozoon (-^olidiceros, Q-uatrefages) . The
remarkable Planarian Larva of Johannes MUller.

A planarian larva, closely resembling that described by
Johannes Miiller, in a paper entitled " Ueber eine eigen-

thumliche Wurmlarve aus der Classe der Turbellarien und
aus der Familie der Planarien" ('Miiller's Archiv,^ 1850,

pp. 485-500, Taf. xii, xiii), was found in great abundance
on the sea surface at the harbour of Zamboangan Mindonao,
Phillippines, on January 30th, 1875. The same larva was
also obtained in the open sea on February SOth, 1875, at a

point about 140 miles due north of Point d'Urville, New
Guinea, but where reefs were not far distant.

The press of other work prevented much time being given

to the study of these larvae, and Johannes Miiller's paper

was not on board the ship. The larvae are very difficult of

observation, moving, as described by Miiller, with great

rapidity, and a frequent gyration of the body on the long

axis.

The present figures were taken from specimens kept at

rest by being squeezed under a covering glass. Hence the

exact form of the body, which resembled much more closely

Miiller's figures, is not maintained. Two stages of the larva

were observed.
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In the younger stage (PL III, fig. 2) the body was of the

oidinary flat form of Planarians, 1 mm. in length, and was pro-

vided with three short body processes on each side bearing

long cilia. On the general body surface the cilia Avere very

minute indeed. Brightly pigmented cells with oily contents

were scattered sparsely over the body in the epidermis.

These were coloured either burnt-sienna colour, bright pink,

or yellow, recalling to mind the pigmented bodies in the

retinas of birds and reptiles. The pharynx and nerve ganglia

were Avell defined.

In the more advanced stage the head of the larva, which was
2 mm. in length, had assumed an abruptly squared form. Over
the anterior and middle region of the body the pigment cells

were grouped in patches in the epidermis, separated by inter-

vals free of them, whilst towards its hinder extremity they were

dispersed. The body was expanded at the region where the

processes are given off, and gradually narrowed behind it. The
processes were much longer than in the earlier larva. Although
only three pairs of processes are here figured, a dorsal and
a ventral process were also present, as in MiiUer's larva ; but

they are not shown in the figure, because it is taken from a

somewhat compressed specimen. On the processes the long

cilia were borne by large transparent cells with nucleus and
nucleolus (fig. 3), which were nearly spherical in form, with a

diameter of "O^ mm. and fine granular contents. These cells

were highly contractile, and shoAved a constant tAvitching of

their Avails. The commencing differentiation of the digestive

tract Avas marked out by straight elongate masses of cells,

disposed in a radiating manner, and Avell defined by their

opacity. The larva Avas of a dark, blackish apiDcarance ; its

body mass Avas mainly composed of cells, such as figured in

fig. 5. In the integument Avere abundance of rod cells. The
rods are packed in the cells exactly as in a Thysanozoon
occurring at Zamboangan, i. e. so as to form a holloAV cylin-

der inside the cell (fig. 6). About ten rods occur in each cell.

The rods (fig. 2) are somewhat oat-shaped, Avith a groove

doAvn the middle line of each face, so that their section is as

shoAvn in fig. 8. The pigment cells are disposed amongst the

rod cells in the epidermis (fig. 4), together Avith a few elon-

gate, transparent, colourless cells. The pigment cells are

all provided Avith a nucleus, and arc some spherical, some
ovoid.

From the occurrence of this larva in a harbour, in abun-

dances Avhere a Thysanozoon Avas also found abundantly,

from the structure of its peculiar rod bodies being iden-

tical with those of the Thysanozoon, and from its contain-
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iiig peculiar pigment ccllsj similar to those existing in

that planarian, it was concluded, before Johannes Miiller's

paper was seen, that the larva must belong to Thysanozoon.
Johannes Milller compared the rods and pigment bodies

of his larva with those of Thysanozoon Diesingii, which oc-

curred in abundance in the harbour of Trieste, Avhere, as well

as at Marseilles and Nizza, he found the larva. He concludes

that the larva cannot belong to Thysanozoon, because, in the

most advanced form in which he observed it, in which it has
withdrawn its appendages, and taken the common planarian
form, it has no tentacles ; further, because the disposition of

the eyes is not that found in Thysanozoon.
I have no doubt that my larva is closely similar to Johannes

Miiller^s, probably tbat of a different species of the same
genus. The only difference is that I believe that, in the
youngest stage, my larva had only six appendages instead of
eight, The disposition and number of the eyes agrees per-
fectly in both larvoe. I think that the occurrence of the
larva in such very distant parts of world, associated in each
instance with abundance of an adult Thysanozoon, when
taken in conjunction with the presence in it of rod cells and
pigment bodies characteristic of that genus, seem to point,

without doubt, to its being the larva of the genus in question.
It is quite possible that the arrangement of the eyes may
become changed as development proceeds.

The Thysanozoon {yEolidiceros quatrefages) occurring at

Zamboangan is a magnificent species, measuring, when ex-

panded, as much as 10 cm. in length by 6 cm. in breadth,
with the npper surface of a dark purple, and its peculiar
villous tubercles tipped with white. Each of the villous

processes bears at its tip a pencil of long tactile hairs.

Johannes Milller figures, in connection wirh the rod bodies
of Thysanozoon Diesingii, fine threads (1. c, Plate XIII,
fig. 5^4), and says (1. c, p. 492): " Es gelang an Letztern
den Nesselfaden zu sehen der diesen Korperchen die gleiche
Bedeutung wie die Nesselorganen der Medusen und Polypen
ertheilt." He adds that these threads are scarcely to be seen
in the case of the rod bodies of the larvae. I examined most
carefully the rod bodies, both of the larva and of the adult
Thysanozoon, and especially with a view to seeing threads,

but found no trace of them ; and I think Milller must have
been mistaken. In a land planarian [Rhynchodemus), oc-

curring at the Cape of Good Hope, I found rod cells, in

which the elongate rods themselves are coiled up spirally,

and from which they are projected as long, thick threads or

rods on pressure being ajpplied. I hope to describe these
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cells soon in a general description, which I am preparing, of

the land planarians observed by me on the voyage of H.M.
ship Challenger.

Schmarda, ' Neue Wirbellose Thiere,' Leipzig, W. Engel-

man, 1859, p. 30, appears to have seen the larvse of Mliller at

Belligramme. He describes it as having small villi budding
out from it, and refers it to Thysanozoon.

Pteropod Larva.

The larvse of some naked Pteropod {Gymnosomata) were

frequently met with on the sea surface in the Pacific Ocean.

The one figured Plate III, fig. 14, was taken with the surface

net in the South Pacific, lat. 37° 29' S., long. 8° 37' W., on
November 11th, 1875. It measured when moderately ex-

tended about 1 mm. in length. It was very lively and
changed its form very much ; but in the extended condi-

tion assumed that shown in the figure. The body was
covered externally by a thick transparent epidermis, marked
out on its outer surface into a series of polygonal areas.

Three zones of cilia encircled the larva, one near the an-

terior extremity, the other near the posterior, and the third

near the middle of the body. The two latter zones were
continuous circlets of cilia, which cilia were borne on a zone

of closely set ovoidal cells. The anterior zone of cilia was
interrupted, the cilia springing from a series of rounded
prominences arranged in a zone and separated by intervals

devoid of cilia. From this zone of prominences sprung a

pair of lobes (fig. 15), representing the foot. The lobes

appeared almost as if they were two of the prominences
enlarged and deprived of cilia. Beneath these lobes was an
elongate depression, from the centre of wliich si^rung an
azygos elongate tentacular-like appendage—the Zipfelformige

Anhang of Gegenbaur.^ The elongate depression narrowed
to a point inferiorly, and at its extremity was the anus
(fig. 15, x).

The larva was provided with a pair of extensile lips (fig.

15, Plate I), from between which the globular pharynx, with

its radula sac already containing rudiments of teeth, could

be protruded. The pharynx was provided with strong re-

tractor muscles. A straight narrow oesophagus led down
the axis of the body to the mass of light brown-coloured

cells representing the digestive tract. A short rectum led

obliquely up from below to the anus. A mass of large

highly refractile transparent cells surrounded the mass of

' Gegenbaur, 'Pteropoden und Heteropodeu.' Leipzig, 1855, taf. iv,

figs. 7 auu 8, &c.
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digestive cells. These large cells are said by Gegenbaiir
to become converted into the skin glands. Figure 16 shows
the larva as seen in optical section. In the fore part of

the body a clear space intervened between the epidermis
and the large cells, which closely surround the digestive

tract in a complete layer.

Two pairs of ganglia were seen connected by lateral com-
missures. The pair of auditory sacs were very conspicuous

;

one of them^ the left, was very much larger than the other.

They contained numerous small otoliths. Strong, longitu-

dinal, muscular bands were seen traversing the body, being
especially well marked towards its hinder extremity. No
ptera, suckers, nor hook sacs were found in the larvse, and
it is hardly possible that such existed, although Gegenbaur
draws attention to the great difficulty which is to be en-

countered in detecting the completely retracted ptera in

these larvae.

The larva here described is evidently that of a Gymnoso-
matous pteropod. I cannot identify it exactly with any of

the numerous forms described or figured by Gegenbaur,
although it closely conforms to them in structure. It may
possibly be the larva of a Clione. It is figured here because

it seems of importance, since its anatomy was determined
with considerable exactness. The appearance of the median
part of the foot as two lobes instead of in a horse-shoe form
seems to be remarkable, also the imparity of the otolithic

sacs; but most remarkable of all is the advanced state of

development of the tissues and organs in a larva in which
the ptera have not yet begun to be formed. Dr. Hermann
Fol, in his elaborate memoir on the development of Ptero-

pods (' Etudes sur le Developpement des Mollusques,

Pteropods.' Paris: C. Reinwald, 1875), pp. 150, 151,

describes the asymmetrical development in the otocysts

of Pteropod larvae, and dwells on the importance of this

asymmetry as affording a means of estimating the amount of

asymmetry in the general growth of the two sides of the

larvae.

He refers to the observed similar asymmetry in the deve-

lopment of the otoliths in a large number of Cephalophora.

In the Pteropod larvae observed by him the right otolith is

the larger, whereas in my larvae the left is the larger one.

Dr. Fol has never seen more than a single otolith present

in each otocyst during the larval existence of Pteropods,

although later on in development several small otoliths

became added to the primitive large otolith in each sac.

In my larvae no larger otoliths were present, the otocysts
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being filled witli numerous small otolitLic particles, -wliich

were in the right sac very much less numerous than in the

left (Plate III, fig. 15).

Note on a Method of Preparing the Cornea.
By Dr. E. Klein, F.R.S.

In his studies on inflammation, Strieker {' Medizin. Jahr-

biicher/ 1875) uses caustic potash as a means of producing

keratitis. The centre of the cornea of a kitten is touched
with a pointed stick of caustic potash, and after the lapse of

twenty-four to forty-eight hours—according to the required

stage of inflammation—the cornea is treated with lunar

caustic, and then left to stand in water acidulated with acetic

acid.

Adopting this method of Strieker's, of combining the use

of caustic potash with that of lunar caustic in preparing the

cornea I obtained specimens which demonstrate the normal
structure of this organ in an exceedingly beautiful manner.
The way I followed was this : The centre of a cornea of a

young Idtten that had been chloralized, was touched with

the tip of a stick of caustic potash ; after twenty-fours hours

the surface of the cornea was gently rubbed with lunar

caustic once or twice, was excised after half an hour and
placed in water acidulated with acetic acid. In one or two
days the organ had swollen up into a thick gelatinous body,

from which thin lamellae were stripped oft' by means of

pointed forceps and finally mounted in glycerine. The
lamellae obtained from the anterior half of the cornea—ex-

cept those on the very surface—proved most instructive.

I have before me a thin lamellae, comprising nearly the

whole breadth of the organ ; the preparation has been
mounted over a year, and all parts are as distinct and sharp

as ever. Without intending to describe minutely the appear-

ances presented by cornea prepared in the above manner,
with regard to the abnormal changes that had taken place in

the structural elements of the organ— this subject I hope to

discuss at another time in a special memoir—I will mention
here, that the outlines of the lymph-canal system and of the

corneal corpuscles lining this are very indistinct in the centre

of the cornea, this part having become destroyed more or

less.

By gradual transitionswe are brought into an annular region
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about midway between the centre and the edge of the cornea,

wliich is the very part to which I wish to call attention in

this note. In a matrix, stained faintly yellowish-brown, Ave

find the lymph-canal system mapped out in an exceedingly

distinct manner, and in it the corneal corpuscles present
themselves as very conspicious structures. As is well known
(see Strieker's paper), they are arranged in the kitten in streaks

or groups in which the cells are separated or rather united

by linear interstitial substance—in silver preparations by a

dark line
;
generally at the edge of these groups the corpu-

scles are provided with a few thick processes. At some places

the streaks are so broad that they contain three, four, or

even five corpuscles, arranged quite like an endothelium.
In the region under consideration, the substance of the

corneal-corpusclts appears granular and of a beautiful purple-
broivn colour, whereas the nucleus is clear, and contains a
few dark granules, the outlines of the lyinp)h-canal system
containing these corpuscles being at the same time very well

defined.

The beautifully tinted granular corpuscles, each with a

clear oval nucleus, separated by dark lines and contained

in the sharply outlined ' lymph-canal system, and all this

embedded in a perfectly transparent matrix faintly stained

yellowish- brown, is, I think, one of the prettiest and most
diagrammatic of histological objects.

Schiefferdecker's Microtome. By P. Kidd, B.A.

The following instrument is a modification of Smith's
microtome, devised by Dr. Schiefferdecker. It has the special

advantage that thin sections of large size can be made with-

out having recourse to embedding.
The object which is to be cut is fixed by means of a

clamp (c) against the inner surface of the brass cylinder (a).

This clamp is worked by two screws {s s).

The brass cylinder {a), which has a diameter of about one
inch and a quarter, is fixed, and a circular plate (b) moves
up or down on a by means of a screw.

The circular plate is turned round through one or two
degrees after each section is made. An index (d) marks the

number of degrees through which the circular plate is

turned. The only precautions necessary in using the micro-

tome are—
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1st. To place the tissue to be cut, in absolute alcohol for

a few minutes previously, so as to render it as hard as

possible.

a. Brass cylinder.

b. Brass plate turning on a screw.

b'. Inner plate of glass or brass.

c. Clamp.
s. s. Screw moving c.

d. Index.

2nd. To draw the razor or knife quickly across the flat

inner plate (J'), to prevent tearing the tissue.

The plate (6') on which the razor rests may be either of

brass or, better, of glass, as the latter is less liable to

become nicked and so blunt the razor.

This microtome may be purchased of F. Maier, 9, Kramer
Gasse, Strasburg. The price is £1 if the flat plate {h') is

made of glass, \%s. if it is of brass. Different sizes can be
had, but the medium size here described is the most conve-

nient for ordinary purposes.

Engelmann on Contractility and Double Refraction.
(Pfliiger's 'Archiv,' Bd. XI, p. 432) By P. Kidd, B.A.

After referring to Boeck's original discovery of the phe-
nomenon of double refraction in muscles, and to Briicke^s

classical memoir, Engelmann states that in spite of proofs

being brought forward of the association of other forms of

contractile phenomena with the presence of double refraction,

e. g. in the muscles of certain infusoria, the results were
almost all negative. In consequence, the opinion prevailed

that the presence of anisotropous elements in muscle was a
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curious rather than an important phenomenon. This point

of view was modified when it was shown hy Engehnann
himself (Pfliiger's ' Archiv,' Bd. 7) that contraction is ex-

clusively connected with the double-refracting layers in

striped muscle. The supposition then arose that, as a general

law, contraction might be dependent on the presence of

double-refracting particles, especially as the boundaries be-

tween different forms of movement in protoplasm and in

muscle formerly assumed to be so sharply defined had broken

down.
Moreover, it had been demonstrated that in all these cases

the molecular mechanism of movement was the same in

principle. But a direct empirical proof was still wanting,

and the present researches were undertaken with the view

of supplying this.

Two methods of investigation were adopted :

1st. An examination was made of the most various forms

of contractile matter with reference to their behaviour towards

polarised light.

2nd. Observations of individual forms were instituted

during the course of their development with a view to dis-

cover if contractility and double refraction are always

mutually associated.

1. Muscle Substance of Hydra and Hydractinia.—On ex-

amining a living Hydra under a microscope fitted up with

crossed Nichol's prisms, the uniform stripe of muscle-fibrils

between the ectoderm and endoderm appears clear provided

that the long axis of the portion of the animal's body under
observation lies in the plane of the field of the microscope, but

appears dark when it lies in the directionof one of the planes

of polarisation.

In vertical sections cut through the long axis of the body
the layer separating the ectoderm and endoderm does not

react to polarised light. These appearances are explained by

considering these longitudinal muscle-fibrils to be double-

refracting uniaxial elements, whose optic axis is parallel to

the long axis of ihe fibrils. If we consider that these ele-

ments have a positive double refraction with reference to

their long axis, the appearances which are noticed in an

observation with a coloured field are also explicable. It is

possible that the property of double refraction does not

belong exclusively to the muscle -fibrils, but also to the

homogeneous supporting lamella which also lies between

ectoderm and endoderm. But in our case the extent of

double refraction is too great to be ascribed exclusively to

the supporting lamella. For this tissue refracts light very
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feebly, and possesses clearly a very great flexibility and con-

siderable elasticity, as may be easily proved in the tentacles

of the Hydra. Consequently it is probably very rich in

water ; and, as a rule, the amount of water contained in

organized bodies and their double refracting capacity vary

inversely.

Since the double-refracting capacity of the anisotropous

layer of the Hydra between the ectoderm and endoderm is

very considerable, and may be estimated as not less than

that of the double-refracting substance of striped muscle, it

is probable that apart from the supporting lamella the muscle-

fibrils of the Hydra are themselves double refracting. And
this can be directly proved after maceration for a short time

in perosmic acid one quarter per cent., for then the muscle-

fibrils can be separated from the supporting lamella by

means of needles, and still show traces of double refraction.

Similar results were obtained in the case of the contractile

layer between the ectoderm and endoderm of a Hydractinia.

Distinct fibrils could not be distinguished in this layer.

2. Contractile Fibres and Protoplasm of Infusoria, Zoo-

thamnium arhuscula.—The stalk muscles of a living un-

injured specimen showed a definite fibrillation, visible with

a magnifying power of 150, and refracted light tolerably

strongly.

During contraction the fibrils became visibly shorter and

thicker. Engelmann considers that the stalk muscles of the

Zoothamnium are not semi-fluid during life, but consist of

tolerably definite contractile fibrils. The bands of muscle

were contained in a structureless, double -contoured, and

highly refractive membrane. On one side of the muscle the

membrane fitted closely, but on the other loosely, so as to

give rise to a space between it and the muscle. This space

was filled with a colourless substance Avhich, at the end of

the branches was quite clear, but at a greater distance from

the animals became increasingly richer in very small, round,

tolerably refractive granules, which at last assumed the

character of rather coarsely granular protoplasm. By the

movements of the muscle these granules Avere shifted about

as if in a semi-fluid mass. No active contractility was

observed in this tissue.

With polarised light the stalk muscles showed themselves

to be double-refracting, the degree of double refraction being

equal to that shown by the muscle of vertebrates and insects

Avhen mounted in Canada balsam, and distinctly greater

than that of the leg muscles of Musca examined in the

living condition in salt solution or serum. The fibrils of the
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stalk muscles behaved themselves like positive, uniaxial,

double-refracting elements, the optic axis being parallel to the

long axis of the fibres.

Tracing the development of the Zoothamnium, Engel-
mann found that the formation of the stalk muscles com-
mences regularly when the stalk is about '4 to *6 mm. long.

The muscle appears in the form of a flat highly refractive

band, about 014: mm. in breadth, in the axis of the stalk.

From the very earliest point of its appearance it possessed

contractility as well as double refraction. At the same time

the protoplasmic mass surrounding the muscle appeared in

the form of a stripe of finely granular substance about "008

nun. in breadth, lying directly on one surface of the muscle.

Engelmann considers this protoplasmic granular matter to

be formative material for the development of the wall of the

stalk as well as of the stalk muscle. The negative results

of those who had previously studied the stalk muscle seem
to have depended on the exceeding thinness of the elements.

In specimens of Carchesium j^olypimini, Vorticella nehu-

lifera, and Zoothamnium aselK it was impossible to mis-

take the anisotropous condition of the stalk muscle, or,

indeed, the much le&s definite though similar appearances
presented by the wall of the stalk, especially in a coloured

field.

In the case of Stentoi' polymorphus and Stentor Roeselii

the cortical layer was proved to be double refracting, but
owing to the impossibility of isolating the muscle-fibrils, in

the natural condition, from the protoplasm of the same layer

with which they are in contact, direct proof is wanting of the

double-refracting capacity of these fibrils.

In different forms of Epistilis clear evidence was obtained

of double refraction in the fibril layer, Avhich in places is so

frequently so far removed from the cuticula that any mistake

in consequence of the double refraction of this latter can be

excluded.

3. Cilia and Spermatozoa.—Under favorable conditions

Valentin found that cilia are double refracting. Valentin's

statements relate to the ciliated cells of the respiratory

mucous membrane of the marmot, of the oral cavity of the

frog, of the gills of the common mussel, and in Opalina

ranarum.
Engelmann prefers the ciliated cells of the larger Rotifera

and the large cilia on the gills of bivalves.

But he found that all the different cilia behave like uniaxial,

positive double-refracting elements, whose optic axis is parallel

to the long axis of the cilia.
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The result of a study of the development of cilia in dif-

ferent forms of Stentor and Epistilis showed that as soon as

the cilia became visible they reacted to polarised light as

strongly as they did later, and from the first they were con-

tractile. Contractility and double refraction may be said to

go hand in hand in point of development.

In the case of the spermatozoa of winter frogs Valentin

noticed that double refraction could be detected in these

bodies when examined in half per cent, salt solution, and it

may be noted here that the non-contractile head portion of the

spermatozoa possessed this peculiarity as well as the con-

tractile tail, or indeed in a higher degree than the tail, per-

haps chiefly on account of its greater thickness. But there

was a remarkable difference between them—the head exhi-

bited negative double refraction with reference to the long

axis of the spermatozoon, the tail, on the contrary, positive

double refraction in agreement with all other contractile

elements that have been investigated up to the present time.

Positive double refraction was also observed in sperma-

tozoa from the body-cavity of Chcetogaster vermicularis.

4. Contractile Protoplasm of Actinosphcsrium EichJiornii.

—According to Engelmaun the fact that the protoplasm of

Amoebse, colourless blood-corpuscles and many vegetable cells,

shows no evidence of double refraction is to be explained by

the existence of this protoplasm in very thin layers and by

its poorness in stable molecules, as shown by the great dimi-

nution in volume which it undergoes under the influence of

reagents that abstract water.

It is also due to the fact that the contractile molecules of

this protoplasm are not arranged in definite parallel axes, as

in muscle-fibres, but are heaped together apparently in an

irregular manner and are susceptible of a change in their

position and direction. Even a weak depolarising influence

might be expected in this case.

But this is not the case when the protoplasm is in layers of

requisite thickness, and appears as if morphologically polarised.

Here the smallest optically active particles are arranged

with their axes in definite parallel directions, as in a crystal,

and their optical effects must accordingly be greater. This

hypothesis is not opposed to facts ; a good example of this is

seen in Actinospharium Eichhor?iii (Actino^hrys) . When
examined in a drop of water with a magnifying power of 100

with crossed NichoVs prisms, all the rays appeared bright

whose long axes made an oblique angle with both planes of

polarisation ; but all the rays whose long axes lay in one of

the planes of polarisation appeared completely dark.
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After the interposition of a gypsum plate, i.e. with parallel
Nichol's prisms, the rays that lay diagonally appeared of a
pale blue and yellow colour respectively on a dark reddish-
violet ground.

The double refraction of the rays was positive with respect
to their long axes.

Each protoplasmic ray behaved like a positive double-
refracting uniaxial fibre whose optic axis lay parallel to the
long axis of the fibre, and in general parallel to the direction

of shortening.

5. First appearance of Douhle Refraction and Contractility

duriyig the development of Striped Muscles-fibres

.

—Valen-
tin's researches on this point seemed to justify the following
conclusions

:

First. That the heart muscle of the chick shows no trace

of double refraction several days after the appearance of
contractility.

Second. That the double refraction of striped muscle is

visible before the appearance of striation.

Engelmann, from numerous observations, denies the truth
of the first conclusion.

For in the course of the second day of incubation he finds

that the heart muscle is distinctly though feebly double
refracting, and is positive in reference to the direction of
shortening when the most highly developed muscles were
about '02 to "03 mm. in thickness, and about twice or three

times as long as this.

They consisted of spindle-shaped cells, each possessing an
ellipsoidal nucleus and a nucleolus. In the perfectly fresh

condition neither nucleus nor cell-boundaries were visible.

The muscle-bundles seemed to consist of a homogeneous
protoplasm possessed of a tolerably high refractive power.
In this protoplasm lay scattered here and there small highly

refractive granules. No trace of striation was noticed either

in the fresh state or after treatment with alcohol (30—60
per cent.), Miiller's fluid, or perosmic acid (^— 1| per cent.)

Polarised light was used as well as ordinary light, but
the results were negative.

Striation appeared in the heart muscle from the third to

the fourth day of incubation, but already the double refract-

ing capacity was highly developed. Probably the origin of

striation in the heart muscle depends on the fact that double

refracting particles already present, but distributed uniformly

in an isotropous ground substance, arrange themselves

regularly in groups, viz. strisc, between which are left layers

of a clear singly refracting substance.
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Double refraction was also observed in voluntary muscles

when contraction first appeared in them and in the case of

the thigh muscles small streaks of striated substance could

be distinguished at the same time on the cells. Similar facts

were observed in the case of fibres of the back and abdominal
muscles.

In the muscle-fibres of the tongue, back, and thigh of

embryos of the white mouse, 10—12 mm. in length, the first

traces of double refraction were visible, but only in isolated

fibres, when already striation could be recognised.

Similar phenomena Avere observed in the trunk and tail

muscles of tadpoles of Rana temporaria, though the presence

of highly refractive yolk-plates rendered it somewhat difficult.

Engelmann regards it as an established fact that from the

time that striation is evident double refraction is also clearly

visible. Possibly in the case of the voluntary muscles of

vertebrates the double-refracting particles are present from

the commencement in the regular arrangement which they

manifest later. This would present an analogy to the stalk

muscle of Vorticella and to the vibratile cilia. In other

cases it seems, as was suggested for the heart muscle, that the

striation depends on a regular desposition of double refract-

ing molecules which were previously present but were dis-

tributed uniformly in the isotropous ground substance. The
uniform result of all Engelmann's observations on develop-

ment is to show that no appreciable interval of time exists

between the appearance of contractility and double refraction.

The following general conclusion is drawn

:

" Contractility,wherever and in whatever form it may occur,

is associated with the presence of double-refracting, positive,

uniaxial particles, whose optic axis lies in the direction of

shortening."

Attention is drawn to the agreement previously found by
Engelmann to exist between contractile and non-contractile

uniaxial positive tissue-elements, e.g. connective-tissue-fibres,

cell membranes, cuticulse, &c.

This agreement is seen in the fact that both classes men-
tioned tend to shorten themselves by imbibition, in the direction

of their optic axes, or in other words swell up in a directioji

at right angles to their optic axes, much more distinctly than

in a direction parallel to the same axes. This peculiarity is

absent in tissue elements, otherwise very closely related to

them, which do not refract light doubly, e.g. elastic fibres and

membranes.
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The Minute Structure of the Gills of Lamellibranch
MoLLUSCA. By E.. Holman Peck, F.L.S., Scholar of

Exeter College, Oxfoid. (With Plates, IV, V, VI, VII.)

The investigations of which the result is here given were
undertaken at the suggestion and under the guidance of Mr.
Ray Lankester, and Avere carried on during the past year in

the Histological Laboratory of Exeter College, Oxford.

Specimens of Mytilus and of Cardium were kindly procured

for Mr. Lankester by Mr. Charles Stewart, the talented

curator of the museum of St. Thomas' Hospital, and their

investigation was commenced prior to Christmas, 1875;
Anodon and Dreissena are abundant in the neighbourhood of

Oxford ; Area, Pectunculus, Spondylus, Solen, Mactra, and
other genera were obtained by me through the good offices of

the staff of Dr. Dohrn's zoological station at Naples, when I

visited that establishment in the winter of 1875—76. My
observations and notes have continually been controlled by
Mr. Lankester, a few of the drawings in the plates were made
by him, and the nomenclature, wherever it is new, is sug-

gested by him.

Since the introduction into comparative anatomy of the

searching methods of histological inquiry, there has been but

one memoir published devoted to the consideration of the

Lamellibranch''s gill, viz., that of Dr. Carl Posner, which
appeared in the ' Archiv fur Mikr. Anat.,' vol. xi, p. 517
(towards the end of the year 1875). My observations were
commenced independently of that writer's results, and have

led me to conclusions at variance with his on many points,

as will appear in the sequel, Posner has given histological

details with regard to the gill of Anodon only, and has con-

fined his statements relative to the other Lamellibranchs to a

series of highly instructive and^ in the main, accurate dia-

grams of the types Mytilus, Ostraea, Pinna, Venus, Pholas,

Scrobicularia, Mya, Solen, and Pecten.

The present communication will deal with the structure of

the gill in the genera Area, Mytilus, Dreissena, and Anodon.

In a subsequent memoir it is my intention to deal with other

types. —^

Without going into a full history of our knoAvledge of the

structure of the gill-plates of Lamellibranchia, it is yet

desirable to cite some of the writers whom we have to thank

for the knowledge at present embodied in text-books of com-

parative anatomy. Cuvier and the zoologists of his genera-



44 R. HOLMAN PECKi

tion regarded the Lamellibranch gills as a pair of vascular

plates, placed on either side of the foot, and capable in some,

if not all genera, of being broken up into a series of delicate

adherent filaments ; further anatomical investigation of them
was not attempted. It was not until the year 1854 that Dr.

Thomas Williams,' of Swansea, published his elaborate

paper on the respiratory organs of Invertebrata, in which,

with the same fatality which attended his work on another

subject—namely, on the " segmental organ," the name which
he gave to the structure still recognised by that designation

—we find the greatest inaccuracy and fantasy inextricably

interwoven with sound observation and far-reaching induc-

tion. Williams recognised the filamentar character of the

Lamellibranch gill, but it was the eminent French zoologist

Henri de Lacaze Duthiers who first showed the mode of

development of this organ, and assigned to its parts a nomen-
clature which still holds its value, in his account of the

development of the edible mussel published in 1856.

~

In the same year the structure of the gill of Anodon (pre-

viously treated of by Rengarten) was investigated by Langer,^

who made use of injections, and came to the conclusion—an

erroneous one—that the large vessels present in the particular

modification of gill presented by this genus were con-

nected by a complete system of branchial capillaries.

No contribution to our knowledge of the structure of the

Lamellibranch gill appeared for nearly twenty years. Whilst

the work of Lacaze Duthiers and of Langer were confined to

two isolated and very distinct types, that of Williams, in

which a true comparative method extending to several genera

was adopted, failed to command any confidence. There
seemed, therefore, to be an exceedingly promising field of

inquiry open to any one who, making use of modern methods
of microscopical work, should examine the gills of a series of

Lamellibranch genera with the object of determining the

general plan of their structure and the particular modifications

thereof, exhibited in particular cases.

When I had already applied myself to this investigation,

the excellent memoir of Dr. Carl Posner made its appear-

ance. . Posner has the merit of having first clearly demon-
strated by means of transverse sections that Langer was
misled in the conclusion he formed from the evidence of

injection ; viz., that there is a capillary system in the

Lamellibranch gill. Posner shows—what, indeed, had been

1 ' Annals and Magaz. Nat. History,' 1854, vol. xiv.

- ' Anuales des Sciences Naturelles Zoologie,' ser. iv, tome v, 1856, p. 1.

3 'Denkschr. d. Wiener Akad.,' CI. viii to xii, 1856.



GILLS OF LAMELLIBRANCH MOLLUSCA. 45

suspected, though never demonstrated (as he very justly points

out in citing Gegenbaur's ' Grundzuge d. vergl. Anatomie,'
2nd edit., pp. 540 and 552)—that the tissue -which forms the
substance of the Anodon's gill is similar to the form of con-
nective tissue which occurs abundantly in other parts of the

Mollusca, and in so many Invertebrates, as Avell as in the

Vertebrate embryo, and which the Germans know as Gallert-

gewebe (in England mucous tissue). It may well be termed,
as Prof. Ray Lankester has suggested to me, " primitive

mesoblastic tissue ;" or, more conveniently in this case, on
account of its relations to the vascular system,^ " lacunar
tissue." The characters of this tissue are discussed at length
by Posner, who very properly directs the attention of the
partisans of the various sides of the ''Bindegewebefrage " to

this elementary tissue. He might with equal propriety have
directed their attention to the "primitive mesoblastic tissue

"

of a host of other Invertebrata, notably of the larger Vermes.
Kollman~ has also quite recently given a lengthy paper to

this tissue in the Mollusca from the purely histological point

of view—one which I shall not attempt to occupy.

The care which Posner has given to the histology of the

"Najadenkieme " exclusively, and the use of osmic acid

—

which has, according to my experience, no advantage in this

case over dilute chromic acid, and is not so efficient for many
purposes as absolute alcohol simply, have not furnished him
with true results as to the structure of the epithelium. On
the other hand, he has been thus led to adopt the view from
which I most emphatically dissent, that the respiratory

organ of the Unionidse is the prototype from which other

varieties of Lamellibranch gill are to be derived. He, in

fact, considers the Lamellibranch gills essentially as two

' " A true blood- system or blood-lympli-system is only possible where a

mesoblast is developed, that is, in the Tripoblastica. In all Tripoblastica it

is represented by lacunse or channels, or by mere wide-setting of the cellular

elements of the mesoblast, between and around which the movement of a

fluid, so-called lymph, is possible." Primitive cell layers of the embryo,
' Annals and Mag.,' May, 1873, p. 332. The name ' lacunar tissue ' is

suggested by M. Milne-Edwards' ' systeme de simples lacunes qui fait les

fonctions du reseau forme par les capillaires chez les auimaux superieurs.'

The nature of these lacunse and the relationship of their tissue to the walls

of the blood-vessels appears to have been fully divined by M. Milne-

Edwards in 1844.
^ ' Archiv fiir Mikrosk. Anat.,' part 3, vol. xiii, 1876. The reader is re-

ferred to this paper for a full discussion of the nature and relationships of the

lacunar tissue. Kollman agrees with Posner in regarding it as a permanent

form of the embryonic connective tissue of Vertebrates. Flemming (Habili-

tationschrift, llostock, 1871) appears to have seen only that form of the

tissue in which the cell-body is swollen and the lacunse very narrow.
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pairs of memhranous plates placed on a pair on either side

the foot. The filamentary structure of the gill is, according

to him, secondary and due to a breaking-up of the gill-plate.

In support of this view he appeals to an observation of Stepa-

noff's,! to the effect that in Cyclas two pairs of small mem-
branous ridges precede the proper gill-filaments. Stepanoff's

observation seems to me to warrant no such interpretation.

The chief conclusion to which my observations have

tended is the exact reverse of this, and is to the effect that

the gill-plates of the Unionidse are a highly modified form

derived from a simpler condition, in which the gills consist

not of plates but of a series of juxtaposed independent

filaments, such as we see in a less modified state in Area and
Mytilus. It has already been pointed out by Mr. Lankester^

that these gill-filaments of the Lamellibranchia are the exact

homologues of the tentacular filaments of the Polyzoa, and
of the filaments on the spiral lophophor of the Brachiopods.

To establish the possibility of the development of the more
complicated forrns of the Lamellibranch gill from such a

series of simple free filaments will be to confirm Mr. Lan-
kester's view as to the relationship of the ciliated filaments

in the three classes, Polyzoa, Brachiopoda, and Lamelli-

branchia; the first two of which are better called Tentaculi-

branchia and Spirobranchia (Haeckel) respectively. This

will be the main object of the present paper.

Outline of the Essential Constitution of the La-
mellibranch Gill, and the Processes by which
it becomes modified.

The Lamellibranch gill which most nearly retains the

primitive filamentary form is that of Area ; the gill of

Mytilus is in a condition very nearly as archaic.

The constitution of the gill of Mytilus was first made
clear by the excellent observations of M. de Lacaze Duthers,

whose nomenclature will serve as the basis of that adopted

in the present paper.

The gill of Mytilus, like that of all other Lamellibranchs,

consists of two pairs of gilUplates placed on each side of the

body, and separated by the foot, from the base of which on
the right and left side, along a line^ stretching from the

mouth towards the anus, each pair of gill-plates arises. The
^ Stepauoff, 'Arcbiv fiir Naturgesch.,' 18G-4.

- ' Quarterly Journal of Microsc. Science/ vol. xii, 1873. " Remarks ou
Rhabdopleura."

^ This line, on account of its relationship to the lophopliore of Polyzoa and
Brachiopoda, Mr. Lankester proposes to call the "lophophoral line" or
" lophophoral ridgc="



GILLS OF LAMELLTBRANCH MOLLUSCA. 47

outer plate on either side is known as the right or left outer

gill-inlate. The inner phite is similarly known as the right or

left inner gill-plate. Each plate consists of a double row of

exceedingly delicate gill-filaments, placed side by side and
absolutely parallel to one another. If we examine one gill-

plate closely by separating the parallel filaments, we find

that the double roAv is not formed by two sets of filaments

attached along the lophophoral line; but that for each gill-

plate there arises from the lophophoral line but a single row
of parallel gill-filaments^ each one of which (the ant-uni-

bonal surface of the Lamellibranch being its tentral surface),

after descending in a ventral direction, suddenly bends upon
itself at an acute angle, and passes upwards again, forming
the second row of filam.ents which constitutes the plate. M.
de Lacaze Duthiers has observed that this is the actual mode
of growth of the gill-filaments in Mytilus. Each gill-plate

thus consists of a single row of filaments bent on itself, so as

to form two rows of filaments or lameUcB, with a space
between them. One lamella is formed by the descending

portions of the filaments, the other by the ascending portions.

The ascending portions of the filaments are not attached to

the lophophoral line, nor (in Mytilus) to the mantle. The
ascending portion of each filament terminates in a hook-
shaped process, which is closely adherent to the similar hook-
shaped process of the two adjacent filaments, and probably in

vascular continuity with them. Thus the ascending lamella

or portion of the filaments is free in the region of the base

or lophophoral line ; the descending lam.ella or portion of the

filaments, on the other hand, is here at its fixed point of

origin. The outer gill-plate of each side of the animal has
the free or ascending lamella placed outermost/ or nearer

the mantle; the inner gill-plate of each side of the animal
has the free or ascending lamella placed innermost, or nearer

the foot. Thus two complete filaments, one of each of the

two gill-plates of one side of the body (say the left) seen in

position as exposed by a cut dividing the mussel vertically

into an anterior and posterior moiety, have the appearance of

the letter W. The broad upper part of the letter is the base

of the two gill-plates ; the two angles on which the letter

stands are respectively the apex of the inner (medial) and
outer (lateral) gill-plates. The central angle at the base of

the letter is the point of junction for each gill-plate with the

lophophoral ridge. From this descends on the left-hand side

the filament of the inner lamella of the outer gill-plate; it bends

on itself, forming the fl'^;ea:oraw<//e of that gill-plate, and ascends

as tlie filament of the outer lamella of the outer gilUplate ; it
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then terminates as a free hook-like process facing the mantle

(see Plate IV, fig. 10). Similarly, from the W on the right-

hand side (supposing always that the letter represents the

section of the two gill-plates of the left side of the animal)

there descends from the central angle or point of lophophoral

attachment the filament of the outer lamella of the inner

gill-jilate ; bends on itself, forming the angle or apex of the

inner gill-plate, and ascends as the filament of the inner

lamella of the inner gill-plate, to terminate freely in a hook-

like process facing the foot. Between each lamella of each

gill-plate—that is to say, between the descending and ascend-

ing portion of each filament or limb of the W—is a space,

the interlamellar space.

The W-like pairs of filaments succeed one another

in a closely set series as we pass in the antero-pos-

terior direction along the lophophoral line. Each w-like

pair of filaments is separated from its successor by a narrow
space or interval called the interfilamentar space.

Each filament in Mytilus is a hollow tube precisely similar

(excepting for its reflection on itself) to the filaments on the

lophophor of a Polyzoon (Tentaculibranch) or to those on the

so-called arms of a Terebratula (Spirobranch). Each fila-

ment is clothed externally with a ciliated epithelium and has

its inner wall strengthened by a chitin-like deposit. The
cavity of the filament is, as in Tentaculibranchs and Spiro-

branchs, continuous at its point of origin in the lophophoral

ridge with the body-cavity, coelom or blood-lymph space, a

special tract or " blood-vessel " being differentiated in con-

nection with the lophophoral ridge. The tissue which forms
the internal walls of the filaments is mesoblastic tissue of

the primitive kind common in Mollusca and Vermes.
The course of the blood in the gill-filaments of Mytilus is

not easy to determine. A great deal too much stress appears

to have been laid on this question in connection with the

gill of Anodon and other Lamellibranchs. It appears to be
quite certain that the 7nai7i function of these organs^ is not

respiratory but accessory to alimentation. We are likely

enough to go astray if we seek for an elaborate afferent and
efferent system of branchial vessels in an organ which chiefly

serves the purpose of producing currents of water and in

animals where the tissue oxidation is exceedingly sluggish,

and the blood-lymph plasma of so lowly organised a character

as to be freely discharged without injury to its owner, or

diluted with large quantities of introduced water without
affecting its physiological activity.

* See A-lder and Hancock, * Annals and Mag. Nat. Hist.,' 1856,
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In Mytilus the movement of the blood, such as it is, pro-

bably proceeds from the lophophoral attachment down each
filament, up its ascending branch, and so into a transverse

canal,^ which unites all the free hook-like terminations of

the gill-plate ; the transverse or intcrfilamentary canal open-
ing at the anterior end of the series of gill-filaments into the

base of the foot for the inner of the mantle, for the outer gill-

plate near the mouth. On the other hand it is possible that

in Mytilus and Area there is no constant movement of the

blood in the filaments in any one direction. It should bo

possible to ascertain this in young transparent specimens of

Area, where, according to the observations of Mr. Lankester,
the blood-corpuscles are of about the same size as those of

the common Frog of the same shape, and like them, coloured

red by Ha?moglobin.

So far the structure of the Lamellibranch gill as exempli-
fied by Mytilus differs little from that of the series of gill-

filaments of the other two classes of Mollusca Acephala the

Tentaculibranchia and Spirobranchia.

We now have to point to a structure which occurs in the

case of Mytilus, Area, and its allies, which effects a connec-

tion between the adjacent gill-filaments. These are small

circular prominences on the sides of the gill-filaments carry-

ing elongated cilia (see PL IV, figs. 4, 6, 7), which interlock

tuith those of the neighbouring filament, and thus form inter-

filamentarjunctions , or ciliatedjunctions as I shall call them.
These were described by Lacaze Duthiers in the young My-
tilus, and by Williams, but they have never been well figured

nor has their altogether exceptional character attracted the

attention which it deserves. The use of cilia in the manner
thus indicated is entirely without a parallel in the animal
kingdom. The knobs of interlocking cilia are disposed on
the series of gill-filaments along more or less parallel trans-

verse (antero-posterior) lines. They are the first indications

which we have of that matting and fusing together of the

constituent filaments of the Lamellibranch gill by transverse

growths, whereby its plate-like character becomes ultimately

developed to its full extent.

Intimately connected with the adhesion of adjacent gill-

filaments by the interlocking of cilia is the further highly

characteristic process by means of which in the Lamelli-

branchia as in other MoUuscan classes, adjacent structures

^ I have not been able to inquire into the existence of this transverse

canal by means of injections. Its existence appears probable from tlie ad-

hesion of adjacent hook-like terminations of the filanieuts of the free

laniellfE, and from the structure of those tetmiual processes.

VOL. XVH. NEW SER. D
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originally separate become fused into one continuous piece.

This process M. de Lacaze Duthiers has spoken of as " la

soudure ;" I shall call it " concrescence," the name used by
Haeckel for the similar phenomenon which occurs in the

Calcispongiae.

Posner and those who would advocate the membranous
plate as the prototype of the Lamellibranch gill must
entirely ignore the remarkable and exceptional process of
" concrescence" of which we have excellent examples in the

Lamellibranchia in other structures than the gills. It is a

matter of observation that the free edges of the mantle unite

in the siphonate Lamellibranchs by concrescence to form the

siphons and the closed mantle sac. The siphon of the Dibran-

chiate Cephalopods is formed in the same way from the middle

lobes of the foot.

An instance of abnormal concrescence in the gills ofAnodon
was brought under my notice by Mr. Lankester. In this

case a torn portion of the inner gill-plate of the left side

beyond the posterior edge of the root of the foot had become
intimately adherent by concrescence to the inner surface of

the inner gill-plate of the right side of the animal.

There can be no doubt after a survey of the facts, that

concrescence plays a most important part—in fact, the essen^

tial part in the modification of the primitive gill-filaments of

the Lamellibranchia.

As fully pointed out by M. de Lacaze Duthiers, the free

outer lamella of the outer gill-plate and the free inner lamella

of the inner gill-plate become not merely adherent to but

vascularly continuous with neighbouring structures by " con-

crescence" or as one might term it " self-grafting."

lu the genera Ostrea, Anodon, Pholas, Lutraria, as deter-

mined by M. de Lacaze Duthiers (' Annales dcs Sci. Nat.

Ser.,' iv, vol. ii, p. 155), the external lamellae of the external

gill-plates are not free as in Mytilus, but are fused to the

adjacent surface of the mantle by concrescence. Similarly

the inner lamella of the inner gill-plate instead of remaining

free as in Mytilus becomes in Anodon and other genera fused

for a short space to the foot and w here the foot ceases to divide

the inner lamellae of the inner gill-plates of each side from

one another, their typically-free edges unite by concrescence,

producing the partition betwx^en the cloacal and branchial

chambers of the mantle.

Concrescence is not, however, confined in its operations to

the production of adhesions of the gill-filaments to mantle

and foot. 13y its operation the interlamellar space—the space

between the descending and the ascending portions of the
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filaments—becomes bridged over, and interlamellar junctions

of various kinds effected. In Mytilus these consist of a few

outgrowths from the internal or sub-lamellar surfaces of tlie

filaments which are confined to a few spots, (see Plate IV,

figs. 8, 9, 10), and form as M. de Lacaze Duthiers terms

them, " veritables baguettes transversales assez longues.^' In

other genera the ciliary junctions of Mytilus and Area are

replaced by fibrous and vascular interfilamentar concre-

scences, which have the form of transverse horizontal bands

running antero-posteriorly at right angles to the filaments

(see Plates V and VI).

When concrescence thus replaces the simple ciliary inter-

filamentar junctions of the more archaic type, the few

tubular sub-filamentar outgrowths which by concrescence

produce interlamellar junction in Mytilus are re|)laced by

an exuberant sub-filamentar outgrowth, as in Dreissena and
Anodon. This important and abundant outgrowth from the

back of the filaments has an almost unlimited capacity for

concrescence. It gives rise to long vertical interlamellar

junctions (parallel to the filaments) disposed at regular inters

vals, and it obliterates that part of the inter-filamentar

spaces left free by the narrow horizontal bands which join

filament to filament, leaving only a series of irregular passages

opening on the supra-lamellar and sub-lamellar surfaces by

small inter-filamentar stomata. The loose, highly plastic

tissue which thus grows out from the back of the filaments

consists of lacunar tissue {vide ante, p. 45) covered by an epi-

thelium. Channels and even definite vessels become excavated

in it and the primitive hlood-camjing function of the hollow

gill-filaments is superseded hy the circtdation which arises in

the connected mass of suh-flamentar tissue. AVith this loss

of function the filaments loose more and more their primitive

tubular character and become merely a supporting skeleton

for the exuberant sub-filamentar outgrowth. In Anodon,
where this condition is reached, the primitive gill-filaments

no longer serve even as accessory blood-vessels. Tiiis asser-

tion is contrary to the statements of Posner as to structure

and the views of Langer, but it will be justified in treating

more minutely of the Anodon-gill.

Another class of modifications to which the Lamellibranch

gill-plate is subject consists in the destruction of the per-

fect parallelism of its two lamellse and in the substitution

of an undulating or fluted surface, so that the two lamelloe

meet along one vertical line, then diverge and then -again

meet—the whole interlamellar space of the gill plate being

thus thrown into a series of sub-cylindlical cavities,each cavity
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comprising in its wall a definite number of filaments. A
series of diagrams illustrating the general arrangement of

the filaments in these cases of which there are many varieties

(e.g.fOstYea, Cardium,Venus, Solen, Pinna) has been given by
Posner. I shall defer any further consideration of these

modifications of the Lamollibranch gill until I have com-
pleted my examination of those forms at my disposal, merely
pointing out now that the inner gill-plates of Anodon present

a distinct tendency towards the fluted type or " compound
type" of gill as it has been called, which the outer gill-plates

do not. This interesting fact has escaped Posner.

Details of the Structure of the Gill-plates in

SPECIAL Genera with reference to the Figures in

Plates IV, V, VI.

Arca.—The gill-plates in Area exhibit more clearly the

primitive freedom of the typical two rows of reflected fila-

ments than do those of any other genus, the examination of

which has been recorded. There is but small manifestation

here of the phenomenon of '' concrescence." The inner re-

flected filaments are free from adhesion to the foot, the outer are

free from adhesion to the mantle. Not only this but there is

no concrescence of the two inner reflected lamellae or rows of

filaments behind the foot. The longitudinal lophophoral

ridges on either side the foot from which the descending

limbs of the filaments spring are continued beyond the foot
as a pair of short spurs with a slight curvature, and are

directly comparable to the lateral " arms" of the Brachiopod's

or the Ilippocrepian lophosphore. The only concrescence

which I have detected in an examination of specimens from
the Mediterranean, preserved in strong spirit, is at the apex
or angle of the lamellae where the reflected portion is united

for a short distance by concrescence to the descending portion

of each filament.

The filaments in large specimens of Arca (one and a half

inches long) where longest measure as much as three quarters

of an inch from base to apex; towards the anterior termina-

tion of the series they gradually become very short as well

as at the free posterior projection of the lophophore. Each
filament is rather band -like than cylindrical, the broad sur-

faces of the bands being anterior and posterior, whilst the

narrow edges are lateral and medial or external and internal.

On the broad surfaces of the filaments are placed at regular

intervals the "ciliated inter-filamentar junctions" so as to form

slightly undulating oblique transverse rows when the lamella

is viewed as a whole. The ciliated junctions consist of large
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epithelial cells, forming what may be called epithelial pronii-

iiences (Plate IV, fig. 1). These cells carry long cilia which
interlock, as might the hairs of two brushes, with the cilia

of an epithelial prominence on the neighbouring filament.

The band-lilie character of the filament and the circular

outline of the epithelial prominence of a ciliated junction is

well seen in fig. 3. It is not unusual for a filament to twist

and turn over in this way when separated by teazing from
the support of neighbouring filaments to which it is held by
the interlocked cilia. The series of band-like filaments when
viewed from the surface of the lamella may be compared to

the vertically placed planks which form the sub-structure of

a flooring. In fig. 1 the small portion of three filaments

which is drawn is represented as seen in somewhat deep
focus—deep enough, in fact, to give an optical section in the

plane of the ciliated junctions. A superficial focus of the

narrow surface of the filament would resemble that of

Mytilus drawn in fig. 5 (left-hand one of the three filaments).

The broad diameter of the gill-filaments in Area, that is, the

breadth of the surface on Avhich are the ciliary junctions

measured from the lateral (outer) to the medial (inner) border,

averages ttti^^^ of an inch. The narrow diameter measured
at the surface of the lamella is the gxoth of an inch.

To ascertain the true structure of the gill-filament in Area,

as in all cases, it is necessary to cut a transverse section of

it. Such sections may be obtained by embedding gill-lamellse

hardened in absolute alcohol, in paraffin. The sections may
be advantageously examined in glycerine without the use of

staining fluids, or the lamella may have been stained in

picrocarmine before embedding, and mounted after cutting

in balsam. On the whole I find that glycerine gives a better

definition of cilia and fibrous structures in the various

Lamellibranch gills than does balsam.

In fig. 2 a transverse section of a gill-filament of Area is

represented. It is seen to possess a single layer of epithelial

cells, all of which are ciliated ; those on the outer or lateral

border (upper of the figure) being larger and columnar in

form, and carrying longer cilia than those on the inner or

median and anterior and posterior borders. A group of cilia

of great length is placed on each side of the anterior border

of the filament ; the cilia may be called the latero-frontal

cilia (PI. IV, Ifc, fig. 2), and the single row of epithelial

cells which bear them are the cells of the latero-frontal epi-

thelium. The histological details of this epithelium I have

worked out more fully in the case of Anodon and Dreissena.

The section given in fig. 2 does not pass through a ciliated
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junction, otherwise we should find appearances similar to

those given in the upper part of fig. 6 (Mytilus).

Beneath the epithelium is a thin layer of chitinous sub-

stance coloured yellow in the figures. This is formed by the

modification of the connective tissue (lacunar tissue). In

the case of Area and of Mytilus I have not ascertained the

presence of protoplasmic corpuscles, or nuclei embedded in

this thin chitinous layer, but on its inner surface which
bounds the cavity of the filament, there are such corpuscles

which give rise to septal filaments (sep.) limited in Area to

one series. These traverse the cavity of the filament and
divide it into two chambers, a lateral and a medial. Possibly

the two juxtaposed canals thus formed may have a func-

tional importance.

Mytilus.—The general form and arrangement of the gill-

filaments constituting the gill-plates in the common edible

mussel are familiar to most zoologists, and are well figured

in the last edition of Cuvier's 'Regno Animal.' Like Area,

Mytilus has the ends of the reflected portions of its gill-fila-

ments free. Like those of Area, the adjacent filaments are

held together by ciliated junctions. But there is a remark-

able exhibition of concrescence in Mytilus which I have not

met with in Area, consisting of the sub-filamentar outgrowths

•which I call " interlamellar junctions." In PI. IV, fig. 10,

is represented diagrammatically (the drawing being shortened

in proportion to breadth) a single filament of the outer gill-

plate of the left side. The filament of the inner lamella

(/?/.) is seen descending from the base to the apex or angle of

the gill-plate and returning on itself as the filament of the

outer lamella, or reflected filament where it ends in a hook.

The intcrlamellar junctions are represented as they occurred

in a particular specimen. They are not U7iiformly in the

position given in the figure, nor grouped precisely in the

way there indicated throughout the series, but they run in

irregular transverse rows alo7ig the series of filaments. Some
of these intcrlamellar junctions are very long, and appear to

have a great extensibility. When not extended they have

the appearance of a bellows being deeply folded in their

walls. This folding admits of their extension to a relatively

enormous length. In fig. 9 one of these bellows-like pro-

cesses is drawn in a state of semi-extension. Beneath its

epithelium longitudinal fibres either elastic or muscular, I

am unable to decide -which, are seen. In fig. 8 parts of the

descendingand ascending limb of a gill-filament are seen. Each
carries three epithelial prominences, ep. (ciliated junctions),

and between them two intcrlamellar junctions {ilj
.)

pass in a



GILLS or LAMliLLIBRANCH MOLLUSCA. 55

closely contracted condition. The power of contraction and
expansion which obviously resides to a large degree in these
iiiterfilamentar junctions suggest the possibility of their con-
tracting rhythmically ; on the other hand, it is exceedingly
likely that they are simply reservoirs capable of turgescence
under certain physiological conditions.

Fig. 7 is drawn from a transverse section passing through
the descending and ascending limbs of two filaments. The
section coincides with the position of the interfilamentar

(ciliated) and interlamellar junctions. The structure of the

section of an individual filament is seen from this figure and
from fig. 6 to be similar to that of Area, the main difference

being that the long cilia of the latero-frontal epithelium are

carried on two rows of cells {Ife, Ife", in figs. 6 and 7), and
further the lacunar tissue forming trabeculae within the cavity

of the filament is not limited to a single septum, but consists

of 7iutnerous irregular bands. Professor Kollmann has quite

recently (' Archiv fiir Mikrosk. Anat.,' 1876) shown that by
means of the usual " silver process " a pattern of cell-out-

lines similar to those of the vertebrate lymphatics may be
brought into view on the limiting surface of the filamentar

cavity.

The form of the epithelial prominences (ep.) carrying the

cilia of the ciliated junctions is shown in figs. 6 and 7.

The cessation of the chitinous deposit in that part of the

filaments which grows out to form the interlamellar junc-
tions is demonstrated by fig. 7, as is also the continuity of

the cavity of the filaments of each lamella with the cavity of

the interlamellar junctions. A blood-corpuscle (marked be.)

is seen in fig. 7, lying in the cavity of the interlamellar

junction.

The filaments, as seen from the surface of the gill-lamella

in specimens stained and clarified with Canada balsam, may
be focussed at various depths, so as to give a series of longi-

tudinal optical sections. In fig. 4 four filaments are repre-

sented so focussed as to show two rows of ciliated junctions

(cj.). In fig. 5 three views are given of a portion of a fila-

ment taken at a part between two ciliated junctions, and
focussed at three different depths. That to the left is the most
superficial, giving the surface of the outer or lateral border

of the filament, that is to say, the surface which forms part

of the general outer surface of the lamella. In the centre

are seen the nuclei of the ''frontal epithelial cell^ " (fe., and
in figs. 6 and 7) ; on each side of these is a row of latero-

frontal epithelial cells [Ife.) with long cilia, the bundles of

cilia appearing each like a single and coarse cilium ; seen
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henoath these cilia is the blurred image of the lateral epi-

thelium (le.).

The reader is referred to the figures and the appended
explanation of the plate for further detail.

The narrow transverse diameter of the Mytilus gill-fila-

ment is TTo^t^ inch, the broad diameter (that from its outer

to its inner border) is T^rir^h inch. The interval between
neighbouring filaments varies according to pressure, but
averages -pjVuth inch. The large latero- frontal epithelial

cells which carry the long cilia are YTV^th inch in breadth

at the surface of origin of the cilia.

Anodon.—Though Dreissena, on account of its position in

the same family with Mytilus, would natui"ally next claim

our attention, it will be best to take Anodon before passing

to Dreissena, since Anodon and Unio have been studied by
Dr. Posner, and give us a standard of gill-structure to which,

when referred, Dreissena is found to approach in important

respects, though retaining some features of the simpler

Mytilus-gill.

In Plates V and VI a series of sections in different direc-

tions across the gill-plates of Anodon, and various enlarged

drawings of parts of the gill-plate, are reproduced. The ex-

planation which accompanies those plates will be found with

them to supply nearly all the information which I have to

give on the subject.

In Anodon the sub-filamentar outgrowths are large and
abundant, so as completely to mask the primary tubular

character of the gill-filaments. In figs. 1, 2, 3, 4, dia-

grammatic views are given of transverse sections cutting the

gill-plate at right angles to the long axis of the filaments.

The sub-filamentar excrescences are seen to form a layer of
" lacunar " tissue, freely open to blood-turgescence and pro-

vided with large vascular trunks^ (true vessels with definitely

limited walls) which run parallel with the filaments, though
few and far between, as compared with these latter, which
I hold to be the primary vascular tubes of the Lamelli-
branch's gill. The large vessels occur at intervals of seven
filaments in the outer gill-plate, at intervals of twenty or

more in the inner gill-plate. They give rise to branches
running at right angles to them, forming part of the sub-fila-

mentar layer of each lamella. The branches are disposed

at definite intervals, so as to form with the filaments a regular

rectangular basket-work. The vertical element of the basket-

w^ork furnished by the filaments is perfectly regular and
^ According to Kollman the silver treatment, brings into view here also

cell-oullines as iu the vessels of Vertebrata.
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Straight from base to apex ; the transverse element furnished

by the sub-filanientar vessels is of an undulating character,

though in its main direction truly at right angles to the

filaments.

Langer first showed by injection the presence of the large

vertical vascular trunks and their horizontal branches. He
was erroneously led to believe that the horizontal branches
lead into a closed capillary system. As a matter of fact

they do not, but open by a loosening or incoherence of their

walls into the general space (continuous with the body
cavity), which is the characteristic feature of the lacunar
tissue, which forms the substance of the sub-filamentar out-

growths.

The horizontal vessels are often very ill-defined and of

short extent, but here and there can be demonstrated in con-
nection with the large vertical trunks (PI. V, fig. 11 v'). When
ill-defined they can yet be identified as more or less sharply-

marked pathways or clear spaces in the lacunar tissue. Dr.
Posner was the first to show by microscopic sections the con-
tinuity of Langer's vertical vessels with the surrounding
lacunar tissue and the absence of a capillary system with
definite walls. But he seems to have gone too far in identi-

fying Langer's vertical and horizontal trunks entirely with
the lacunar tissue, the spaces and trabeculee of which he
figures and describes. It appears from my sections (as well

as from Kollmann's recent observations) that there are very
definite walls, formed, one may say, by a condensation of the

lacunar tissue, to the large vertical trunks of Langer, and
there are even definite walls to the origins of the horizontal

blood-pathways (see Plate V, fig. 11).

The layer of sub-filamentar tissue which occurs below
each lamella of each gill-plate is formed by the concrescence
(inter-filamentar) of the excrescences or bulgings-out of the
deepi border of each gill-filament. The inter-filamentar

concrescence of these outgrowths is very complete, and such
as to leave only a series of undulating rows of small cylin-

drical passages opening by stomata or windows on the outer

and on the inner surface of the lamella (Plate V, figs. 5 and
8). These narrow passages, which are the only parts of the

interfilamentar spaces not obliterated by the concrescence of

the sub-filamentar outgrowths, have a cylindrical shape, and
run somewhat obliquely and irregularly. The horizontal

elements of Langer's vascular system correspond with, and
are excavated in, the continuous tracts of lacunar tissue which

' Deep in the seuse of remote from the free outer surface of the gill-

lamella.
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separate these cylindrical passages. The stomata, hy which
the passages, " water-passages " as they may well be termed,
open to the water outside the gill-plate at the one end, and
to the water in the inter-lamellar space on the other, are seen
in Plate V, figs. 14, 17. They are not set in strictly hori-

zontal rows, but vary in position above and below a mean
horizontal line. The diameter of the stomata on the deep
surface of each lamella is considerably smaller than that of

the respective toater-passages into which they lead, whilst the

])assages do not contract, but become a little elongated at

their termination between the filaments on the free surface

of the lamella, forming thus a series of somewhat oval

stomata at that end. The absolute size of the stomata, and
of the lumen of the water-passages, as seen in section, varies

considerably, the latter measurement giving --y',;^th to -a-yo^th

of an inch.

The result of the narrowing (often abrupt) of the water-
passages at the interlamellar surface is that in a transverse

section, such as figs. 1, 2, 3, Plate V, a water-passage may be
seen between nearly every adjacent pair of filaments ; many
of which—sometimes all—appear closed at the deep or inter-

lamellar surface of the section by a continuous tract of la-

cunar tissue. The real state of the case is shown in the

drawing of a solid block of gill-lamella, given in Plate V,
fig. 8.

Interlamellar junctions.—At definite intervals the two
lamellae which form the gill-plate of Anodon are joined by
outgrowths, constituting interlamellar junctions. These
differ from the tubular bellows-like interlamellar junctions

of Mytilus, in that they are not scattered cylindroidal out-

growths of the deep margin of individual filaments, but are

long ridges running vertically, parallel with the filaments

;

they are rather additional outgrowths of the sub-filamentar
mass of tissue beneath each lamella than outgrowths from
individual filaments. They are coincident in position with
the large vertical blood-vessels, and differ as do the latter in

the inner and the outer gill-plates.

In the case of the inner gill-plate the large vertical vessels

are disposed at intervals of about twenty filaments. Each vessel

is found to lie alternately (not without exception) in the inner
and the outer lamella, forming a large vertical ridge on the

internal surface of the lamella (Plate V, fig. 3). These ridges,

alternately belonging to one or other of the two lamellas,

unite very intimately by concrescence with the lamella to

which they do not originally belong. Sometimes the union
is more, sometimes less complete. The result is that the
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interlamellar junctions in the inner gill-plate contain the

large vertical vessels. In the outer gill-plate this is not the

case.

The interlamellar junctions in the outer gill-plate are, like

the vertical vessels, more numerous than those of the inner

plate, occurring at intervals of seven filaments. They are

long ridges of dense lacunar tissue, ruuning vertically from

base to apex of the gill-plate, and have a much greater size,

measuring more from one lamella to the other than those of

the inner gill-plate. In fact, they are capable of very great

extension, which takes place when the outer gill-plate has

its interlamellar space occupied by the Glochidian young
of the Anodon (Plate V, fig. 4). This great depth of the

interlamellar junctions of the outer gill-plate is their most

remarkable feature, as compared with those of the inner

plate. It is accompanied by a different disposition of the

vertical vascular trunks; for, whilst these in the inner gill-

plate lie in the interlamellar junctions, in the outer gill-plate

they lie in the sub-tilamentar mass of concreted tissue at

the line of origin of the great ridges which act as inter-

lamellar junctions. In consequence of this arrangement

there are tioo vertical vessels in the outer gill-plate to each

interlamellar junction ; whereas there is only one to each

junction in the inner plate. The arrangement of these parts

in the outer gill-plate is no doubt correlated with its function

as a brood-pouch. Histological changes go on in these parts

of the outer gill-plate throughout the year, varying accord-

ing to the presence, absence, or size of the Glochidia or ova.

I have not yet followed out these changes in detail, and
must point out that there is a certain amount of irregularity

as to the development of the vertical vessels, especially as to

the definiteness of their walls ; so that in some parts and at

some seasons they have well and sharply defined walls,

whilst at other seasons and in other parts of the same outer

gill-plate they appear rather as Posner holds them to be

generally, namely, mere vertically-running lacuna?, or exca-

vations of the lacunar tissue, which may in some cases have

very little definition. This part of the subject I consider to

require further investigation. It appears possible that the

great vertical vessels of Langer may develope and be oblite-

rated from season to season in the rapidly changing lacunar

tissue of the sub-filamentar outgrowths.

Differences between the inner and outer gill-plates.—The
diff'erence just noted between the outer and inner gill-plates,

due to the frequency of interlamellar junctions and their
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relation to tlie vertical vessels, is accompanied by a further

difference of form, which is obvious when the sections given

in Plate V, figs. 2 and 3, are compared.

In the outer gill-plate the two lamellae are parallel to one

another and of equal thickness. In the inner gill-plate the

outer lamella is thicker than the inner, and its surface is

thrown into a series of curves. It bulges out considerably

betAveen each fixed line of interlamellar junction, so that we
have a slight indication here of that plication of the gill-

lamella which becomes so marked and important a feature

of the architecture of the gill-plates in the so-called com-
pound gills of Ostrea, Cardium, &c.

Structure of the Filaments.—The figures of transverse sec-

tions and surface views of the filaments given in the plates

and the accompanying explanation will serve better than a

long description, to place the results of my observations

before the reader. In the main, they agree with Posner's,

but I differ from him as to the epithelium, and also as to the

cavity which represents the original vascular channel of the

primitive gill-filament, as we see it in Area and Mytilus.

The filaii ents have a uniform structure throughout the gill-

plates of Anodon. They have lost their simple tubular char-

acter by (a) the resolution and outgrowth of their deep or

sub-lamellar walls whereby the mass of sub-filameutar tissue

is formed and {b) by the excessive thickening of the chitinous

deposit, which whilst vastly increased on three sides of the

original cavity of the filament, is altogether absent on the deep
sides where the filament breaks out into a loose sub-filamen-

tar growth of lacunar tissue (Plate V, fig. 12). In fact, from
being hollow, tubes kept open by a firm deposit of chitinous

matter the filaments have become comparatively solid rods

with a median fissure corresponding with the primitive cavity,

and as rods they merely support the loose lacunar (therefore

blood-permeated) tissue which grows out beneath them.
There are no ciliated interfilamentar junctions in Anodon.

In place of these we have very solid fibrous concrescences

or junctions. The fibrous interfilamentar junctions of the

Anodon's gill form regular transverse bands continuous hori-

zontally across the series of filaments, and thus divide the

long though narrow interfilamentar spaces into a series of

rectangular spaces, about three times as long in vertical as in

transverse measurement (PL VI, fig. 14). The surface epithe-

lium of the gill-filaments is, ofcourse, continued on to the fibrous

interfilamentar junctions where it is continued inwards to

clothe the water-passages and interlamellar surface. Each of

the oblong rectangular spaces enclosed by the filaments and
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transverse fibrous junctions coincides with the external

oi)ening or stoma of one water-passage (PL VI, fig. 14 w).

Thus it becomes probable that in the process of the evolu-

tion of the Anodon's gill from such a simpler form as that

of Mytikis, the gill-filaments themselves first of all developed

the horizontal transverse attachments which now present

themselves as complete fibrous continuations of the con-

nective substance of the gill-filament's wall. Then the deep

or internal face (that forming the interlamellar surface)

of the gill-filaments ceased to develope chitin and produced

loose bulging growths of lacunar tissue, which extended not

only along the vertical line of the filament, but across the

transverse junctions, uniting to neighbouring outgrowths by-

concrescence. The concrescence has, however, always failed

to block up a portion of the interfilamentar water-way,

namely, a cylindrical passage running more or less obliquely

upwards and backwards from each rectangular division of

the inter-filamental space.

Thus the undulating horizontal arrangement of the inter-

nal stomata of the water-passages is explained.

It should be especially pointed out that sometimes, as an
exception here and there, we find that concrescence has

actually overstepped the limits thus laid down, and the water-

passage corresponding to a rectangular interfilamentar area

has disappeared, having been obliterated by the growing-

together of its own walls.

The fibrous interfilamentar junctions consist of horizontal

and obliquely crossed fibres (PI, VI, fig. 14, ^^^and h), which I

cannot agree with Posner in considering to be muscular. The
relation of these fibres to the substance of the gill-filaments

will be best understood by reference to a series of transverse

sections of the filaments.

In Plate V, fig. 12, a transverse section of a filament is

represented taken at a part where the sub-filamentar out-

growth or bulging of the deep surface is as small as can be found.

Beneath the epithelium to the front part are seen two
semilunar masses [ch.) : these are the greatly thickend cbi-

tinous Avails of the filaments, but onlv correspond to one

half of that wall as developed in Area or Mytilus. Small nuclei

(protoplasmic residue) are seen in the chitinous substance.

Passing to the lower part of the section we fitid there is no

further chitinous deposit, but a loose trabecular tissue (lac.)

amongt the mesh-work of which float blood-corpuscles (be).

The semilunar chitinous masses show in the section each

a smaller more highly-refracting and yellow-coloured body,

which we find on comparison with the longitudinal section
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(PI. VI, fig". 14) to be the transverse sections of rod-like

bodies. These rod-like bodies—the well-known " Stabchen "

of German writers—appear to be simply condensed or firmer

portions of the larger tnass of chitinous substance. It is

interesting to compare these sections with those of Dreissena

(PI. VII, figs. 25, 26) in which the rods are absent.

Looking now at the longitudinal section (Plate VI, fig. 14),

we see that where the transverse fibrous junctions are deve-

loped, the rods bend a little outwards and become very thin

and small so as almost to cease. They do not, however, quite

disappear at the level of the transverse junctions, but are

continuous from end to end of each filament, merely becom-
ing small at every transverse interval. At the base of the

gill—the line of origin—the rods of neighbouring filaments

join, forming an arch, the anterior of one filament joining the

posterior of the next in order, as we pass forward from anus
to mouth. I have not figured this arrangement which is

drawn by Posner, who calls attention to the similar arrange-

ment in the chitinous rods of the gill bars of Amphioxus.l
Now, if we take a section across the filaments at the level

of the transverse junctions we shall find the relationship of

the fibrous transverse bands to the chitinous half-wall of the

filament. Such a section is exhibited in PI. V, fig. 13. The
chitinous rods are seen reduced to a minimum size, the semi-
lunar masses of paler chitinous substance are broader and
larger than in the other section and break up deeply into

fibrous substance, the fibres being attached to a central row
of corpuscles.

There is no question whatever that Jtere at least there is

complete obliteration of the primitive cavity of the gill-fila-

ment. Even though we may admit that the space between
the semilunar masses in fig. 12 represents the primitive

cavity, it cannot be regarded as Posner regards it, namely, as

a distinct canal. It is widely open to the general cavity of

the lacunar tissue and at every transverse junction is entirely

obliterated. Compare with this the condition of Dreissena
(Plate VII), which also furnishes interesting evidence fur

the relationship of the chitinous deposit to the cell-elements

of the lacunar tissue. The chitinous deposit is merely fo

be regarded as a peculiar and largely developed intercellular

product.

The Epithelium of the Gill-filaments—I have devoted special

care to this part of the subject, since my results differ from
' The similarity between tlio structure of the |)liaryiix of Anipliioxus and the

Lainellibrauch gill is an iustructive examj)le of what Mr. Lankester has called

liomoplusy as opposed to homogeuy i^' Annals and Mag. Nat. Hist.,' 1870).
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those of Posner on this head. Figs. 20, 21, 22, 23, in

Plate VI, give my results most accurately, and where the

other figures of Anodon (in Plate V) differ from these, such

differences are to be regarded as inaccuracies or diagrammatic

licences. We can distinguish on the gill-filament a frontal

epithelium (/.e.),latero-frontal {l.f.e".) and lateral epithelium

(le, le), the last-named continuing into the water-passages and
clothing the interlamellar surfaces. All the cells of the

epithelium are ciliated, those of the latero-frontal rows (a

single row on each side the frontal epithelium) have the

longest cilia, far out reaching those of the other cells ; the

frontal epithelium and the more forward cells of the lateral

epithelium come next with finer and much shorter cilia; and
lastly, the in-lying lateral epithelium has but very short cilia.

The cells of the line of latero-frontal epithelium deserve

especial notice. Posner speaks of them as *' einfach durch-

borten," but entirely omits to notice the fact that they are

very much larger than the neighbouring cells, as shown in

fig. 23. When seen from the surface of the lamella each
latero-frontal cell appears like a goblet-cell with a single

coarse flagellum issuing from it in place of a mucous pro-

duct (see fig. 21). A^ hen turned over or seen in the trans-

verse section of the filament the cell is seen to be broad and
a little flattened, the single flagellum proves to be an adhering

group of long cilia, which apparently issue from the mouth
of the goblet- like cell by a series of pore canals, that is to

say, there is a cork or ' Propf to the cell as to intestinal epi-

thelium, but it is traversed by these cilia. The nucleus is

large and clear and deeply placed with but a small amount
of stainable protoplasm around it. Staining with picro-

carmine colours the nuclei of all the epithelial cells intensely

and also a small amount of surrounding protoplasm, but the

whole cell is not deeply coloured. Hence the appearance

presented by the frontal epithelium in fig. 20, and in the

similar view of Dreissena filaments in Plate Vll.
The form and arrangement of the epithelial cells will be

best understood by reference to PI. VI and its explanation.

I have found absolute alcohol to the fresh Anodon, and
mounting the sections in glycerine, to give better results as

to the epithelium than does osmic acid.

Lacunar Tissue.— In PI. VI, fig. 18, is gisen a view very

highly magnified of what Mr. Lankester considers a typical

piece of lacunar tissue. It is from a sub-filamentar outgrowth.

The nuclei of the original cells are seen surrounded with a

small quantity of granular protoplasm which gradually

gives place to a slightly metamorphosed substance, forming
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the trabeculse, uniting one such cell-centre to another. In
fact, we have a slightly modified series of branched corpuscles

joined by their branches, the branches being band-like rather

than filamentous. In the spaces between the trabeculee float-

ing blood-corpuscles are seen; a granular coagulum some-

times occupies these spaces. The fluid in the spaces is the

blood-lymph. This kind of lacunar tissue occurs most abun-

dantly as the representative of " mesoblast " in the Anodon's
gill and other parts.

In fig. 30 a dense modification of the " mesoblastic
^'

tissue is shown, which cannot be distinctly separated from
lacunar tissue because it passes into it. The cells here are

spindle-shaped and closely packed, but leave occasional nar-

row passages among them. You have only to separate them
from one another and pull them out into connecting bauds
and processes, and you get ordinary lacunar tissue.

This dense lacunar tissue with fusiform cells occurs in

the interlamellar junctions of both Anodon (PI. V, fig. 9)

and Dreissena (PI. VII, fig. 25). It probably very readily

passes into the wide-set variety with trabeculse, and vice

versa. It occurs in many other parts of Lamellibranchs and
other Molluscs, and has been wrongly looked upon as the

chief or only kind of "connective tissue" in these animals.

The lacunar tissue of fig. IS is the typical variety. It resem-

bles the earliest formed mesoblast in embryonic Gasteropods

and other animals, where, however, in parts it is contractile,

a property of which we have no evidence in the gill.

In (fig. 19) a drawing is given to show how the lacunar

tissue behaves itself in condensing to form a blood-vessel.

The floor of the little horizontal vessel v' is formed by such

fusiform cells as those seen in fig. oO; in both cases mere
modifications of the trabecular cells.

Measurements of Anodon Gill-structure.—The breadth of

the gill-filament in a well-grown Anodon taken from the

outer edge of one row of latero-frontal cells to the outer

edge of the opposite row is ^ ',7^th of an inch.

The length of the large cells of the latero-frontal epithelium

is _-^-th of an inch, and the breadth ^j^-^Virth of an inch.

The lumen of" the water-passages as seen in sections par-

allel with the surface of the lamella varies in diameter

from the to'ot,^'^ to the ^i-oth of an inch.

Dreissena.— The structure of the gill in this genus

presents highly interesting points for comparison with Mytilus

(in which genus it was formerly placed), and with Anodon.

On the whole the gill-structure of Dreissena is decidedly

nearer to that of Anodon than to that of Mytilus. So fur as
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I know, it has never yet been described. That Dreissena,

being a fresh-water form, shouhl agree in its gill-structure

with Anodon, another fresh-water form, rather than with
Mytilus, a far more closely related though marine form, is in

itself a most noteworthy fact. A reference to Plate VII and
its description will place the main facts before the reader.

The specimens which I have studied were procured from the

Oxfordshire Canal, where D. polijmorpha is very abundant.

As in Anodon, we have in Dreissena gill-plates in which
concrescence has fully asserted itself. There are no " ciliated

junctions " but fibrous inter-filamentar junctions (fig. 28,

page 9, Plate VII) as in Anodon, forming a rectangular

basket-work with the filaments. Further, the sub-filamentar

outgrowths form an extensive layer of tissue beneath the

filaments proper, united into one continuous mass by con-

crescence, excepting for the " water-passages," which are

arranged much as in Anodon, The descending and ascending

lamellae of each gill-plate are united by vertically continuous

interlaraellar junctions, which resemble those of the outer

(brood-bearing) gill-plates of Anodon. There are large

vertical vascular canals present in the sub-filamentar tissue,

similar to those of Anodon. These are disposed similarly to

the large vertical vessels in the outer gill-plate of Anodon,
but with less regularity, sometimes occurring hetweeti the

points of origin of inter-lamellar junctions instead of at those

points. It is remarkable that this should be the structure of

the Dreissena's gill-plate, since we do not know that it has a

brood-bearing function as has the similarly constituted plate

of Anodon. 1 could ascertain no difference of structure

between the outer and the inner gill-plates of Dreissena.

The most remarkable diiferences between the gill-plates

of Anodon and Dreissena are the smaller size of the fila-

ments in Dreissena ; the presence of two rows of long ciliated

latero-frontal epithelium as in Mytilus, in place of one row
as in Anodon ; the larger relative size and smaller number
of epithelium cells on the filaments of Dreissena; the smaller

relative development of the sub-filamentar tissue ; and the

different structure of tJie chitinous deposit in the filaments.

This chitinous deposit is a thick horse-shoe shaped mass in

transverse section resembling that of Anodon, and totally

different from the closed delicate ring of chitin Avhich we
find in a transverse section of the Area or Mytilus filament.

It is even more exuberant (see Plate VII, fig. 26) in

development than the similar structure in Anodon, but

presents no trace of the denser "rods" which are differentiated

in the latter genus. A careful examination of the chitinous

VOL. XVII,-«*^NBW SER. E
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deposit in the filament of Dreissena shows us the presence of

rings of deposit or varying tension, which woukl no doubt

make it an interesting object for the polariscope (see Plate

VII, figs. 25, 26).

If the section be taken near the horizon of a transverse

fibrous junction, we find (see upper part of fig. 25 and

fig. 26) that the chitinous mass does not retain its open
semi-canalicular character, but becomes a closed solid mass,

with a central tract of corpuscular elements {nch.). More-
over, at its deeper end we find connections with the fibrous

or trabecular elements of the lacunar tissue, and also curious

lobe-like additions of chitinous matter added to the chief

mass, and penetrated by obscure fibrous septa. This ex-

tension and thickening of the chitinous skeleton of the

Dreissena gill-filament only takes place at the horizons of

interfilamentar transverse fibrous junctions. Between these

horizons the chitinous axis of the filament is a half-canal,

and in section of a horse-shoe shape, or rather like a letter

u Avith its sides thickened internally. The lacunar tissue of

Dreissena exhibits fewer hand-like trabeculee than does that

of Anodon ; the processes of its cells being rather more
fibrous and filamentar in character. The interlamellar junc-

tions are of the condensed variety of lacunar tissue, with
fusiform cells (fig. 30, Plate VI), but in parts exhibit a

looser structure (compare the two in fig. 26, Plate VII).
Pigmented cells with dark brown granules, besides blood-

corpuscles, are found ijoating in the blood-lymph, or attached

to the processes of the lacunar tissue.

Measurements.—The filaments of Dreissena have a short

diameter of only -j-^,j^th of an inch as compared with ^i i.th

inch in Anodon. The epithelial cells are of about the same size

in the two genera ; the larger latero-frontal cells of Dreissena
being somewhat shorter relatively to breadth as compared
with Anodon.
The object of the prefsent paper has been to explain the

structures illustrated in the accompanying plates, on the

hypothesis that the Lamellibranch gill is not primitively a

membranous plate, but a series of independent filaments.

This hypothesis, availing itself of the principle of con-

crescence— of the existence of which we have independent
proof

—

does satisfactorily explain all the details of structure

which I have submitted to the reader's notice. If I shall

have proved that—at any rate so far as the four genera.

Area, Mytilus, Anodon, and Dreissena are concerned—the

filamentar hypothesis is the correct one, I shall feel satisfied.

I reserve the discussiou of other types for a future occasion.
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Resume of Recent Contributions to our Knowledge
of " Freshwater RnizoroDA." Part III. Heliozoa
{Desmothoraca) and Monotpialamia {Monostomata)

.

Compiled by W. Archer, F.R.S.

Desmothoraca, Hertvvig and Lesser.

In this group tlie skeleton is formed of one single solid

piece enclosing an inner cavity and with peripheral openings

;

at the same time it is distinguished from the single-chambered
test of the Monothalmia by its homaxial fundamental form.

There is not any ground to regard the Desmothoracous
skeleton to be, as it were, composed of individual pieces once
isolated and then fused into one hollow-globular entirety,

but rather it must have been so ab initio, and in it the irregu-

larly arranged apertures must have been preformed. Both
the known forms (one of Avhich is now for the first time

described by Hertwig and Lesser) appertaining here possess

a more or less elongate and slender stipes, on the upper end
of which is borne the hollow perforate skeleton containing

the living body-mass, and the lower end of which is attached

to some external support.

Hedriocystis pellucida, Hertwig and Lesser (this Journal,

vol. xvi (1876), PI. XXII, figs. 21 and 22),

is characterised by the possession of a stipitate, single^

cavitied skeleton. The stipes (0-05—0*075 mm. long) (fig.

21, s) is attached by its dilated base to algal filaments and
such like foreign bodies, whilst the upper end passes without
any sharp limitation into the contour of the skeleton (fig.

21, t). The latter is ovate-elongate and in the direction of

the stipes, like it delicate and pellucid, and so constituted

that its wall, at all the places through which the pseudopodia
pass, projects as so many pointed prominences, the whole
lending to it the aspect of a knobbed club with stellate pro-

jections. Except at the apices of these projections, which are

perforate and destined to allow the passage of the pseudo-
podia, the wall is otherwise closed.

The formation of the skeleton begins with the production
of the stipes (fig. 22, s), thereupon succeeded by the deposi-

tion of the skeleton, and both by the agency of the protoplasm.
When fully formed the round body-mass is freely poised

within the cavity of the skeleton, as if suspended by the

pseudopodia. It consists of a finely granular protoplasm,

and contains an oval nucleus (with nucleolus) (figs. 21 and
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23, n), whose length approaches one third to one fourth the

diameter of the body ; towards the margin of the latter occur

one or several vigorously pulsating contractile vacuoles (figs.

21 and 22, c c). The pseudopodia do not subdivide ; they

show a distinct granular current ; sometimes even minute

vacuoles could be seen passing up and down them.

As regards reproduction, the authors record simple fission

as readily to be observed. They frequently saw two bodies

of about equal size within one and the same shell, each pro-

vided with its nucleus, and possessing its contractile vacuoles.

Once they saw a small individual, which, no doubt, pro-

ceeded from self-division, furnished with a minute stipes, but

still without a shell (fig. 22). The plane of division stood

vertical to the direction of the stipes. Besides subdivision,

encysting occurs, but the authors were unable to follow out

any further development.

Clathrulina elegans, Cienk.^ (vol. xvi (1876), PI. XXII,
figs. 23—25).

Cienkowski was disposed to regard the perforate hollow-

globular skeleton of this now pretty-well known form as

composed of numerous polygonal plates. This view Hertwig
and Lesser seem rightly to contradict ; it certainly seems to

be but a single connected structure throughout; the openings

are roundish-polygonal, and their margins surrounded by a

more or less elevated rim, which in fully-grown examples
can be seen at the equatorial periphery of the sphere stand-

ing off like papillae or very short blunt spines. The stipes

is regarded by Hertwig and Lesser as tubular ; so it cer-

tainly appears to be, its base can be often seen to terminate

in a number of rootlike processes by which it retains a hold
on foreign supports, or indeed often on the shells of other

individuals of its own species. As to the sarcode body as is

known, it is comparable to Actinophrys, but as the original

discoverer, Cienkowski (I believe I myself found it, however,
considerably prior to him, and showed it at a meeting of the

Dublin Microscopical Club and this considerably in advance
of the date of my own paper, preceded by Cienkowski's only
by a very short interval) observes, unlike that of that form,
that here the peripheral contour passes into a number of
short lobelike projections terminating in the pseudopodia.

Hertwig and Lesser distinguish between two kinds of
vacuoles—one enclosing food- particles, the other simple fluid-

cavities ; the latter mostly projecting at the periphery in a

somewhat hemispherical manner and are partly contractile.

• Cieukowski :
' Archiv f. Mikrosk. Anat.' Bd. Ill, p. 311, t. xviii.
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The rounded nucleus (Avith nucleolus) is very difficult of

detection, but it exists (figs. 21 and 22, 7i).

As toGreeff's view of a homologue to the central capsule

whence radiate axial threads of pseudopodia, HertAvig and
Lesser are unable to concur in it. The pseudopodia are very

fine, granular and readily anastomose, which circumstance

Hertwig and Lesser seem very justly to suppose is against the

existence of such threads; apart from the difficulty of detect-

ing an inner thread Avithin structures themselves, appearing
under even very high amplifications as themselves but mere
threads.

The assimilation of the incepted food particles takes place

Avithin the vacuoles before alluded to, but a body too large to

pass inAvards through the apertures of the shell may be sur-

rounded by the protoplasmic substance of the combined
pseudopodia, and so digestion be carried on in a vacuole thus
appearing as it Avere impromptu.

HertAvig and Lesser have folloAved out the modes of repro-

duction described by CienkoAvski :—After complete self- divi-

sion of the body-mass the two portions pass out through an
aperture of the shell, and at once establish themselves, first,

producing a stipes, folloAved by the appearance of a shell. A
further mode is by encysting, the body-mass first breaking
up into a number of individual portions, each by and by
surrounded by an externally spinulose membrane; after a

pause the cysts develope pyriform, nucleated, seemingly
biflagellate, zoospores, followed out by Cienkowski to the for-

mation of young Clathrulinae. A third process was observed

by HertAvig and Lesser, characterised by a repeated sub-

division, and, in the formation ofzoospores, it possesses a con-

nection on the one hand, Avith the reproduction by encysting,

and on the other, in the want of a membrane to the seg-

mented portions, it is comparable to simple division. In all

cases the authors found the body-mass Avithin the shell

broken up into three portions, each of which appeared to

give off pseudopodia. Of these fission-products, two were
mutually alike in size and smaller than the third, which
latter contained approximately about an equal quantity of

protoplasm to that of the other tAvo taken together. The first

two left the shell simultaneously, or at least one but a very

short time subsequent to the other. As already described by
Cienkowski, during this process the organisms project an
amoeboid process through one of the foramina of the fenes-

trate skeleton, causing a figure-of-8- shaped constriction of

the body during exit ; this accomplished, the noAV free body
forms an elongate ovoid zoospore, Avith a homogenous anterior.
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and a granular posterior end (PI. XXII, fig. 2S) . In the former

could be seen the nucleus with its nucleolus, almost com-
pletely filling it, and in the latter two or three contractile

vacuoles ; at the anterior apex appear two flagella as long as

the body, by means of which the organism advances with a

slow and uniform rotating movement. After about half an

hour or more it settles down vertically on some object, where
to develope its stipes, and whilst assuming a globular figure,

continues, without advancing, to rotate on its longitudinal

axis. As soon as this has ceased the pseudopodia become
quickly developed on all sides, and the hotly passes into the

form of a naked Clathrulina. About this time the stipes

becom.es apparent as a clearly-shining, sharply-contoured

circle on the surface of the body (PL XXII, fig. 24, s). If the

organism be brought into a profile view, it is seen that the

stipes which becomes firmly attached to the substratum,

soon growing to a considerable size, takes its origin in an
umbilicus-like depression of the body and forms a direct

process of the body-mass (Fig. 25). It thus originates

as a protoplasmic structure and only subsequently becomes
developed around it the tubular skeleton- portion of the per-

manent stipes. In the progress of growth the protoplasmic

prolongation filling the tube must become retracted, for in

the fully-formed Clathrulina the soft body-mass stands no
where in connection with the stipes.

The authors were not able to follow out the development
of the fenestrate skeleton, but doubtless it is preformed by
protoplasm, they at least found that some young individuals

still naked, but with stipes, showed the pseudopodia mutually
united by transverse connections ; these forming, at a little

distance from the body-surface, beautiful arcades, most pro-

bably the bases for the development of the future fenestrate

skeleton.

Reverting to the larger subdivided portion of the original

body-mass left behind within the shell, and which at first

maintains its place therein, still displaying its numerous
pseudopodia as if it were making an endeavour to make good
the loss in body-substance which it had suffered, the authors
arrived at no definite results. In one caseof Avhich they had
under observation, the object died from want of accession of

a fresh supply of water, after they had had it for a whole
day long under observation, without any perceptible altera-

tion. On another occasion they foimd the shell empty, on
renewing their observations on the following day, but as

they saw two zoospores hovering near they supposed that the

body left behind (as described) had once more subdivided, and
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that the products of such fission had passed into the state of

zoospores. Should this procedure (i.e.^ the exit of all products

of subdivision) be the general one, the mode of reproduc-

tion here described might be simply referred back to that

mode by fission described by Cienkowski—the only difference

being that each product of division again repeatedly sub-

divides into two, and produces a zoospore. As regards both
modes, analogies are offered by Microgromia.

That examples of this species are sometimes found seated

on preceding individuals, in which fact GreefFthought to see

an "inclination to the formation of Colonies,^' Hertwig and
Lesser regard as purely accidental ; and in this they coincide

in my own previously expressed opinion—such examples are

seated on those preceding them in the order of time, simply
because the latter afforded the nearest fulcrum for the young
individuals resulting from simple subdivision without passing

into the zoospore-state, and hence capable of but a compara-
tively very restricted locomotive power.

Having thus given a resume of the foregoing beautiful

observations of these authors on Clathrulina, one is tempted
however, to urge that there hardly seems a necessity to place

HedriocT/stis pellucida, Hertwig and Lesser, in a separate

genus—that the two organisms are indeed specifically most
distinct, cannot for one moment be questioned. I almost
think this will be readily evident on looking at the authors'

own diagnostic characters.

Hertwig and Lesser, in concluding their long and most
important work, regard it as proven that a separation of our

Heliozoa from the Radioloria is justifiable (and I must now,
as before mentioned, give my own adhesion to the view), but

they point out several of the lacunse in our knowledge requi-

site to be filled up, and certain vexed points to be settled by
repeated and extended researches, ere we have a complete

and true conception of the whole of the conditions of organi-

sation of the Heliozoa. Thus it would be desirable to know.
How far a differentiation of the body-mass into endo- and
ectosarc prevails in the group—Whether a differentiation of

the pseudopodia into a granuliferous investing stratum around
a homogeneous axis is a more widely spread character than

would as yet appear—What the mode of ending of the axis

and its histological significance, and last (not least)—What
the bearing and details of the various reproductive processes ?

The classification (propounded by them) ofthe group can hence

be regarded as but provisional, the more so as the relatively

small number of genera and species does not yet render it
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practicable to do for the Heliozoa what Hackel has done for

the Eadiolaria and Carpenter for the Foraniinifera.

Previous to entering upon the recently described accessions

to the Monothalamatons Sarcodina, appertaining to the

fresh water, two very distinct forms found in sea-Avater,

having Actinophryan resemblances, to say the least, claim a

brief notice.

Actinolophus pedunculatus,

Eilh. Schulzei (Plate XXII, figs. 26, 27, vol. xvi, 1876).

Though marine in habitat the form named above seems to

claim a notice in the present resume. Seated on various

hydroid Polypes, and even on sea-weeds, the author found

at various times of the year, but mostly in summer, this

remarkable stipitate animal form, in outer habit resembling

a Podophrya occurring in its company, but in no way belong-

ing to the Acinetae, but truly appertaining to the Rhizo-

poda.

The stipes is cylmdrical (length, 0-06 c. OT mm., breadth,

0-003 — 0-004 mm., figs. 26, 27) ; without any basal plate

or expansion of any kind; its lower end stands directly upon
the substratum, whilst at the upper end it bears the body.

It is perfectly colourless and hyaline. The author concludes

from the outer layer appearing doubly contoured that it

consists of a delicate tubular sheath of chitinous nature,

enclosing slight refractive contents. In the interior a few,

usually three, mutually equidistant parallel fine lines can

be seen mostly running longitudinally through its whole
length ; but in some cases confined to the upper portion of

the stipes only (figs. 26, 27).

The body borne at the apex of the stipes is usually pyri-

forpi, its narrower end downwards (fig. 26), but the by no
means inconsiderable contractility of its mass enables it to

assume various figures, from ovate to globular. A^^art from
the pseudopodia it is always smooth and of a simple contour

(length, 0-02—0-03 mm.; breadth, 0-015 mm.). The
hyaline plastic {" zahfllissig ") basic substance (as is usual in

Sarcodina)shows numerous fine and coarse more or less re-

fractive granules embedded therein. The author could not

perceive any special membrane nor any ectosarc. In the

interior occurs constantly a nucleus, which strikes the eye

as much by its extremely large nucleolus as by its excentric

position (fig. 26). The oval rarely globular, homogeneous,
and rather strongly refractive smoothly-contoured nucleolus

has a diameter of about OOOo—0-004 mm., and shows around
' Scliiilzp, ' ScliuKzc's Archiv,' Bd. X, p. 392, t. xxvii, IT. 1—9.
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it a narrower clear graiiuleless envelope, whose outer contour
(corresponding probably to a membrane) is only rendered
distinct after application of acetic acid, then appearing
doubly contoured—in living examples, however, always
closely encompassed by the granules of the surrounding

sarcode. The nucleus never occurs central or indeed even
within the broader portion of the body, but constantly-

placed in the narrower basal part, and here not in the

longitudinal axis, but laterally (fig. 26).

But in the centre of the anterior broader part of the

body a structure is to be perceived, as to the nature of

Avhich the author has not been able to gain any certainty.

It appears as a dark globular body of about O'OOl mm. in

diameter, and mostly, as regards its position, corresponds to

the common centre of the pseudopodia (fig. 26). Some-
times, indeed, the author thought he had perceived fine

lines therefrom to the pseudopodia, but could not make
himself certain of the existence of such ; neither could he
determine if the fine lines running longitudinally through
the stipes were continued into the body.

Sometimes particles of an orange colour could be per-

ceived in the body - substance ; these were not like the
rounded, smooth, often coloured, granules of many Heliozoa,

but appeared as minute irregularly-shaped rough fragments
of various sizes, and occurred not in the darker centre, but
only in the outer granular region. They sometimes occur
in great quantity, when they impart a brownish-red colour

to the body ; sometimes they are very wide apart, and again
they are wholly absent.

Crude food was seen only seldom, then lying in the outer
part amongst the colouring granules.

The author never saw any pulsating vacuoles.

The j)seudopodia are numerous, but occur only at the
outer and upper part of the body, never close to the stipes.

They are very fine, long, and pointed. On a thin axile

part there hung granules and clusters of finely granular
substance. Whether there be really a more solid axile

thread present, the author could not decide, though of that

impression. A fusion of pseudopodia he had seen in only
a few cases ; and that only due, as it would seem, to some
mechanical shock or during the capture of some foreign body
as food. The author was struck by the fact that they never
seemed to become wholly retracted into the body-mass

;

no doubt a considerable amount of contraction under certain

circumstances took place, always stopping at a certain point,

or nearly equidistant from the body, so that they would
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form a kind of crown around it^ each apex showing an
agglomeration of contracted granular sarcode, lending a con-

siderable amount of resemblance to certain Podophryans.
The author, to account for this phenomenon, was disposed

to assume the presence of an extremely hyaline, though
imperceptible, gelatinous envelope surrounding the appa-

rently naked body, preventing the abrupt retraction of the

whole of the pseudopodia and causing the agglomeration of

the granular substance at its periphery.

But, as Avell as the examples as above described, others

occurred with a distinct outer covering, and at the same time

Other alterations were perceptible, possibly indicating a

resting condition jDreceding a subdivision. A perfectly

pellucid gelatinous envelope directly and everywhere sur-

rounds the body, permeated by fine dark parallel lines pro-

ceeding from the stipes and becoming lost in the body-
sarcode. A more advanced stage could be seen in other

cases in which a layer of delicate fine strongly refractive

plates could be recognised on the surface of the gelatinous

investment (fig. 27). By degrees these seem to become
thicker ; their contours, however, not yet marked out by the

more evident, presently showing themselves as solid,

tolerably regularly hexagonal plates. Taken altogether, they

form an aiDproximately globular, ovoid, or pyriform case,

prolonged into a similar coating down the stipes. It is

striking that these plates do not touch by their lateral mar-

gins, at least the author always saw clear intervening narrow
zones, which could only be interpreted at intervals

between isolated plates or as thinner parts of a continuous

membranous coat. Owing to their withstanding concen-

trated sulphuric acids the author concludes they are sili-

ceous. Whether when fully formed the old stratum of

gelatinous substance still remains the author could not satisfy

himself.

Further modifications consisted in the subdivision of the

nucleus, regularly preceded by an elongation, an assumption

of a biscuit-shaped figure and final breaking up into two
portions, each surrounded by its own special hyaline envelope

(fig. 27). The two newly-formed nuclei now recede from one

another. At the same time the pseudopodia may remain

quite unaltered and fully extended, even though the distinct

rudiments of the plates were present (fig. 27). But Avith

the further develojiment of the plates the pseudopodia

became wholly retracted, and at the same time the little

dark globular central body disappears. From the latter

circumstances the impediment to the nucleus attaining the
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middle region of the body ssem to be removed, for now
the two nuclei can be met with at any part of the body.

The '"' encapsuled " examples mostly appeared to possess

a shorter stipes than the naked, but the author did not
feel certain whether there was any real contraction or that

short-stalked forms were more prone to become encap.

suled.

The connexion of the axial inner portion of the stipes

with tlie body, by means of the longitudinally running
parallel lines, is ever maintained ; these could be followed

sometimes, even up into the sarcode body-mass (fig. 27).

Any further data as to a subsequent subdivision or other

mode of reproduction the author's opportunities did not

afford him.
Whether this interesting form might possibly coincide

with Lecythia elegans (Strethill Wright)^ the author could

not determine. There is a considerable resemblance in the

stipes, and on the capitate figure of the pseudopodia on
becoming retracted ; but the figure of the body of that form
drawn out at its outer extremity does not agree, nor does

the statement that it is enclosed in " a closely-fitting enve-

lope." More closely related possibly to Zooteira religata

(Strethill Wright)^ would appear the present form; that

form, however, possesses a short mucous covering surround-

the basis of the stipes into which the whole animal can be
fully withdrawn, having a thick muscular band with lateral

processes in the stipes ; it possesses also a granular region,

designated by Wrigbt as ectosarc, surrounding the richly

granular but non-nucleated body (endosarc) , from which the

pseudopodia are said to proceed.

Lithocolla globosa, Eilh. Schulze^ (PI. XXI, fig. 9, vol.

xvi, 1876).

Whether the form called Lithocolla globosa by Eilhard

Schulze, and found by him in the washings of some sea-

weeds and mussel-shells from the Baltic, really belongs to

the Heliozoa or not, is, so far as the author's experience of

it reaches, still undetermined. Were it so it would probably
justify the formation of such group of which it would be
typical, characterised by the heliozoan inclosing itself around
by a more or less loosely apposed stratum of foreign are-

naceous and other foreign particles, comparable in a measure
to that of Difflugise, but not coherent into a " test."

1 S. Wright, 'Ann. Nat. Hist.,' vol. viii, p. 123 (1S61).
- S. Wright, 'Quart. Journ. Micros. Sci.,' vol. ii, p. 217 (ISGSV
' Schultze's 'Archiv,' Bd. X, p. 3S9, t. xxvi, f. 8—10.
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When the author's attention was first called to the Sar-

codme in question, the object before him appeared hardly
more than an accidental globular agglomeration of sand, nor,

until this at first sight scarcely noteworthy little mass began
to move spontaneously, did he perceive the fine linear pseu-

dopodia projectizig around from between the sand particles,

and realise the fact that a living organism really lurked
inside.

To judge from the figure and from the author's description-

of the mode of motion fixed on the pseudopodia, this form
really appears to have the aspect of a heliozoan so encom-
passed by foreign arenaceous particles, but on pressure the

author found that these did not form a connected test, but
were only more or less loosely applied, whilst at same time

the sarcode body then assumed the appearance of a discoid

or elongate mass ; continued pressure caused the whole to

pass into a shapeless commingling of softish finely granular

sarcode, with the sand-particles now embedded therein.

In the ordinary condition the pseudopodia are long (about

double the body- diameter), extremely fine, linear, radially

extended, rather rigid, and never inosculating ; mostly the

foreign particles lie closely applied to each other, allowing

no very perceptible interspaces ; but sometimes only a com-
paratively few are present (occasionally a few diatom frus-

tules), leaving considerable vacant interspaces. The body-

mass appears usually to have shown a reddish-colour when
closely surrounded by foreign particles, but to have appeared

colourless when these were few. But unfortunately the

author was unable to gain any insight into the body-struc-

ture, not even to discover if it possesses a nucleus. Of course

on the result of further investigation in this regard depends

the reply to the query as to the proper location of this

sarcodine.

MONOTHALAMIA,

Under the designation Monothalamia are comprehended a

large group of Sarcodina, with such pervading community of

structure that no difficulty can be felt in regarding them as

forming a related group proceeding from common primordial

forms. Hertwig and Lesser after giving at some length the

views of the older authors, and a resmne of the gradual

growth in our knowledge of their characteristics, and after

descanting upon the clearly proven untenability of any real

distinction between simple vacuoles and contractile vesicles,

formerly regarded as of considerable importance, px'oceed to

point out the great distinguishing feature, owing to which
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their separation as an independent group becomes necessary,

and that is the monaxial character of the body, enclosed in a

single-chambered usually firm and unyielding test ; at one or

both ends of the test it possesses a definite and permanent
opening for the emission of the pseudopodia. The axis

leading therefrom to the opposite side the authors designate

the principal or longitudinal axis, although it may in some
forms be shorter than that transverse thereto. If the two
axes are alike the test, viewed from either end of its " longi-

tudinal" axis, will be circular, a simple monaxial fundamental
form ; if they are unlike the monaxial fundamental form
becomes hilaterally sijmmetrical. In this monaxial funda-
mental form, then, of which the bilateral symmetry is but a

secondary diff'erentiation, consists the pervading distinction

of the Monothalamia from the homaxial Heliozoa. The test

is either a pure secretion product of the organism where it is

either smooth or of variously ornamented peculiar structure,

or it is built up or partly composed of foreign constituents

such as arenaceous particles, diatomaceous frustules, &c.,

cemented together. The pseudopodia proceed outward from
the animal within only through the one great frontal opening
through which, of course, is carried inwards from without
the food, or such an opening occurs (in a very few forms) at

both ends (Amphistomata) ; if (as mostly) there be but
one opening that extremity may be regarded as the frontal

or " oral," the opposite closed end as the " aboral" (Diplo-

pola, Hackel), whilst when there are two openings they
appear to be equivalent and there is no evident differentia-

tion of the poles (Haplopola, Hackel). Still so far as I
can see the pseudopodia do appear to be usually given off",

notably more copiously and to reach a greater length at one
end than at the other.

The body-mass never advances beyond the dignity of a
simple cell ; in the Monostomata the posterior part is usually
the more homogeneous and contains the nucleus ; the anterior
is the more granular, and usually presents some vacuoles,
often contractile. In the Amphistomata the nucleus occupies
the middle point between the two openings. In the multi-
nucleated Arcellse the nuclei lie towards the margin of the
discoid body.

The pseudopodia are of multitudinous character in the
diff'erent genera or species. They are cylindrical, blunt, un-
branched, non-coalescing, granuleless, very slow in action,

on the one hand, or delicate, linear, or inflammatory, pointed
acutely, much ramified, constantly coalescing or highly
granular and presenting an active " circulation" and vigorous
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contractility on the other ; between such most varied inter-

mediate conditions occur, or these characteristics may be

combined in the most manifold but seemingly ever charac-

teristic, manner. Still they all readily enough fall under

one or other of the two great categories designated as Rhizo-

podous and Lobose.

As to reproduction—simple division formation of zoospores,

and encysting have been observed.

The unexpected and very interesting discovery of the

Foraminifera being nucleated Sarcodina, made simultaneously

by Professors E. Schulze and R. Hertwig—an abstract of

whose recent papers is given in another part of the current

number of this Journal (which see)—imparts afresh interest

to our freshwater Monothalamla, which are thus shown to

have a direct relationship to the marine forms through

Gromia, &c. ; they are, in fact, Imperforate Thalamophora.

Monothalamia Monostomata.

In the discrimination of subgroups no characteristics are

seemingly more important than those presented by the pseudo-

podia, but those possessed by the test as regards its structure

and its figure are of considerable value, in some forms more so

than in others—the structure being more of generic, the

figure more of specific importance.

The test itself may be discoid, cylindrical^ or flask-shaped,

whilst the monaxial fundamental form may be further deve-

loped to a bilaterally symmetrical one, which modification

may be brought about according to one or other of these modes :

(1) An axis vertically transverse to the " longitudinal"

may surpass the rest in growth so that the test becomes

broader in this direction, and hence laterally compressed

(thus Plagiophrys scutiformis , Hertwig et Lesser, with

its smooth test, or Eicglypha comprcssa, Carter, with a test

formed of superimposed imbricated plates).

(2) That portion of the test terminating in the " mouth"
grows to one side, which thereby comes to lie more or less

lateral. (Thus 3Iicrogro7)ita socialis (Arch.), Hertwig, with

a smooth test, or Cyphoderia margaritacea, Schlumb., with

test similar to Euglypha).

(3) The principal axis of the test undergoes a curvature

(thus the snail-shell-like test of Diffiugia spiralis).

These specialities of outward configuration are valuable

specific characters, if not available for the formation of genera

or larger groups. The presence or absence of special struc-

ture in the test itself and the presence or absence of foreign
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bodies in its constitution are seemingly of move importance
in the formation of genera, whilst as regards larger groups
the authors are driven back to the characteristics possessed
by the pseudopodia as the most comprehensive and promi-
nent, and at same time natural and constant, as already long
ago laid down by Dujardin and Carpenter : these are the two
groups known as Lobosa and Rhizopoda.

Monothalamia Lobosa.

The pseudopodia are either cylindrical or finger-like, or

form broad plates or lamellse, or they end in a conical

manner. They are always blunt at the apex, never very long,

rarely and but slightly branch, their protoplasm homogeneous,
very rarely any granules passing into them and then only
near the base.

The test is either a pure secretion-product or formed by
the cementing together of foreign bodies.

Arcella vulgaris (Ehrenb.)

For the first time seemingly a correct description of the

structure of the peculiar test of this somewhat variously

shaped and otherwise pretty well known, and at least common,
species is given by Hertwig and Lesser.^ Two plates, an
outer forming the superficies of the test, and an inner applied

to the body of the Arcella, are united by a honeycomb-like
structure, whose hexagonal cavities form prismatic spaces

standing vertically to the surface. These spaces the authors

took to be filled with fluid ; in order, however, to test if real

hollows or cavities the authors applied a solution of carbonate

of soda, adding thereto acetic acid, subsequently washing out

with water : the hexagonal spaces then for the most part

became filled with air and therefore appeared with the black

border indicative of that condition. They therefore conclude

that the appearance of the marking on the Arcella test is not

due to granulation as Dujardin supposed, nor to perforating

canals as held by Ehrenberg, nor built up of individual plates

as Claparede and Lachmann, as well as Carter, assumed.
Wallich, indeed, spoke of a " symmetrical reticulation" and of
" hexagonal interspaces ;" still Hertwig and Lesser doubt if

he altogether correctly appreciated the structure, as how other-

wise could he come to the surprising conclusion that Arcella

vulgaris could be but a subspecies or even species of Difflugia ?

A query which I may venture heartily to re-echo.

' Loc. cit., p. 93 et seq.
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In the body-mass occur several iiucleolated nuclei and con-

tractile vacuoles. Encysting sometimes is met with, but no
further development has been noticed. The so-called " con-
jugation" accompanied with a kind of rhythmical temporary
interchange of the plasma is a common phenomenon, inter-

preted by Hertwig and Lesser as merely the expression of an
act of division, inasmuch as so frequently one of the indi-

viduals is of the deep reddish-brown of the mature form, the

other yellowish or colourless, the latter presumably the

younger ; the two individuals presently separating and each
"going its way."

Since Hertwig and Lessor's work, however, Biitschli has
published a memoir,^ in which he seems to return to the view
that the conjugation has, at least, sometimes, a greater signi-

ficance than merely the expression of an act of division. He
found (as sometimes happens) three all alike highly coloured

individuals conjugated ; afterwards, when separated, these

showed a portion of the body-mass broken up into a number
(as many as nine) of minute "Amoebae," with nucleus and
contractile vacuole. These made their way out from the

parent-test, and Biitschli supposed them to be germs of

young Arcelte, but was not able to follow out their develop-

ment any further. How such amoeboid germs develope tests

and become Arcellse is uncertain, and, adds the author, "this
would be of great interest, for I can hardly suppress the

doubt that such forms as the PseudocJilatnys patella, Clap,

et Lachm., and the Arcella patens of the same observers,

may not belong to the development-cycle of Arcella vulgaris."

This latter view I venture to hold, with Hertwig, as alto-

gether unfounded.

' 0. Biitschli, " Zur Kenntniss der Fortpflanzung dei, Arcella vulgaris"

in ' Scbultze's Archiv,' Bd. xii, p. 459, t. xxv.

{To be continued.
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Further Researches into the History of the Bacteria. Conducted

by and under the direction of Professor Cohn.^

The rapid appearance of the first two parts of the second

volume of these invaluable Beitriige, edited by Professor Cohn, so

soon after the publication of the concluding part of the first

volume, affords a curious illustration of the uncertainty which one

is made to feel about the publication of German journals ; how-
ever, we may congratulate ourselves on the fact that two fresh

papers on the history of the Bacteria are to be found in the second

part. The first is by Professor Cohn himself on the '' Biology of

Bacillus ;" the second by Dr. Koch, on the " Etiology of Splenic

Pever.''^ This latter has been referred to by Professor Tyndall,

in his lecture on " Permentation and its Bearings on Disease,"^

which has, I suppose, been read by every one who takes an

interest in the problems, which these lowly organisms offer for

our consideration. In continuation of my account of the former

researches,^ I will now enter into the details of this fresh

publication.

In preparing the former I found it would conduce to clearness

if I followed Professor Cohn^s method of numbered paragraphs.

This method I will again adopt.

1. The first paragraph deals with the discussion as to sponta-

neous generation, and points out how the supporters of this

doctrine had practically come to suppose, that substances which

were submitted to the temperature of boiling water were unable

to produce living matter.

2. But such a supposition has been shown to be incorrect, and
Dr. Charlton Bastian has, in ' Nature ' (Feb. 10th, 1876), brought

a list of nineteen " important witnesses, among whom were phy-

siologists of the first order," to show that " skilled observers''

had already noticed the phenomenon
;
prominent among sub-

stances which so behave are peas ; and Cohn relates how the

manufacturers of pots of preserved vegetables at Liibeck have,

^ 'Beitrage zur Biologie der Pflangen,' 2er Bd., 2es Heft, 1876.
- ' Fortnightly Review,' November, 1870.
^ ' Quarterly Journal Microscopical Science,' July, 1S7G.
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since 1858, been obliged to cook them in a solution of 28 per

cent, of salt, at a temperature of 108°, to prevent the putrefaction

of their contents, as in warm years nearly half of the pots pre-

pared were in the habit of going bad. The salt solution has been

found to fulfil, at the higher temperature^ all that was demanded
of it. In France a temperature of 117°, without salt, has been

found satisfactory. After reference to the work of Professor

Tyndall and others on this matter, Cohn goes on to show how
he has, since 1872, been busied, either in his own person, or that

of his pupils, with the study of this most interesting question

;

he has already proved that dense substances, such as jieas or

pulse, are bad conductors of heat, and that the temperature of

the surrounding fluid is communicated to them only with diffi-

culty, so that Bacteria hidden in clefts of their substance have
been hardly submitted to tlie temperature, which the thermo-

meter has marked. Dr. Horvath has dropped ijito Cohn's nutrient

fluid one drop of Bacteria, and has found that under such con-

ditions an exposure to a temperature of 6U° to 62° C. for an hour
lias been suflicient to destroy the power of reproduction. And
Dr. Schroeter, who also worked under Cohn's direction, found the

maximum temperature at which activity of the Bacteria was per-

ceptible to be 58°.^ With this we should compare the majority

of results, which show that 35° to 50° is the average of mortal

temperature, ordinary protoplasm coagulating at 43°, and other

protein compounds at 60° or even at 70° to 75° C.

But we must not forget the influence of the length of time

during which the heat is applied, lower temperatures for longer

periods being within, of course, certain limits as powerful as

higher temperatures for shorter periods.

3. Now comes the question. Why these contradictory results ?

One answer, and the fairest yet offered, is that which Cohn him-
self has given, namely, that the spores which are embedded in

firm substance, such as peas or cheese, are not acted on by the

heat ; and also that some forms of Bacteria, as Bacillus,^ have
" lasting spores," capable of resisting heat for a long time ; and
Dr. Boberts ('Phil. Tr.,^ clxiv, ii, p. 174) has shown the

extreme difficulty of ''sterilising" certain infusions of hay; to

these results, so scientifically conducted, Cohn has lately, with

the assistance of Mr. Robert Hare, a Canadian, addressed him-
self. For the variations in the mode of experiment which expe-

rience suggested I must refer the reader to the original ; suffice

it to say that in unboiled infusions Bacterium termo, Micrococcus,

Mycothri'X (rosary chain). Bacillus, and Leplothrix, were largely

found. Infusions that were boiled gave various results, accord-

1 Cf. Bd. i, op. cit., Heft 2, p. 220, and Heft 3, p. 35.
2 Cf. ' Quart. Jouru. Micr. Sci./ July, 1876, pp. 272, 273.
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ing to the various conditions under which the experiments were

performed^ as the appended list will show at a glance. In in-

fusions boiled for less than fifteen minutes organisins were,

without exception, developed. The following gives the results of

several hundred experiments, carried on at various times during

a period of nine months.

In hay infusions there were developed

—
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possesses a gelatinous envelope, which is not easily affected by

water. But development goes no further in the same infusion ;

if some be, however, put with an infusion which has not passed

Tig. 1. Spore-formation in the Bacillus of tlie hay infusion, x 1650.

Cohn's drawing.

through the baciUar fermentation, the spores will be seen to

swell, and to push out at one end a tail, so that they become

"kopfchenbacterien,'^ like in appearance to the spermatozoa of ver-

tebrates ;i the highly refractive bodies disappear, the tail begins

to move and to get itself jointed; soon—but care must be taken

to keep out Bacter'mm termo—felted masses of bacillar fibres

will be evident to the naked eye.

It will be interesting to follow Cohn into the note which he

appends to this paragraph, for the purpose of drawing attention

to the striking analogies between this bacillar fermentation of

hay infusions and the course of many infectious diseases ; incu-

bation in the former lasts for twenty-four hours, during which

time the affected fluid is apparently unchanged, although the

most active increase in number of Bacilli is in progress; on the

third day the paroxysm—represented by the troubled appearance

of the fluid—is reached ; the remission—represented by the

clearing of the fluid—sets in on the fourth day, when spore

formation commences. A few days later all is over; the ferment

organisms have passed into the spore state; henceforward the

fluid is safe from this form of fermentation, but may be highly

infectious to others.

6. The conclusions to which Cohn is led are :

(1) In boiled fluids B. termo is not developed, nor is any

other organism, as far as we yet know, save only Bacillus ; and

this is not because the fluids after boiling are incapable of sup-

plying nutrition to these Bacteria, as the mere dropping of some
8chizophjtm into a boiled infusion will show ; but for the simple

reason, that a temperature much higher than 50° causes their pro-

toplasm to coagulate.

(2) If Bacilli become developed in the boiled hay iiifusions, it

is because their 7)wde of development protects them from the in-

Jlnevceof heat. The spores, the history of which M'e have already

I Fig. 6, PI. XX, ' Quart. Journ. Micr. Sci.,' July, 1S70.
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traced, are imbedded in the hay ; if thej are not exposed to the

action of water too long (and they are wetted with great diffi-

culty) they are able to withstand the action of heat at 100°.

Compare with this Pasteur's experiments on the dry spores of

Penicillium which were heated to 121° without losing their vita-

tality. Further than this, the oily nature of their interior, and
the layer of air which separates it from the cell-wall, recall to

us the conditions of Leideufrost's experiments, and help us to

understand the resistance with which these spores, when not

swollen by water, are enabled to offer to heat of fifteen minutes^

duration. The longer the boiling lasts the more uncertain the

result, as more and more spores lose their capability for develop-

ment.

(3) In all cases tohere organisms have developed frotn or-

ganised matter, that has been boiled, spore-j^roduced Bacilli {and
7iothing else) has beenfound. Colin has already shown that in

Bastian's turnip and cheese infusions the insidious enemy that

has been the origin of so much discussion has been the lasting

spore of the rennet-Bacillus, which has basely lurked in the

cheese.^ So with peas and albumen -^ and he very fairly con-

cludes that the results of experiments with infusions of hay

should not incline us to believe in the probability of spontaneous

generation,

(4) Some experiments which Dr. Eidam has been making for

Cohn lead to the following conclusions :

I. At a temperature of 47° to 50° the Bacilli increase actively,

and go through their ordinary development ; the other Schizo-

phytce. which were in the infusion were killed at this temperature.

II. At a temperature between 50° and 55° all increase in

number and development ceased; the swarming and growing

fibres were killed, but the spores lived for at least seventeen

hours.

III. Although, as a rule, exposure to a temperature of 60° for

twenty-four hours was sufficient to make the infusion sterile,

yet in a few cases some Bacillus spores survived 70° and 80°,

even when they had been subjected to so high a temperature for

four days.

(5) With regard to the existence of Bacillus in unboiled in-

fusions, Cohn finds that its activity is suppressed by Bacterium

termo in hay infusions and such like ; Billroth has rendered the

supposition that Bacilli are found in the serous fluids of the

tissues of animals extremely reasonable ; and here Cohn makes

a statement which is in accordance with the views of Professor

Eay Lankester, for he now thinks that the Leptothrix form,

' Cf. ' Quart. Journ. Micr. Sci.,' 1876, pp. 272-3, and PI. XX, fig. 6.

2 P. 277.
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often found in diseased tissues, belongs to the genus Bacillus,

"although their genetic connection is still unknown (dunkel)/'

Our author has himself ])ointed out the great probability of tlie

normal existence of Bacillus-fibres in the stomach of cattle.

(6) Lamenting the slight knowledge which we have of the

physiology of Bacillus, especially from the chemical point of

view, Cohn comes to the conclusion that for their perfect develop-

ment free exposure to the air is necessary, while their ferment

activity goes on with great intensity in vacuo. But putrefaction

proper is not produced by Bacillus ; to effect it " the ferment of

putrefaction," that is Bacteriuvi icrmo, must be present, hence

the generic difference of these forms is again indicated.^

(7) With the facts in his mind, of which an account has just

been given, the delight of Cohn may be conceived, when he heard

from I)r. Koch of his investigations into the setiology of splenic

fever, and on his seeing his experiments and his specimens ; these

were examples of the species called Bacillus anikracis, but the

difference between them and the Bacillus of hay infusions

—

B. suhtilis—are so slight that the same figures are used in ex-

planation of both papers.

Cohn's last words are full of hojie ; although we know not yet

if the Spirochete of marshy water and of recurrent fever, the

Micrococci of foul springs or of decayed food, and of typhus or

diphtheria, have severally any genetic connection
;
yet the great

light that has of late, that is, since these subjects have been

studied with any energy, been thrown on them, in so short time,

bids us hope for more to come.

Tlie title of Dr. Koch's paper is ' The ^Etiology of Splenic

Pever (Milzbrand-Krankheit), based on the History of Develop-

ment of Bacillus Anthracis.''

1. The introduction relates how the writer was brought to the

^ As in Colin's last paper there is a great deal of species-making:, with

•which compare Prof. Laiikester's remarks on the subject (' Quart. Journ.

Micr. Sci.,' July, J 876), it is right to note that he here says that he con-

siders his genera Micrococcus Bacterium, Bacillus, Vibrio, Spirillum, and
Spirocho'fe as natural, but his species as purely provisional ; 1 fully expect

that continuous observations would show that genetic relationships exist

between some of these ; and I would draw attention to the fact that in his

last classification Leptothrix'x?, a term oi generic value. Prof. Lankester has

called my attention to a paper by Dr. Warming, of Copeniiagen, to whom
Cohn was indebted for many of his new specimens, described in the pre-

vious essay; the Danish naturalist has been good enough to give at the

conclusion of his paper a resume in French ; from it 1 will simply quote
"Les bacteries sont donees en realite d'une plasticite illimilee, et je crois

qu'il faudra renoncerau sysleme de M. Colin et de quclques autres savants,

qui caracterisent les genres et les especes d'apres leur forme." The extent

of Dr. Warming's investigations entitles any opinion he may put forward to

a most respectful hearing.—F. J. B.]



REVIEW. 87

study of this question by the discussions which arose on the

results obtained by Davaine.

2. The next section commences with the following statement

:

Bacilli increase with enormous rapidity in the bloody and in the

fluids of the tissues of living animals, by increasing in length and
dividing transversely. As a convenient animal for injection

Koch uses mice, a small incision being made at the root of the

tail, and as small a drop as possible of the fluid containing the

Bacilli being injected into the system ; to see whether these

organisms did not after a time pass into another form, and that

he might also be provided with fresh material, Cohn injected

several mice—once as many as twenty—one after the other, each

succeeding mouse from the one that had preceded it. The
results were always the same; the spleen was enormously swollen,

and filled with a large number of crystalline-looking rods of

varying size, never exhibiting movement or spore formation

;

they increased in number solely by division.

The number of Bacilli found in the blood varies with the ani-

mal injected ; in the guinea-pig it was enormous, sometimes

even exceeding that of the blood-corpuscles ; in the rabbit much
smaller, so that sometimes several drops had to be examined

before any were found ; in the mouse often nil.

The next statement is : in the blood of dead animals, or in

other suitable fluids, the Bacilli grow to very long, straight,

leptothrix-like filaments (within certain limits of temperature and

with the presence of air), while the formation of numerous spores

goes on at the same time.

The truth of this statement can be tested very easily by drop-

ping a minute portion of a spleen thus affected into some per-

fectly fresh serum, or Humor aqiieus of a cow. The means which

Koch employed for preventing evaporation will be found in his

paper. After the specimen has been kept for fifteen or twenty

hours at a temperature of 35° to 37° it may be examined ; the

centre will be found almost unchanged, of the appearance repre-

sented in the accompanying woodcut. As the centre is left,

elongated and bent forms are met with, till, towards the edge of

the glass cover, fibres are found more than a hundred times

the length of the rods in the middle of the glass. Of these

last many will be found to have lost their crystalhne appearance

and homogeneous structure, their contents being finely granu-

lated, and small highly-refractive granules being set at regular

distances from one another. Quite at the edge, the fibres con-

tain perfectly formed spores of an oval shape and highly refrac-

tive, resembling a string of pearls.

After much exercise of patience and ingenuity the author was

at last able to watch the steps of spore formation under the
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microscope. The phenomena thus observed were similar to those

Fig. 2. Bacilli anthracis from the blood of a guinea-pig; crystalline

rods, some beginning to divide transversely, or to get bent, with blood-

corpuscles {a, white, b red), x G50. Koch's drawing.

indicated by the different stages of development which have been

just detailed.

The spores of Bacillus anthracis under certain conditions of

temperature, nutrition, and presence of air develope immediately

to the Bacilli, which were seen in the blood.

The impression that this is really the state of things, and that

the spores are not merely broken-down products of the bacillar

fibres, is supported on a priori grounds by the natural history of

Fungi and Algse, and was confirmed by the injection of spores

alone into the blood. Placed in a drop of aqueous humour each

spore was seen to take an oval shape, and to become imbedded

o=i
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in a circular mass which surrounded it. This at first loses its

circular form, and becomes elongated in the direction of the long

axis of the spore, so as to become of an elongated ovoid form,

the spore remaining at one pole. As the envelope increases in

length the spore becomes paler and smaller, breaks up into several

parts, and finally disappears altogether, as the accompanying

woodcuts show (fig. a was drawn by Koch, h by Cohn). Koch
has even been successful in getting a second generation of spore-

forming fibres.

This section of the paper concludes with drawing attention to

the fact that these observations have not been made once, but
repeatedly, and that the author has had the benefit of Professor

Cohn^s examination of his specimens. The negative results to

which C. O. Harz appears to have come ('Allgem. Med. Central-

zeitung/ 1876, No. 33) have no value in the face of his, which
are positive.

3. To know whether the presence of Bacillus anthracis fully

explains the occurrence of splenic fever, it is necessary to have
some further information about its life-history and the conditions

under which it survives the sufferer, of whose death it has been
the cause, in order to spread its disease still further.

To see how long they could survive the effects of drying, Koch
tried the following experiments :—Blood or spleen from an in-

fected animal was dried in a shady place, exposed to the air

;

with this a mouse was injected, and the results watched under
the microscope. That which w^as dried in very thin layers lost

its infective power after twelve to thirty hours, and, at the same
time, its power of growing into elongated fibres, in the incubat-

ing apparatus. Thicker layers retained their powers for two or

three weeks, and some, still thicker, for four or five. After a

longer time they were never capable of producing the disease,

and it may be said that such substances, thus dried, are never able

to produce splenic fever, unless they are also able to produce
spores from the fibres ; and, inversely, as the conditions of suc-

cessful cultivation, Koch found that 35° was the best for their

development, the spores appearing after twenty hours; at 30°

they took thirty hours; at 18° to 20° two and a half to three

days ; below 18° the appearance of spores was exceptional ; and
below 12° the growth of fibres was never observed. On the

other hand, at 40° development of spores was rare, and appeared
to cease at 45°.

As to the necessary conditions of air-supply, the following

results were obtained :

—

Bacilli were rubbed up with the blood,

aqueous or vitreous humour of an ox, and placed in a well-

corked glass. Very rapidly did there appear a powerful smell of

putrefaction; the Bacilli disappeared after twenty-four hours
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•withoufc the fibres enlarging, and lost their infective powers.

That this death was due to the absence of oxygen was shown by

placing a drop of blood infected by the Bacilli under the micro-

scope ; examined by the microspectroscope, it gave the hands of

oxyhfemoglobin ; the fibres in this drop increased four or five

times in length in three hours ; but then the oxygen was clearly

nsed up, as the presence of the absorption-band of reduced

hseinoglobin showed. From this moment the growth of the

basillar fibres ceased, although true putrefaction had not set in.

One of the first signs of death is the opalescence of the fluid and

the falling to pieces of the fibres, as is well illustrated in Bol-

linger's article in Ziemssen's ' Handbiich der Spec. Pathol, und

Tberap.,' p. 465. In connection with the discussion which is

going on as to the " plasticity^' of the Bacteria, I should add

that Koch says that he has never observed any passing of the

fibres into micrococci, or the hke; but why they should do this

when dying I can hardly see, and wonder that any one can

expect it, especially as we know—thanks to Koch—the mor-

phology of the alternation of generation in this species of the

ScMzophyta ; and, further, I imagine that no one who has

any clear ideas as to what forms are would imagine that a

species, a form, or what you please to call it, will or can,

under our eyes, pass into a form of totally diff'erent physio-

logical and, unfortunately, we must add, pathological, capabili-

ties. If, however, air be allowed to enter the results are alto-

gether different ; the fiibres increase greatly in length, and often

spores appear after forty-eight hours. The spores and fibres

soon sink to the bottom of the glass; a watchglass was used.

The other Bacteria, which the air had brought in, disappear, the

eharacteristic smell appears, and the supernatant fluid becomes

quite clear. Dilution of the fluid with a moderate amount of

distilled or of spring water makes no evident difference, but a

large quantity {e. g. twenty times as much) kills the Bacilli.

Dampness, then, such as that to which either a body killed by

splenic fever is exposed when buried to some depth, or left in

fields, stables, or skinning yards, or the excreta of some sick

animal are exposed, does no harm to the Bacilli, while it hinders

the evaporation of the nutritious fluids in which the Bacillus has

done its harmful work. Further, it is certain, from repeated ex-

periments, that mice injected with a fluid rich in Bacilli avthracis

die after twenty-four hours, while a fluid which contains but few

spores is quite as successful in tliree or four days. Let only

spores be formed, and specimens of dried Bacilli will be as fatal

four years after, as ever they were; but the fibres will not

retain their activity for more than five weeks. To these facts,

thus rapidly recapitulated, let it be added that neither Koch nor
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Cohn succeeded in producing splenic fever with any other species

of Bacillus.

That Bacillus antJiracis can produce splenic fever when
injected into the circulating nutrition of the body is now abun-

dantly clear. In addition to this, Koch tried whether the diges-

tive or respiratory organs could be made the means of poisoning

by this form. Mice and rabbits both ate either form of this

species with impunity. As to the results of the inspiration of

them, no satisfactory experiments were made.

The results of Branell^ on the influence of the filtering action

of the placenta were confirmed. To see how soon the poison

took effect, nine mice were simultaneously injected with it, and

examined after two, four, six, eight, ten, twelve, fourteen, and

sixteen hours respectively. No Bacilli were found in the first

six ; the spleen alone of the seventh was affected ; in the eighth

this organ was enlarged, and the Bacilli more numerous. The
ninth mouse died after seventeen hours of the disease, which was

accompanied by its characteristic symptoms.

Two dogs, one partridge, and one sparrow, were injected with

the poison, but no splenic fever ensued in these experiments;

frogs also are not poisoned by the injection of fibres or spores of

Bacilli. Koch describes, however, the changes which took

place, when a piece of spleen which contained them was placed

under the skin ; but I do not think that I should be justified in

detailing the facts here.

4. To fully know the setiology of splenic fever, we must know
much more than we do now. Can it be that ruminating animals

cannot eat the spores with impunity as rodents can ? Why is it

that these larger animals take days to die while mice die in

thirty hours ? What are the various influences exerted by
different degrees of temperature, depth of sepulture, humidity

of soil, in the formation of the spores ? Yet it is a subject

for congratulation that Koch has so distinctly shown that the

fibres, as compared with the spores, are comparatively harmless

;

let them remain dry for years, in decomposing fluids for months,

be repeatedly dried and as often wetted, still .do the spores retain

their baneful influence on living animal fluids. A wound, how-
ever slight, is sufficiently large to allow them to enter. Use
cotton wool to soothe a burn, and perhaps you are applying

yourself the seeds of the disease that will kill you ; bathe in a

stream in which they are resting, and a scratch will offer them a

way into your system. So much is clear; quite as clear, unfor-

tunately, is the enormous extent of their ravages ; in one small

Prussian district £9000 was lost by the death of sheep from this

disease; in three years the district of Novgorod lost 56,000
1 Cf. ' Quart. Jour. Mic. Sci.,' July, 1876, p. 274.
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horses and cattle and 528 human beings. The ordinary remedy

has been to bury the victims deep in the earth, but Oemler

has reduced the loss of his sheep from 21 per cent, per annum
to 2 per cent, by forbidding the burial of the victims in fields

and meadows.

Koch thinks that the best way to rid ourselves of this " de-

stroying angel" is to utterly destroy all substances which con-

tain Bacilli, but fears that it is impossible to adopt so radical

a measure; he thinks that much might be done by placing all

affected bodies in a dry pit to which air could not enter, and

at so great a depth as to have a temperature always lower than
15° C.

Prophylactic measures are to be especially directed against

sheep, as it is in them only that the disease is continuous ; in

the other cattle it appears only at intervals.

The concluding section of the paper draws attention to the

similarity in conditions between this splenic fever and cholera

and typhus, and expresses the hope that these two diseases may,

with the advance of knowledge, be brought more fully under

man's control.—F. Jeffrey Bell, Magdalen College, Oxford.
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Discovery of Nuclei in Foraminifera.—In a previous com-
munication^ on Qumquiloculina fusca (Brady), forming a

part of his valuable series of " Rhizopodstudien/' Pro-
fessor Eilhard Schulze already shadowed out his extremely
interesting and unexpected discovery of a nucleus in Fora-
minifera, and in a recent memoir he confirms and gives the

enlarged details of his remarkable discovery." It is highly

interesting that, simultaneously and independently, the same
discovery has likewise been made by Professor Hertwig,^ as

to which see below.

Leaving aside the baseless views of the older authors,

such as D'Orbigny and Ehrenberg, who ascribed to the

sarcode body-mass of the Foraminifera a high organisation,

it is well known that, from Dujardin (the first to correctly

appreciate the real simplicity of their structure) onwards,

through a long series of years, even to Haeckel in his

* Gastrsea-Theorie,' this group of Rhizopoda has been re-

garded as destitute of nucleus—the body-mass apart from
the shells, in fact, but a simple single cytode or an aggre-

gate of cytodes. Hence the interest and value of the sur-

prising announcement made by these independent observers.

That this important element in the organization should

have so long eluded observation is, perhaps, not at all sur-

prising when one considers the many difficulties in the way
of its perception presented by the shell (perfect or broken)

,

the numerous granules of varied nature, oily and pigment,

food particles, &c., not to speak of the density and opacity

of the sarcode-mass itself.

At the same time it is remarkable that the naturalist on

board H.M.S. Challenger, who specially studied the pelagic

Foraminifera, should have failed to detect it when devoting

so much time and attention to these organisms.

It was only by the observation of very small species with

a delicate pellucid shell, and by application of acids to the

' Schultze's ' Archiv fur Mikr. Anatomic,' Bd. xi, p. 136.
=* 'Arcliiv f. Mikr. Anat.,' Bd xiii, p. 9, t. 2, 3.

^ ' Jenaisch Zeitschrift,' Bd. x, p. 41.
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larger, in order to deprive them of the calcareous coating,

and by the use of staining media, that Professor Schulze
succeeded in demonstrating the existence of the nucleus.

In Entos'olenia glohosa (Williamson) the author found
a combination of several conditions which rendered it a

favourable object for study in this regard. Its ovate or

elongate calcareous shell, deeply invaginated at one end, is

hyaline, delicate, and smooth, and perforated by extremely

fine pores; the body-mass usually quite or almost quite fills

the cavity of the shell, though it can become reduced to a

ball lying at the " posterior " eAd of the shell, such seem-
ingly due to diminished nutriment. In the finely granular

sarcode body-mass there occur embedded numerous strongly

refractive, probably oleaginous, partly culourless, partly

brownish roundish corpuscles, amongst which, towards the

posterior end, the author could see even in the living ex-

ample a distinctly marked, clear, globular body. That this

was a corpuscle and not a vacuole or a granuleless spot in

the sarcode was concluded from the constancy of its ])Osi-

tion and occurrence, as well as from the sharpness of its

contour. Upon application during observation of dilute

acetic or pyroligneous acid, the pores in the shell be-

came at first more evident, then the shell became dissolved

almost completely, and the grannies embedded in the sar-

code became so nearly deprived of all colour, tliat this now
finely granular body stood out distinctly, as against its pale

environment, and Avith a sharply marked contour, as an
indubitable cell-nucleus.

But in the many-chambered calcareous Foraminifera the

demonstration of the nucleus was accompanied by greater

difficulty.

For several reasons the author chose Polystomella striato-

punctata as the starting-point of the research : first, the

readiness with which he could obtain it in different condi-

tions ; secondly, its regular structure Avas in favour of its

study ; thirdly, its shell was of comparatively small mass,

and less troublesome to eliminate by means of acids ; and
lastly, he wished to study this form owing to its having

been so largely the subject of research by preceding ob-

servers.

The arrangement and figure of the successive "chambers,"

and the finger-like conjoining processes are best seen in the

sarcode-mass after removal of the calcareous shell. Athough
Max Schultze first experimented in this way he did not

appear to have detected the mutual bridge-like connection

of the body-segments belonging to each chamber, but, on
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the other hand, considered them as isolated. Carpenter

(186!^) was the tirst to discover these. After some details

as to the number and arrangement of these sarcode processes

which the author found to be of a more hyaline and less

granular character than the rest of the sarcode-body, as well

as more prone to imbibe staining fluids, he proceeds to

describe his experiments in order to test the presence of a

nucleus.

He first directed his attention to the median primary

chamber, distinguished from the rest by its globular figure,

but in it he never found by any method a nucleus or any-

body at all like it ; sometimes, indeed, a few clear round
spots could be seen, but pressure constantly proved these

were merely drops of probably oleaginous nature, and with-

out any wall ; sometimes they could not be seen. Almost
giving up the research in despair, he was much surprised

one day, on looking at a specimen whence the shell had been

removed, to notice a spot in one of the segments about

midway of a difi"eient aspect. He then stained the whole
object in a decoction of logwood, and in order to render the

preparation clear, then applied a dilute ammoniacal solution.

To his great delight he now saw at the previously mentioned
spot, lying in the now clear, blue, granular sarcode, a violet-

coloured globular body (0"056 mm. in diameter) with a

distinct, thick, outer membrane and clear contents, in which
could be recognised several strongly refractive ellij)tic or

roundish structures of different sizes (whether to be regarded

as nucleoli, or as produced by the treatment, the author

leaves undetermined)—in a word, a nucleus of almost typical

structure. Treating a great number of Polystomella forms

in the same way he always arrived at the same result though
with some modification.

Ordinarily in each Polystomella but one such nucleus was
to be found, and this, indeed, always in the middle of one

of the middle segments ; in rare cases he found two nuclei

occurring in adjoining segments ; only once did he see the

two nuclei separated by a segment without any nucleus;

and once he saw three nuclei in one animal—two in imme-
diate sequence, and separated from the third by a segment.

The nucleus in older examples occupies some one (or two)

of the middle third of the whole number of chambers ; but

in very young forms (4-10 chambers) he found the nucleus

far behind, say in the second chamber. Sometimes, indeed,

the nucleus was not confined to a single chamber, but one

])art of it in one, the other in the adjoining chamber; in

such cases the segments remained hanging together by a
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iianow isthmus, occupying one of the mutual communica-
tions. One portion of such a nucleus might be sometimes
very small as compared to the other, so much so as to he
reduced to a mere tip. From this circumstance the author
regards a passage of the nucleus from one chamber to an-

other by means of the connecting canals as probable, and
the disturbance of the normally globular figure to be due to

the constriction caused by the narrowness of the passage.

The author found afterwards a similar nucleus m a

Rotalina.

Whilst admitting that the foregoing observations do not
as yet prove all Foraminifera to be nucleated, the author
still would suggest the likelihood that they really are so.

From the fact that the whole of the soft body of a many-
chambered Folystomella or Rotalina normally has but a

single nucleus, it follows that the whole animal has but the

value of a single cell, and the old question as to whether the

Polythalamia are to be regarded as single animals or colonies

of animals is disposed of, as the Foraminifera at large

(admitting possible exceptions) must be regarded as uni-

cellular animals.

Subsequent to his study of the freshwater Monothalmia,
Hertwig turned his attention to the marine Mono- and Poly-

thalamia, with the view of investigating their probable rela-

tions to the former. Both groups naturally appeared to him
to possess, on the whole, great affinity, whilst certain of the

characters relied upon by most naturalists in recent times, as

calling for their separation, seemed to him not to possess so

broad a systematic importance, nor to be so comprehensive

as was usually assumed, such as the characters of the pseu-

dopodia, or the distinction between non-contractile vacuoles

and contractile vesicles. He had, therefore, come to the

conclusion that the only character left to systematically-

separate the freshwater Monothalamia from the Foraminifera

was the absence of a nucleus in the latter and the presence

of this important structure in the former. For if, as had
been generally assumed, the Foraminifera represented only

an undifferentiated, non-nucleated, test-bearing protoj^lasmic

mass, then, in a histological point of view, they could only

be regarded as cytodes, whilst the freshwater forms would
possess the morphological value of one or more cells ; the

Foraminifera would, therefore, come more close to HaeckePs
Monera.
Max Schultzc was the only observer who had afforded us

a knowledge of the structure of the soft body, the researches
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of others being mainly confined to the shells. Although
M. Schultze was of opinion that, on the whole, the Foramini-

fera were Avithout nucleus, still in Rotalia venetahe described

a clear body, which was rendered more distinct on the appli-

cation of acetic acid, and which he was inclined to regard as

a nucleus, though unable to study it more exactly. He ob-

served something similar, too, in an example oiTextilariapicta,

in which he succeeded " in isolating from the two last cham-
bers a nucleus-like structure." Also he had described

nuclei in Gromia oviformis.

Under the circumstances of the doubt in which the ques-

tion was involved HertAvig availed himself of the oppor-

tunity of a visit to Heligoland to submit living Foraminifera

to a renewed study, and he also obtained from Professor

Haeckel examples from the Mediterranean sea.

But he soon found out that no definite result was to be

gained by the examination of only fresh specimens, so he
applied himself to the use of reagents. He found that

acetic acid, employed by Max Schultze, was of no
service : it only coagulated the substance, and rendered the

object too dark. Better results were obtained by the appli-

cation of dilute solution of chromic acid ; in it the proto-

plasm swelled and became partly extruded from the shell,

remaining tolerably transparent ; but then a coagulation set

in, darkening the preparation, accompanied, indeed, by a

bleaching-out of the brown pigment ; but as regards the

coagulation, the chromic acid was no improvement on the

acetic acid. Tn most cases, however, it sufficed to render

the nuclei evident ; in others, again, he had to take refuge

in staining; for this purpose he used Beale's carmine fluid. By
its application he obtained favorable results in preparations

which had lain for a day in chromic acid, which had then been
washed out by frequent renewal of the water for several hours.

Young examples of Miliolse offered the most conclusive

results. The youngest were single chambered in the fresh

state ; in spite of the pellucid character of the shell, he
could not discover a nucleus with any certainty; he could

only distinguish a homogeneous, nucleus-like spot. This,

however, coagulated on application of chromic acid into a

sharply-contoured, minute circle (0"01 mm. in diameter),

disclosing within a sharply-contoured little body (0004 mm.
in diameter). Still more distinctly did this structure come
out with " Beale's fluid," tlu; inner body assuming a ruby
red. Whether this structure represents a iiucleus differen-

tiated into nucleolus and nuclear membrane, or (in the fresh

state) a homogeneous nucleus, merely assuming, owing to

VOL. XVII. NEW SEH. G
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irregular coagulation of its substance, such an appearance,

the author leaves undecided ; but he thinks the latter im-
probable, and leans to the view that it coincides in structure

with the nucleus of the freshwater Rhizopoda.
In the three-chambered Miliolae, in one case, he saw only

one nucleus ; in two others two were present ; in a four-

chambered example he found seven, three appertaining to

the first chamber, one to the second, and three to the third.

They were all alike, except that one was smaller than the rest.

In large examples he was mostly unsuccessful in meeting
with nuclei, probably due to the density with which the

parenchyma became filled with foreign bodies.

The second Foraminifer in which the author succeeded in

demonstrating the nucleus belonged to the Perforata—a little

Rotalia, agreeing with M. Schultze's figure of R. veneta, the

chambers arranged in a flat spiral, the shell-opening of con-

siderable size, the protoplasm of brownish-granular and
opaque (except in the last chambers), the pseudopodia richly

granular, not very long, only slightly branched, and still

more rai'ely inosculating. But rarely in the living organism
could the author recognise the indication of the nucleus in

the form of a clear spot of brownish granular protoplasm ; he
succeeded best in young single-chambered examples ; in these

he found a single round nucleus, and under chromic acid he
could see the nucleolus. By the aid of carmine solution he
found that, with the growth, an increase in number of the

nuclei took place ; thus, in a four-chambered Rotalia at one
time four, at another three, nuclei ; in a three-chambered,
three nuclei ; whilst in other cases, in many-chambered
individuals, but one nucleus was recognisable. Still, it does

not at all follow that more might not have been present.

On two occasions the author found in his collecting bottle

little bodies, which he took, with the unassisted eye, for young
Rotalise ; under the microscope these proved to be clusters

of thirty to forty young three-chambered individuals. In one
case the connection of these was due to a common proto-

plasmic envelope, from which tufts of pseudopodia radiated

in such abundance that they Avere perceptible to the unassisted

eye. They thus resembled a colony of the freshwater

Microffro?nia socialis. The shell was com])aratively thick,

and had a rough aspect, some ten to fifteen minute foramina
disposed irregularly on the surface. The pr()to])lasm filled

the two first chambers completely, the third only partially,

the pigment granules more co{)ious in the first. The author
could see nuclei herein only by the help of reagents. In

most cases chromic acid sufficed, but the carmine fluid
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answered still better. A nucleolus did not appear to exist,

but rather the nucleus seemed to form a homogeneous mass

;

but its unequal coagulation might present a nucleolus-like

aspect. There was only one nucleus, and that in the primary
chamber.
We have manifestly here the starting-point of the repro-

ductive process observed by Max Schultze and others. It

consists essentially in this, that within the mother-shell, in a

manner not yet more closely observed, daughter individuals

are developed, surrounded by a proper shell. In Miliola and
Nonionina the daughter individuals are one-chambered, in

Rotalia—from the commencement—three-chambered. It is

of interest to note that in both cases the young individuals

are single-nucleated—are unicellular—regarding the nucleus

as the centre of individuality of the cell.

From his experience, so remarkably confirmed by that of

Professor Eilh. Schulze, then, the author feels justified in

drawing the conclusion that all the Foraminifera—Imperfo-

rata and Perforata—are nucleated, thus removing the only

ground of systematic separation of the Foraminifera from the

Monothalamia, and both groups must be united in a single

Class. The freshwater Monothalamia would, of course, most
approach the single-chambered Gromia, Cornuspirse, &c.

For such a Class the author urges the names " Poly-

thalamia" and " Foraminifera," being applicable to only a

part of the series, not to the whole, are manifestly each
respectively unsuitable.

'INlore appropriate would be Haeckel's term " Acytaria ;"

Haeckel, however, so designates the Foraminifera only, to

the exclusion of the freshwater Monothalamia, which latter

he includes under his Lepamoebse. As regards its significa-

tion, the term might certainly be extended to embrace
the Monothalamia ; but Haeckel employed the name to dis-

tinguish Radiolaria without a central capsule from those

furnished therewith. Now, there are whole series of sarcode

organisms agreeing in this respect with Foraminifera which, so

far as that is concerned, might be relegated to the Acytaria.

The designation is, therefore, defective. For this reason the

author proposes to call the class " Thalamophora," in allusion

to their all-pervading characteristic.

As regards the subdivision of the Thalamophora, the

author points out that two courses are open : either we might
make the arrangement of the chambers ihe principle of divi-

sion, or the finer structure of the chambers ; in tlio one case

we should subdivide them into Mono - and Polythalamia, after

Max Schultze; or, in the other case, into Imperforata or
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Perforata, after Carpenter. The latter mode appears not
only more generally recognised, but, from a scientifie point
of view, more to be commended. In Carpenter's system the

f.ieshwater Monothaliama would self-evidently have to be
relegated to the Imperforata beside Gromida. The number
of nuclei having evidently no relation to the number of

chambers, it is, without doubt, that the latter can be re-

garded as but an external jointing of the shell, without any
definite relation to the sarcode body.

In conclusion, the author recapitulates the characteristics

of the

Thalamophora.

They are organisms whose soft body consists of undifferen-

tiated sarcode, sending out changeable processes of the most
different form— Pseudopodia—for the purpose of locomotion

and capture of food. Cell-nucleus, single in young organ-

isms, but may extraordinarily increase in the course of

growth.

Fluid aggregations are almost constantly present in the

interior of the body, either in the form of simple vacuoles

or of contractile "vesicles."

All Thalamophora possess a skeleton, which is either

purely chitinous or impregnated with lime, or covered with

silicious particles. Its characteristic is the monaxial funda-

mental form ; that is, a principal axis of the shell can be
constantly recognised This principal axis is in the

simpler cases straight (Gromia, Nodosarin), in most cases

spirally curved (Miliola, Kotalia, Polystomella, &c.) ; fre-

quently this curvature takes place very irregularly, and gives

rise to the appearance of a seemingly clustered arrangement

of the sections of the shell, as if without rule (Acervulina).

By means of constrictions running vertically to the axis

the shell may be subdivided into sections, one behind another

(chambers), which may stand in mutual connection after

very different modes (Polythalamatous forms).

According to the structure of the shell the author would
divide the class into the two orders :

1. Imj)erforata.

No communications between the cavity of the shell and
the outer world other than the constantly considerable

shell-opening.

2. Perforata.

Numerous fine foramina perforate the shell- wall; hence

the shell-opening proper is mostly minute and rudimentary.
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White Cement for Final Coating in Microscopic Mounting,
liy B. Wills Richardson, F.R. C.S.I.—A Avhite cement for

final coating in microscopic mounting, and one which admits

of being used cold, has been employed for some years abroad.

It is known as " Ziegler's White Cement."
Frey has found that it may be employed alone with per-

fect security, e. e., without being preceded by another cement.

He states also that it has been " recently improved by Herr
Meyer, the proprietor of the Hirsch Apothecary, in Frank-
foit."i

A great objection to this cement is its slow-drying pro-

perty. It '•' generally dries very slowly," says Frey, who
mentions likewise that " portions of the cement which have
run over the surface of the cover should be left untouched
for months." It can scarcely, therefore, be considered a

manageable preparation.

The composition of Ziegler's cement being a secret, it

has been imitated by Stieda, who, Frey observed, we have to

thank " for a communication giving the directions for com-
posing a similar cement. Oxide of zinc is to be rubbed up
with a corresponding quantity of oil of turpentine, and while

rubbing, for each drachm of the oxide of zinc an ounce of

a solution of the consistence of syrup of gum damar in oil

of turpentine is to be added. If another colour than white
be desired, cinnabar may be used in the place of the oxide

of zinc, using two drachms to the ounce. "^

The white cement I have been for some time using with
glycerine mountings resembles Stieda's cement in containing

the oxide of zinc and gum damar. The other ingredients,

however, are different.

It is a pure white, dries in from two to forty-eight hours,

the rapidity of drying depending upon the amount of dis-

solved damar it contains ; does not crack, is used without
heat, will not run, and dries with an even edge.

It is made as follows :—Two ounces of pure well-ground
oxide of zinc are to be rubbed up with a sufficient quantity

of drying oil to the consistence of thick paint, to which is

then to be added an equal part of gum damar dissolved to

the thickness of syrup by means of benzoline. When
thoroughly incorporated, strain through a tolerably close-

meshed lace, and keep in a wide-mouthed well-corked bottle.

When necessary, thin with benzoline ; and should the cement
not dry sufficiently glossy add more dissolved gum damar.

' ' Tlie Microscope and Microscopical Technology.' By Dr. Heinricli Frey,

translated by George R. Cutler, M.D., New York, ] 872.
2 Ibid.
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Fructification of Preissia commutata, exhihitecl.—Dr. Moore
sliowed a preparation of the fructification of Preissia commutata.
On Stauroneis phyllodes (Ehrenb.), Kiitz., Rabeuh.—Rev. E.

O'Meara exhibited a form of Stauroneis in external aspect

strongly resembling that figured by Kiitzing and Eabenhorst as

Stauroneis phyllodes, and by those writers attributed to Ehrenberg,
No feature of the species except the external outline is noted
by those authors, and if the form under consideration be identical,

therewith, as Mr. O'Meara seemed inclined to think, the follow-

ing particulars are to be superadded to the vague description :

Transverse stride fine, slightly radiate, easily resolvable into

moniliform dots. The only habitat assigned by Kiitzing and
Eabenhorst to this species is South America ; Ealfs, in ' Pritchard's

Infusoria,' mentions China as the only other place in which it

had been found. It is, therefore, interesting to find it occur in

Ireland, the only locality (as yet) being Lough Mask, near Tour-
makeady, Co. Mayo.

Cosmarium cyclicum, Lundell, also Cosm. tetragonum, ^^Q.,form
{so-called by), Lundell, exhibited.—Mr. Crowe showed Cosmarium
cyclicum, Lundell, or rather, more probably, that form of it

recorded by Reinsch ; the present examples were taken by Mr.
Crowe on the occasion of a tour, along with Mr. Archer, iu Scot-
land. This is an extremely rare species in Ireland ; it has occurred
as yet once at " Callery Bog," once at " Rocky Valley," both
near Bray, and some half dozen specimens at " Toole's Rocks,'*
Co. Wicklow.

Mr. Archer showed also Lundell's so-called form of Cosm.
tetragonum. Nag., taUen also in Scotland on the same occasion.
This, too, is an extremely rare species in Ireland, occurriug as
yet extremely sparsely at that very restricted, but from time to
time by no means poor, little locality in the " Rocky Valley ;"

also at " Toole's Rocks," and once in Connemara. The Irish aud
the Scottish examples accord in every respect and detail abso-
lutely, and they are, doubtless, identical with Luudell's species

;

but, although Mr. Archer did not know Nageli's form, ours did
not accord therewitli, at least by any means in the way that the
Irish and Scottish examples did with each other and with Lun-
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dell's ; hence Mr. Archer was inclined to suppose this would turn
out a distinct species from Niigeli's.

New Species of Staurastruvi, exhihited.—Mr. Arclier further
showed examples of a large and rather striking new species of
Staurastrum, taken on the same occasion in Scotland, in the
famous " Pass of Glencoe." This somewhat resembled Stauras-
trum Pringsheimii, Reinsch, plus three usually (sometimes two
only, sometimes four, or even five), long, stout, subulate spines at
each angle ; but it further diifered, amongst other points, from that
species in that the spines on the surface were not very numerous
and indefinite in number, but were few and definite. Across the
broadly elliptico-fusit'orm semicell, on each front sui'face, near
the base, runs a series of four spines, a marginal series of five

above this ; on the Upper surface, seen in end view, occur fifteen

spines—two, one behind the other, obliquely pointing towards
each ofthe three angles, and a series of three on each side between
each of the innermost of the pairs at the angles. When the angles
bear two or three of the long and rather stout spines (as de-
scribed) they are usually superposed, and one only usually presents
itself to view in the end view, though they may occasionally some-
Mhat diverge ; but in the rare cases, when there are more than
three angular spines, they seem to form an obliquely-radiating
group (somewhat comparable to the mode of arrangement of the
feathers of a "shuttlecock").

Attention to these features would, Mr. Archer thought, suffice

for the present to distinguish this species, which is decidedly
most distinct. He would have great pleasure in naming it

Staurastrum Royanum, in compliment to his esteemed friend and
valued correspondent, Mr. John Eoy, of Aberdeen, to whose acute
judgment and hearty co-operation he had for some time been so
greatly indebted in their joint effort to " work out" this family.

A new (Younfs) Section-cutting Bazor.—Mr. B. Wills Eichard-
son exhibited a section-cutting razor, of large size, recently
brought out by Mr. Young, the surgical instrument maker, of
North Bridge, Edinburgh. The cutting edge of this instrument
is 4^" in length, which is sufficient for the cutting of a large
number of structures at one sweep of the Made; thus, it is long
enough for the complete section of the spinal cord at one cut. He
(Mr. Richardson) might mention that he recently made with it

some very even sections of one lateral half of the pons varolii.

The cutting edge of a knife of the razor form is less liable to

accident than a fixed-handled blade, requiring a case for its pro-
tection, and is necessarily more expensive.

Occurrence in Scotland of Euglypha tincta, Quadrula irregularis,

and Ditrema flavum, Archer.^—Mr. Archer desired to mention
that he had taken in Scotland the three new and seemingly rare
Rhizopoda lately shown by him to the Club

—

Euglypha tincta,

Quadrula irregularis, and the new yellow Amphistomatous form,
with smooth and naked test, shown 17th February last. This last

he would name Ditremaflavum . Of it he had, indeed, seen but a
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single Scottish example, though he had now found it very sparingly

in collections made from the south and west of Ireland. The
Scottish and Irish specimens are absolutely alike.

nth August, 1876.

Someiohat doubtful form of Stauroneis pliyllodes, exliibited.—
Eev. Eugene O'Meara showed a form of Stauroneis from Lough
Mask, which at first sight might be considered as undescribed,

but, on more careful investigation, he was disposed to regard it

as identical with that exhibited by him at the previous meeting,

diifering only in having the striae somewhat closer and finer.

Exceptionally high-coloured brownish-crimson example ofHypnum
revolvens.—Mr. Pirn showed Hypniim revolvens from near the

base of Cam Tual Mouutain, Killarney, remarkable -as being

very richly coloured a deep brownish-crimson.

Structure of spine of Phyllacanthus gigaiitea.—Mr. Mackintosh
exhibited a cross-section through the milled riug of the spine of

Phyllacanthus gigantea, A. Agass., and drew attention to its very

slight development. The typical structure (shown for comparison
Centrostephanus JRodgersii, A. Agass.) consists of a number of

separate segments with a somewhat petaloid arrangement of their

reticular tissue ; but in the specimen under notice this was en-

tirely absent, the peripheral part of the section being formed by
a network whose interspaces were less regularly arranged than
in the part nearer the centre. The feeble development of the

milled ring seems to be the rule amongst the Cidaridse.

Mesentery of Echinus esculentus, Linn., exhibited.—Mr. Booker
exhibited a portion of the mesentery of Echinus esculentus. Linn.,

which contained a number of minute rouuded cells (?) with

reddish-yellow pigment, and also numerous calcareous spicules

shaped like the letter C, with a nodular thickening in the middle

of the curve, somewhat like, but easily distinguishable from, those

figured by C. Stewart ('Trans. Liuii. Soc.,' vol. xxv), from the

ambulacral tube of Echinometra.

New species ofOocystis, Nag.—Mr. Archer showed some recent

examples (none mounted could possibly present the same beauty)

of a unicellular algal form referable to Alex. Braun's genus Oocys-
tis, and, doubtless, forming a new species, at once distinguishable

by its large size, the broadly elliptic cells being in length 0'0024 to

()-0027" in breadth 0-0020 to 0-0024," thus but shghtly longer

than broad. The cell-wall is, by comparison, very thick, with

the somewhat nodular little thickening at each pole (seeu also

in other species) ; the chlorophyll-granules, in examples in which
these were not too dense, could be seen arranged parietally in a

beautifully and curiously regularly reticulate manner, the
" meshes" or interspaces of the interior surface of the wall being

bare of them. Mr. Archer had seen only two young cells within

the expanded mother-cell, four, eight, to sixteen, being common
in Oocysfis Naegelii. In examples about to produce young indi-

viduals the contents become more dense and the reticulated
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arrangements lost, or rather, perhaps, more properly speaking,
the interspaces become clothed with chlorophyll-granules. At
first glance this might be mistaken, under a low power, for that

small form of Eremosphcera viriJis, de Bary, whicli originates

when the individuals of the ordinary large form produce simulta-

neously four in place of two daughter-cells ; but the evident
elliptic figure and the thickened poles, as well as the diff"erent

arrangement of the chlorophyll-contents, would, on closer inspec-

tion, at once distinguish them. Mr. Archer drew attention to

the seemingly curious very great expansion of the wall of the

mother-cell, almost looking as if in anticipation, rather than as

in consequence of the growth of a young " brood" of two, four,

eight, or sixteen daughter-cells ; so much so that it almost had
the aspect of a fresh growth rather than that of a mere swelling-

up of the old membrane. The genus Oocystis, Al. Braun, comes
very near Nephrocytium, Nag., the seemingly only very tangible

distinction (it is a very constant one, at the least) being the
reniform (not elliptic) cells in the latter genus ; but as forma
merely o£ more or less frequent occurrence, those referred to

both the genera are, indeed, very distinct and constant things.

There is a probably more distant affinity, too, to Polyedrium,
Nag., of which genus "Wittrock has described a large form (occur-

ring also in Ireland), and called it Polyedrum gigos, from its com-
paratively great size. For the same reason this form of Oocystis
might stand as Oocystis gigas^

The unlike Zygospores of txco minute smooth closely resemhling

Cosmaria, exhibited
.
proving their specific distinctness, the puzzling

resemblance of the forms themselves notwithstanding

.

—Mr. Archer
showed two closely resembling minute smooth Cosmaria, both of
which would be described as possessing elliptic semicells, the
ditlerences in the contours of the two forms being so slight that

no doubt many might say it was but straining to regard them as

distinct species. Still, on close examination, one could readily

see that, besides size, there were really very appreciable, if but
comparatively slight, distinction in their outlines. But all doubt
as to their distinctness would seem to be set aside by the marked
differences in their zygospores— the smaller had a quite smooth,
dark brown orbicular zygospore, the other a larger colourless

spore, beset with tapering subacute sj)ines. Mr. Archer merely
now brought forward these two forms, which he had never before
exhibited, as a very pretty instance of the wonderful inherent
specialities bound up with the individual entities amongst these
algse.

Encysted state of Jleterophrys FocTcii, Arch. = ^phoirastrum
conglobatum, Greeff, exhibited.—Mr. Archer showed an example
of the encysted state of the not uncommon Heliozoan he had
called Heterophrys FocJcii, most probably identical with Sphceras-

trum conglobatum, Grreeif, the inner body being surrounded by a

doubly-contoured cyst, the outer region excluded and appearing
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almost like a hyaline, mucb crumpled membrane, having lost its

granular aspect.

21st September, 1876.

Sections of Leptogium tremeTloides,exliibited.—Mr. Pim showed
examples and some instructive transverse sections of Leptogium
tremelloides as identified by Rev.W. A. Leighton. The preparation

showed the upper and lower cortical layer toconsistof.in this aspect,

nearly square cells between which were the phycochromaceous
more or less moniliform strings ofgonidia and the hyphae. Viewed
vertically the cells of the cortex were of irregular figure and
closely set. One section passed through what was apparently

an apothecium from which the asci had fallen.

Structure of Sheath of Spine of Goniocidaris geranioides, Lamk.
—Mr. Mackintosh showed a cross section of the spine of Goni-

ocidaris geranioides, Lamk., and drew attention to the nature of

the external sheath, which is composed of reticulated tissue, with

very wide interspaces, instead of the ordinary solid calcification

with simple tubes which occurs in all the Cidaridse, as far as he
had observed. This peculiarity does not seem to be shared by
the species of Goniocidaris.

Undescrihed Species of Craspedodiscus.—Eev. E. O'Meara
showed a diatomaceous form appertaining to the genua Craspe-

dodiscus, which he considered as yet undescribed. It difi'ers from
Craspedodiscus coscitiodiscus in having the areoles of the interior

portion of the disc much larger than in the marginal portion.

The example was found in fossil earth from Delaware, Maryland,
U.S.A. In case the form is not described, Mr. O'Meara would
suggest the specific name of Ma?y!andicus.

A Puzzling Desmidianform.—Mr. Archer showed examples of a
seemingly unicellular (non-filamentous) algal form, not unlike a

joint of Gonatozi/gon Brebissonii, but smooth, not asperate. To
a great extent it had the aspect of yet another companion-form
for that named Closterium obtusum by de Brebisson. His friend

Mr. Roy, of Aberdeen, to whom he had submitted fresh specimens,

seemed to regard it as a very distinct thing indeed, but Mr.
Archer must say he still remains in considerable hesitation. Per-

haps more of it on a future occasion.
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Resume of Recent Contrtbutions to our Knowledge
of " P'reshwater Rhizopoda." Part IV. Compiled
by Wm. Archer, F.R.S. (With Plate VIII.)

MoNOTHALAMiA {Monostomato) LoBOSA (continued),

Pseudochlamys patella, Clap, et Lachmann^ = Amphizonella

flava, Greeff2 (PI. VIII, figs. 1—3).

There can be little doubt that the not uncommon rhizopod.

identified by Hertwig and Lesser as above is indeed one
and the same with Claparede and Lachmann's form, and,

with not less doubt, is also identical with that erroneously

called Amphizonella flava by GreefF.^

The test possesses ordinarily a hollow, dorsally convex
discoid figure, somewhat like Arcella vulgaris, but a great

deal smaller, its upper or convex side equally and evenly

arched. Its colour at the middle is of a brownish yellow

(resembling in tint that of the contents of many diatoms)

mostly gradually fading off to the margins, which may be
quite colourless ; but I have myself frequently seen examples
in which the change was abrupt and quite irregular. This

colour resides in the test itself. The median portion

of the test is thicker, and it gradually thins off to the

margin. In many specimens an arcella-like facetting or

punctate appearance can be readily made out, gradually

disappearing towards the margin ; but in many others this

cannot be at all discovered when it has a more or less

smooth, but not a glossy, aspect. I believe the appearance

of " facetting" or " shagreening" is due to little rounded,

closely posed, scattered scrobiculi.

Ordinarily the test appears of watch-glass shape, that is,

deeply concave on one side and correspondingly convex on
the other ; the outer or convex side it is which bears the

' Claparede and Lachmann, 'Etudes sur les Infusoires et les Rhizopodes,'

p. 443.
2 L. c. p. 100, t. iii, f. 1.

3 Greeff, ' Archiv. f. Mikr. Anat.,' Bd. II, p. 329, t. xviii, f.l9.

VOL. XVII. NEW SER.
'
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markings. In empty tests (much more frequently met with,

so far as I can see, than still retaining the sarcode body)
this really appears to me all that is left—at least, all that

can be seen. But in the living examples, as Hertwig and
Lesser were the first to point out, the concave side is closed,

all but a median central opening, by a delicate and hyaline

continuation of the test completing the external resemblance

to an Arcella. Unlike Arcella, however, not only (when the

rhizopod is living) this lower part of the test appears

capable of undergoing alteration of figure—sometimes drawn
in at the middle, sometimes prominent (like, as say Hertwig
and Lesser, " the stomach of a Medusa"), but also the whole
test can assume various, by no means inconsiderable, altera-

tions of figure, even so much that the two opposite parts of

the periphery of the disc of the test may become bent down-
wards or doubled towards each other so as almost to touch.

When in this temporary position such an example would
very much resemble Greeff's figure of the supposed form of
" Amphizonella " which he called " A. flava.^' It almost

seems as if the stolon-like sarcode processes passing from
the body-mass, and inwardly attached to the angle of the

test, acted as " muscles " in causing its contraction, and
that on the withdrawal of the force it recovers its normal
form by virtue of its own elasticity.

The body-mass does not fill the test, but sends off several

of those " stolon-like " sarcode processes to the (inner side,

of course, of the) periphery of the test, similar to Arcella

and Difflugia. The protoplasm is minutely graniilar, and
(near the margin) usually show several contractile vacuoles

and a median nucleus. Hertwig and Lesser record that

between the test and the body-mass occur some coarsely

granular pigment of the colour of " diatomin.'^ Without
venturing to contradict so accurate observers, I would myself
merely suggest that this colour seems to reside wholly in the

test ; it is quite as deep, and even brighter in empty tests, as

when the organism is living,

I have several times watched a living example with the

hope of seeing the projection of the finger-like pseudopodia
described by Hertwig and Lesser, but have never seen this,

possibly due to their being very short, that is, not extending
beyond the periphery of the shell, as, indeed, those authors

describe.

The only mode of reproduction observed by Hertwig and
Lesser is by encysting, the body-mass becoming balled to-

gether into a spherical figure, the result of Avhich they
could not follow out. I have also noticed an encysted state.
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but the contents had not assumed a globular figure, but had
become condensed in the " top " of the shell, and enclosed

by a wall on the upper side adapted to the figure of its

interior, and in the lower of equal convex figure, so that

on the whole the " spore " (so to call it) had acquired the

figure of a thick doubly convex lens. (See Plate VIII,
fig- ^•)

. .

As originally described by Claparede and Lachmann, the

test was said to form a simple disc, capable, however, of

altering its figure and becoming folded ; thus, according to

them, the concave or lower side of the test was wholly open.

Seeing the capacity for folding and unfolding, as well as

the retraction and projection of the hyaline and delicate
'^ lower " (oral) wall of the test, it is possible that a

form which I have met with may but represent a phase
of the same species. But whilst the test of the latter

when empty and dead seems always to present a deep watch-
glass -like figure (that is, when viewed laterally or from the

edge, forming externally a broadly and equably rounded
arch), the present, in the same condition (viewed also late-

rally), presents a figure not unlike that of a very shallow hat

with a narrow rim, or that of a round " baking-dish "

—

the upper contour only gently convex, then suddenly de-

pressed and again somewhat suddenly widening out to

form the rim. The former, when viewed dorsally, shows
the disc more or less gradually fading oif in colour

towards the periphery, or if the transition from coloured to

hyaline be rather sudden, it is irregular, whilst in the latter

the transition is always abrupt and sharply limited, and
circular in contour. In fact, the colour in the latter is

restricted to the elevated portion, the border or rim (of the

*'hat" or ''dish") being colourless and hyaline; hence in

this " dorsal " view the median portion of the disc is often

seen to be encircled by a tolerably sharp ring of higher

colour, itself again immediately surrounded by the colour-

less rim, which fact is due to the observer seeing through a

greater thickness of substance just at the place where the

sudden descent of the contour from the slightly convex median
disc takes place down to the outer hyaline border. I think

this form also seems to be of somewhat smaller dimensions

than the other ; greatest diameter, 0"0015", of the median
coloured part of the disc (viewed dorsally) O'OOIS". If we
may assume that, when the shell becomes abandoned by the

living sarcode, and hence no longer acted upon by the loco-

motive or other movements of the organism, it then is unre-

strictedly free to assume what may be called its normal
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figure, it is possible we may justly enough regard the form

here drawn attention to as specifically distinct from that of

Claparede and Lachmann ; but for the present I would not

venture to pronounce any more decided opinion ; it is quite

possible it will be refound in the future by other better

judges.

Pyxidicula operculata (Ehx .^,= Arcella patens (Clap, et

Lachm.^) Carter.2

This rhizopod, as described by Hertwig and Lesser, is

furnished with a test, dorsally, of the form of a highly con-

vex watch-glass, curved inwards below at the periphery all

round, so as to leave a median pseudopodial opening ; its

colour of a brownish yellow, though sometimes colourless,

and covered externally by irregularly scattered, very minute
roughnesses (" von unregelmassig vertheilten feinsten Hoc-
kerchen bedeckt"); the pseudopodia (seldom, however, show-
ing themselves) are conical, like those of an Arcella; one
evident nucleus and a few contractile vacuoles are present.

This form I do not myself as yet know; its separation

generically from Pseudochlamys patella seems to be based

on its external " Hockerchen " or granulations as compared
to the " shagreening " or scrobiculi (?) of the latter.

HyalospJienia lata, Eilh. Schulze^ (PI. VIII, fig. 5).

Under the above name a lobose Monothalamian sarcodine

is recorded by Professor E. Schulze, which he relegates to a

genus founded by Stein for a form discovered by him near
Prague. There appears to be no figure extant of Stein's

original species, HyalospJienia cuneata. Stein. It is thus
described^ (as quoted by Schulze) :

" Test oval, much flat-

tened in front in a cuneiform manner, truncate at the frontal

end, without lip-like margins, everywhere glassy, pellucid,

and colourless, without any trace of polygonal impressions.

From the narrow opening always but a single finger-like

pseudopodium is piojected. The animal can abruptly and
quickly become retracted to the bottom of the test, whereby
all connection with the orifice of the test is done away with."
The foregoing is sufficiently vague, both as regards the

form of the test or the nature of the body. Assuming it to

^ Claparede and Lachmann, ' Etudes,' &e., p. 446.
2 Carter, 'Ann. Nat. Hist.,' vol. iii, p. 31.
» Schulze, in ' Schultze's Archiv f. Mikr. Anatomic,' Bd. XI, p. 335, t.

xviii, f. 15—18.
• Stein, ' Sitzuugsberichte der Wissench.,' Jan., 1875.
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have a nucleus, and knowing its pseudopodium to be finger-

like—that is, " lobose "—we would have before us, as it

were, a Difflugia, but with a test not only devoid of any reti-

culated marking or special structure, but also without the

superposition of any foreign objects (arenaceous particles. &c.).

Possibly a *' Difflugian" of such a character would really

deserve to be kept apart, as well from such a type as Qua-
drula, on the one hand, as from such as (say) Diffiugia

pyriformis or D. oblonga on the other ; but in that case it

would become a question as to how we should deal with those

Difflugian forms with a kind of partially hyaline and cor-

rugated or more or less reticulated appearance of the test

(not absolutely pellucid, smooth, homogeneous, and " struc-

tureless," as in Hyalosphenia) ; such, for instance, as

Diffiugia triangulata, Lang (a most marked and decided

species); Diffiugia carinata, Archer, &c. ; at any rate, although

I have not, 1 believe, seen either form, I should venture ad
interim to think the genus Hyalosphenia is justifiable.

Schulze's new species, too, has a thin, membranous, pel-

lucid, and quite structureless chitinoid test ; but it is pyri-

form, laterally compressed, at the narrow *' oraF' end abruptly

truncate; its length 0*06 mm., greatest breadth 0035 mm.,
scarcely quarter this breadth at the " mouth," greatest thick-

ness 0*015 mm. ; end view (seen from behind) elliptic, with
the apices somewhat produced and broadly rounded ; con-

tour of mouth (seen from the front) narrow elliptic ; its

margin very slightly thickened. The body-mass does not

completely fill the test, to which it is united by a number of

stolon-like sarcodic processes, as in Quadrula, Pseudochlamys,
and others : at the mouth it is in close connection with the

test ; the author never perceived, unlike the form described

by Stein, any sudden retraction of the body into the interior

of the test. The homogeneous clear plasma is pervaded by
many pretty nearly equal-sized pale globules or granules; a

globular nucleus is posed towards the posterior end, enclosing

a few comparatively large dark-looking globular nucleoli,

whose number may reach as many as six, or even more.

Beside and somewhat in front of the nucleus occur usually

two pulsating vacuoles. Any food materials lie in the

median region of the body in front of the nucleus. The
pseudopodia are finger-like, ordinarily only one, but some-
times two or three ; they are permeated by extremely minute
granules, of which a movement could be seen, especially in

the axial region of the longer pseudopodia.
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Quadrula symmetrica, Eilh. Schulze,^ = Difflugia sym-
metrica (Wallich), (PI. VIII, fig. 6)

is a Difflugian form which, in my opinion. Prof. Schulze was
amply justified in taking as the type of a distinct genus,
the differential characters of course residing in the test, as the

animal portion or sarcode body offers no very tangible distinc-

tion from an ordinary Difflugia ; there are occult differences,

no doubt, else how the wide distinction when "fully formed ?"

The first to recognise this species seems to have been Dr.
WalHch ;" I have myself met with the same form, though
by no means frequently, in various collections, and would
have proposed its being considered the type of a distinct

genus, especially on my recently finding a further species of

the same structure as regards the test. For I would quite

agree with the view now expressed by Schulze that only

Lobosa, whose habit is to build up or affix foreign particles,

should be retained in the genus Difflugia proper. At the same
time it is an open question whether all these which do so should

be relegated thereto ; as for instance the peculiar and remark-
able seemingly uniqu.e structure of the test of the common
form Difflugia spiralis, although it often appends externally

arenaceous particles, would, 1 fancy, justify its separation.

In Quadrula the test is formed of hyaline angular plates,

apposed laterally and in mutual contact. They are ordi-

narily square or slightly oblong, but occasionally in some
parts of the test they may be triangular, trapezoid, or even
more or less irregularly figured, this variation in shape from
the square being in order to adapt themselves to the charac-

teristic total figure of the test and so as to leave no mutual
intervals or lacunae. In Quadrula symmetrica the test is of

a compressed pyriform figure,with straight longitudinal axis,

and with a broad elongate neck abruptly but roundly trun-

cated ; the transverse view oval ; the broad " mouth" offers two
"lips" (on aline Avith the broader sides), each with a convex
margin, between which on each side (on a line with the nar-

rower sides of the test) is an intervening hollow. At the

broader inflated portion of the test the hyaline component
plates are larger and more regularly square in figure ; on
forming the neck or approaching thereto it is that they

diminish in size or alter in figure according to the exigencies

of the contour so as still to remain in mutual apposition and
at same time build up the characteristic figure of the species.

1 Sihultze's ' Arcbiv f. Mikr. Anat.,' Bd. xi, p. 329, t. xviii, f. 1—6.
2 'Ann. Nat. Hist.,' vol. viii (1864), p. 815.
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Normally they may be said to run in longitudinal and trans-

verse series, but they may occasionally run obliquely, or even
an abrupt alteration of arrangement may occur, yet on the
whole all are nicely posed to produce the symmetrical charac-

teristic external aggregate contour of the test. A greater

disturbance of the symmetry of the plates may often take

place close to the edge of the "mouth/' where, whilst they

become smaller in size, they also suffer greater alterations of

individual figure so as to become adapted to the peculiar con-
tour, as described, of the frontal opening, the extreme edge
of which appears to form a thickened margin. These plates

are not very firmly combined, a moderate pressure sometimes
sufiices to dislocate them, and in abandoned tests one sees

often little accidental aggregations of these plates, lying often

superposed.

The body-mass and its pseudopodia are like that of an
ordinary Difflugia. It does not quite fill the test ; often there

proceed a few slender sarcode processes therefrom to the test,

forming so many attachments ; in the posterior end occurs a
nucleus Avith nucleolus, and towards the anterior end may
sometimes be seen a few pulsating vacuoles.

Quadrula irregularis, n.s.. Archer.

Except in being smaller, corresponding to the smaller test,

there is not any distinction to be drawn from the sarcode

body, as just described, as regards the form I%ould here

record under the foregoing name, its diff"erences being in the

size and figure of the test ; still I would not be in the least

disposed to regard it as but a young form of Q. symmetrica,

I have taken this form from extremely remote localities,

both in Ireland and Scotland, and ever presenting the same
features, and I have likewise noticed a single example quite

identical with the British specimens on a slide of Nordstedt's,

the material having been collected in Italy, the Quadrula
accidentally present, indeed, as the slide Avas put up for a

Cosmarium. It is sometimes accompanied by Q. symmetrica,

but more frequently presents itself alone; it must, however,
be accounted rarer by a good deal than the typical species.

This form is smaller than Q. symmetrica, quite without

any neck, the " mouth" being where a small chord seems, as

it were, cut off the globular, or perhaps somewhat compressed
test, nor are there any " lips'^ nor even any evident thickened

margin ; the mouth seems as it were but a cessation of the

component plates, but on the whole subcircular in outline.

As in the former, the typical form of the plates is square.
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whilst at same time they are even more subject to variation

in shape and size, and are often somewhat rudely applied and
even in the living animal more prone to becgme dislocated.

They sometimes show a thickened " frame-like" edge which
forms a narrow rimlike border, or it may be so extended as to

leave but a minute square in the middle, but mostly they are

alike throughout. They mostly run in lines longitudinally

(taking the " mouth" as the anterior end) and transversely

at right angles, but sometimes obliquely; still the ordinary

contour is ever maintained. This form sometimes showed a few

spines comparable to those of a Euglypha, but this rarely;

but I could not make out the place of origin of these,

whether they occur between the plates (that is, of indepen-

dent origin), or as processes given off from certain of them
(which is more likely). This point would deserve attention

should the spiniferous form again present itself.

Difflugia acropodia, Hertwig and Lesser.^

Under foregoing name the authors record a well-marked
Difilugian of rounded figure which they say is not common
(diam. 0*05 mm.). It consists of a homogeneous pellucid

membrane, the foreign attached objects for the most part

consist of quartz-granules, with sometimes a few diatoma-

ceous frustules, mostly loosely fixed, that is, leaving con-

siderable irregular intervals, though sometimes more crowded
and completely covering the test. But the greatest distinc-

tion of the present from other species of Difflugia is in the

form of the pseudopodia, which are not blunt finger-like pro-

longations, but form long more or less distinctly conical plates,

running into variously lobed and subdivided shapes, always

rather acutely pointed at the apices ; sometimes one may
run out long and comparatively thin (as it were subulate),

almost resembling a pseudopodium of an Actinosphserium,

but here the pseudopodia are always homogeneous, never
granular. They fitfully branch, and on contact may oc-

casionally anastomose, even as they ramify with the ten-

dency to become flattened out, or two may appear to coalesce

by the running up between of a membrane-like continuation

of plasma, soon to be retracted or modified in contour, so fluent

is the movement of this form and so manifold the changes
of its pseudopodial region. Sometimes, indeed, a finger-like

projection can be seen amongst those described, but the

authors seem inclined to regard this rather as indications of

' Hertwig and Lesser, loo. cit., p. 1]7, t. ii, f. 6.
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abnormal changes brought about by the gradual evaporation

of the water during observation.

From this it will be seen that this remarkable form offers

a peculiar exception to the general character of the Lobose
pseudopodia. As well as thin and broad protoplasma-plates

occur almost linear, branching and anastomosing processes,

pointing to the pseudopodia of the truly " rhizopodous" forms.

But whilst this is so, I venture to think without myself

knowing the form, but judging from the graphic figure, that

this is an unmistakeably distinct species from every other, and
whilst the resemblances pointed out no doubt are there,

there is still no identity of any of the pseudopodia of this form

(as depicted) with those of any other freshwater form.

Notwithstanding the apparently favorable conditions the

authors were unable to gain any insight into the structure of

the body-mass.

MONOTHALAMIA RhIZOPODA.

Microgromia socialis (Arch.), Hertwig = Gromia socialis

(Archer) (PI. VIII, fig. 8).

This minute and interesting Monothalamian has been
made the subject of a prolonged study, and of a most valu-

able memoir by Dr. Hertwig, too long, indeed, to do more
than give a brief epitome of his results. It is long since I

myself discovered my great and radical error in taking the

great agglomerations or colonies, in which this species some-

times occurs in mutual combination, as representing an inde-

pendent rhizopod of a different genus, but I do not see that I so

greatly erred in referring the form to the genus Gromia ; in

fact, as I have mentioned, the tendency of observers in this

field seems to me to be to make too many genera, at same
time there is probably, as Hertwig considers, sufficient

reason in the present instance to justify the step.

Hertwig points out that the smooth and pellucid test pre-

sents a bilateral symmetry owing to the slight diversion to

one side of the prominent portion forming the very short

necklike oral extremity, so that thus a left and right, a dorsal

and a ventral, side may be distinguished, but so slight is this

deviation that it might be readily overlooked, as indeed I

formerly did. Viewed from an end the test appears circular.

When forming a dense and large cluster (my supposed
" Cystophrys") the constituent individuals of a group radiate,

with the oral end inward and become seen with the rounded
posterior end outward, which explains my original error of

supposing I had before me a group of closed spherical "cells."
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Hertwig announces that the hyaline smooth test does not
become coloured either by iodine, nor by it along with sul-

phuric acid, and that it does not become altered under
mineral acids or alkalies ; but whether it contains any siliceous

constituent he would leave undecided.

Not only is the test thus bilaterally symmetrical but the

body-mass also ; it is sharply contoured and of a " retort-

shape," of which the " neck^^ passes out through the oral

opening, broadening out there into contact with the test, the

only place indeed where such occurs ; from the necklike part

are given off the pseudopodia (as originally correctly de-
scribed by myself) and this portion, as in similar forms,

Hertwig denominates the " pseudopodial stem."

Sometimes the body all but fills the test, sometimes it

occupies only a small portion of the cavity—seemingly partly

dependent on degree of nutrition, partly on reproductive

conditions (as will be seen). Hertwig^s description of the

sarcode body and nucleus seems to agree with my own. A
single or double contractile vesicle of variable size occurs in

the anterior part of the body, the contractions very slow and
uncertain.

The pseudopodia are also described by Hertwig pretty

much as I did, with the exception, of course, that the com-
plete fusion of these into a common matrix—the " Cysto-

phrys state "—was wrongly interpreted by me ; in this state

they project around more or less irregularly from the common
matrix, and the rarity of the mutual inosculation of the ultimate

branches in this condition must be attributed solely to the

radiating arrangement preventing their coming into mutual
contact. But if they come into contact they will inosculate,

and even whole bundles of them can exceptionally do so and
form a long protoplasm-plate at one side; but usually,

indeed, they are shorter in the Cystophrys-state than in the

ordinary more or less isolated condition. Hertwig rightly

states the current within the pseudopodia to be a very slow

one, especially as compared to the vigorous Hoav in those of

a Gromia fluviatilis. Hertwig dwells on the remarkable up-
and-down fitful progress, alternately from one individual to

another, by way of the uniting pseu.dopodia, of masses of

plasma, containing granules—a proof of the intimate organic

relations of the individuals composing a colony.

The author mentions the success with which, for a time

at least, he had been able to preserve examples of this

organism in a tolerably natural appearance by the applica-

tion of osmic acid (1 per cent.); the pseudopodia collapsed

only a little, became somewhat varicose, the granules becom-
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ing blackish, and the anastomoses remaining—still they lost

the resistance of life, floating aimlessly in the water, hanging
around the colony like hairs. The application of iodine

gave far more unfavorable results.

The author notes that the food captured by this rhizopod

is mostly such as is already undergoing decay ; rarely do
thejr incept living organisms, but on one occasion he saw
a Vorticella captured, and at another some alga-spores. To
myself this form appears not to be at all a " hungry " one.

The author's attention was largely directed to the gaining

a knowledge of the development of this form. Hertwig
first refers to the long-since expressed views founded on the

observations of Carter, Wallich, and Greeff, especially of the

latter in his Amoeba terricola, where the so-called nucleus

was supposed to be a reproductive organ, which by a break-

ing up into a number of solid, sharply bounded bodies, and
escape of these into the general parenchyma of the body, and
in some way combining with certain spermatozoa-like bodies

already there, gave rise to so many germs. Carter, on the

other hand, formerly supposed that the nucleus gave rise to

spermatozoids, whilst the ovula were formed in the surround-

ing protoplasm ; afterwards, as regards DiJJlugia pyriformis,

coming more to the views of Greeff, regarding the sexual

character of the reproduction as expressed in the " conjuga-

tion," a view foreshadowed by Claparede and Lachmann, who
regarded the nucleus as a "glande sexuelle."

Bearing these views in mind, the author applied himself

especially to a study of the nucleus in this form to see if any
evidence should be afforded, demonstrative of its sexual

significance; and he believes he has come to the certain

result that neither in the formation of new colonies nor in

the progress of growth does any process take place other

than simple cell-division, in unison with the lowliness of the

whole group as simple unicellular organisms.

To arrive however, at any conclusion it was requisite to

discover (1) the mode in which new colonies are produced,

and (2) the mode of growth of a colony already begun.
In regard to the former question the author, confirming

my own record of two nucleated bodies within a single parent

test, carries the observation a great deal farther. In a number
of individuals of a colony so subdivided into two, he found
that one of these portions became changed into a zoospore,

which swarmed away from the colony independently. On
one occasion he noticed certain individuals containing two
nuclei, but without having witnessed the act of subdivision

into the two daughter individuals.
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But it is easy to find examples in which this process is

complete, that is, the body of the Microgromia separated

into two usually anterior and posterior halves (fig. 8, a). Only
the former, which is produced into the pseudopodial stem
remains in connection with the protoplasmic network of the

colony. The posterior segment, which subsequently becomes
a zoospore, has now its connection with the mother colony
severed, that it is now an independent body. Both together

now completely fill the cavity of the test, each having its

nucleolated nucleus and contractile vacuole. In this condi-

tion the organism may persist for a long time without any per-

ceptible alteration. By-and-by the posterior segment becomes
gradually pushed up alongside the anterior one (fig. 8, b)

;

amoeboid movements ensuing, it slowly makes its exit from
the test, as it were guided along by a pseudopodium, the

contractile vesicle foremost, the nucleus behind. It maintains

for a time its amoeboid action, now becoming elongated, now
contracted into a globular figure, or here and there lobed

(fig. 8,c), which play is kept up for about a quarter of an hour ;

it finally assumes an ovate figure, the end containing the con-

tractile vacuole still in connection with the pseudopodium,
the end containing the nucleus outwards. About this time can
be noticed a tremulous movement and two flagella which seem
fitfully to change place, are seen waving about, but without
producing as yet any forward motion (fig. 8, d) . Their action

soon, however, becomes more regular, the zoospore unmoors
itself from the pseudopodium of the mother colony and swims
away, as an ovate body, with a constantly rotating movement.
The anterior somewhat pointed end now consists of a some-

what'homogeneous plasma; it encloses the nucleus and carries

the two flagella ; the posterior rounded end is richly granu-
liferous and contains a single or double contractile vacuole.

Although the movement of the zoospore is not a rapid one,

the author was not ever able to follow it up to its coming
to rest ; it would always disappear amongst the unavoid-

able tangle of algee, &c., taken up in the drop ; he therefore

could not determine whether it, like the large zoospores of

Clathrulina elegans, passed directly by retraction of the

flagella into a resting state, or whether, like the zoospores

emanating from the cysts of that species, they passed

through the so-called actinophryan state.

Certain modifications of the mode described might, how-
ever, take place. Thus the hinder segment on emergence
might assume an actinophryan aspect ; the pseudopodia
mostly, however, confined to the anterior end ; these might
sometimes anastomose, and generally resemble those of the
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colony ; by their slow action the segmented portion became
pushed along^ dragging after it the pointed hinder vacuole-

contalning end. The author was able to follow one of

these till it came to rest. Becoming ovate, it noAv developed

at the hitherto posterior end a pointed protoplasm-process ;

inasmuch as this agreed in relative position, as regards

nucleus and contractile vacuole, the author was inclined to

regard it as the commencement of the pseudopodial stem,

but, even after two days' observations of the individual, he
could not follow out the formation of the test, manifestly a

very slow process.

The substitution of the actinophryan germs for the flagel-

late zoospores, when, by the light of modern observations,

we consider the relation of flagella to pseudopodia, is not in

reality very surprising. In the zoospores of Microgromia
itself the author had satisfied himself that at first the flagella

were temporarily projected and completely retracted only to

be reproduced at a new place.

Touching the further question of the growth of the colony,

the author was unable to see how from a single individual

so originating a second individual becomes developed in con-

nection with it, though doubtless it is by a similar process

of self-division. In the course of the author's observations

during the summer, he frequently found " Cystophrys "

colonies in which in the greater number of the individuals

the body was divided into two ; the two segments, however,

side by side, each with its nucleus and contractile vacuole.

In these cases he never had an opportunity to follow the sub-

division from beginning to end so as to decide whether the

fission took place transversely or longitudinally. From the

fact, however, that he noticed so many cases in which the

pseudopodial stem was subdivided and the connection of both
portions with the colony seemed still maintained, he con-

cluded that the fission was longitudinal. He was, however,
able sometimes to see one of these portions slowly make its

exit from the test, leaving the other behind ; the contractile

vacuole in front, the nucleus hindermost. But unlike the

zoospores, no amoeboid action ensued, the mass remaining
globular, near the mouth of the test, and in union with the

remaining portion by a broad protoplasmic process (pseudo-

podial stem) ; by degrees it assumes the characteristic bilateral

symmetry (before described). As regards the formation of

the test the author has nothing certain to record.

The author mentions, finally, yet a third modification of

this mode of development. In certain colonies, so under-

going subdivision, he noticed several individuals whose test
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contained three segments (each with nucleus and contractile

vacuole)—one large and two small—their pseudopodial

stems in mutual connection ; hence they must have arisen

by a longitudinal fission of the original body-mass. In

several instances the author was able to follow the exit of

the two smaller individualised portions, one after the other.

For more than an hour the young individuals each crept

along a pseudopodium like little Amoebae, without showing
any inclination to become modified into zoospores or to

leave the colony. The author was unable to carry this ob-

servation any further.

Although an encysted state must doubtless take place

during the dry periods of the year, the author did not see

any indication of it.

So far as its simple development-history is disclosed by
the foregoing observations, there is nowhere any indications

of any sexual process. At no point was there any diff'erence

in the nucleus observable. The only process observed and
described was simple self-division, but the mode of origin

of the two nuclei, whether by division or fresh formation,

remained to the author in abeyance.

Cienkowski carried out some observations on a form re-

ferred by him hereto, and I believe it must be identical with

this (although I doubt if Microgromia ever shows the pseu-

dopodia so extremely finely linear and filamentary, and so

seemingly homogeneous and granuleless, as he depicts in his

figure); he noticed many cases of self-division, mostly longi-

tudinal, but likewise often transverse, and in both cases the

one segment emerged from the test as a zoospore, so that he
seems rightly to place no value on the circumstance of the

fission being longitudinal or transverse. As regards the

act of self-division it was always preceded by the appearance

of a second nucleus, which he states to originate indepen-

dently, and not by the division of the " mother nucleus \"

the plane of subdivision of the body may be oblique or longitu-

dinal. As to the mode of exit, movement and general structure

of the zoospore, the author's account agrees with Hertwig's,

but he avers that it is a matter of indifference, which seg-

ment—the upper pseudopodial-stem-bearing, or the under
simply rounded one—may emerge to become the zoospore.

He was unable to make out anything definite as to the

mode of origin of the colonies, though such seemed to be
more abundant in the summer months. (My own opinion is

the autumn, often late, is the season in which the Rhizopoda
of the freshwaters are most readily to be met with.)

The formation of zoospores thus seems to be bound up with
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no particular season ; in Microgromia Hertwig found them in
spring, Cienkowski late in autumn.

It is quite unnecessary here to dwell on the manifest
generic distinctions of this form from the other Monothala-
matous monostomatous Rhizopoda—such as Euglypha,
Cyphoderia, Trinema, Plagiophrys, Lecythium, Pleurophrys,

all again so distinct inter se. So distinct indeed j9e?' se does the

rhizopod forming the type of the genus Microgromia appear,

that so far as I am concerned I cannot at all recognise this

species in the form alluded to, and figured by Schulze^

and called by this name. The form here in question [M.
socialis) can by no means be one and the same with '' Dif-

flugia Euchelys," Ehrenb, or '" Arcella hyalina" Ehrenb. The
most prominent distinctions at first glance are the close ap-

plication of the body-mass to the test all round, and the long
straight but very slightly branched non-granuliferous pseu-

dopodia, and no pulsating vacuole—distinctions which I can-

not doubt carry with them essential deep-going specific, even
generic, differences. The form no doubt seems to be " social

"

in habit, but this Avould be a question of habit merely. It

may make a species, possibly a new one, rather of Claparede

and Lachmann^s genus Plagiophrys.

As regards the genus Gromia, Duj., to which, to say the

least, our Microg. socialis comes most close, Hertwig bases

its generic distinctness on the bilateral symmetry of the test,

its firmness and inflexibility ; the interspace between the

body and the test (though it may at first probably appear
but trivial, this is, I fancy, in reality an important cha-

racter), the single nucleus. All these are specialities of this

form, no doubt ; but whether they are of generic value as

distinguished from the genus Gromia is more, I fancy, a

matter of opinion than of any real importance—the rhizopod

in question, whether we call it Gromia socialis or Microgromia
socialis, seems to be, per se, a very distinct thing. Still I

have, on a few occasions, met with even a more minute form,

undoubtedly a " Microgromia," but not to be, 1 think, iden-

tified with my original and Hertwig's form. I venture to

call it (at least ad interim)

Microgromia mucicola, sp. nov. (PI. VIII, fig. 9).

This I at first found nestling only in the thick mucous
matrix of the little alga,which I formerly felt obliged to refer to

the genus Dictyosphserium, Nag. (but which is really a Des-

1 F, E. Schulze, ' Schultze's Archiv fiir Mikrosk. Anatomic,' Bd. XII,

p. 119, t. vi, f. 7—13.
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midian of exceptional structure, of which more, it is to be

hoped, on a future occasion), under the (provisional) name
of D. constrictum. This summer, however, T found this

rhizopod (in Connemara) for the first time nestling in the

mucous investment of the little alga of similar habit, Cosmo-

cladium Saxonicum, de Bary. The test is smaller than that

of Microg. socialis, less pear-shaped, does not appear to offer

at least any marked bilateral symmetry, is much more slow

in movement and in flow of the granules in the plasma of

the pseudopodia. In fact, one has to watch it a long time

to notice any alteration, which, however, can be seen by
close attention ; still I had seen it several times before I

thought it was a thing of life at all, so inert is it. I never

saw any " Cystophrys " condition, nor even so large groups

as even the minor ones oi Microg. socialis, two only, or at most
three, in mutual connection by the pseudopodia. The whitish

nucleolated nucleus and very obscure vacuoles are there, as

in the other form, whilst occasionally one can see subdivided

individuals. Though having so little to communicate on
this form beyond the record of its existence, and offering

the accompanying effort to convey an idea of its aspect,

leaving out of view any attempt to show the thick, some-
times semiopaque and striated,^ mucus in which it nidulates,

I feel quite inclined to believe it will turn out to be in reality

specifically distinct.

Plagiophrys sacciformis, Hertwig et Lesser^ (PI. VIIT,
fig. 11).

considerably resembles in figure PI. cylindrica. Clap, et

Lachm. Like that species it is irregularly cylindrical, atten-

uated towards the end, the membranous test irregularly

wrinkled and capable of certain slight alterations of figure.

As in other forms the body-mass completely fills the test, and

' This striated appearance of the mucus is due to certain radially but
irregularly arranged, if I might so say, tubular passages therein, in which
lie little more or less elongate Bacilli, or at least short bacillar filaments of
" Oscillatoriaceous" nature, when detached by pressure or otherwise, en-

dowed with a spontaneous backwards and forwards tottering kind of

movement, as mentioned by me in the ' Dublin Microsc. Club Minutes.'
Many Desmids and other Algaj besides the two above mentioned are prone
to harbour these Bacterian (?) organisms which can sometimes be seen
moving up and down inside the tubular passage through the mucus, to

and from the body of the alga, and, as has been said, may sometimes ulti-

mately make their way off altogether from beyond the periphery of the
mucous envelope. I am not aware whether or not this curious phenomenon
has been noticed by other observers.

» Loc. cit., p. 114, t. Ill, f. 3.
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consists of a more or less richly granular protoplasm. The
authors never noticed any vacuoles, but could readily discern

the nucleus, which always appeared, on application of acetic

acid, to be homogeneous and a nucleolus could not be perceived.

The pseudopodia are mostly few and homogeneous. In these

characters they differ from Claparede's PI. cyUndrica, where
they are very numerous, and granuliferous. In the present

form they are rather quickly projected and withdrawn. The
authors give the dimensions as follows: Length, 0'035 mm.,
breadth at middle, 0"025 mm. j thus considerably smaller than

Flag. cyUndrica.

Plagiophrys scutiformis, Hertwig et Lesser^ (PI. VIII,
fig. 10), ^

is distinguished from the preceding by its peculiar shield-

shaped figure, owing to its being so strongly compressed j

otherwise as to body-structure, pseudopodia^ nucleus, this

agrees with the preceding. Its dimensions are greater.

Length, 0'06 mm., breadth, 0"04 mm.
I must myself quite agree with the authors in holding this

in itself as a distinct species from the foregoing and others.

I perceive by a note appended at the end of their work
that the authors do not regard the form I recorded as oc-

curring in this country and referred to Plagioplirys sjyherica,

Clap, et Lachm.j as truly identical therewith, but as probably

the same species as their PL sacciformis , though they quite

agree in my interpretation of its general structure. No
doubt our form comes very near PI. sacciformis, nor have I,

as little as these authors, as yet been able to recognise in our

form the presence of any contracted vacuoles. But the

action of such may sometimes be so slow and their size so

minute, whilst even their existence may be obscured by
the density of the surrounding granular plasma, that their

presence or absence is often very difficult of determination.

Claparede's and Lachmann's figure is so insufficient, and their

description so brief and vague, that the absolute determina-

tion of what their species actually may be is sufficiently

difficult.

I am glad they too agree with my conjecture that the

second form^ which I drew attention to, and have tried

to represent on the same plate, is a distinct species. Having
already at large adverted to it, I may only here avail myself

1 Loc. cit., p. 115, t. Ill, f. 2.

- ' Quarterly Journal of Micr. Sci.,' vol. XI, p. 146. ' Proc. Hoyal Irish

Academy,' ser. ii, vol. i.

VOL. XVII. NEW SER. I
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of sufficient space to name it Plagiophrys Hertwigianua, a

liberty taken with the name of that distinguished observer

of which I hope he may approve ; in which case, indeed, I

shall feel that I am greatly more honoured than honouring.

An Account of Professor Strasburger's Observattons
on Protoplasm. By Sydney H. Vines, B.A., B.Sc,
Fellow and Lecturer of Christ's College, Cambridge.^
(With Plate IX.)

In spite of the numerous researches which have been un-
dertaken of late years in order to gain some knowledge of

the properties and intimate structure of that substance

which, from its universal occurrence in living organisms,

has been termed the " physical basis of life," and to which
Hugo von Mohl gave the name " Protoplasm," our infor-

mation is still quite insufficient to enable us to form any
satisfactory hypothesis upon which the so-called vital phe-
nomena exhibited by this substance might be explained. In
these " studies ^' Professor Strasburger gives some account

of his observations in this direction.

Pringsheim,^ in his work upon the vegetable cell, first

described the protoplasm as consisting of two layers,—an
external hyaline layer in contact with the cell-wall, and an
internal granular layer in contact with the cell-sap, though
a lamination of the "primordial utricle " had been previously

mentioned by Braun, Goppert, Cohn, and von Mohl. In his

former work^ Strasburger has described a similar differentia-

tion as occurring in cells which are entirely filled with pro-^

toplasm. Under these circumstances he suggests that instead

of Pringsheim's terms " Hautschicht " (cortical layer), and
" Kornerschicht^' (granular layer), the terms '' Hautplasma"
and " Kornerplasma " should be used, of which the nearest

English equivalents are perhajDS " ectoplasm " and " endo-

plasm."
A differentiation of the same kind has been found to exist

in the protoplasm of cells which do not possess a cell wall.

Sachs found the zoogonidia of Vaucheria to consist of a cen-

tral mass of protoplasm, in which the numerous chlorophyll-

grains are imbedded, invested by a layer of hyaline proto-

• ' Studien ueber Protoplasma,' Jena, 1870.
2 ' Pflanzenzelle,' p. 4. 1854.
3 ' Zellbildung und Zellheihing,' 2 ed. P. 280.
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plasin. The plasniodia of Myxomycetes, especially such as

move but slowly, were found by de Bary i and Hofmeister ^

to show evident differentiation into ecto- and endoplasm.
Among the Rhizopoda, the Monothalamia Lobosa have indi-

cations of such a differentiation in their pseudopodia, and in

the true Amoebse, the whole protoplasmic mass, is distinctly

differentiated into the two layers. The ciliated cells of

sponges also show a separation into the two, ecto- and endo-
plasm, the former of which sends out the cilium and forms
a collar round its base, as James Clark, Carter, and especially

Haeckel have shown. Max Schultze^ goes so far as to say
that a cortical layer appears to be differentiated in every
mass of protoplasm which is functionally a cell, but this is

not of universal occurrence, although it is very frequently
the case. Prof. Strasburger, in opposition to Max Schultze's

view, brings forward some of the Rhizopoda, such as the

Heliozoa, which consist wholly of granular protoplasm, that

is, of protoplasm which corresponds to the endoplasm of those
forms in which differentiation has taken place.

Although these various observers are unanimous in assert-

ing the frequent presence of the hyaline ectoplasm, they
do not all regard it as indicating a true differentiation.

Hofmeister,^ who pointed out, in opposition to Pringsheim,
&c., that the ectoplasm is firmer than the endoplasm, attempts
to account for its greater density by ascribing to the proto-

plasm the general property of drops of fluid of being more
dense towards their surface than towards their interior.

Pfeffer^ regards this dense hyaline layer, to which he some-
what loosely applies the term " primordial utricle," as a mem-
brane of precipitation. He writes, " Protoplasm brought into

contact with pure water, or watery solutions, covers itself,

by precipitation, with a delicate membrane, the so-called

primordial utricle, and this is the case whether the proto-

plasm be living or dead." It is evident, however, that the

ectoplasm is not so sharply defined from the endoplasm as

to warrant the use of the word " membrane " with regard to

it, and as a farther objection to Pfeffer's view it may be urged
that the ect023lasm, as will subsequently be shown, often

possesses a structure which is entirely different from that of
the endoplasm. Prof. Strasburger goes on to give an account

' ' Mycetozoen,' p. 41. 18G4.
2 'P&anzelle/ p. S, 1867.
3 ' Protoplasma,' p. 58. 18G3.
* ' Pflanzeiizelle,' p. 3.

' ' Silz. der Niederrheinisclien Gesellschaft fiir Naturwiss. zu Bonn,'
1S75.
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of experiments which leave no doubt as to the incorrectness

of PfefFer's theory. When the filamentous cells of Vaucheria

were cut across, a rounded mass, consisting of endoplasm
and cell-sap was, discharged, and he could distinctly see the

free borders of the remaining ectoplasm inclining towards

each other and finally coalescing, and thus closing up the

wound. Many observers^ regard the ectoplasm as being

merely the hyaline substance which is the basis of the

protoplasm, but Prof. Strasburger believes that his observa-

tions indicate that it is a definite modification of this ground-

substance ; which is endowed with various properties quite

distinct from those of the ground-substance or basis of the

endoplasm. He must not, however, be understood to mean
that a surface-layer (" Oberflachenhautchen," " Contact-

membran," Max Schultze) is not formed upon the surface of

masses of naked protoplasm when exposed to the action of
.

air or of liquids. He only objects to the identification of

such a layer, formed in a purely mechanical manner with the

ectoplasm, which he regards as the product of a true process

of diiferentiation.

From the foregoing observations w^e may infer that the

simplest form in which protoplasm occurs is that of a uni-

formly granular mass, and that the first step toward a

greater complexity of structure is the differentiation of an
external hyaline layer which invests the more fluid internal

granular portion. We will now follow Professor Strasburger

in his researches into the intimate structure of these two
substances.

1. The ectoplasm.

In his account of the plasmodia of Myxomycetes, to which
allusion has already been made, Hofmeister" calls attention

to the fact that the ectoplasm presents a radial striation, and
occasionally a striation running parallel to the free margin.
Sachs' finds a similar aj^pearance in the ectoplasm of

the zoogonidia of Vaucheria; Tschistiakoff ^ finds it also

in the " primordial utricle " of the pollen grains of Conifers,

and Strasburger alsofound it in the ectoplasm ofrapidly grow-
ing cells when he was investigating the process of division in

Spirogyra orthospira. In order to arrive at the true signifi-

cance of these appearances, he made a series of experiments
with a variety of reagents upon the zoogonidia of Vaucheria

» Sachs :
' Lchrbucb/ 4th ed., p. 41, 1874.

- ' Pflanzenzellc,' p. 24.
' ' Lehrbuch,' p. 41.
• 'Bot. Zeitung,' 1875, p. 99.
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sessilis. Under tile action of absolute alcohol the structure

bf the ectoplasm became very evident, but the cilia suffered

;

w^ith one per cent, solution of chromic acid the structure of

the ectoplasm was not clear, but with one per cent, solution

of osmic acid, the structure of the ectoplasm was well brought

out and most of the cilia remained uninjured. (Figs. 1, 2, 3).

From these osmic-acid preparations it appears that the

ectoplasm contains imbedded within it small rods with re-

latively large interstices between them, these interstices being

filled with watery protoplasm. Externally and internally

these rods come into contact with a very delicate continuous

layer of protoplasm, the internal layer not being very clearly

defined from the endoplasm in which the chlorophyll-grains

are imbedded.
It appears, further, that the cilia arise from these denser

portions of the ectoplasm, each rod bearing a cilium which
is more slender than the rod and about twice as long.

The ectoplasm first appears at the anterior end of the

zoogdnidium, and is gradually developed towards the pos-

terior end. When it at length invests the whole surface, it

is about twice as thick anteriorly as posteriorly. The above
mentioned structure can be made out in it at its first ap-

pearance.

In order to follow the development of the cilia. Professor

Strasburger made a series of observations upon fresh material,

and he found that their formatioi\ followed closely upon the

differentiation of the ectoplasm. In the earliest stage the cilia

kre small processes of the ectoplasm corresponding in position

to the rods at a later stage ; they are somewhat longer ; the

full extremity of each being terminated by a knob ; as cle-

veloj^ment j^roceeds the cilia become longer and the knobs
become smaller in proportion to the increase in length, until

the final hair-like form is reached. So long as the zoogoni-

dium is in contact with the cellulose wall by which it is

surroimded, the cilia are closely appressed to the surface of

the ectoplasm, with their apices directed forwards ; it is only

when the zoogonidium contracts from the cell- wall that the

cilia stand out at right angles to its surface and commence
their movements. Professor Strasburger points out that this

mode of development of cilia resembles the manner in

which the pseudopodia of Rhizopods are formed,^ and he
adds that the development of the " bridles " of protoplasm,

which occur in the cells of Spirogyra, takes place in the

same way. After a longer or a shorter period of activity the

cilia are restricted ; a knot begins to be formed at the ex-

' Max Schulize : 'Protoplasm/ n. 24^.
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tremity of each^ which generally increases in size as the

cilium becomes shorter, and which finally coalesces with the

ectoplasm.

The hyaline apex of the zoogonidium of Oedogonium,
which consists of ectoplasm and which bears a ring of cilia

on its posterior margin, give no indications of structure like

those found in Vaucheria, nor were any such indications to be
found in that part of the zoogonidium of Ulothrix which
bears the four cilia. From these facts Professor Strasburger

concludes that the above-described structure of the ectoplasm

and its relation to the cilia in the zoogonidia of Vaucheria,.

is a special adaptation, though the occurrence of a radial

striation in other places suggests that this special adaptation

has been favoured by the molecular structure of ectoplasm
in general.

Numerous examples of a striation of the ectoplasm might
be drawn from the domain of animal histology. Of these

Professor Strasburger avails himself of a few only. He
recalls the observation of Ed. van Beneden, that the eggs

of star-fishes present a striated outer layer which occupies

nearly a third of the radius of tfie yolk, and he points

out the similarity which exists between the " exoplasma "

(Haeckel) of many Infusoria with its trichocyst layer, and
the ectoplasm of the zoogonidium of Vaucheria with its rods.

It must be remembered, however, that all observations tend

to show that there is no connection between the trichocysts

of Infusoria and their cilia.

It has already been mentioned that the plasmodia of the

Myxomycetes are differentiated into an ecto- and an endo-
plasm, and de Bary, Hofmeister, and Kiihne have men-
tioned the radial striation of the ectoplasm in their accounts

of these organisms. Professor Strasburger has been able to

confirm their observation, and to add a complete account of

the manner in which the pseudopodial processes are thrown
out and retracted (Figs. 4 and 5).

The ectoplasm is distinguished from the endoplasm not

only by its structure but also by its properties. Close ob-

servation of the zoogonidia showed that, after a period of

active movement, a cellulose envelope begins to be formed
at the surface, and this Professor Strasburger regards as the

cause of the cessation of movement. He finds that if such
a body be pressed, so as to cause the extrusion of part of its

endoplasm, no cellulose envelope is developed around the

masses thus set free. If water be added to the zoogonidium,

which has thus been deprived of part of its substance, the

ectoplasm contracts away from the cell-wall to which it was
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applied, and forms, with the remaining endoplasm, a smaller

protoplasmic mass lying free within the cellulose envelope.

Within a few minutes a fresh cellulose membrane could be

detected on the surface of this small mass of protoplasm. On
one occasion this process was repeated three times. Hence
it appears that the secretion of a cellulose envelope is closely,

and even inseparably connected with the presence of an

ectoplasmic layer (Fig. 6).

2. The endoplasm.

Heitzmann and Frommann have recently pointed out that

the substance which forms the basis of the endoplasm often

presents a reticulated structure, and Professor Strasburger

found the same to be the case in the ovules of Coniferse and
Gnetacese, and laid stress upon the distinction to be drawn
between vacuoles and chambers in protoplasm. Vacuoles are

drops of a watery fluid surrounded by protoplasm, whereas
chambers are formed when the cell-sap is traversed by
numerous anastomosing plates of protoplasm. Such a series

of chambers may be seen in the anterior clear space of the

zoogonidia of Vaucheria (Fig. 2).

In many young, and in most mature vegetable cells the

endoplasm forms a thinner or thicker layer on the inner side

of the ectoplasm. If, under these circumstances, the endo-

plasm attains a considerable thickness, a distinction can be

drawn between its external and internal portions, the former

being apparently of greater density than the latter. This

is indicated by a difference in the granules imbedded in the

one and in the other, and also by the fact that the inner

layers are often found to be in motion, whilst the outer are

at rest.

Under the influence of the dividing nucleus the hyaline

substance forming the basis of the endoplasm of animal cells

assunies, during the process of division, a distinctly radial

arrangement, the hyaline rays extending for some distance

from the two poles of the nucleus. From this it appears that

the granules of the endoplasm are repelled from the poles

of the nucleus.

During the formation of chlorophyll-grains the endoplasm
undergoes a diflierentiation as well marked as that above

described occurring during the process of cell -division. That
these structures really belong to the endoplasm is shown by
the fact that, in many of the lower algse, the whole of the

endoplasm is coloured green, the ectoplasm alone remaining

colourless, and yet they are of greater density than the en-

doplasm in which they are placed, and they do not present
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a granular appearance. They are, in fact, formed from the

homogeneous matrix of the endoplasm.

The endoplasm of many Rhizopoda shows a more com-

plete differentiation than any which may be seen in vegetable

cells. Tn the Heliozoa, for instance, the substance of

which Professor Strasburger believes to consist of endoplasm

only, the distinction of a cortical from a medullary portion,

ectosarc from endosarc, is discernible. The nucleus always

lies in the endosarc, whereas the ectosarc contains the con-

tractile vesicle.

In Actinosphoerium, for instance, the endosarc is distin-

guished from the ectosarc in consequence of its coarser

granulation. On the other hand, in the Heliozoa Skeleto-

phora, the ectosarc is much more granular than the endosarc,

and it subserves the functions of prehension and digestion

of food, which, in ActinosphcBrium are discharged by the

endosarc.

By his observations Professor Strasburger is led to form

some general conclusions with reference to protoplasm.

In the first place, he feels himself to be in a jDOsition to apply

to protoplasm the hypothesis of the molecular constitution

of organised bodies which was formulated by Naegeli.^ In

his ' Experimental Physiologic,'^ Sachs suggests that proto-

plasm, like other organised structures, may possibly consist

of minute solid particles invested by watery areas, and with

this view Professor Strasburger entirely concurs. He at-

tributes the definite form and the well-marked vital pheno-

mena of protoplasm to the activity of its molecules, and he

refers all those properties which it possesses in common
with fluids to the water by which its molecules are invested.

The more watery the protoplasm the more evident are its

fluid properties, as is shown by the ease with which masses

of such protoplasm will coalesce, the rapid protrusion and

retraction of processes, &c. The denser the protoplasm, the

more exclusively does it exhibit the properties of its mo-

lecules. At this point, however, the application of Naegeli's

hypothesis to protoplasm must cease. With reference to other

organised structures (cell-walls, starch-granules, «&;c.),Naegeli

goes on to show, by evidence drawn from their optical pro-

perties, that their molecules possess definite crystalline forms,

but there is no ground whatever for believing that the

molecules of protoplasm resemble the molecules of other

organised structures in this respect.

In the second place he points out that protoplasm is to be

' ' Naegeli u. Schwendener des Mikroskop.,' p. 417, ff. 1867.
2 French edition, p. 4G9.
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regarded as a substance of great complexity of structure, and
this view becomes a conviction if the protoplasm of an ovum
be considered as the depository of the specific peculiarities

of the future organism. Let us take, as an illustration, the

Myxomycetes. The plasmodia of the various species of

these organisms differ but slightly from one another, when
their differences are compared with those existing between
the forms of fructification which these plasmodia bear. And
yet it cannot be doubted that certain differences, not to be
directly detected, but not the less real and active, exist

between the plasmodia, and are the agents in the produc-

tion of such variety in the fructification. We may regard

the molecules, the structural units of which protoplasm is

composed, as the bearers of these specific peculiarities, and
they have recently been recognised as centres of activity by
Elsberg^ and Haeckel,^ the name of " plastidules " being
given to them. That this is really the case is shown by
such facts as the following, for instance, that among the

Myxomycetes a single plasmodiuni may bear an unlimited

number of fruits, that a portion of a plasmodium is capable

of forming a fructification, that a single cell of some higher
organisms, such as a leaf-cell of Begonia ,is capable of re-

producing the plant, and especially in the reproductive

activity of spores and ova. All these facts lead to the con-

clusion that each of the structures in question contains

within itself the special peculiarities of the whole organism
of which it is a part. Farther than this we cannot go. We
do not know, and we cannot even imagine what mechanism
it is by means of which the process of development is worked
out, and heredity established. We know only the fact that

the course of development is under the influence of heredity.

We go on to assume that external conditions lead to the de-

velopment ofnew faculties in an organism,which processwe in-

clude under the expression " adaptation to the environment,"
but we do not know what is the molecular process by means of

w hich the organism thus responds to an influence acting from
without. This we know, however, that the changes, thus

produced, if they affect the whole protoplasm of the organism,
or at least the protoplasm of the sexual or asexual reproduc-

tive cell, are inherited by the succeeding individual.

We cannot assume that all the parts of the organism have
their germs in the ovum, for such an assumption would com-
pel us to accept the view that, in the case of those organisms

^ ' Proc. of the American Assoc.,' Hartford, 1874.
^ 'Perigenesis der Plastidule,' 1876; see also 'Nature,' No. 350. July,

1876.
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of which any single cell is capable of reproducing the

whole, each cell contains the germs of all parts of the

organism. We shonld then find ourselves discussing the

properties of the protoplasm, not of a single cell, but of

the whole organism, in so far as it had not been adapted by-

some modification of structure to the performance of some
special function.

In these remarks, which conclude his pamphlet. Professor

Strasburger makes his contribution, from the side of micro-

scopical research, to an explanation of the phenomena of

development, its principal point of interest being that the

molecules which Professor Strasburger regards as being the

structural units of protoplasm, though it must not be

forgotten that they themselves are of complex structure,

correspond very closely with the " physiological units" pos-

tulated by Mr. Herbert Spencer^ in his account of these

phenomena.

Professor E. Van Beneden's Kesearches on the Dtcye-
MiD^.i (With Plate X.)

ProfessorVan Beneden opens his monograph with a short

review of the work of his predecessors in this field, amongst

whom the chief were Krohn, Erdl, Kolliker, Wagener, P. J.

Van Beneden, the father of the present writer, and Ray
Lankester. He then tells us that for two months from

August, 1874, he devoted his whole time to an accurate inves-

tigation of these parasites, worjiing first at Ville Franche
and then at Trieste.

The Dicyemidae have been found as parasites in the fol-

lowing Cephalopoda

—

Octopus vulgaris, O. macropus, Eledone

moschata. Sepia officinalis, S. biserialis, Loligo vulgaris, and
Sepiola Mondeletii ; they were formerly believed by Kolliker

to belong to a single species, to which he gave the name of

Dicyema paradoxum ; but this was shown not to be the case

both by Wagener and Claparede, and Van Beneden has

classified them as follows :—He applies the generic name
Dicyema to those forms which are commonly met with in

the Octopus, and of these there are two species, D. typus,

1 'Principles of Biology,' vol. i, p. 183.
1 Abstract by Mr. D'Arcy Power, Exeter College, Oxford, of a Memoir

published in the ' Bulletins of the Royal Academy of Sciences,' of Belgium.
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found in Octopus vulgaris, and D. Clausiana, in Ociojms
macropits. To a second genus, found in the Eledone he gives

the name Dicyemella, which is also divided into two species,

D. Wageneri, from Eledone moschata, and D. Mulleri, in

Eledone cirrosa. A third genus, Dicyeniina, contains the

species D. Kollikeriana of the Sepia officinalis, and Dicye-
mina Schultziana, from Sepia biserialis; whilst a fourth genus
Dicyemopsis, contains the form D. macrocephalus, inhabiting

Sepiola Rondeletii.

Modes of preparation,—Prof. Van Beneden finds that

the best method of preserving specimens of Dicyema is to

immerse the renal organ of the cephalopod in osmic acid

1 per cent, to -j'^ per cent, for from three to ten minutes, then
wash and examine in water or very dilute glycerine (1 in 10);
for permanent preparations stronger glycerine is used, and
they are stained in a mixture of picrocarmin and gly-

cerine, but to the use of this staining fluid there is an
objection, from the fact that it stains the tissues very slowly

after the action of osmic acid, weeks or even months being
required before a proper tint is obtained. Very dilute solu-

tions of acetic acid (1 in 500 or 800) constitute a very
ready dissociator, and bring out the nuclei of the cells very
distinctly. Again, the ordinary solution of hsematoxylin
prepared with alum gives good results when it is applied

directly to the living organism, for it renders the shapes of

both cell and nucleus very distinct, though it ultimately

spoils them. Absolute alcohol may also be used ; but chromic
acid, bichromate of potash and of ammonia, Miiller's fluid,

picric acid, and saline solution, are worse than useless, for

they break up and destroy the cells.

The organization.—The body of Dicyema is composed, first,

of an enormous axial cell, which is cylindrical or spindle

shaped, and extends from the anterior end of the body to the
caudal extremity ; secondly, of a single layer of cells form-
ing around the axial cell a kind of simple pavement epithe-

lium. The single axial cell Mr. Van Beneden calls the

endodermic cell, and he considers it homologous with the

endoderm (enteron) of the Metazoa; the layer of cells sur-

rounding this axial cell is similarly the ectoder-m or ectoder-

mic layer (deron) (fig. 3).

Each cell of the ectoderm has an external or superficial

face, which is covered with vibratile cilia, an internal or

deep face by which these cells are in contact with the axial

cell, and lateral faces by which they are joined to each other

(fig. 1). Disposed round the anterior extremity of the axis

of the body, which may be called the oral pole, are a series
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of cubical cervical cells belonging to the ectoderm, which
are filled with finely granular protoplasm i their cilia are

large and short, and they are regularly placed round the

oral pole, whence they are known as polar cells ; they are

always ranged in two rows of four cells each, which together

constitute the polar velum (fig. 2). The heads of Dicyema
Clausiana, Dicyemella Wdgeneri, and Dicyemella 3Iulleri, are

bilaterally symmetrical, and are composed wholly of polar

cells. The head of Dicyemi?ia Kollikeriana consists of four

conical cells placed in a first row, and of five prism-like

cells placed between them as a second row, the whole nine

of these polar cells forming a very granular opaque body,

ivhich veils the anterior extremity of the endodermic cell.

There is a second kind of cell found in the Dicyemidse, to

which the name of " parapolar cells " has been given (fig. 2,

p c), because they are always adherent to the polar cells, and
frequently resist even the dissociating action of acetic acid.

These cells have a convex internal face, and are nearly

elliptical when seen in optical section ; they contain finely-

granular protoplasm, but never any of those refracting

globules which are constantly met with in the cells which
make up the substance of the ectoderm. In Dicyemina
Kollikeriana there are two of these cells, and in Dicycmopsis

macrocephalus four, two ventral and two dorsal ; they are

in this instance very large, and the external face shows a more
Or less deep depression, which tends to divide the cell into

two parts (see fig. 2). Glancing now at the ectodermic cells

which compose the trunk, we find their internal or deep faces

are applied to the surface of the endodermic cell, whilst the

external, which are always convex, are covered with long

vibratile cilia. The number of these cells is probably con-

stant in the same species. In Dicyema typus the whole
number of cells composing the body is twenty-six in the

adult, for there is one endodermic cell, eight polar, two
parapolar, and fifteen ordinary ectodermic. Similarly in

Dicyemina there are twenty-six cells, of which one is endo-

dermic, nine are polar, two are parapolar, and fourteen are

ectodermic. This is readily ascertainable, for the body is

broken up under the eyes of the observer by the action of

dissociating agents, whilst the parts still retain their relative

positions. The form of the cells in embryos and young
specimens is often cubical, but with age they elongate in the

direction of the main axis of the body, and eventually be-

come fusiform. In well-developed individuals these cells

attain a gigantic size. The last two cells together bound
a cvlindrical cavitv, terminated in a cul-fl'^-^n'- ^^^/^ -lU-rrU
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the endodermic cell is prolonged. There is prohably no cell-

vvall, for the cells are often traversed by embryos wliich are

leaving the maternal body, and they readily tnke in foreign

substances. The cells of the ectoderm, in the immense
majority of cases, contain during their development a num-
ber of granules and globules^ which vary in form, size, and
refractive power.

The refractive globules are of two kinds, one perfectly

homogeneous and of a spherical or ovoid shape, varying
from a size which is scarcely perceptible under tlie highest
power of the microscope, to small masses of 003—005 mm.
in diameter. The other kind are small irregular clots of a

granular material. Both descriptions are insoluble in ether

and alcohol, are stained first brown and then black by osmic
acid, are not coloured either by carmine or hgematoxylin, and
give off no gas when treated with acids. Certain " clear

droplets " have been noticed in Dicyemopsis macrocephalus

,

and more rarely in other forms, which are spherical with
feeble outlines, and are formed of a homogeneous material
which is probably liquid or semi-liquid, and has a gelatinous
appearance. They seem to be due to vacuoles in the proto-

plasm of the cells. There is still a third element, known as

the "refracting rods," which helps to fill the ectodermic
cells. These bodies are cylindrical, fusiform, or prismatic,

and are scattered through the substance of the protoplasm,
or are grouped in a transparent droplet, just as crystals of
gtearine are grouped in a drop of fat. These rods may, per-

haps, be the deformed heads of spermatozoa belonging to the
host.

The refractive globules are congregated in great numbers
in certain cells, so that the surface becomes convex ; here and
there true warts (fig. 3, w) are formed, which are most abun-
dant in Dicyema typus. In Dicyemina there is a tendency for

the refractive globules to accumulate in the two caudal cells ;

their nature or function is not known, but that they play no
important part in the animal economy is evident from the
fact that they vary considerably both in numbers and charac-
teristics in different individuals, and may even be entirely
absent.

Each cell of the ectoderm has a flattened oval nucleus,
generally situated at its posterior end. When the cell has
a wart, such wart is formed by the raising of the central part
of the cell (fig. 3), the nucleus being separated from the
wart by a membrane with a double contour line, which may
be ruptured by strong pressure exerted on the nucleus, which
is broken, and the contents, consisting of a semi-liquid, clear
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transparent material, stained by hsematoxylin and picrocar-

mine, escape. A small nucleolus, generally spherical, is

found in the nucleus. The nuclei themselves are invisible in

living Dicyemidse, but are brought into view by the action

of acetic acid.

The locomotion of the Dicyemidse is effected by the

vibratile cilia, which cover the whole surface of the body.

The axial or endodermic cell.—This cell extends through-

out the whole length of the body, and is in contact with all

the cells of the endoderm ; it is cylindrical and is pointed at

each end ; it is difficult to decide whether or not a limiting

membrane is present. The substance of the cell is traversed

by a protoplasmic network whose meshes are filled with a

transparent homogeneous and colourless substance of gelati-

nous consistency (fig. 2). The lamellae of protoplasm com-
posing this network are very delicate, and may be seen as

very fine lines presenting granulations here and there ; the

form of the meshes thus produced is extremely variable, and
the whole network is perceived only with difficulty in the living

organism, except when the embryos disturb it as they pro-

gress slowly through the axial cell \ it is readily brought into

view, however, by treatment with osmic or acetic acid or with

logwood. The vacuoles or spaces in the network are filled

with a hyaline fluid which does not mix with water, and
forms a large spherical drop at the extremity of an endodermic

cell which has been cut across. This cell invariably presents

an enormous egg-shaped nucleus situated near its centre (figs,

land 9, w), which is generally of regular form, and is bounded
by a thick membrane with a double contour line, which can

be broken by pressure. The interior of the nucleus is

traversed by a network of exceedingly fine filaments, called

the nucleoplasm, but it is only seen in old nuclei; here

and there also one or two large and highly refracting cor-

puscles,the pseudo-nucleoli, are seen. The nucleolus is always

single, small, and generally spherical in shape, whilst its posi-

tion within the nucleus varies much.
Reproduction and embryonic development.—The axial cell

is at the same time the germ-gland and the uterus. Since

the publication of KoUiker's work it has been known that

the Dicyemidai produce two kinds of embryos, one vern)iform,

the other infusoriform that the two are never found in the

same Dicyema ; and that the external characteristics of the

individuals which produce embryos of the first kind are

often different from those producing larvce of the second de-

scription. The species of Dicyemidse which produce vermi-

form young Mr. Van Beneden calls *' Nematogenous,"
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whilst to the others he has given the name of B.hon)bogenous
(,oo/.tj3oc, a top). The Nematogenous Dicyetnidoe are gene-
rally larger; the cell of the endoderm terminates in a point
in the cephalic dilatation ; the number of cells of the ectoderm
forming the trunk is often greater, and finally the contents
of the axial cell are very different (fig. 3).

The germs producing vermiform young measure 0012 to

0014 mm., and have a small spherical nucleus with a
pointed nucleolus ; the protoplasm is but slightly granular
and is not stained by picrocarmine, though the nucleus be-

comes rose coloured under the action of this reagent. The
germs are formed endogenously, in the network of the axial

cell,often far from any pre-existing germ ; they appear as small
spherical bodies with a well-defined boundary line, and are at

first homogeneous, with a small pointed globule in their

centre. The contour line thickens, and presently a thinner band
of a more pronounced tint, which thickens and eventually
becomes the body of the germ-cell, is seen encircling the
nucleus. This description does not quite agree with that
given by Strasburger as to the free formation of cells in the
vegetable kingdom, but the differences are perhaps due to

the very different external circumstances under which de-
velopment occurs. When a germ has become mature it

divides into two identical cells, each of a semi-spherical
shape, and each having a nucleus and nucleolus. These cells

divide again into four, which are identical in appearance
(fig. 6), though not so in reality, as is seen by following the
course of their development, for they do not divide altogether,

but three break up whilst the fourth remains intact. The
embryo in the next phase is composed of seven cells, of Avhich

six are similar whilst the seventh is much larger (fig. 7).

The six cells divide afresh, so that the embryo now consists

of thirteen cells, which form a kind of cap to the large cell,

which moulds itself to the cavity so formed ; at this stage the

cap has the form of an ovoid, truncated at its two extre-

mities, the central cell closes the orifice in this ovoid,

so that the embryo at this stage of development is an epi-

bolic gastrula, for the solution of continuity in the layer of
the ectoderm is the blastopore. This gastrula resembles that

of an osseous fish, and the Dicyemidse remain during their

whole life in this transitory phase of the evolution of fish.

After the gastrula has formed, the blastopore closes, the
central cell elongates and becomes spindle shaped, whilst

the embryo increases in size ; up to this point all the cells of

the ectoderm are alike, being cubical and transparent, and
each having a spherical nucleus with a nucleolus. The pro-
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toplasm of the axial cell is finely granular, and there is an
oval nucleus with well-defined outline. About this time,

when the embryo has elongated into a cylindrical or nema-
toid body (fig. 9), a germ appears in the central cell on each
side of the nucleus ; these germs are produced endogenously
and have a homogeneous nucleus. The end of the body at

which the blastopore was situated now rapidly developes

the cells, which ultimately form the polar velum ; the cells of

the head are differentiated from those of the trunk ; the dif-

ferentiation of the parapolar and caudal cells takes place at

a later period, generally after birth. At a given instant the

whole body clothes itself with vibratile cilia, the development
of which Prof. Van Beneden has not been able to trace, at

the same time the embryo elongates and becomes more
and more thread-like ; vacuoles appear in the protoplasm

of the axial cell and the number of germs increases.

The embryo at the time of birth is composed of the same
number of cells as are present in the adult, and the post^

embryonic development consists entirely in the progressive

increase of the constituent cells of the embryo.

II. Tlie Rhomhogenous Dicyemida.—These individuals,

which produce infusoriform embryos, are shorter and larger

than the preceding group ; the axial cell, too, is larger, and
terminates in front in a rounded end, so that the polar

cells are flatter and the head has a different shape to that

in the Dicyemidse producing worm-like embryos. The
germs are about double the size of those producing vermir

form young, and are not formed directly in the protoplasm

of the axial cell, but in a peculiar set of cells, which are

themselves produced in the cell of the endoderm ; these

latter cells, whose formation has not yet been followed, are

called the " germ-producing cells," or shortly, the " germ
producers" (figs. 4 and 5). They are always few in number,
varying from two to four or five, and have an oval nucleus,

which is in marked contrast to the spherical nucleus of the

germs ; the substance of the cells are finely granular.

Each germ producer gives birth to several generations of

daughter-cells, which are the germs of the infusorian em-
bryos, and are arranged concentrically round the mother-

cell (fig. 5). These germs are formed endogenously, and
the nucleus of the germ-producing cell takes no part in the

formation of the daughter-cells ; three or more spherical nuclei

appear simultaneously, round each of which a diflferentiated

layer of protoplasm can be distinguished, which is less

granular than the ])rotoplasm of the primitive germ producer.

Occasionally a radiating appearance may be seen in the
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protoplasm of the germs. When the germs have attained a

certain size the protoplasm which separates them contracts

and collects round the nucleus of the germ producer, so that

the germs themselves are driven to the exterior, though they

remain attached to the mother-cell till they have attained

their full development. A second, third, and even more
generations are in like manner formed and driven out, and
thus concentric layers ofgerms are produced, which are larger

as they are further from the centre (fig. 5).

The infusoriform embryo at the time when it leaves the

mother's body to svvim freely in the liquid which bathes the

corpus spongiosum of the cuttle-fi.sh is pear shaped, and swims
with its larger end, which is known as the head, forwards,

whilst the tail, which is conical, is directed backwards. The
whole organism is bilaterally symmetrical. The cephalic dila-

tation is composed of three organs, one of which is symmetrical

and is placed in the middle line, the urn ; the other two are

unsymmetrical and lateral, one being placed slightly above
and the other slightly below the median organ ; these are

known as the refractive and the ciliated bodies (fig. 18),

The urn (figs. 18 and 19) consists of a margin which is

called the capsule of the urn, of a cover which takes part

in the formation of the ventral wall of the embryo, and of a

contents. The contents of the urn (i) is a cellular body, com-
posed of four segments arranged crosswise, each segment
being granular, whence the name of the " granular body "

which has been applied to them. The function of the urn is

not known.
The refractive bodies (fig. 16 and 18, r) are generally two in

number, and are not composed of calcium carbonate, as Kol-
liker and AVagener assert. Hgematoxylin prepared with alum
causes, them to burst in about three quartersof anhour with an
explosion which scatters the refracting globules ofwhich they

are composed and projects them to some distance; it is then
seen that the bodies were encased in a double wall, one within

the other, the inner called the endocyst and the outer the ecto-

cyst (fig. 19, ce, ci). The ciliary body is composed of a num-
ber of vibratile cells, each of which is conical and contains a

spherical nucleus and a sieve-like plate which gives insertion

to a number of very long vibratile cilia (fig. 19, c) . The germs
of the infusoriform embryos, as was stated above, are pro-

duced endogenously, in a cell round which they remain
grouped until they have reached maturity. Soon afterwards

they undergo the first changes previous to the formation
of infusoriform embryos. As development progresses they

separate from the germ producer, so that, as a general rule,

VOL. XVII.—-NEW SER. K
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a series of young in varying stages of development are found
on each side of the germ producer, which are more advanced
as they are further from the place in which the germs were
produced. Side by side with the germs which have arrived

at maturity spherical or elliptical bodies with a well-marked
longitudinal ortransversestriation are often found (figs. 10-14);

they are grouped either in fours or pairs, and are only found

near germ producers. These striated bodies, as they are called,

were at first taken for spermatophores, but this idea was given

up, partly after considering the analogous multiplication of

vegetable cells, partly in consequence of the investigations of

Biitschli on the multiplication of cells. Prof. Van Beneden has

come to the conclusion that this characteristic striation is due
to modificationswhich the nucleus undergoes at the moment
of cell division. Immediately before division the germ be-

comes very granular and opaque, and the nucleus increases

considerably in size and its nucleolus disappears; a very

clear striation then makes its appearance on the periphery of

the nucleus, all the striae meeting at the two poles and run-

ning along the meridian of the sphere. A refractive corpuscle

then appears at each pole of the nucleus (fig. 10), and very

fine granulations collect round each of them. The two poles are

then differentiated into a granular polar disc, in Avhich the

meridional striai lose themselves (fig. 11). The polar discs then

thicken and become more distinct, whilst the strire are not

so well marked. Very rarely striated nuclei have been seen

in Avhich the fibrillae were a little thicker near the equator

than in the rest of their length. The germ has by this time

become ellipsoidal, as well as the nucleus, and the polar discs

are, so to speak, condensed into two small disc-shaped, re-

fractive bodies, the derived pronuclei (fig. 13). Round each
of these a clear substance collects from which strise have some-
times been seen to radiate ; these are the engendered pronuclei

(fig. 13 and 14). Midway between the two derived pronuclei is

a granular well-defined plate which is rather thicker towards

the centre ; this is the Zellplatte of Strasburger. This forms

the plane of fission by which the original cell-plate divides

into two, and then each derived pronucleus enlarges and
becomes more clearly defined ;

* each pronucleus now in-

creases in size, whilst at the same time it changes its

position, and from being placed excentrically it comes to

be in the centre of the daughter-cell; inside it a small

nucleolus is visible. The last traces of the clear striated

part of the old nucleus then disappears, and Ihe division is

complete. The same series of changes is undergone by the

daughter-cells, which eventually give rise to a wall-like
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body. Then the embryo appears as a spherical body, com-
posed of a fixed number of cells, amongst which four are

remarkable for their unusual shape (fig. 16). The two largest

cells form eventually the parietal cells of the urn, and give

rise to the capsule, the two middle produce the cover, two
cells opposite them the refi-actory bodies, and finally, at a

later period, four small cells appear which become the granu-
lar body (fig. IT, 18, ^). The other cells of the embryo become
ciliated and give birth to the ciliated bofly. The infusori-

form embryo then passes into the external medium after

traversing the wall of the endodermic cell and the ectoderm ;

its mode of life and development after this are not known, but
it is a remarkable fact that although the adult Dicyema and
the vermiform young are killed by immersion in sea water,

still the infusoriform embryo swims uninjured for two, three,

and even five days in the same liquid. Apparently, there-

fore, the Cephalopoda must be infected by the infusoriform

embryo alone. It has not yet been determined whether it is

the embryo itself or the ciliated contents of the urn which
becomes the Dicyema—whether the embryo passes directly

into anewCephalopod or whetherthere is an intermediatehost,

and whether or not the infusoriform organism is modified in

the sea before it enters the body of its host. There are some
other points in relation to the Dicyemidse of which we are

yet in ignorance ; thus, we do not know what constitutes the

difference between a Nematogenous and a Rhombogenous
worm whether an individual, after having produced vermiform
young, can in advancing age so modify itself as to bear in-

fusoriform embryos ; if reproduction takes places entirely by
parthenogenesis, or if the production of embryos of either

one kind or the other is preceded by true impregnation. It is

just possible that before the infusoriform embryos are pro-

duced an ectodermic cell may fuse with the central cell of a

vermiform embryo, and if this cell is the male element the

fecundation of the endodermic cell is of the same kind as the

fecundation of the embryo-sac of phanerogams by the pollen

tube, the only diff"erence being that the Dicyemidse would be
truly hermaphrodite.

The chief results of the investigation of the Dicyemidce.

I.—The Dicyemidae are multicellular organisms formed
entirely of cells connected together like the cells of epi-

thelium or of vegetable tissue. They have no muscle or

nerve-fibres, and in place of internal cavities they have intra-

cellular vacuoles.

II.—All the Dicyemidae are composed of an axial or endo-
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dermic cell, which is fusiform or cylindrical, and which
extends the whole length of the body; and of a layer of

cell-plates lying on the surface of this cell, like simple pave-

ment epithelium. There never exists any trace of an inter-

mediate cell-layer, or of a general space between the axial

cell and the ectoderm.
III.—The cells which form the anterior extremity of the

body form also the head of Dicyemidse, and they are

peculiar in their form and composition. There are eight or

nine of these polar cells, and .they form the polar velum,
being disposed in two rows concentrically round a central

point called the oral pole of the Dicyema. Cells called the

parapolar may also contribute to form the cephalic dilatation.

The Dicyemidse are bilaterally symmetrical, and this sym-
metry is particularly well marked in the head of all species

and in the infusoriform embryos.
IV.—The ectoderm is made up of cell-plates which form

half canals, and are applied by their concave faces to the
axial cell. In these cells refracting globules appear, which
accumulate at certain points to form protuberances, to which
Prof. Van Beneden has applied the term " warts."

V.—The endodermic cell has the structure of a vegetable
cell, or the endodermic cells of a Hydromedusa or the body
of a Noctiluca. It is traversed by a protoplasmic network,
whose meshes are filled with a hyaline fluid of gelatinous

consistency.

VI.—It is in this cell of the endoderm that the germs are

formed, and it is here that they develope the embryos.
VII.—Each species of the Dicyemidae includes two kinds

of individuals, the Nematogenous and the Rhombogenous,
which differ in their external characteristics, in their organi-
zation, and in the character of the germs which they pro-
duce, in the mode of formation of these germs, and in the
development and constitution of the embryos. The Nema-
togenous produce vermiform embryos, and the Rhombogenous
infusoriform embryos.

VIII.—The Nematogenous germs are produced endogen-
ously in the protoplasmic filaments of the axial cell. An

i>u epibolic gastrula, whose ectoderm consists of a single cell,

is formed with mathematical precision after cleavage has
taken place. The cells of the ectoderm multiply, the blasto-

pore closes, the body elongates, and two germs appear in the
axial cell ; finally, the gastrula becomes a vermiform embryo,
which passes through the body-wall of the mother into the
external world. From this period the transformation of the

Dicyema into an adult takes place by the progressive increase
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of the cells which compose it, for after its birth it does not

form a single new cell. The number of cells in the body
is twenty-six in the Nematogenous individuals of Dicyema
typus and Dicyemina Kollikeriana. A Dicyema is a per-

manent gastrula person, whose endoderm is composed of

a single cell.

The germs ofRhombogenous Dicyemidse form endogenously
in special cells situated in the axial cell. These creative cells

have been called germ producers or germigens, and only a small

number of them exist in the axial cell. Each germ producer

forms a number of successive generations of germs, which are

characterised by their size, by their granular appearance, and
by the dimensions of their nucleus. After true cleavage has

occurred a small sphere is formed at the expense of each
germ; these spheres, which ultimately become the infusori-

form embryos, are composed of a certain number of cells,

some of which are large whilst the rest are small. The in-

fusoriform embryo consists of three parts—an urn, a ciliary

body, and two refractive bodies which are united to form a

single organ. The embryo so constituted is bilaterally

symmetrical. The urn, placed at the side of the belly,

consists of a cap, of a cover, and of a contents ; it is com-
posed of four granular bodies, each of which encloses several

cell-nuclei, and they become ciliated when they have attained

their full development. The two refractive bodies are pro-

duced in two neighbouring cells, they partially cover the

urn in front and form the main part of the dorsal face of the

embryo. The ciliary body composes the caudal part of the

pyriform embryo, and is formed of a fixed number of ciliated

cells. The vermiform embryo developes in the Cephalopod
in which it is born, whilst the infusoriform embryo probably
distributes the species by transmitting the parasite from one
cephalopod to another.

Relationships ofthe Dicyemidce.—The Dicyemidse are separ-

ated from the Protozoa, even to a casual observer by the fact

that they are multicellular ; but they have no third cell-

layer, so that they can scarcely be admitted into the group
of the Metazoa without some essential modification of the

definition which is ordinarily given of this group. Hitherto
the Dicyemidae have for various reasons been classed as

Vermes by such writers as Kolliker, Von Siebold, G.
Wagener, and Ray Lankester ; but even in this heterogeneous
group there is no type which offers any analogy to the

parasites of which we are treating. The organization, too, of

the Dicyemidae is much simpler than that of any of the

known Metazoa, for they are composed of a very small number
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of closely united cells, which live together and form a second-
ary aggregate. No differentiated organ or internal cavity-

is present, so that they are distinctly of a low^er grade of
organization than the Metazoa, while the fact of their being
multicellular raises them above all the Protozoa. They are

best placed, therefore, in an intermediate position, under a new
group, the " Mesozoa," which may be characterised as

multicellular organisms, composed of two kinds of cells, one
layer of which is external or peripheral, performs all the func-

tions of animal life, and is a true ectoderm ; whilst the second
layer, being the internal or central, performs the vegetable

functions and constitutes the endoderra. No vestige of a
third cell-layer is present, nor is there any connective tissue,

coelom, vessels, muscular fibres, or nerves.

If the development of the Dicyemidse he taken into con-
sideration, we should also be inclined to place them under
the group of the Mesozoa, for the gastrula is epibolic, the

endoderm is represented by a single cell, and the completely
developed organism is only this gastrula enlarged, with the

blastopore closed, and, as before stated, the gastrula of the

Dicyemidse is comparable with the gastrula of osseous fish.

All organisms which form the transitional stages between
the Protozoa and the Metazoa must be classed under this

new group of Mesozoa. Before the appearance of the first

Metazoa, a certain number of cellular persons produced from a

single individual, instead of dividing, continued to live together

to form the first multicellular organism. The Magosphsera
of Haeckel gives us some idea of what might have been the

appearance of these multicellular organisms ; the protoplasm
was then differentiated either by invagination or delamination
into ectosarc and endosarc. If the differentiation had taken
place by delamination the resulting organisms would, like

Magosphaera, have consisted of a single row of identical

cells, arranged in a vesicle or in a sphere, and characterised

by a homaxial symmetry ; if the differentiation had taken
place by invagination, the symmetry would have been axial,

and the cells would have been differentiated at the two
poles. The first mode of differentiation is seen during the

development of the Geryonidse, whilst the second mode
occurs in the large majority of the Metazoa.
The number of cells invaginated is very variable ; if there

are many, the gastrula developes by invagination properly so

called ; whilst if there are only a few, an epibolic gastrula is

formed.

Under the Mesozoa the hypothetical Gastra^adoe must be

grouped, understanding by the term Gastrsea organisms pos-
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sessing two kinds of cells, one forming the ectoderm and
the other the endoderm, the endoderm being produced by
invagination. The Planuladse are hypothetical Mesozoa,

which ought to be formed at the expense of a multicellular

sphere resembling Magosphsera, in which the two cell-layers

are developed by delamination. The Dicyemidse will then

be placed amongst the Gastraeadoe as actual living types of

organisms with only two cell-layers.

On the Changes produced in the Lungs by the Embryos
of Ollulanus TRICUSPIS. By Wm. Stirling, D.Sc,
M.D., Demonstrator of Practical Physiology in the

University of Edinburgh. (With Plate XL)

Several years ago Prof. Leuckart described a small

nematode worm belonging to the family of the Strongylidse,

the Ollulanus tricuspis, which affects the cat. The adult

forms, male and female, are found in the stomach and in-

testinal tract even as far as the rectum.^ They, like the

intestinal trichinse, sometimes occur in such numbers as to

give rise to redness and ecchymosis of the mucous membrane
of the stomach. This worm is viviparous, and the young
embryos, like those of the trichina, migrate within their

feline host and become lodged in various organs, where they
themselves undergo and give rise to certain changes in the

organs wherein they become encapsuled. There are seldom
more than three embryos within each female, but the females

themselves often occur in great numbers. My attention has
been specially directed to the changes produced in the lungs
by the presence of these embryos of Ollulanus.

I have had an opportunity of examining the lungs in two
cats so affected. Both cats were thin and emaciated and
were subject to frequent fits of vomiting. I only preserved

the lungs, so that I am unable to state the condition of any
of the other organs. Dr. Cobbold^ has found them in the

lungs and liver, Leuckart also indicates the pleura and
diaphragm as situations where they may be found. Dr.

Cobbold remarks that he has seen tens of thousands of them
occupying the lungs, the infested animal perishing by
the inflammatory action set up by their presence. Their

' *Die Menschlichen Parasiten.' R. Leuckhart. Bd. ii, p. 102.
^ 'Tile Internal Parasites of our Domestic Animals/ p. 125.
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presence gives rise to a characteristic and pronounced lesion

of the lungs. Just as the word '' trichinised " has been
applied to an animal infested with trichina, so we may apply
the word ^' ollula7iised'^ to an animal infested with ollulanus,

and we may, following the case of trichina, call the disease

ollulaniasis.

On removing the lungs from the body they were found to

be studded with small rounded bodies about the size of a

pin's head, and quite visible to the naked eye. On making a

section of the lung it is found that these small millet-seed-

like bodies are distributed generally throughout the lung
texture, under the pleura, and in the vesicular structure of

these organs. They stand out as little white specks, especially

well in a lung whose blood-vessels have been filled with a

blue gelatine mass.

Mode ofpreparing the lung for microscopic examination.—
Before removing the lungs from the body, the trachea was
opened and the bronchi and air-vesicles were filled with a

quarter per-cent. solution of chromic acid. The trachea was
then ligatured and the distended lungs were then placed in

a large quantity of a similar solution for three to four weeks
and then cut up into small pieces and hardened in spirit.

Sections were then made and examined in various ways.
Of course, in the case of the lungs it is impossible to use

a mixture of paraffine as the embedding medium, for it runs

into and blocks up the air-vesicles. It is especially for such
vesicular organs that the freezing microtome is so valuable.

In order to freeze the lung the spirit must first be removed
by soaking it in water. Before embedding the lung in gum
in the freezing microtome, it will be found an improvement
to soak the piece of lung itself in a thick syrupy solution of

gum, a solution strongly recommended by Ranvier, and
which will be found very useful for many other organs, and
especially for those that are friable. As, however, one some-
times desires to make sections with the razor in the hand,
another method is required. For this purpose the lung,

after being soaked for twenty-four hours in gum, is then
hardened for a similar period in rectified spirit, and the

hardening completed by immersion for a few hours in abso-

lute alcohol. The spirit coagulates and hardens the gum and
renders the tissue quite hard and compact, so that it can be
easily cut with a knife. The sections are then placed in

water, which dissolves the gum and leaves them ready to be
mounted either unstained or after staining in any of the

ordinary ways. For a lung hardened in chromic acid log-

wood will be found very useful. It may be used in the
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ordinary way, or the plan which is advantageous in some
cases may be followed, viz. to over-stain the sections in log-

wood until they become quite dark ; by allowing a drop of
strong glacial acetic acid or dilute hydrochloric acid to act on
the stained section for a minute or so, much of the superfluous
pigment is removed and the section may then be mounted in

glycerine or Farrant's solution in the ordinary way.
It so often occurs that glycerine after a time renders un-

stained sections so transparent that they are of very little

value. This difficulty is best got over by placing the sections

of the lung hardened in chromic acid in a quarter per-cent.

solution of perosmic acid for forty-eight hours. The perosmic
acid exerts its " fixing " properties still quite well, and
especially renders the connective tissue of a yellow colour,

causing it to be easily recognised and the elastic tissue and
outlines of nuclei and cells to become far more sharply
defined. Even the white substance of Schwann in a nerve
of such a section of lung so hardened will be blackened by it

after hardening in perosmic acid. This reagent is very
strongly recommended for the above purposes.

The existence of fat normally in the lung.

The well-known property of perosmic acid, viz. to blacken
fat-cells, enables one at once to detect the presence of such
structures. In the lastedition of *Quain's Anatomy'^ it is stated

that fat does not occur in the lungs. It most certainly occurs
amongst the tissue surrounding and accompanying the
bronchi, lying immediately outside the cartilages; indeed, it

occurs in such quantity as to be very easily recognised even
without the agency of perosmic acid.

If we examine a thin section of such a lung hardened in

chromic acid, say with a power of fifty diameters, we find that
it presents the appearance seen in PI. XI, fig. 1. It represents
the appearance seen immediately underneath the pleura.

The pleura itself, a, is greatly thickened, and this is due to

an increase in the connective tissue, resulting from pleuritis,

in all probability set up by the presence of these parasites.

The nodules, h, for the most part somewhat rounded in shape,

represent the mass of reticulated tissue that exists around
the worms. The details in structure are not filled in, as this

figure is meant only to give a general view of the relation

of the various parts. The spaces c, here left empty in order
not to confuse the drawing, represent the empty capsules in

which the coiled-up worms are lodged. Generally more
than one worm coiled up exists within its reticulated mass,

1 ' General Anatomy,' p. 60.
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and it is easy to see how the vesicular texture of the lung is

encroached upon by these nodules. The letter d points to

a transverse section of an artery, and shows the immense
thickening of the middle coat, which will be alluded to later.

Although several worms may exist within each nodule,

each individual worm has around it a special capsule, and
there is never more than one worm within a capsule. It lies,

as it were, coiled up within a little cyst of its own, and several

of these cysts are held together by the reticular tissue around
them. The cyst itself consists of connective tissue. It is

generally round in shape, and the coiled-up embryo either

occupies it entirely or there is a narrow space left between
it and the wall of the cyst, which is filled with a clear

fluid. Leuckart^ remarks that the lungs are studded
with a greater or less number of small cysts, which enclose

one or more embryos. The wall of the capsule, he continues,

is of such a considerable thickness that it not unfrequently

exceeds in diameter two or three times that of the space in

which each worm lies. Now, it seems to me that there is a

distinct thickened layer of connective tissue round each

worm, and the other reticular tissue around each embryo or

group of embryos must be regarded as the result of an
interstitial inflammation, and thus it is that several worms
come apparently to be enclosed within each nodule. These
nodules are not of any definite size or shape, though gene-

rally somewhat rounded, but they are often of quite irregular

outline.

These nodules at first sight give the lung the appearance
of one affected with miliary tuberculosis, for which one is at

first very apt to mistake them.

If we examine a similar section taken from immediately
under the pleura, but in an earlier stage, when no pleurisy

exists, we find that these nodules always give rise to little

elevations immediately underneath the pleura, presenting

exactly the same appearances as Burdon-Sanderson has
described in the case of tuberculosis.

Fig. 2 shows two nodules taken from the substance of the

lung, and examined with obj. iv, oc. 3, Hartnack, h repre-

sents a cyst with a worm coiled up within it, and a shows a

degenerated worm. The reticular structure of the nodule is

well brought out, and the outer layers present that compressed
appearance not unfrequently observed in true tubercle. Th(
epithelium around the margins of the mass is often found ti

be proliferating. This figure also shows how these nodulet

by their growth gradually encroach on the lumen of the air

• Loc. cit., p. 103.
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vesicles (d). The two masses a and b were originally distinct,

but they have gradually increased in size until they have
joined and formed practically one irregular mass. In the
air-vesicles around these nodules there is often to be found a
large number of catarrhal cells.

If now we take one of the nodules seen in fig. 1 (b) and
examine it under obj. viii, oc. 3, Hartnack, we find it pre-

sents the appearances seen in fig. 3. Here we have four

capsules represented, one (a) empty, two {b, b) others contain
a finely granular mass slightly shrunk from the wall of the
capsule and representing the degenerated worm, and another
(c) gives the appearance of the worm as it exists coiled up
within its capsule. This shows that all the worms within
any individual mass do not reach the same stage of develop-
ment at the same time. The tissue surrounding and holding
all these capsules together is shown to be made up of a
branching and an anastomosing (d) network, giving rise to a
reticulated appearance, such as is seen in a lymphatic gland,
with here and there small masses (d) which appear like

nucleated branched cells whose branches anastomose with
the adjacent fibres of the reticulum. Within the mesh-
work are a number of nuclei which appear as if they were
free. These nuclei are specially well brought out by the
action of logwood. In some of the nodules this reticulated

tissue becomes much compressed near the circumference of
the nodule, as shown in fig. 2.

In many nodules also there is often a considerable amount
of pigmentation, such as so frequently occurs in other diseases

of the lungs.

Not unfrequently are. to be met with amongst this reti-

culum multinucleated masses of protoplasm which may be
termed giant cells, as seen in fig. 4, (a). They are granular
in appearance, contain a great number of nuclei, and give

off a series of processes which anastomose with the fibres of

the meshwork in which they lie. With regard to these

giant cells I propose to direct attention at another time.

The outer portion of these nodules, where they project

into the air-vesicles, are covered by epithelium, which is in

some places proliferating, and the air vesicles adjoining pre-

sent all the appearances of catarrhal pneumonia. Many of

the catarrhal cells in those sections steeped in perosmic acid

are seen to be partially filled by granules blackened by this

reagent. These contained granules seem therefore to be of a
fatty nature.

The distribution of these embryos in the lungs is entirely

confined to the vesicular structure, for if a section of the



150 DR. WILLIAM STIRLING.

lung is made so as to contain a transverse section of a bron-

chus we never find any of these embryos in the connective

tissue or in the lymphatic tissue which so abundantly accom-

panies the bronchi. It is easy to find these small nodules in

the vesicular structure passing quite up to the connective

tissue surrounding the bronchi, but never in it. This con-

nective tissue in the larger bronchi is open in its texture,

lying chiefly outside the cartilages, and is accurately mapped
off from the adjacent vesicular structure, and in a transverse

section of such oUulanised lung many leucocytes are to be
found within its meshes.

Now, how do these embryos reach the lungs, and how can
we explain the changes they produce there ? Leuckart
maintains that they migrate from the intestine as embryos
and pass into those organs in which they become lodged.

They are thus said to migrate within their host, after the

manner of the embryos of trichina. The trichina embryos,
however, follow specially the course of the connective tissue,

but it is an interesting and important point that in the case

of oUulanus none of the embryos are to be found in the

connective tissue around the bronchi. Leuckart did not suc-

ceed in finding any embryos in the blood.

It seems to me that the embryos ultimately find their way
and become lodged between the air-vesicles, and that they,

by their presence, give rise to an interstitial inflammation,
resulting in the formation of the numberless nodules already

described. These nodules occur in tens of thousands. As
the inflammatory action proceeds the nodules gradually
increase in size, encroach upon and obliterate neighbouring
air-vesicles, rendering great areas in the lung apparently

solid. Each embryo becomes surrounded by a special capsule

of condensed connective tissue. Leuckhart found no embryos
in the blood in his cases.

Changes which the embryo undergoes within its capsule.—
It is at first coiled up within its capsule, but after a time it

loses its mobility and its body degenerates, so that many of

the capsules appear to be filled with an oval mass of fine

granules. In fact, this mass of granules resembles an ovum
undergoing segmentation, and Meissner was led into error

by regarding it as an ovum, viz. that of Ascaris mystax,
though he left unanswered the quesiton how it got there. I

have no doubt also that the ova described by Henle^ as

occurring in the cat's lung were simply these degenerated
forms of ollulanus.

The degeneration which the worm itself undergoes is of a

' ' Allgemeine Pathologie,' II, p. 789.
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fatty nature. This is beautifully brought out by perosmic

acid. The fully formed encapsuled worm is not blackened,

but wherever an embryo is beginning to undergo this change,

the perosmic acid blackens the fatty particles, and when the

degeneration is complete the capsule appears as if it were

filled with a black oval mass.

With regard to the fully formed embryo, probably the

most notable point about it is, that when it is uncoiled it is

of comparatively immense proportions, measuring 0*32 mm.
in length, whilst the adult female form measures only

1 mm.
Local changes in the blood-vessels.

Apart from the direct local changes produced by the pre-

sence of these parasites, these local changes give rise to

other important changes in the blood-vessels of the lungs.

By the existence of such a large number of inflammatory

lesions, little tubercles, (one may call them) are formed, and
encroach upon and obliterate a great number of vascular

capillaries and thus destroy a great vascular area, rendering

small but excessively numerous foci impervious to the blood.

What is the result ? The same amount of blood has to be

propelled through the lungs, but now, owing to the presence

of these small nodules causing obliteration of many capillaries,

the resistance to the passage of the blood through the lungs

is increased, and the heart, in order to overcome this resist-

ance, must hypertrophy, and the blood-vessels, especially the

pulmonary artery, in order to withstand this extra strain or

pressure put upon it by the now thickened heart, must
either dilate under the tension or become thickened and so

strengthened in order to resist this strain. So we find that

the pulmonary artery and its branches throughout the lungs

has its middle coat greatly thickened. We have here in the

case of the lungs the same condition which is found in other

organs, e.g., the kidneys undergoing interstitial inflammation,

as in a certain form of Brights' disease, leading to thickening

of the middle coat of the arteries. Similar conditions obtain

in the case of aortic obstruction, which leads to dilatation of

the left ventricle and thickening of its walls.

Fig. \) d, shows a transverse section of the pulmonary
artery so thickened, and the lumen has also become
diminished. The same is shown in fig. 5, which represents

an artery opened into somewhat obliquely, and gives a trans-

verse and longitudinal section of the vessel with its immensely
thickened middle coat and its diminished calibre. The
thickening of the middle coat was extremely well marked in

all the arteries of the lungs.
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A Contribution to the Anatomy and Physiology of the

Ketina. By Professor Franz Boll, in Rome. (Trans-

lated from a paper communicated to the Royal Academy of

Science in Berlin, November 12, 1876 ; published in

*Monatsbericht der K. Akademie der Wissensch. zu Berlin/

November 23rd, 1876.)

The numerous histologists who, in continuation of the

well-known researches of Max Schultze, have lately examined
and described the rods and cones of the retina, which are

considered to be the terminal organs of the optic nerve, have
always believed that they had these interesting structures

before them in an " absolutely fresh " or " still-living " state.

But there can be no doubt that, up to the present time, not

one of all these observers has investigated a single retina of

any vertebrated animal in a true physiologically fresh condi-

tion, for they have all, without exception, missed the very

remarkable properties of the truly living retina, which will

be now described for the first time.

If a frog which has been kept in the dark be decapitated

(the lower jaw is best left attached to the trunk), if an eye-

ball be then dissected out with the least possible loss of time,

cut in half with scissors, and the retina detached with fine

forceps from the dark ground of the retinal pigment and the

choroid, it appears at the first moment of an intense purple-

red colour, so that one might think a blood-clot had been taken
up by the forceps. During the next ten or, in favorable

cases, twenty seconds (stage 1), this colour gradually fades,

and after this time has usually disappeared altogether. The
retina then shows, during the next thirty to sixty seconds,

sometimes even longer (stage 2) a satiny lustre. Gra-
dually this also becomes lost, and the retina becomes perfectly

transparent, in which state it remains for a quarter of an
hour or more (stage 3). Then it gradually becomes turbid
and opaque (stage 4),

Concerning the causes of these hitherto unknown optical

properties of the physiologically fresh retina, microscopic
examination shows that both the purple colour of the first

stage and the satiny lustre of the second are seated ex-
clusively in the layer of rods, or rather in their strongly
refracting external segments, which are composed of ex-
tremely delicate superimposed plates ; these appear purple-
red in the first stage, and shine like satin in the second.
Towards the end of the second stage the rods swell up and
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gradually lose tlieir lustre, as they lost their purple colour at

the end of the first stage. Their refractive index approaches

that of the other layers of the retina, which now, in the third

stage, becomes quite transparent. The opacity of the retina

in the fourth stage is due, not to changes in the layer of rods,

but to coagulations of albuminous substances which take

place in the other layers.

These peculiarities of the living retina are found in all

animals which possess a fairly developed layer of rods.

Among vertebrata, in addition to amphibia, I could find

them in cartilaginous and teleostean fishes (of which I

examined a great number of species and individuals at

Viareggio this autumn) and in mammals. I must here men-
tion that the purple colour of the first stage is generally

longer and better preserved in cold-blooded animals and in

those which have the largest rods (amphibia and cartila-

ginous fishes) than in warm-blooded animals and kinds

with very delicate rods (teleostean fishes and roost mam-
mals), in which the retina often passes with extraordinary

rapidity from the purple tint to the second stage.

In the two remaining vertebrate classes, birds and rep-

tiles, the study of the living retina is surrounded by peculiar

difficulties, as we know it already shows a brilliant and per-

manent coloration, caused by the presence of variegated fat-

drops. This coloration naturally renders it extremely
difficult to determine any change of tint in the first stage.

But in the pigeon I have succeeded in showing an undoubted
and distinct paling of the central red part of the retina in

the first ten seconds, so that I must conclude that the intense

red colour of the pigeon's retina must be due, not only to the

red fat-drops, but also to an optical change occurring in the

external segments of the rods ; the characteristic satin-like

lustre of the second stage is also always very distinct in the

retina of birds. On the other hand, in the retina of tVie

lizard (the only reptile which I have hitherto examined) I

have found no indication of the appearances which charac-

terise the first and second stages ; I will not decide whether
they were obscured by the intensely yellow colour of the

retina, which is due to fat-drops, or whether the extremely
rudimentary development of the outer segment of the rods

in this retina may be insufficient to give rise to the optical

phenomena described.

The same characteristic purple colour may be also shown
in the eye of invertebrate animals. Already in 1842 Krohn
stated that the large r9ds of the retina of cephalopoda had
a purple-red colour in the fresh state. The same is known
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to be the case with the rods of heteropoda, and former
observers have already called attention to the red colour of

the optic rods in Crustacea, lepidoptera and coleoptera. I

had the opportunity at Viareggio of examining numerous
species of cephalopoda and massive Crustacea in the fresh

state, and found in all, without exception (in the cephalopoda

in the layer of rods, in the Crustacea in the optic rods, which
are composed of five plates), exactly the same purple colour

which I had discovered in the retina of vertebrata. In these

invertebrata it is much more intense, and is preserved much
longer and better than in vertebrata.

It seems, therefore, to be a general rule that the peculiar

substance composed of superimposed layers of plates, which in

the retina of vertebrata forms the external segments of the rods

and cones, and in the eye of invertebrata physiologically

(perhaps also phylogenetically) equivalent organs (the rods of

cephalopoda, and the optic rods of arthropoda), shows a very

characteristic purple-red colour in all these animals, which
is very intense during life, and mostly fades with extreme
rapidity after death.

This purple colour appears to be completely identical in

the eyes of all animals that have been hitherto examined.
My friend and colleague M. Blaserna, who observed the colour

of the retina of a frog with a small spectroscope while I was
preparing it, immediately determined its entire difference from
the colour of haemoglobin, and further decided that it does not

correspond to any simple spectral colour, but must be con-

sidered compound. A confirmation of the correctness of this

view may be derived from microscopic examination. For some-
times the colour of the first stage is continued long enough
to enable one to decide in a microscopcal preparation of the

frog's retina that in the mosaic of the layer of rods, when
focussed by the microscope, all the optical transverse sections

of the rods do not appear red, but that among a very large

majority of red circles a minority (about ten per cent, on a

superficial reckoning) appear of a greenish-blue tint.

Concerning the nature of these colours of the external

segments of the rods, I hope soon to give further explana-

tions in a subsequent communication, and especially to be

able to decide the question whether they depend on a special

colour of the plates themselves or whether they are due to

the optical properties of the plates, these being themselves

colourless. In the latter case they would be classified among
the phenomena of interference.

In this subsequent communication I will further develop

more completely certain physiological corollaries, which
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result from anatomical discovery above mentioned, and which
may be now at least shortly referred to :

.1. The red colour of the back of the eye as seen by the
ophthalmoscope does not depend upon illumination of the
blood-vessels of the choroid, but arises essentially from the
purple colour peculiar to the retina.

2. This special colour of the retina is only present during
life, and survives the death of the animal (especially in warm-
blooded animals) only a few seconds. If a dying animal be
examined with the ophthalmoscope (it is best to kill it with
chloroform) the moment of death is marked by a sudden
paling of the red fundus oculi ; on this fact an easily appli-

cable method of determining death may be without difficulty

founded for forensic purposes.

3. The special colour of the retina is considerably dimi-
nished intra vitam by incident light. Diffused daylight
makes the purple colour of the retina pale. Long action
of direct sunlight (dazzling) completely decolorises the
retina. In the dark the intense purple colour is immediately
restored.^

This objective alteration of the outer segments of the rods
by rays of light undoubtedly forms a part of the act of
vision.

We append here a communication by Professor Arthur
Gamgee to * Nature,' February 1st, 1877, . on Professor
Kiihne's recent observations induced by Boll's discovery.

Professor Kiihne read before the Naturhistorisch-Medicin-
ischer Verein of Heidelberg, on January) 5th, 1877, a paper
entitled ' Zur Photo-chemie der Netzhant,' in which, while
confirming the fundamental statement of Boll, he has recorded
a number of new facts of great interest.

Kuhne*s Researches on Photo-chemical Processes in the

Retina.

On January 5th, Dr. W. Kiihne, Professor of Physiology
in the University of Heidelberg, read before the Naturhis-
torisch-Medicinisches Verein, of Heidelberg, a paper entitled
" Zur Photo-chemie der Netzhaut/' so full of interest to the

' These facts were not yet known to me when, in June of the present
year, I demonstrated the red retina of the frog at Berlin to MM. du Bois-
B.eyraond, Helmholtz and Pringsheim. The frogs used for the purpose had
been kept in a rather light room, and my demonstration only succeeded
after about half a dozen frogs had been sacrificed in vain. If care has
been taken to keep the frogs in the dark, the demonstration, with a little

skill, succeeds without fail in the first eye.

VOL. XVII. NEW SER. L
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physicist and physiologist^ that I think an abstract of it Avill

be acceptable to the readers of ' Nature.'

A short time since. Boll (a pupil of Max Schultz and Du
Bois-Reymond, who now occupies the chair of physiology in

Rome) communicated to the Berlin Academy the remarkable
fact that the external layer of the retina, i. e. the layer of rods

and cones, possesses in all living animals a purple colour.

During life, according to Boll, the peculiar colour of the retina

is perpetually being destroyed by the light which penetrates

the eye ; darkness, however, restores the colour, which
vanishes for ever almost immediately after death.i

The wonderfully suggestive nature of Boll's discovery led

Kiihne to repeat his observations ; in doing so, whilst he has
confirmed the fundamental statement of Boll, he has ascer-

tained a number of new facts of great interest.

Kiihne's observations were made on the retinae of frogs

and rabbits. In the first place, implicitly relying upon the

statements of Boll, he examined, as soon as possible after

death, the retinae of animals which had been kept for some
time in darkness. He soon found that the beautiful purple

colour persists after death if the retina be not exposed to

light ; that the bleeching takes place so slowly in gaslight,

that by its aid the retina can be prepared and the changes
in its tint deliberately watched ; that when illuminated with
monochromatic sodium light the purple colour does not dis-

appear in from twenty-four to twenty-eight hours, even though
decomposition have set in.

The first observations of Kiihne on the vision-purple

{Sehpurpur), as he terms it, whilst they showed that the

disappearance of the colour is not, as Boll has asserted, a

necessary concomitant of death, removed many of the diffi-

culties which stood in the way of a careful investigation.

Carrying out his preparations in a dark chamber illuminated

by a sodium flame, Kiihne was able to discover the conditions

necessary to the destruction of the vision-purple as well as

some facts relating to its restoration or renewal.

As long as the purple retina is kept in the dark or is

illuminated only by yellow rays, it may be dried upon a glass

plate without the tint changing ; the colour is not destroyed

by strong solution of ammonia, by saturated solution of com-
mon salt, or by maceration in glycerine for twenty-four hours.

* This account of Boll's researches is taken from Kiihne's paper. The
latest number of the ' Monatsberichte' of the Berlin Academy whicli has

yet reached Manchester, which includes the Proceedings for September
and November, does not contain Boll's communication, which is of later

date (November 12).
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On the other hand, a temperature of 100° C. destroys the

colour, and alcohol, glacial acetic acid, and strong solution

of sodium hydrate produce the same effect.

Kiihne's next observations were directed to the discovery

of the influence of light of different colour upon the vision-

purple. It would appear that the more refrangible rays of

the spectrum have the greatest action, and that the red rays

are as inactive as the yellow.

Kiihne now found the incorrectness of Boll's assertion that

the retina of the living eye exposed to ordinary daylight does

not exhibit the vision-purple, for on preparing the eyes of

animals which had just been exposed to light, as rapidly as

possible in the chamber illuminated by sodium light, he dis-

covered that the retina was of a beautiful purple. It was
only when eyes were exposed for a considerable time to the

direct action of the sun's rays that a fading of the purple

colour was perceived.

A most suggestive experiment now threw some light upon
the circumstances which retard the decolorisation, and which
restore the vision-purple. The two recently extirpated eyes

of a frog were taken; from one the retina was removed,
whilst an equatorial section was made through the other eye,

so as to expose the retina and still leave it in sit%. Both
preparations were exposed to diffuse daylight, until the iso-

lated retina had lost its purple colour. On now taking the

other preparation into the yellow chamber and removing the

retina, it was found that its colour yet remained : it was dark
red, but was bleached when exposed in its naked condition

to daylight.

This experiment was confirmed by others, in which the

effect of strong sunlight was substituted for that of diffuse

daylight.

But the most curious results of Professor Kiihne's experi-

ments have reference to the restoration of the vision-purple.

If an equatorial section be made through a recently extirpated

eye, and a flap of retina be lifted up from the underlying
choroid and exposed to light, the purple colour of the flap

will be destroyed, whilst the colour of the rest of the retina

persists. If, however, the bleached portion of the flap be
carefully replaced, so that it is again in contact with the

inner surface of the choroid, complete restoration of the vision-

purple occurs. This restoration is a function of the living

choroid, probably of the living retinal epithelium {i. e. of

the hexagonal pigment-cells, which used formerly to be de-

scribed as a 2icirt of the choroid), and it appears to be inde-

pendent of the black pigment which the retinal epithelium
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normally contains. As it is absolutely dependent upon the

life of the structures which overlie the layer of rods and
cones, it is natural that it should be observed to occur for a

longer time after somatic death in the frog than in the

rabbit.

Kiihne's researches, though suggested by the interesting

observation of Boll, have not only corrected many errors

which that observer had committed, but have led to the dis-

covery of facts which add immensely to the importance of

the newly observed vision-purple.

They have shown that the living retina contains a sub-

stance which under the influence of light undergoes chemical

changes, which vary in intensity according to the intensity

and character of the luminous rays, and they point to the

existence of structures in connection with the retina which
as long as they are alive are able to provide fresh stores of

substance sensitive to light.i

Since the above account of Kiihne's researches was written,

he has published in the ' Centralblatt der Medicinischen
Wissenschaften' (January, 1877, No. 3) a short paper, dated

January 15th, in which he announces the startling con-

firmation to his previous researches afforded by his having

been able to obtain actual images on the retina which corre-

sponded with objects xohich had been looked at during life (!)

The discoveries of Boll and Kiihne must, as the latter re-

marks, have led to the thought that after all there might be

some truth in the stories which we all have heard of images
seen in death being left imprinted upon the eye. After his

first researches Kiihne endeavoured over and over again to

observe on the retina of rabbits bleached spots corresponding

to the images of external objects, but his endeavours failed.

As Kiihne remarks, and as all readers who have understood

his experiments will allow, in order to obtain a permanent
photograph, or, as he terms it, optogramnie, the effect of the

light would have to be so prolonged or so intense as to destroy

the balance between the destruction of the vision-purple and
the power of the retinal epithelium to restore it.

Kiihne took a coloured rabbit and fixed its head and one

of its eyeballs at a distance of a metre and a half from an
opening thirty centimetres square, in a window-shutter. The

> I have repeated all the more important observations of Kiihne with the

eyes of several RitKe temporanae, and with those of two rabbits, of which

one was an albino, and can entirely confirm all his interesting facts. In
ordinary daylight, the purple-red colour of the frog's retina, and its subse-

quent decolorisation, may be most satisfactorily demonstrated. The use of

the dark chamber illuminated by sodium is, however, useful in cases where

the dissection of the eye has to be conducted with care.—A. G.
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head was covered for five minutes by a black cloth and then

exposed for three minutes to a somewhat clouded midday

sky. The head was then instantly decapitated, the eyeball

which had been exposed was rapidly extirpated by the aid of

yellow light, then opened, and instantly plunged in 5 per

cent, solution of alum. Two minutes after death the second

eyeball, without removal from the head, was subjected to

exactly the same processes as the first, viz. to a similar ex-

posure to the same object, then extirpation, &c.

On the following morning the milk-white and now tough-

ened retinae of both eyes were carefully isolated, separated

from the optic nerve, and turned ; they then exhibited on a

beautiful rose-red ground a nearly square sharp image xoith

sharply defined edges ; the image in the first eye was some-

what roseate in hue and less sharply defined than that in the

second, which was perfectly white. The size of the images

was somewhat greater than one square millimetre.

Professor Bunsen was amongst the witnesses of this beau-

tiful experiment.
Arthur Gamgee.

In a last communication to the ' Centralblatt,' No. 4, 27th
January, 1877, Professor Kiihne describes a very simple

method of optography, which from its singularity may be

used even for demonstration purposes. It is this. The head
of an ordinary rabbit kept in the dark after having been

severed is placed for ten minutes in such a position that one

eye is turned upwards, i.e. directed against one of the large

skylights of the laboratory, then the head is turned so that

the other eye may be exposed to the same influence. The
time of exposition was so long on account of the clouded

condition of the sky. After leaving them for twenty-four

hours in 5 per-cent. solution of alum, both eyes showed the

most marvellous images on the posterior surface at the

retina ; one recognises with great distinctness the outlines of

the skylight and the boards which were placed above the

glass as beautiful red stripes, and at some distance from them
there were seen even the top lights, the image of which could

not have been expected. The microscopic examination
showed complete integrity of the external segments of the

rods in the white parts of the images.
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On Some Points in the Early Development of the Hen's
Egg. By P. Kidd, B.A. (With Plate XII.)

The object of this paper is twofold :

(a) To describe a peculiarly irregular form of segmenta-

tion observed in several eggs.

[h) To discuss the relations of the germ and the large

formative cells lying on the floor of the subgerminal cavity,

to the finely granular material forming the floor of that

cavity in the first hours of incubation.

(a) The only observations on irregular segmentation that

I can find are those relating to

—

(i) The appearances of unfertilised eggs when freshly laid,

or when taken from the oviduct.

(ii) The changes occurring in such eggs after incubation.

A full account of such observations is given by Oellacher,
* Zeitsch. fiir Wissensch. Zoologie,' Bd. 22 (" Die Veran-
derungen des unbefruchteten Keimes des Hiihnereies im
Eileiter und bei Bebriitungsversuchen ").

Oellacher quotes the earlier researches of Dumas and
Prevost., ' Zeitsch. fiir Organ. Physik./ 1828, and states

that his results agree more or less with theirs. Oellacher

finds that unfertilised hens' eggs freshly laid or taken

from the oviduct present appearances comparable to

those occurring early in the development of fertilised eggs.

The blastoderm, in these cases, undergoes segmentation

to a greater or less extent, but the further stages in the

development of the fertilised ovum are wanting. On incu-

bating such eggs for eight hours, the cells of the upper layer

of the germ were seen to be smaller than usual at this stage

of incubation, especially at the centre ; whereas the peri-

pheral cells were much larger and less numerous.

After incubation for two or three days the central portion

of the germ undergoes a retrograde metamorphosis, and is

gradually replaced by a finely granular mass. The cells at

the periphery at the same time become smaller and more
numerous, and they all finally undergo a similar granular

change.
On the fifth day of incubation solution of the germ and

yolk took place. Oellacher's investigations were not carried

further, as there seemed to be no object in doing so.

Bischoff" ('Ann. des Sciences Nat.,' iii ser., Zool., t. ii)

found segmentation in the unfertilised ova of the frog and

the sow, and Leukart (art. Zeugung, * Wagner's Handwb.
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der Phys.,' 1853, Bd. iv) also describes segmentation in the
unfertilised ova of frogs.

Hensen (* Centralblatt/ 1869, No. 26) noticed segmenta-
tion in the unfertilised ova of rabbits.

Waldeyer, " Die Epithelialen Eierstocksgeschwiilste,"
' Archiv fiir Gyngekologie,' 1870, ii Heft, suggested that the

dermoid cysts of the ovary may have a parthenogenetic

origin from the ova therein.

I now proceed to describe the irregular segmentation that

I have observed myself. In seven eggs that were incubated

for different periods, varying from eight to fourteen hours,

it was noticed that segmentation had apparently recently

begun or had proceeded very slowly. In all these cases

segmentation was not nearly as far advanced as in normal
unincubated eggs. The finely granular blastoderm in sec-

tions of some of these eggs appeared to be divided up into a

comparatively small number of large irregular masses, some
of which appeared about to divide into smaller masses. In
other cases the blastoderm was seen to be divided into two
parts, separated from each other by an interval as in figs. 1

and 2. In these latter cases segmentation was more ad-

vanced than in the preceding cases. In each instance the

blastoderm rested on a finely granular bed or layer, which
separated the blastoderm from the white yolk. In places

this finely granular layer was sharply defined towards the

germ, in other places it seemed to pass insensibly into it.

But in all cases this layer gradually shaded off more or less

into the subjacent white yolk. This finely granular or
" subgerminal layer," as we shall call it, sometimes formed
a continuous floor beneath the blastoderm from one end to

the other; at other times it was massed in wedge-shaped
blocks at one or either end of the blastoderm, and was con-
tinued as a fine strip towards the centre beneath the blasto-

derm. These wedge-shaped peripheral thickenings of the

subgerminal layer were very clearly marked in some cases,

as will be seen on referring to the figures 3, 4, 5, and 6.

In a few sections where these peripheral thickenings were
most marked the subgerminal layer was seen to be more
sharply defined at these points towards the subjacent yolk, a
fine cleft separating them in certain cases. The lateral ex-
tension of the subgerminal layer over the white yolk at the
periphery of the blastoderm varied considerably in extent,
and here as throughout its extent this finely granular layer
was more or less beset with vacuoles.

In a few instances these vacuoles contained a large cell-

like mass exactly resembling the segmentation masses of



162 p. KIDD.

the germ. Oellacher describes a similar appearance in a

freshly laid unfertilised egg.

No subgerminal cavity was visible in any of these irre-

gular blastoderms.

All these eggs were prepared by hardening in very dilute

chromic acid, and finally in weak alcohol, or by treatment

first of all with osmic acid, and subsequent hardening as

before in chromic acid, and finally weak alcohol.

Staining with carmine, aniline colours, haematoxylin, and
chloride of gold was tried, but unstained osmic-acid prepa-

rations were the most satisfactory.

Six of these seven eggs were procured at one place, and

the seventh at a different place, so that they must have come
from at least two different hens. 1 know nothing about the

hen that laid the last egg, but the hens that laid the other

six were kept with a cock, so that it is very probable that all

these six eggs were fertilised.

There are two possible explanations of this irregular seg-

mentation. Either the eggs were all unfertilised or they were

fertilised, but segmentation proceeded very irregularly and
slowly. The first supposition is improbable for the reason

already given ; and on comparing Oellacher's drawings of seg-

mented blastoderms of freshly laid eggs, in the paper already

quoted, with these irregular blastoderms which I incubated for

eight to fourteen hours, I find that Oellacher's blastoderms

show more advanced segmentation as a rule than mine,

although I incubated them as long as fourteen hours.

This would suggest that the conditions in the two sets of

cases were not identical, and I am inclined to think that

this difference consists in the fact that the blastoderms in

my cases were fertilised but that for some reason segmenta-
tion had become arrested and had proceeded irregularly.

The irregular segmentation might, perhaps, be partly

accounted for by the fact that the eggs were laid in November,
development being generally less regular in winter than in

summer.
If it had been known that these eggs possessed this pecu-

liarity before they were examined microscopically, they

might have been examined before incubation and after pro-

longed incubation. Such a course could not have failed to

throw light on the investigations. But, as it was, these eggs

were met with quite unexpectedly, and their nature was only

made out after hardening.

However, in face of the facts which have been mentioned
already, I think we may conclude that some, if not all, of

these eggg were fertilised.
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The eggs alluded to offered such a favorable opportunity

for the study of the relation of the germ to the subger-
niinal finely granular layer, that we shall discuss this rela-

tion in connection with these eggs first before referring to

normal eggs.

The point that we are endeavouring to prove in this

part of the present paper is that the finely granular sub-

germinal layer is richly nucleated^ and gives rise to nu-
cleated masses which are separated from this layer previous

to the formation of the subgerminal cavity, and become fused

with the germ (as in fig. 6) ; later on they constitute the

well-known " formative cells " or " Dotterzellen " (Goette),

which are seen on the floor of the segmentation cavity after

the appearance of that cavity.

Before describing in detail our own observations on these

relations, we shall mention shortly the results obtained by
previous observers on these points. His was the first to

suggest that the embryo is not exclusively developed out of

the blastoderm proper, and asserted that the white yolk
took a prominent part in the development of certain

tissues of the embryo, particularly the blood. He de-

scribed the blastoderm proper as the archiblast or " Haupt-
dotter," and the white yolk as parablast or " Nebendotter."
Though it is generally admitted that the conclusions

of His were inaccurate, inasmuch as nearly all subsequent
observers deny that the white yolk participates in segmenta-
tion, yet these observations probably directed the attention

of later workers on the hen's egg to the existence of a very
finely granular layer, " the subgerminal layer," forming the

superficial surface of the white yolk beneath the blastoderm.
At any rate, the importance of this layer has been shown to

be very great in the eggs of Fishes by Bambeke, Klein, and
Balfour, as will be mentioned presently.

Waldeyer was unable to decide whether the large forma-
tive cells or masses lying on the floor of the subgerminal
cavity arose from the white yolk or not, but agreed with His
in so far as he contrasted the products of segmentation of the

blastoderm with the eventual products of white yolk. Wal-
deyer distinguished a " Hauptdotter" and a " Nebendotter "

like His, and described the products of segmentation of the

former only (viz. blastoderm) as primary descendants of the

ovum.
Peremeschko (* Strieker's Histology,^ vol. iii, p. 527, Eng.

edition) states that the large granular cells in the floor of

the subgerminal cavity increase considerably in number in

the first hours of incubation. And since, he urges, this
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increase in number is unaccompanied by any diminution in

size, it becomes highly probable that the cells projecting

downwards from the inferior lamina of the blastoderm fall to

the bottom of the cavity.

Subsequently, Oellacher and Klein confirmed Peremesch-
ko's observations on these points.

Balfour and Foster (' Elements of Embryology ') in the

first chapter on the unincubated egg, give it as their opinion

that these formative cells may arise as Peremeschko,
Oellacher, and Klein stated, or might arise from the upper
part of the white yolk. However, later on when segmenta-
tion is more advanced, after incubation has commenced, they

seem to declare themselves in favour of the latter opinion,

without, however, giving any very positive arguments in

favour of such an opinion.

Goette, in a very important memoir (*Max Schultze's

Archiv, ' Bd. x, p. 145), returning to a certain extent to the

views of His already mentioned, draws attention to the

subgerminal finely granular layer separating the germ from
the white yolk in the earlier stages and forming the floor of

the subgerminal cavity later on. He describes the sub-

germinal layer as white yolk. Goette agrees with Oellacher

that segmentation proceeds gradually from the surface towards

the deeper parts of the germ. The blastoderm, according to

Goette, segments rapidly and early, whereas segmentation

appears later on in the white yolk. The white yolk undergoes

cleavage and separates into large masses, the " Dotterzellen
"

or formative cells which subsequently appear on the floor of

the segmentation or subgerminal cavity. These are Goette's

opinions, and he gives the following observations in favour

of these views.

In the finely granular upper layer of the white yolk Goette
found nuclei here and there, resembling the nuclei of the

segmentation cells in character. In the neighbourhood of

these nuclei there were to be seen occasionally indications of

cleavage, which he regarded as due to a continued process of

segmentation. Goette finds that the floor of the segmenta-
tion cavity, from its first appearance until incubation begins,

continues to give rise to fresh nucleated masses, or " Dotter-

elemente," as he calls them. Some of these elements were
seen to rise as papilliform elevations of the floor of the sub-

germinal cavity. Various stages could be observed from a slight

elevation of the surface of the floor, to the formation of more or

less bud-shaped processes attached to the white yolk by a thin

neck. In some, but not in all cases nuclei could be observed

in these large masses. Goette thinks it possible or probable
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that nucleated portions of the bed of white yolk which do
not project may also become separated by a process of cleavage

and give rise to formative cells. Goette distinguishes these
" Dotterzellen " or formative cells from the " Embryonal-
zellen " or segmentation cells, and attributes special functions

to the former which it is not necessary here to inquire into.

He considers that His, Waldeyer, and Oellacher were wrong
in concluding that thewhite yolk is excluded from segmenta-

tion, for, he urges, if the floor of the subgerminal cavity be
allowed to be white yolk, which he seems to regard as

admitting of little doubt, then the white yolk undoubtedly
does share in segmentation. However, Goette takes care to

state that he does not go so far as to say with His that the

formative cells arise from the white yolk in the sense that

they are themselves the original elements of the white yolk,

but considers them to be new formations occurring in the

course of development consequent on incubation. Goette
thus commits himself definitely to the statement that formative

cells are derived from the white yolk.

Kolliker (' Entwicklungsgeschichte,' ii, Auflage) does not

agree with Goette that the white yolk on the floor of the

segmentation cavity shares in segmentation, and objects to

Goette's application of the term " white yolk " to the floor

of the segmentation cavity which is in contact with the

segmentation elements. Kolliker regards this as derived

from the germ " Rest des Bildungsdotters," and describes it

as finely granular and containing no true elements of the

yolk. He also states that large elements arise from this floor

as outgrowths from the general surface, but does not attach

much importance to it, nor does he give further grounds for

regarding this layer as germinal in nature.

Great light has been thrown on this subject by researches on
the ova of fishes—by Van Bambeke and Klein on Teleostean
fishes, and by Balfour on Elasmobranchs. Van Bambeke
describes the subgerminal Ijfyer, or " couche intermediare,"

as raised up at either end of the germ in the form of a thick

pad, " bourrelet," which sends in from both sides a thin layer

towards the centre. The thickness of the central part varied

with the period of development, becoming thicker as develop-

ment proceeded. From the study of different stages, van
Bambeke concludes that this peripheral thickening of the
*' couche intermediare " is derived from the germ in the first

instance and grows inwards towards the centre, where the

processes of the two sides meet and coalesce. Van Bambeke
describes this layer as richly nucleated, especially its peri-

pheral thickenings. The material forming the substance
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of the " couche intermediare " closely resembles that of the

germ ; it is nucleated and finely granular like the germ,

but as a rule the granules are rather coarser here than

in the germ. The nuclei resemble those of the germ.

He does not regard the nuclei of the '^ couche inter-

mediare " as derived from the nucleus which appears in the

germ on fertilisation, i.e. after disappearance of the germinal

vesicle, but distinguishes them from the nuclei of the germ

cells proper.

Klein, in the April number of this Journal, 1876, has

described the changes occurring in the subgerminal layer,

or " Parablast," as he calls it, in the early development

of the ova of Trout. He describes the '' parablast

"

(which he distinguishes from the " archiblast " or blas-

toderma) as existing in the earlier stages in the form of

a peripheral wedge-shaped mass like van Bambeke's

"bourrelet," and provided with a large number of nuclei of

a rather peculiar character. The nuclei resembled those of

the germ in being vesicular and pale, and in many cases

were deeply notched or divided into lobes ; round nuclei

were not often seen. Klein draws a sharp distinction between

the " parablast " or subgerminal layer, and the white yolk,

and gives several reasons for not regarding the former as

white yolk. He describes the large formative cells as

arising from the parablast, and gives several drawings repre-

senting large nucleated masses arising from the finely gra-

nular nucleated " parablast."

Balfour (
' Journ. Anat. Phys.,' April, 1876) in one part of

his communication on the development of Elasmobranch

Fishes, describes nuclei in the upper part of the yolk beneath

the segmentation cavity, and found that the nucleated yolk

undergoes cleavage. Balfour regards the " couche inter-

mediaire," '*' parablast," or subgerminal layer as yolk, and
speaks^f the " nuclei of the yolk."

We shall now describe more particularly the appearances

in our ovvn cases. In all the seven blastoderms which we
have previously referred to, the blastoderm rested on a finely

granular bed, the subgerminal layer or ''parablast " (Klein).

The extent of this layer varied in different specimens. The
characters of this layer were very definite. Under low
powers it had an extremely finely granular appearance, and
looked as if it had been dusted over lightly with a fine

powder. It resembled the blastoderm in appearance very

closely ; but, as was noticed by van Bambeke in Teleostean

Fishes, the granules of the subgerminal layer were slightly

coarser than those of the germ. Where the sections were
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thin enough, and especially in osmic-acid preparations, nuclei

could be distinguished more or less throughout the whole
layer. In those cases where the peripheral thickenings of

this layer were well marked, these thickenings were seen to

possess numerous nuclei. The nuclei were never quite as

easily seen in the subgerminal layer as in the blastoderm

itself, as the former was more coarsely granulated.

The nuclei were often arranged in clusters as if rapid

division were going on at this point, especially at the peri-

pheral thickenings. The irregularity of the segmentation of

these blastoderms precluded the possibility of determining

whether this subgerminal layer was in the first instance

deposited, as Bambeke and Klein believe is the case in

Teleostean Fishes, as peripheral thickenings which subse-

quently grew inwards and met beneath the blastoderm, or

whether this layer was a portion of the germ left behind
when the blastoderm was raised from the white yolk by the

appearance of the segmentation cavity. In the latter case

the subgerminal cavity would be more correctly described as

"intra-germinal." However, from the general appearance
the former view seems more probable.

In some cases (as in fig. 6) the subgerminal layer seemed
absolutely continuous with a large mass forming part of the
blastoderm. This mass was nucleated almost throughout,
and its appearance was identical with that of the subger-
minal layer. In other cases smaller segments seemed as if

they were about to become separated from the subgerminal
layer, and in many cases it was absolutely impossible to

define the limits of germ and subgerminal layer, one passing
imperceptibly into the other.

As we have remarked in the first part of this paper, in

some cases the vacuoles which appear so constantly in this

layer of which we are speaking were occupied by large

nucleated masses which seemed to lie free in the vacuole.

In other cases a vacuole might be seen to open on the floor of

the segmentation cavity, and a large cell-like mass was seen
lying half in the vacuole and half in the segmentation cavity.

The appearance of these blastoderms resembled very closely

those described and figured by Klein in the ova of Trout, so

much so that in many cases it would be impossible to distin-

guish them.
It is clear that these observations resemble Goette's

to a certain extent; but we believe that there are some
very important differences between us. In the first place,

Goette regards the subgerminal layer as yolk. The fact

that the subgerminal layer gradually shades off into the
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white yolk may seem to favour the view that no distinc-

tion can be drawn between the two. But the structure of

this layer so closely resembles that of the germ, as we
have already more than once insisted, that we should

on this ground alone be justified in drawing a distinction

between the white yolk and the finely granular subgermi-

nal layer which Kolliker does not hesitate to denominate
protoplasmic. But the fact that nuclei are found throughout

this layer in all the specimens of which drawings are given,

is a still stronger proof that in this structure we have to deal

with germinal matter. If any further proof were needed we
might cite the case which is represented in fig. 6 to show
the unity of the germ and the subgerminal layer. When the

blastoderm is seen to be directly continuous, as in this case,

with the subgerminal layer, it is hard to imagine what other

explanation can be given than that these two different parts

are fundamentally of an entirely similar nature.

It is true that Goette does state that nuclei were visible

in some of the projections of the floor of the subgerminal

cavity, but he does not state whether nuclei were found

throughout the extent of the floor of this cavity, and in his

drawings certainly does not represent such an arrangement
of nuclei as I have described.

To return to the nature of the subgerminal layer. The
finely granular aspect which is so well marked immediately
beneath the segmentation cavity gradually changes to

a more coarsely granular appearance as it nears the white

yolk, and finally is replaced entirely by white yolk. But
does it follow because small yolk-granules are found in this

layer in increasing numbers towards the white yolk that

therefore this finely granular material is itself white yolk ?

We think not. What is more likely than that protoplasm

in contact with the food granules of the yolk should take up
these granules for its own nutrition ? Taking all these facts

into consideration, and especially relying on the presence of

nuclei in large numbers in this layer, we think ourselves

justified in regarding the subgerminal layer as essentially of

a germinal character. On this view the great importance of

this layer will be at once apparent from the part that the

formative cells are believed to take in the development of

the embryo. A study of the anatomical relations of the germ
and subgerminal layer in these irregular blastoderms sug-

gested that similar relations might obtain in the case of

normal blastoderms.

Examination of normal eggs, unincubated and incubated

for periods as long as sixteen or eighteen hours showed that
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this was the case. A drawing is given in fig. 7 of the floor

of the segmentation cavity in an unincubated but normal
egg, showing nuclei distributed more or less throughout this

layer. In some blastoderms incubated as long as sixteen

or eighteen hours, the subgerminal layer was very much
reduced in size, and in some cases no longer formed a con-

tinuous layer, the white yolk projecting between the seg-

ments of the subgerminal layer and assisting to form the

floor of the segmentation cavity. Nuclei could be detected

in these detached portions of the subgerminal layer in some
cases. This would seem to show that the subgerminal layer

continues to play an important part in development for some
time after incubation has commenced. I am not able to

state accurately how long the subgerminal layer persists and
can be recognised after incubation has commenced.

These investigations were conducted under the direction of

Dr. Klein.

On the Protrusion of Protoplasmic Filaments from the

Glandular Hairs of the Common Teasel {Dipsacus
sylvestris). By Francis Darwin, M.B. (Abstract of a
paper read before the Royal Society on February 28th.)

The protoplasmic structures described in the following
communication are connected with the glandular hairs or

trichomes found on both surfaces of the leaf of the common
teasel, Dipsacus sylvestris. The trichomes are of two kinds,
differing in a marked manner and shape. The form of
gland from which alone the protoplasmic filaments issue is

shown in the diagram. The gland consists of a multicellular
pear-shaped head, supported on a cylindrical unicellular stalk
which rests on a projecting epidermic cell. The whole struc-

ture projects about ^ of a millimeter
{-^-j-o inch) above the

surface of the leaf.

The filaments issue from inside the gland-cells, reaching
the surrounding medium by passing through the external
cell-wall of the gland. The point where protrusion takes
place is on the summit of the gland, and usually at the point
of junction of several radiating cells on the summit of its

dome-like surface. The act of protrusion is rapidly effected ;

a previously naked gland may be seen to send forth a minute
thread of trembling protoplasm, projecting from its summit
freely into the surrounding water. The filament grows by
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clearly visible increments, and may ultimately attain the

length of nearly one millimeter. The filaments appear to

pass through the substance of the external cell- wall of the

glands, as no apertures to allow of their passage have been
observed.

Under normal circumstances the filament presents the

appearance of a delicate and elongated thread slightly club-

bed at its free end, and animated by the perpetual tremble

of Brownian movement. The distal end of the filament is

often attached to the gland, thus forming a loop. Extremely
delicate filaments of great length are often seen entangled in

elaborate and complex knots, or several filaments may be
seen issuing from a single gland.

The substance of which the filaments are composed is

gelatinous, transparent, highly refracting, and devoid of

granules. It is stained by tincture of alkanet, and not

blackened by osmic acid, and coloured yellow by iodine.

These reactions, when combined with results of various

physiological tests, show that the filaments contain resinous

matter in some way suspended in protoplasm.

The most remarkable point in the behaviour of the fila-

ments is their power of violently contracting. Contraction

usually begins at a number of nearly equidistant points,

situated close together near the free end of the filament.

The curious beading thus produced spreads rapidly down the

filament, which ultimately runs violently together into a

ball seated on the top of the gland. In other cases con-

traction takes place without any previous appearance of

beading.

Filaments frequently break loose but retain their vitality,

and are still capable of contraction although separated from
their parent glands ; and this observation is of importance,

as proving that the movements of the filaments are not

governed by forces residing within the glands, but that the

filaments are composed of an essentially contractile substance.

The contraction of the filaments is produced by the fol-

lowing causes

:

Dilute acids (from 1 to i per cent.) :—Sulphuric, hydro-
chloric, acetic, citric, and osmic acids.

Dilute alkaline solutions {\ to ^ per cent.) :

—

Carbonates

of ammonia, sodium, potassium.

Solutions of gold-chloride ^ per cent., silver nitrate
\ per

cent., sulphate of quinine -p-g- per cent., citrate of strychnia

(about) f per cent., camphor -^V per cent., the poison of the

cobra (about) \ per cent., iodine \ per cent.

Glycerine.
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Methylated spirits.

Vapour of chloroform.

Heat.—The temperatures at which the filaments contract

are rather variable, but are all below 57° C.

Electricity

.

—The induced current causes contraction.

Mechanical stimulation.—The filaments contract when
pressure is made on the cover-glass.

The evidence derived from the experiments, whose results

are here briefly summarised, appears to be strongly in favour

of the view that the filaments contain living protoplasm, and
that the sudden movement above described is a true act of

contraction. For if the latter hypothesis is rejected, the only

remaining view appears to be that the filaments are so con-

stituted as to be capable of undergoing coagulation, by which
contractility is mechanically stimulated. But it seems in-

conceivable that reagents of widely different natures, such
as dilute solutions of acetic acid, of camphor, and of gold-

chloride, should produce identical chemical effects. Osmic
acid is well known to kill protoplasmic structures without
making them contact. This characteristic reaction holds good
with the filaments of the teasel when treated with sufficiently

powerful solutions of osmic acid {e.g. 1 per cent.). When
killed in an extended position, they cannot be made to

contract with strong acetic acid. This observation is of im-
portance in another way ; for it proves that the violent move-
ments caused by dilute acetic acids are of a " vital," and
not of a simple chemical nature. Moreover, the general

character of the reagents and other causes (such as heat, «&c.)

by which contraction is produced is quite consistent with
the belief that the filaments are protoplasmic in nature.

An important series of phenomena are produced by the

following fluids :—dilute solutions {\ or \ per cent.) of car-

bonates of ammonia, potassium, and sodium, and infusion of

raw meat. If a filament under observation is treated with
a drop of -\ per cent, solution of carbonate of ammonia, the

following changes occur. The filament contracts, but almost
instantly recovers itself, and is once more protruded. The
filament, however, does not regain its original form or general

appearance ; instead of consisting of thin elongated threads

of a highly refracting substance, it is converted into balloon-

like or sausage-shaped masses of very transparent, lowly

refracting matter. These transparent masses are remarkable
for the spontaneous changes of form and other quasi-amoeboid
movements which occur among them.

Dilute infusions of meat cause a similar effect, astonishing

quantities of transparent matter being produced.

VOL. XVII. NEW SER. M
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It has been shown that the filaments are protoplasmic

bodies, containing a large quantity of resinous matter. The
question next arises, with what processes in plant-physiology

is the protrusion of filaments homologous? ;

The leaf-glands of the teasel are similar in general struc-

ture to many glandular hairs which produce resinous and
slimy secretions ; and, like these glands, they contain bright

drops of secreted resin, lying in the centres of the gland-

cells ; they also resemble many glandular hairs, in being

often capped with accumulations of secreted matter. Now,
these accumulations stain red with alkanet, yellow with

iodine, and are largely soluble in alcohol—that is to say,

they consist of substances which have the same reactions as

the filaments. There is, in fact, no doubt that the caps of

resinous matter on the teasel-glands are produced by the

accumulation of dead filaments. According to this view, the

act of protrusion is essentially a process of secretion ; the

resin issues from the gland-cells, mingled with a certain

amount of true protoplasm ; and it is only from the death

of the living or protoplasmic part of the filaments that the

resinous accumulation results. This view of the act of pro-

trusion corresponds with the theory of secretion held by some
physiologists, viz. that secreted matter is produced by the

dissolution or death of protoplasm. That, for instance, the

oil in a fat-cell is the result of the disintegration of a plastid

or individualised mass of protoplasm, formed in the cell by
endogenous cell-formation.

The protrusion of protoplasmic filaments from the glands

of the teasel appears to bear an obscure relationship to the

phenomena of " aggregation " in Drosera and several other

plants. In both processes we have homogeneous, highly

refracting protoplasmic masses, which undergo amoeboid

movements, and are in some unknown way connected with the

absorption of nitrogenous matter. In Drosera the proto-

plasmic masses remain within certain cells, in Dipsacus they

are protruded through the cell-wall.

When we begin to inquire as to the function of the fila-

ments, the answer seems at first to be sufficiently plain, but

this is very far from being the case. The connate leaves of

the teasel form cup-like cavities, which become full of rain

and dew, and in which many drowned insects accumulate.

The glands on the lower portions of the leaves are thus

exposed to a highly nitrogenous fluid. And since such

fluids are known to produce a remarkable effect on the fila-

ments exposed to them, it seems probable that the filaments

are in some way connected with the assimilation of food



GLANDULAR HAIRS OF THE COMMON TEASEL. 173

material. It seems probable that, either with or without the

assistance of their filaments, the glands do absorb some
nitrogenous matter; for movements of their cell-contents

occasionally occur, which can only thus be interpreted.

But on account of the rarity and uncertainty of these aggre-

gation changes within the glands, but little weight must be

allowed to the phenomena as a proof of the absorbing capacity

of the glands.

Some other points, however, in the structure of the plant

render it almost certain that the connate leaves are specially

adapted to serve some useful purpose. Kerner is probably

right in believing that the " cups " of the teasel are of use

to the plant in keeping off nectar-stealing ants and other

wingless insects. But unless this is their only function, it

seems probable that the connate leaves have been, to a

certain extent, adapted for the capture of insects whose
decaying remains are absorbed by the plant. The leaves are

smooth and steeply inclined, and form a pair of treacherous

slides leading down to a pool of water.

It is worthy of note that the leaves of the first year's

growth, which do not form cups, are not smooth, but bristle,

with long sharp hairs ; moreover in Dipsacus pilosus the

leaves (of the second year's growth) are not sufficient connate

to form cups, and they also are rough with hairs. These
facts seem to show that the smoothness of the second-year

leaves in D. sylvestris is a specially acquired quality.

Another special point of structure in D. sylvestris may be
noted—the prickles on the stem end abruptly above the level

of the water in the " cups," and thus avoid supplying a

ladder of escape to the drowning victims. Even if we grant

from the above considerations that the filaments protruded

from the glands are in some way connected with the absorp-

tion of nitrogenous matter from the putrid fluid in the cups,

we are far from understanding the whole of the problem.

For precisely similar^/amew^-;pro^rM(/m^ glands are found on
the seedling leaves of D. sylvestris, and on the second year's

leaves of D. pilosus ; and as no " cups " are formed in either

of these cases, the filaments cannot be connected with ab-

sorption of the products of decay. The only view which
suggests itself is that the filaments absorb ammonia from the

dew and rain. Recent researches have shown that certain

leaves have the power of absorbing an appreciable quanlity

of ammonia, and this fact lends some probability to the view
above advanced.
To recapitulate :—Protoplasmic filaments are protruded

from the leaf-glands on the teasel; and the only theory
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which seems at all capable of connecting the observations

made on the properties and behaviour of these filaments

is the following. That the glands on the teasel were
aboriginally (i.e. in the ancestors of the Dipsacacese) mere
resin-excreting organs. That the protoplasm which comes
forth was originally a necessary concomitant of the secreted

matters, but that from coming in contact with nitrogenous

fluids it became gradually adapted to retain its vitality and
to take on itself an abortive function. And that this

power—originally developed in relation to the ammonia in

rain and dew—was further developed in relation to the

decaying fluid accumulating within the connate leaves of the

plant.



NOTES AND MEMORANDA.

Sexual Reproduction in Lower Thallophytes.—A couple of
fresh instances of the diffusion of a differentiation of sexes
amongst the lower Thallophytes have lately been recorded

—

one in a member of the Chlorophyllophycefe, another of the
Chytridiacese, which are of considerable interest.

Polyphagus Euglence^ Nowakowski.

Dr. Leon Nowakowski describes at considerable length his

observations on a Chytridiacean, not indeed new but of
which he has discovered the sexual reproduction. ^ After
giving a short resume of the observations previously made
on the parasites of the Euglense, he proceeds to recount
his own observations. The distinctions from the genera
Chytridium, A. Br., and Rhizidium, A. Br., presented by
the subject of his investigations, were so considerable that it

became necessary to found a new genus under the name of
Polyphagus, and he now calls the form Polyphagus Euglencs.

The author begins his account with the organization of

this form. The zoospores, after the cessation of their move-
ments, germinate between the resting Euglense ; they are at

first minute globular cells, colourless, with a strongly refrac-

tive yellowish nucleus. They give off four cruciately posed
or several (5-6) extremely thin threads radiating around
(Fig. d). Each of these becomes more or less elongated until it

encounters a Euglena come to rest, whose skin it perforates,

penetrating into the green protoplasm ; inasmuch as it gradu-
ally absorbs this it now acts as a Jiaustorium (Fig. d, e). One
of the germ-threads, namely, that one which first penetrates a
Euglena, soon surpasses the others in thickness, assuming the
aspect of a tubular stem, the parasite thereby acquiring a
clavate figure (c, e). The body of the Polyphagus increases in
size, owing to the nutriment absorbed from the Euglena, whilst
the nucleus grows smaller and finally disappears, some oil-

drops and vacuoles taking its place. The rest of the haustoria
either remain filamentary or they may elongate and become

^ Nowakowski :
" Beitrag zur Kenntniss der Chytridiaceen," in Cohn's

' Beitrage zur Biologie der Pflanzeu,' Bd. ii, Heft 2 (Dresden, 1876) p. 201,
t. viii, ix.
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branched in seeking out new Euglenge. Such as have early

penetrated become enlarged and more and more ramified ;

they may even, though rarely, bore through and penetrate a

Euglena behind the first. At the point where they penetrate

a Euglena the haustoria show a slight constriction ; they may
become several times branched in the interior of the Euglena.
Sometimes if a zoospore germinate in contact with an encysted
Euglena it may push a haustorium into it at the place of

contact, so that the latterbecomes wholly immersed in the host,

and the parasite then appears to sit directly on the Euglena.
Not rarely several parasites may attack one and the same
Euglena.
The Euglense so attacked gradually lose their green pro-

oplasm, becoming at first greenish-yellow, and then quite

deprived of colour, till nothing is left but brownish granular
remains (b, e, e) ; even the membrane at last perishes. Some
of the brownish remains may finally adhere to the haustoria

The haustoria, especially in a young condition, thus in a
measure resemble the pseudopodia of certain Rhizopoda or

Acinetae, but they never alter their figure and very early

possess a rigid membrane, which, however, is not coloured

blue by iodine and sulphuric acid. Inasmuch as the haustoria

are prolongations of the parasite and are without septa, the

organism must be regarded as xmicellular. Its protoplasm
contains yellowish oil-drops, coloured reddish brown by
iodine, like that of the haustoria, which however, seldom
show any oil-drops. The body of the Polyphagus shows con-

siderable variety of shapes, resolvable roughly into two prin-

cipal forms—the round and the clubshaped, but it may be
ovate or elliptic, its variable shape influenced by its search

after the host Euglense.

Its reproduction takes place both in an asexual and in a

sexual way.
Asexual reproduction is by means of zoospores.—These

originate in zoosporangia which are produced externally to

the parasite-body from the whole of its extruded protoplasm,
hence Delpino's designation " prosporangium" is very applic-

able to the body itself of the parasite (e, e). The zoosporangia
are thus formed : The whole of the protoplasm of the Polypha-
gus bores through the cell-wall at a certain point and passes

out by a rather large circular opening, making its appear-
ance at first as a little protoplasmic vesicle slowly increasing in

volume ; when this has very slowly taken up the whole of the

protoplasm it forms either a sharply bounded oval or elliptic

body directly in front of the opening or it assumes a cylin-

drical elongate figure. The emerged protoplasmic substance
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A. 0, A fully mature spinulose resting-spore, containing a large oil-drop ; f,
the empty female cell, the haustoria, h, h, h, h, represented as cut off; m,
the empty male cell.

B. Two individuals of different sexes coupled for the fertilisation of the

resting-spore^ their protoplasm about to become combined, as can be
readily perceived by its contraction under glycerine j f, the female, m, the
male individual, each with its haustoria {h, h) having penetrated the

Euglense (e, e) ; o, the oospore, originating as the result of the fertilisation,

already surrounded by a thick wall.
C. A young Polyphagus with a short thick haustorium (e), having penetrated

into a dead Euglena, the remaining haustoria are thin and filamentary, and
have also penetrated into Euglense.

D. Two germinating zoospores of Polyphagus, each with its strongly re-

fractive nucleus and five radiating germ-threads (haustoria), of which two
already somewhat thicker have penetrated into the neighbouring Euglenje
{e, e).

E. Zoospores making their exit through the terminal opening of the zoospo-

rangium
j p, prosporangium, h^ h, haustoria (represented as cut off).
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contains extremely fine granules, often arranged reticulately,

or it contains oil-drops. No enclosing membrane (Haut) can
be at first seen, but by and by this becomes evident.

The form of the zoosporangium depends on that assumed
by the emerged protoplasm body—oval, elliptic, or elongate

and curved ; its size too is various.

After some time there originate in the protoplasm of the

zoosporangium strongly refractive yellowish " nuclei ^' around
which are formed comparatively large zoospores, their num-
ber dependent on the degree of nutriment afforded (e, e).

These consist of clear colourless protoplasm, surrounding the

yellowish nucleus. They finally escape from the apex of the

zoosporangium by a not very large opening there originating,

and without being surrounded by mucus, and rapidly hurry
away. They are comparatively large, elongate-cylindrical,

rounded at both ends, sometimes somewhat constricted at the

middle, but as they are contractile they can vary their form
even to almost globular. In the middle they show a rather

large vacuole, and some smaller ones in front. Each carries

posteriorly a long flagellum. The author regards the "nucleus"
(Kern) as an oil-drop, but, still, treated with glycerine "it

appears like a solid body, which no longer refracts the light

like oil." After some time (about an hour) the zoospores

come to rest amongst the Euglense and grow into new para-

sites as described.

During " culture " these parasites by degrees absolutely

annihilate the Euglense, so that at last, as the author per-

tinently remarks, "one might in fact say, but not in the sense"

"ofDr.Gros" (norin that of the author of the 'Beginnings of

Life,' who relies so largely on Dr. Gros, either, thinks the writer

of this abstract), " that the Euglense have become metamor-
phosed into the parasites." These latter developed, indeed, so

rapidly in the author's experiments that they formed con-

siderable layers, but, in the struggle for existence, they ulti-

mately perished for want of nutriment.

Smooth-walled Resting-Spores.—The author proceeds then
to describe the sexual reproduction by means of smooth-
walled resting-spores. Amongst the individuals two forms
present themselves, which may be designated as male and
female. The latter are, as a rule, the larger, more or

less globular, but becoming irregular or angular owing to

the formation of haustoria. The males are smaller, club-

ghaped, or elongate, even spindle-shaped, of whose haustoria

one is developed, as a rule, like a stipes, the rest remaining
as filamentary, either free or having penetrated a Euglena.
The shapes mentioned of each are, however, subject to some
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amount of variation, so that it is sometimes difficult, before

the fertilisation, to distinguish between them (b).

The process of fertilisation may be regarded as a conjuga-

tion, since the spore proceeds from the union of the whole
protoplasm of two individuals ; it is hence a zygospore, but
also, on account of the sexual differentiation of the parent

individuals, it may be designated as an oospore.

The male individuals which conjugate may be of any age;

even such can be met with in the act of fertilisation which
have not advanced in their development beyond a germinat-

ing zoospore.

Conjugation begins by the whole protoplasm of the female
plant passing out through a circular opening in the same
manner as described for the zoospores; hence the body of the

female plant behaves as regards the production of the oospore

as a " prosporangium." So soon as it has all emerged it

forms an oval mass, lying in front of the opening, and it cor-

responds nearly to a " gonosphere," as yet the author thinks

without membrane. Fertilisation takes place by the union
of the plasma of a female with the whole of that of a male-
plant. The gonosphere comes in contact with the stipes-

like haustorium of an adjoining male-plant; its membrane
becomes resorbed at the point of contact, whereupon the

whole plasma becomes emptied through the haustorium and
combines with that of the female—a process requiring several

hours to complete.

The zygospore now becomes surrounded by a cell-mem-
brane, at first simple and delicate, afterwards double and
thicker—an intine and an exine, the latter becoming yellow,

but remaining smooth (b, o) ; the empty walls of both the

parent-cells become shut off, remaining, however, in con-
nection with the spore (b, o), usually diametrically opposite

one another.

It is noteworthy that the stipes-like haustorium of the male
often developes lateral ramifications which manifestly, pre-

viously to conjugation, serve to absorption of nutriment, sub-
sequently thereto serve, on the other hand, to the emptying
of the male plasma. Sometimes minor haustoria are given
off from the periphery of the resting-spore. The mature
resting-spore is usually oval.

Spinous Resting-Spores.—In the same culture and at the
same time that the smooth-walled oospores are produced in

the manner described there are formed also sexually-developed
resting-spores of yet another kind. These are almost con-
stantly globular, surrounded by a thick double membrane
with a yellow-coloured exine and f,ne spines (a). They do
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not vary much in size (about 30 mmm.). Their granular con-

tents and large central oil-drops quite agree with those of the

smooth spores. The author thinks these are developed in a

different way from them. He sometimes noticed that the

haustorium of the male came in contact with the wall of the

female plant, and as a result of this contact a projection from
the body of the female, of an arched figure and already

covered with spines, is pushed out, the contents of both

gradually flowing thereinto, this projection becoming slowly

changed into the perfect resting-spore (a, o). The conjugating

Polyphagus-individuals, destined to produce spinous spores,

like the others, are found in groups ; they are usually larger

than the smooth-spored, as it were, better nourished. The
author leaves in doubt the question whether the smooth- and
spinous -spored Polyphagus-forms are to be regarded as two
distinct generations, constantly perpetuating themselves

(species, races), or as merely unessential variations of the

same species, as he did not succeed in rearing the two forms

pure through several generations ;
possibly, he says, the

spinous form is the normal, and the smooth-walled form to

be regarded as resulting from a less vigorous vegetation.

The author had not succeeded in observing the germina-

tion of the spinous spores, although he did that of the smooth.

In about a month their oil-drops diminished or were broken
into smaller drops; the protoplasmic mass then bored

through the wall, and came forth in the manner described

for the zoosporangia. Outside the resting-spore it became
changed to a zoosporangium, in which, around yellow nuclei,

the zoospores originated. Thus the sexually-developed

resting-spore of Polyphagus, to a certain extent, admits of

being regarded ^s a " resting-prosporangium."

As to the systematic position of Polyphagus, it, without
doubt, belongs to the family Chytridiacese, especially as cha-

racterised by the mode of origin and structure of its zoo-

spores. During its period of vegetation it consists of a single

cell, and its numerous haustoria have an analogy in Chytri-

dium mastigotrichis. Since in Polyphagus the zoosporangium
becomes separated by a dividing wall from the vegetative

cell of the parasite (prosporangium), it might appear as if

this organism were bicellular, and belong to the genus Rhi-
zidium, to which, indeed, it was referred as R. Euglena by
A. Braun and Schenk. But the genus Rhizidium is, through-

out its life, bicellular, one cell of which is the ramified root-

cell, the other becoming the zoosporangium. This distinction

at once separates the two genera. They stand, however, in

close relationship, and form a special group, the Rhizidieae,
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to which, probably, the author's Obelidium also should be
referred. Rhizidium and Polyphagus agree in the mode of

the germination of the resting-spores, the whole contents in

each coming forth and becoming a zoosporangium. In this

respect, too, they call to mind Sorokin's Zygochytrium and
Tetrachytrium. In the last-mentioned organism; however,

the zoosporangium is formed by the emerged protoplasm only

after complete separation from the prosporangium, whilst in

Polyphagus the zoosporangium remains always attached to

the prosporangium, as already described. In this regard, the

mode of development of the zoosporangium in Polyphagus,

Zygochytrium, and Tetrachytrium, corresponds to the ana-

logous phenomena shown by the Saprolegniaceous genus
Pythium, whilst in their sexual development they approach

not less to the Zygomycetse, most marked in Zygochytrium.
In Polyphagus, however, there is a distinction of the sexes

presented, characterising the individuals as dioicous, and a

new remarkable stage intervening between conjugation and
sexual fertilisation is here brought to notice.

Cylindrocapsa involuta, Reinsch.

The alga first discovered by Reinsch,^ and named as above,
is amongst the rarest of freshwater algae, and curiously

enough it is that in it Cienkowski^ has lately discovered a
sexual development.

The alga consists of unlranched confervoid filaments, the

joints in single series and mostly presenting distinctly lami-

nated walls. Like other similar forms they are collectively

enclosed in a common sheath, but here this is very thick and
distinctly laminated. According to the more or less vigorous
growth their chlorophyllaceous cells are variously figured ; in

actively growing examples the middle of the cell is occupied
by a rather large amylaceous granule, around which smaller
ones are disposed ; in those less vigorously growing they are

densely full of such granules. Young filaments are attached
to foreign objects by a colourless basis, but older they are met
with free. The upper end of the alga is closed and bluntly
rounded.

According to the author's observations, however, this typical

habit may be altered in various ways. The envelopes of the
cells may become more gelatinous and cell-division ensue in

' P. F. Reinsch :
' Die Algenflora des mittleren Theiles von Frauken,'

p. 66, t. vi, f. 1, 2.

^ Cienkowski :
" Zur Morphologic der XJlothricheen," in ' Melanges Bio-

logiques tires du Bulletin de I'Academie Imperiale des Sciences de St. Peters-

bourg,' t. ix, p. 531.
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different directions of space, the celluloselamellsejhowever, Still

sharply contoured. As in Ulothrix (previously described by the

author) Clylindrocapsa takes on too a " Hormospora-stage,"
the cells in either a filament or in groups. The confervoid

habit indeed is maintained only so long as the cell-division

takes place transversely ; the joints are then cylindrical or

discoid, with flat or rounded end-surfaces. If, however, a

strong development of the outer laminae ensues, the plant

retains its filamentary form, but it appears as a chain-like

concatenation, consisting of green oval cells separated by the

intervening laminae. This is the form or state originally

figured by Reinsch, and similar to that in which it has twice

presented itself to ourselves. But as described by Cienkowski
median and oblique walls may occur ; such filaments present

numerous expansions or balls, lending to them a gnarled

aspect, the whole still surrounded by a common sheath ; but
lying for a time this disappears, and the cells break up into

formless aggregates of two, four, or more cells.

The author had not seen zoospores,but supposes their occur-

rence doubtless, as he found examples on the side of the

glass vessel, which could only have originated from zoospores,

as the whole plant is destitute of any spontaneous motion.

This alga possesses antheridia and oogonia. The oogonium
(b, c, d) is a globular inflated joint ; it consists of contents and
wall ; the first presents a protoplasmic gonosphere, coloured by
chlorophyll, containing numerous starch-granules ; it presents

at one point of the periphery very often a clear spot. The
gonosphere is loosely enclosed by the several (3-6) concentric

gelatinous (as it were swollen or expanded) membranes.
Such oogonia lie either several tog ether, forming a moniliform
chain (e), or they present themselves in the middle of a series

of antheridia, or between unaltered vegetative joints, upon
which, further on, may abut antheridia (c,d). Cylindrocapsa is

thusmonoicous. At both poles of the oogonium the coats are

produced into a short cylindrical process ; adjoining processes

are mutually apposed (b). The size of the oogonia varies;

it may reach 0-042 mill., the gonosphere 0024 mill.

The antheridia are discoid or spheroidal little cells, like the

oogonia possessing a multilaminated coat (d, a) ; they may
form a long series or little groups of pairs ; they are often en-
veloped in twos or fours by numerous laminae (d, a). The con-
tents are clear reddish-yellow. The male-cells (like the vege-
tative) are formed by binary division of the mother-joint, with
the distinction that they cease to grow, remain smaller and
gradually assume the yellowish-red colour. Each antheri-

dium developes by division of its contents two spermatozoids.
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Fig. a. a, A spermatozoid making its exit j I, two having done so, still

enclosed in a gelatinous investment ; c, a spermatozoid set free ; s, one still

remaining in the mother-cell.

Fig. B. o, Oogonium with its coats and showing (ff) the gonosphere ; s, a

spermatozoid external to the oogonium, and s' one Caught in the oogonium-
opening.

Fig. C. Oogonium with gonosphere and three spermatozoids.
Fig. D. a, A series of emptied antheridia, their openings directed to either

side ; sp. oospore.

Fig. E. a. Series of emptied antheridia ; sp. the oospores ; b, further de-

velopment of the fertilised (?)gonospheres.
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At maturity they are ejected with a jerk ; when free, they lie

for a while motionless enclosed in their gelatinous envelope

(a, h). Presently they assume a tremulous motion, at last

bursting the vesicle and swimming about. They are proto-

plasmic fusiform bodies of about 0"015 mill, in length

;

contents sparing, yellowish-red; at the anterior hyaline point

are borne two flagella, below which are two minute pulsat-

ing vacuoles (a, c).

Shortly after their exit they are to be found in the neigh-

bourhood of the oogonia. The whole cavity of the oogonium
becomes pushed out laterally, dissolving and leaving an open-

ing at the apex of the expansion (b, c). The spermatozoids

seem now to be no way aimless in their movements, their

whole object being seemingly to effect a penetration ; with

great energy they drive against the wall, their anterior end
in advance—retreat—repeat the attack, and so persist for

hours. Still only those opposite the opening effect an entrance.

They swarm round the gonosphere or swim about in the in-

terior of the oogoniun in its free space (c). This lasts for five

or six hours or more, whereupon movement ceases, and they

shrink into formless little masses. The author, however,

was unable to directly perceive the actual confluence of the

spermatozoid with the gonosphere. But all must agree with

the author in his opinion that there can be no doubt but

that this agrees in nature and significance with similar ob-

served cases of fertilisation.

The next change consists in the appearance of a thick

gelatinous stratum directly on the surface of the gonosphere,

which soon hardens into a doubly contoured membrane.
After some days the chlorophyll with the starch granules

gradually disappear, becoming replaced by the reddish-

yellow oily substance. In this way we obtain from the

gonosphere an oospore, surrounded by the mucous layers of

the oogonium [c,sp). The author could never see any further

development ; they lasted the whole autumn and winter with-

out the slightest alteration.

It is curious that in some instances the gonosphores on
having become enclosed by the gelatinous envelope began

to germinate; they divided into two segments, each then

becoming clothed by its own gelatinous envelope, and soon

divisions followed just as in the ordinary vegetative joints (e).

The author supposes that these still green gonospheres could

not have been fertilised, and that only the latter pass over

into a state of rest.

From the foregoing the author would place Cylindrocapsa

to the Ulothricheae, and suggests that Ulothrix itself may,
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in passing through a similar development-cycle, show here-

after similar sexual conditions, notwithstanding Cramer's
and Dodel-Port's record of an act of fertilisation in that

genus by means of the fusion of two microgonidia. Ac-
cording to Cienkowski this phenomenon would then have
to be otherwise interpreted, especially taking into considera-

tion the circumstance that the microgonidia of that alga are

capable of germination without any such " conjugation

"

having first taken place.

The foregoing memoir is preceded by two others on a " pal-

melloid" modification of Stigeoclonium and of Ulothrix, in

continuation of a previous one by the same author,^ on a
*' palmelloid" breaking-up of Stigeoclonium, then increasing,

for some time by cell division, their contents breaking up
into " microgonidia," which reproduce the filamentous form
of the mother-alga ; this, in addition to the longer known
(now denominated by the author) " macrogonidia." This
*' palmella zoospore-producing state" he records to have found,

too, in Hydrocytium, Coleochsete, and others. Hormospora
mutahilis and Schizomeris are claimed by the author as but
conditions in the palmelloid modifications of TJlothrix mucosa.
The memoirs are too long even to abstract here. Researches
and results such as these would seem to raise the question
how far certain protococcoid and palmelloid " forms," looking
distinct and regarded as independent, may be but stages in

the development-cycle of algae whose mature and typical

forms are " filamentous," and which, although Cienkowski
has not, except in Cylindrocapsa, seemingly detected it as

yet, may thus probably be found to possess a sexually differ-

entiatecl fructification.

Separation of the Sexes in Sponges.—F. E. Schulze, in the
* Zeitschrift fiir Wiss. Zoologie,' gives the result of his study
of two species of Halisarca, H. lohularis and H. Dujardini,
carried on at Trieste. Halisarca is a sponge genus without
spicules of any kind. It has been made the subject of inves-

tigation by several observers, and lately by Carter and Barrois.

Schulze distinguishes as components of the sponge an
ectoderm, mesoderm, and entoderm. The ectoderm is com-
posed of ciliated cells, which differ markedly from the ciliated

cells of the ciliated chambers in that they have no collar at

the base of the cilium. The mesoderm consists of gelatinous

homogeneous tissue, in which are scattered nucleated rami-
fied cells in which Schulze has observed all the ordinary

^ Cienkowski :
" Ueber Palmella-zustand bei Stygeoclonium," in ' Botan.

Zeitung,' No. 5, Feb., 1876.
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phenomena of amoeboid movement. The mesoderm tissue is

a true connective tissue. There are in the cortical region of

the sponge regular systems of branched inhalent and exha-

lent canals, the main stems of which run almost parallel to

one another and at right angles to the outer surface of the

sponge mass. The branches of the canals are thickly beset

with ciliated chambers^and it is through these chambers,many
of which have two canal branches opening into them for the

purpose, that the inhalent and exhalent canal systems com-
municate with one another. One instance was observed in

which four canals opened into a single ciliated chamber.
The cortical portion of the sponge is distinguished from

a deeper region where there are no ciliated chambers present,

but where the generative elements are developed in the meso-
derm.
The Halisarcas and also a number of other sponges exa-

mined by Schulze, viz. amongst siliceous sponges Reniera

informis, Spongilla lacustris and ^S*. Jluviatilis, and amongst
horny sponges Aplysina aerophoba, in all of which this

observer has clearly made out and investigated the sperma-
tozoa are dia3cious. All former observers, as e.g. Eimer and
Haeckel, have found in the species examined by them sper-

matozoa and ova in the same sponge. Both male and female

elements are developed out of rounded cells with dark granu-

lated contents occurring in the mesoderm, but the origin of

which was not determined. Both elements become developed

in cavities formed in the mesoderm tissue, which are clad with

a layer of polygonal endothelium cells. The spermatozoa

have an elongate, egg-shaped head, a smaller front part of

which, is marked off from the hinder larger part by a con-

striction. The tail of the spermatozoon, which is 0'08 mm.
in length, is set on to the head on its side and not at either

of the ends. Out of the one rounded cell a large mass of sper-

matozoa are developed, and out of a similar single cell only

one ovum. Hence, as in many other animals, the single egg is

equivalent to a mass of spermatozoa.

The segmentation of the ovum is, as was determined by
Carter and Barrois, a complete one, but sometimes irregular.

The segmentation cavity is first to be observed when sixteen

cells have been formed. It was found impossible to keep the

larva, which is equally ciliated all over at the time of its

emergence, alive long enough to observe its further develop-

ment. Schulze was no more able than Barrois has been to

observe an invagination or formation of a gastrula.

The above remarks refer to the structure of Halisarca

lobularis. In H. Dujardini the ectoderm both on the outer
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surface of the sponge, and clothing the canals is devoid of

cilia, which are present only in the ciliated chambers. The
species diifers also in other histological details from H. lohu-

laris, such as in possessing branched connective tissue fibres

in the mesoderm like those of Medusee ; the mode of commu-
nication between the inhalent and exhalent canal systems is

also different, and takes place by means of irregularly sac-

shaped or even sometimes somewhat branched ciliated cham-
bers.

Schulze has also described in the last number of the
' Archiv fiir Mikrosk. Anat.' a new hydroid polyp which
lives invested by sponge-colonies. He terms it Spongicola.

It is to this parasite or a similar form as suggested by
Carter, that Elmer's observation of thread cells in sponges

(Renieridse) is due. Prof. Allman has described in ' Nature,'

July 30th, 1874, a hydroid of similar habit under the name
of Stephanoscyphus.

On the Structure of Striped Muscle-Fibres. By Cand.Med.
WiLHELM BiEDERMANN, from the Physiological Institute at

Prague (' Vienna Sitzungsberichte d. k. Akad.,' Juli, 1876).

—The interstitial substance between the primitive muscle-

fibrils, discovered by KoUiker, has by some recent histologists

—Sachs, R. Arndt, and especially J. Gerlach—been regarded

as intimately connected with the intramuscular nerve-ter-

minations. Arndt regards each individual fibril as contin-

uous with the nerve of its bundle, /. e. the so-called muscle-

column (KoUiker), and J. Gerlach asserts that the isotropous

substance of a muscle-fibre is directly connected with the

intramuscular nerve. Gerlach arrived at this conclusion from
the study of muscle-fibres treated with gold solution. Under
this reagent there appear within the muscle-fibre granular or

rod-like structures arranged in a more or less distinctly linear

manner (Spenkelung) so as to resemble at some places fila-

mentous structures of a varicose appearance quite like

primitive nerve-fibrils that had been stained with gold

solution.

Biedermann in the above paper shows that that dotted

appearance (Spenkelung) can be invariably produced by
staining muscle-fibres of Crustacea, insects, or vertebrata,

while they still possess the power of contracting, in 1 per

cent, solution of chloride of gold. The fibres are placed in this

solution for five to ten minutes, having been previously kept

in a somewhat dilute formic acid ; they are then brought into a

watchglass of water and a few (one or two) drops of formic acid,

where they are kept for twenty-four hours in a dark place.

VOL. XVII. NEW SER. N
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After this time the muscle-fibres have assumed a deep red
colour, they are then washed in water and mountedin glycerine.

Each muscle-fibre treated in the above manner appears under
the microscope permeated by innumerable dark (red to

black) dots or rods, which at some places are so arranged that

the impression of continuous varicose fibrils is produced.
Now, Biedermann proves 1, that these dots or rods are not
due to isotropous substance, but to a reduction by the gold salt

of interfibrillar matter ; 2, that they are in no way connected
with the nerve-terminations. These latter Biedermann de-

scribes in accordance with Kiihne and contrary to Gerlach,
who maintains that there exists an intravaginal nerve-net-

work. Biedermann ascertained these facts while examining
the muscle-fibres of vertebrata, insects, and Crustacea ; in the

thorax-muscles of Hymenoptera, and especially in those of

Bombus, the interfibrillar substance, on account of its great

amount, is particularly easily observed.

REVIEWS.

1. Compendium of Histology ; twenty-four lectures. By Pro-
fessor Heineich Fbey. Translated by Geoege R. Cut-
tee, M.D. London : Smith, Elder and Co.

2. A Course of Practical Histology. By E. A. Schafee, Assis-

tant-Professor in University College, London. Same
publishers.

3. A Course of Elementary Practical Physiology. By M,
PosTEE, M.D., P.B.S., Pellow of and Praelector in Physio-
logy in Trinity College, Cambridge ; assisted by J. N.
Langlet, B.A. Macmillan and Co.

The English student of the minute anatomy of animals has no
reason to complain at the present day of a want of manuals,
guides, and handbooks, from which he may make a choice at the
commencement of his studies. So far as precise directions can be
given in printed pages, he may find all that he need know in order

to develop into an accomplished histologist, in the " practical

course " of Professor Schafer, supplementing what he will

there find as to methods by reference to descriptive treatises

such as Quain's * Anatomy,' where the objects to be seen
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when these methods are used are carefully described and
figured. Professor Schafer's book is remarkable for the care
with which it has been prepared, and derives special value from
the fact that the author is himself constantly engaged in

testing and expounding by practical demonstration to his pupils

the importance and significance of the modes of studying the
tissues which he recommends. The book is illustrated with
numerous good woodcuts of bits of useful apparatus.

Amongst works descriptive of the tissues, the translation of
Professor Prey's ' Compendium ' cannot fail to be popular with
students. It is not an exhaustive work, but runs rapidly over the
subject, omitting the doubtful and dwelling on the essential and
well-established teachings of histologists. It is copiously illus-

trated, and the style throughout is lively and interesting. The
translator has adhered so closely to the words of the original that
he has occasionally failed to give the author's meaning.
We have placed Dr. Michael Foster's work in the list at the

head of this page because in it he adopts a method of teaching
histology which we are inclined to think is the right one, when it

can be carried out. Dr. Foster deprecates pure histology and the
making of endless beautiful preparations. He prefers when once the
student has learnt to use his microscope and mastered the outlines
of the anatomy of the tissues, to make his further study of
microscopic anatomy advance pari passu with the experimental
study of the properties and functions of tissues and organs.
There can be no doubt that it is only by close association with
the life-giving hypotheses of either physiology or of evolutional
morphology that a healthy cultivation of the refinements of
modern microscopy is possible.
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Dublin Miceoscopioal Club.

IQtl October, 1876.

Section of ' GherV exhibited, with remarks on its origin.—Pro-
fessor Hull, F.E.S., exhibited some thin sections from the upper
Chert zone of the Carboniferous limestone which is remarkably
persistent throughout the range of that formation from Sligo on
the north-west to Co. Carlow on the south-east, and Cork and
Kerry on the south-west. These sections, taken from different

localities, tended to confirm the opinion of those who believe that

the chert is pseudomorphic, and has replaced the limestone of

the original rock. Not only are corals and crinoids, which must
have originally been formed of carbonate of lime, now frequently

found preserved in silica (Chert), but, as these sections showed,
obscure traces of these and other forms are brought out with the
aid of polarized light, under the microscope. In other cases the

sections of corals and crinoids themselves exhibit very beautifully

the infiltered silica filling up the interiors of the skeleton, as well

as the skeleton itself, of these structures.

Assuming, then, that the silica has replaced the original calca-

reous rock, the question arises at what period this replacement
has taken place. Mr. Hull considered it probable that the period

was that prior to the deposition of the overlying Yoredale shales,

when the organically-formed limestone rock was exjiosed to the
waters of the open sea, and was acted upon—first, by waters
charged with carbonic acid, followed by others containing silica

abundantly in solution.

Carmine-stained sections of the electric organ and Skin of
Malapterurus electricus, were exhibited by Mr. B. Wills Rich-
ardson.—Referring to the account given in Cuvier's * Histoire

Naturelle des Poissons,' and to Owen's ' Anatomy of the Verte-
brates,' Mr. Richardson gave several details of their histology

as to which he found these authors, as well as Rudolphi,
silent. The skin is beset with numerous beautiful tree-like

processes, between which occur short conical processes. These
he at first supposed might be fuugoid in nature, though
he had afterwards satisfied himself that they were dermal.
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Pigment- cells of dark brown tint were very general in all the
sections.

Spliceridia of Stomopneustes variolaris and of Laganum de-

pressiim, exhibited.—Mr. Mackintosh exhibited the detached
sphseridia of Stomopneustes variolaris, Lamk., and also a section

of the corona of Laqaoium depressum, Lesson, showing one of these

organs in situ. They were first described in 1871 by Prof.

Loven, in the Ofversigt af Kongl. Vetenskabs Akad. Forhand-
lingar,' No. 7 (translated in the ' Annals and Mag. Nat, Hist.,'

Oct., 1872).
Ghlamydospores of Nyctalis parasitica, exTiibited.—Mr. Pim

exhibited a transverse section of the gill of Nyctalis parasitica,

which grew abundantly on decaying agarics (chiefly Eussulas) ia

the vale of Avoca. The section showed the remarkable Ghlamy-
dospores described by de Bary (in 'Botanische Zeitung,' 1851),
which appeared to originate by free cell-formation from the
hypha9, and to consist of a short piece of hypha enclosing an oval

cell with a distinct nucleus. The ordinary agaric-form of fruit,

according to de Bary, has not been found in N. parasitica.

Botrytis dichotoma, new to Ireland^ exhibited.—Mr. Pim likewise

showed the mould Botrytis dichotoma, Corda, found by Corda
near Prague, but which does not appear to have been previously

recorded as British. It consists of thick threads, pure white,

once or twice dichotomously forked. The spores occur all over
the hyphae, are spherical and each on a distinct though very short

pedicle, somewhat like those of Acremonium. It was found on
decaying tulip-stems at Monkstown, Co. Dublin.

Dactylium macrosporum, exhibited.—Dr. W. M. A. Wright
showed examples of Bactylium macrosporum from vale of Avoca,
where it grew in one spot abundantly on Bolytrichv/m commune,
forming a patch like a heap of light snow.

Occurrence of Spondylosium pulchellum in a stipitate and at-

tached condition,for the first time so observed.—Mr. Archer exhi-

bited examples of the rather rare desmid Spondylosium pulchel-

lum, ejus, which presented the unexpected fact that this form
occurs stipitate, although this was the first occasion he had ever

noticed this condition. Probably this stipitate condition is really

the normal one, and the form as usually found, consisting, it may
be, of a concatenation of a considerable number of cells down to

a very few, three, two, or even solitary joints, merely represents

so much of a filament dissociated from its original stipes—as

occurs, indeed, with so many other similar algas. Thus the mode
of occurrence of this species is comparable to that of certain

diatoms. Here, indeed, the stipes connecting the filament (of

greater or less length, 2-3 joints, to 30-40) with the supporting
plant (in this instance a small-sized barren QEdogonium) is re-

duced to a very short cylindrical cushion, of about one half the

length of a joint or cell of the Spondylosium. As is to be ex-

pected, there is no diff"erence whatever between the basal or ter-

minal cell of such a filament and any of those along its length,
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all being alike, except of course where interstitial growth of new
semi-cells might be going on, in the ordinary characteristic man-
ner. It needs not, therefore, to point out that this attachment
by a gelatinous cushion-like stipes is in no way comparable to the

mode of attachment of young conjugate forms by means of a

"root-cell ;" the basal cell as mentioned does not form a " root-

cell" by any means, but is quite equivalent to each and all of the

remainder of the perfectly independent cells going to make up
the " filament." Indeed, in this genus, destitute of any little

connecting processes between the concatenation of cells charac-

teristic of Sphaerozosma, it is probable that the cells are mutually
held together by a very short intervening gelatinous pad, com-
parable to, but much smaller than, the stipes by which the whole
is attached to foreign objects.

Optio Vesicles in Chick.—Dr. Macalister exhibited for Prof. Cle-

land a mounted preparation of ayoung'chick aboutthirty-six hours
old, showing the condition of the optic vesicles at that stage.

Exhibition of rare (some very striking^ Desmidian Species.—
Mr. Archer exhibited a number of exceedingly rare Desmidiese

from a recent gathering made in Connemara, including the

(so to speak) colossal forms of Staurastrum : St. arctiscon (Ehr.)

Lundell, St. ophiura, Lundell, ^S*^. sexangulare, Bulnheim, ^S*^.

longispinum, Bailey ; other not less rare and interesting forms, if

smaller and less striking than these fine objects, occurred in this

rich collection.

IQtl November, 1876.

Odontodiscus Hihernicus, O'M., exhibited.—Rev. E. O'Meara
exhibited a slide of diatoms taken from stomachs of Ascidians

cast up by recent storms on the shore of Dublin Bay. Several

forms of interest occurred in the material, and especially

Odontodiscus Hiiernicus, O'M., a new species described by Mr.
O'Meara in his ' Report on Irish Diatomaceae' (' Proc. R. I.

Acad. Science,' ser. 2, vol. ii, p. 271, pi. 27, f 7).

Roots of JJtricularia montana, exhibited.—Dr. Moore exhibited

roots of the South American JJtricularia montana. The roots

exhibited had grown over the margin of a flower-pot in which

the plant is cultivated in one of the conservatories at Glasnevin,

and were clinging to the bare exterior of the pot. Notwith-

standing they were beset with miniature bladders, as perfectly

formed as those on our British species, though these were scarcely

perceptible to the unaided eye ; when viewed through a three-

quarter-inch objective, they are both pretty and curious objects.

Transverse section of the Spine of Porocidaris purpurafa, Wy.
Thomson, was exhibited by Mr. Mackintosh ; the section,

however, did not present as remarkable features in its internal

structure as one would have expected from the striking external

appearance of the species. Its principal peculiarity was the

very slight external crust, which had simple tubes traversing it.
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Mr. Mackintosh was indebted to Professor A. Agassiz for the

portion of the spine from which the section was taken.

The Pseudo-electric Organ of the Bay.—Mr. B. Wills
Eichardson exhibited transverse and longitudinal sections of the

so-called electric or pseudo-electric organ of the Ray, and
observed that at one time the organ was considered by some very

distinguished observers to be structureless. This, to him (Mr.

Bichardson), was surprising, when he considered the compli-

cated beauty of the sections, and the facility with which they

could be made. The organ was one of those bodies occasionally

met with the whole arrangement of which would escape

observation were the sections too thin. He (Mr. Richardson)

had some that were cut to such extreme tenuity with the freezing

microtome, that portions of the cells into which the organ was
subdivided were shaved off. It truly was most complicated. Ex-
amination of the longitudinal sections would show that the

organ was divided into numbers of cells of somewhat oval shape,

and apparently of uniform capacity. The transverse or cross

sections, on the other hand, showed that these cells, so uniform
when viewed in the longitudinal slice, varied in shape when cut
transversely, or at right angles to the long axis of the organ.

Each cell seemed complete in itself, and was arranged thus:

—

There was first a layer of capillaries that formed, as it were, a

deep vascular wall, which occupied or bulged into about half the
cavity in the longitudinal direction. This could be seen
distinctly in the longitudinal sections only. Removal of the
capillaries disclosed a layer composed of broad, loosely interlaced

fibres, formed of connective tissue, crossing which in various
directions were seen flat branching fibres of extreme tenuity,

possiblynerve cords. Finally, and apparently covered by this coarse

fibrous structure, there was a delicate translucent membrane, in

which vast numbers of exquisitely fine fibres ramified and formed
a loose network, in the meshes of which were scattered minute
and for the most part oval, granular, darkish corpuscles, that
gave ofi" numerous radiating, inosculating fibres, of relatively

great length. Those bodies were probably connective-tissue

corpuscles. This delicate translucent structure was composed of
two, or possibly more, layers, in one of which the stellate

processed corpuscles were chiefly situated, whereas in the other
there were imbedded, at very regular intervals, nucleolated
corpuscles, having well-defined margins. The greater number of
these were round, the remainder oval ; the round reminded
one of the nuclei seen in the delicate membrane of the cells of
the electric organ of the Malapterurus he exhibited at the
last meeting of the Club, but the nucleolus of each of the
latter appeared to be more distinct. The nucleus itself, however,
was smaller than that seen in the Ray. The remaining walls
of each cell, with which the structures so described were con-
nected, were composed of close-set fibrous tissue. The sections
were stained with carmine and mounted in glycerine. Mr.



194 PROCEEDINGS OF SOCIETIES.

Kichardson concluded by observing that he had some other

sections of the organ in a weak osmic-acid solution, and if it

led to any further disclosures concerning the structTire of the

cells, he would exhibit them at a future meeting of the Club.

Extremely minute Cosmarium-form with zygospore, held to be a

new species, exhibited.—Mr. Archer showed conjugated examples

of an extremely minute Cosmarium, so minute, indeed, that it

would seem to merit the name, and most likely keep it.of C. oninu-

tissimum. The zygospore is ellipsoidal or oblong, dark tinted, of

purplish or bronze-like hue, thick walled, but contents green. The
Cosmarium itself resembles several, perhaps most so C. pusillum,

Breb. ; but minute and readily overlooked as it may be in itself,

it is doubtless quite a distinct thing. But more on a future

occasion.—Mr. Archer likewise showed the conjugated state of

Didymoprium Borreri, rarely found in that state, common as is

the species ; E.alfs' figure is very graphic.

Exhibition of Oocystis setigera, Arch.—Mr. Archer likewise

exhibited examples of Oocystis setigera, ejus ; he had never found

this seemingly well-marked form except in a restricted locality in

Connemara, and these were from the same site.

Microgrom.ia mucicola, Arch., n. s., exhibited.—Mr. Archer also

exhibited the rhizopod he had named Microgromia mucicola

(seemingly a distinct form from Microg. socialis), this time

nestling in the mucus of Cosinocladium Saxonicum, de By. ;
he

had never found it before except imbedded in the mucus of the

equally rare alga of similar habit—his quondam Dictyosphceriiim

constrictum.

2lst December, 1876.

New Species of Chlorochytrium (Cohn), exhibited.—Professor

E. Perceval Wright showed examples of a new chlorophylla-

ceous parasitic alga inhabiting the living tubular envelopes of

several species of Schizonema—and doubtless forming a new
species of Cohn's interesting and lately founded genus—Chloro-

chytrium—tlie type species inhabiting Lemna trisulca, and
named by its discoverer Chlorochytrium lemnce. Like that

species, the present reproduces by zoospores, which impinge

(often in great numbers) on the diatom filaments, gradually

penetrating them, and growing therein into new plants. The fully

formed plant is subglobular, or depressed in figure, the endo-

chrome disposed in parietal masses, and often showing strings

of plasma, nearly colourless, radiating from the nucleus. Dr.
Wright is working out the history of this highly interesting form,

and he hoped ere long to be in a position to describe it at length

with illustrations.

Helicomyces roseus, exhibited—Mr. Greenwood Pim showed ex-

amples of Helicomyces roseus, a rare mould, which he had found

on the cut stump of a tree in Tassaroe demesne, Co. Wicklow.

It does not appear to have been published anywhere as British,

not appearing in either Cooke's ' Manual' or in ' Grevillea,' as
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far as he was aware, although both Mr. Phillips and Mr. Yize
had informed him that they possessed specimens of it. It forms
a delicate pinkish-grey bloom on the surface of the wood, con-
sisting of numerous short threads, bearing spiral heads of
rather oblong spores. It differs from Helicomyces tuherosus,

figured in ' Grevillea ' (vol. iii), in having longer heads, which
are in length about twice the diameter of the spirals ; in having the
spores in a flat, not a helicoid, spiral ; in having the spores them-
selves more oblong than square ; and in its pink rather than white
colour to the naked eye.

A Vertical Section of the Frontal Lohe oftJie Gerehrum in Young
Chick, prepared by Professor Cleland, was exhibited by Dr.
Macalister.

Floelerg Bust, exhibited.—Dr. Moss, late of H.M.S. 'Alert,'

showed samples of " Ploeberg Dust," collected on the late Arctic
Expedition, and containing remains of diverse microscopic organ-
isms—Diatomaceae, Eadiolaria, Peridinium sp.—some from a
mass of interesting material he had yet to work up.

Sections of Erectile Tissue, exhibited.—Mr. B. Wills Richard-
son exhibited several sections taken from the penis of a child aged
three and a half years. They formed that portion of the organ
situated between the glans and the scrotum, and were made with
the freezing microtome, stained with Beale's carmine stain and
mounted in glycerine. Mr. Richardson drew particular attention
to the shape of the urethra in the specimens. It was not tubular as

some persons imagined ; and in the portion of the organ which
afforded the sections was a transverse slit or fissure, with shorter

fissures leading from it. That disposition of the canal showed that

it was plicated in the longitudinal direction, an arrangement ap-

parently to allow of its expansion for the free ejaculation of the
semen. In none of the sections could a helicine artery be dis-

covered in the corpora cavernosa.

Tooth of Echinothrix turcarum.—Mr. Mackintosh exhibited a

cross section of the tooth of Echinothrix turcarum, Schynvoet

;

also some of the detached prisms, covered with " soldering

particles," and a separate " flabelliform process " of the same.
The principal point in which the tooth-structure of this species

differs from that of Echinus, so well described by Salter (' Phil.

Trans.,' 1861), is in the absence of a keel on the internal aspect,

the tooth being simply grooved, and the consequent reduction in

the amount of the prismatic tissue, which occupies a compara-
tively narrow zone in the middle of the tooth.

Newform of Donkinia.—Rev. E. O'Meara showed what ap
peared to be a new form of Donkinia, found in stomach of

Ascidians cast on the shore of Dublin Bay by recent storms.

Valves short and broad ; height -0035"
; breadth "0066"

; broad
and rounded at ends ; striae coarse, oblique ; median line diago-

nal, approaching closely to the margin at either end, and in an
opposite direction. On f v. slightly constricted in the middle

;

lobes nearly linear till near the ends ; striae obvious.
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JProtJiallus of Gleiehinia rupestris, with antheridia, was shown
by Dr. Moore. This formed a very pretty object viewed with a

\ in. objective, the long narrow prothallus being of a beautiful

vivid green colour, contrasting well with the brown antheridia.

Test of a new Species of Euglypha, exhibited.—Mr. Archer
showed some examples of the test of a Ehizopod a priori to be
referred to Euglypha as a new species. He regretted ho had not

observed the living examples. It was somewhat irregular in

figure, but of a generally broadly subfusiform figure, truncated

in front, and somewhat drawn out posteriorly and bluntly rounded,

quite hyaline, the facetted appearance very difficult to make out.

There is no other Euglypha attenuated behind, all the species

being broadly and pretty equally rounded. Of course, without

seeing the living animal, one could not feel positive as to the cor-

rect location o£ this form in the genus Euglypha ; but there could,

probably, be very little doubt about it. The test, however,

appeared to be of, seemingly, a more yielding character than that

of an ordinary member of this genus, say E. compressa or

E. alveolata. Mr. Archer would meantime name this form
Euglypha sacciformis.
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Resume of Recent Contributions to our Knowledge
of " Freshwater Rhizopoda." Part IV. Compiled
by Wm. Archer, F.R.S. (With Plate XIII.)

Lecythium liyalinum, Hertwig et Lesser^ (Plate XIII,
figs. 1, 2),

is the name applied to a form identified by the authors as

equivalent to that named Gromia kyalina by Schlumberger,*
and by Ehrenberg and Presenilis^ called Arceilla hyalina,

and again by Schneider identified as Diffiugia enchelys. No
doubt these authors were each wrong in referring such a

form to any of these genera. For that reason, seemingly,

Hertwig and Lesser conceived they were compelled to insti-

tute a new genus, therefore named as above ; Cienkowski*
accepts this genus. But it occurs to me to suggest that, just

as in Schulze's form referred to Gromia (as G. granulata),

there is little, if anything, to separate either from the genus
Plagiophrys, Clap, et Lachm. The test of Lecythium hya-
linum, Hertwig et Lesser, is roundish, pellucid, membranous
(structureless), thin—according to Hertwig and Lesser not

flexible, but according to Cienkowski it is flexible—accord-

ing to the former bilaterally symmetrical, but according to

the latter only accidentally so, with a short neck. The
body-mass completely fills the test, anterior portion granular

and vacuolar, posterior homogeneous and bearing a nucleo-

lated nucleus
;

pseudopodia filiform, homogeneous, much
branched, sometimes anastomosing. (See fig. 1, showing a

dorsal or posterior view. Fig. 2, after Cienkowski, perhaps

doubtfully identical, shows a lateral view.) There seems

1 Loc. cit., p, 117, t. iii, f. 8.
^ Sclilumberger, ' Ann. d. Sc. Naturelles/ iii ser., vol iii, p. 255 (1854).
3 Freseuius, ' Abhl. d. Seuckenb. Gesellsch.,' Bd. ii (1858).
* Loc. cit., Bd. xi, p. 117 to vi, f. 5, 6.
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nothing here requiring a new genus distinct from Plagio-

phrys. Possibly, too, the same would apply to the follow-

ing

:

Cldamidoplirys stercorea, Cienkowski^ (fig. 3).

Except that in the form so named as a new genus and

species the body-mass is not in close apposition to the test

(possibly of more importance than might at first sight appear),

this comes also close to Plagiophrys. It was found in a curious

habitat, that is, amongst fungals on dung.^ The author con-

siders it to be identical with the Difflugia ewcAe/ys (Schneider).

The body-mass and the pseudopodia seem to be " Eugly-

phan," so to say, that is, presenting a posterior homoge-

neous region with nucleolated nucleus (sometimes two, or

even more, nuclei), an equatorial granular zone, and an

anterior vacuole-bearing region, in which, for the most

part, digestion is carried on ; but it possesses a hyaline struc-

tureless, ovoid, or sub-reniform test, with a short, terminal, or

somewhat lateral node, and the body presents a rather thick

pseudopodial stem. The pseudopodia are numerous, though

but slightly branched, and are non-granuliferous (fig. 3).

Cienkowski found several individuals clustered together in

conjugation, which he interprets, however, as the expression

of the result of an act of division. The example pushes

through the opening of the test a protoplasmic expansion, in

which at first no nucleus is noticeable, but in which it sub-

sequently becomes developed—according to the author, inde-

pendently of the mother-nucleus. When a test becomes

formed, which at first appears closely applied to the body, the

individual thus newly produced may part from the "mother-
animal," but, as in Microgromia ; with copious nutriment, this

form in the same way produces clustered colonies, the open-

ings of the tests directed to the common central point of

union.

During his "culture" the author often found individuals

with two or three or more nuclei. Their origin seemed to be

independent of the original nucleus (though called by the

author " Mutterkern"), at least he never saw any division of

it. But the significance of this fact remained unknown to

him.
This form further undergoes a resting-state. The whole

body-mass makes its exit from the test, which, after assuming

» Loc. cit., p. 39, t. vii and viii, f. 73-89.

2 Tlie words in Cicnkowski's memoir (p. 39) wliicli run "dor
meist bewobuendea Pilzc " should surely be " dcr luist-bewoLueu-

den Pilze."
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a globular form, becomes covered by a thick membrane.
The finely granular contents of the cysts, generally lying in

clusters, becomes so dark that no insight can be gained of

their histological nature. Schneider described a fourfold

division of the contents, which Cienkowski was unable to

confirm.

Platoum parvum, Eilh. Schulzei (fig. 4),

is the name given by that author to a marine form, which
again he makes the type of a new genus and species. How-
ever opinions may differ as to the propriety of relegating the

preceding form {Chlamidophrys stercorea, Cienk.) to the

older genus Plagiophrys, there seems, at any rate, no doubt
but this form and the preceding at least are congeneric, in

which case the name Platoum would have the priority. In
the present form the Euglyphan body-mass is suspended
within a structureless hyaline membranous test, the latter

differing in its form from that of Cienkowski's C stercorea.

The author regarded it, as it were, intermediate between
Cyphoderia and Gromia, but the former is wide apart by
reason of its areolated test, whilst the forms referred by this

author to the latter genus seem mainly to belong truly to

Plagiophrys, from which this and the preceding form seem
to differ only as pointed out.

The form is compressed, in the broader view it is ovate,

often a little curved, one front arched or convex, the other
flat or a little convex ; the aperture of the test is round, its

border a little thickened. The body-mass with its posterior

nucleolated nucleus, middle granular zone, and anterior hya-
line region, often with one or two pulsating vacuoles and
long, slender, very slightly branched, non-granuliferous pseu-
dopodia (fig. 4) ; all are quite like those of Cyphoderia or

Euglypha, but the structureless, simply membraneous test

separates it from these genera (if they, i. e., Cyphoderia and
Euglypha, indeed, should ultimately be maintained as dis-

tinct).

Its test is in that respect similar to that in Hyalo-
sphenia (Stein); but the Euglyphan, that is to say, fila-

mentary, slightly branched, and more or less tufted (not

Difflugian, that is, lobose) character of the pseudopodia
completely separates it therefrom.

And the reference to Hyalosphenia causes a momentary
retrogression in order to seize the opportunity here to

apologise to Mr. Tatem for my having overlooked that

1 Loc. cit., Bd. xi, p. 115, t. vi, f. 1-4.
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that experienced observer and enviably excellent draughts-

man had already described a form' under the name
of Blffiugia ligata, which certainly belongs here, and which

extremely probably is identical with either one or other

of the forms referable to Hyalosphenia (or, indeed, these,

nay, all three, may be possibly found to be identical

when better known). Stein's description (1854), unaccom-
panied by any figure, is too brief to judge by; but

if Tatem's form coincides with Schulze's that should,

without doubt, be denominated Hyalosphenia ligata,

(Tatem), Schulze. If, on the other hand, it coincides with

Stein's, it would be but a synonym Qi Hijalosphenia cuneata.

Stein. In a letter to me iNIr. Tatem remarks that he cannot

regard the difference of the test sufficient to remove such a

form from Diffiugia. In this I cannot agree with him. Sin-

gularly enough, it is since I last wrote that I had an oppor-

tunity to see my first Hyalosphenia ; it quite agreed with

Tatem's excellent figure in the main, except in two points

:

first, in that my example was just one half the linear dimen-
sions of his (being ^^o" long in place of -^^77") ; and, second,

that it shows (what is not delineated by him) a distinctly

nucleolated nucleus, posed as usual at about the posterior

third of the body. The four stolon-like sarcodic prolonga-

tions by which the body-mass was attached to the inner pos-

terior surface of the test were quite as he shows them. But
in this circumstance the form is not singular, many other

rhizopods showing them in greater or less number. In my
example the single lobose (scarcely branching) pseudopodium
was also characteristic. Surely, indeed, there must be deep-

seated and inherent " generic" differences between those

groups of forms {genera, in my sense) which wholly eschew
all extraneous aid in the build-up of their tests, which are

a pure secretion product only, and other groups of forms

which, with a marvellous power of selection and adap-
tation, must "cast about" to alight upon suitable building

material ; nay, with what " specific" uniformity one such form
sticks about it those foreign " stones," of the most rugged
character, in the most rugged fashion, whilst another chooses

very much smoother ones, and seemingly lays them on with
what, by comparison, may be called "mosaic" regularity.

And so on. Again, surely the hyaline continuous membrane-
like test of Hyalosphenia is quite a different thing from that

of Quadrula, composed of, as it were, distinct panes of glass,

coherent by their margins in such a way a.s to build up and

* ' Monthly Microscopical Jourual,' vol. iv, p. 313, t. Ixviii, f. 1.
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bring about the quite characteristic form of the test in the

two species known. Further, in reply to Dr. Wallich's objec-

tion as to Arcella vulgaris, with its remarkable and unique
test, how can one without violence refer such to one and the

same genus as those " stone-gathering " Difflugians above
referred to, not to speak of those others (still, indeed,

retained in Difflugia) with so remarkably differing tests

from those of T). piriformis, D. ohlonga. See, for example,
as those of D. spiralis, D. carinata, D. triangulata, &c. ?

Dr. Wallich seems to think, in a letter with which he since

favoured me, that the remarks in my last communication,
which were mostly only a reproduction in English of Hertwig
and Lesser's, touching on the views so well known to be enter-

tained by him as regards the propriety of regarding Arcella

vulgaris as merely a form or species of the genus Difflugia,

were calculated to convey an erroneous impression of what
he really had expressed, or to indicate that he had not already

grasped, even considerably before the authors referred to, the

true structure in Arcella. Those authors were surprised that,

if he had so grasped the wide distinctions, rendering their

possessor, indeed, unique, he should still relegate Arcella

to Difflugia as a mere subform; and one would gather from
their remarks that they were inclined to fancy that from the

very fact of his doing so he could scarcely have truly realised

the distinctions after all. There can be no doubt indeed that

he did ; and I confess, for my part, that I feel surprised they

should appeal to him in vain. Whilst, indeed, I should

myself feel very sorry if, through oversight in any way, any
references of mine should seem, even remotely, to deprive

Dr. Wallich of the great credit which is his due, I can still

only wonder that observations so exact and experience so

great as his should have led him to views and conclusions

so divergent from those of most recent observers in this

field.

Gromia paludosa, Cienkowski (fig. 5).

A seemingly remarkable form is described under the above
name by Cienkowski. He, however, characterises it as des-

titute of nucleus, which one may almost a ^jrion assume to

be erroneous. It seems otherwise from his description to

possess the general appearance and structure of a Gromia, but
the considerably elongate and pronounced pseudopodial stem
is not apical and in a line with the axis, but lateral. The
test is delicate and colourless, oviform, with but a very

slightly elongate "neck." The pseudopodial stem takes

' Loc. cit., Bd. xii, p. 32, t. vi, f. 41-47.
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origin to one side at some distance down from the apex ; the
body is thus bilaterally symmetrical; that aspect whence the

pseudopodial stem springs the author would speak of as its

"dorsal" and the opposite as its "ventral" aspect. The
" oral" aperture is likeAvise somewhat below the apex and to

one side of the principal axis, hence, seen in " side view,"
this form shows there a somewhat deep inlet or sinus in

which lies the pseudopodial stem between the body and the

test. (See lower part of fig. 3.) The reddish or colourless

contents are described by the author as if in constant rota-

tion ; his examples contained several non-contractile vacu-
oles and sundry incepted objects.

The only mode of increase observed by the author con-
sisted in division. The first indication of this (as he describes)

was, the appearance of a new pseudopodial-stem at the base
of the example and the perforation of the test at this place. At
the same time the test along with the contents becomes more
and more deeply constricted, the isthmus thus being formed
becomes more and more drawn out, until it at last gives way.
The two new "tailed" examples gradually draw in these

appendages.

Of this curious form the author saw no mode of encysting

indicated, though such of course is to be expected.

The author does not say if there were any appearance after

the " drawing in " of the " tails," of the filling up of the

aperture in the test. May one here venture on the sugges-

tion that this is really not a form appertaining to Gromia at

all, but a true amphistomatous rhizopod, and that the fresh

perforation and emission of a new " pseudopodial stem " as

described by the author is really not founded on fact, but that

the perforation was there always, although in the examples
studied by him there were at the time—possibly until the con-

striction had begun to be formed—no pseudopodia issuing

therefrom ? This indeed in the first-known amphistomatous
form, Amphitrema Wrightianum, is occasionally to be seen,

that is, a tuft of pseudopodia may be evident only from one
extremity, and indeed in almost every case the pseudopodial

stem is more strongly pronounced, and the tuft of pseudo-

podia is notably more copiously given oflf, from one of the

apices than from the other. At the same time most of the

author's figures show a necklike prolongation only at one
end, but see his fig. 45 (I.e.), where an example is shown
during constriction, and with a well-developed "neck" and
pronounced " oral " aperture at both extremities.

If that were so, that is, that Cienkowski's G. paludosa

were really an amphistomatous form, the supposition might
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he hazarded that an increase by constriction as described by
him TTiay be at least one mode of increase for Amphitiema
as well.

But supposing G. paludosa, Cienk., to be really amphi-
stomatous, and therefore not a Gromia, and holding to the
general view and method of classification adopted by Hert-
wig and Lesser (with which I would quite coincide), owing
to the test of their form being destitute of foreign particles,

and in fact " structureless," it could not be relegated to the

genus Amphitrema (as yet, indeed, of but one species only),

covered as is the test there by foreign particles (though
mainly confined to the outer edge). Were, in fact, my con-
jucture correct this form would seem then to fall under my
own proposed genus Ditrema,i founded for the form named
D. jlaviim, to be referred to further on.

Euglypha ampullacea, Hertwig et Lesser (fig. 7).

The test of this form is flask-shaped, drawn out into a

neck, length O'OT, breadth 0-04—O'OS; diameter of mouth 003
—0*025 mm. Hexagonal plates comparatively very minute,
elongate, arranged in twenty four spirals, gradually becom-
ing longer as they come to form the inflated part of the

test ; there are often a few irregularly scattered spines. The
mouth is beset by twelve " teeth," each sitting upon two of

the plates, their outer margin showing two emarginations.

(See fig. 7.)

Cyphoderia truncata, E. Schulze^ (fig. 6.)

This form was found in sea water, and indeed in the same
gathering as occurred in the author's Platoum parviim. It

differs seemingly from the common CypJioderia margaritacea
mainly in the straight, not curved, axis of the test, hence the

test-opening comes to be exactly transverse to the longitu-

dinal axis, not oblique thereto. The contour and size of the

test in C margaritacea is well known to be variable, hence
the occurrence of a straight form would not, I fancy,

be surprising, and would seem to suggest the generic

separation thereof from Euglypha on that account, even
though the hexagonal plates be so very much smaller than in

most Euglyphae, and not drawn out in the longitudinal

direction, is scarcely justifiable. In fact, the obliquity of

the frontal aperture has its parallel in the much smaller form,
and with considerably larger hexagonal plates, Euglypha
pleurostoma, Carter.^

^ "Minutes of Dublin Micr. Club," in 'Quarterly Journ. Micr. Science,'

vol. xvi, p. 3iO, and vol. xvii, p. 103.

Scliulze, loc. cit., Bd. xi, p. 113, t. v, f. 21-22.
3 'Ann. and Mag. of Nat. Hist.,' 2 ser. vol. xx (1857).
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Test incrusted with foreign particles.

Pleurophrys compressa, Eilh. Schulze (fig. 9).

Of this form the author had as yet found but a single ex-

ample (in a ditch at Rostock). Its length was 0-075, breadth

0-04 thickness, O'Ol mm. Elliptic compressed without neck,

mouth truncate; in side view test of lanceolate outline.

The author saw (notwithstanding the opacity caused by the

coating of siliceous arenaceous particles) the large round

nucleus shimmering through. The author found also Pleuro-

phrys fuha, mihi; of the correctness of his identification of

this form there can be no doubt.

Pleurophys lageniformis, Eilh. Schulze^ (fig. 8),

is a form found by the author in sea water ; its length

was 006, greatest breadth about 004 mm. It is elliptic,

drawn out into a neck, mouth truncate, in end view cir-

cular ;
pseudopodia numerous ; the author did not perceive

a nucleus ; of its presence there can, however, really be no

doubt.

0)1 the Lymphatics mid Parenchyma of the Thyroid
Gland of the Dog. By E. Cresswell Baber, M.B.
Lond. (With Plate XIV.)

The following is a concise account of a research carried

out under the direction of Dr. Klein, and described at

length in a paper read before the Royal Society in January,
1876.'-'

Previous Investigations on the Structure of the Thyroid

Gland.—The results of these may be gathered from the

writings of Henle,'' Kolliker,'* Verson,'^ and Frey.^ Accord-

ing to these authors the thyroid gland consists of numerous
vesicles embedded in, and supported by, a stroma or frame-

work of connective tissue, containing blood-vessels, nerves,

and lymphatics.

The stroma is directly continuous with the capsule of

1 Loc. cit., Bd. xi, p. 125, t. vii, f. 0-8.

2 See ' Pliilosopliical Transactions,' 1876, vol. 166, pt. 2, p. 557, et seq.

3'Handbnch der Sjsteniatisclien Anatoniie des Mcnschen,' 18G6,

vol. ii, pp. 5)55—541.

'Handbuch der Gewebelehre,' 5tli ed., 1867, pp. 480—482.
^ Strieker's 'Human and Comparative Histology,' Sydenham Society's

translation, by H. Power, vol. i, pp. 370—372.
« 'Das Mikroskop.,' 4th ed., 1871, pp. 232 and 283.
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connective tissue investing the gland, from which strong

trabeculse pass inwards, dividing the gland into lobes, and

from these again finer septa originate, which subdivide the

lobes into lobules. In this way the thyroid gland of man " is

divided into primary and secondary segments, the line of

division between which is recognisable by slight furrows"

(Verson). The connective tissue lying between the several

gland-vesicles is, according to the same author, very sparing

in quantity, and sometimes even it is difficult to discover

between the walls of contiguous vesicles a few fibres accom-

panying the capillaries. Henle finds the vesicles partly

separated by fine connective-tissue septa, and partly in direct

contact with one another. The gland- vesicles (Driiseti-

hlaschen, Kolliker) are described as closed globular bodies,

consisting of a very fine homogeneous membrane {memhrana
propria), lined by a single layer of epithelial cells (Kolliker,

Henle, Verson). Frey does not believe in the presence of a

vienibrana propria. The epithelial cells are described by
Henle as flattened cells, containing circular nuclei, and re-

sembling a layer of epithelium. According to Kolliker they

are polygonal, finely granular, transparent cells, each with

a single nucleus. Frey, again, alludes to them as flattened,

cylindrical, nucleated cells. Finally, Verson lays stress on
the fact that the cells in the fresh condition are always

somewhat higher than broad.

The cavity of the vesicle is described as occupied by a clear

viscid fluid (Kolliker, Frey), slightly tinged with yellow, and
containing much albumin (Kolliker) Henle speaks of the

contents as clear and becoming converted by the action of

alcohol into a firm, somewhat shrunken coagulum.
The lymphatics of this organ have been last studied by

Frey, who gives the following account of them, as quoted by
Henle [loc. cit.) :

—"The large lymphatics covering the cap-

sule of the thyroid gland take their origin from a rounded
network which surrounds the secondary lobules. From these

there branch off" finer arborescent canals for the primary lobules,

to surround them with perfect rings or with arches more or

less complete. From these, again, a few finer canals dip

down among the individual vesicles, and end in blind ex-

tremities." Frey himself (op. cit.) describes the lymphatics
as quoted above by Henle, excepting that he does not confirm
the statement of their ending in blind extremities.

The present research was undertaken with the object of

investigating the lymphatics of this organ ; in the course of

it, however, it became necessary to study carefully the vesi-

cular and intervesicular tissue of the gland, and in so doing
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certain cells were observed in the latter, which, it is believed,

have not hitherto been described. The subjects of this paper

may, therefore, be treated under two headings:— 1. The
Lymphatics, and 2. The Parenchyma. Before considering

these, however, it will be necessary to say a few words with
regard to the general structure of the thyroid gland of the

dog, as observed in this research.

First, with regard to the stro7na. In the dog, as is well

Icnown, the thyroid gland consists of two separate portions,

situate on either side of the trachea. Each of these forms,

apparently, a single lobe, which is divided into lobules, more
or less distinctly, by processes of connective tissue passing

inwards from the surface of the organ, where they are con-

tinuous with the connective-tissue capsule surrounding the

gland. These bands of connective tissue run chiefly with the

blood-vessels and gradually diminish in size till between the

individual vesicles it is often impossible to say that there

is any stroma present. On the whole the stroma appears

very sparing in quantity.

The Vesicles.—Between the different ramifications of the

stroma are seen the vesicles with their walls, consisting of a

single layer of cells arranged like an epithelium, and usually

known as " epithelial cells." These commonly present a

square or wedge-shaped outline, though their shape varies in

different preparations and in different parts of the same spe-

cimen. They are usually higher than broad ; sometimes,

however, they present a more or less flattened appearance,

probably the effect of the reagents (fig. 1). Under certain

circumstances these cells present a more or less triangular or

crescentic outline, of which more hereafter. Their cell-sub-

stance is finely granular, and they are each provided with a

single spheroidal nucleus. With regard to the existence or

not of a mcmhrana propria outside the epithelial cells I am
not in a position to make any definite statement.

Contents of the Vesicles.—The contents of the vesicles

consist, in addition to a small quantity of a pellucid sub-

stance sometimes present, of a jieculiar material, which
shrinks avvay from the walls of the vesicle and forms a solid

mass in the centre (fig. 1, c). In sections stained with picro-

carminate of ammonia it appears as a finely granular sub-

stance, of a more or less bright yellow hue, contrasting with

the red colour of the walls of the vesicles.

In specimens coloured with hsematoxylin, on the other

hand, it presents the aspect of an opaque, grey, or greyish-

violet mass, which is generally uniform, but sometimes
finely granular in appearance.
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I, The Lymphatics.

Methods.—The methods of investigation adopted were as

—

(1) Injection with Berlin Blue.—The thyroid gland of a
freshly-killed dog was injected in situ with a solution of

Berlin blue by the method of puncture with a subcutaneous
syringe. When sufficiently injected the gland was removed
and hardened, and sections of it were stained and mounted
in balsam.

(2) Injection with Nitrate of Silver.—The gland was in-

jected in a similar manner with a one eighth per cent,

solution of nitrate of silver instead of Berlin blue.

Throughout this research the glands examined were those

of adult dogs only.

Characters and Distribution.—The appearances presented
by the lymphatics may be considered under two heads :

1. Macroscopic Appearances.—On injecting one of the
portions of the gland with Berlin blue solution by the above
method the following appearances presented themselves :—

•

The whole organ swelled up and a fine network of injected

vessels appeared on the surface, which could be distinctly

seen with a hand-lens ; at the same time lymphatic vessels

became injected, running from the gland in a direction

upwards and downwards. The former, after forming a
plexus above the gland, gave off two principal branches, the
one running upwards and inwards over the front of tlie

windpipe, the other upwards and outwards, and terminating
in a large lymphatic gland situate under the upper part of
the sterno-mastoid muscle. The vessels running downwards
from the gland emerged at the lower and inner extremity of
the organ, and soon united to form a single vessel, which,
taking a course downwards and inwards in front of the
trachea, enteied a small lymphatic gland situate in the
median line over about the sixteenth ring of the trachea. In-
jection in a similar manner with nitrate-of-silver solution
also showed a network of lymphatics on the surface of the
organ.

2. Microscopic Appearances. — Traversing the gland
chiefly in a longitudinal direction, and accompanying the
larger blood-vessels and septa of connective tissue are nume-
rous lymphatic vessels of considerable size. They not uncom-
monly surround the arteries which they accompany, as

represented in fig. 1, and even completely invaginate them,
so as to represent " perivascular lymphatics." These vessels

are in direct communication with the network of lymphatics
already described on the surface of the organ. They are
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provided with valves, and their walls are formed by a layer

of endothelium, the cells of which are elongated, and have

a somewhat sinuous outline. Many of these cells appear to

be provided with two or even three oval-shaped nuclei.

Coming off from these vessels, and traversing the gland in

all directions, are numerous lymphatic tuhes, of very varied

size and shape. The larger ones run principally between
groups of vesicles, and are in direct communication with

smaller ones, which pass between individual gland-vesicles.

The latter (the "few finer canals" of Frey), in a well-injected

specimen, are seen to be numerous, aiid are frequently noticed

partially, and not uncommonly completely, surrounding in-

dividual vesicles. The tubes vary very much in size and
form—in fact, they appear to adapt themselves accurately to

the intervals left between the vesicles. This being the case,

as might be expected, the diameter of a tube rarely remains

constant for any distance ; and where the intervals left

between the vesicles are larger the tubes expand into lym-

phatic spaces, having the most irregular shape.

The lymphatic tubes, then, both large and small, together

with the lymphatic spaces, form a dense rounded network of

freely anastomosing canals, which permeates the entire sub-

stance of the gland. In no case have I seen any indication of
the lymphatics terminating in blind extremities, and cati only

attribute such an appearance to an imperfect injection. The
distinctly tubular character of the tubes, as well as the form

of the spaces and tubes generally, are best seen in specimens

injected with Berlin blue. In perfectly injected parts of silver

preparations a continuous layer of endothelial cells is seen

lining both larger and smaller lymphatic tubes and spaces

(see fig. 2). The endothelial cells are somewhat elongated,

and present an irregularly sinuous outline. They form a

delicate membrane, which in a thick section can be seen

following accurately the walls of the vesicles and covering

them like a thin veil.

Once familiar with the appearances in preparations in

which an injection has been successful, the walls of the lym-

phatic tubes and spaces may be recognised between almost

all contiguous gland-vesicles in j)arts where the injection has

not penetrated. They appear in this case as two fine dark

wavy lines, studded at intervals with deeply-stained, staff-

shaped nuclei. This appearance, attributed to the lym-

phatics, may in some instances be produced by capillary

blood-vessels. Judging, however, from specimens in which

the lymphatics are injected, it is probable that we have to

do with such vessels, although it is not possible to distin-
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guish the nucleated membrane forming the wall of a capillary

blood-vessel from that of a lymphatic.

Contents of the Lymphatics.—On examining a specimen

injected with Berlin blue and stained with picrocarminate

of ammonia, by far the greater part of the cavity of the

lymphatics is seen to be filled with a granular material of a

more or less bright yellow colour. The blue injection occu-

pies the peripheral portion of the lumen, forming bands of

colourinsr matter betvveen the wall of the vessel and its
• • • T

contents (see fig. 1, b). On examining the lymphatic tubes

some of them are seen to contain this granular material ; the

greater part, however, in a well-injected specimen, are filled

with blue injection. It is probable that the injection first

entering the smaller tubes forces their contents, or at least

a part of them, onwards into the larger tubes and lym-

phatic vessels. From the relation existing between the in-

jection and the contents of the vessels I am led to the

conclusion that during life the contents are of a viscid con-

sistence ; for if, at the time of the injection, the contents were
fluid, the injection on entering the vessels would either force

the contents of the same before it or would mix with them.

The injection, however, being performed immediately after

death, the contents could not have had time to coagulate, and
as the blue does not mix with the contents, but forms a sepa-

rate layer between them and the wall of the vessel, it follows

that the contents must during life have been more or less

viscid in character.

In sections stained with logwood the contents of the

lymphatics usually present a uniform appearance, but are

sometimes finely granular. They stain of a greyish-violet

colour.

In addition to this material the lymphatics sometimes
contain a few hyaline drops.

II. Parenchyma.

Besides the stroma, lymphatics, blood-vessels, &c., between
the vesicles, there is another tissue, to which, as far as I am
aware, no reference is made by authors on this subject. To
this tissue it is proposed to give the name of "parenchyma,"
on the supposition that it is possibly analogous to the

parenchyma of the testis described by various authors.

Characters of the Parenchyma.—On examining with a

high power sections of the gland stained with haematoxylin

and mounted in balsam, numerous cells are seen differing

markedly in size and shape from the epithelial cells amongst
which they lie. These cells are usually more or less rounded
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in appearance, and considerably larger than the adjacent

epithelial cells. Their cell-substance is finely granular, and
they are each provided with a single large nucleus. Some-
times these cells present an irregular outline, and are at the

same time smaller, as if the cell-substance had shrunk up
round the nucleus, leaving a space between it and the sur-

rounding structures. In other parts of the specimens, how-
ever, the cell-substance presents a regular rounded outline,

and is in contact with the neighbouring elements. The
nuclei of the parenchymatous cells are round or oval in shape,

and present a well-marked outline. They are larger than

those of the epithelial cells, and do not stain quite so darkly

with hsematoxylin. In their interior are seen* several

nucleoli. The parenchymatous cells are met with either

alone or in groups. In the latter case several frequently

appear to be situate in a common cavity, which they do not

fill out (see fig. 4). With regard to their relation to the

walls of the vesicles, these cells may occupy at least four
positions.

1. They are found, either singly or in groups, external to

the vesicles, and separated from their cavity by a layer of

normal epithelial cells {i. e. epithelial cells as described

above).

2. Other parenchymatous cells, also situate in the inter-

vesicular spaces, are seen to be separated from the cavity of

an adjoining vesicle by a layer o'ijiattened epithelial cells,

the latter presenting a concave surface to the parenchyma-

tous cells.

3. Some parenchymatous cells are seen encroaching on

the layer of epithelial cells to such an extent that they are

only separated from the cavity of the vesicle by a thin mem-
brane. They lie, as it were, in a cup formed by the flattened

epithelial cells (see fig. 3, c).

4. In other cases these cells are seen lying in a cup formed

by the epithelial cells, and in which the flattened epithelial

cells, or the membrane, separating the parenchymatous cells

from the cavity of the vesicle have given way, thus placing

the parenchymatous cells in direct communication with the

contents of the vesicle (see fig. 4, h). In this, as in all

other situations described, the cells may be single or several

together, apparently occupying a common cavity.

Lastly, rounded cavities formed by flattened epithelial

cells and communicating with the cavity of a vesicle are

sometimes seen in an empty condition.

The above appearances represent the diff'erent stages of a

process which may be summed up as follows :— The paren-
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chymatous cells originate in the intervesicular tissue external

to the toalls of the vesicles ; from some cause {inherent move-
ment or growth of cells behind them) they exert pressure on
the wall of an adjoining vesicle ; the cells of this become flat-

tened out or absorbed to a greater or less degree, andfinally
give way, allowing the parenchymatous cells to escape into

the cavity, and to form a constituent of tlie contents of the

vesicle.

The distribution of the parenchyma through the gland
appears tolerably uniform, though probably its cells are more
numerous between the small than between the large vesicles.

As above mentioned, in some places they are numerous and
form groups, whereas in others they appear only thinly

scattered on the walls of the vesicles. Having been observed
in all thyroid glands of the dog which were carefully examined,
they must be regarded as normal and constant structures.

From the small vesicles, which they frequently resemble
in size, the parenchymatous cells may be distinguished by
the presence of the nucleus and by their being less highly
refractive.

Mesemblance bettoeen the conte7its of the Vesicles and those

of the Lymphatics.—The description of these two substances
given in a previous paragraph indicates the close resemblance
existing between them. There are several reasons for con-
sidering them identical.

1. The general Appearance and Staining with Reagents.—
In specimens stained with picrocarmiuate of ammonia
and mounted in balsam they both appear granular and of a

more or less bright yellow colour. In sections stained with
logwood they both present generally a uniform, sometimes
a finely granular aspect, and stain of a greyish-violet colour.

2. The Consistence.—The reasons for considering the con-
tents of the lymphatics to be during life of a viscid consistence

have been given above under I. The contents of the
vesicles are described by KoUiker and Frey as consisting of
a clear viscid fluid ; and, as far as I have seen, there appears
no reason to doubt this assertion, although I have not
directly proved its accuracy.

From these facts it appears that the contents of the lym-
phatics are morphologically identical vfiih those of the vesicles,

and they give a strong reason for suspecting that the two
materials are identical in other respecls.

It is of material importance to remember that in all but
one or two cases examined, most of the vesicles, as well as

the lymphatics, contained the material above described ; and
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it is further important to bear in mind that the material in

the lymphatics completely fills and even distends the vessels,

without containing any formed corpuscles ; the material

cannot, therefore, be lymph. Hence it is reasonable to think
that one, possibly the chief, functioti of the thyroid gland
is the formation, within the vesicles, of a material which is

transferred from these by the lymphatics to the general cir-

culation, there to serve some purpose in the animal economy
as yet unknown. The close relationship existing between
the lymphatic tubes and the walls of the vesicles, together

with the abundant distribution of lymphatics, both within
and without the gland, appear to lend support to this

view.

Frey {op. cit., p. 232), speaking of the glands formed of

closed vesicles, mentions this theory, and alludes to it as " a

very insufficient explanation." He may well do so, seeing

that he gives no reason in support of it ; for neither Frey, nor

any other author I have consulted, alludes to the contents of

the lymphatics, still less to the identity {morphological, at

least) existing between the contents of the vesicles (where the

material is supposed to be formed) and those of the lympha-
tics (by which it is supposed to be carried off) ; nor do they

give any other ground in support of this view.

Note.—May, 1877.— In addition to the above structures

in the thyroid gland of the dog, bodies of considerable size

are frequently seen, usually on the surface, which differ

greatly in structure from the rest of the gland. From a com-
parison of their structure with that of the gland in tiie

embryo, I am led to believe that they are probably portions of

the organ whose development has been arrested before the

formation of vesicles has taken place. It will suffice to

mention these bodies here, leaving a description of them to a

future time.
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The Minute Anatomy of the Alimentary Canal. By
Herbert Watney, M.A., M.D. (With Plate XV.)

The following is an abstract of a paper published in the
* Philosophical Transactions,' vol. 166, part 2. The research
was commenced and carried on under the direction of Dr.
Klein for the first fifteen months; during the last year it was
continued independently. The paper was read in January,
1876. It is illustrated by forty-three drawings, most of them
having been made by means of the camera lucida.

The paper is divided into three chapters, the first of which
treats of the minute anatomy of the mucous membrane of the
intestine and the method of fat absorption ; the second of the

minute anatomy of the mucous membrane of the pyloric end
of the stomach ; and the third of the minute anatomy of the
mucous membrane at the point of transition between the
stomach and the intestine.

The first chapter begins with a statement put forth as a
proposition, which the author seeks to demonstrate in the
rest of the chapter. The statement is that

—

The mucous membrane of the mtestine is pervaded every-

where by a reticulum similar to and continuous with that

found in the follicles of Peyer^s patches. This reticulum
is situated among all the other elements which are contained
in its meshes. This is true of the epithelial cells, the

muscle-fibres, the cells of the parenchyma and of the endo-
thelial plates of the membrana propria, of the blood-vessels

and lymphatics. It is by this reticulum that the fat is

absorbed, and by this reticulum that the fat finds its xoay
into the lymphatic vessels, and probably also into the blood-

vessels.

After this follows a long history of the previous researches
on the subject. It is shown that at first the lacteals were
supposed to open on the surface ; then, when the epithelium
was discovered, it was imagined that there were minute pores
in the borders of the epithelial cells through which fat could
pass. The view that was held by some observers of the fat

pressing in everywhere among the tissue is also mentioned,
as are the later and important researches of Basch, Erdmann,
and Zawarykiu, on absorption, and the anatomical facts dis-

covered respectively by His, Teichman, Recklinghausen, and
Debove.

After the history a short account is given of the different

VOL. XVII. NEW SER. P
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views which various observers have held about the small

cells among the epithelium.

The methods which were employed are then given

;

chromic acid and chloride of gold were used as hardening,

reagents ; osmic acid as a means of distinguishing the position

of the fat particles.

The structure of the epithelium and the nature of the

tissues found among the epithelial cells are next described.
'

It was foundj in contradistinction to the research of Than-
hoffer, that the epithelial cells are closed, and it is also shown
that they have no processes stretching into the mucosa.

Attention is drawn to the fact that most authors who have
asserted that the epithelial cells have processes have worked
too exclusively with the intestine of the frog, and seem to have
been unaware of the extreme length of the epithelium in that

animal, and of the different lengths of the epithelium in

different parts of the intestine, and even in a single villus

(see PI. XV, fig. 1).

It was found that among the epithelial cells small round
cells are seen similar to the lymph-corpuscles of a lymphatic
follicle (see 1. c, fig. 1), and in addition to these cells groups

of young epithelial cells, which are called " epithelial buds"
(see fig. 6). It is also shown that a reticulum, similar to

and continuous with that which exists in the lymphoid fol-

licles and in the villi, can be traced everywhere among the

epithelium of the intestine, the reticulum appearing in ver-

tical sections of the epithelium as fine, almost thread-like,

processes, continuous with the dark line on which the epi-

thelium appears to rest. This dark line (see fig. 1, r) is due
to the sectional viewof the connective-tissue reticulum which
lies surrounding the epithelial cells. In transverse sections

of the epithelium the reticulum appears as star-shaped bodies

united by processes.

As regards the membrana propria of the villi, appearances
are found somewhat similar to those figured in the long-lost

sight of research of Eberth, that is to say, there is a definite

membrane (not, as the older authors held, a greater condensa-
tion of retiform tissue), the membrane being formed chiefly

of cells, as was pointed out by Debove ; and it is also shown
that the endothelial cells of which it is composed are very
similar to the cells forming the upper part of the villus (see

e, fig. 1). It is also demonstrated that a reticulum con-

tinuous with that of the villus, holds in its meshes the

endothelial-like cells of the membrane.
The tissue of the villus is composed, not, as has been so

often described, of branched connective-tissue corpuscles or
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of branched cells of the retiform tissue, but of a reticulum

which does not differ from that which is found in the lymphoid

follicles, consisting of a network of fibres with thickened

nodes. The reticulum contains cells in its meshes. These

cells are of two kinds, lymph-corpuscles and large, somewhat
flattened, spheroidal cells arranged as an endothelium (see

figs. 1 and 3) ; they are very similar to the endothelium of

the blood-vessels, lymphatics, and membrana propria. The
lymph-corpuscles are found chiefly at the lower part of the

villi and the spheroidal cells at the upper part. It is, how-
ever, distinctly stated that a gradual transition can be traced

from the lymph-corpuscles to the endothelial-like cells of the

upper parts of the villi. In the mucosa no fibrous tisue can

be found, as has been figured by some authors.

The mode in which the muscles terminate in the rabbit's

colon and in the villi of many animals (see m, fig. 1) is

described. It is found that the bundles of muscles separate

into individual fibres, which, running up to the surface, are

apparently attached to the cells of the membrana propria.

It is demonstrated, however, by oblique and cross sections of

the muscularis mucosae, that every muscle fibre is surrounded
by the reticulum, and that this reticulum is continuous with
that of the rest of the mucosa. It is by this reticulum that

the muscle bauds running up towards the surface are attached

to the cells forming the membrana, or, more correctly, to the

reticulum surrounding the cells forming the membrana.
It is shown that in some animals the chyle-vessel is at

least half surrounded by a membrane of muscle-fibres dove-

tailing into one another. The importance of this fact

appears to be that any theory which attempts to prove the

absorption of fat by means of branched connective- tissue-

corpuscles connected to the chyle-vessels, &c., must, in such
a case, be evidently at fault ; and if it were not for the know-
ledge of the delicate reticulum pervading and holding in its

meshes all the other tissues of the villus including the

muscle-fibres, this one fact would make great difficulty in the

comprehension of the process of fat absorption, unless we fol-

lowed Frerichs, Donders, Funke, and Donitz, in supposing
that the fat presses in everywhere in a cloud-like form.

The blood- and chyle-vessels are shown to be composed of

a membrane formed of endothelial plates, a delicate reti-

culum being found between the individual endothelial cells

(see r, fig. 2), this reticulum being continuous with that of

the rest of the mucosa, and forming the adventitia to the

vessels. There is a difference between the adventitia of the

arteries and veins, so that we may always recognise the
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arterial character of the minute arterial capillaries, even
where there are no involuntary muscle-fibres surrounding the

vessel.

The author concludes the anatomical part of this chapter

by asserting that he has demonstrated that there is every-

where a reticulum holding all the elements of the mucosa in

its meshes; hejlnds that the reticulum must he considered

not only as a network of threads, hut as forming, at any rate

in some places, memhranous investments.

The next part of the chapter is an attempt to prove the

second part of the proposition, namely, that it is by the reti-

culum that fat is absorbed. First, as regards absorption by
the reticulum among the epithelial cells, it is found that in

horizontal sections of the epithelium, or in teased prepara-

tions where the epithelium is separated en masse from the

rest of the tissue, fat-granules are arranged in lines between
the epithelial cells (see fig. 4) in preparations where the

epithelium is cut vertically ; although the appearances are

not quite so satisfactory, yet lines are seen between the epi-

thelial cells. If the separate epithelial cells are viewed in

teased preparations they are found apparently to contain

fat, but this is explained by the fact that the reticulum

always breaks off with the epithelium, and that the fat is

really in the reticulum, and not in the epithelial cells.

The following conclusion is therefore drawn :

From the foregoing observations there is proof that the fat
travels hy the reticulum hetween the epithelial cells, hut there

is no decisive evidence that fat-granules are absorbed hy the

epithelial cells.

The fact that in the villus the reticulum filled with small

fat-granules is so similar to that seen in preparations hard-

ened in chromic acid (compare fig. 3 and fig. 5), sustains

the following conclusion :

The fat travels hy the reticulum which is found everywhere

among the other elements of the mucosa.

The only difference in the two appearances in figs. 3 and
5 is that the reticulum is broader in fig. 3 ; this is always

the case in preparations which have been hardened in

Miiller's fluid and osmic acid (see figs. 8 and 9).

Then some space is occupied by an attempt to give all the

situations in which the reticulum has been seen, with the

various properties which have been ascribed to it ; the author

considers that it was a similar reticulum which was seen in

the salivary glands and pancreas among the epithelial cells

and described as nervous tissue by Reich and Pfliiger, as

connective tissue by Boll, as intercellular capillaries by
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Gianuzzi and others, as a continuation of the cell membrane
by Heidenhaim, and as a cuticular formation by Von Ebner.
That it was seen among the epithelium of Brunner's glands
by Schwalbe, who considered it secretion-capillaries with a

coagulation of their contents ; in the mammary gland by
Gianuzzi and Falaschi ; in the " rete Malpighii" of the skin

as small branched bodies deeply stained by gold ; in the epi-

thelium of the intestine by Fles and Erdmann, who deemed
it cement substance ; in the same situation by Zawarykin,
who described it as the borders of the cells ; in the serous

membranes by Klein, who described it as pseudo-stomatous
tissue and who considered it of great importance in absorp-

tion ; that possibly it was noticed among the endothelium of

lymphatic vessels by the name of stomata by His and Reck-
linghausen, and as stigmata by Arnold ; in the alveoli of the

lung by Sikorsky, Klein, and others, Klein having figured

it as interepithelial nucleated branched cells in connection
with the connective-tissue-corpuscles of the mucosa and thus
in continuity with the lymphatic vessel. It is also shown
how injections have been forced into it by Carter in many
places, as has been done much more completely by Arnold,
and that by a natural injection Thoma obtained a precipi-

tation in the same tissue. Injections have also been forced

into it by other observers, as Basch, Wittich, Zawarykin,
Sikorsky, and others.

In concluding this chapter the writer expresses his view
that absorption is not a purely mechanical process, the fluids

being pressed along a semifluid reticulum, but that the re-

ticulum takes an active part in the process, and he quotes
an observation of Busk and Huxley to a similar eflect.

The second chapter, on the minute anatomy of the pyloric

end of the stomach, commences with a short history of pre-

vious researches, which mentions Professor Loveu's discovery
of lymphatic vessels in the mucous membrane, and Rabe's
discovery of the unequal length of the glands of the stomach
of the horse.

It is found that in those animals, as the dog and horse,

which have very compound glands, the stomach is thrown
into wave-like elevations of alternating long straight tubes
with long straight plicae villosse and short wide tubes with
folded sides and contracted plicae villosse, and that these

appearances are very similar to those which Ebstein has
given as representations of the stomach of a dog in stages

of sponge feeding and vegetable feeding respectively.

The glands are described as consisting of wide cylindrical
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tubes or " ducts," lined by an epithelium continuous and
identical with that of the surface ; these ducts dividing two
short branches, and into each of these branches two or

three small branching tubes open. These small branching
tubes are called the " coiled tubes."

It is shown that the epithelium of the surface is open in

certain stages of secretion only, as was described by Todd
and Bowman.

Observations are next recorded on the germination of the

epithelium, as seen from hardened specimens. It is found

that there are four different phenomena.
A. Many of the epithelial cells covering the surface are

found to contain nuclei in a state of division, and this divi-

sion is transverse, oblique, and longitudinal, b. Small cells

are seen at the base of the epithelium, and these cells are of

two kinds, lymph corpuscles and conical or rounded cells, the

latter differing in every respect except size from the former,

c. Short, broad epithelial cells are also found ; and, finally,

D, the epithelial buds or groups (see fig. 6), composed of

two or three, or even more cells arranged very much like a

bud. The same features are seen in the small round or

conical cells, in the short broad cells, and in the epithelial

buds. These features are a spherical nucleus as opposed to

the oval nucleus of ordinary epithelium, and a finely granu-

lar protoplasm of the cells, which is not readily stained by
hsematoxylin. The conclusions which are drawn are—that

the epithelial cells divide, that the small round cells are pro-

ducts of their division, that these cells rise up and form the

short broad cells, and that they in turn by division form the
** epithelial buds." The epithelial buds are found in situa-

tions where they cannot be explained by foldings of the

epithelium, and they occur in young and old animals.

Attention is drawn to the fact that there is an intercellular

substance uniting the epithelial cells of the surface of the

stomach, which is acted upon by staining fluids in quite a

different manner to that in which the reticulum is affected.

The membrana propria is found to resemble that of the

villi.

The blood-vessels in the plicae villosse are shown to be
enclosed in perivascular spaces, these spaces being formed
of endothelium ; towards the surface, where the blood-vessel,

run parallel to the surface, the upper wall of the perivascular

space is formed by the membrana propria of the plicae villossae

an arrangement similar to that which lias been described by
Boll in the salivary glands, and Ludwig and Tomsa in the

testicle. Probably these perivascular spaces are the lym-
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phatics which Loven injected by the method of puncture.

The muscle bands run up by the side of the perivascular

spaces and end in a very similar manner to that which has

been already described in the account of Chapter I.

A fine reticulum is described as existing among the epi-

thelium of the coiled tubes. It is shown that if in a vertical

section one of the coiled tubes is found running vertically

and is viewed from the outside, so that the epithelium is seen

in an optical horizontal section, the reticulum appears as

small branched bodies united by processes (see fig. 7). If

the section cut one of the tubes obliquely, we get appear-

ances similar to fig. 8. In both figures the nuclei of the

epithelial cells can be seen between the threads of the reti-

culum. Fig. 9 gives the appearances presented by a section

made from the same tissue hardened in Miiller's fluid and
osmic acid. It will be noticed how much broader the reti-

culum appears than in fig. 8, and it explains the view
Schwalbe took, that this appearance is due to a network of

canals.

It was found that whatever be the state of digestion, the

nuclei almost always exist as flattened discs lying at the

lower part of the cells. At times, indeed, the nuclei were
found to have a spherical form, but never over a considerable

tract of the stomach. During digestion the cells are granular
and stain more readily than during inanition. The writer,

therefore, diflfers in opinion very materially from Ebstein ;

first, in regard to the contraction of the mucous membrane
of the stomach; secondly, in the shape of the nuclei of the

cells of the coiled tubes in various states of digestion ; and
thirdly, in describing an interepithelial reticulum.

A third foi'm of nucleus is described and figured which
Avas sometimes met with, the nucleus appearing to be under-
going some form of vacuolation.

It was observed that, in young animals, the surface epithe-

lium is apparently completely filled with fat, as had been
previously noticed by Bruch and Kolliker ; whereas in fully

developed animals, while no fat is found in the epithelium
of the surface, the epithelium of the ducts and coiled tubes
appears cloudy with fat, especially in animals whose stomachs
contain bile. No explanation is offered of these appearances,
the author reserving that to another paper.

Chapter III describes the continuity of Brunner's glands
with the coiled tubes of the stomach.

First, a short history is given which shows how nearly

Cobelli arrived at the same results. He, however, thought
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that there are two kinds of glands in the pyloric end of the

stomach of man, mucous and acinous, and concluded that

the acinous glands of the portio pylorica may be considered
as a continuation of Brunner's glands. The observations of

Schlemmer, Schwalbe, and Heidenhaim are also mentioned.
It is shown that near the point of union of the stomach

and intestine the stomach glands are slightly different to

those of the rest of the stomach, the coiled tubes are more
branched and convoluted, and the ducts somewhat shorter;

further, that the coiled tubes penetrate into or below the

muscularis mucosae; that at about the point of union they
break through to a greater degree, that at the commence-
ment of the intestine there are as many in the submucosse as

in the mucous membrane, the muscularis mucosee splitting

up and running among them. At this point the coiled tubes

must be called Brunner's glands. Still further down the

intestine but few glands are found above the line of the

muscularis mucosee, below it the glands are arranged in

separate lobes. Still further down the intestine we find a

definite muscularis mucosae with numerous Lieberkiihn's

crypts reaching down to it, Brunner^s glands consisting of

small lobes. Finally, the lobes are smaller and more isolated

and then cease.

This continuity of the stomach tubes and Brunner's glands
was noticed in man, in the monkey, cat, dog, rabbit, hedge-
hog, and horse. In the rat this continuity could not be
traced.

It was found that at the point of union of the stomach
and intestine the epithelium of the surface changes sud-

denly, so that on one side is seen the regularly arranged
cylindrical epithelium of the stomach, and on the other side

the granular epithelium of the intestine with goblet cells at

intervals. The glands of Lieberkiihn begin suddenly at the

point of union of the stomach and intestine.

It was, moreover, shown that at the commencement of the

intestine, lymphoid follicles are very numerous, so that at

times they form a complete ring of half an inch in breadth.

This lymphoid tissue, however, varied in amount, the mucosa
being sometimes almost free from it, at other times com-
posed in a great measure of this tissue ; the latter condition

was found to be the case in dogs which were kept on a low
diet. The author wishes to lay particular stress on these

facts, as he concludes that this excess may, in itself, con-

stitute a paihologicaljcondition, and may be connected with

some of those pathological changes so frequently met with

in this part of the alimentary canal.
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On a New Genus and Species of Zoanthina malaco-
DERMATA (Panceria spongiosa, sp. u.) . By Angelo
Andres, Ph.D. (With Plate XVI.)

This new kind of polyp was found in Port Natal, like the

allied species Xanthus viridis, Kr., and Pales Cliftonii, Gr.

It has a cylindrical shape, and is four centim. in length

and six millim. in diameter (PI. XVI, fig. 1).

The basis is not muscular, but permanently fixed to the

ground, and often spreads out to produce the buds, from

which the " blastozoites"^ arise; after the complete develop-

ment of these the extended portion or coenenchyma disap-

pears, and the blastozo'ites remain isolated. The surface of

the body is completely naked, with shallow transverse

wrinkles (Pales). The tentacles (fig. 2) are disposed in

two concentric rows ; they are alternate to each other, alike,

short, simple, conical; their total number is forty-two, half

on each row, and, perhaps, originated after the series 6, ll^,

24.2 J j^g^yg jjQj jjggn ^\,\q tQ ^n(i either the bourses mar-
ginales or the ampulles integumentaires of Hollard.^

Splitting the animal longitudinally, we find a short, conico-

cylindrical stomach (fig. 2, s), the surface of which is wrinkled

in very numerous folds ;* they are longitudinal, parallel, and
divided into five or six superposed rows by transverse annular

furrows. In the superior portion, however, no folds are

present, so that you may almost infer the morphological

division into pharyngeal and gastric region, as Quatrefages

did in the Edwardsia.^ The mesenteric septa are, of course,

equal in number to the tentacles; they do not present that

pore which in the Actinozoa is considered homologous to the

circular canal of Hydroid-medusse.^ Not every one bears a

filament, but only a few ; perhaps twelve on an average.

The superior or straight portion of the filaments (fig. 2, b)

is regular, while the inferior or convoluted (fig. 2,/) is more

' Lacaze-Duthiers, "Mem. sur les Antipathaires " ('Ann. sc. nat.,'5, ii).

^ HoUard, " Monographic anat. du g. Actinia " (' Ann. sc. nat.,' 3, xv).

Hollard, ' Etudes sur I'organisation des Actinies,' 1848. Haime et Milne-

Edward, " Sur les Polypiers," &c. (' Ann. sc. nat.,' 3, ix). Lacaze-Duthiers,
• Comptes Rendus,' 1873, &c. C. Semper, ' Zeitschr. d. wiss. Zoologie,'

xxii.

^ Loc. cit.

* Uonf. Agassiz, ' Contribut. nat. hist. United States.' ' Gosse, * Actino-

logia Britannica.'
* Quatrefages, "Mem. sur les Edwarsies" ('Ann. sc. nat.,' 2, xviii).

« Allmann, " Homolog. Relations of Coelent." (' Trans. R. S. of Edin-

burgh,' xxvi).
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or less developed in the various septa of the same individual.

Hanging in pairs upon the superior portion of every filament

are the well-developed, transversely furrowed "brauchia-like

organs,"^ or '' liver-organ."^

Towards the base of the animal the mesenteries run to-

gether (fig. 2, m) and form an anastomosing, spongy tissue.

As the behaviour of the mesenteric folds is, perhaps, the

most striking character of the polyp, I add drawings of six

transverse sections. Near the tentacles in the pharyngeal
region every septum is attached to the wall of the alimentary

tube (fig. 3) ; but in the proper gastric region only a few
preserve their attachment (fig. 4).^ In the so-called bran-

chial region the difference in size persists; the largest septa

bear the filaments and the branchiae, so that their sections

appear arrow-shaped ; all the septa enlarge at their base

and show a tendency to ramification (fig. 5). In corre-

spondence to the convoluted filaments this tendency increases,

and some of the branches anastomose together (fig. 6).

Farther dovvn the anastomoses become very frequent, till the

lumen disappears and a spongy, trabecular tissue alone

remains (fig. 8), Moreover, this spongy character extends

into the coenenchyma (see above), so that the buds or zooids

are in relation with the body of the mother through a real

system of enteric canals, and thus there is in this polyp a
point of connection (an analogy, if not a homology) between
Zoantharia, Alcyonaria, and Antipatharia.

The histological structure of this polyp is closely similar

to that of the other Zoanthinse."* There is a cuticle, a sub-
cuticle, a cellular layer, a layer of connective tissue, a mus-
cular layer, and a mucous layer.

The cuticle is an exceedingly thin, structureless membrane
(fig. 9, a).

The subcuticle (fig. 9, h) is also thin, 0-030 mm., and homo-
geneous.

Kolliker thinks that this layer has in the Zoanthinse no
individuated importance, and that it apparently belongs to

the cuticula.^ In this polyp, however, it is quite distinct

from the cuticle; and, to speak accurately, neither this nor
that layer should be called either subcuticula or cuticula ;

> Dana, " Zoophytes" (' United States Exploring Expedition 1838-42').
2 Lesueur, "Observations," &c. (' Journ. Acad. Nat. So. Pliiladclphia/

i, 1817).
^ Conf. Dana, loc. cit., plate 30, fig. 3 d, how different.
* See Kolliker, ' Die Biudesubstanz der Ccelenteraten.'
* Kolliker, loc. cit.
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the subcuticle is in this polyp undoubtedly only a continua-

tion of the mesodermic connective tissue, while the cuticle

may be considered simply as a differentiation or hardening

of its external surface.

The cellular layer (fig. 9 c) or ectoderm has its elements

gathered together in conspicuous groups of thirty to fifty

cells each. These groups are entirely surrounded by the

connective tissue, which on the surface towards the cells

differentiates a peculiar membrane, like the cuticula of the

external surface. The elements are granulations and cells.

The former are various in size, and perhaps of pigmentary

nature. The latter present three forms, which seem to be

only three different stages of a single, identical element,

viz. A (fig. 10, a), round, apparently isolated cells, with

highly refracting nucleus and membrane; B (fig. 10, h),

similar cells, Avith a prolongation towards the inner side of

the group; c (fig. 10, c), nematocysts of ellipsoidal shape,

perpendicular to the external surface of the animal, contain-

ing a spirally wound filament ; they are like the nemato-
cysts of the seventh kind of Haime,^ or of (he fourth of

Mobins.^ The similarity of these groups of elements scat-

tered on the whole surface of the body with the heaps of
** Korner, Zapfen, Kugeln," described by Rotheken in the

bourses marginales as eyes,^ is very striking ; and this may,
perhaps, add a new argument against his hypothesis to those

already urged by Ludwig.*

The connective tissue (fig. 9, d) is gelatinous (Kolliker),

and presents cells, canals, and fibres.

Of the cells (a) some are very distinct masses of proto-

plasm, with a clear nucleus and nucleolus (fig. 11); {b)

some are only isolated nuclei with one or two nucleoli, and
with more or less slight traces of protoplasm (fig. 12) ; (c)

some appear as irregular, finely granular bodies, with crys-

talline spicules of carbonate of lime, and usually adherent to

a fibre (fig. 13) ; {d) some present only a relatively large

mass of the same salt and no trace of protoplasm, or only a

very trifling one (fig. 14). All these crystals are not so

peculiarly shaped as in other Zoanthinse f still they are

homologous with them and with the sclerites of Antipatha-

' J. Haime, "Mem. sur le Cerianthe" ('Ann. sc. nat,,' 4, i).

' K. Mobins, " Bau und Eutwick. der Nesselkapseln " (' Abh. nat.

Vereins Hamburg,' v).

^ Schneider und Rotheken, *S. B. oberhess. Ges.,' 1871.
* Hubert Ludwig, ' Nachrichten d. k. Ges. d. Wiss. Universitat Got-

tingen,' 1875, No. 18.
* Kolliker, loc. cit.
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ridse.^ (e) Some show an irregular outline, occasionally a
nucleus, and always intercommunicating prolongations
(fig. 15). Thus we have a system of canals ffig. 16) exca-
vated through the whole internal moiety of the mesoderm,
the mesentery, as well as the body wall, and which are con-

tinuous from the parent to the buds ; in the spongy region
the canals become larger and larger, and get a mucous layer ;

the whole system communicates through very small openings
with the gastro-mesenteric cavity.^

Here I again call attention to the close relation of this

polyp with Antipatharia and Alcyonaria. Though this

touches very near the two important questions of phleben-

terism and of the origin of the coelome, their discussion is

not my present task.

The fibres are of three kinds— (a) thick, highly refracting

fibres, which are sometimes single (fig. 17), sometimes in

bundles (fig. 17), and in this case they have a transverse,

circular arrangement ;
(b) thin, almost invisible fibres, which,

like the former, may be single or form bundles ; in one case

they are straight or wavy, simple or bifid (fig. 18), in the

other always simple (fig. 18) ; (c) the third kind is of pseudo-

fibres, viz. of weak, refracting, convoluted forms, which
occur in the median portion of the mesoderm (fig. 19).

The muscular layer (fig. 9, e) is well developed and pre-

sents spindle-shaped mono- or binucleated elements (fig. 20);
it is more or less conspicuous, everywhere interposed between
connective tissue and endoderm.

The mucous layer (fig. 9,/"), or endoderm, consists of cells

very irregularly heaped together. These cells are loosely

connected, and therefore preserve their round shape ; their

nuclei, and often their nucleoli too, are strongly refract-

ing; nematocysts occur only on the mesenteric filaments;

ciliated cells I did not see.

In the lower portion of the body fundamental gelatinous

substance and calcareous deposits predominate. Above, on

the contrary, the sclerites almost disappear, and the gelati-

nous substance becomes thickly crossed by muscular and con-

nective fibres of every kind. In the tentacles the ectoderm

cells are no longer sunk in groups into the mesoderm, but

form a uniform external layer, preserving, however, the three

forms already described ; the mesoderm is reduced, but the

relative quantity of muscular fibres is increased. In the

stomach the wall protrudes towards the cavity with appen-
1 Lacaze-Duthiers, loc. cit.

2 Cunt'. KoUiker, 'Actes soc. Ilelv. sc. nat.,' Gcueve, 1865.



NEW GENUS AND SPECIES OF ZOANTHINA MALACODERMATA. 225

dices, dendritic in form, not brush-like ; at the pyloric ridge

there is a distinct muscular sphincter. The branchia-like

organs are, histologically, mere outgrowths of the mesenteric
folds, as these are of the body-wall. I did not see the canals,

which, according to Dana, exist on every transverse stripe.

The filaments present no lumen ;^ they have a very thick

layer of round cells and of nematocysts ; the latter have a

regular radiating arrangement, and seem quite similar to

each other and to those of the body-wall and tentacles. The
three specimens I have examined contained neither ova nor
spermatozoa.

From all these characters it appears clearly that this polyp
belongs to the group of the Zoanthina nialacodermata, and
therefore is akin to the genera Polythoa, Zoanthus, Mam-
millifera. Pales, Isaura, Ormia. I have only been able to

examine specimens of the first four genera,^ yet have no
hesitation in asserting that the subject of the present descrip-

tion is a decidedly new genus, at least so long as the already
established allied genera retain that rank.

That the reader may judge, I expose the characters of

the whole group—dichotomously, for brevity's sake

:

A. Coenenchyma involving the whole polyp.

—

Polythoa.^

B. Coenenchyma basilar only.

a. Persistent—adult individuals in colonies.

a. Regular—colonies of numerous individuals.
^ Expanded, flat.

—

Mamillifera.'^
^"^ Slender, cylindrical.

—

Zoanthus}

/3. Irregular—colonies of few individuals.

—

Pales.^

b. Not persistent— adult individuals isolated.

N a . Tentacles in two cycles.

^ Peristome without velum.

—

Panceria.
* * Peristome with velum.

—

IsaurusJ

^ Conf. Leuckart, ' Beit rage zur Kentniss der wirbellosen Tliiere ;' and
Delia Chiaje, Rapp, Blaiuville, Cuvier, &c.

2 I am very much obliged to Prof. Owen and Dr. Giinther, who gave me
opportunity to observe the specimens of the British Museum.

' Dana, loc. cit. Polythoa . . . polypis latere coadunatis
;
genus with

the ancient Maniillifera and Corticifera of Lesueur. Gray s. i. Polythoa

.... base subcylindrical, creeping (!).

• Lesueur, loc. cit. Dechassaing e Michelotti, s. i. Lamouroux (' Ex-
posit, methodique des genres de I'ordre des polypiers,' Paris, 1821).

* Gray, s. i. Dechassaing e Michelotti, s. i.

* Gray, ' Proceed. Zool. Soc. London,' 1867 ; new genus.
" Lavigny, " Polypes d'Egypte," Audouin's ' Expl.' Gray, ' Spic, Zool.'

Lamouroux, loc. cit.
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/3'. Tentacles in a single cycle.— Orinia}

I propose tlie generic name of Panceria in compliment to

the distinguished Professor Panceri, of the University of

Naples. The following are the characters :

Panceria, g. n.—Coenecium in juventute tantum existens,

saxis adnatum, tenue, parvum, expansum. Polypi liberi,

erecti ; pariete corporis crassa ; tentarulis biserialibus
;
peri-

stomo parvo, veloque carente ; lamellis mesentericis inferne

lobatis, varioque modo coalescentibus.

Panceria spongiosa, sp. n.—Port Natal. Length, four

centim.; diameter, six millim.; tentacles forty-two; peri-

stome smooth.

The specimens examined were placed at my disposal by

the generosity of my respected teacher, Professor Leuckart,

of Leipsic, who also suggested their investigation.

Contributions to the Physiology of Vision and of the

Sensation of Colour. By Professor Franz Boll,
Rome. (' Monatsbericht d. k. Akad. d. Wissensch. zu

Berlin/ 11th January and 15th February, 1877.)

I.

Experiments on the colour of the retina^ in frogs, and the

changes produced in it by white and coloured light, have
yielded the following results :

^ Decliassaing e Miclielotti, ' Mem. Acad. Torino,' xix ; new genus,
^ In my first communication ' On the Anatomy and Physiology of the

Hetina ' (this Journal, April, 1877) I mentioned various earlier observa-

tions on the red colour of the retinal elements in Invertebrata. But it

Lad escaped me tiiat Leydig, nearly a quarter of a century ago, had also

observed the red colour of the retiua in frogs and other Amphibia ; and
that even the satiny lustre of the dying retina of the frog had not escaped

him. His observations are to be found in ' Miiller's Arcliiv fiir Anatomie
und Physiologic,' 1853, p. 8 ; in his 'Lehrbuch der Histologie des Men-
schen und der Tbiere' (Frankfort, 1857, pp. 238 and 250), and in his paper
" Das Auge der Gliederthiere " (Tiibingen, 1864, p. 23). That these ob-

servations have attracted so little attention, and have remained barren so

far as the doctrine of vision is concerned, is explained by the fact that, in

the first place, Leydig does not recognise the red colour of the retina as a

general character of this membrane, but believes that he has described

only a peculiarity of certain retinae, such as are the coloured oil-drops in

the retina of other animals; and that, secondly, the relation of the red

pigment to the illumination of the retina has altogether escaped him.
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1. Complete Darkness.

The colour of the retina when it has been kept in abso-

lute darkness is " red " (not purple-red, as I called it in

my first paper). I call this colour the ground-colour of the

retina or the " vision red." If we observe with the micro-

scope (Hartnack's objective 7, without cover-glass) the

mosaic of the layer of rods, the great majority of the rods

shows the same " red " colour which characterises the whole
retina. Between these red ones there appear isolated rods

of a very pale greenish tint. If we follow the paling of the

retina with the microscope, we see that as the colour of the

red rods becomes fainter, they assume a distinct yellowish

red, and finally, nearly quite yellow tint.

2. White Sunlight.

The retina, after the prolonged operation of the sun's

rays, or of bright diffused daylight, appears quite colourless.

Under the microscope all the rods appear equally colourless

and transparent.

3. Coloured Light.

In order to investigate the influence of coloured light on
the retina the frogs were kept in glass boxes of various

colours, which were exposed as far as possible to daylight and
to the sun. At the time at which these experiments were
made (December, 1876), grey clouds and dark days were
rare, or any long continued sunshine was equally rare. The
days were nearly all of about the brightness of white-cloud

light, and consequently the following experiments are to be
exclusively regarded as made with light of medium intensity.

1. Red Light.

The glass used in these experiments (glass coloured with
suboxide of copper) absorbs the outermost red rays as far as

B, transmits the red and orange from B to D, and completely

absorbs the yellow, green, blue, and violet from D to G.
Macroscopically the ground-colour of the retina appears

unchanged. Under the microscope the red rods behave as

in the retina kept in the dark, and gradually pale to yellow
in quite the same manner; on the other hand, the green rods

scattered between the red ones show a much more brilliant

colour than the green rods of retina kept in the dark.

2. Yellow Light.

The yellow glass absorbs from the outermost red to C,

from which point it transmits the red, orange, yellow, and
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yellowish-green as far as E, and then absorbs all the re-

maining green, and the blue and violet to the end of the

spectrum.

Macroscopically and microscopically the retina, exposed to

yellow light, behaves in the same way as after the operation

of red light.

3. Green Light.

The green glass absorbs completely the red and orange to

D, transmits yellow and green from D to b, absorbs the

greater part of the dark green from b to F, and completely

the rest of the spectrum from F.

Macroscopically the ground-colour of the retina appears

changed to " purple red." Under the microscope the red

rods appear of the same colour; as they pale they pass into

a beautiful rose tint. The green rods show the same bril-

liant tint as after the operation of red and yellow light.

Their number, compared with that in retinae kept in the

dark and in red and yellow light, appears not inconsiderably

increased.

4. Blue and Violet Light.

The blue glass absorbs almost completely the red and
orange to D, transmits the yellow and yellowish-green rays

from D to E, then again absorbs pretty completely the green

from E to b, and from that point completely transmits the

blue and violet.

Macroscopically the ground-colour of the retina appears

changed to a dull " violet." The numerical proportion of red

to green rods is the same as after the operation of green

light. The latter appear of a peculiar dirty green, and their

presence and colour alone cause the dulness of the violet tint

of the retina ; for under the microscope the majority of the

rods appear of a completely clear bluish-red tint, which in

paling passes to a distinct light violet.

It is worth notice that all these characteristic changes of

colour by the various kinds of light were produced in re-

peated ex})eriments with extraordinary constancy ; so that I

was soon able by examining a retina to distinguish with

certainty whether it had been exposed to blue, green, or red

(or yellow) light. It is indeed this constancy in the results

which induces me to publish them now, without waiting for

their confinnation by a secoiul series of experiments carried

out with truly monochromatic lights. I am on the point of

beginning such experiments; in addition I intend also to

study the effect of more intense light of different kinds, a

medium intensity having been only observed by me hitherto.
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and to settle what alterations are produced in the layer of

rods by the intensest possible operation of monochromatic
light (monochromatic dazzling).

There are obviously still great difficulties in directly uti-

lising the results at present obtained for a theory of vision

and sensations of colour. One of the first questions which
arises is as to the significance of the green rods. Must we
really distinguish in the frog's retina two morphologically

and functionally different kinds of rods, the majority being

red and the minority green ? Or ought we not rather to

assume the fundamental identity of all the rods of the retina,

and consider the red and green rods only as appearances
produced in similar elements by changing physiological con-

ditions ? The circumstance that in the retina which has

been exposed to white sunlight no difference between the

rods is demonstrable, speaks in favour of the latter alterna-

tive, and seems to show that there exists only one kind of

these elements. The observations above communicated of the

increase in number of the green rods by green and blue light

might also be brought forward in support of this view. But
unfortunately it must be confessed that these latter observa-

tions must not yet be viewed as absolutely decided. For it

is highly probable, for many reasons, that the relation of

green to red rods in each single retina is not constant, but
differs in the various regions of the retina, in the centre and
the peripheral zones. But if this be the case, it becomes a
very doubtful problem to compare two retinae together as to

their relative richness in green rods, and therefore I dare

only speak with great reserve as to the actuality of the ob-

servations above mentioned on the increase of the green rods

in green and blue light.

But so long as the significance of the green rods is not
cleared up, so long as we do not even know whether they
are found only in Amphibia, or occur also in the higher and
highest vertebrates, in mammals and especially in man, it

will be very difficult to utilise the above results for a theory
of sensations of colour. The first thing to be done is to

carry out a similar series of observations to those on frogs,

in an animal whose retina approaches man's as far as possible

in structure, i. e. a monkey. Perhaps we may then make
discoveries which stand in some simple relation to the facts

settled by subjective observation as to the sensations of colour
in the human retina ; and it might then be possible to deduce
a really true theory based upon this agreement.
At present the following statements may be viewed as

confirmed.

VOL. XVII. NEW SER. Q
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Rays of different wave-lengths act upon the retina in

different ways. The red colour of the retina is not changed
at all by the rays of the greatest wave-length (red and yellow

light). A marked alteration of the ground-colour is at

once produced by the rays from the middle of the spectrum

(green); and the strongest alteration^ is caused by the rays

of the shortest wave-length (blue and violet) from the ex-

treme end of the spectrum. Probably these three categories

of colour are identical with the three primary colours postu-

lated by the theory of Young and Helmholtz.

It is not yet possible to found a theory of colour-sensation

on these observations, but I may already point out that a

great part of the observed facts are in harmony with the fol-

lowing theory

:

" That by the action of the various colours objective colour-

changes are produced in the layer of rods of the retina {i. e.

in a part of the nervous system), which ?ixe identical with the

substance of the sensations and subjective ideas to which
they give rise."

If it should be possible to carry out this conception really

and thoroughly for the theory of colour-sensation, a com-
pletely new solution of the primeval question concerning the

reality of the substance of our sentient perception would
directly arise from it.

II.

I wish to make a few additions to my previous communi-
cation.

I, The constant sunny days of the second half of January
have enabled me to determine with greater accuracy than
before the duration of the time in which the vision-red is

destroyed by sunlight and again restored by darkness. If a

dozen frogs are simultaneously taken from complete darkness
and exposed to the sun in glass vessels, and if a pair of eyes

be examined every five minutes, we find that already in the

first five minutes a considerable paling of the vision-red has

taken place ; after ten minutes a weak glimmer of the red

colour may still be demonstrated; but this is very rarely to

be met with after fifteen minutes; commonly after this time
the retina is already completely colourless ; finally, after

' In the slight alteration produced by the green rays, and the much
stronger change effected by the blue and violet rays in the ground colour

of the retina, there may perhaps be found an explanation (assuming the

identity of these relations in man) of the fact that the majority of colour-

blind people cannot di&tinguish red from green, while red and blue are con-

fused by very few only. This latter (higher) degree of colour-blindness

appears, however, always to include the lower stage of red-green blindness.
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half-an-hour, no trace of the original colour could ever be
found, and the dying retina did not show a yellowish, but a
pure white satiny lustre. Exactly the same experiments
were simultaneously performed at a window of the laboratory

with a northernly aspect, with the result that diffused daylight

requires double or triple the time of direct sunlight to de-

colourise the retina completely. In another series of expe-
riments, finally, a dozen frogs which had been exposed to

direct sunlight for more than an hour were returned to

absolute darkness and examined in succession. The first

traces of returning redness were never found in these frogs

before the lapse of one hour, and were very weak for the

most part, even after an hour and a half; after two hours a

very intense colouring was usually again present.

II. I repeated the experiments on monochromatic dazzling,

and must remark that in these experiments I did not yet use
truly monochromatic light, but was obliged to employ the
same more or less faulty glasses which had served for the
first experiments with light of medium intensity. These
experiments yielded the following results : 1. The operation
of the most intense red and yellow light, even when con-
tinued for several hours, allowed the red colour of the retina

to be preserved, but with the difference (scarcely noticeable

in experiments with light of medium intensity) that it be-
came in red light still more intense and darker, of a " red-

brown" or nearly brown tint, while in yellow light it ap-
peared clearer and lighter, nearly " rosy." The ground-
colour of the retina lies midway between these two extreme
shades of colour. 2. The dazzling by green light after short
duration gives the same results as with the same light of
medium intensity. If the dazzling be continued longer than
two hours, the colour of the retina becomes altered in the
same way as by the action of blue light of medium intensity,

i. e., it becomes violet. In still longer dazzling this violet

becomes paler and paler and at last the retina appears nearly
entirely colourless. 3. Dazzling by blue and violet light of
short duration gives quite the same results as the same light

of medium intensity. If the dazzling be continued for two
hours or more, the violet colour of the retina becomes con-
siderably paler and finally the retina becomes quite colourless,
as after the action of white light. 4. In these experiments
a phenomenon which was also noticed in earlier experiments
came out very distinctly : hand in hand with the progressive
decolourizing of tlie retina, there takes place a peculiar alte-

ration in the consistency of the layer of rods and in the
retinal pigment. While in eyes that have been kept in
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darkness and in red and yellow light, the retina as far as the

layer of rods, may be almost always stripped off as a contin-

uous membrane free from retinal pigment (the processes of

the pigment cells being retracted from it), this by no means
takes place so smoothly in the decolourised retina ; the retina

commonly tears into several shreds to which larger or smaller

quantities of retinal pigment remain inseparably attached.

III. I have not rashly ascribed the various actions of the

separate regions of the spectrum to the different wave-
lengths of the rays, and have omitted the obvious reference

to the stronger chemical action of the short-waved rays,

because experiments on the operation of the ultra-violet rays

on the colour of the retina have yielded only negative

results.

Observations o?i the Muscular Coat of Sweat-glands.
By Alfred Sangster, M.B. Cantab. (With Plate XVII.)

It has loner been known that some of the sweat-glands of

the human subject possess a muscular coat. Kolliker in his

treatise on Histology says

—

" The canals of glands (sweat) have either thick or thin

walls. The latter possess a covering of indistinctly fibrous

connective tissue, with elongated scattered nuclei which is

sharply bounded internally by a delicate membrana propria,

and this is lined by a simple double or multiple layer of

polygonal cells. The thick-walled sudoriparous glandular

canals have in addition to the two coats above described a

middle layer of longitudinal smooth muscular fibres whose
elements are readily separable." Concerning the ceruminous
glands the same author remarks :

—

" In their intimate struc-

ture ceruminous glands are constituted as follows :—The tube

of the glandular coil possesses a fibrous coat and an epithe-

lium. The fibrous coat possesses exactly the same characters

as that of the larger sudoriparous glands, i.e., it consists of

an internal layer of smooth muscular tissue disposed longi-

tudinally and of an external layer of connective tissue with
scattered nuclei and occasionally very fine transverse elastic

fibres. The epithelium lies probably on a membrana
propria, and consists of a simple layer of polygonal cells

which contain yellow-brown pigment cells."
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Biesiadecki, writing about the sweat-glands in bis article

on tbe skin, in 'Strieker's Histology/ observes :
—" The gland

tube is composed of a sheath lined by enchyma cells. Tlie

sheath is a delicate transparent membrane, that when acted

on by nitrate of silver exhibits areas in which are oblong

nuclei (Czerny). In the larger glands, as in those of the

axilla, numerous longitudinal muscle cells lie on the outside

of this membrane, giving a striated appearance to the surface

of the gland. The gland tube is lined with a single layer of

conical or columnar cells."

The following is an extract from the work on Histology
and Histochemistry, by Frey and Leukart:—"Among the con-

voluted glands we have the smaller and larger sudoriparous

organs, the ceruminous glands of the ear, and the lobules,occur-

ring in the conjunctiva of the edge of the cornea in mammals.
It is seldom that, as in the latter situation, they possess a

simple membrana propria. In most the wall is stronger,

this membrane being again enclosed within a layer of con-

nective tissue, between which structures muscular elements
may be disposed as a middle tunic, e.g., the large sweat-
glands of the axilla."

Lastly, Krause in his Histology, recently published, says,

in treating of the sweat-glands :
—" The canal consists of an

apparently structureless membrane to which externally is

applied a single or double layer of unstriped muscle-fibre

cells, while most externally we find a connective-tissue

adventitia."

It will be seen from the above description that investigators

are generally agreed in assigning to the muscular coat of the

sweat-glands of the human subject a position external to the
" membrana propria." Dr. Klein^ first called my attention

to the fact that in the sweat glands of the sheep the mus-
cular coat is situated internal to the membrana propria. It

will be shown that this relation of the muscular coat of

sweat-glands holds in otlier animals, and from what can be
observed in the ceruminous glands of the external auditory
meatus of man that the same condition ohtained in the human
subject.

Fig. o represents a transverse and longitudinal section of

part of the coiled tube of a sweat-gland, from a case of sheep
pox; the specimen Avas prepared by Dr. Klein. On examin-
ing the preparation from which the drawing was made, the

degenerated epithelial lining of the gland tubule can be
seen at a, appearing as a layer of pale rounded, granular,

' " Research on Smallpox of Sheep," ' Transactions of the Royal
Society,' v. 16-4, 1S74, p. 229.
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cells ; with well-defined outlines, which come into view
momentarily, while focussing with the fine adjustment ; other

outlines of the same and other cells appearing at a lower

level, the epithelium is coated internally with granular

debris. External to the epithelium at h can be seen darkly

stained bodies, in some parts oblong, and obliquely placed to

the circumference, in other parts quadrilateral or rounded
;

these are sections of spindle-shaped cells composing the mus-
cular coat.

These cells being arranged longitudinally on the gland

tube and the latter coiling in sharp curves, it is clear that a

section which traverses one side of the gland tube in a plane

at right angles to the axes of the spindle-shaped muscle-

fibres must necessarily traverse the o|)posite wall in a plane

more or less oblique to those axes, and this accounts for the

appearance seen in the figure, where on one side of the

tubule the cells are obliquely divided and a portion of their

length varying with the obliquity of the section comes into

view. Here and there, more darkly stained, can be seen the

transversely or obliquely cut stafi'-shaped nuclei peculiar to

unstriped muscle cells.

External to the muscular coat may be recognised, at c,

the membrana propria ; it bears the same hyaline, homo-
geneous, appearance that is peculiar to this structure wher-
ever it occurs. It is stained darker than the muscle-cells,

and in places appears to be prolonged between them, as

though they were lying partially within its substance. Sur-

rounding the membrana propria, are to be seen the fibre

bundles and interfascicular spaces of the connective tissue, in

this case widely separated by oedema. In the longitudinal

section the same parts may be readily identified, the muscular
coat appears very thick, probably a result of pathological

change ; it shows faint striation and a few longitudinally

divided staff-shaped nuclei. The darkly stained membrana
propria appears puckered and very distinct.

Fig. 1 represents three transverse sections of sweat-gland

tubule from the ear lobe of the pig. The single layer of

well-formed epithelial cells is seen lining the tubule at a,

the outlines of the cells appear more or less cylindrical in this

section, their free borders bulging towards the centre of the

tubule. The nuclei are round, large, and regularly placed.

The muscular coat is well seen and the transversely divided

stafi'-shaped nuclei are more plainly visible than in the last

specimens. The membrana propria, although not so well

marked as in the last specimen, can still be recognised as a

thin hyaline membrane situated between the transversely
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divided muscle cells and the nuclei bounding the fibrous

tissue adventitia.

In fig. 3, which represents in transverse section part of
the gland tubule forming one of the ceruminous glands of tlie

human auditory meatus, the structures described in the two
preceding specimens cannot fail to be recognised. The
appearance of the epithelial lining, however, is peculiar.

Between the free borders of the cells composing it and their

nuclei is a deposit of what appears under the microscope as

brown or yellow granular matter, giving the appearance of

a definite zone internal to the regularly placed nuclei. The
muscular coat is not so well marked as in the last specimen,
but with its darkly stained nuclei still forms a distinct layer

inside the"membrana propria,'* in this instance well defined.

In a less marked degree similar conditions, with regard to

the position and appearance of the muscular coat, may be
seen in the large sweat-glands of the axilla.

To sum up, then : it would seem that in the sweat-glands
of some animals, as well as in those of man, possessing a

muscular coat, the epithelium, lining the gland, is seated on
the muscular coat without the perceptible intervention of any
membrane; again, that the muscular coat is situated internal

to the membrana propria lying in the inner portion of its

substance ; a priori, it may perhaps be argued against the

above, that Histology up till the present time has furnished

no parallel where muscular tissue and epithelium are directly

in contact. Whilst fully admitting the weight of the objec-

tion, I would urge that the microscopic appearances detailed

in this paper admit of no other interpretation.

The observations were conducted under the direction of

Dr. Klein.

Contributions to the Minute Anatomy of the Omentum.
By Dr. E. Klein, F.R.S. (With Plate XVIII).

I PROPOSE to describe in this short memoir (1) certain

bud-like structures occurring on the fenestrated portion of

the omentum of rat and dog; (2) the way in which the

fenestree are produced in the omentum of rodents and car-

nivorous animals ; and (3) some points referring to the new
formation of blood-vessels in the omentum of guinea-pig.

Before proceeding to detail my observations, I wish to

say a few words as regards the methods used in this in-
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vestigation. The omentum is carefully removed from the

freshly killed animal; in the case of mouse, rat, guinea-pig,

and rabbit, the omentum, together with stomach, pancreas,

and spleen, is removed from the animal under fluid ; in the

case of dog or cat a portion of the omentum can be simply

cut off and placed in the proper fluid. This is in all cases a

2 per cent, solution of bichromate of potash. The omentum is

kept in this fluid for from one to two weeks ; small portions of

it are then washed thoroughly in water, and stained in

haematoxylin, or better first in carmine and then in hsemato-

xylin. 1 shall have occasion hereafter to point out the ad-

vantage of this double staining. The stained preparations

are finally mounted in glycerine.

1. Examining carefully the fenestrated portions of the

omentum of a full-grown rat, larger or smaller bud-like pro-

jections are found on tlie bundles of connective tissue forming

the trabeculse of the fenestrse. These buds are covered

with the same endothelium as that lining the trabeculae (see

figs, i—v) ; they are not as a rule in connection with the

connective-tissue bundles, except in later stages, where the

content of the buds becomes itself fibrillar tissue. As regards

the size, they vary very much. Those represented in figs.

i—V are all relatively small, but there are others twice, thrice,

and even more times as large as that represented in fig. iv

or fig. V. The smallest buds are those in figs, i and ii

;

they are either pear-shaped, and by their stalk attached to

the trabeculae, or they are conical with very broad basis, by
means of which it rests on the connective-tissue bundle. An
interesting form is presented by some of them being of more
irregular form and of a plate-like extension, with one or

more spindle-shaped thickenings (seefig. iii). In the young
stages the buds are composed, besides the covering endo-

thelium, of a substance which is very indistinctly granular,

andwhich stains, somewhat like theconnective-tissuebundles,

conspicuously in carmine ; the endothelium, on the other

hand, has a greater aflfinity to haematoxylin, and hence the use-

fulness of staining the preparation in carmine and in haema-
toxylin. But while the bud-like structures have a greater

affinity to carmine than to hseniatoxylin they are not alto-

gether indifferent to the latter; this is especially the case

with the larger examples that we find in the more dense part

of the fenestrated portion, for these assume a peculiar purple

colour which makes them very conspicuous among the rest

of the tissue, and under these circumstances are very easily

distinguished. Not all buds contain, or rather are composed
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of, that indistinctly granular substance, for in some we may
distinguish under a high power very delicate fibrils, while

in still others the whole mass seems to be composed of a more
or less distinctly fibrillar tissue. In the latter case the fibrils

have either a concentric arrangement, as in fig. v, or they form
a thinner or thicker bundle, much convoluted, and situated

])arallel to the surface of the corresponding trabeculse (as in

fig. iv), or vertical to it. The fibrillar nature of such a

bundle is very well shown if in the course of preparing the

specimen the endothelial covering breaks and the bundle of

the bud-like structure becomes uncoiled. It may then be
ascertained that there exists no difference between this

bundle and the ordinary connective-tissue bundles of the

trabeculse. As the contents of the bud-like structures

become more distinctly fibrillar we find that it enters also

into a closer connection with the subjacent connective tissue.

The question presents itself now, How do these bud-like

structures develop ? The earliest, or what appears to be the

earliest, stage is a small prominence due to the presence of

one, two, or three, or probably more, slightly flattened cells,

the substance and nucleus of which places them in the same
category with the endothelial cells of the surface. In the

next stage the substance of these cells, except the one
covering the prominence, becomes indistinctly granular, the

outlines of the cells becoming at the same time indistinct or

altogether lost ; whereas the nuclei lose their power of

staining with haematoxylin or carmine ; their outline becomes
soon indistinct, and finally they are altogether lost. In figs.

i, iii, and v very faint outlines of nuclei are still dis-

tinguishable.

The description hitherto given applies to the examination
of the omentum of rat, but also in that of half-grown
dog have I observed similar bud-like structures, only these

are less numerous. I should say that those that I have seen,

were of the same kind as that represented in fig.v; theyshowed
already fibrillar structures, the fibrils being arranged concen-
trically, and among them were remnants of one or two
nuclei.

So that it appears that bundles of fibrillar connective

tissue are being formed in the omentum by the direct con-

version of cells. These cells are in all respects similar to

endothelial cells. This is in conformity with an almost
generally assumed theory ; it is, however, not quite in accord-

ance with what RoUett states (' Strieker's Handbook,'
chapter on Connective Tissue) as regards the development of

the connective-tissue bundles of the foetal omentum. In my
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* Anatomy of the Lymphatic System ' (part i, serous

membranes) I stated that under pathological conditions

bud-like and papillary or villous projections grow out from
the surface of the serous membranes (tenestrated as well as

non- fenestrated parts), and that the connective tissue forming

the matrix of the larger or further advanced papillae does

not seem to be produced by the distinct conversion of the

substance of endothelial cells, as stated by Kundrat (' Strie-

ker's Jahrbiicher,' 1870), but appears rather as a kind of

secretion. This, however, is certainly not correct in the case

of the projections of the normal omentum as described above,

for here the newly formed connective-tissue bundles are

derived directly from the cell-substance, and it is, therefore,

not unlikely that the same takes place also under the above-

mentioned pathological conditions.

At one time I was not disinclined to derive some of the

young buds of the omentum of rat, represented in figs, i and
ii, from peculiar large migratory cells, which seem to occur

only in the omentum of white rats. They are conspicuous by
their large size, their coarse granulations, which staine

very deeply in haematoxylin, and also, but to a less degree, in

carmine, and by their clear round nucleus, which was not,

however, stained with the above reagents ; and in this respect

alone they differ markedly from the other cellular elements

of the membrane. These migrants are found in considerable

numbers among the cell-accumulations around the large

blood-vessels, whence they may be traced into the smaller

trabeculae of the fenestrated portion. At some places these

cells are changed into fat-cells.

As I said before, I was at first inclined to assume that

some of our buds are derived from these large migrants,

especially those figured in i and ii, by assuming that their

coarse granulations gradually disappear, and that also their

substance undergoes the above-described alterations, but
not being able to find intermediary forms I cannot support
that assumption.

Before concluding this part of the paper I wish to mention
the changes that are observable in the nuclei of the surface

endothelium of the fenestrated portion of the omentum of

rat, consisting in this :—Amongst the ordinary oblong nuclei

of the ordinary endothelial cells (like those represented in

figs, i—v) there are seen occasionally oblong or round nuclei

[the ordinary nuclei are on the average about 00135 by
O'OOSl millimetres] considerably larger, even twice as large.

They show very otten constrictions, as if dividing, or are

nearly completely divided into two or even three smaller
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nuclei. The presence of two nuclei in one endothelial cell

was, however, seldom met with in the omentum of rat.

The presence of smaller or larger groups of germinating

endothelial cells occurring in various parts of the normal
omentum and pleura of various animals, fully described and
figured in the above-mentioned book, need not here be

mentioned specially.

2. According to Rollet the fenestrse of the omentum are

surrounded by connective-tissue bundles, which return in

themselves, and judging from his fig. 3 in his article on con-

nective tissue, one is led to suppose that in the omentum
there are no other bundles but such as surround the fenestrae

and return in themselves. Ranvier ('Travaux de laboratoire

d'Histologie,' 1874, p. 140) questions this statement, and
maintains on the contrary that there are no bundles return-

ing in themselves, and that the fenestrse originate by the

simple separation of bundles, i. e. are merely holes between
bundles. Ranvier thinks it probable that the holes are pro-

duced by migratory cells penetrating through the membrane.
Examining the omentum of young rabbits and guinea pigs,

prepared in the above manner, the origin of the fenestrse

becomes easily understood ; the examination of the omentum
of rats and half-grown dogs gives us also valuable informa-

tion as regards the arrangement of the connective-tissue

bundles in the fenestrated part. There is a considerable

part of the omentum of young guinea pigs (three to four

weeks old), and still more, of young and even full-grown

rabbits, which is of a dense structure, containing only here

and there a few small holes. The omentum of guinea pigs

(three to four weeks old) is especially valuable in this

respect, showing us at once the origin of the holes. In fig.

vii I have represented a small portion of such an omentum.
As is shown in the figure, the membrane consists of connec-

tive-tissue bundles, arranged more or less parallel to each
other ; on the surface of the membrane are seen the nuclei

of the endothelium (the outlines of the endothelial cells

becoming of course visible by nitrate of silver). Further,

we see a number.of well-defined holes, a, passing right through

the membrane, these holes being of diflferent sizes. And
finally, we notice in the membrane a number of round
spaces (vacuoles) of different sizes—in some parts their num-
ber being very considerable; some of them contain a small

nucleus, i. e. the nucleus of a connective-tissue cell, the

substance of which may be made out occasionallly as granular

protoplasm situated at and extending from the poles of the
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nucleus. On carefully looking over a portion of the omentum
it can be ascertained that the last-named spaces are vacuoles

which open completely on one of the surfaces. I presume
the only interpretation that can be put on these different

appearances is this : there appear smaller or larger vacuoles

in the substance uniting the connective-tissue bundles, which
ultimately open through the endothelial niembrane first of

one then of the other surface. These vacuoles appear not

only at those places between the bundles, where there is

situated a connective-tissue corpuscle—in this case the vacuole

appears to be lined on one side by the cell,—but also

independently of these.

Comparing with the above specimen one that had been
stained in the usual manner with nitrate of silver, we per-

ceive that the smallest examples of those holes which
penetrate completely through the membrane {a in fig. vii)

correspond to the interstitial substance of the endothelial

cells of the surface ; so that the above holes of the omentum
are due to a dehiscence of the interfascicular, and also of the

corresponding parts of the interstitial substance of the surface

endothelium, viz. two substances which, as is well known, are

identical in their chemical characters. That, therefore, the

theory of Ranvier, viz. that the holes are caused by migra-
tory cells, is to be dismissed need not be specially insisted

upon. The absence of migratory cells in many parts where
the holes are just being formed—^judging from the very

small vacuoles found in the membrane—confirms this con-

clusively. I presume the above vacuolation is due to the

presence of fluid in the interfascicular substance, probably

liquefaction of part of this substance, and that a similar pro-

cess in corresponding portions of the interstitial substance of

the endothelium leads to the establishment of complete
holes.

Turning now to the exauiinationof the omentum of young
and half-grown dogs and rats we ascertain the following

important appearances :

(a) Apart from the large trabeculse containing large

blood-vessels, we find some parts in the fenestrated

portion which are of a denser structure; they contain,

besides tlie surface endothelium, a considerable number of

connective-tissue bundles, arranged parallel with each other

;

between these we find the ordinary connective-tissue cor-

puscles.

(b) In some extensive portions, however, the meshes of

the fenestrated part are surrounded by tliin trabeculge which

are composed of a single connective- tissue bundle, ensheathed
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by the surface endothelium. There are no connective-tissue

corpuscles within this kind of trabeculse.

Between a and h we find all intermediary forms, i. e.

broader or narrower trabeculae, according to the larger or

smaller number of connective-tissue bundles of which they

are composed, and between these lie the corresponding

connective-tissue corpuscles. Examining more carefully one
of the smaller of these intermediary forms of trabeculae,

^. e. one containing a small group of bundles, like the one in

fig. vi, we have two important facts.

First, we see at the points where three or more trabeculae

meet, an accumulation of nuclei ; examining these places with

a moderate power we find that the nuclei are due chiefly to

cells situated between the connective-tissue bundles, the

nuclei being surrounded by granular protoplasm. (In prepara-

tions prepared with bichromate of potash, and then stained

as described above, the nuclei belonging to the covering

endothelium cannot be easily distinguished except by very

careful focussing ; staining with silver gives satisfactory

information.) A second fact of equally great importance is

the presence of vacuoles between the bundles of con-

nective tissue. In the drawing under consideration we see

that these vacuoles are between the bundles, and in a more
or less distinct linear arrangement. It is easy to understand
how by the increase in size of these vacuoles a group of

meshes is established, or how by the coalescence of two or

three vacuole meshes of considerable size are formed.

As in the case of the guinea pig (see above), so also

here we find that in some vacuoles are contained nucleated

cells. The examination of a number of places like the one
represented in fig. vi leads one to suppose that the accu-

mulation of nucleated cells at the junction of trabeculae

represents the stock from which cells extend by active

growth between the bundles, and are destined to become
the covering endothelial cells of the latter when this part

becomes fenestrated.

From the preceding description it appears that the meshes or

holes in the omentum are caused by the separation of the bun-
dles from each other ; that is to say, they appear between the

bundles (the connective-tissue corpuscles situated between
these representing the endothelial cells after the fenestration

of the corresponding parts), and that therefore Ranvier is

right against Rollett, according to whom (as mentioned
above) each hole is surrounded by a bundle returning in

itself. Although the statement of Eollett is not correct in

the above form, still it may be rendered correct by slightly
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modifying it in saying, that there are holes which appear at

first sight to be surrounded by returning bundles, but which
on careful examination are seen to surround only about half

or two thirds of the circumference of the hole.

Staining a portion of omentum of an adult rat in carmine
(after having been kept a few days in the bichromate of potash

solution) and spreading it out with a rather firm hand on an
object glass and mounting and examining it under the micro-

scope, the arrangement of the connective-tissue bundles is very

evident. In some parts we see trabeculse, which are composd
of three bundles ; a middle one, and on each side of this a thin

one bordering on a hole and apparently surrounding it. But,

on looking more attentively, it is found that it does not return

in itself, but is a branch of a larger bundle, and, having sur-

rounded the hole for the greater part of its circumference,

joins again another bundle. This condition is quite com-
patible with the formation of the holes by vacuolation.

3. In my 'Anatomy of the Lymphatics,' I, 1873, p. 11,

.nd following, I have minutely described the occurrence of

opaque patches of different sizes (more or less covered with

germinating endothelium) the matrix of which contains a

great abundance of cells. The youngest and smallest of

these milky patches have no blood-vessels, whereas the larger

ones are provided with a special system of capillary vessels.

I have also stated then (1. c, pp. 58, 59, and 60) that in tlie

omentum of most animals a constant development of new
vessels takes place in these patches of the omentum, either

in connection with already formed vessels by solid proto-

plasmic processes which become gradually hollowed out (as

described by Strieker and Arnold) or independent of already

formed vessels by vacuolation of some of the connective-

tissue cori)uscles of the matrix of the above-named patches

(the vacuolation of cells is, as I have pointed out in the

second section of that work, of great importance also in

pathological respect).

Ranvier, a year later, in a paper published in 1874^ (1. c,

p. 148) , drew attention to the opaque patches in the omentum of

rabbit and he gave to them a special name, " laches laiteuses.""

Those cells of the matrix of these patches of which blood-

vessels are developed Ranvier calls " cellule vasoformatives."-

' Both the reporter in the ' Centralblatt f. Med. Wissensch.,' and the

reporter on "Histology," in Virchow's ' Jahrbiicher,' while reviewing

Ranvier's paper, aro quite unaware oi' my description of the above patches

and their importance for the development of blood-vessels.
"^ It seems to be necessary to have always in readiness a few new names,

otherwise your descriptions will be left unnoticed.
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Ranvier's description of the mode of the formation of blood-

vessels in these patches varies somewhat from that described

by myself. After a new investigation of the development of

blood-vessels in similar patches of the omentum of very young
guinea pigs, 1 have come to the conclusion that the mode of

development of blood-vessels in the young animal corresponds

to that described by me of those in the rabbit and not to that

maintained by Ranvier. If a preparation be prepared in the

above manner (2 percent, bichrom. of potash for eight to ten

days, washing in water and then staining in haematoxylin or

carmine and haematoxylin) from the omentum of a young
guinea-pig (not older than three or four weeks) and the vicinity

of large vessels be examined, numerous places may be sought

out in which a development of new blood-capillaries can be

easily discovered.

Fig. 8 accompanying this paper is taken from such a part.

In this figure there are two capillary vessels which are still

in a young condition; they still show the cells by whose
vacuolation and fusion the vessel has been formed. In close

vicinity to the vessels we find very numerous cells, the

greater number of which are vacuolated in various ways, as

is shown in the figure. These vacuolated cells have a more
or less distinct linear arrangement, and we have only to

imagine that those parts by which they are in contact become
absorbed or disappear, to obtain a portion of a capillary

vessel. Although the number of vacuolated cells is smaller

in most patches where the development of blood-vessels has
begun, than that represented in figure 8, still it is so large in

my specimens that their importance for the development of

blood-vessels cannot be overlooked. Besides, the condition
and aspect of the young capillaries like those represented in

fig. 8 strongly support the view just mentioned.
To say that the vacuolated cells and the above condition

of the young capillaries is due to the influence of the reagent
used (2 per cent, solution of bichromate of potash), would
be against all our experience of the action of that fluid.

From the foregoing we see that vacuolation is important for

the origin of the holes at the fenestrated omentum in general
and also for the development of capillary vessels in the patches
and nodules, in the omentum of the young guinea pig ; in

the former case the vacuolation takes place in the interstitial

substance of the connective-tissue stroma, in the latter case

in the cells of the matrix ; and by fusion of the vacuolated
cells capillary vessels are formed.

The omentum of the above case has not been fenestrated

yet ; it contained only indications of it in the form of a few
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holes, as described in paragraph 2. If the omentum be

already fenestrated, the vacuolated cells become very few,

although development of capillary vessels is still going on.

I refer to the examination of the omentum of a guinea pig

about six weeks old, which omentum is abundantly fenes-

trated, almost like that of an adult animal. Although I do not

see here any such conspicuous appearances of vacuolated cells

near the capillary blood-vessels, as in the former case, still

there are capillary vessels to be met with in small patches,

the wall of which still shows traces of its mode of develop-

ment, viz. by fusion of vacuolated cells, like the capillaries in

fig, 8. There are, however, other appearances which are in

perfect harmony with the vacuolation theory. Thus I have

before me a small patch with a network of capillaries, from

the wall of one of which solid protoplasmic threads of

great fineness extend, running in a slightly curved manner
over a distance of one to three millimetres, and ending in the

wall of a capillary vessel of a distant patch. The thread in

question contains seven spindle-shaped SAvellings, which
contain either a single nucleus or a small number of nuclei

(two, three, or four) ; in the latter case the fusiform swelling

shows more or less advanced vacuolation. There can be no
doubt that this thread will finally become converted into

a blood-vessel, for other such threads may be found in different

stages of development. Thus is explained the presence of

solitary capillary vessels found in the omentum, and extend-

ing from one vascular cell patch to another, sometimes for a

conspicuous distance—a distance occasionally to be measured
by the inch-measure. Besides the above nucleated proto-

plasmic vaso-formative threads there are other fine nucleated

protoplasmic threads, which appear to lose themselves in

the connective tissue of the matrix ; they are at some places

of great length (I—3 mm.), and contain a nucleus at several

places at regular intervals ; they are probably nerves. I

believe I have seen them in connection, or what appears to

be a connection, with the vaso-formative threads.
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On the Protrusion of Protoplasmic Filaments from the

Glandular Hairs on the Leaves of the Common
Teasel {Bijisacus syhestris). By Francis Darwin,
M.B. (With Plate XIX.)

The connate leaves of the common teasel [Dipsacus syhestris)

form, as is well known, cup-like receptacles surrounding the
stem of the plant. In the rain-water accumulating in these cups
numerous insects are drowned, and their dead bodies convert the

water in which they lie into a strongly animalised fluid.

In the autumn of 1875 I examined the leaves of the teasel, in

the expectation of finding the same evidence of the absorption of

the products of decay as may be observed in the remarkable
trichomes lining the bladders of Utricularia.^ The glandular

hairs or trichomes on the leaves of the teasel proved, however,

to be too much shrivelled for the experiment, although the leaves

were not themselves withered. In the summer of 1876 I re-

commenced the investigation by examining transverse sections of

teasel leaves mounted in dilute ammoniacal solutions such as those

which are absorbed by the glands of Drosera, Pinguicula, &c., and
by the trichomes of Utricularia, and which my father has shown
to give rise to the remarkable phenomena of "aggregation.'"

While examining the transverse section of a teasel leaf (under

Hartnack's objective No. 8) I observed a translucent, somewhat
highly refracting mass seated on the summit of one of the glands.

I imagined it to be resin, excreted in the form of a fila-

mentous mass. I was therefore astonished to observe a few

moments later that its shape had distinctly altered. On finding

similar filaments on several neighbouring glands I became con-

vinced that the subject was well worth investigation.

The first idea that presented itself was that the filaments were

protoplasmic organs specially adapted for the absorption of the

fluid containing decayed animal matter collected in the teasel

cups. This theory was overthrown by the following facts. The
teasel is a biennial, and during its first year's growth consists of

a mere rosette of radical leaves, the cup-bearing stem being

formed during the second year. But the supposed pseudopodia

are found not only on the connate leaves of the second year's

growth but on the radical ones produced during the first season.

Tliey are also found in Bipsacus pilosus, whose leaves are not

sufficiently connate to retain water, and which can therefore

capture no insects. These facts prove conclusively that, whether

* * Insectivorous Plants,' p. 418.

vol. XVIT. NEW SER. R
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or not the glands have anything to do with the absorption of the

putrescent fluid in the cups of B. sykestris, some other function

must also be performed by them in the economy of the plant.

Another idea which occurred to me was that the Blaraents might

be low organisms of the nature of a Myxomycetes, living para-

sitically on the summits of the glands. The reasons for dis-

carding this view will be fully given in the sequel.

The trichomes on the connate leaves of the second year's

growth all have the shape of glandular hairs (except a double

row of simple multicellular hairs on the midrib) ; the seedlings

possess in addition numerous long hairs or prickles, the chief

portion of which consists of a single large conical cell, sometimes

"85 millimeter in length, and '09 millimeter in breadth at the

base. The glandular trichomes are of two kinds, exempli-

fied by figs. 1 and ] 3. The trichomes of the fig. 1 type are of no

further interest, as they do not produce motile filaments. The
other variety (fig. 13 and the other drawings) consist of a pear-

shaped multicellular head, about "05 millimeter in length, and a

unicellular cylindrical stalk a little over "03 millimeter in length,

supported on a cushion-like cell projecting to a variable extent

above the level of the epidermis ; the whole trichome is about

-i-Jjth millimeter (o^-^^o^th of an inch) in height. In the glands on
the second year's leaves the cells forming the pear-shaped head

usually contain a few bright spheres of a resinous substance

:

the latter may be removed by alcohol, and then the nuclei of the

cells become clearly visible. These large drops of resin are

often absent, especially from the glands of the seedling leaves

;

in this case the cells contain merely granular and cloudy pro-

toplasm. The drops of resin are, however, sometimes to be

found in the seedling's leaf-glands, as shown in fig. 13. Both
the trichomes of the fig. 1 type, and also those which prodiice

filaments, occasionally contain a good deal of starch.

The stalk-cell exhibits a simple network of streaming pro-

toplasm and a large nucleus. I have once or twice observed

streams of protoplasm in the transparent cells forming the pear-

shaped head of very young glands. The glands are often capped

by accumulations of resinous secretion, and this is more fre-

quently the case with the second-year leaves than with the seed-

lings. These secreted masses agree with the bright spheres

found within the cells in exhibiting the following reactions,

which show them both to be of a resinous nature. They are

soluble in ether or alcohol, are coloured pink by tincture of

alkanet ; they are not blackened by osmic acid, as would be the

case with a fatty substance. The crusts on the outside of the

glands, contrary to what might be expected, are stained yellow

with iodine. It appears, therefore, that the resinous secretion is
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formed in drops in a vacuolated protoplasm in the gland-cells of

the trichomes, and, passing through the cell-walls, collects on
the external surface of the gland. In his paper on glandular

trichomes Hanstein' describes a method of secretion ia which

the product collects in a blister-like cavity beneath the cuticle,

which bursts and allows it to escape. On dissolving the resinous

crusts from the teasel glands I have occasionally seen a similar

bladder of cuticle subsiding or bursting. Martinet^ describes a

similar process, and considers it pathological and of only

occasional occurrence. I imagine that in the case of the teasel

the essential act of secretion, i.e. the elimination of a resinous

product from the cells in which it is formed, is a normal

process ; but possibly the method of elimination may vary, so

that a bladder may or may not be formed. The resinous matter

is secreted only by the trichomes of the types shown in figs. 2,

3, 4, 13, &c., that is to say, only by those from which the

motile filaments are produced.

T/ie motile filaments.—Various forms assumed by these

remarkable bodies are shown in figs. 2, 3, 6, 7, 8, 9, and 16.

The typical form consists of a simple thread-like body slightly

clubbed at its free end. The filament shown in fig. 3 was nearly
•1 millimeter in length, and about "0012 millimeter in breadth

at the thickest place. The dimensions vary extremely ; for in-

stance, the thickness may be reduced to that of the very delicate

filament seen in fig. 6, whose length cannot be estimated because

of the complicated tangle in which it is arranged. Another and
far more elaborate knot of filaments measured '2 millimeter in

length ; if it was composed of a single filament, which is quite

possible, the latter would certainly have been 2 miUimeters in

length when uncoiled. Even the comparatively thick filament

in fig. 2 measures "4 millimeter in length. These entanglements

are of common occurrence, and usually consist of a labyrinth of

sweeping curves lying close up to the gland. Fig. 6 was

selected from the curious angular disposition of the coils. Again,

the thickness may be larger when compared with the length, as

in the smaller masses in figs. 2 and 3 ; and thick, partly dumb-
bell shaped masses may be combined so as to produce a branched

filament, as in fig. 16. In fig. 4 an almost spherical filament^ is

seen. In fig. 16, again, rather thick filaments are seen, one of

which forms a loop by having its distal end attached or closely

applied to the summit of the gland. The formation of loops is

an extremely common phenomenon ; they do not seem to be

1 'Bot. Zeitung,'1868.
' ' Annales des Sc. Nat.,' 1865.
' The word filanieni is used to express any motile mass, of whatever

shape it may be, arising from a gland.
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formed by the distal end of the filament becoming attached to the

gland, but I believe that they arise as loops, or that two filaments

unite and form a loop immediately after emerging from the

gland. Variously beaded forms are shown in fig. 9, and a crowd

of irregularly shaped masses in fig. 7.

The filaments are with the very rarest exceptions attached to

the summit of the gland ; and when the actual place of attach-

ment can be made out, it is found to be at the point where the

radiating cells meet in the centre of the dome-like surface of the

gland, or at least on the junction line between at least two cells.

The substance of which the filaments are composed is trans-

lucent, highly refracting, and quite free from granules. The
filaments are in constant tremulous Brownian movement, showing

that they are of a gelatinous consistence. I hope to prove that

they consist in part at least of protoplasm, but I have not suc-

ceeded in showing the presence of albuminoids by any of the

usual micro-chemical tests. Neither the rose-red colour with

syrup and sulphuric acid, nor the xanthoprotein test with nitric

acid and ammonia succeeded properly, though a distinct faint

tinge was produced by the latter means. The filaments, how-

ever, assume a bright yellow colour with iodine, but I presume

that no great weight ought to be attached to this reaction. The
filaments are not stained by ordinary colouring fluids, such as

logwood, anilin, &c. It will be shown that the substance of

which they are composed consists in large measure of a resinous

substance mingled in some way with the protoplasm, and I pre-

sume that it is this circumstance which interferes with the above

reactions.

Protrusion of the motile filaments from inside the glandular

trichomes.—I have hitherto spoken of the filaments as merely

attached to the surface of the glands, but they are in fact pro-

truded from the inside. There can be no doubt of this, for

glands may be observed whose dome-like summits are quite

naked and bare, but which may be seen after a few moments to

be surmounted by a minute projection which grows up into a

normal filament by visible increments in length. I cannot posi-

tively state by what means the filaments traverse the external

cell-walls. It might be supposed that apertures would be found

to allow of their transmission. By stripping ofl" the epidermis

a bird's-eye view of the summits of the trichomes is obtained,

and if any apertures exist they would be probably visible in

this way, but no such appearance can be seen. But the tops of

the trichomes ought to be cut off by sections parallel to the sur-

face of the leaf, to decide the point with certainty. It is ex-

tremely unlikely that apertures should exist, and the protrusion

of the filaments can be explained without assuming their exist-
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ence, for semifluid secretions undoubtedly pass through cell-

walls, and there is no difficulty in believing that gelatinous pro-

toplasm may do the same.^ The migration of blood corpuscles

occurs where no special apertures exist for their transmission.

The protrusion of filaments was first observed in sections of

leaves mounted in a dilute solution of carbonate of ammonia
;

but the presence of this salt is not necessary, as the filaments

issue forth vigorously in distilled water. A very slight film of

moisture on the surface of gland is sufficient to allow of pro-

trusion taking place, Por I have seen filaments protruded when
looking vertically down on to the surface of a damp leaf.

Whether they are protruded from a perfectly dry leaf I cannot

ascertain.

Movements of the filaments.—The most remarkable move-
ment exhibited by the filaments is a violent contraction. This is

especially well seen by irrigating a preparation with dilute acetic

acid (3 or 3 %). In figs. 3 and 4 a filament is shown before

and after treatment with dilute acetic acid. The contraction is

often so energetic that the whip-like filament seems suddenly to

be replaced by a ball seated on the summit of the gland. After

the act of contraction the substance of the filament is denser and
more highly refracting. When the contraction is not so violent

its course may be watched. It usually begins at the free end of

the filament ; a ball appears at the distal extremity and increases

in size as it rapidly approaches the gland, being connected with

it by the remaining uncontracted portion of the filament, which
of course quickly diminishes in length. I have also seen the con-

traction begin at the proximal or attached end of the filament ; a

ball forms on the surface of the gland, and increases as the ex-

tended portion diminishes. These violent alterations in form are

frequently preceded by a most beautiful phenomenon which I

have called "moniliform''' contraction. This appearance is shown
in fig. 9 ; here the filament retained this form for some time, and
was in fact in a chronic state of contraction. The "acute" moni-
liform contraction presents the same appearance, but lasts only a

few seconds. Sometimes the moniliform contraction invades the

whole filaments so rapidly that it seems simultaneous ; in other

cases it is distinctly seen spreading along the filament. When
the constrictions between the " beads " are not especially deep,

the beads and the spaces between them appear alternately light

and dark as the focus is changed. I have occasionally seen a

momentary appearance of alternate light and dark bars through-
out the whole length of the filament, instantly followed by violent

' See a paper by Max Cornu, " Sur le cheminement du plasma au travers
des membranes vivantes non perforees," 'Comptes rendus/ Jan. 15th.
1877.
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contraction. This appearance may be due to a raoniliforra con-

traction in which the outlines of the beads and constrictions are not

perceptible, or may possibly be due to the contraction occurring at a

series of equidistant points, the refractive index being raised at

each point in consequence of the increased density of the tissue.

It should be added that contraction frequently occurs without

being preceded by moniliform appearance.

I have hitherto spoken as if after the completion of the act of

contraction the filament were always found massed into a spherical

body on the gland from which it took its origin. This is nor-

mally the case, but in rare instances a long filament becomes

entangled with a neighbouring gland, and when contraction takes

place the filament snaps in two, one portion remaining attached

to its own gland and the remainder actually contracting on to the

foreign surface by which it had been entangled. It must be

noted that filaments frequently break loose from their attach-

ment, and while in this free state are capable of contracting and

exhibit other signs of vitality. These two observations are im-

portant because they throw some light on the nature of the act

which I have called contraction. A friend suggested that possibly

the filament may not undergo a true contraction, but that its

movements may be governed by changes occurring within the

gland, so that the filament itself is merely passively acted on by

these internal agencies. But it is evident that this cannot be the

case, because freely floating filaments are capable of contracting,

and because the distal portion of a filament exhibits the same
power independently of the proximal portion.

Causes inducing contraction.—In the present section I shall

examine only those causes which produce the violent changes of

form which I have hitherto called " contraction.^' Under certain

conditions the filaments assume an amoeboid state in which

gradual alterations in shape spontaneously occur; it is obvious

that these movements may quite as justly be supposed to be due

to contractiUty ; but these movements are excluded from the

present discussion, and will be considered in the sequel.

Acetic acid.—The contraction caused by this reagent has

already been described. The filaments are very sensitive to its

action, and contract violently when exposed to a solution of 1

per cent. Also distinctly with a much weaker solution, '2 per

cent. ; but on the other hand some filaments were found in a half

expanded state after three hours' immersion in '4 per cent, acetic

acid.

After the protoplasm of the filament has been killed by the

action of acetic acid, a remarkable change occurs. The con-

tracted mass swells and becomes more transparent, and produces

ft pile of polyhedral vesicles, whose shape is determined by mutual



ON PROTRUSION OF PROTOPLASMIC FILAMENTS. 251

pressure, so that it somewhat resembles in appearance a heap of

soap-bubbles, as shown in fig. 5. I may remind the reader that

when a colourless blood- corpuscle dies it swells up into a transpa-

rent sphere, owing to the imbibition of water,i and I believe that the

formation of the soap-bubble mass is due to the protoplasm of the

filament imbibing water at a number of diff'erentpoints.^ This soap-

bubble appearance is not specially connected with death by acetic

acid; it appears to be a result of any kind of death, and may be seen

where the filament has been killed by other reagents (such as ^

per cent, solution of chloride of gold) or by heat. On the other

hand it is not the invariable accompaniment of any kind of

death, simple balloon-like masses being often produced by the

swelling of the protoplasm in a single mass.

Sulphuric acid.—By irrigating with 2 per cent, solution of

sulphuric acid contraction was several times produced. Weaker
solutions were not tried.

Hydrochlonc acid.—As my father found this acid not poison-

ous to Drosera, a dilute solution (2 per cent.) was tried with the

teasel. Contrary to my expectations, it proved poisonous,

always causing contraction and death of the filament.

Boracic acid.—This acid is not poisonous in a weak solution.

Several long and delicate filaments were found protruded after

being immersed all night in '2 per cent, solution, and they con-

tracted at once with dilute acetic acid. In this case the teasel

agrees with Drosera, as boracic acid is not poisonous to the latter.^

Citric acid.—This acid is not poisonous to Drosera,* and is so

to the teasel, but I cannot speak decisively as to how poisonous

it is. A solution of 1 per cent, rapidly causes contraction. A
solution of '5 per cent, usually produces contraction after a time,

and also kills the glands. But two filaments withstood a solu-

tion of this strength for between seventeen and eighteen hours

;

two others were not made to contract by five hours'* immersion in

the same solution.

Osmic acid.—The action of this highly poisonous acid has
surprised me much. As is well known, its usual efl'ect on
protoplasm is to kill it instantaneously without altering its

appearance. This is not the case with the filaments of the teasel,

at least with weak solutions of the acid, which act like acetic or

sulphuric acids, but not so vigorously, and sometimes not com-
pletely. I record in my notes that on irrigating with \ per cent,

solution of osmic acid a whip-like filament ''contracted into a

barred and knobbed cylinder." I then irrigated with water, and

* 'Handbook for the Physiological Laboratory/ p. 12.
' Perhaps this may be connected with the filament's power of contracting

at a number of equidistant points.

' ' Insectivorous Plants/ p. 191. • Ditto, p. 194.
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the filament subsequently showed itself to be still alive by-

changing its form and contracting with dilute acetic acid. This

filament was therefore made to partially contract without being

killed, instead of the normal effect of the poison being produced,

viz. death without contraction. After numerous trials 1 conclude

that irrigation with acid of this strength either causes complete

or almost complete contraction, or else no efTect is produced and

the filament withstands the poison. This is a remarkable fact,

as the glands are soon killed and blackened by \ per cent, osmic

acid; it shows that i\\e filaments, when once protruded, are inde-

pendent of the life of the gland. With 1 per cent, osmic acid I

succeeded in obtaining a different result; a filament began to

contract and then died in a partially expanded state, and after-

wards resisted the action of strong acetic acid. In another

instance the filament was half poisoned by osmic acid and only

contracted after prolonged irrigation with 20 per cent, acetic acid.

In another case a filament contracted partially with osmic acid and
then withstood 20 per cent, acetic acid, showing that it was killed

by the osmic acid.

Various salts.—Carbonate of ammonia in di\[\3iie solutions, viz.

:

I per cent., causes moniliform contraction ; the filament becomes

partially concentrated into a ball, and then recovers, and extends

itself again. The most interesting points in connection with this

salt have no bearing on the simple contraction of the filaments,

and will be discussed later. The same remark applies to the

carbonates of potassium and sodium, both of which cause con-

traction in I per cent, solutions.

Chloride of gold in \ per cent, solution causes rather languid

contraction. But the filaments are killed by it, and become
transformed into soap-bubble masses.

Nitrate of silver in \ per cent, solution has the same effect,

viz. contraction and death, followed by the production of a soap-

bubble mass.

Iodine.—A solution (Schacht's) composed of iodine 2 grains,

iodide of potassium 6 grains, water 2 ounces, was employed.

Violent moniliform contraction is produced, and the rounded

mass into which the filament is transformed by contraction is

stained yellow. In one instance the contracted mass consisted of

two parts, a heap of transparent soap-bubbles and a yellow mass.

There can be little doubt that the iodine and not the iodide of

potassium is physiologically active in this solution. When
diluted so that the iodine is about in the proportion

^ per cent.,

the solution is not poisonous, or only slightly so. It is known to

have stimulating but not poisonous effects on germinating seeds.^

Alcohol.—Strong contraction is produced by irrigating with a

1 Heckel, ' Comptes rendus/ 1875, p. 1170.
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drop or two of mettylated spirit. The subsequent effect of
alcohol has puzzled and astonished me more than any other point
in this research. First of all, the contracted mass seated on the
top of the gland turns of a greenish colour. It then begins to

diminish in size, and ultimately either almost or quite disappears.

At first I was repeatedly deceived by this appearance, and believed

that the filament was actually retracted within the gland. What
really happens is that a great part of the filament is dissolved by
the alcohol. The reaction with alkanet shows that resin is con-
tained in the filaments. I presume that it is spread through the
protoplasm of the filament, and corresponds to the metaplasm of
Hanstein, or is intimately connected with the protoplasm in some
other way. The results of treatment with alcohol seem to show
that the quantity of resin is very large compared with that of

the protoplasm. In some cases a minute shrivelled ball remains
after treatment with alcohol ; in other cases the contracted fila-

ment breaks loose and floats away before the alcohol has com-
pleted the solution of the resin contained in it ; in a third set of

cases the whole of the contracted filament disappears under the

influence of alcohol. I know not how to explain this phenomenon.
The summit of the gland is sometimes hollowed out slightly, and
is difficult to examine accurately with high powers ; it is possible

that the minute remnant of protoplasm remaining after the resin

is dissolved, and which would necessarily be shrunk by the

alcohol, might be overlooked within the hollow on the summit of

the gland. Again, it is conceivable that if the resin is very

intimately distributed throughout the substance of the filament,

its sudden removal by a powerful solvent might cause the disin-

tegration of the remnant of protoplasm.

In a filament killed by osmic acid in an extended condition,

and which was certainly dead (as it did not contract with 20 per

cent, acetic acid), an effect of alcohol was seen which I cannot
explain. The specimen was irrigated with methylated spirit with
the intention of dissolving the resin of the filament and leaving a
protoplasmic skeleton in an extended position. But the filament

ran together in a manner which could not be verbally distin-

guished from contraction, although it had more the appearance of

a filament of spun glass melting into a button than the normal
act of contraction.

Chloroform.—Applied in the form of a vapour, choroform
causes contraction. A thin transverse section of a young leaf

was suspended by means of a drop of water to the under surface

of a thin glass cover, forming the roof of a gas chamber. The
chamber had the usual arrangement of tubes, one being connected
with a washing bottle (in which the chloroform is placed, covered

by a layer of water), the other either with the mouth of the ob-
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server or with an aspirator. Observations made in this way

established the fact that the vapour of chloroform causes con-

traction of the filaments. I recorded in one case that the

filament under observation "did not contract directly I tasted

the chloroform." The following observations show that chloro-

form produces a temporary narcosis of the filaments :—August

9th, 4.30 p.m. A filament was made to contract by the vapour

of chloroform ; by next morning at 9 a.m. it had altered in

shape, being more elongated than when it first contracted, al-

though it had by no means recovered its original whip-like

form. On drawing chloroform through the chamber it con-

tracted again. During this aspiration, a fully extended filament

was seen to contract;^ this filament had escaped the effect of

the previous da)''s chloroform, as it had not then been protruded.

Pure air was then rapidly drawn through the chamber, and by

one o'clock the second contracted filament had partially assumed

an elongated form, and was again made to contract by aspiring

the chloroform.^

Glycerine.—A preparation was irrigated with glycerine, and a

filament was seen to contract slowly, a sluggish- looking beading

making its appearance. It ultimately became spherical, and re-

mained unaltered for half an hour; it was then thoroughly

irrigated with water, and still continued unchanged in appearance.

Syrup of sugar also produces contraction.

Quinine.—An aqueous solution of -j-^ % of sulphate of

quinine was employed, and contraction was observed in several

cases. This result agrees with my father's observation . that

quinine is poisonous to Drosera.^

Camphor.—This substance was tried because my father has

shown it to be a powerful stimulant to Drosera.* The washing

bottle connected with the gas-chamber was half filled with water,

in which a few lumps of camphor were floating ; an atmosphere

strongly impregnated with camphor was thus produced. The
filament could not be made to contract by drawing the camphor-

laden air through the chamber. A V^ % {i.e. natural) solution

of camphor was prepared, and by irrigating with this fluid con-

traction was distinctly and repeatedly produced. Conwentz has

shown that camphor is a poison to the cells of Cladojaherafracia'

.

^ Contraction was here preceded bv an unusual appearance which may
be best described as a wrinkling, and is different from the niouiliform

contraction.
' Tliere is nothinj^ very special in the narcotizing influence of cliloroform,

for filaments half killed by dilute acids have occasionally been observed in

a sluggish, narcotized state.

' ' Insectivorous Plants,' p. 201.
* Ibid., p. 209.
* 'Bot. Zeitung,' 1874, pp. 401, 417. Goppert seems first to have

observed the poisonous cfl'ect of camphor on plants.
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It is certainly poisonous to the glands and filaments of the

teasel ; but the latter are not excited by it as is the protoplasm

in the tentacles of Drosera.

Curare.—A solution which had been used for curarizing frogs

was employed to irrigate preparations with ; it made the filament

become slightly transparent, as if effected by ammonia, but did

not paralyse or kill them. Curare is not poisonous to Drosera.

^

Cobra poison.—A solution of about \ % was used for irriga-

tion ; it produces a peculiar form of contraction, with an in-

tense wrinkling, and zig-zag appearance of little darting side

filaments. It is not poisonous, and the filament shoots out

again ; it appears to be a powerful stimulant to the filaments,

and this agrees with my father's observations on its extraordinary

exciting eff'ects on the protoplasm in the tentacles of Drosera.

Strychnine.—A solution of 1 % of acetate of strychnine was
prepared, but the salt was not all dissolved, and the solution

used was probably "75 %. In some of the experiments, simple

contraction was the result. But in several instances a remark-
able phenomenon occurred. The filament began to contract, and
then suddenly became motionless, being killed in a partly

extended condition. The filaments were certainly dead, for they

could not be made to contract by subsequent irrigation with

strong acetic acid. This fact is important, for it shows that the

contraction ordinarily due to acetic acid is not a chemical effect

on the substance of which the filament is composed. For it is

extremely unlikely that both osmic acid and strychnine should

possess the power of hindering the chemical effect of acetic

acid. On the other hand, the behaviour of the filaments with

strychnine agrees to some extent with that of the tentacles

of Drosera. My father found that a solution of acetate of strych-

nia (stronger than \ %), when applied to tentacles which had
begun to move, allowed the latter to go on bending for a short

time, and then killed them in a semi-contracted state.^ In a

few cases the filaments were rendered sluggish, without being

killed by the strychnia solution, and a parallel effect was noted

by my father in Drosera. Strychnine has the same power as

ammonia of causing the appearance of drops of resin in the

epidermic cells.

Heat.—\xx * Flora' of last year (1876, p. 177) there is a

careful research by Velten on the effect of heat on the streaming

of protoplasm. He discusses various instruments for the ex-

amination of microscopic objects at different temperatures. He
concludes that the most accurate are Sachs' heating-box (*Warm-
kasten'), and a modification of an apparatus of Nageli's. The

' ' Insectivorous Plants,' p. 205.
2 Ibid., p. 200.
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* Warm-kasten '^ is described in Sachs' ' Text-book of Botany/

Eng. Tr. p. 658. Velten's instrument is fully described and

figured in ' Flora' (loc. cit.)

In my observations on the filaments of the teasel I have

made use of both of the above apparatus ; in this way, no

serious error can occur. If the filaments were liable to contract

spontaneously it would, of course, be impossible to make any

trustworthy experiments, but this is distinctly not the case ; the

filaments remain extended with great constancy for long periods

of time. Again, if they contracted when washed to-and-fro by

^ Mr. Hawksley has constructed a box of this description for me, which

answers admirably. At his suggestion it was made of carefully soldered

tin-plate, which is said to be more durable than zinc if care is taken to

drain the water out thoroughly after use. Mr. Hawksley has also substi-

tuted tin-plate lined with felt for the cardboard cover. According to

Velten, the projecting portion of the tube of the microscope ought to be

enveloped in felt to prevent undue cooling of the objective. Velten's appa-

ratus is more simple than Sachs', and can be fitted up by any one for

himself. A small glass vessel is placed on the stage of the microscope, the

object to be examined is supported on a wooden frame, so that when the

vessel is filled with water the object is surrounded by it on all sides, and the

objective has to dip beneath the surface ofthe water like an immersion lens. The
temperature is regulated by a current of hot water flowing in at the bottom,

and a siphon carrying off the surface-water at the opposite edge of the

vessel. Both tubes are provided with taps, and the water should be made
to flow by drops and not in a quick continuous current. A thermometer is

kept in the water close to the object. Velten cemented his thin cover-

glass to prevent the preparation under observatioa being disturbed. 1 have

found it more convenient to employ the following device :—A piece of stout

lead-foil is cut into the shape shown in the woodcut. The object is

Lead-foil clamp for holding a viicroscopic object between two thin glass

covers.

mounted between two thin glass covers and placed over the square aperture

in the lead-foil ; the four flaps are then gently bent up (the hinge-lines are

dotted on the figure) so as to clamp the glass slides together, and the object can

now be placed in water without any danger of the cover-glasses separating.

This plan has the advantage of leaving the preparation accessible to re-

agents after the heating experiment has been concluded, and from being

between two thin glasses the object is rapidly affected by the changes in tem-

perature of the surrounding water.
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currents in the water in which they are mounted, observation

would be difficult, at least, with Velten's apparatus; but this is not

the case, for I have often seen the filaments violently shaken by

the current without contracting. In the following experiments I

thought it necessary to give the time at which the various tem-

peratures were attained, because Kiihnei has shown that time is

an important element in heat experiments on protoplasm.

Experiments with Velten's apparatus.

In both I and 2 the record of experiment begins when the

vessel had been filled with warm water.

Experiment 1.—Aug. 19th.
Time.
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Time. Temperature.
C.

11.53' 30" 4-4 l"'iliimeiit coiitracto(i ; as are all the fiia-

luoiits ill this prejmration.

11.59 50 After 11.59 vessel allowed to cool.

12.20 p.m. 25 All the lilaineuts (i iu number) contracted,

Nov. -ZSih.

5 p.m. cold Two lilamcnts slightly re-extended ; they

were therefore not killed by temperature
of 50'-\

Expertmenl 4.—Nov. 27th.
A fihuueut in the preparnlion used in

Experiment 3 still f'.r/t'/Ki'e'd^.

Filament eontracted. Nineteen filaments on
this seel ion ot' leaf contracted, but one is

found still extended.

Filament extended.

Filament contracted.

Experiment 5.

A number of filaments extended.

Filaments still extended.

Several filaments contracted.

More filaments contracted.

h\\ contracted. Vessel of water allowed to

cool.

A single thick, partially expands! filament.

Filament still extended.

Filament contracted.

Experiment G.

No filaments visible.

A filament extended.

Filament contracted. Observation imme-
diately transferred to another filament

(^extended) in the same preparation.

This, the second filament, contracted. Ob-
servation transferred to third filaiueut.

Third filjpieut extended.

Third filament contracted.

Extended again.

Contracted (^owing to a mistake in obser-

ving, it may have contracted at a few de-

r.49 18 grees lower), water having cooled since

7.5. Filament still contracted.

10.3S' 15"
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found that delicate trembling filaments darted out from the

E-.EizzE^a

Microscope electrodes.

St, stage of microscope ; G, glass slip ; F, block of cork ; M, lump of

modelling wax ; w, w, fine wire passing through M ; B, end of w
connected with battery ; E, the other electrode fixed to F ; ob., the

object to be examined hanging in a drop of water; C, thin glass; T,

tube of microscope with objective ; S, a Strieker's binding screw ; G
is an ordinary glass slip, to which is cemented a cubical block of cork,

F, which supports the [fixed electrode. The latter is represented by

the black line, E. It consists of a sheet of platinum foil nearly as wide

as the glass slip to whose upper surface it is cemented, reaching from

E to the fixed block, F, it then passes up the vertical external face of

F, and bending at right angles ends in a point, and is cemented to the

upper surface of F and the undt-r surface of the thin glass-cover, C.

The movable electrode consists of a block of modelling wax, M, pierced

by a finely pointed wire, w (such as is used for clearing the canula of

a hypodermic syringe). To use the instrument, the object is placed at

ob, suspended in a drop of water, and w and E are connected with the

battery or Du Bois coil. For connecting the platinum plate E with

the coil a single one of Strieker's binding screws may be used. The
point w ought to stand up like a spring, so that by sliding up M, and
slipping 10 beneath the glass cover C, the point of w presses gently

against the under surface of C {w does not touch the under surface of C
in the figure). Supposing that a section of a teasel leaf is hanging at

ob, the point of w can be made to approach any desired filament ; when
this is effected the cube of modelling wax, M, is fixed by a little firm

pressure, to the glass slide, and on closing the key the filament is

subjected to the action of the current.
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streaming protoplasm in the hairs of the nettle when subjected

to an induced current.

Mechanical stimulation.—By getting a filament exactly into

the centre of the field of vision, and screwing the objective down
so as to press on the cover-glass, the filament can be made to

contract. This observation was repeated several times, and in

some cases, by focussing up rapidly, the filament was observed

in the act of contraction from the effect of the previous pressure.

Anicehoid or aggregation movements.—This term is applied to

a series of appearances which, though not essentially differing

from the moniliform contraction already described, are more
conveniently considered separately. It would, perhaps, be

better to call them simply aggregation movements, since they

more closely resemble the changes observed in the tentacles of

Drosera when excited by the absorption of nitrogenous matter

than any other phenomena.

The most striking variety of aggregation-change which occurs

in the filament is due to the action of dilute solutions of car-

bonate of ammonia, or of an infusion of meat, and is partially

produced by weak solutions of carbonate of potassium and sodium.

A detailed experiment will best illustrate the nature of the

])henomenon in question. July 10th, 1 p.m., a young teasel

" cup " was cut from the plant by severing, both below and
above the bases of the leaves, the stalk which passes like a

vertical axis through the cup. The small section of the stalk, thus

freed from its attachment to the plant, was divided in a median
plane in such a way that one half of the stalk remained attached

to each leaf; one half was placed in a solution of carbonate of

ammonia (^ %),and the other in distilled water. On July 11th,

at S a.m., transverse sections were cut from both specimens and
examined. In the water specimen the filaments were long and
delicate threads, whereas in the sections taken from the half

immersed in the ammonia solution they presented a totally

different appearance. The glands were surmounted by trans-

parent sausage-shaped and rounded masses of low refractive

index. Subsequently sections were cut from the water specimen
and were irrigated with ^ % of carbonate of ammonia. A filament

was seen to undergo moniliform contraction, and then became
partially extended ; nearly all the filaments in the preparation
became changed into variously shaped transparent masses, and
distinct changes of shape were seen. A few transparent masses
produced by immersion for an hour, in ^ % solution of carbonate
of ammonia, are seen in fig. 7. Eemarkable changes of form
occur ; large bulging masses quite alter their shapes, snake-like
filaments disappear and others appear, spheres coalesce with one
another, and, in fact, the mass of filaments is in the course of

VOL. XVII. NEW SEK. s
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an hour or so completely transformed and altered in appearance.

The glands are coloured of a faint green by the ammonia solu-

tions. The results obtained with fresh and putrid infusions of

raw meat have surprised me still more than the changes produced

by amraoniacal solutions.

July ISth^ 10.50 a.m.— Sections cut from a young leaf of

second year's growth were mounted on slides, some in distilled

water, others in an infusion of raw meat ; owing to a mistake in

the notes I cannot say whether it was a fresh or putrid infusion.

The specimens were examined at 3. .30; those mounted in water

showed only fine whip-like filaments, whereas in the meat speci-

mens there were found enormously long and bulky filaments

something like those shown in fig. 11. The same kind of result

was obtained by five hours' immersion in fresli infusion of meat,

also in the following instance with putrid infusion.

July 20th (between 11 and 12 noon).—A young 'cup' was

divided in the manner described above, one half being placed

in distilled water the other in putrid meat infusion. July 23rd,

10 a.m. (about seventy hours after immersion).—Sections were

cut from both halves and examined. In the meat specimens

there were astonishing masses of spherical and pear-shaped tran-

sparent filaments with some rope-like ones as much as '96 mm.
(_"_ inch) in length. Changes in form and in position were seen to

take place. The masses exactly resembled in appearance the trans-

parent filaments which are seen attached to glands after irriga-

tion with dilute solution of carbonate of ammonia, but here they

were attached to no glands ; they seemed to have been poured out

in enormous quantities and to have freed themselves from all

attachment. Unfortunately no record was kept of the condition

of the corresponding half of the 'cup' which had been in dis-

tilled water ; but from this fact it is probable that they presented

the normal appearance with thread-hke or slightly moniliform

filaments. On July 26th, at noon, the glands appeared to be

dead, but the protoplasmic masses (which were not attached to

glands) were still in movement. Fig. 11 was sketched with the

camera lucida. The masses vvere bright and highly refracting.

A curiously moniliform mass (not figured in the plate) was also

seen in very rapid movement. One mass was made to run into

a sphere and was almost or entirely dissolved by methylated

spirit. As I found that an infusion of putrid meat was faintly

alkaline it appeared possible that the results obtained with

ammonia, with carbonates of potassium and sodium, and with

meat infusions, were all due to their alkalinity. But this is cer-

taiidy not the case, as precisely the ordinary results were obtained

with meat infusions carefully neutralised with dilute citric acid.

Why solutions of carbonate of potassium and sodium should
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liave the same effect as nitrogenous or aramoniacal solutions, I

cannot say. These salts produce aggregation in Drosera and

in this way they again resemble ammonia in action.

It will be sten from the above account that the effect of infu-

sions of meat is to cause an enormous and probably abnormal

production of filaments which usually free themselves from their

attachment. In some cases the filaments are very transparent,

like those produced by ammoniacal solutions; in other cases they

do not differ in refractive index from the ordinary filaments,

which are usually bright and highly refracting. In the latter

case the filaments resemble those shown in figs. 8, 9, and 15;

m fig. 15 are represented the raj)id movements of a free and

unattached filament. The change from fig. 8 to fig. 9 took

place in about half an hour ; the curiously beaded filament

in fig. 8 had doubtless originally issued from the trichome as a

simple whip-like body. The aberrant forms produced by slow

contraction are exemplified in fig. 12, for in this case also there

is little doubt that the mass was originally a simple filament.

I am, unfortunately, unable to say to what cause this latter kind of

movement is due. I have seen curiously shaped or actively

moving filaments in fresh specimens mounted in distilled water;

this seems to negative the view that the changes in question are

due to the absorption of nitrogenous matter. But it must be

remembered that a transverse section of a young leaf mounted
in water is practically exposed to a nitrogenous fluid owhig to

the death of the protoplasm killed in the young leaf-cells in

making the sections. I can only re{)eat that these changes do

under some unknown conditions certainly occur, and that some-

what similar changes are certainly brought about by immersion

iu infusions of meat and solutions of carbonate of ammonia.

Nature and physiological relations of the filaments.—1 have

now given some account of the physiological behaviour of these

remarkable filaments. Before proceeding further it will be well to

attempt the discussion of the question, what relation does the

power of protruding filaments bear to other processes of vege-

table physiology ? When I first observed the filaments I found
it extremely difficult to believe that they were protoplasmic organs

issuing from the glands. I was even inclined to suspect that

they might be parasitic organisms of some unknown kind which
merely fixed themselves on the summits of the trichomes to avail

themselves of the putrescent fluid retained by the connate leaves

of the plant. Such facts as those given in one of Mr. Dallinger's

memoirs,^ should make one cautious in rejecting such a theory,

nevertheless I believe it may certainly be dismissed. It is impos-

' " Practical Notes on Ileterogenesis," 'Popular Science Review,' Oct.,

1S76.
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sible to believe that parasitic organisms would seat themselves al-

most without exception on the same part of the gland. Some of the

very rare cases in which a filament was seen seated on the side of

a trichome proved after all not to be exceptions to the rule; for,

by making them contract, they proved to be attached by delicate

connecting filaments with the summit of the gland. It is also a

very convincing fact that the trichomes of the fig. 1 type never

])roduce a filament, although they are apparently as well fitted as

the fig. 2 type for the abode of a parasite. Again, the fact that

filaments are found on the leaves of seedlings reared in a hot-

house and far from their parent-plants (from which they might

otherwise be infected with the supposed parasite) seems to me
strongly against the parasite hypothesis.

Putting aside any view of this nature, we seem to be reduced

to two theories— (1) That the filaments are protrusions of the

resinous protoplasm of the glands. (2) That they consist of

a resinous secretion of gelatinous consistence; and that the

movements which occur are not due to vital activity inherent in

the substance of the filaments, but are due to purely mechanical

causes. The movements might be supposed to be similar in

kind to those observed by Professor Eay Lankester^ in the

coloured blood-corpuscles. He found that the merest trace of

the vapour of ammonia caused a wrinkled wave to travel over

the surface of the corpuscle, simulating contraction. A stronger

dose causes the protrusion from the corpuscle of processes which

collapse when acetic acid is substituted for ammonia. These

movements are believed by Professor Lankester to be purely

mechanical in nature. As another instance of purely physical

effects closely similar to " vital " movements may be cited

Sachs' recent research, ' Ueber die Emulsion Eiguren, &c."^

Previous investigators had believed the movements of swarm-

spores in relation to light were truly vital in nature. Sachs has,

however, proved, by obtaining similar phenomena with enmlsions

of oil, that they are the direct physical result of slight difi'er-

ences in the temperature of surrounding objects.

I shall now briefly consider the behaviour of the filaments in

relation to the above-mentioned theories, which may be called

(1) the vital; (2) the mechanical theory.

In favour of the mechanical theorij we have the fact that the

filaments undoubtedly contain a large percentage of resinous

matter, which might conceivably give rise to mechanical pseudo-

contractions. Again, it might seem that there is a greater

a priori probability of such pseudo-contractions occurring than

of the protrusion of a highly resinous protoplasm through the

' 'Quarterly Journal of Microscopical Science,' 1S71, p- 376.

2 ' J^lora,' Nrs. 16, 17, IS, 1876.
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C( l!-\vall of one of the Iiigher plants. But the balance of pro-

babilities is reversed when we inquire into the causes that induce

the movements. For it is inconceivable that violent contraction

should be mechanically or chemically produced by such different

reagents as very dilute acids, alkalies, solutions of chloride of gold,

sul|)hate of quinine, camphor, or by a temperature below 57° C.

On the other hand, the whole behaviour of the filaments

(except the results of irrigation with alcohol) points to the

conclusion that the movements are connected with living matter.

In this point of view the more important features in the beha-

viour of the filaments are the following :

1. The "spontaneous" movements.

2. Contraction being produced by various reagents, such as

acetic acid or sulphate of quinine in very dilute solutions, and

by the vapour of chloroform.

3. Death in an extended or not fully contracted condition

being produced by solutions of osmic acid and acetate of

strychnine.

4. Contraction being produced by subjecting the filaments to

a temperature below 57° C. ; to the action of the induced

current ; to mechanical violence.

5. Not only do these agencies cause contraction, but

the filament is reduced by them to a motionless condition,

in which no farther contraction can be induced, and in which

the filament swells up in consequence of the imbibition of water.

On the whole, the balance of evidence seems to me to be

strongly in favour of the view that the filaments of the teasel

consist of protoplasm in which a large proportion of resin is in

some way mingled.

Probablefunctions of the filaments.—I shall now endeavour

to connect the above-described phenomena with known facts in

physiology, and to make a conjecture at what seems to be the

most probable function of the filaments. The class of facts

which appears to be most nearly related to the phenomena is

that of secretion. There can be little doubt that the protrusion

of filaments is closely related to the secretion of resin, for caps of

accumulated resin are found on the summits of the glands, while

inside the cells are spheres of the same substance. Ko one

would hesitate to consider these crusts as resin secreted by the

glands. But the filaments resemble these crusts in several ways,

€. g. in refusing to be stained by ordinary dyes, in being coloured

by alkanet and by iodine, and in being largely soluble in alcohol.

Moreover, incrustations of resin are only found on that variety

of gland from which filaments are protruded. The view is main-
tained by many physiologists that an act of secretion consists in

the disintegration or death of protoplasm. Every mass of what is
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ordinarily called protojilasm, or pJaftina, is made up of two

distinct portions : one of these is truly living inaLLer, and should

alone be called protoplasm; the other is not alive, and is calitd

metaplasm (Hanstein)^. According to Beale, all metaplasin

must pass through the stage of protaplasm. But whether or

not this be so need not here be discussed. It will be granted

in either case that secretions may be formed by the metaplasm

increasing so that the protaplasm is annihilated. Dr. Creighton's

recent work^ renders it highly probable that the secretion of

milk takes place on this principle ; a new plasiid arises within

a mammary gland-cell, and is entirely converted into oil. F

would suggest that the secretion of resin is an example of a

somewhat different form of protoplasmic secretion. 1 believe

that the portions of protoplasm destined to give rise by disin-

tegration and death to the secreted resin does not proceed at

once to the full limit of disintegration, but that it issues from

the gland while still ])ossessed of some vitality. I am aware

that many weighty objections may be raised against this view.

It may be said that protoplasm containing so large an amount
of lifeless matter could not exhibit activity. In support of this

it might be pointed out, that the accumulation of large quantities

of food-yolk in ova is associated with quiescence. Secondly, it

may be said that the protrusion of living jjrotaplasm is an

inconceivably wasteful method of getting rid of a secretion.

I will first consider the former of these objections. The
process of aggregation, as it occurs in the tentacles of Drosera,

affords an example of loss of motility connected with an increase

of metaplasmic matter. The spontaneously-moving masses of

coloured protoplasm in Drosera assume under certain conditions

a spherical form in which motion ceases, and this condition is

associated with an increase in density, probably owing to the

condensation of the accumulated uietaplasm into smaller compass.

This phenomenon seems to negative the view^ that the filaments

of Dipsacus could possibly be active while containing a large

quantity of resin. But from another point of view, this argu-

ment is not quite fair. The motionless aggregated masses m
Drosera are so dense that they crack into star-like forms^ when
pressure is made on the cover-glass. But before this intense

condition of aggregation was reached the metaplasm must have

been at least moderately condensed, and in this condition the

masses were still motile. There is another possibility which

1 'Bot. Zeilung,' 1868, p. 710.
' 'Reports of the Medical Officer to the Privy Council,' 1875, No.

vi, p. 171.
^ ' Insectivorous Plants,' p. 47. For figures of these forms see ' Quart.

Journ. of Micro. Science,' July, 1876.
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should be considered, nauiely, that the filaments may consist of

a liquid core of resinous matter, surrounded by a tubular shell

of protoplasm. Professor Eay Laiikester, who was kind enough
to examine preparations of living glands, suggested this idea.

He remarked that the monilifonn contraction gave him more the

impression of a tube closing on its contents tha)i of any possible

contraction of a solid body. I think this view ought to be con-

sidered, though I am not at present inclined to accept it.

To return to the second of the above objections—viz. that the

protrusion of protoplasm is an incredibly wasteful method of

secreting. Two answers may be made to this objection. It

must be granted that if a wasteful, it is also a rapid way of

secreting, and it is impossible to know of how great importance

it may be that what is probably an excretion should be rapidly

eliminated. In the second place, it is quite possible or probable

that the filaments have not adhered to their original function of

removing waste products, but have assumed other functions. It

is perfectly conceivable that a protruded mass, consisting in part

of true, living, protoplasm, should, on finding itself surrounded

by a nitrogenous fluid, absorb and transmit nutriment to the

leaf. We know from my father's observations on Utricularia

that the trichomes lining the bladders are markedly afi'ected by

the absorption of nitrogenous fluids. And we have the same
kind of evidence in the case of the teasel. My father found

that a weak solution of the poison of the cobra-snake had a

j)owerfully stimulating effect on the tentacles of Drosera. A
solution of about 5 % produced more active aggregation

than can be produced by any other means, except, perhaps,

a moderately high temperature. The same solution of cobra

poison was tried with the teasel ; it not only produced a state of

activity in the filaments as already described, but was certainly

absorbed by the trichomes. At 4 p.m., when the solution was

applied, the contents of the trichomes were merely granular,

next morning the cells contained definite masses, which slowly

changed their forms. (See fig. TO.) This appearance must be

considered as " aggregation" ; and when it is remembered that

aggregation only occurs in the glands of Drosera, Pinguicula, Utri-

cularia, &c., when excited, it must be allowed that we have

evidence of the excitement of the glands of the teasel by the

absorption of the cobra solution. But too much stress must
not be laid on this phenomenon, as on some occasions it entirely

fails with cobra solution, and is a very rare occurrence under any
circumstances, and fig. 10 was drawn from a specimen simply

mounted in wafer for two or three days. Moreover, it seems

to have nothing to do with the filaments, for I have seen it on
two occasions in the glands of the fig, 1 type. I may here
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mention another plienoineiion which I do not understand, bnt

which is the almost universal result of treatment with 4- or |; %
solution of carbonate of ammonia. It consists in the appear-

ance of numerous brig^ht, hi2,ldy refracting drops of resin in the

epidermic cells^ which gradually run together and form large

spheres. They are very easily soluble in methylated spirit, and,

no doubt, consist of the same resinous matter secreted by the

glands. A similar effect was extremely well marked, and re-

peatedly seen in preparations mounted in 75 % solution

of acetate of strychnia. No other substances seem to have the

same power, and the phenomenon must remain unexplained.

At first sight the protrusion of fih\ments, and the changes which

occur in them, appear to be isolated phenomena unrelated to

any known physiological ])rocess, except in a certain way with

secretion. I beheve, however, that some relationship must

exist between the protrusion and amoeboid movements of the

tilaments, and the process of aggregation as it occurs, for

example, in the tentacles of Drosera. The physiological meaning

of the latter phenomenon is at present unknown ; we know, at

least, that variously shaped protoplasmic (?) masses make their

appearance and undergo incessant movement. If these masses

were to traverse the external cell-wall, and protrude into the

surrounding medium, they would closely resemble the filaments

of the teasel. The following are the points of resemblance be-

tween the protruded filaments of the teasel and the aggregated

masses of Drosera

:

(1.) Both consist of homogeneous, highly refracting masses

of protoplasm, imbued with a large quantity of metaplasm ; the

latter being fatty (?) in Drosera, resinous in Dipsacus.

Both are connected with glandular organs, which not only

secrete certain substances, but also absorb nitrogenous materials.

The comprehension of the relations between the processes of

protrusion and aggregation is rendered more difficult by the

fact that true aggregation takes place within the trichomes of

the teasel.

The production of filaments is not an unknown occurrence in

the ordinary protoplasmic contents of cells. Max Schultzei

describes in the stinging hairs of the nettle the appearance of a

certain number of threads i)rojecting from the parietal protoplasm

into the cell-sap ; their free extremities are swollen or clubbed,

and they are in a state of trembling movement. These appearances

are only seen when the electric current to which the hair is

subjected is nearly strong enough to kill the protoplasm.

I have occasionally seen these internal filaments, for instance in

a »land which bore also an ordinary external filament. By careful

' Quoted by Sachs, ' Pliysiologie Vegetale' (French translation), p. SO.
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focussing with No. 9 Hartnack I made certain that there was a

filament actually inside the gland ; and it was proved not to be
outside by irrigating with methylated spirit, by which means
the external filament was made to contract while the internal

one was unaffected. The same appearance of trembling clubbed
filaments was seen in one of the large conical hairs on the seed-

ling teasel-leaf. Three of such filaments are marked by crosses

in fig. 12 ; the largest of the three waved to and fro, and re-

minded me closely of one of the ordinary external filaments.

Relation between the general structure of the Teasel and the

protrusion of Jilaments.—The conclusion to which the study of

the filaments and the glands seems to lead is, that they are both

capable of absorbing nitrogenous fluids. It will be well to

consider whether or not the general structure of the teasel is in

any way co-ordinated with this power.

In the first place, it is quite certain that the plant is well

adapted for catching and drowning insects.

^

The connate leaves form cups holding from 12 to 100 c.c. of

fluid ; the leaves are smooth" (although those of the seedlings

are rough, with large prickly hairs) and are inclined so as to form
a large angle with the horizon and a small one with the vertical;

they form, therefore, two steep and slippery slides, leading to a

pool of water. The stalk of the plant is covered with sharp

prickles, but these cease where the stalk dips into the water iji

the cup. If it were not for the loss of the prickles at this

point, a ladder of escape would be provided for the drowning
victims. I have seen a beetle struggling to get out, and
observed his tarsi slipping over and over again on the smooth
stalk. The cups undoubtedly form a most efficient trap. In

some wild teasels the following insects were found :—In one cup six

large malacoderm beetles, from half to three quarters of an inch

in length, one fair-sized caterpillar, and two flies; in another,

seven of the same beetles, one earwig, a bluebottle fly, besides

' Prof. Kerner believes that the " cups " of the teasel are a protection

to the flower against the attacks of ants and other wingless insects who
might steal the nectar without benefiting the species. In his recent

memoir, " Die Scliutz-Mittel der Blumen gegen unberufene Gaste," in the
' Proceedings of the K. K. Zoolog. Botan. Gesellschaft, Vienna,' 1876, he
supports, with strong arguments, the theory that many flowers are thus

protected. He would, however, be the first to admit that a given structui-e

may have developed through serving more tlian one useful purpose. It

is curious that in the last century Erasmus Darwin should have remarked
on the protective function of the " bason " formed by connate leaves of

the teasel. He even alludes to nectar as one of the treasures to be
guarded in this kind of way, although he was not, of course, aware of

the true relations existing between flowers and insects. (See ' Loves of

the Plants,' Note 6.)

^ The glands do not make the leaves appreciably rough.
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many smaller flies and much debris, A much lar^'er number of

insects were counted in some other teasel-cups, but the notes

were lost, and the loss was only discovered when it was too late

to make fresh observations. The water contained in the cups is

almost always muddy Irom the debris of dead insects ; and when
the old leaves at the base of the stem wither, and can no longer

liold water I have seen them swarming with Staphylinidse and

other refuse-eating beetles. T tried a number of experiments by
taking a large number of the same kind of malacoderm beetles,

and placing one half in water, the other in the fluid of the teasel-

cups. The result showed that beetles are drowned much more
rapidly in the teasel fluid than in pure water. Whether there is

a narcotizing poison in the fluid, or whether, as is far more pro-

bable, the oiliness or stickiness of the decaying fluid causes the

insect's spiracles to be blocked up, I cannot say. The fact that

large slugs are occasionally drowned in the cups is in favour of

the poison hypothesis, for I find that slugs, if dropped into the

teasel-cups, can crawl up the smooth leaves.

From these various considerations I believe that the plant

does profit by the insects caught in the cups. This question

I hope to decide by a comparative experiment, in which a number
of teasels raised from seed under similar conditions will be

divided into two lots, one half being starved and the other fed

with insects or pieces of meat.

But whether or not the glands which find themselves immersed
in the putrid fluid of the teasel-cups take advantage of their

position to absorb nitrogenous matter, there is no doubt that the

protrusion of filaments is not a habit originally developed for

this special purpose ; for, as above explained, the glands on the

seedlings which do not form cups, and therefore catch no insects,

have well-developed filaments. But it may be answered that

they are developed in the seedlings by a kind of inheritance from

the adult plant. Even if this reasoning were permissible the con-

clusion that the filaments are specially ada|)ted in relation to the

leaf-cups is demolished by the following fact, already alluded to.

The other British species of teasel, I), pilosus, has no leaf-cups,

and therefore cannot entrap insects, yet the leaves bear glands,

and these produce contractile filanients. If we grant that the

filaments have any power of absorbing nitrogenous fluids, and

this can hardly be denied, the only theory that suggests itself is

the following :—That the filaments absorb the salts of ammonia
from the rain-water and dew which fall on the leaves, and that it

is this power which is modified in the adult plant so as to enable

the filaments to take advantage of the animalized fluid retained

by the leaf-cups. It has been already stated that filaments can

issue from the glands when the leaf is merely damp. It does
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not, therefore, seem impossible that an elongated filament shouUI
crawl or spread itself over the surface of the leaf, its proximal
end remaining attached to the gland ; and in this way ammonia
might be absorbed and transmitted to the gland, from the dew
or rain collected on the leaf. The following observation seems
to show that the filaments can adhere to smooth surfaces ; and
this faculty, in conjunction with their powers of contraction and
extension, would enable them to crawl on the surface of the leaf.

A free or unattached filament being in the field of the micro-

scope, the preparation was irrigated with methylated spirit. The
filament did not float away with the current, but evidently

adhered to the under surface of the cover-glass. When the

alcohol reached it the filament actually contracted against the

force of the current, showing how firmly it was attached to the

glass.i

Schlosing^ has shown that the leaves of the tobacco-plant,

when supplied with the vapour of carbonate of ammonia, yield on
analysis a greater amount of nitrogen than other plants not thus

treated. My father remarks that the vapour may be, perhaps,

absorbed by the glandular hairs on the leaves. Dr. Gilbert^

also states that Adolph Mayer has " experimentally shown that

plants can take up nitrogen by their leaves from ammonia sup-

plied to them in the ambient atmosphere."' There is, therefore,

nothing extraordinary in the belief that the leaves of the teasel

absorb ammonia from the atmosphere; the novelty is merely

in the method of absorption, viz. by protoplasmic filaments.

It is therefore important to know whether the amount of avail-

able ammonia in the atmosphere is sufficient to be an item

in the food of the plant. MM. Schlosing and Mayer (as quoted

by Dr. Gilbert) appear to believe that the absorbing action
" takes place in a very immaterial degree in natural vegetations."

This may be from a lack of absorbing organs on the part of the

leaves, or from the small quantity of ammoniawhich is available for

' Tills observation suggested that the filaments migiit in the adult

plant crawl over the dead bodies of the drowned insects, and thus absoil) a

strongly nitrogenous nutriment. I therefore cut thin sections of roast

meat acrO!>s the fibres, and placed the minute fragments thus obtained

round and among tlie glands on a section of a teasel-leaf. But not a

single filament applied itself to a piece of meat. I also thought that

the filaments might have the power of seizing minute granules floating in

the muddy water of the cups. I tried a number of experiments in the

hopes of deciding the question. Preparations were irrigated with finely

divided carmine suspended in slightly ammoniacal fluid, but no particles

were ever seized by the filaments.

- ' Insectivorous Plants,' p. 353 ; for the original see ' Comptes rendus,'

June 15th, 1874.
3 Address delivered at South Kensington at the Science Conferences,

1876.
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absorption. Dr. Gilbert (p. 5) gives the amount of ammonia which

falls in rain and minor aqueous deposits per acreatRothamsted as

6*46 pounds per annum. Boussingault^ found '00079 grm. per

litre of ammonia in rain water in the country districts of France.

In dew he found as much as from '001 to "006 grm. per litre.

The average of three analyses here given of the amount of

organic matter in rain water is '028 grm. per litre. Is it not

possible that some of this organic matter (which causes rain

water to putrify when kept) may be absorbed by the filaments ?

On the whole, it does not seem impossible that a plant should

derive benefit from the nitrogen in the rain and dew which falls

on its leaves.

Conchisions.

The following is a summary of the results which I believe to

be established on a reasonable basis of probability :

1. That the filaments are not parasitic organisms, but are

the normal productions of a particular form of glandular tri-

chomes on the leaves of the seedling and second-year ])lants.

2. That they consist of protoplasm in some way intimately

connected with resinous matter.

3. That the function of the protoplasmic portion of the

filament was originally to assist in the act of secretion, but that

it has been subsequently utilised by the plant as a mode of

nutrition.

4. That the protoplasmic filaments have the power of absorb-

ing nitrogenous matter, and that in the seedlings they probably

absorb ammonia from the rain-water and dew. In the adult

plants they absord the products of the decaying insects for the

capture of which the plant is adapted.

5. That some obscure correspondence may exist between the

protrusion of the filaments and the process of aggregation.

Note to Mr. Francis Darwin's Paper.

I beg leave to say that I have witnessed almost all the facts

described in the foregoing paper, and can vouch for their accu-

racy. To the best of my judgment, the whole case is a most

remarkable one, and well deserves the attention of physiologists.

Charles Darwin.

1 ' Watts' Diet, of Chemistry,' v, p. lOli-15.
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Notes on the Structure of Several Forms o/Land Plana-
RiANs, with a Description o/T'no New Genera and several

New Species, a^id a List of all Species at present known.

By H. N. Moseley, M.A., F.U.S., Fellow of Exeter College,

Oxford. (With Plate XX.)

Having made a special study of the structure of the Land
Planarians of Ceylon, the results of which were published in the

'Phil. Trans. E. Soc' of 1874,i I was naturally led to extend my
observations of the group during the voyage of H. M.S. 'Challenger.^

I collected specimens wherever the opportunity offered, and

made such observations on them as ray other work permitted.

The present paper contains the results of these observations, which

are very far from complete, since I have not yet been able to make
an extended investigation of all the specimens which I preserved

for that purpose.

Land Planarians of Brazil.

In September, 1873, during the stay of H.M.S. ' Challenger' at

Bahia, 1 found abundance of a species of Geoplana, apparently

hitherto undescribed, and a single specimen of a second species

undetermined was found by Dr. von Willemoes-Suhm. The
jiew species, GeoplanaJiava, was found in moist shady places in the

neiglibourhood of Bahia, and especially beneath the sheathing

bases of the leaves of Bananas, which retreat is that selected also

most usually by the Ceylon land planarians of the genera II.

Hhynchodemus and Bipalium. A few specimens were also found
crawling on palm stems in the daytime in very rainy weather, but

in places where there was very little light.

I repeated the experiments made by Fritz Miiller as to the

ciliation of the surface of the animals, using, however, very small

fragments of paper to place on the animal to indicate the direction

of currents, instead of arrow-root meal, and with a somewhat
different result.

Fritz Miiller (" Beitriige zur Kenntniss der Landplanarien," Dr.

Max Schultze, 'Abhn.der Naturforschenden Gess.,'in Halle 4 Bd.)

found that the meal moved on the dorsal surface of the animal

forwards and somewhat outwards, on the ventral surface back-

wards. When the animal was resting in a contracted and
quiescent state, I found that no ciliary motion was shown on the

^ " On the Anatomy and Histology of tlie Land Planarians of Ceylon ; with
some Account of their Habits, and a Description of Two New Species, and
with Notes on the Anatomy of some European Aquatic Species." By H.
N. Moseley, ' Phil. Trans. Roy. Soc.,' 1874, p. 105.
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dorsal surface at all, but that immediately the animal began to

crawl the indicating fragment of paper began to move.

In the species examined by me the ciliary action had a forward
direction only in the anterior region of the dorsal surface, in the

])Osterior region the indicator moved always backwards towards

the tail. In all regions of the dorsal surface it moved outwards,

as was observed by Fritz Milller at the same time as backwards
or forwards, and was thus rapidly thrown off at the side of the

body, the dorsal cilia apparently subserving especially, this func-

tion of the speedy removal of foreign substances from the surface

of the body. The ciliary current on tlie under surface of the

body flowed directly from before backwards, so that the indicator

moved parallel to the middle line of the body. The current

Avas much more rapid towards the hinder extremity.

The animal moved to a large extent by muscular action, the

body alternately contracting and expanding during motion.

When moving it lifted its anterior extremity often, just as does

Bipalium, and moved it to and fro as if to feel or see its way.

When the anterior extremity of the body was cut off the

remainder of the animal seemed still to move with definite

purpose, avoiding obstacles and retreating from the light, whilst

the cut end was raised and thrust in various directions as if to

search for an object on which to climb.

Eye spots were jjresent in two elongate patches on either side

of the head, and scattered along the whole length of the body

on its lateral margins.

A transverse section of the fresh animal was examined in saliva.

Cilia were present over the entire dorsal surface of the animal, but

are there very short and difficult to see, whereas they are very

long and strong on the ventral surface. The free surface of the

gastric lining of the digestive canals was ciliated.

Large cells were seen in the parenchym of the body, which had

a finely granular content, with a nucleus and nucleolus. These

cells showed active amoeboid movements when isolated by

pressure, and at the same time a rapid movement of their granules

somewhat like a cyclosis.

The pigment present was in the form of small rounded masses

as in Bipalium.

Unfortunately no specimens of the geoplana were obtained

which had their generative organs fully developed, all the speci-

mens being young.

The muscular arrangement appears to resemble that occurring

in the New Zealand Geoplana. There is no ambulacral line, the

external longitudinal muscles are evenly developed all over the

sole or under surface, and but little over the dorsal region. The

lateral organs or primitive vascular system are diffuse and closely
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similar to those in Geoplana N. Zealandiae. E,od-cells closely

similar to those of the South African land planarians were observed

in this species. They contain each several long spirally-wound

roJs (PI. XX, fig. 15). Others occur (PI. XX, fig. 14) in which
the rods are short and straight. Cells were observed with the

rods in all stages of development (PI. XX, fig. 16). The rods

when short show a tendency to spiral winding.

Description of the Structure of a New Zealand Land Planarian,

Geoplana Traversii.

Captain Hutton, in his essay on the New Zealand fauna, men-
tions the occurrence in New Zealand of two or three species of

Land Planarians, one or two of which he states belong to the

genus Bipalium.'^ This short reference is as far as I know the

only notice of these Planarians which has hitherto been pub-
lished.

When H.M.S. ' Challenger' was at Wellington, Mr. W. T. L.
Travers, F.L.S., gave me two specimens of a species of Land
Planarian occurring in the neighbourhood of Wellington. Both
of these were sexually mature and in sufficiently good preservation

to enable me to make out the anatomy of this form with consider-

able completeness.

The Planarians are of elongate form, broadest in their middle
and gradually attenuated from thence towards either extremity.

They are flattened below and slightly rounded above, and thus
resemble the other members of the genus Geoplana in general

form. The body is marked with longitudinal stripes, as in most
Land Planarians. The length of the largest specimen obtained

was 3 cm., and its extreme breadth 8 mm.
The mouth, or opening of the sheath of the pharynx, is

placed in the centre of the body and the generative aperture

at a little less than half the distance between the mouth and the

posterior extremity. There is no ainbulacralline, the whole under
surface acting as one uniform muscular sole.

Numerous eye-spots are present; these are placed in a

single row composed of twelve or more along the front margin
of the head and in an elongate patch on either side of the

head made up of two or three rows placed one above another,

and containing about forty eye-spots (PI. XX, fig. 1). Eye-spots

are further scattered more sparsely on the lateral margins of the

body, along its entire length posteriorly to this patch.

The patch itself is thickly beset with pigment which has an
irregularly ramified disposition, but amongst which clear trans-

^ The Geographical Relations of the New Zealand Fauna," by Captain

r. W. Hutton, C.M.Z.S., ' Trans. New Zealand Inst.,' vol. v, 1872, p. 23.
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parent oval spaces entirely free from pigment occurs and in these

the eye-spots lie (PI. XX, fig. 2).

In the structure of the eye-spots and histology generally the

New Zealand Planarian closely resembles Bipalium and R. rhyn-

chocleynus.

Observations on the living animal and fresh structures were

made on two small living specimens of another species obtained

at Wellington.

Strong cilia are present on tlie ventral surface of the body, as

was seen by examining sections of the fresh animal in saliva and

by applying the test of a small foreign body as in Geoplana ; but

cilia if present on the dorsal surface are very small and could not

be detected either by direct observation or experiment.

Numerous rod-bodies were observed to be shot out of a fresh

section just as in Geoplana, but the rod-cells were not isolated suc-

cessfully. The rod-bodies, which are long and thread-like when
shot, are well preserved in reagents and are to be seen hi sections

set up in Canada balsam, the epidermis being in some places

covered with a felt of them.

Abundance of pigment of the same nature as that of Bipalium

is present. Much of it often occurs deep in the tissues beneath

the external systems of muscles (PI. XX, fig. 8, p.)

The arrangement of the superficial muscles is peculiar, and

diff'ers from that in other Land Planarians, probably even from

that existing in the American Geoplanas. A thiu layer of cir-

cularly directed muscular fibres, the external circular muscular

coat, is present as in lihynchodemus and Bipalium, situate im-

mediately beneath the epidermis, and beneath this lies a layer of

longitudinal muscles disposed in a series of bundles of fibres

homologous with the external longitudinal coat of Bipalium.

This set of longitudinal muscles is very little developed on the

dorsal region of the body, but excessively so over the whole

ventral region or sole, as will be seen from Pi. XX, fig. 8. This set

of muscles is developed nearly uniformly over the sole, and there

is no indication of any specialisation of an ambulacral line.

The external longitudinal muscles are evidently in this Plana-

rian the main muscles of locomotion, and take upon themselves

a great part of the function which in Bipalium is performed by

more deeply situate longitudinal fibres.

An enlarged view of the arrangement of the muscular fibres is

given in PI. XX, fig. 9, from which it will be seen that the bundles

of external longitudinal fibres are separated by radiating fibres

which pass outwards to join the external circular layer. A layer

of internal transverse or circular fibres succeeds an interval

occupied by radiating fibres only, and scattered over this are
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to be seen in section numerous longitudinal fibres of the internal

longitudinal set.

The arrangement corresponds very nearly with that occurring

in Rhynchodemus ('Phil. Trans./ 1. c, PI. XI, 6g. 2), except in

the extraordinary development of the external longitudinal mus-

cular layer.

Embedded in the inner muscular structures is an abundance of

a matter which appears to correspond to the glandular tissue of

Bipalium, and like it stains very deeply with carmine. In the

lower regions of the body it forms large ramifications.

In the region of the body lying around the sheath of the pharynx

and that of the generative organs a glandular tissue is present

in great quantity, filling the interstices between the deeper

muscles (tig. 8, ^).

The structure marked x in fig. 8 is evidently homologous

with the spaces present in Bipalium sections, which were con-

sidered to represent the primitive vascular system with the

nervous system probably lying in them ('Phil. Trans./ I.e.,

PI. X, fig. 5, to). As in BipaUum these structures in the present

species stain very slightly with carmine. Instead of being con-

fined to two circumscribed areas in a vertical section, however,

as in Bipalium, or to two such areas connected by a transverse

link, the structures here assume the form of an irregular band
stretching across the entire width of the vertical sections.

I have been unable to examine these organs in longitudinal

sections for want of sufficient material. I cannot come to any

certain conclusion as to what they represent, but think it pro-

bable that they may represent a diffuse and ill-differentiated

nervous system, since well-developed nervous structures such as

occur in Marine Planarians, such as Eurylepta, are certainly

wanting in all the genera of Land Planarians examined by me.
The portions of the structures in question, situate in the region

near the position of the oviducts (PI. XX, fig. 8, od), agrees in

histological construction closely with the homologous areas in

Bipalium, showing a fine reticulation of fibres whilst their con-

tinuations on either hand show a fibrillation in the direction of

the plane of the section, so that it would appear as if in the

region of the oviduct bodies of fibres and canals having a longi-

tudinal direction in the animaFs body were cut across, and that

these longitudinally directed cords or canals gave off transverse

branches, which appear in the sections as the horizonal exten-

sion of these lightly stained areas. As already described, a simi-

larly diffused nervous system or nervous system and primitive

vascular system appears to exist in the S. American Geoplanas. In
the present form it occupies a much wider space in the head of the

animal, just as in Bipalium ('Phil. Trans./ I.e., PI. XIV, fig. 7),

VOL. XVII,—,-NEW SER. T
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but does not there give evidence of any more elaborate structure.

I am uncertain as to the exact nature of this structure in the

Land Planarians, and at a loss to explain how it is that these

forms should not possess a nervous system at least as highly

differentiated as that of Eurylepta.

The digestive system is essentially similar in structure to that

in other Land Planarians. There is a single mesially placed

main digestive tube in the front of the body which divides into

two at the point of entrance into it of the pharynx and remains

double to the hinder extremity of the body, the two tubes em-
bracing between them the cavity of the pharynx and the sheath

containing the mass of the generative organs (PI. XX, fig. 3) . The
two tubes remain without communication with each other to the

extremity of the body. The lateral diverticula are given off as

in Rhpichodemus, Very short rudiments of diverticula are,

however, present on the inner sides of the two posterior main

digestive tubes which are not present in Bipalium or R/ti/n-

cliodemns.

The arrangement of the openings of the diverticula into tiie main

canals is shown in PI. XX, fig. 6. The mouths of the diverticula

appear as vertically directed, irregularly oval slits which are

arranged in a line on the outer walls of the main canals and are of

two sizes, smaller ones alternating with larger. A narrow longi-

tudinally directed groove or depression connects the middle of

the mouths of the diverticula with one another.

The pharynx is of the same simple cylindrical form as in

Rhynchodemus, and is contained in a sheath or cavity just as in

other land planarians.

The main mass of the generative organs is packed in an elon-

gate cavity, with well-developed special walls situate just behind

that containing the pharynx. Within this cavity the organs are

further protected by a second investment of tough membrane
which divides them up into four rounded masses disposed in a

series or chain (PI. XX, fig. 4, a, h, c, d.)

The organs consist of a bulbous vesicula seminalis situate most
anteriorly in the elongate cavity, from which vesicula a tortuous

and capacious ejaculatory duct leads to the large bulb of the

penis. An accessory bulb or sac is present in connection with

the penis and lower part of the male duct (PI. XX, fig. 5, x), the

exact relations of which to the penis were not determined.

The penis is protruded from the single generative aperture,

and from this the vagina also opens, leading to the simple ovoid

uterus which is situate most posteriorly in the cavity containing

the generative organs,

\\\ the four masses into which the generative organs are bound
up by their immediately investing sheath the most posterior
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mass consists of the uterus ; the next contains the accessory bulb

of the penis ; the next the bulb of the penis itself and part of

the ejaculatory duct ; and the fourth or most anterior the vesicula

seminalis and upper part of the duct.

There is a single pair of ovaries present, and these organs are

situate at a distance from the anterior extremity of about one sixth

the length of the body, on either side of the main digestive canal

and close to the outside of its wall (PL XX, fig. 3, o). The oviducts

spring from the outer sides of the ovarian sacs and pass directly

down the length of the body to reach the uterus, maintaining a

similar position in the deeper muscular structures to that which

they hold in Bipaliura and Rhynchodemus, as is seen in PI. XX,
fig. ^,o,d.

The testes consist of very numerous small ovoid bodies which

are so dispersed as to form a band stretching from a point just

posterior to the position of the ovaries to the level of the hinder

end of the pharynx. A wide vas deferens, which is tortuous, as in

Bipalium and Ehynchodemus, leads from the hinder end of the

testes transversely inwards to the vesicula seminalis. The
oviducts pass above the vas deferens in their course to the

uterus.

Together with the two specimens of planarians Mr. Travers

brought me preserved in the same spirit several of their egg cap-

sules. These capsules were perfectly spherical and varied in diameter

from 6 mm. to 4| mm., being as large as an ordinary pea. Their

walls were firm and resistant, and of a very dark brown or almost

black colour. The walls are composed of a thin continuous

sheet of a dark brown chitinous substance, which is highly elastic

and rolls up into scrolls when torn into fragments. The brown
substance shows no definite structure, but only fine granules

partly scattered evenly through a homogeneous base, partly

gathered into patches in it.

The egg capsules were found to contain from four to six

embryos (PL XX, fig. 7), which lay quite free within the cavities of

the capsules, and closely packed together, being curved up to

accommodate themselves to the confinement. In one capsule the

embryos were in a comparatively early stage. They were in form

much wider in proportion to their length than the adults, and

flatter, resembling more in form aquatic planarians.

In the more advanced stages the embryos were of nearly the same
form as the parents, and had their oral apparatus already well de-

veloped. Each had further a pair of broad dark stripes on its dorsal

surface, the stripes being disposed so as to leave a mesial light band
between them. This colouring does not correspond with that of

either of the adult species which I examined. It may change

with advancing development^ or the egg capsules may have
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belonged to another species. The method of reproduction of the

land planarians thus is closely similar to that obtaining in aquatic

forms, such as Dendrocaliim lacteum, and is such as it was

conjectured that it would prove to be {' Phil. Trans./ 1. c, pp.

139, 141).

Australian Land Planarians.

I have been able to find no published description of these

forms, for the reception of which I have made the new genus

Coe)ioplana. They are remarkable for their length, one species,

Coenoplana subviridis, attaining to a length of 17'5 cm., and in

this respect they form a step towards the Manilla Dolichoplanas

from the Geoplanas, which they resemble in the arrangement of

the eyes. Their anatomy I have not yet worked out, but a few

transverse sections made show that they closely resemble Rhyn-

chodemus in the structure of their lateral organs, whilst in the

arrangement of their muscles they are intermediate between

Geoplana and Dohchoplana, from which latter they differ princi-

pally in having many small eye-spots instead of single pair of

larger eyes.

The specimens procured were found in New South Wales, at

Parramatta and at Camden Park. They were found during the

day coiled up in cavities under fallen logs, and at night, observed

with a lantern, crawling in the trunks of Eucalyptus trees,

especially about wounds from which sap was exuding

The remarkable Prussian blue-coloured Ccenoplana cmrulea has

its intense pigment contained to a large extent in the rod-cells,

which stand out thus in relief in the vertical sections of the

animal. The blue colour changes to red when the pigment is

acted on by acids, but the red colouring matter of C. sanguinea

does not become blue, as might possibly have been expected, when
acted on by alkalies.^

At Aru, Ke, and Amboina, land planarians were not found,

though searched for carefully.

At Ternate one specimen of the form of a Ceylon Ehyncho-

demus was met with under the bark of a tree at an elevation of

about 2000 feet. Tlie planarian was of a bright yellow, with a

single, median, narrow, dorsal, black stripe, extending the entire

length of the animal. It was more lively than any land planarian

which I have hitherto seen, wriggling out of a box or the hand
with great quickness. The specimen, unfortunately, perished

almost entirely from not having been placed in alcohol soon

enough. Enough remained to show that it had a remarkable

1 " On the Colouring Matters of Various Animals, and especially of Deep
Sea Forms, dredged by H.M.S. Challenger." By H, N. Moseley, ' Quart.

Jouru. Micro. Science,' Vol. XVII, new ser., p. 1.
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abundance of nematocysts, and that the mouth is simply elongate

cylindrical, as in Rhynchodemus,
Its wriggling motion seems to point to the occurrence in it of

greatly developed external longitudinal muscular bundles all over

the body surface, as in Dolichoplana.

Land Planarian of Manilla—Dolichoplana striata.

I obtained three specimens of a land Planarian, for which I

propose the above name, at Manilla, from a resident in the city.

The Planarian is most remarkable for its great length and pro-

portionately small breadth. The longest specimen of the three

in the contracted condition in spirit was 19'5 cm. in length, and

the shortest 12 mm.; while the average breadth of the specimens

was only 3*5 mm., and the thickness 2 mm.
The Planarians are long, narrow, flattened and band-like,

tapering rapidly to a blunt point at either end. The measure-

ments of the three specimens, showing the position of the mouth
and generative aperture, are as follows :

a. b. c.

Anterior extremity to mouth. Distance . 5'25 cm. .
5'5 .

6"5

Mouth to generative aperture. Distance 5"5 „ .
6"1

.
4:'7

Generative aperture to tail. Distance . 9'25 „ .
5"5 . 47

Totallengths . 20-0 17-1 159

The relative positions of the organs thus vary very much in

the difi^erent specimens, probably because of unequal contraction

due to the action of the spirit.

The bottle containing the specimens unfortunately got broken

on board the ship in a gale of wind, and the specimens dried

up, and are now unfit for anatomical examination ; but some few

sections had been prepared before the accident, and thus some
facts as to the anatomy were determined.

Notwithstanding the extreme length of the body the ovaries

are situate near its anterior extremity, as in Rhynchodemus, and

hence the oviducts have to traverse an enormous distance in

order to reach the uterus. They must be 9 or 10 cm. in length.

A single pair of eyes only is present, as in Ehynchodemus.
These are placed laterally, close to the anterior extremity.

The genus is especially remarkable for the extraordinary develop-

ment in it of the external longitudinal muscular layer which occurs

all over the body, being especially marked in the dorsal region,

as will be seen from Plate XX, fig. 25. The longitudinal muscular

fibres form very compact well-defined bundles, which are con-

spicuous in transverse sections of the animals, and are separated

from one another by stout radial muscular bundles. The
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bundles of external longitudinal muscles are especially large in

the lateral regions of the dorsal and ventral surfaces of the body.

They are less fully developed at the actual lateral margins of the

body and about the middle line of both dorsal and ventral sur-

faces. The bundles on the dorsal surface are more fully de-

veloped than those on the ventral, the exact reverse thus here

occurring to the condition obtaining in the New Zealand land

planarian, the arrangement being, however, very like that occur-

ring in the Australian form of the group,

A broad, pale band on the ventral surface of the animals

seems to represent an ambulacral line, but I have not found special

internal muscular structures corresponding with it. Possibly the

band is due to the presence of long cilia. In a transverse section

of the body a zone occupied only by radial muscular fibres, suc-

ceeds the layer of external longitudinal muscles internally. Within

this zone, in the ventral region of the body, is a mass of internal

longitudinal muscular fibres, irregularly disposed (Plate XX,
fig. 35, Urn) ; at the ventral edge of which mass is a row of

specialised bundles of longitudinal fibres, resembling those of

the external longitudinal layer (fig. 22, a) . This row of bundles

extends to;beyond the region of the ovary on either side. Some
transversely directed fibres intervene between the row and the

external longitudinal bundles in the region of the ambulacral

line (fig. 25, d). There 'seem to be hardly any longitudinal

muscles developed in the dorsal region of the body besides those

of the external layer.

Strong bands of transversely directed muscles pass across the

body immediately above and below the digestive cavities,

strengthening their floors and roof (fig. 25, trm). These trans-

verse fibres, which must be regarded as representing the internal

circular muscular system, lap round the outer ends of the diver-

ticula with a few of their fibres, as seen in fig. 25. Strong vertical

fibres pass on either side of the main digestive canals and traverse

the uiterspaces between the internal longitudinal muscles to join

the radial fibres, with which they are continuous, in the dorsal

and ventral regions of the body.

The lateral organs (Plate XX, fig. 25, .r) are very hke those of

Ehynchodemus in structure. The position of the oviduct with

regard to them is the same as in all other Land Planarians ; as is

also that of the testis.

J'he digestive diverticula were observed to ramify very freely

in the fore part of the body, apparently to a greater extent

than they do in Rhynchodemus.
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Land Planarians of South Africa.

Two species of Land Planarians were obtained at the Cape of

Good Hope, a region from which they had been supposed to be

absent, Grube having laid stress on their absence from Africa,

and consequently supposed correspondence in distribution with

the land leeches.^

The Planarians were found in the grounds of the Astronomical

Observatory at Wynberg, Cape of Good Hope.

Sections of the fresh tissues were examined. When a vertical

section was pressed slightly under a covering glass, elongate, rod-

like bodies were shot out from the surface of the skin, and seen to

project from it in great numbers. Amongst the rods also were seen

masses of slime ejected by tlie slime glands, which I have described

as existing in the Rhynchodemus and Bipahum ('Phil. Trans.,' I.e.,

p. 121), and which I here observed in action (PI. XX, fig. 34).

The long rods (PI. XX, fig. 23) are contained, when quiescent,

within ovoid transparent cells, in which they are coiled up in an

irregularly spiral manner.
Three or four rods are present in each cell, and the rods are

shot clear of the cell when it ruptures and ejects them. There

is hence no further point of resemblance here brought out be-

tween the rod-cell and the nematocysts of Cffilenterates (PI. XX,
figs. 19 and 20). The ends of the rods when free show a ten-

dency to bend over and curl up. Rod-cells also occur in these

species of Ehynchodemus, as in all aquatic Planarians in which

the rods are short and straight, and not twisted spirally.

Diagnosis of tioo new genera and nine neio species of Land
Planarians.

Genus Geoplana.

1. Geoplana flava, sp. n. (PI. XX, fig. 10).—Body elongate,

flat beneath, only slightly convex above, attenuate at both ex-

tremities, the anterior terminating bluntly. Body of a clear light

yellow colour on the dorsal surface, shading into burnt sienna

colour at the two extremities and the lateral margins. A glis-

tening white stripe passes along the entire length of the back

along the middle line, reaching to the tip of the head. Pour

narrower similar stripes are present on either side of the mesially

placed one, and extend along the body parallel to it. Eye-

spots are present in two elongate, irregular patches, one on either

side, near the anterior extremity, and scattered sparsely on the

lateral margins for the entire length of the animal.

.^ Ed. Grube, ' Ueber Land-Planarien, Jaliresbericht der schlesi&chen

Gesells. fiir Vaterland. Kultur,' 1866, p. 61.
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Under surface pale yellowish. Lengthy 3 cm. ; breadth, 5 mm.
Mouth at about the centre of the under surface.

Bahia, Brazil.

2. Geoplana Traversii, sp. n.—Body elongate, flat beneath,

slightly convex above, bluntly pointed posteriorly, more gradually

attenuated anteriorly ; broadest in the centre. Mouth central in

position. Generative aperture situate at little less than half the

distance between the mouth and posterior extremity. Ambu-
lacral line absent, the whole under surface acting as a sole.

Eye-spots forming a single row of ten or so on the front of

the anterior extremity, and an elongate patch composed of two or

three rows on the lateral margin of the body, just behind the

interior extremity ; also present, sparsely scattered, on the lateral

margins of the body for its entire length.

Body of a pale yellow on the lateral margins, with a broad

mesial stripe on the dorsal surface, extending for its entire length,

of a dark chocolate colour, and four narrow, ill-defined, and some-

what irregular similarly coloured stripes on either side of it,

extending to the lateral margins of the body. Under surface

pale yellow.

Length of largest specimen contracted in spirits, 3 cm. ; extreme

breadth of same, 8 mm. ; length of pharynx of same, 3*5 mm.
N.B.—The above description applies to two specimens received

at WeHington from Mr. Locke Travers, in spirits.

Two other specimens, obtained from him at the same time,

also in spirit, agree with the above description in all respects,

excepting that they have, curiously enough, a pair of well-

defined, dark, longitudinal stripes, on the under surface of the

body.

Further, two living specimens of a Geoplana were obtained

at Wellington by collectors from the ' Challenger,' which
were each 2' 5 cm. in length. They were of a fine rich

yellow colour along the sides, with a broad mesial longitudinal

stripe of very dark chocolate on the back, which was seen by
the aid of a lens to consist of reticularly arranged pigment,

denser along a narrow median line towards the head and at the

verges of the broad band. The under surfaces were pale yellow

with reticulations of pale brick-red pigment. These latter may
have been the young of G. Traversii, and the specimens with

striped soles varieties of the same. Or two further species may
be here represented. The egg capsules obtained seem to have
been certainly of a distinct species from G. Traversii, since the

embryos contained in them have a light mesial dorsal strij)e

bounded by dark stripes on either side. It is hoped that some
resident New Zealand naturalist may investigate the species of

Laud Planarians of the island.
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Genus Canoplana—Gen. nov., Moseley,

Body long and worinlike, much rounded on the back, flattened

on the under surface, without an ambulacral line. External

longitudinal muscular bundles largely and evenly developed over

both dorsal and ventral regions. Lateral organs distinct and
isolated as in Rbynchodemus, and, as in it, connected by a

transverse commissure. Eyes absent from the front of the anterior

extremity, but present in two lateral elongate crowded patches

placed just behind the anterior extremity and scattered sparsely

on the lateral margins of the body for its entire extent.

Mouth nearly central, pharynx cylindrical.

Habitat.—New S. Wales.

1. Cmnoplana coernlea, sp. n., Moseley. Entire body of a

dark Prussian blue colour, somewhat lighter on the under surface

of the body and with a single, narrow, mesial, dorsal, longitudinal

stripe of white. Length 5 cm., extreme breadth 4 mm., mouth
central ; generative aperture 8 mm., posterior to the mouth.
Parramatta, near Sydney. Under the bark of a species of Eu-
calyptus.

2. Ccemplana sangidnea^ sp. n., Moseley.—Closely resembles

C. CcBrulea, with the exception that it is coloured of a uniform

light red, which is lighter upon the under surface of the body.

Actual length when living 7 cm. ; breadth 4 mm. Parramatta,.

near Sydney. Amongst earth at the roots of a Eucalyptus
stump.

3. Canoplana subviridis.—Ground colour of the body greenish

yellow beneath. In the mesial line of the dorsal surface is a

broad band of the ground colour, bordered on either side by a

somewhat narrower but very sharply defined intensely black band.

Beyond the black bands externally on either hand lie bands of

the ground colour of equal breadth to them ; and beyond these

again is a very broad band which extends outwards nearly to the

lateral margin of the body, which band is composed of a shading

of fine longitudinal streaks of reddish brown, and is bordered

on either side by a narrow dark, nearly black, margin, the inner

border being more intensely pigmented of the two. The bands
and Hnes become narrower and more indistinct towards ths pos-

terior extremity, and eventually blend. The immediate anterior

extremity of the animal is of a bright burnt sienna colour, darker

towards the tip. Length of largest specimen when living and
crawling 16 cm. ; breadth 4 mm. ; length of smaller specimen
when crawling 12'5 cm. Camden and Parramatta, N. S. Wales.

Under dead logs and on bark of Eucalyptus trees.



286 H. N. MOSELEY.

Genus Bolichoplana, gen. nov., Moseley.

Body extremely long and narrow, flattened, and band-like-

tapering to a blunt point at either extremity. Mouth situate at

a distance from the anterior extremity of about one third the

length of the body. Generative aperture at about the same dis-

tance posterior to it. Eyes two only, as in Rhynchodemus.

External longitudinal muscular bundles very much developed all

over the body, but especially in the dorsal regions, where they are

the only longitudinal muscles present. Ambulacral line slightly

indicated. Lateral organs as in Rhynchodemus.

Habitat.—PhiHppine Islands.

Bolichoplana striata, sp. n., Moseley. Body of a light olive-

brown colour, with two narrow black longitudinal stripes on

the dorsal surface. The pair of bands nearest the middle line

are sharply defined and are separated from one another by a broad

mesial band of the ground colour of the animal.

The outer pair of bands is less distinctly defined. The bands

are placed on the lateral margins of the body and are separated

by wide intervals from the inner pair.

Three spirit specimens varied in length between 19"5 cm. and

15*9 cm., and in breadth measured about 3"5 mm.
Three specimens only, found in the neighbourhood of Manilla,

were obtained in spirit from a resident in that city.

Genus Rhynchodemus, Leidy.

1. Uhynchodemus flavus, sp. n. Moseley (PI. XX, fig. 30).

—

Body of the usual form but much attenuated anteriorly, of a

uniform light yellow colour, with a narrow jet black, wavy mesially

placed dorsal line. Length about 4 cm. The Observatory

Grounds, Cape of Good Hope.

2. Rhynchodemusfuscus, sp. n., Moseley (PL XX, fig. 19).

—

Body rather blunt-ended anteriorly, of a flesh colour, with a

pair of broad bands of mottled brown placed on the dorsal surface

so as to leave between them a narrow mesial hght stripe, with a

light patch at the anterior extremity. The bands do not extend

quite to the lateral margins of the body. Length, about 1*5 cm.

The Observatory Grounds, Cape of Good Hope.

Genus Bipalium, Stimpson.

Bipalium unicolor, sp. n., Moseley. Body of the usual form,

but with the semilunate anterior expansion of moderate develop-

ment only. The entire body of a uniform orange-yellow colour,

lighter on the ventral surface. The anterior margin of the semi-

lunate expansion dark, almost black. Length of spirit specimen,

6-5 cm. Greatest breadth, 7 mm.
Zamhoangan Mindanao Philippines.
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Catalogue of the species of Land Planarians at present known.

Group.—MoNOGONOPORA, Stimpson.

Family.—Leimacopsid^, Diesing.

Genus Leimacopsis.—Diesing, Revision der Tarbellarien,

Abtheilung Dendrocoelen, Sitzbt. Akad. Wiss.,

Wien, 1861, p. 488.

Leimacopsis terricola.—Diesing, 1. c.

Prostheraceus terricola.—Schmarda, 'Neue Wirbellose Thiere/

Th. 1, 1—30, Tab. VI, fig. 69.

With a pair of true frontal tentacles beset with numerous
eyes. Occurs high up in the Andes at the pass of Quindiu,

above the region of mountain palms.

Family Geoplanida.

Genus Polycladus.—Blanchard, Historia Pisica y Politica

de Chile por Claudio Gay, Fauna Tomo tercero.'

Paris, 1854, p. 6.

1. Polycladus Gayi.—Chile. Blanchard, I.e. PL Annilados,

No. 3.

The body is much flattened. Blanchard gives some details

of anatomy, but he mistook the head for the tail of the animal.

The generative organs are situate further from the mouth than

in Geoplana N. Zealandise. It is possible that this genus of the

Western side of the Andes may prove a natural aud distinct one.

2. Polycladus Andicola. — Schmarda, ' Neue Wirbellose

Thiere/ 1, 1—15, Tab. II, 31 and 31 a.

Schmarda refers this Andean species to the genus. The body

is flat and oblong. He is evidently in error in speaking of two

generative apertures as present in front of the middle of the body.'

Genus Geoplana (Stimpson and Max Schultze). Stimpson,

Prodromus descriptionis animalium evertebratorum quse in ex-

peditione ad Oceanum Pacificum Septentrionalem, &c. Pt. 1,

Turbellaria Dendroccela, Proc. Acad. Philad., 1857, p. 19.

Max Schultze, Beitrage zur Kenntiss der Land-Planarien

nach Mittheilungen des Dr. Fritz Miiller, in Brasilien und
nach eigenen Untersuchungen, Halle Abdhn., 1856, p. 20.

1. Geoplana vaginuloides.—Rio Janeiro. Darwin, * Ann. and

Mag. Nat. Hist., vol. xiv, 1844, p. 241 = G, elegans, Brazil,

Frit^ Miiller and|Max Schultze, I.e.
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2. Geoplana elegans.—Rio Janeiro. Darwin, I.e.

3. Geoplana pulla.—Montevideo and Maldonado. Darwin,

I.e. = G. olivacea? or G. Maximiliana? Brazil, Tritz Milller and

Max Schultze, I.e.

4. Geoplana bilinearis.—Montevideo and Maldonado. Dar-

win, I.e.

5. Geoplana nigrofusca.—Montevideo and Maldonado. Dar-

win, I.e.

6. Geoplana pallida.—Valparaiso. Darwin, I.e.

7. Geoplana tristnata.—Brazil. Fritz Muller and Max
Schultze, I.e.

8. Geoplana octostriata.—Brazil. Fritz Muller and Max
Schultze, I.e.

9. Geoplana Schultzei.—Brazil. Diesing, \.c.= G. pallida,

Fritz Muller and Max Schultze, I.e. (not Planaria pallida of

Darwin)

.

10. Geoplana atra.—Brazil. Fritz Muller and Max Schultze,

1.0.

11. Geoplana Miilleri.—Brazil. Diesing, 1. c.= G. elegans,

Fritz Muller and Max Schultze, 1. c. (not Planaria elegans of

Darwin).

13. Geoplana mao'ginuta.—Brazil. Fritz Muller and Max
Schultze, 1. c.

13. Geoplana rufiventris.—Brazil. Fritz Miiller and Max
Schultze, 1. c.

14. Geoplana olivacea.—Brazil. Fritz Miiller and Max
Schultze, 1. c.

15. Geoplana nephelis.—Braeil. Fritz Miiller and Max
Schultze, 1. c.

16. Geoplana MaximiUani.—Brazil. Fritz Miiller and Max
Schultze, 1. c. (= G. pulla, Darwin?).

17. Geoplana marmorata.—Brazil. Fritz Miiller and Max
Schultze, 1. c.

18. Geoplana pulchella.—Brazil. Fritz Miiller and Max
Schultze, 1. c.

19. Geoplana Burmeisteri.—Rio Janeiro. Max Schultze.

20. Geoplana jlava.—Bahia, sp. n., Moseley.

21. Geoplana Traversii.—Wellington, New Zealand, sp. n.,

Moseley.

22. Geoplana elougata.—C. Tres. Montes. Darwin, 1. c.

23. Geoplana semilineata.— Chonos Islands, to the north of

C. Tres. Montes. Darwin, 1. c.

24. Geoplana maculata.—Valdivia. Darwin, 1. c.

Note.—Numbers 22, 23, and 24 are placed by Diesing in

Blanchard's genus Poli/cladus, but until their structure is known
it seems as well to retain them here.
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25. Geoplana lapidicola.—Island of Loo Choo. Stimp-
son, 1. c.

With eyes few in number, scattered on the margins of the head
and three or four larger ones on either side on the frontal margin.

This will possibly prove allied rather to Rki/ncJiodemus.

26. Geoplana Tasnianiana.—Tasmania. Darwin, 1. c. This

will possibly prove allied to the Australian genus Ccenoplana.

Genus.— Geobia, Diesing, 1. c.

Geobia subterranea.—Brazil. Diesing, 1. c, Geoplana svbter-

ranea, Pritz Miiller and Max Schultze, 1. c.

Long and narrow, with rounded extremities, eyeless, and
colourless. Lives under ground in the holes of Lumhricus
corethnmis, and preys upon that annelid.

Geitus.—Ccenoplana, gen. nov. Moseley.

1. Cmnoplana ccerulea.—Parramatta, N.S. Wales, sp. n.

Moseley.

2. Ccenoplana sanguinea. Parramatta, sp. n. Moseley.

3. Coenoplana snbviridis.—Parramatta. sp. n. Moseley.

4. Coenoplana ? sp. ?—Ternate Moluccas. Moseley.

Genus.—Dolichoplana, gen. nov. Moseley.

Doliclioplana striata.—Manilla, sp. n. Moseley.

Genus.—Uliyncliodemus, Leidy, Proc. Acad. Nat. Sci. Philad.,

vol. V, 1851.

1. Rhynchodemus terrestns.—Europe, O. F. Miiller and
others.

2. Rhynchodemns sylvaticus.— N. America, Leidy, 1. c.

3. RhyncJiodemus bistriatus.—Samoan Islands, Grube. * No-
vara, Exp. Zoologischer Theil.,' Bd. ii, " Annehden,'' p. 45.

4. Rliynchodemus quadristriatus

.

—Samoan Islands, Grube,
1. c.

5. Rhynchodemns Nietneri.—Ceylon, Humbert, Mem. Soc.

Phys. Geneve, 1861, p. 306.

6. Rhynchodemns Thwaitesii.—Ceylon, Moseley, Phil. Trans.

R. Soc, 1874, p. 107.

7. Rhynchodemns flavus.—Cape of Good Hope. Moseley, I.e.

8. Rhyncodemus fuscus. Cape of Good Hope. Moseley, 1. c.

9. Rhynchodemns Tannayi. Brazil. Ferussac, Ann. Gen. Sci.

Phys., t. viii, 1821, pp . 90-92, tab. cxvi, 2 et 3.

It seems probable that this will prove to differ in structure from
the Indian and Cape forms.

10. Rhynchodemus {Geodesmus) bilineatus. Mecznikow, Bull.

Acad. St. Petersburg, 1865, vol. ix, p. 433.
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There is no certainty as to how far the above genus is a natural

one. The anatomical structure of the Ceylon and Cape species

and of M. bilineatus only is known, and it seems doubtful whether

the latter of these should be referred to the same genus as the

former, its generative organs not having been sufficiently

determined.

Genus.—Bipalium. Stimpson, Silliman's Journal of Science,

May, 1861, second ser,, xxxi, p. 134.

1. Bipalium Phoebe. Ceylon. Humbert, 1. c.

2. Bipalium Diana. Ceylon. Humbert, 1. c.

3. Bipalium Proserpina. Ceylon. Humbert, 1. c.

4. Bipalium Ceres. Ceylon. Moseley, Phil, Trans. Roy.

Soc, 1. c.

5. Bipalium Bendrophilum. Ceylon. Schmarda, 1. c, p. 36.

6. Bipalium lunatum. Bengal. Gray, Zool. Misc., p. 5,

1835, cit. Silliman's Journ., 1861, p. 135.

7. Bi'palium Ferudporense. Bengal. Wright, Ann. and

Mag. Nat. Hist., 1860, vi, p. 54.

8. Bipalium Cantori. China. Dunlopea Cantoria, Wright,

1. c. Chinese Repository, Canton, 1833 et seq., vol. x, p. 434;
Calcutta Journal of Nat. Hist., No. 5, p. 436.

9. Bipalium Graiji. Chusan. Cantor, Ann. and Mag. Nat.

Hist., 1842, ix, p. 277 ; Dunlopea Grai/ia, Wright, 1. c.

10. Bipalium Stimpsoni. China, Hong Kong. Diesing, 1. c.

;

Stimpson, Prodromus Animalium, &c. ; Proc. Acad. Philad.,

1857, pp. 30, 31.

11. Bipalium virgatum. Loo Choo. Stimpson, 1. c.

12. Bipalium maculatum Ousimon. Stimpson, 1. c
13. Bipaliumfuscatum, S modu. Stimpson, 1. c.

14. Bipalium trilineakim. Jesso. Stimpson, 1. c.

15. Bipalium univittatum. Madras. Grube. Novara. Exped.

Zoologischer Theil, Bd. ii, p. 45.

16. Bipalium Everetti. Borneo. Eev. W. Houghton, Ann.
and Mag. Nat. Hist., 1870, p. 255.

17. Bipalinm Houghtoni. Borneo. Houghton, 1. c.

18. Bipalium unicolor. Zamboangan Mindonao PhiHp-

pines, sp. n., Moseley.

19. Bipalium, ST^.? New Zealand. Hutton, 1. c.

Summary.

The results of the present paper may be briefly summarised
thus

:

Land Planariaus are now known to exist in nearly all temperate
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and tropical regions, and probably exist in all. They may be
placed in two families :

{a) Leimacopsidse, with eye-bearing frontal tentacles. 1 genus.

1 species at present known.
(b) Geoplanidse. Without tentacles. 7 genera. 62 species.

The structure of Leimacopsis is not known, but it seems
probable that it may differ very much from that of the Geoplanidse.

Of the Geoplanidse, the complete anatomy, including that of

the generative organs, is known as yet only in the case of certain

species of Ehynchodemus, and Bipalium from Ceylon, and in

Geoplana Traversii of New Zealand. The arrangement of the

muscles and of the lateral organs (nervous systems, or primitive

vascular systems ?) of the Rhynchodemus of the Cape of a

Geoplana of Brazil, of the Austrahan Ccenoplanas, and Manilla

Dolichoplauas, has been determined, and it appears that the

Geoplanidse form a very natural family, although it remains to

be seen how far the European forms at present placed in the

genus Rhynchodemus conform to the type. In all the Geoplanidse

the external sets of circular and longitudinal muscles are more
fully developed than in the aquatic species in conformity with the

requirements of motion on land. In Geoplana and the Australian

genus this condition is more marked than in Rhynchodemus
and Bipalium, and is carried to excess as far as the longitudinal

bundles are concerned in Dolichoplana, in which form loco-

motion is probably principally muscular and annelid-like. In
all the Geoplanidse further the generative organs show a ten-

dency to specialisation higher than that of most aquatic forms.

In Geoplana Rhynchodemus and Bipalium, and in Poly-
cladus, as appears from Blanchard's figures (Blanchard, Hist,

de Chile, 1. c), the ovaries are reduced to small simple piriform

sacs, which are placed near the anterior extremity of the body,

and have long simple oviducts leading for more than half the

length of the body to the uterus. This condition is conformed
to even in the enormously long Dolichoplana. The intermittent

organs and reservoirs are closely similar in all the genera
examined. The Geoplanidse are all monogonoporous. In all

the uterus is simple and situate just posteriorly to the penis.

The highest specialisation of the generative organs appears to

occur in Bipalium. In the concentration of these organs and
special development of the muscular systems the Geoplanidse

seem to form a step from the aquatic forms towards the leeches.

Prom the facts of anatomy, at present ascertained, it appears
that the New Zealand forms are most closely alHed to the S.

American, whilst the Cape species are related to the Indian land

planarians—a conclusion which is borne out by other facts of

distribution of species. The Australian Ccenoplanas form a step
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between the Geoplanas and the DoHchoplanas of Manilla. The
occurrence of Bipalium in New Zealand seems a very remarkable

fact, and it is hoped that the species will be carefully described.

The curious rod-cells of land planarians are remarkable struc-

tures. Several long hyahne rods occur coiled up together in each

cell, and these rods are shot forth on irritation of the animal.

The rods are, however, unconnected with the cell-wall, and their

structure does not afford further evidence of relationship between

rod- cells and nematocysts. It would be interesting to test the

surface of a living land planarian with the tongue and ascertain

whether any sensation of urtication is produced. The rod-cells

of Rhpichodemus bilineatus are very similar to those of other

land planarians, but the long rods seem to differ in that case

in being tapered at either end.

The discovery of the mode of re])roduction of land planarians

is of much interest. The chitinous capsule containing several

ova, and eventually embryos, which are entirely free in its cavity,

is closely similar to that of, e. g., Dendrocatum lacteum, but

necessarily much larger. No metamorphosis appears to occur

in the progress of development.



NOTES AND MEMORANDA.

Pithophoracese—a new Order of Algae.—One of the most im-

portant and interesting of recent memoirs contributing to our

knowledge of the Algse is that by Dr, Veit Brecher Wittrock,

of the University of Upsala, "On the Developmentand System-
atic Arrangement of the Pithophoraceae,a nevv Orderof Algse,"

('Nova Acta Reg. Soc. Sc. Upsal./ 1877j. This new Order
belongs to Chlorophyllophycese, and as yet contains but a

single genus Pithophora, Wittr., made up of eight (as yet

known) species (with a probable ninth, already partially

known to the author).

As the work is throughout written in English it is the

more unnecessary to attempt to give a resume sit any length,

though not out of place to draw the attention of our readers

thereto in this brief summary. The species belonging to

Pithophora, in habit and appearance, very much resemble
forms of Cladophora ; in fact, some of them had already been
referred by previous algologists to that genus, from which,
however, Wittrock shows his new genus to differ strongly.

The author's first acquaintance with a Pithophora-species

was made at the Royal Gardens, Kew, and the plant was
collected by him in the Tropical Aquarium or Water-lily

House ; he names the species there found P. Kewensis. As
the other species known to him emanate from tropical or sub-

tropical regions he concludes that P. Kewensis had been
introduced from a tropical country, probably South America.
In those regions the species known belong to freshwater,

none to salt, whilst one was found on humid earth.

The order is thus characterised :—Chlorophylliferous

Cladophora-like freshwater algae, consisting of cells, formed
by bipartition of the terminal cell. The thallus having two
distinct parts, viz. 1, the cauloid part, developed from the
germinated spore upwards, propagative and almost always
branched, the branches placed a little way below the top of
their supporting cells ; 2, the (morphologically, not physio-
logically) rhizoid part, developed from the germinated spore
downwards, almost always sterile and branchless, commonly

VOL. XVII. NEW SER. U
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unicellular. Spores neutral, quiescent (agamo-hypnospores),

generally cask-shaped, single, formed by division into two of

the caulo'id cells, of the chlorophyll-filled and commonly
widened upper parts of these cells ; in germinating, as a rule,

dividing into two cells, the one giving rise to the caulo'id

and the other to the rhizoid part of the thallus.

The character of the single genus is of course the same as

the order. The author divides the genus into two sections ;

1. Pithophorse isosporese, in which the spores are all of the

same principal form in each S))ecies—the enclosed (intersti-

tial) cylindrical or cask-shaped, the terminal with the upper

end conical and the top sotnewhat rounded (5 species) ; and,

2. Pithophorse heterosporese, in which the spores are of

several, dissimilar forms in each species, the enclosed (inter-

stitial) of three forms, viz., cask-shaped, cylindrical and sub-

irregular, the terminal as a rule of two forms, viz., cask-

shaped and cylindrical, but with the upper end conical and
the top somewhat rounded (2 species).

Although, then, the character of the place of origin of the

branches in Pithophorse, as compared to Cladophorse, being

set some distance from, not at, the top of the cells or joints

whence they emanate, may appear at first sight but trivial,

it yet seems to carry with it further differences of a more
important nature, that is to say, in the mode of spore-forma-

tion. The vegetative joints, as further differing from Clado-

phora, are also described as possessing a thin non-laminated

membrane, and the cells are lined by a protoplasmic stratum

having numerous chlorophyll- granules imbedded and enclos-

ing a great cylindrical " vacuole." In fertile specimens,

always of full size, colourless cells, that is, nearly or wholly

destitute of chlorophyll, are to be seen besides the green ones.

The formation of the spore is begun in a joint by its upper
part widening into the characteristic nearly always more or

less cask-shape, on the completion of which the chlorophyll

contents of the lower portion pass up thereinto, the cavity

becoming densely packed, whereupon a septum is formed
cutting the mother-cell into two daughter-cells—one, the

upper, being the spore, the other, the lower, being the already

mentioned now colourless subsporal cell. The membrane of

the spore now becomes considerably thickened; the contents

often becoming brownish. In the principal filaments and
sometimes in the branches of P. Zelleri (v. Mart.) Wittr.,

the whole of the contents of the subsporal cell often do not

pass up but become formed into a spore below the other,

thus forming twin-spores. This may accidentally also occur

in other species. As if abnormally, again, the ordinary pro-
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cess may be reversed occasionally and the contents of the

upper part pass down and form a spore below. The order of

the formation of the spores is usually basipetal. Quite ex-

ceptionally spores may be formed in the rhizoid ; when such

takes place the spore is formed not in the upper but in the

lower part of the mother-cell.

Besides spores so formed the author describes another kind

of reproductive cells which he denominates " prolific cells."

Certain ordinary interstitial (never terminal) joints, without

any passing thereinto of chlorophyll, become, simply by ab-

sorption and storing up of nutriment, densely packed with

chlorophyll-contents and starch-granules.

The germination of the spore, on becoming free by the

dissolution of the adjacent cells, takes place by its pushing

out, from each opposite end, a conically-cylindrical process,

whereupon it becomes divided, usually about the middle, by

a transverse or slightly oblique septum, one of the daughter-

cells so formed giving origin to the rhizoVd, the other to the

caulo'id ; the transverse wall thus forming a sharp limit be-

tween these two parts of the thallus. It would take too

much space to try to even condense the author's enlarged

details as regards certain exceptional modes of germination,

or on the method of ramification.

As to the germination of the prolific cells set free by dis-

solution of the rest of the plant, it takes place in the same
manner as the formation of branches from ordinary cauloi'd

cells ; that is, the new growth appears as a normal branch

just below, that is, a short distance from, the top of the pro-

lific cell.

The plant is most frequently not at all attached, and when
it is occasionally so it is not by the rhizoid, but by means
of peculiar tendril-like organs developed from the caulo'id

(mostly from the terminal cell) called by the author helico'ids.

These are common only in one species, rare in others. They
are sometimes almost straight, often curved, but most fre-

quently quite claw-like and they grasp, like a tendril, around
adjoining objects or their own branches. They are densely

filled with chlorophyll-contents.

Looking at the vegetative growth in Pithophoracese their

affinity to Cladophorese is apparent. So great is the resem-
blance that the author sometimes found no small difficulty in

determining whether a sterile specimen really belonged to

Cladophora or to Pithophora ; as has been mentioned, the

branches in the latter are given ofi" a short distance from
the top of the supporting cell and the joints are also habitu-

ally very long, but the great distinction is in the (" lap-root-"
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like, but in no sense to be considered as functionally or pby-
siologically a root) rbizo'id system. Tbe author points out,

touching the dependent lamifications called "rhizines" in

Cladophora fracta, that the spore (here a zoospore) sends

down in germinating one or two irregular processes, the

rhizines, but with no formation of a septum ; they are not

shut off therefore as independent cells. Certain Cladophorege

send down from other parts of the plant adventitious rhizines

—others offer helicoids on terminal cells. The essential dif-

ference then lies in the nature of the rbizo'id organs, formed
immediately on germination of the spore, which seems to

be correlated with the different nature of the spores, that is,

hypnospores in one and zoospores in the other.

The author points out that, leaving aside vegetative cha-

racters and keeping in view only the mode of spore-formation,

there is a resem.biance to the motionless spores formed
asexually (as indeed are the zoospores) in Vaucheria geminaia
(Vauch.), Walz, and V. hamata (Vauch.) Walz. But, as he
further points out at some length, the differences are vastly

more numerous and important than the resemblances, and
Vaucheriaceee, apart from the vegetative characters, may be

dismissed as having any very near relationship to the Pitho-

phoracese. Nor does there early appear any further group
showing any near affinity to this order.

Reverting however, to the mode of spore-formation the

author again refers to Cladophorese, not indeed to the zoo-

spore-formation in the latter, but to those propagative cells

found in Cladophora, most strongly evinced, by Cladophora

fracta. In that form those swollen pear-shaped densely filled

joints seem actually to be formed similarly to the mode
described for the hypnospores of Pithophora, that is, by the

expansion of the upper portion of a joint, the lower retain-

ing its original cylindrical figure, and far less densely filled

with contents. Now, if a transverse septum were formed
just below the widened part, we should have two cells, the

upper of which would be perfectly homologous with the

spore, as described, of Pithophora, the lower with the sub-

sporal cell. If, further, the formation of zoospores were sus-

pended, the Cladophora, as the author remarks, would be

transformed almost into a perfect Pithophora. The author

has seen, in Pithophora cedogo7iia, the true spores, formed in

the normal manner, instead of germinating in the usual way
and (apparently still m sitii on the plant), develop a branch

laterally, quite in the same manner as prolific cells in Clado-

phoreae. Therefore the author holds Pithophoracese are to

be regarded as " transformed Cladophorese, thus being one
'
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of the branches on the stem of Confervaceae." The author

adds a hypothetical " genealogical tree" of the Chlorophyll-

phycere, with some brief remarks on the Cohn-Sachsian
principles of classification, adding that " a more particular

account of the motives of this attempt it is his intention to

publish on another occasion," a promise which algologists will

be anxious he may early fulfil.

The author concludes his extensive and valuable memoir
with complete and thorough descriptions of the species belong-

ing to his new genus Pithophora, to which are appended six

plates (uncoloured) pourtraying the characters of their habit

and growth, so that the whole amounts to an exhaustive

Monograph of the new Order.

On some Changes which Red blood-Corpuscles undergo in Ex-
travasations. By Professor A. Boettcher, in Dorpat.^—Refer-

ring to the observations of Dr. Max Knies on certain peculiar

nucleated forms of blood-corpuscles found in blood twenty-four

to seventy-two hours after having been injected into the ante-

rior chamber of the eye of rabbit, Professor Boettcher draws
attention in this paper—of which only the first part will be

here reported on—to observations of his own on a similar

subject in ' Virchow's Archiv,' vols. 36 and 39, when he found
that treating red blood-corpuscles with blood-serum or

humour aqueus nucleated blood-corpuscles are to be met with.

Professor Boettcher then describes another method, by
means of which the nuclei of red blood-corpuscles of man
and several mammalian animals may be readily demonstrated.

Twenty-four to forty-eight hours after injection of defi-

brinated blood into the anterior chamber of the eye of

rabbit, there were no distinctly nucleated red blood-corpus-

cles to be seen yet. But leaving this blood, viz., withdrawn
after twenty-four hours, to stand in humour aqueus in a small

glass for another twenty-four hours, the most splendid and
diversely nucleated red blood-corpuscles could be demon-
strated. The nucleus appears of different sizes, generally it

is very sharply outlined ; the larger nuclei are granular, the

smaller pale. There are also few nuclei to be met with
which had escaped their red corpuscles. There exists a dif-

ference between the red blood-corpuscles of man and rabbit

on the one hand, and those of cat on the other, those of the
former possessing a granular, those of the latter a pale

nucleus, which at the same time can be recognised only
under a higher power. Besides this the clear nucleus of

many red blood-corpuscles of cat contains a nucleolus. If

' Virchow's ' Archiv,' vol. 69, part ii, p. 295.
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cat's blood be treated with acetic acid after the colouring

matter has been dissolved, the shining nucleoli may be still

recognised.

On the Structure of the Human Peritoneum Diaphragmaticum.

By Professor G. Bizzozero,in Turin.^ Bizzozero having found a

delicate raembrana limitans underneath the endothelium of

the human serous membrane, examined specially that mem-
brane in the human peritoneum -covering the diaphragm. The
limitans of this latter can be easily isolated in fresh specimens

as well as in those that had been treated with Miiller's fluid.

Bizzozero finds that the limitans in question, while at some
places a continuous uninterrupted membrane, possesses at

others numerous round or oval holes, which appear either

irregularly scattered or grouped into larger or smaller groups.

These latter consist of ten, thirty to sixty holes, measuring
from 4, 10, to 16 mm. " This arrangement of the limitans

stands in an important relation to the distribution of the

lymphatics of the peritoneum diaphragmaticum. The lumen
of the superficial lymphatics is not everywhere separated

from the peritoneal cavity by an uninterrupted connective-

tissue membrane, but on larger portions only by a connective-

tissue meshwork. Over this the limitans is expanded in such

a manner that its holes coincide with the holes of that mesh-
work. In this manner, if we exclude the surface endothelium,

an open communication is established between the lymphatic

vessels and the peritoneal cavity." i This relation is best

developed on a part of the peritoneum which covers the mus-
cles immediately around the central tendon. "The network
of lymphatic vessels is here not so dense as on the central

tendon, but the individual vessels are much broader, so that

the membrane (especially in young individuals) appears

cribrous already on the naked-eye inspection.

Publication of a series of Diatoms and of other Algse.

By Professor P. T. Cleve, of Upsala, Sweden, assisted by Mr.
J. D. Moller, of Wedel, has the intention of publishing a

series of mounted diatoms, marine and freshwater forms.

The first part contains forty-eight slides, and its price is 40
shillings (40 Reichsmark, 50 francs), expenses of freight not

included. Orders are executed from the middle of August
this year, and may be sent to Professor Cleve. Many of our

readers will also be glad to learn that Dr. Oeit B. Wittroch,

1 Vienna Medic. Jahrbucher I., 1877.
^ A further communication on tliis subject by Bizzonzer and Salvioli

(' Studi sulla struttura a sui linCatici delle sierose umane.' Parte prima.)

will be reported upon iu our next number.
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of Upsala, and Herr Otto Nowstedt, of Lund, Sweden, an-
nounce the publication of a series of prepared algse, chiefly

freshwater, under the title " Algae aquse dulcis exsiccatse,

prsecipue Scandinavicae, adjectis algis marinis chlorophyllaceis

et phycodiromaceis," in fasciculi (of imp. 8vo), each con-

taining fifty numbers. Of Coleochseteae, CEdogoniese, Meso-
carpese, Zygnemeae, &c., only fertile examples will be
included. The new species will have accompanying dia-

gnoses in Latin. Each fasciculus will contain about sixty

species. The price of each fasciculus is announced at 17s.,

carriage not included. Orders may be sent to Dr, Wittroch
or Herr Nordstedt as above.



PROCEEDINGS OF SOCIETIES.

Dublin Microscopical Club.

ISth January, 1877.

Volutella ciliata, Fries, and V. setosa, Berk., growing together, ex
liibited.—Mr. Pirn exhibited Volutella ciliata, Fries, and V. setosa

Berk., growing together on a decaying Gladiolus bulb. The latter

appears to be common on various decaying substances, such as

orchid-bulbs ; and whilst V. ciliata is rare, the specimens shown
being the only ones Mr. Pim bad seen, he remarked that he had
found, some years ago, another form, possibly distinct, which had
the mass of spores yellow, with hyaline bristles, whilst the mass
of spores is white in V. setosa, and yellow with the bristles black
in V. melaloma. It grew on decayed leaves of a species of
Phocus.

Heliopelta perforata, O'M., n. s., exhibited.—Rev. Eugene
O'Meara exhibited a form of what might, on superficial inspection,

be considered identical with Heliopelta Metii, Ehreub., but, on a

closer examination, it presented some remarkable 'points of dis-

agreement. The triangular compartments, which constitute so

conspicuous a feature ofthe form specified, are scarcely discernible

in the present case. The central boss in the form exhibited is

round, just as appears in Coscinodiscus perforatus ; the areolesare
roundish, radiate, smaller towards the centre and margin than in

the intermediate portion of the valve. On the ground of these
characters the form appears to be a distinct species, which he
would name Heliopelta perforata, a name suggested by the re-

semblance of the central boss to that of Coscinodiscus perforatus.
Abies Williamsonii (Newberry), R. Brown, in 'Herb.^ {A. Han-

huryana, B. C), not theform cultivated under that name and sec-

tions of the leaves, exhibited.—Professor McNab showed sections

of the leaf of a pine from the herbarium of the Royal Botanic
Garden, Edinburgh, with the label, ''Abies Williamsonii, Newberry
{Abies Hanburyana), B. C. Assoc, M.S. Puntledge Lake Moun-
tains (in Vancouver's Island), V.I., Aug., 1861, Robert Brown."
The specimen is unique, and the label is in the handwriting of

Dr. Robert Brown.
An examination of the specimen showed that the forms cul-

tivated in the Royal Botanic Garden, Edinburgh, under the
names o^ Abies Williamsonii and Abies Ilamburyana, have nothing

to do with the species now under examination. The new form
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resembles Tsuga Hookeriana at first sight, but is very different,

and most closely approaching the plant cultivated in Glasnevia

Botanic Garden, Dublin, as Picea Alcockiana, from Japan. It

has a single fibro-vascular bundle in the leaf and two resin-canals,

and, like Tsuga and Picea, the leaves are placed on a large cushion.

The upper side of the leaf is white with stomata, and the two
resin-canals, like those of P. Alcockiana, are situated close to the

under surface, and about midway between the fibro-vascular

bundle and the margin of the leaf.

The hypoderm is largely developed, more than in P. Alcockiana,

and the leaf is more tetrapronal than in the Japanese neighbour.

An examination of the Vancouver's Island form shows that

Abies Williamsonii is probably a distinct species, closely related

to the Japanese one, and that all the specimens cultivated as A.
Williamsonii are to be referred to the section Tsuga. The rela-

tion of a species from Vancouver's Island to the Japanese one
is too interesting to be overlooked.

On a minute species of Cosmarium with smooth dark hrown
zygospores. (See ' Club Minutes' of Nov., 1876) ; the same also

occurred in Italy.—Mr. Archer showed a preparation by Herr
Nordstedt of Lund of a desmidian form, with zygospore, marked
as Sphcerozosma excavatum, cum zygosp , and collected by that

observer in Italy. This was seemingly in every way. as regards

the zygospore and otherwise, both in form and tint, quite iden-

tical with that Mr. Archer had exhibited at last November Club-

meeting as a new species of Cosmarium, which he had proposed to

name Cosmarium minutissiinum. He had since then forwarded
conjugated Irish examples to Mr. Roy, who completely agreed
with him that the form belonged to Cosmarium, wanting, as it

did, all trace of the minute connecting processes or papillae apper-

taining to Spha^rozosma ; it was also (by comparison) consider-

ably more minute than the joints of Sph. excavatum, besides

being likewise of a diffisrent form. In Sph. excavatum the con-

struction forms a rounded sinus on each i-ide—in the form under
consideration a minute acute incision ; in the former the zygo-

spore is colourless, in the latter very dark brown. There are

some three or four of these excessively minute smooth forms of

Cosmarium extremely like one another and but slightly differing

in their dimensions (rather degree of minuteness!), but their dif-

ferences, slight as they are and difficult to successfully pourtray
on paper, are there, and seem constant, whilst not less so and
more striking are their different zygospores. Cosvi. minutissimum
(here so-called), is quite a distinct thing from any of these.

Lejeunia patens, eocliihited.—Dr. Moore showed a pretty and
minute form of Lejeunia, L. patens, Lindl., which he had col-

lected at Cromaglown (Killarney), and considered it an exactly
similar form of that species to one collected by Dr. Spruce at a
great elevation on the Peruvian Andes and named L. patens, var.

cochleata. Like all the minute Hepaticse, this formed a very
pretty object viewed under a moderate power.
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Structure of Gill on Centrostephanus Bodgersii.—Mr. Mackin-
tosh exhibited one of the external gills of Centrostephanus

Rodgersii (A. Agassiz). It consists of an elongate axis or rachis,

along which are tufts of membrane, arranged in pairs, to nearly

the distal end of the gill, where they become confluent in the

middle line and continue as a ridge to the termination. The axis

of the gill is supported by a series of calcareous rods with their

ends overlapping each otiier, and scattered through the rest of

the organ are numerous spicules varying from simple rods to

large perforated plates, very like but distinguishable from those

of Strongylocentrotus lividus figured by Valentine in his * Ana-
tomie du genre Echinus,' (in Agassiz's ' Monographies des Echi-

nodermes'). An external gill of Echinus esculentuSjlAnn^via,^

also shown for the sake of contrast.

New species of Chytridium, parasitic on JEctocarpus pusillus.—
Dr. E. Perceval Wright exhibited specimens of a new species of
Chytridium parasitic in the cells of Metacarpus pusillus. On
some of the twigs of the Ectocarpus almost every second cell

contained a specimen of tlie parasite, which often caused the

growth of the plant to become pushed into an irregular and
knobbed form. When first observed the circular Chytridian cells

were regarded as oval '' fruits " of the Ectocarpus, but on the
development being watched side by side with that of the tricho-

eporangia with which the Ectocarpus was crowded, the difference

in the spores was shortly quite apparent— those of the Chytri-

dium being uniciliated, and the nucleus of each spore the first

indication of spore-formation ; whilst those of the trichosporan

gium were as described by Thuret and quite of an algal character

Specimens of Ectocarpus crinitus, Harvey, were shown in fruit

as described by Harvey, which fruit was, without doubt, the same
species of Chytridium as now described. Specimens oi Ectocarpus

Mertensii were also shown to prove that the so-called " utricular

fruits" were really only modified trichosporaugia, and it was
suggested that possibly the oosporangia of Thuret might, in some
cases, be either modified trichosporaugia or parasitic Chytridae.

15th February, 1877.

Microscopic Structure of Noble Opal.—Professor E. Hull,

E.R.S., exhibited under the microscope a thin section of noble

opal from Australia. The specimens of opal in this instance were
contained in a sort of tufaceous material, of a brownish colour,

highly vesicular, not calcareous, and of unknown origin. The
opals were exceedingly numerous in the paste, of various sizes up

to a quarter of an inch, and of varying characters, from semi-opal

to rich fiery or noble opal. The smaller specimens were the most
opalescent.

The slice under a high power exhibited some minute cells at

intervals, but these were apparently unconnected with the pro-

perty of opalescence. In the portion of the specimen more in-
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tensely opalescent, of a darker colour, and distinctly banded
(bands of deposition), numerous short, irregular fissures or scars,

generally curved and intersecting, were observed. No light, how-
ever, was thrown upon the origin of the opalescent property of

the mineral until the slice was examined with the aid of the

polariscope, the Nicol's prisms being crossed, and with a very

strong light. Under these conditions the structure of the mineral

became splendidly evident. The whole surface was seen to be

diversified by short, wedge-shaped bands of green, crimson, pink,

yellow, and gold colours, rudely parallel, pointing inwards from
the edge of the specimen, and transverse to the " bands of deposi-

tion" above described. In favorable positions distinct fissures,

inferred to be due to the intersection of oblique planes with the

plane of the thin slice, were observed to coincide with the changes

of colour, and it became evident that the opalescence was
intimately connected with, if not directly due to, the existence of

such planes.

Mr. Hull considered these planes to be due to shrinkage,

originated upon the formation of mineral by aqueous deposition

in the cells of the tufa. In some cases the fissures appeared to

be wedge-shaped, or to converge from opposite directions upon
other predominant lines of fissure, so that the corresponding planes

of shrinkage would form minute, irregular prisms, giving rise to

the play of colours as the light was reflected from the planes and
refracted through the mineral in various directions.

These observations appeared to bear out, to some extent, the

views of Sir David Brewster, who attributed the calorific eflfects

of opal to "minute pores or vacuities arranged in parallel lines

forming planes, various such planes being placed close to each
other, so as to occupy a space with three dimensions." He also

adds, " these pores exhibit a crystalline arrangement like the lines

of sapphire" (' Edin. New. Phil. Journ.,' xxxviii, 1815).

Seed of Castilleja indivisa, exhibited.—Mr. Pirn showed the

seeds of Castilleja indivisa. The seed was invested with a large

and beautifully reticulated testa similar to that of Pyrola,

forming a netted sac many times louger than the contained
embryo.

Structure ofSpines of Cidaris tribuloides, Lamk., O. metularia,

Blainv. and C. Thouarsii, Val.—Mr. Mackintosh exhibited trans-

verse sections of the spines of the above three species, the only
ones retained in the genus by A. Agassiz in his recent ' Revision
of the Echini.' The first of these can readily be discriminated

by the open nature of the external crust, in this resembling the

spines of Goniocidaris geranoides, Lamk. (Club. Minutes, August,
1876). The other two have a more solid crust, but in C metularia
the axial reticulation has thick bars, whilst in C. Thouarsii they are
very slight.

Abnormal leaves of a species {or var.) of Abies from Japan, a
po.'isible hybrid between A. bifida and A. firma.—Dr. McNab
exhibited sections of the leaves of a pine from Japan. The speci-
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mens were from the collection of Messrs. Veitch and Sons,

Chelsea, aud were obtained by the late Mr. J. Gnold Veitch, in

Japan, and were given to Dr. McNab by Messrs. Veith as Abies

jirma. An examination of the leaves showed that they possessed

cliaracters intermediate between Ahies jirma and Abies bifida aa

described by Dr. McNab in his paper in the ' Proceedings of the

Royal Irish Academy.' The leaves have much thickened hy-

poderma but possess the thickened idioblasts so characteristic of

A. bifida, but instead of having two resin canals close to the

lower epidermis, four resin canals were developed, two in the

position in the parenchyma in which they are met with in A.firma,

and two nearly in the position they occupy in A. bifida, but

instead of being in contact with the lower epidermis they are

separated from it by a few chlorophyll-beariog cells.

Plants raised from the seeds obtained from cones similar to

those examined do not possess the four resin canals, but have two
in the position in which they are found normally in A. bifida,

although a slight irregularity in position has been recorded by
Dr. McNab.
The leaves of the Japanese specimens of Messrs. Veitch are

therefore remarkably abnormal, and a possible solution of the

difficulty seems to be that the cones brought by Mr. Goold Veitch

were those of a hybrid between A. bifida and firma, the charac-

ters of these two forms being blended ; that the ovules had been
fertilized by the pollen of A. bifida, hence the seedlings raised

from the Japanese cones have returned almost completely to

A. bifida. If this suggestion be found tenable it will clear up a

difficulty of long standing about these two Japanese species.

Cosmarium-form coming close to Cosm. Hammeri, Beinsch, and
C homalodermum, Nordstedt, exhibited, its identification as yet in

abeyance.—Mr. Crowe showed one of those rare and interesting

Cosmarium-forms very difficult to determine, and yet such as one
can see at a glance is not identical with that typical and pro-

bably pretty common form with which it shows the nearest

relationship. The form now shown was likely to be either Cos-

mariurn Hammeri, Eeinsch, or C. homalodermum, Nordstedt, or it

might possibly not be identical with either, a point difficult to

determine, but it was very evidently distinct from any suppo-

sitional form of, for instance, the common sjiecies C. pyramidatum.

Mr. Archer also had taken the present form in one or two places,

but it is undoubtedly very rare in Ireland ; the present examples

were taken near Woodenbridge, Co. Wicklow. This form is about
one third longer than broad, lateral margins of semi-cells concave,

upper margins convexo-truncate, in side view rounded, a minute
tooth-like protuberance visible just at the suture, in end view
elliptic.

Brightwellia Johnsoni, exhibited.—Rev. E. O'Meara exhibited

a specimen of Brightwellia Johnsoni from Cambridge Estate

deposit, Barbadoes.—By a coincidence Mr. Robinson, too, had

brought, for exhibition a specimen of the same line species.
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List of Diatomaceous speciesfound in a Sample of Earth from
Qermany, said to be employed in the manufacture of Dynamite.—
Dr. Barker showed, ou the part of Mr. A. M. Vereker, a sample
of Diatomaceous earth from some locality in Germany ; the

material is said to be employed in the manufacture of dynamite.

Mr. O'Meara identified the species and furnished the following

list

:

Amphora ovalis, A. minutissima, Cocconema lanceolatum, C
parvum, Cymbella cuspidata, G. maculata, CycloteUa operculata,

JEpithemia alpestris, E. argus, E. Syndemanii, E. longicornis, E.
sorex, E. turgida, E. zebra, Gomphonema intricatum, G. dicho-

tomum, Navicula Anglica, N. lacustris, iV. limosa, N. limosa, var.

gihberula, N. affinis, JSf. dubia, Orthosira arenaria, Synedra
amphirhyncus, 8. longissima, 8. ulna.

Microsporon mentagrophytes, exhibited.—Dr. W. M. A. Wright
showed filaments of the hair-parasite Microsporon mentagrophytes,

disputed by some as beiug only an abnormal or disorganized con-

dition of the hair.

On the antheridia in Polysiphonia nigrescens.—Professor E.

Perceval Wright exhibited the quite recently gathered anthe-

ridia of Eolgsiphonia nigrescens. So far as he knew, the descrip-

tions of the antheridia in this genus left much to be desired, and
the figures of them in most works on descriptive algology gave
only the appearances as seen in dried specimens. In the speci-

mens of the above species gathered early in February, the anther-

idia appeared to arise in an outgrowth of what, in contrast to

the ' siphonal cells," might be called the "cortical cells," of the

extreme sides of the twigs, the antheridial cell being the enlarged

basal cell of a trichome-like prolongation which started from
one of the cortical cells, which itself projected at an angle from
the main twig ; above the enlarged basal cell there were to be
found, when the structure was complete, from five to seven other
cells gradually tapering to a hair-like point ; these were most
easily broken off". Surrounding the antheridial ceil and its hair-

like prolongation were a series of long dichotomously divided

filaments, which, when the entire mass was observed in a growing
state, seemed to act as conducting or collecting hairs for the an-

therozoids, which made their escape through the ruptured cell-

wall of the antheridium. The antherozoids themselves, when
freshly escaped, seem to be provided with no very definite cell-

wall, neither did they seem to be the products of special mother-
cells, but rather specialised portions of the protoplasmic contents
of the antheridial cell.

On a Cosmarium-form seemingly the same as Jacobsen^s so-called

var. of Cosm. Brebissonii.—Mr. Archer showed examples of a small
lorm of Cosmarium from Co. Carlow. This comes near to the
form figured by Jacobsen in ' Copenhagen Journal of Botany,'
t. vii, f. 15, under the name of " Cosmarium Brebissonii, forma
genuina, latior et angustior." It is utterly out of the question
to identify the very common and easily recognised and very large
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form as defined by Ralfs as Cosm. Brehissonii, with Jacobsen's

far smaller and very different form. One can only marvel how
he could think for one moment of regarding these two widely

distinct forms as falling under one and the same species ; upon

such principles it would be useless and almost hopeless to arrive

at any clear idea of the forms that really exist and " what's

what." If Ealfs could be proven wrong in annexing the name
Cosmarium Brehissonii to the handsome form now so well known
by that designation, why be it so, and give it a new name ; but

Jacobsen's wants a name of its own, and one would fancy it

would only lead to confusion to call the latter Cosm. Bre-

hissonii. But why not let well alone? "Whether the form now
exhibited be one and the same with Jacobsen's, would probably

be very difficult of determination in the absence of an authentic

specimen from Jacobsen himself; it did not seem thoroughly

to agree with it, yet there seems no published figure coming

closer to it. Be that as it may, it might just as well be

made a "variety" of Cosm. tetrepthalimum, biretum, margari-

tiferum, &c., as of Cosm. Brehissonii (as commonly understood),

which stands very well indeed on its own basis. The form ex-

hibited was under medium size or small ; constriction deep, linear

;

lower angles very acute, rectangular ; lateral margins for a time

vertical, then arching round to form very broadly rounded upper

angles, which merge into the subtruncate upper margin ; lateral

margins irregularly serratulo-undulate, the crenatures so formed

becoming somewhat smaller upwards, presently becoming obso-

lete ; on upper angle and upper margin nearly smooth ; front

surface granulate, granules faint and scattered ; end view fusi-

form-elliptic.
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The Doctrine of Contagium Vivum and its Application to

Medicine. By William Eoberts, M.D., F.R.S., Phy-
sician to the Manchester Royal Infirmary ; Professor of

Clinical Medicine in Owens College.

[Address in Medicine, delivered at the meeting of the British Medical
Association at Manchester, August, 1877.]

Gentlemen,—The notion that contagious diseases are

produced by minute organisms has prevailed in a vague way
from a remote age; but it is only within the last twenty
years—since the publication of Pasteur's researches on fer-

mentation and putrefaction—that it has assumed the posi-

tion of a serious pathological doctrine. In the last decade,

startling discoveries of organisms in the blood have given
this doctrine the support of actual observation; and its ap-

plication as a guide in the treatment of wounds by Professor

Lister has made it a subject of universal interest to medical
practitioners.

The resemblance between a contagious fever and the

action of yeast in fermentation—or the action of bacteria in

decomposition—is in many points so striking that it is

difficult to avoid the impression that there is some real

analogy between them. If, for example, we compare the

action of yeast with smallpox, this resemblance comes out

very distinctly, as the following experiment will show. I

filled two pint bottles, a and b, with fresh saccharine urine,

and inserted a delicate thermometer in each, a was inocu-

lated with a minute quantity of yeast, but nothing was
added to b. Both bottles were then placed in a warm place

in my room, at a temperature of about 70 deg. Fahr. In
order to get a correct standard of temperature for com-
parison, I placed beside these a third bottle, c, filled with
water, and inserted a delicate thermometer in it. All these

bottles were carefully swathed in cotton-wadding, for the
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purpose of isolating their individual temperature, and to

obviate, as much as possible, the disturbing effects of the

varying temperature of the room. For twelve hours no

change took place ; but, at the end of that time, a began to

ferment, and the thermometer marked a distinct elevation

of temperature. On the second day, a was in full fermen-

tation, and its temperature was 2'7 deg. above b and c.

This disturbance continued for five days, the temperature

ranging from two to three degrees above the companion
bottles. The disturbance than subsided, and the tempera-

ture fell to an equality with b and c, and a considerable

sediment, composed of yeast, settled at the bottom. In the

meantime, b showed little alteration; but, on the sixth day,

it began to ferment, the temperature went up, and for more
than a week its thermometer stood about two degrees above

a and c. Finally, the temperature in b declined, the dis-

turbance subsided, and the newly formed yeast settled to the

bottom of the vessel.

This fever in a bottle resembled smallpox in the following

points. A period of incubation intervened between inocula-

tion and then commencement of disturbance ; then followed a

period of disturbance accompanied by elevation of tempera-

ture ; this was succeeded by a subsidence of the disturbance

and a return to the normal state. Great multiplication of

the infective material (or yeast) took place during the pro-

cess, and, after its conclusion, the liquid was protected from
further infection with the same contagium. We likewise

notice that the contagium of fermentation, like that of

smallpox, may take effect either by direct purposive inocu-

lation or by fortuitous infection through the atmosphere.

In both cases, the infective material has the power of pre-

serving its activity for an indefinite period. The compari-

son fails in at least one important point—in the fermented
urine, sugar is replaced by alcohol and carbonic acid ; but

we are not aware that any pronounced chemical changes
occur in the blood or tissues during an attack of smallpox.

I would, moreover, carefully guard myself against being

supposed to suggest that the enhanced temperature in the

fermenting urine is a real analogue of the preternatural heat

of fever.

Let me direct your attention to another example—a kind
of partial decomposition or fermentation which takes place in

boiled hay-infusion when it is inoculated with the Bacillus

subtilis. The Bacillus subtilis is a very common bacterium
found in vegetable infusions and in curdling milk. I hope
you will take note of this little organism; for I shall have
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to refer to it more than once in the course of this addiA iS.

I took a flask containing hay-infusion, which had been

sterilised by boiling, and inoculated it with a drop of fluid

swarming Avith Bacillus suhtilis. After the lapse of twenty-

four hours, the previously transparent infusion became turbid.

This turbidity increased, and, on the second day, a nlin or

crust formed on the surface of the infusion. On the third

and subsequent days, the crust broke up and fell in pieces

to the bottom of the vessel. In about a fortnight, the tur-

bidity passed away, and the original transparency of the

infusion was perfectly restored, so that it looked exactly as

it did before the process began, except that there was now a

sediment consisting of the spores of the little organism at the

bottom of the flask. In this case, again, there was the same
succession of events : a period of incubation, followed by a

period of disturbance, succeeded by a period of subsidence,

and, finally, restoration to the normal state. There was also

great increase of the infective material and immunity from

further attack by the same contagium.

The yeast-plant and the Bacillus suhtilis may be taken as

representatives of a large class of organisms in regard to

which we are only beginning to realise their vast impor-

tance in the economy of Nature and in the life of man.
They are, as I shall presently show, the essential agents in

all fermentations, decompositions, and putrefactions. We
may group them together for the convenience of description

under the general designation of saprophytes, a term intended

to include under one heading all the organisms associated

Avith tlie decomposition and decay of organic matter. The
yeast plant and its allies, and all the numerous species and
varieties of bacteria, belong to this group. In size and form,

they are among the smallest and simplest of living things,

but their vital endowments are Avonderful.

All the organisms hitherto found associated with infective

inflammations and contagious fevers belong to the tribe of

bacteria, and we cannot advantageously enter on a study of

that association without a knowledge of the origin and at-

tributes of these organisms. This brings us into a field of

active controversy. It has been alleged, as you know, on
high authority^ that these organisms, under certain con-

ditions, depart entirely from the universal law of generation,

which is expressed in the aphorism onne tivuin e vivo, and
that they may arise spontaneously by a process of abiogenesis.

It is also alleged that these organisms are not the actual

agents of decomposition, but are merely associated with that

process as secondary or accidental accompaniments. I pro-
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pose to lay before you evidence that both these allegations

are unsustainable, and to prove that bacteria, like other

organisms, arise from pre-existing parent germs, and in no
other way, and that they are the actual agents in all decom-
position and putrefaction.

The first proposition I shall endeavour to establish is this

;

that organic matter has no inherent power of generating bac-

teria, and no inherent power of passing into decomposition.

I have here placed before you samples of three sets of pre-

parations, out of a large number in my possession, which
serve to substantiate this proposition.

The first set consists of organic liquids and mixtures

which have been rendered sterile by a sufficiently prolonged

application of the heat of boiling water. They are com-

posed of infusions of vegetable and mineral substances, frag-

ments of meat, fish, albumen, and vegetables, floating in

water. They are contained in oblong glass bulbs, and are

protected from the dust of the air by a plug of cotton-wool

inserted into the necks of the bulbs, but freely pass to its

gaseous elements, which pass in and out through the cotton-

wool. They are all, as you see, perfectly transparent and
unchanged, though most of them have been in my possession

for several years.

The second set consists of organic liquids which have been
simply filtered under pressure through unglazed earthenware

into sterilised flasks. They include acid and neutralised

urine, albuminous urine, diluted blood, infusions of meat and
of hay. As these preparations were obtained by a method
which is in some respects new, I will describe it to you. A
piece of common tobacco-pipe, about six inches long, served

as the filter. This was secured by india-rubber piping to

the exit-tube of one of the little flasks used by chemists for

fractional distillation. The flask is first charged with dis-

tilled water, and then a tight plug of cotton-wool is inserted

into its neck. The flask is next set a-boiling briskly over a

lamp. The steam rushes through the cotton-wool plug and
through the tobacco-pipe, clearing both these passages of any
germs they might contain. When the water has nearly

boiled away, the end of the tobacco-pipe is hermetically

sealed with melted sealing-wax. After a little more boiling,

the flame is withdrawn and the neck of the flask is instantly

closed with a tight vulcanite cork. The apparatus is now
ready for action, and the tobacco-pipe is immersed in the

liquid to be filtered. When the flask cools, a vacuum is

created within it, and this serves as a soliciting force to draw
the liquid through the earthenware into the flask. The pro-
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cess of filtration is very slow ; it takes two or three days to

charge the flask. When a sufficiency has come over the ap-

paratus is removed and placed on a shelf for a few days until

the pressure inside and outside the flash is equalised. The
vulcanite cork is then withdrawn, and the exit-tube is

separated and sealed in the flame of a lamp. In this way^

you obtain a sterilised flask charged with the filtered organic

liquid, and protected from outside contamination by a plug

of cotton -wool. Preparations obtained in this way, if due pre-

caution liave been used in the manipulation, remain per-

manently unchanged ; organisms do not appear in them, and
decomposition does not ensue.

The third set of preparations are in some respects the most
significant of the three. They consist of organic liquids

which have been simply removed from the interior of tlie

living body, and transferred, without extraneous contami-

nation, into purified glass vessels. I will not detain you
with the methods employed to obtain them; it is sufficient

to say that, by the use of proper precautions, it is possible

to convey blood, pus, urine, ascitic fluid, pleuritic eflfusion,

blister serum, or the contents of an egg into sterilised glass

vessels without contact with any infecting agency. Prepara-

tions thus obtained are exhibited in these flasks ; they are

protected from air-dust by a simple covering of cotton-wool.

All of them are absolutely free from organisms and from any
signs of decomposition.

What meaning can we attach to these preparations ? You
all know that liquids and mixtures such as these speedily

decompose and swarm with organisms Avhen left to them-
selves exposed to the air. They are of most varied compo-
sition, and the most apt of all known substances to breed

bacteria and to become decomposed. They have been ex-

posed to the most favorable conditions in regard to warmth,
moisture, and air. Many of them have been in my pos-

session several years, and all of them for several months, yet

they are wholly barren and without sign of decomposition.

I venture to say that these preparations substantiate in a posi-

tive maimer the proposition with which we started; namely,

that orrjanic inatter has no inherent power of generating hac-

teria and no inherent power ofpasshig into decomposition.

A second proposition is likewise established by these pre-

parations ; namely, that bacteria are the actual agents of
decomposition.

In all these preparations, the absence of bacteria coincides

with the absence of decomposition. If I were to cause bac-

teria to appear in them, either by purposive infection or by
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exposing them to the unfiltered air, decomposition would in-

fallibly follow. The filtration experiments supply a new
and telling argument on this point. Some of the liquids

become decomposed and full of bacteria while the filtration

was going ou, but the part which came over into the flasks

remained without further change, showing that decompo-

sition cannot go on without the actual contact of the living

organisms.

We have next to ask ourselves what are the sources and

what is the nature of the fecundating iufluence which causes

organic liquids, when abandoned to themselves without pro-

tection, to become peopled Avith organisms. In regard to

their source, the answer is not doubtful. If I remove the

covering of cotton-wool from any of these preparations, and

admit unfiltered air, or a few drops of any ordinary water,

however pure, or anything that has been in contact with air

or water, organisms make their appearance infallibly in a

few hours. As to the nature of the infective agents, we can

say positively that they must consist of solid particles, other-

wise they could not be separated by filtration through cotton-

wool and porous earthenware. Is it not a most natural

inference that they are the parent germs of the brood which
springs up at their impact ? They are, however, so minute
that we cannot identify them as such under the microscope;

but Professor Tyndall has demonstrated that air which is

optically pure—that is, air which is free from particles—has

no fecundating power.

It is contended in some quarters that these particles are

not living germs of any sort, but simply particles of albumi-

noid matter in a state of change which, when they fall into

an organic liquid, communicate to it their own molecular
movement, like particles of a soluble ferment, and so produce
decomposition, which, in its turn, provides the conditions

necessary for the abiogenic generation of bacteria. Filtration

through porous earthenware furnishes a complete answer to

this theory ; for I found on trial that the soluble ferments
passed with ease through the porous earthenware. If, there-

fore, this theory were true, the filtered liquids, if already

commencing to be decouiposed, would go on decomposing,
and would develope bacteria after filtration ; but instead of

that they remain unchanged and barren. We are absolutely

driven to the conclusion that these particles are living germs;
no other hypothesis squares in the least degree with the facts

of the case.

We may formulate this conclusion in a third proposition

as follows : The organisms loliich appear as if spontaneously
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in decomposing jluids owe their origin exclusively to parent
germs derivedfrom the surrounding media.

But how, you will ask, has it been possible, in the face of

this evidence, to maintain, with a show of success, the con-

trary opinion that bacteria can and do, exceptionally at least,

and in certain media, arise spontaneously ? This opinion is

based on two undoubted facts, which, taken together, seem

at first sight to stand in direct contradiction with the pro-

positions 1 have enunciated. The first fact is that bacteria

are invariably killed when exposed to a temperature of about

140 deg. F., or any higher temperature. The other fact is

that certain liquids, such as neutralised hay-infusion and
milk, often produce bacteria after having been boiled, some-

times after being boiled for two or three hours, and when
there was no possibility of subsequent infection. It seemed

at first sight a fair inference from these two facts that the

apparition of organisms in boiled liquids was due to spon-

taneous generation, or abiogenesis. It does seem difficult to

believe that any living thing can survive a boiling heat for

several hours, and yet such is undoubtedly the truth. When
I published on this question in 1874, I advanced more than

one line of proof which appeared conclusive that germinal par-

ticles of some sort did, under certain circumstances, survive

a boiling heat ; and that the instances referred to were ex-

amples of such survival, and not of a de novo generation.

But I was not then able to explain the apparent contradic-

tion involved in these experiments.

Since then, a new and surprising light has been thrown on

this subject by the researches of Professor Cohn of Breslau,

and we are now in a position to offer a complete solution of

the riddle. All the confusion has arisen from our having

failed to distinguish between the growing organism and its

seed or spore. You are all familiar with the immense dif-

ference in vital endurance between the seed and the growing

plant. The same difference exists between a spore and its

offspring. Some spores have an extraordinary power of re-

sisting heat. Mr. Dallinger and' Dr. Drysdale, in the course

of their inquiries into the life-history of septic monads,

demonstrated that while the living monads are killed by a

heat of 140 deg. F., the spores of one variety, which are so

minute that they cannot be seen, except in mass, by the

highest powers of the microscope, are capable of germinat-

ing after being subjected to a heat of 300 deg. F. for ten

minutes ! If the spores of monads can resist this tremen-

dous heat, there is no reason why the spores of bacteria

should not be able to survive the feebler heat of boiling water.
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The development of bacteria in hay-infusion, after having

been boiled continuously for several hours in hermetically

sealed vessels, seemed to furnish the very strongest attain-

able evidence in favour of the abiogenic origin of these

organisms ; and yet, by a singular fatality, the investigations

of Cohn have shown that this evidence, rightly interpreted,

supplies a crowning argument against that view.

Cohn had the curiosity to examine the organisms which

arose under these extraordinary circumstances. Did he find

a new birth? On the contrary, he recognised a familiar form;

none other than our old acquaintance the Bacillus suhtilis.

He followed it through all the stages of its development. It

first appeared some twenty-four hours after the boiling, in

the form of innumerable short moving rods. On the second

day, these rods shot out into long threads ; on the third day,

there appeared on the threads, at perfectly regular intervals,

strongly refractive oval bodies, which he identified as spores.

Finally, the threads broke down and the spores were set free.

In many hundred observations, he saw this one organism and

no other, and witnessed the successive stages of its develop-

ment occurring with the constancy of a physical experiment.

Now, let me ask if this looks like an act of abiogenesis.

The evolutionist demands, for the transformation of one

organic type into its next descendant, myriads of genera-

tions, and I know not what lapse of ages. But here, if this

be a case of abiogenesis, we see accomplished at one leap, in

a single generation, and in seventy hours, not merely the

bridging over of the gulf between the dead and the living,

but the development of a specifically distinct organism, with

definite form, dimensions, and mode of growth, and furnished

with a complete provision for the reproduction of the species !

I need scarcely say that such a feat would be, not only

without parallel in the history of evolution, but would be

wholly contradictory to that theory.

The only group of bacteria, so far as is known, which form

spores are the Bacilli ; and Cohn remarks that in all the

various cases in which he had observed organisms to arise

in boiled liquids, they belonged in every instante to the

Bacilli.

Before leaving this part of my subject, I wish to suggest

certain considerations in regard to the nutrition and func-

tion of saprophytes, which appear to me to render it in

the highest degree improbable that spontaneous generation

should ever be discovered in this quarter. If it be assumed

that the occurrence of abiogenesis, at some time in the past

history of the globe, is a necessary postulate in science, and
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I see nothing unscientific, looking to the law of continuity

in the operations of nature, in the supposition, that it is

occurring at the present day somewhere or other on the

earth's surface, hut certainly not in decomposing liquids.

Saprophytes are, as is well known, destitute of chloro-

phyll, and, like all such plants, they are unable to assimilate

carbonic acid. They obtain their carbon exclusively from

more complex compounds which have been prepared for

them by pre-existing living beings. It is, therefore, mani-

festly impossible that the primordial forms of life could have

belonged to this group ; for if we throw ourselves back in

imagination to that remote era when life first appeared on
the globe, we should find ourselves in a purely inorganic

world, amid conditions in which saprophytes could not

possibly live nor obtain nourishment. The special function

of saprophytes in the order of nature is to destroy, not to

create, organic matter ; and they constitute the last, not the

first, link in the biological chain. For if we regard the

order of life as it now proceeds on the earth's surface, we
may describe it as beginning with the chlorophyll body, and
ending with the saprophyte. The chlorophyll body is the

only known form of protoplasm which obtains all its nutri-

ment from inorganic sources ; here integration is at its maxi-
mum, and disintegration at its minimum, and the resultant

of the nutritive operations is increase of organic matter.

The saprophyte, on the contrary, feeds on nutriment pre-

pared for it by other beings ; here integration is at its mini-

mum, and disintegration at its maximum, and the resultant

of the nutritive process is decrease of organic matter. What
takes place in a decomposing liquid, under the action of

saprophytes, is progressive disintegration, and finally a break-
ing up of all the organic compounds it contains into carbonic
acid and ammonia ; and the process ends with the mutual
destruction of the organisms themselves. Organisms could
not, therefore, begin in this way. The primordial proto-

plasm must have been either the chlorophyll body itself, or a

body having a similar mode of nutrition.

If the search for contemporary abiogenesis is to be con-
tinued, as doubtless it must be, for science is insatiable, it

appears to me that the inquirer should endeavour to realise

the conditions under which abiogenesis must have occurred
in the first instance. For, if the process be going on amongst
us at this day, it may be assumed as probable that it still

proceeds on the original lines laid down at the dawn of life.

If ever I should be privileged to witness an abiogenic birth,

I should certainly not expect to see a saprophyte ; I should
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rather expect to see a speck of protoplasm slowly formed,
Avithout definite shape or dimensions, and nourishing itself,

like the chlorophyll body, on a purely mineral diet. The
more one reflects on this subject, the more clearly does it

appear that the spontaneous origin of saprophytes is logically

impossible. Speaking as an evolutionist, I should rather

infer that saprophytes were a late development ; pro-

bably a degradation from some algal forms which had found
their profit in feeding on waste organic matter, and which
gradually lost their chlorophyll through want of use, and
with it their power of feeding on an exclusively mineral diet.

We now approach the more practical side of our subject

;

that which concerns us as practitioners of medicine and
students of pathology. I have already directed your atten-

tion to the analogy between the action of an organised fer-

ment and a contagious fever. The analogy is probably real,

in so far at least that it leads us to the inference that con-

tagium, like a ferment, is something that is alive. We know
of nothing in all our experience that exhibits the pheno-

mena of growth and self-propagation except a thing possessed

of life.

This living something can only be one of two things

;

either it is an independent organism (a parasite) multiplying

within the body or on its surface, or it is a morbid cell or

mass of protoplasm detached from the diseased body and
engrafted on the healthy body. Possibly, both these con-

ceptions may have their application in the explanation of

different types of infective disease. In regard to the latter

conception, however, the graft theory, which has been so

ably developed by my friend Dr. Hoss, I will only say that

it has not, as yet, emerged from the region of pure specula-

tion. It lacks an established instance or prototype; and it

fails to account for the long-enduring dormant vitality so

characteristic of many contagia, which conforms so exactly

with the persistent latent vitality of seeds or spores, but which
contrasts strongly with the fugitive vitality of detached pro-

toplasm.

If, then, the doctrine of a contagium vivum be true, we are

almost forced to the conclusion that a contagium consists (at

least in the immense majority of cases) of an independent

organism or parasite, and it is in this sense alone that I shall

consider the doctrine.

It is no part of iny purpose, even if I had the time, to

give an account of the present state of knowledge on this

question in regard to every contagious disease. My object

is to establish the doctrine as a true doctrine ; to produce
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evidence that it is undoubtedly true in regard to some infective

inflammations and some contagious fevers. In an argument
of this kind, it is of capital importance to get hold of an

authentic instance ; because it is more than probable, look-

ing to the general analogy between them—that all infective

diseases conform in some fashion to one fundamental type.

If septic bacteria are the cause of septiccemia—if the spirilla

are the cause of relapsing fever—if the Bacillus anthracis

is the cause of splenic fever—the inference is almost irre-

sistible that other analogous organisms are the cause of other

infective inflammations and of other specific fevers.

I shall confine my observations to the three diseases just

named: septicBemiaj relapsing fever, and splenic fever;

merely remarking that, in regard to vaccinia, smallpox,

sheep-pox, diphtheria, erysipelas, and glanders, the virus of

these has been proved to consist of minute particles having

the character of micrococci ; and that, in regard to typhus,

scarlet fever, measles, and the rest of the contagious fevers,

their connection with pathogenic organisms is as yet a matter

of pure inference. For further details, I must refer you to

the able reports of Mr. Braidwood and Mr. Vacher on the
' Life-history of Contagium,' made on behalf of this Associa-

tion, and published in the Journal in the course of the past

and present years.

Septicemia.—We will first inquire how it stands with

this doctrine in regard to traumatic septicaemia and pyaemia.

You are all aware that foul, ill-conditioned wounds are at-

tended with severe, often fatal, symptoms, consisting essen-

tially of fever of a remittent type, tending to run on to the

formation of embolic inflammations and secondary abscesses.

The notion that septicaemia is produced by bacteria, and
the rationale of the antiseptic treatment which is based

thereupon, is founded on the following series of considera-

tions :

1. It is known that decomposing animal substances

—

blood, muscle, and pus—develope, at an early stage of the

process, a virulent poison, which, when injected into the

body of an animal, produces symptoms similar to those of

clinical septicaemia. This poison is evidently not itself an
organism ; it is soluble, or at least diff'usible, in water, and it

is capable, by appropriate means, of being separated from the

decomposing liquid and its contained organisms. When
thus isolated, it behaves like any other chemical poison; its

effects are proportionate to the dose, and it has not the least

power of self-multiplication in the body. To this substance,
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Dr. Biirdon Sanderson has given the appropriate name of

pyrogen. It is the only known substance which produces a

simple uncomplicated paroxysm of fever—beginning with a

rigor, followed by a rise of temperature, and ending (if the

dose be not too large) in defervescence and recovery.

2. We know further, from the evidence I have laid before

you, that decomposition cannot take place without bacteria,

and that bacteria are never produced spontaneously, but

originate invariably from germs derived from the surround-

ing media. We are warranted by analogy in regarding

pyrogen as the product of a special fermentation taking place

in decomposing albuminoid mixtures, but we cannot name
the particular organism nor the particular albuminoid com-
pound which are mutually engaged in the process.

3. In the third place, we know that when a wound becomes
unhealthy, as surgeons term it, the discharge become offen-

sive—in other words, decomposed—and when examined
under the miscroscope they are found to swarm with organ-

isms resembling those found in all decomposing fluids.

Meanwhile the patient becomes feverish, and suffers from the

train of symptoms which we call septicasemia.

It is a natural inference that what takes place in decora-

posing blood or muscle in the laboratory takes place also in

the serous discharges and dead tissues of the wound. These

become infected from the surrounding air, or from the water

used in the dressings, with septic organisms ; on that follows

decomposition and the production of the septic poison, or

pyrogen ; the poison is absorbed into the blood, and sep-

ticaemia ensues.

It was the distinguished merit of Lister to perceive that

these considerations pointed to a means of preventing sep-

ticaemia. He argued that if you could prevent the access of

septic organisms to the wound, or destroy them there, you
would prevent decomposition, prevent the production of the

septic poison, and thus obviate the danger of septicaemia. It

is not within the scope of this address to describe the means
by which Lister attained this object, still less to pass judg-

ment on his practice, but I may be permitted to express iny

belief that the principle on which the treatment is founded

is unassailable.

We should probably differ less about the antiseptic treat-

ment if we took a broader view of its principle. We are apt

to confound the principle of the treatment with Lister's

method of carrying it out. The essence of the principle, it

appears to me, is not exactly to protect the wound from the

septic organisms, but to defend the patient against the septic
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poison. Defined in this way, I believe that every successful

method of treating wounds will be found to conform to the

antiseptic principle, and that herein lies the secret of the

favorable results of modes of treatment which at first sight

appear to be in contradiction to the antiseptic principle.

Take, for example, the open method of treating wounds,
which is sometimes compared in its results with Lister's

method. What is this treatment but another way (only less

ideally perfect than Lister's) of defending the patient against

the septic poison ? Because, if the surgeon succeeds in pro-

viding such free exit for the discharges that there is no lodg-

ment of them in the wound, either they pass out of it before

there is time for the production of the septic poison, or if any
be produced, it escapes so quickly that there is not enough
absorbed to provoke an appreciable toxic effect.

Before we can understand the pathology of septicaemia we
must have clear ideas on the relation of septic bacteria to our
bodies. We see in our laboratories that dead animal tissues,

when exposed to ordinary air or ordinary water, invariably

breed septic organisms; in other words, contact of the septic

germs with the dead tissues never fails to produce successful

septic inoculation. But it is quite otherwise with the same
tissues when alive and forming part of our bodies. You
cannot successfully inoculate the healthy tissues with septic

bacteria. It has been proved over and over again that these

organisms, when separated from the decomposing medium in

which they grow, can be injected in quantity into the blood

or tissues of a healthy animal, or applied to a sore on its

skin, without producing the least effect. The healthy living

tissues are an unsuitable soil for them ; the cannot grow in it

;

or, to put it in another way, ordinary septic bacteria are not

parasitic on the living tissues.

The fact is of fundamental importance in the discussion of

the pathology of septica3mia. We have a familiar illustra-

tion of its truth in the now common practice of subcutaneous
injection. Every time you make a subcutaneous injection you
inject septic germs into the tissues. I had the curiosity

to test this point with the morphia solution used for this

purpose in the Manchester Infirmary. I injected five drops
of this solution into four flasks of sterilised beef-tea which
had remained unchanged in my room for several months,
taking care to avoid any other source of contamination. In
forty-eight hours they were all in full putrefaction. But we
know that no such effect follows when similar injections are

made into the bodies of our patients.

It seems also probable that septic organisms enter con-
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stantly into our bodies with the air we breathe and the food

we take; they pass, presumably, like any other minute par-

ticles, through the open mouths of the lymphatics and lac-

teals, and penetrate some distance into these channels ; they

certainly come in contact with the accidental cuts, sores, and

scratches which so often bedeck our skins. Notwithstanding

all this, our bodies do not decompose; indeed, if ordinary

septic organisms could breed in the living tissues as they do

in the same tissues when dead, animal life would be im-

possible, every living creature would infallibly perish. How
these organisms are disposed of when they do enter our

bodies accidentally, as it were, in the various ways I have

suggested, we cannot say ; we can only suppose that they

must speedily perish, for we find no trace of them in the

healthy blood and healthy tissues.^

Bearing in mind, then, that ordinary septic organisms

cannot breed in the living tissues, unless, at least, they are

reduced to near the moribund state; bearing also in mind
that there is a sharp distinction to be drawn between the

septic poison and the organisms which generate it, we are in

a better position to consider the course of events in a wound,
which leads on to septicaemia and pytemia. What probably

takes place is this : An unprotected wound receives infection

from the septic organisms of the surrounding media. If the

discharges are retained in the sinuosities of the wound, de-

composition of them sets in with production of the septic

poison. This is absorbed into the blood, a toxic effect fol-

lows, and septicaemia is established. As this effect increases

Avith the continuous absorption of the poison, the vitality

of the system is progressively lowered, and especially the

vitality of the tissues bordering the wound, which may be

topically affected by the poison which percolates through
them. These tissues at length become moribund or die out-

right; the septic organisms then invade and breed in them,
more septic poison is produced and absorbed ; the toxtemia

becomes intense, embolic centres of inflammation and sup-

puration are formed, and the end comes. In all this history

there is no necessity to assume, nor even a probability, that

septic organisms invade, or at least multiply, in the blood.

^ Exception must apparently be made in regard to the tissues and organs

in the immediate vicinity of the absorbent surfaces. Both Klebs and
Burdon Sanderson found tliat portions of the liver and kidneys removed
from the body without extraneous contamination, produced bacteria, con-

trasting in this respect with the blood and muscles.
—

'British Medical

Journal,' I'cb. fotli, lb75.



tnt DOCTRINE OF CONTAGItJM VlVUM. 32l

They may do so at the near approach of death, but scarcely

before that period.

Inthecourseof traumatic septicaemia there sometimes occurs

an event of great importance which imparts a new feature to

the disease ; I mean hifectivetiess. How this arises is a matter

of speculation. To me it appears probable that, under a

certain concurrence of conditions in and about the wound,
a modification takes place in the vital endowments of the

septic organism, whereby it acquires a parasitic habit, which
enables it to breed in tissues of degraded vitality or even in

the healthy tissues, and in this way to produce the infective

endemic pyaemia which we sometimes witness in the wards
of our large hospitals.^ I shall develop this idea more fully

by and bye.

Before leaving the subject of septicsemia, I may allude to

the possibility of wounds being infected with septic organ-

isms from within. As a rare occurrence, I am inclined to

think that this is possible, and that it may account for the

occasional alleged infection of protected wounds. From an
observation by Chauveau, it may be inferred that septic

organisms, when injected directly into the blood, are able to

survive for two or three days, although unable to breed

there. ^ It is conceivable that occasionally a septic germ enter-

ing the body in some of the ways which have been suggested

may escape destruction and pass into the blood and lurk

there awhile, and finding by chance some dead tissue or

liquid within its reach, may multiply therein and produce
septic effects. Such a contingency, if it ever occur, must be

very rare, and would not appreciably detract from the value

of the antiseptic mode of dressing wounds.

E-ELAPSiNG Fever.—In 1872, Dr. Obermeier, of Berlin,

discovered minute spiral organisms (spirilla) in the blood of

patients suifering from relapsing fever. This discovery has

been fully confirmed by subsequent observations. The organ-

isms are found during the paroxysms ; they disappear at the

crisis ; and are absent during the apyrexial periods.

These little parasites consist of spiral fibrils of the

most extreme tenuity, varying in length from two to six

times the breadth of a blood corpuscle. In the fresh state

they move about actively in the blood. They have not been

' Such a modification or "variation" might be correlated with a modifi-

cation of the ferment action, whereby a more virulent septic poison is pro-

duced. Would not such a view explain the sudden intensificaliou of the

infecting virus which was found by Chauveau and Dr. Sanderson iu llieir

experiments on infective inflammations ?

» ' Comptes Rendus; 1873, p. 1092.
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detected in any of the fluids or secretions of the body except
the blood, nor in any other disease than relapsing fever. In
form and botanical characters they are almost identical with
the Spirochaeteplicatilis of Ehrenberg {Spirillum ofDujardin),

a species of bacteria found in dirty water and occasionally in

the mucus of the mouth. Cohn designated the variety found
in the blood S. Ohermeieri, in honour of its discoverer.

In the beginning of the current year. Dr. Heydenreich^ of

St. Petersburg, published an elaborate monograph on this

subject, which, I think, goes far to reconcile the conflicting

statements and opinions put forth by previous writers in

regard to the connection of the spirilla with relapsing fever.

It is based on forty-six cases ; these cases were studied with

the most minute care ; ihe blood was examined, and the

temperature observed from two to six times each day. Al-

together, over a thousand examinations of the blood were

made.
Relapsing fever still prevails extensively in certain districts

of Germany and Russia, but it is almost a forgotten disease in

this country ; and probably the majority of those in this room
have never seen a case. It will, therefore, not be amiss if I re-

mind my hearers, and myself, of its principal features. It is a

contagious epidemic fever characterised by a sharp paroxysm
of pyrexia, which lasts about a week, and ends with a severe

critical sweating. This is succeeded by an intermission, also

of about a week, during which the patient is apyrexial ; then

follows a second paroxysm, or relapse, which lasts four or

five days, and ends, as before, in a critical sweating. Re-
covery usually follows the second paroxysm, but not unfre-

quently a third paroxysm occurs, and sometimes a fourth.

The paroxysms are occasionally broken by remission or

pseudo-crises ; and the apyrexial periods are sometimes inter-

rupted by slight temporary rises of temperature.

Bearing these characteristics in mind, we shall be able to

understand the significance of Heydenreich's observations.

He found that every rise of temperature, whether that of the

true paroxysm, or thatfo]lowingapseudo-crisis,orthose occur-

ring during the intermissions, was invariably preceded by the

appearance of spirilla in the blood. They disappeared entirely

shortly before the crisis, and remained absent during defer-

vescence and the subsequent apyrexial periods. During the

whole of the main paroxysms spirilla were usually to be found

in the blood, but their number varied in the most puzzling

manner from day to day. One day they were abundant, the

1 L. Heydenreicl), ' Ueber den Parisiten des lliickfallstyphus,' Berlin,

1877. He gives a good resume of the literature of the subject.
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next day they were scanty, and the day after again abundant;

they even varied at diiferent hours of the same day ; some-

times they vanished altogether for a time, and then reappeared

in vast numbers a few hours later. Throughout these varia-

tions the temperature remained steadily high, or with only

slight or moderate oscillations.

These discrepancies had been observed by previous in-

quirers, and had led some to doubt whether the spirilla had

anything to do with the virus of relapsing fever; but a

happy idea suggested itself to Heydenreich which seems

capable of explaining them.

He found that when a little blood containing spirilla was
abstracted from the patient and kept at the ordinary tem-

perature of the room, the organisms lived in it for several

days; but if the blood was placed in an incubator and main-
tained at the normal temperature of the body, they died in

from twelve to twenty hours, and if the temperature was kept

up to fever heat (104 deg. F.) their life was still shorter ;

they only survived from four to twelve hours. This led him
to the conjecture that during the main paroxysm, not one,

but several successive generations of spirilla were born and
died before their final disappearance at the crisis. He sur-

mised that in the usual course, the broods would overlap each

other more or less, the new brood making its appearance

before the last survivors of the old brood had passed away.
This explained the variable number of spirilla found on
different days and different hours of the same day. Some-
times the old brood would have altogether perished before

the new brood reached maturity; this explained the occasional

temporary absence of spirilla from the blood; it also ex-

plained the remissions or pseudo-crisis sometimes observed
in the course of the paroxysms. So precise was the correspon-

dence found to be between the appearance of the spirilla and
a subsequent rise of temperature, that Heydenreich was able

to predict with certainty, during the apyrexial periods, the

approaching advent of a transient rise of temperature from
the reappearance of spirilla in the blood, although at the

time the patient presented no other indication of what was
about to happen.

If these observations are to be relied on, and they appear
to have been' made with the most scrupulous care, we are

led to the conclusion that the spirilla are the actual virus of

relapsing fever.

The same conclusion is also strongly indicated by the re-

sults of inoculation experiments. Relapsing fever is easily

communicated to a healthy person by inoculation with th&,

VOL. XVII.—-NEW SEE. Tf
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blood of a patient suffering from the disease. Experiments
made in Russia on individuals who voluntarily submitted

themselves to this practice, show that the blood is only in-

fective during the paroxysms, but not at the crisis nor

during the apyrexial periods. None of the fluids or secre-

tions of the body except the blood are infective. All this

shows that the virus is intimately associated with the spirilla,

and is absent or present in exactly the same circumstances

as the latter.^

The occasionally observed vanishing and reappearance of

the spirilla during the paroxysm, without a possibility of new
infection, seems to indicate that when the spirilla disappear

they leave behind them something in the nature of seed or

spores, from which the new brood springs forth. Ocular

evidence of such germs is, however, still wanting. Several

observers have noticed minute particles in the blood of re-

lapsing fever which might pass for spores, and Heydenreich
observed that some of the spirilla had a dotted appearance.

But hitherto all efforts to cultivate the spores out of the

body have failed, and their power of developing spores is

more an inference than a demonstration.

Splenic Fever.—The first trustworthy observation of the

presence of organic forms in an infective disease was made
in splenic fever. This formidable disorder attacks sheep,

cows, and horses, and is not unfrequently fatal to man. In
1855, PoUender discovered minute staff-shaped bacteria in

the blood of splenic fever. This discovery was confirmed in

a very extensive series of researches by Brauell, and has

been corroborated by Davaine and other inquirers in

France.

The bacterium of splenic fever is a short, straight, motion-
less rod, about as long as the breadth of a blood-corpuscle,

and, so far as is known, it exists in no other form in the

living body. It is found, besides the blood, in the spleen,

in the lymphatic glands, and in some other tissues. That
this organism is the true virus of splenic fever has long been
probable ; and the labours of Davaine, Bollinger, Tiegel,

Klebs, and, most of all, of Koch, have removed the last

doubts on the subject. The work done by Koch is not only

1 See a paper by Motschuloffsky, in the ' Centralblatt fiir die Medicinis-

(Chen Wisseuschaften,' 1876, p. 193. During the paroxysm the blood was
infective, whether spirilla were detected in it or not. This agrees with
Ileydenreich's theory, that their occasional apparent absence during the

paroxysm is due to their being incompletely developed, or immature, and
therefore unrecognisable under the microscope.
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valuable as a triumphant demonstration of a disputed patho-

logical question, but is noteworthy as a model of patient,

ingenious, and most exact pathological research.

We here come across an example of scientific prescience

on the part of two distinguished men which is worth notice.

It had been remarked by several observers that the conta-

gium of splenic fever, as it existed in the blood, was com-
paratively short-lived and fugitive, but that, under some
unexplained circumstances, the contagium was very per-

sistent, and lurked for years in stables and other places where
cattle were kept. Dr. Burdon Sanderson, writing in 1874,
inferred from this circumstance that the organisms of splenic

fever must have two states of existence ; namely, that of the

perishable bacteria found in the blood and some other more
permanent form, like seeds or spores, in which they were
capable of surviving for an indefinite period. In like manner.
Professor Cohn, guided by the botanical characters of the

rods found in the blood, classed them in that group of bac-

teria named by him Bacillus ; and, as he had observed that

all the Bacilli produced spores, he inferred that the Bacillus

anthracis, for so he named the bacterium of splenic fever,

would also be found to produce spores. These provisions

were proved by the researches of Koch to be perfectly exact.

The following is a brief abstract of those points in these re-

searches which chiefly concern us.

Koch found that mice were peculiarly susceptible to the

virus of splenic fever. The minutest particle of the fresh

blood or spleen of an infected animal infallibly produced the

disease when brought into contact with the living tissues of

the mouse. He found further that he could cultivate the

organisms artificially outside the body. He proceeded in the

following manner. He placed a speck of the spleen con-

taining the rods on a glass slide in a drop of the blood-serum
of the ox, or a drop of the aqueous humour of the eye of the

same animal, and covered it with a piece of thin glass. He
then placed the slide in an incubator maintained constantly
at the temperature of the body, and examined the prepara-
tion from time to time under the microscope. In a couple
of hours, he observed that the rods began to lengthen, and
in a few hours to grow into long threads. These threads,

after growing to twenty or a hundred times the length of the
original rods, began by and by to assume a dotted appear-
ance. The dots gradually increased in size and distinctness

until, after the lapse of fifteen or twenty hours from the
beginning of the experiment, they acquired the appearance
of strongly refractive oval bodies, which were placed at
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regular intervals along the threads. Finally, the threads

broke down, and the oval bodies, which could be nothing

else than spores, were set free and sank to the more depend-

ing parts of the drop. If the supply of nutriment were then

exhausted, the process ended here, and the spores remained
permanently unchanged; but, if additional nourishment

were provided, the new spores were seen presently to elon-

gate into rods, exactly resembling those originally existing

in the blood or spleen. If the conditions were favorable,

the new rods, after a period of rapid multiplication, in their

turn entered on the formation of a new generation of threads

and a new generation of spores.

The next point was to test the pathogenic activity of the

rods and spores cultivated in this artificial manner. This

was done by introducing minute quantities of the rods, or of

the spores alone, into a small incision made in the skin of a

mouse. Speedy death from splenic fever occurred in every

instance. Koch found, without exception, that, if the tested

material produced threads and spores in the incubator, it

also produced splenic fever when inoculated into the mouse;

and, on the contrary, if no such growth and development

took place in the incubator, the tested material produced no

effect when inoculated into the mouse. Proof could go no
further : the infection absolutely followed the specific organ-

ism ; it came with it, it went with it. These observations

were repeated with the strictest precautions at the Physio-

logical Institute at Breslau, under the eyes of Professor Cohn
and other competent observers, who fully corroborated their

exactness.

The variable duration of the activity of the contagium of

splenic fever was now explained. Koch found that the rods

had only a comparatively fugitive vitality ; they lost their

infective power generally in a few days ; at the most, in

about five weeks. But the spores retained their infective

activity for an indefinite period, in spite of all kinds of mal-
treatment. They could be reduced to dust, wetted and dried

repeatedly, kept in putrefying liquids for weeks, and yet, at

the end of four years, they still displayed an undiminished
virulence.

Cohn calls attention to the fact that the organism of

splenic fever is identical in form and development with the

B. suhtilis. The only difference he could detect between
them was, that the rods of B. anthracis are motionless,

while those of B. suhtilis exhibit movements. The figures

you see before you might be indifferently labelled B. subtilis

or B, mithracis, and yet one of these organisms is a harmless
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saprophyte and the other a deadly contagium. We have
likewise seen that the spirilla of splenic fever are morpho-
logically similar with the Spirochaete plicatilis. We have
further seen that there is ground for the assumption that the

infective agent in contagious septicaemia is the common bac-

terium of putrefaction^ but modified in such a way as to

have become endowed with a heightened capacity for grow-
ing in the healthy tissues. Do not these remarkable coin-

cidences point to a natural explanation of the origin of

contagia ? If contagia are organisms, they must necessarily

possess the fundamental tendencies and attributes of all

organised beings. Among the most important of these at-

tributes is the capacity for "variation'^ or ''sporting."

Darwin brings forward strong grounds for the belief that

variation in plants and animals is not the result of chance
or caprice, but is the definite effect of definite (though often

quite obscure) causes. I see no more difficulty in believing

that the B. anthracis is a sport from the B. subtilis than in

believing, as all botanists tell us, that the bitter almond is

a sport from the sweet almond ; the one a bland innocuous
fruit, and the other containing the elements of a deadly
poison.

The laws of variation seem to apply in a curiously exact
manner to many of the phenomena of contagious diseases.

One of these laws is the tendency of a variation, once pro-

duced, to become permanent, and to be transmitted ever
after with perfect exactness from parent to off'spring ; another
and controlling law is the tendency of a variation, after

persisting a certain time, to revert once more (under altered

conditions) to the original type. The sporting of the nee*

tarine from the peach is known to many horticulturists.

A peach-tree, after producing thousands and thousands of

peach-buds, will, as a rare event and at rare intervals, pro-
duce a bud and branch which ever after bear only nec-
tarines ; and, conversely, a nectarine at long intervals, and
as a rare event, will produce a branch which bears only
peaches ever after. Does not this remind us of the occasional

apparent sporting of diphtheria from scarlet fever ? My
friend Dr. Ransonie, who has paid so much attention to the
laws governing the spread of epidemics, relates the following
instance :—A general outbreak of scarlet fever occurred at a
large public school. One of the masters who took the in-

fection exhibited diphtheritic patches on the throat. This
patient was sent to his own home in Bowden. Six days
after his arrival, his mother was attacked, not with scarlet

fever, but with diphtheria ; though there were no case§
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of diphtheria at the time, neither at the school nor in

Bowden.^
Take another illustration : cholera suddenly breaks out in

some remote district in India, and spreads from that centre

over half the globe. In three or four seasons, the epidemic

dies away and ceases altogether from among them. A few

years later, it reappears and spreads again, and disappears

as before. Does not this look as if the cholera virus were

an occasional sport from some Indian saprophyte, which by

variation has acquired a parasitic habit, and, having run

through countless generations, either dies out or reverts

-again to its original type ? Similarly, typhoid fever might

be explained as due to a variation from some common sapro-

phyte of our stagnant pools or sewers, which, under certain

conditions of its own surroundings, or certain conditions

within the human body, acquires a parasitic habit. Having
acquired this habit, it becomes a contagious virus, which is

transmitted with its new habit through a certain number of

generations ; but finally, these conditions ceasing, it reverts

again to its original non-parasitic type.

In regard to some contagia, such as smallpox and scarlet

fever, it might be said that the variation was a very rare one,

but also a very permanent one, with little or no tendency to

reversion ; while others, like erysipelas and typhoid fever,

were frequent sports, with a more decided tendency to re-

version to the original type. In regard to some pathogenic

organisms, it might be assumed that the parent type had
disappeared, and the parasitic variety only remained, just

as the wild parents of many of our cultivated flowers and

vegetables have disappeared, leaving behind them only their

altered descendants.

How aptly, too, this view explains what used to be called

the " Epidemic Constitution," and the hybrid forms and
subvarieties of eruptive and other fevers.

I must not pursue this vein further. I have said enough
to indicate that this conception enables us, if it does nothing

else, to have coherent ideas about the origin and the spread

of zymotic diseases.

In applying the doctrine of pathogenic organisms, or

pathophytes, as they might be termed, to the explanation

of the phenomena of infective diseases, we must be on our

guard against hard-and-fast lines of interpretation. So far as

' Complex cases of mingled scarlet fever and diphtheria are sometimes

seen. Similarly the peach-tree will occasionally, among a multitude of

ordinary fruit, produce one fruit of which one half has the peach character

and the other half the nectarine character.

—

Darwin.
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our very limited knowledge now extends, the pathophytes

hitherto discovered all belong to that group of the fungi which

are called bacteria. Now, fungi have two marked characteris-

tics, namely, the tendency to assume the parasitic habit, and

the possession by some of them of a special ferment action.

Both these characteristics may bear a part in the action of

pathogenic organisms. In the complex phenomena of sep-

ticaemia such would appear to be the case; a poisonous

ferment-product first intoxicates the system, and then the

organisms themselves prey upon the dead or moribund
tissues.

There is, as Dr. B. Sanderson has pointed out, a marked
distinction to be drawn between those common processes of

infective inflammation which are shared in by animals
generally, such as septo-pyeemia, erysipelas, and the diph-

theritic process, and those specific contagia which are strictly

confined, like ordinary parasites, to particular species.

There is nothing in all nature more wonderful than the in-

timate and subtle nexus which unites a parasite to its host.

A hundred examples might be given. Even diff"erent varieties

or races of the same species have different and exclusive

parasites. It would seem as if this nexus depended on some
delicate shade, a nuance, something like an odour, or a savour,

or a colour, rather than on differences of structure or chemical
composition. The same minute correlation is seen in specific

contagia— all are strictly confined to one or a few species.

Yaccinia is confined to man, the horse, and the cow ; scarlet

fever is confined to man, and perhaps the swine ; most of

our specific diseases are absolutely confined to man. The
human and ovine smallpox, although so wonderfully similar,

are not intercommunicable. I am, therefore, inclined to

believe that, in regard to specific contagia, we shall find

more guiding analogies in parasitism than in fermentation.

Our information at present is, however, so defective that it

is not wise to enter into furthur speculations on this subject.

Gentlemen, I have brought my task to a conclusion. I

believe that the doctrine of a contagium vivum is established
on a solid foundation; and that the principle it involves, if

firmly grasped in capable hands, will prove a powerful in-

strument of future discoveries. And let no man doubt that
such discoveries will lead to incalculable benefits to the
human race; our business in life is to do battle with dis-

ease, and we may rest assured that the more we know of
our enemy the more successfully we ?hall be able to comba^t
him.
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Resume of Recent Contributions to our Knowledge
of " Freshwater Rhizopoda." Part IV. Compiled
by Wm. Archer, F.R.S. (With Plate XXI.)

Rhizopoda Monothalamia Monostomata.

Euglypha tincta, n. s., Archer.^

The minute form which I have named above is well dis-

tinguished by its reddish colour ; every other Euglypha is

colourless. It is true it may be said to be " colourless" when
young (like Arcella vulgaris), but it is rare to meet with an
example absolutely so ; there is nearly always some amount
of tint, be it only of a slightly purplish character ; old exam-
ples are red or brownish, as highly coloured, in fact, as the

test of Arcella vulgaris. The test is minute, but somewhat
varying in size (as, indeed, do all the species), ovoid, com-
pressed, reddish, near the opening often somewhat paler;

hexagonal facets extremely minute, elongate ; test not pro-

duced into any elongate " neck," its opening bordered by in-

distinct " teeth," but usually indefinitely terminated, giving

an, as it were, torn aspect to the margin (as I said at the Club
meeting, as if '' unfinished" round the mouth j ; no spines;

the body-mass characteristically Euglyphan, nucleus (with

nucleolus) large, the usual zone of darkish granules across

the middle. The pseudopodia are seemingly more numerous
than in other Euglyphae, less fitful, that is, more slowly pro-

jected or altered in position or arrangement ; they seem to

form a tolerably steadily displayed tuft ; though, on the other

hand, one may often search long to find an example with
pseudopodia projected at all. One far more frequently meets
with abandoned tests than with those still in a living state.

The small size, the very minute facets, the ovate compressed
form of the test, with its irregularly bordered opening, and,

above all, the purplish, reddish, brick-red, or brownish
colour, very well distinguish this form, which I find not to

be very uncommon in certain situations. I have taken it

in the east and west of Ireland and in Scotland.

Since the above was written I have for the first time seen

Professor Bailey's communications.^ I find it is extremely
probable that that observer has the priority, and that his

Ettglyphahrunneu may be truly identical with that described

above.

I am very glad to find that Bailey has taken the correct

' " Minutes of Dubl. Micr. Club " iu this Journal, vol. xvi, n. s., p. 107-
• 'I'roc. Acad, of Nat. Sci./ Philadelphia.
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step in forming his genus Nebela as distinguished from
Difflugia, and I look forward with much interest to his forth-

coming work on these beings at large.

Troglodytes zoster, Gabrieli (PI. XXI, figs. 1—7).

Under the above name the author describes a form which
appears (as could seem obvious on comparison of the figures)

to belong to the same genus at least, if it be not indeed
specifically identical with Chlamtjdophrys stercorea, Cien-
kowski. This latter, as before mentioned, might seemingly
properly be referred to the genus Platoum, Eilh. Schulze.
The form now in question is found too in a similar kind of

habitat to Cienkowski's—in earth permeated by animal
excrement. If this conjecture be correct the name Troglodytes
would fall to the ground.

But the author gives at considerable length his observa-
tions on the development of the form, which, although his

views may be found open to objection, are very interesting.

He attributes to the " ctmjugation " a special significance

and importance as the primary or introductory generative act.

Two forms meet by their frontal apertures (in the well-

known way), their pseudopodia become gradually drawn in,

and the outlying protoplasm becomes fused and form a
yellowish cylindrical mass between the two so conjoined in-

dividuals. From this latter there are given off" numerous
minute acute granuleless processes, forming a kind of super-

ficial piloe covering (fig. 1). In about half an hour and by
degrees the intermediate mass becomes smaller, the minute
processes disappear, a line of demarcation presents itself,

and the two animals become removed a little from one
another; the connecting sarcode parts, and the conjugative

act is over. They now appear, as it were, more lazy; their

movements less active, their pseudopodia less extended. On
the other hand, the dispersion of the median granular zone
internally goes on with shorter and shorter pauses, this state

lastly for probably several days. The hyaline homogeneous
body-substance, especially of the posterior zone, becomes
pale, the mass cloudy, and the demarcation of the zones
obliterated. The contractile vacuole becomes reduced in

activity and size. The nucleus and nucleolus, however, re-

main unaltered. The author, indeed, avers it does not at

' B. Gabriel :
" Untersuchungeri iiber Morphologic, Zeugung und Ent-

wickelung der Protozoen ;" i. :
" Der Eatwickelungscyclus von Troyglodytes

zoster" in C. Gegenbaur's ' Morpiiologisches Jabrbuch/ Bd. i, p. 535,

t. XX.
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any time take a share in the development of the germ,

maintaining throughout its integrity. Hence he holds that

this body cannot at all be regarded as a sexual gland in the

sense of Claparede and Lachmann, but only as an organ of

secretion ("ein besonderen Secretionsvorgangen dienendes

Gebilde "). The next following changes concern the median

zone alone ; its granules become pretty regularly scattered

through and through the body-mass, the total body-substance

changes to a dirty-yellow, cloudy mass, the nucleus the only

unaltered element. By-and-by, however, a renewed activity

sets in ; a number of extremely minute granules appear at

the borders of the body-mass, which are seen in dancing

agitated motion—taken at first by the author for mole-

cular—these, in an hour to an hour and a half, break

away in innumerable multitudes and swim rapidly about in a

" tumultuous " manner. These the author calls " Be-

fruchtungskorperchen." Soon now the nucleus disap-

pears; whether it becomes atrophied, or mixes its contents

with the rest of the mass, the author leaves in abeyance.

These minute bodies by-and-by disappear. Now, there is

seen within the still intact test a remaining mass, very

capable of being overlooked as a mere portion of detritus

undergoing solution, and, therefore, of no further moment;
but this is the germinal mass, and not at all defunct, but

endowed with latent life. Simultaneously arising at several

points of this mass there are now seen minute sharply, con-

toured puncta, soon increasing in size and appearing as little

elevations. These are the germs ; they show a very equable

distribution, mostly in lines, not crowded. These little

papillae the author compares to " shagreen-paper," and for

want of a better term would call this the " shagreen " state.

At first occupying the whole cavity of the test, it becomes
afterwards balled together, leaving at the oral pole a little

half-moon-shaped vacuity. Soon the test now begins to

split and break up, till at last the "shagreen" becomes

free; it loses now its rounded form, presenting an irregularly

bounded, not very refractive body ; its surface appearing

rough owing to the projecting granules, a throughout charac-

teristic speciality. It now undergoes a process of cleavage,

but this is not regular either in direction of the lines of

cleavage or in the size or form of the divisions, which,

when completed, form an unconnected cluster (fig. 2). The
basic substance in which the sharply contoured granules lie

embedded disappears, the whole breaks up into a finely

granular detritus, producing a complete setting free of the

granules. These increase in size, are sometimes round,
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sometimes elliptic, or with a concavity at one side, of a pale

blue colour and refractive ; they are the germs or germinal

bodies. Slight movements of these are noticeable, consisting

of turnings on the longitudinal axis (fig. 3).

The further development of these germs becomes first

rendered evident by the appearance of a minute, pale rose-

coloured refractive spot at both poles, the first vacuole, which,

even to the final development of the form, but seldom
collapses. In order to distinguish these from the subsequent

larger contractile vacuoles the author gives them the name
of " stigma " ; he hence names the first state of the de-

velopment the monostigma-form (fig. 4). He was long in

doubt as to the subsequent mode of development, until he
saw two " germs " become mutually fused (fig. 4); they lie

alongside, a process from one seems to pass into a depression

in the other, a fusion ultimately takes place by the two op-

posite poles at one end—the conjugation poles—(without ex-

ception the larger and greater in mass), becoming inosculated,

the other poles remaining with stigma persistent, named the

stigma-poles, and remaining as distinct lobes of conical form
with an intervening narrow sinus. The product of this

zygosis is the second state of the development of the germ,
and represents the diplostigma-form (fig. 5). These are non-
nucleated protoplasmic masses ; with this partial fusion a

new activity is imparted -, a single one would seem not ca-

pable to grow into the final form—a new Troglodytes.

The first indication of the origin of a nucleus coin-

cides with a grouping of the increasing granules, which
at first generally distributed, by degrees become more massed
in the middle zone ; soon thereupon a separation of the

cluster of granules ensues, leaving a median contourless

whitish spot, the optical expression for a fluid-drop ; this now
becomes circumscribed by a delicate line, and the same time
retreats backwards from the stigma-pole (fig. 6). Simul-
taneously with the commencement of change of place of

the probably still thick-fluid nucleus, a further alteration

of the grouping of the granules takes place gradually,

collecting towards the middle, and by degrees, in fact,

forming the " girdle ;" the nucleus, arrived at its normal
place, becomes by degrees consolidated, its nucleolus recog-

nisable, and its development finished.

The narrow sinus separating the lobes of the conjugated
body by degrees disappears, their boundary becomes the limit

of the oral zone of the young Troglodytes ; the stigmata
seem to remain whilst the pulsating vacuoles make their ap-
pearance in their place just behind the median granular zone.
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The first indication of test is the appearance of a clear border

around the body^ as it were, hardening by degrees into an,

at first, extremely delicate line, by-and-by assuming its double

contour (fig. 7).

Taking a momentary review of the stages (here so briefly

disposed of) as described at great length by the author, I fancy

the more general conclusion would be to regard, not the "con-
jugation," not the presence or the presumed operation of the

so-called " Befruchtungskorperchen^'—as the indication or

expression of a sexual reproduction—but rather, if any of

the described processes is to be so interpreted, it must be the

conjugation of the " germs" of two individuals, the " mono-
stigmatic form'^ so as to produce the " diplostigmatic," which
grows into a new representative of the species. This seems

very fairly comparable to the conjugation of zoospores of

Algae.

As to the identity of thisform it really appears, as mentioned,

to be one and the same with Chlamydophrys stercorea, Cienk.

(18T5) as will be, I fancy, sufficiently readily seen on comparing
all the figures (inorig.), or, indeed, even these here repeated.

If that be so the name Troglodytes zoster (\d>lQ) \\o\x\(\in\\ to

the ground. In fact, Chlamydophrys as a genus may turn

out to be coincident with Platoum, E. Schulze.

Cochliopodium pellucidum et C. pilosuni, Hertwig et Lesser,

= Amphizonella vestita, Archer.

Whilst I long since discovered my own errors of interpre-

tation in respect to the form I first recorded, referring it

then to Amphiuozella, Greeff", under the name of ^. vestita,

I am none the less convinced that, so far as our knowledge
goes, only one species exists referable to the restricted genus

so well described by Hertwig and Lesser under the name of

Cochliopodium. I feel pretty well satisfied that not only the

green (chlorophyll-bearing) and the colourless form are one

and the same, but that even the pilose condition cannot be

regarded as specifically distinct from either. Althougli the

latter was the first form I had seen, it is really by far the

most rare, the colourless non-chlorophylliferous being the

most frequent. I have, a few summers ago, taken gatherings

in which the three forms occurred commingled, and showing
every possible intermediate state between the extremes as

regards the characteristics in question. Sometimes the

hair-like processes were in length not far from |- of the

diameter of the body, and of all lengths down to an almost

imperceptible pile, finally wholly absent. Sometimes the

examples were densely loaded with a layer of chlorophyll-
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granules, sometimes with only a few, and sometimes these

were absent. Hence, surely, according to the laws of

priority the name of the rhizopod should stand as Cochlio-

podium vestihitn (Archer), Hertwig et Lesser. Notwith-

standing, then, as I believe, the unity of the forms, I feel

satisfied, with Hertwig, that " Cochliopodium vestifu77i" not

only specifically distinct from every other rhizopod, but that

a special genus is necessary for it.

And although a distinct genus is doubtless necessary, my
referring the form to Amphizonella was probably a more
pardonable error than the one more frequent, that of making
too many genera. But my great error was in the interpre-

tation of the halo often seen around the form ; this is not due,

as I at first thought, to the temporary pouring forth through

the outer envelope of a pellucid sarcode, but to the occa-

sional eversion through the frontal free opening of so much of

the sarcode-body (as first correctly pointed out by Hertwig
and Lesser), as forms a flattened base projecting beyond the

edge (formed by the double contoured envelope, which,

although flexible, is somewhat comparable to that of Arcella),

and on which projecting portion of the body-mass the rhi-

zopod stands or moves (by its contractility), the whole
somewhat comparable to the "foot" of a molhisc, and
by which it sometimes sticks to the slide in one and
the same place with a considerable tenacity, even upon force

applied to eff"ect its removal.

Whilst this envelope (not to call it a test) is quite flexible,

following any change of figure of the body-mass, and assum-
ing an expanded shape at the vacant opening for emission of

pseudopoda, Hertwig and Lesser deny that the pseudopodia
have the power to become projected through it at any other

point. But their concluding paragraph on this form, and
the figure they there refer to,^ seem, taken together, to show
they must have really observed this phenomenon, which is

probably very rare. It cannot be doubted that the figure

referred to represents a Cochliopodium, and probably only a

small form of one and the same species, which occurs of

very varied sizes, some very minute, the latter presumably
young examples. There are there shown three places (for

the third must be behind to account for the pseudopodia
seen to the left), whence pseudopodial stems emanate. (See

our Plate XXI, fig. 8).

These authors have not met with the green form described

by me. There cannot be a doubt, I venture to hold, but

that the chlorophyll-granules, when present, just as much
' Loc. cit., Bd. X, Suppl., t, ii, f. viii, A.
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belo ng to the organisation of the species as do the same in

any other habitually chlorophyll-bearing form, such an
Acanthocystis turfacea, Raphidiophrys mriclis, &c., and are

not at all merely due to incepted food of algal nature.

The place of this form may probably be beside Arcella ;

as to the flexibility of the test, that characteristic is possessed

by the test of Pseudochlamys. The pseudopodia, however,

are thin and slender, terete and pointed, but, as is well

known, those of Arcella are much more like those of Dif-

flugia. Still, Hertwig and Lesser are more inclined to keep

their genus apart from Monothalamia, on account of the

great mobility of the body-form.

A pretty similar account of this form is likewise given by
si-ilhard Schulze.^ This author does not concur in the

opinion that pseudopodia can at any time be protruded

through the investing coat, but that such may not, at least

sometimes, take place seems to be contradicted by Hertwig
and Lesser's figure already cited.- Schulze also corrects my
error as to the seeming envelope of sarcode matter, which
(as mentioned) is, in fact, only the broadened out " oral

"

part of the structure. Schulze has not found the pilose

form ; he regards the chlorophyll-granules sometimes seen

as due to incepted (algal) food. As mentioned, I cannot

concur in this view.

R.HIZOPODA Monothalamia amphistomata.

Ditrema Jlavum, n. s., Archer (PI. XXT, fig. 9).

About the size of Amphitrema Wrightianum, this pretty,

and though seemingly widely diff'used, still very rare rhizo-

pod, is quite diff'erent in form and colour therefrom, whilst

it must be held as essentially (generically) distinct, the test

being a pure secretion-product, the form repudiating any

employment of foreign particles in its construction. It is

compressed, broadly elliptic in the broad or usual view. The
opposite sides in this view for a time parallel or gently concave

at the middle, becoming gradually merged in the broadly

rounded ends, in each of which occurs a rounded very

sharply bordered " mouth," a slight rim projecting inwardly,

the whole looking as it were like a perforation cleanly and

sharply " drilled " through. The test is of a yellow colour,

the margins of the opposite apical openings approaching to

a reddish tint (probably because they are somewhat thicker),

1 E. Schulze: " Ehizopodstudien " in Scliultze's ' Arcliiv f. Mikr. Anat.,'

Bd. xi, p. 337, t. xix, f. 1—5.
- Loc. cit., t. ii, f. viii, A. (See our reproductiou thereof, fig. 8.)
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its surface glossy, its substance thick and membranous,
structureless. In side or edge view the test is narrow-oblong,

and the margins (outline of the frontal surfaces) nearly-

straight and parallel. The body, like that of Amphitrema
JVrightiamim, is loaded with chlorophyll-granules, though

in the few specimens only which I have seen, not so densely,

so as in that species, and it carries a median nucleus. The
pseudopodia, issuing from each pole, form a dense tuft, are

linear, scarcely granular or ramifying, steadily displayed,

and reach about one half the length of the test. They are,

on the whole, like those of A. Wrightianuni. As in that species

body does not fill the test, and indeed does not seem to be

in contact with it anywhere, except at the borders of each of

the apical openings.

Sarcodina nuda.
Pelomyxa palustris (Pelobius, olim), Greeff^ (figs- 10—15),

is a very large form, a single example attaining sometimes
even over two millemetres in diameter. When first placed

on a slide its outline is generally round or but slightly

lobed, and of course flattened between it and the covering

glass. Carefully viewed, after a little pause the observer

sees its pellucid margin pushed oiF in wave-like lobes or

hemispherical and even finger-like projections, and sur-

rounding a dark brown body-mass (fig. 10). Here a

process is withdrawn, there another projected, and these

may even assume a filiform character arranged in tufts (some-

what like the villous patch of Amceba villosa). This play-

kept up for some time, a wave-like motion begins in the

interior, and abruptly at any place a broader process breaks

forth outwardly, into which, as into a sac, a mass of contents

is poured, forming a broad pseudopodium, and so the form
performs its locomotion, a second and third similar process

following thereon; thus what looked on being placed on
the slide like a mere little ball of mud, has now acquired a

much-lobed figure, as it glides with its expansive amoeboid
movements.
More closely examining the contents, it is seen that the

dark colour and almost complete opacity are due to the pre-

sence of dark and opaque substances immersed in a com-
pletely colourless body-substance, these substances being
made up of all sorts of foreign bodies incepted, diatoms,

algse, Arcella- and Difflugia-tests, entomostraca, and above
all, a considerable quantity of mud and sand-particles.

Those examples which are the least loaded with these
'" Greeff; Schultze's ' Archiv,' Bd. x, p. 51, t. 'iii, iv, v.
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foreign bodies are, of course, those best suited for examina-

tion (fig. 11).

In such, even under a moderate power, a great number of

shining bodies (" Glanzkorper") of roundish or oval figure

can be seen, to be mentioned again.

Viewed under a higher amplification, it can be seen that

the body-substance is made up of two elements— (1) a com-
pletely hyaline and homogeneous substance, chiefly external,

and (2) an inner one of vesicular nature.

As regards thehyalineouter substance, itsurrounds the whole

body, as has been mentioned, forming a narrow zone, giving

off the above-mentioned amoeboid processes, and into which
the contents flow, as into a sac.

The second substance of the body occupies almost the

whole of the interior, and consists of larger or smaller closely-

packed vesicular spaces, lying in a hyaline, richly granular,

intervening substance, the whole not unlike Actinospha-

rium Eichhornii, but not so regular or compact. In Pelomyxa
there is no differentiation of outer or inner stratum, nor are

the spaces so equal in size, but large, small, and very small

lie side by side. A pushing about and alteration of their

position besides takes place, especially in the interior, less

more outwardly, owing to the amoeboid movements of the

animal (fig. 11).

These vesicles represent isolated unconnected spaces

;

sometimes two or more can be seen flowing with the stream

into one of the lobes ; they readily become detached from the

rest and flow, like other " contents," thereinto. These spaces

are few in young examples, and they are diminished in

number in those which have become densely packed with

foreign bodies.

Touching the mutual relations of these two elements the

author propounds the queries :—(1) "Are these clear spaces

formed like true vesicles, with special walls ? (2) what con-

tents have these vesicular spaces? and (3) of what nature is

the granular intervening substance in which they lie, that is,

their peculiar matrix or basic substance ?"

As regards the first query, the author replies, the spaces

are without special wall, they are simple vacuities or hollow

cavities in its substance. As to the second query, their con-

tents must be of a different nature from the surrounding sub-

stance, since both stand side by side without any com-

mingling. The contents are pellucid. Under the highest

amplification no further form-elements can be perceived,

except here and there, not in all, a few dark shining gra-

nules. That the contents must be of a fluid nature is evi-
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denced by the vigorously tremulous, or dancing movement
of these granules, that is to say, a distinctly expressed mole-
cular movement. In this Pelomyxa agrees with Actinosphse-

rium and other vacuole-bearing Sarcodina. The author
thinks this fluid must be simply water.

Coming to the third question, the intervening substance
must be regarded as the real basic substance of the whole
inner space, and merely interrupted by the vacuoles. It is

hyaline, but filled with a great quantity of granules, some
dark-shining and large, others clearer and more minute, even
down to the finest puncta. This basic substance is further

the matrix for all the other structures to be mentioned, and
is the vehicle inclosing the food, &c.
The body-mass thus is seen to consist of pure protoplasm

composed of two strata, an outer cortical one and an inner
parenchyme. The former is hyaline and homogeneous. It

is the chief seat of contractility, and hence in it the loco-

motive power resides . The whole inner parenchyme is of

thinner consistence, and is but passively moved; it is richly

granular and filled with watery vacuoles, often so crowded
that the substance appears reticulately interrupted. The
two strata are not sharply marked off", but pass off gradually

into one another.

In the so composed body-mass there occur further three

structures— (1) the nuclei; (2) hyaline and homogeneous
bodies of roundish, ovoid, or irregular figure, of glassy appear-

ance (the " Glanzkorper" of the author) ; and (3) fine bacilli-

form bodies.

The occurrence of the nuclei in considerable numbers
becomes in so far a principal character for Pelomyxa. They
lie in the inner space, irregularly distributed between the

vacuoles, more numerously in the middle of the body, more
sparingly outwardly (fig, 11). In examples, say one milli-

meter, in diameter, there may be some hundreds. They are

delicately-walled bodies of globular, more rarely oval, figure,

as a mean about 0*012 millimetres in diameter, with hyaline

contents, pervaded more or less by dark granules. Their

position, form, and appearance, give in all respects the indu-

bitable impression Of cell-nuclei. Acetic acid and alkalies

do not cause any coagulation, but a solution of the contents.

Alcohol causes a coagulation of the contents, which be-

come darker. Tincture of iodine produces the same effect,

at the same time the contents becoming dark brown. The
author sometimes thought he recognised a second inner

contour—a nucleolus—but only rarely, and at best but

indistinctly.

VOL. XVII.TBsNEW SEB, Z
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In the living state he sometimes recognised noteworthy

alterations. In place of the firmer or coarser, darkly-shining

granules in the inner space, these not distinguishable from

those in the protoplasma, he noticed to occur a number of

large structures. These were roundish, sharply contoured,

by-and-by with a punctiform centre. This centre enlarges,

along with the body itself and shows itself as a cavity, appa-

rently filled with a hyaline substance ; they then have the

appearance of nuclei with comparatively large nucleoli, or

they might be taken for cells with several nuclei (fig. 12).

These " nuclei of the nuclei" (Kern-Kerne) grow consider-

ably, the inner cavity of the nucleus at the same time ex-

panding, until at last it bursts, the " nucleus brood" passing

out into the parenchyme of the Pelomyxa (fig. 12). Here
the inner cavity becomes more and more expanded, so that

finally the outer peripheral layer disappears, and then only

a simple, sharply contoured, hyaline, and shining body of

round figure has originated from it. This the author holds

to be the origin of the second class of bodies above men-
tioned—the " Glanzkorper"—and which are, he thinks,

probably to be regarded as the zoospores.

These bodies, like the nuclei, but in still greater numbers,
are scattered in the inner parenchyme (fig, 11). They are

mostly globular, many also are oval, pyriform, or more rarely

irregular, even hollowed, lobed, or furrowed. The smallest

have a diameter of about 0'006 mm., the largest over 0'06

mm., the mean size, about 0'02—0'03 mm., being, however,

by far the most numerous. They consist of a solid shining

capsule, and usually completely hyaline and homogeneous
contents. Dilute acetic acid has little eff'ect, but under con-

centrated acid the peculiar shining appearance sooner or

later disappears, they lose their firm appearance and col-

lapse, and their contents become as if granulate. Alcohol
produces the same result. Iodine colours them intensively

brown. Sulphuric acid completely dissolves them.
Although the author is most given to the opinion that

these bodies originate from the nuclei, as above mentioned,
he sometimes thought that they might originate direct from
the protoplasm, since he frequently saw these scattered in

numbers through the protoplasm, the nuclei around at the

same time perfectly unaltered.

These bodies increase in the interior of the Pelomyxa by
means of dimsion. They are found biscuit-shaped, more and
more constricted, and the portions on the point of separating,

such divisions, however, not always dividing the body into

equal halves, but sometimes only a small portion being cut
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off in the form of a bud. The division takes place along
with the capsule, not merely inside it.

The author sometimes noticed in some of the largest of

these bodies delicate outlines of an irregular figure, as if the

contents had partially receded from the wall ; in other words,

as if a certain amount of amoeboid movement of the contents

had taken place. He sometimes, too, thought he had seen

the delicate outline of a nucleus. He could see no further

development of these bodies. It is probable they are expelled

at a certain stage of maturity.

On one occasion the author placed an apparently defunct

example under the microscope ; it showed, in fact, a rugged,
almost crumbling appearance, manifestly near a break up.

But he was surprised to see a remarkable spectacle. Around
the whole outer margin of the Pelomyxa there came forth an
incalculable number of minute "Amoebae" surrounding the

mother-body in a thick, annularly arranged crowd. These
showed all the same habit, movements, and size. Each
showed a nucleus with nucleolus, and a contractile vesicle,

the latter mostly quite posterior (fig. 13). After its dis-

tinctly perceptible contraction several minute vesicles made
their appearance in the same place ; these gradually uniting,

reproduced the single vesicle of the original size. In about
half an hour their movements became weaker and slower.

In place of the vigorous amoeboid contractions of the whole
body, merely single hyaline lobes or finger-like processes

were extended (fig. 14) ; as they contracted one by one into a

globular or pyriform figure, a resting state set in. Then a

long vibrating filament was projected from the body, and so

the metamorphosis of the Amoeba into a flagellate form was
completed (fig. 15). After some rapid rotating movement
the author could not any further follow out their fate.

The question arises whether these little Amoebse really

represented a development state of the Pelomyxa, and,

further, whether these originated from the shining bodies

(Glanzkorper)

.

The fact of the Amoebse issuing under the author's

eyes from the Pelomyxa-body, and in such great quantities,

he thinks, shuts out the idea that they were foreign or

parasitic bodies, whose germs had been merely previously in-

cepted. As to the second point, he likewise thinks there could
have been no other origin further than the shining bodies.

In the interior of the Pelomyxa example there occurred very
few of these in the normal state, but, on the other hand,
many paler bodies, which looked like their empty and col-

lapsed capsules.
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The third special constituent of the contents of this

remarkable sarcodine, Pelomyxa, are the bacillar bodies.

Besides the nuclei and the shining bodies occur in the

parenchyma innumerable quantities of fine hyaline bacillar

bodies, of greater or less length, but in general very short, in

the mean not over 0006—O'OOS mm. in length. They lie, like

the other structures, free between the vacuoles, and become,

like them, moved about by the amoeboid movements of the

Pelomyxa (fig. 11). Sometimes they surround the shining

bodies so closely that the author fancied they took their

origin therefrom. Their surface is smooth and contents per-

fectly hyaline. The author sometimes thought there was a

longitudinal canal in their interior, as well as a transverse

striatum ; but he could not satisfy himself of either.

These bodies consist of organic substance, as shown by
their behaviour in presence of reagents. Removed from the

body they show a dancing, that is, molecular, movement.
The author could make out nothing of the significance of

these bodies.

This curious sarcodine has been found near London by
Professor Ray Lankester. It has not turned up anywhere
else in the United Kingdom, though it probably must occur

with us in similar situations.

HyalocUscus ruhicimdus, Hertwig et Lesser^ (fig. 16).

The form so designated as the type of a new genus is

distinguished from any known Sarcodina by the peculiar

method of its locomotion. Unlike other naked forms, this is

not effected by means of pseudopodia, nor by a stream of

protoplasm forwards, into lobes of the body projected

anteriorly, but the movement affects all points of the surface

alike, and only the direction in which the individual parts of

the superficies move determines that in which the whole
organism glides onwards.

An example seen under a moderate power appears as an
oval body of a brick-red, reddish-brown, or greenish-brown
appearance gliding along. Under a higher power this can

be seen to form only the reddish middle portion surrounded
by a colourless and hyaline border. Then the object appears

as a colourless disc with a granular coloured mass im-
bedded, usually occupying the median portion of the disc,

but sometimes more towards the posterior ends. This mar-
gin is found to be homogeneous and structureless, and it is

with difficulty seen, whilst the coloured median region is seen

to be more or less sharply marked off therefrom. Besides

' Loc. cit., p. 49, t. ii, fig. v.
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the pale-bluish granules of every granular plasma, occur tlie

here characteristic ones ; this central substance further shows
a greater or less number of irregularly oval-figured bodies,

varying from a greenish-brown to a reddish-brown tint.

These the authors regard as manifestly more or less assimi-

lated food-substances of vegetable origin, becoming more and
more reddish the more they have become digested. This

coloured region further possesses a number of vacuoles,

sometimes difficult to be made out owing to the opacity of

the body-substance. The authors were unable to determine

if these were contractile, an observation, indeed, rendered

the more difficult owing to the constant rolling movement of

the organism, causing a vacuole brought under view to be

the next moment withdrawn from observation.

The general opacity of the form rendered a critical exami-
nation of the nucleus impossible, but the presence of this

body, of ordinary character, was rendered evident by appli-

cation of acetic acid and subsequent pressure.

The foregoing curtailed description applies to the ordinary,

that is, the flat, view of the organism as obtained from above.

The authors sometimes succeeded in obtaining a profile view
as it crept along the surrounding objects. They were then
able to see that the lower part of the animal, sometimes
smooth, sometimes bent, adapted itself to the conditions of

the surface on which it moved, whilst the, so to call it,

dorsal side formed a hump-like elevation. This elevation is

formed of the coloured granules, and, according to their

position, as seen from above, it appears sometimes median
and sometimes at the hinder end. Sometimes this elevation

is steep, explaining why sometimes the median region, as

seen from above, appears so sharply marked off from the

hyaline border. This latter, in this side view, is seen to

encompass the organism above and below.

The most remarkable, and also characteristic, feature of

this form is its mode of locomotion. Still less than in an
Amoeba this is effected without the aid of pseudopodia ; only

a very slight alteration of contour, with the slightest possible

wave-like expansions occur, too slight, the authors think, to

account for the movement of this sarcodine. By the appli-

cation of higher powers the authors made out that the pro-

gression was effected by a revolution or rolling move-
ment of the whole body, so that each point of the superficies

comes to be in a constant rotation, by virtue of which it

advances from the posterior end forwards to the anterior,

and then to the " ventral," and so on, like a wheel. This
action can be the more readily seen by watching certain
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foreign bodies, such as bacteria, frequently attached to the

superficies of the sarcodine, as they are passively carried

onwards. This rotation is not confined to the outer layer,

the whole body-mass partakes of it : by focussing-in, they

could see that each granule described its circuit, the nucleus,

though nearly central, making its comparatively short excur-

sions, sharing, as it must, in the rotating movement of the

whole body-mass.

This interesting kind of protoplasmic movement, the

authors think, can be explained only by assuming that every

point of the body possesses a nearly equal amount of con-

tractility, as Max Schultze did to explain the protoplasmic

current. Were there a passively moved endosarc and an

actively moving ectosarc, the former could be only mechani-

cally set in motion by the latter, its energy getting gradually

lost inwards and absolutely ceasing at the middle. But
here this is not the case, as there is no difference perceptible

in the rate of movement of the inner and outer portions.

Rolling thus onwards this sarcodine but little alters its

general figure, and that only from more or less of an oval to

round, its upper elevation the Avhile more or less steep or

depressed. An alteration of the direction of movement is

brought about by an alteration of the direction in which the

body-parts rotate.

The authors did not directly observe the inception of food,

which must become simply pressed inwards as the organism

glides onwards.

Its size is very variable, its longitudinal diameter being

from 0-03—0-06 millimetres.

Dactylosphcerium vitreum, Hertwig et Lesser,^ (figs. IV, 18)

Under the foregoing common name, the authors, ad
interim, combine two forms, agreeing indeed in their main
characters, but still showing some constant differences, and
therefore probably, in reality, distinct species. Both possess

an irregularly rounded figure, from about '06 to 'OlS milli-

metres in diameter. The protoplasm is hyaline, containing

immersed therein a great number of variously sized,

coloured, strongly refractive granules. In one of the forms

these are constantly of a bright clear yellow, in the other

constantly green, these differences accompanied by other

minor ones proper to each. These coloured elements are

crowded and fill the body-mass all but a narrow hyaline

border ; so crowded are these that the authors were unable to

' Loc. cit., p. 54, t. ii, fig. 1, A and B.
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perceive a nucleus, but they noticed in the yellow form
several contractile granules.

From the body radiate everywhere around the broad,

blunt, slightly conical, pseudopodia, in length reaching about

a half of the body-diameter, and like the border, they con-

sist of a perfectly homogeneous, quite clear, glassy-looking,

plasma. In most, if not all, of the examples of the green

form the whole superficies (including the pseudopodia), was
covered by peculiar protoplasmic, hair-like prolongations,

resembling the partial one of Amoebae, but not the same; no
movement was perceptible in these minute villi. Very pecu-
liar is the mode of retraction of the pseudopodia : one about
to become drawn in abruptly alters its figure—its usually

smooth surface becomes uneven and irregularly hollowed out
here and there—whereupon it quickly flows back into the
body-mass. The whole process conveys the impression as if

the pseudopodium had suddenly lost its turgidity.

A further distinction between the two forms is seen in the
mode of motion. The green animals lay mostly at rest as

more or less regular balls, and only these, with their not
numerously projected pseudopodia, showed a slow forward or

backward movement. It was quite different with the yellow
animals. These not only moved with comparative rapidity

by aid of their quickly projected, mostly numerous pseudo-
podia, but even their body-mass took an active share in

locomotion, similarly to that of Amoeba. In this form the
authors saw a division and separation into two of a single

individual.

The authors suggest the possibility that their green form
might be one and the same thing with the form described

as a variety of Amoeba radiosa, by Auerbach.^ But the fact

that in that form the granulated contents, completely filling

the body-mass up to the very margin, and passing even into

the pseudopodia, is regarded by the authors as speaking
very strongly against the identity of that with this form, in

which latter, such never takes place.

Leptophrys cinera (fig. 19), L. elegans, Hertwig et Lesser
(fig. 20).

The forms for which the authors establish a genus under
the above name belong indeed to the most delicate-looking

of Sarcodina. Their protoplasm is very pellucid, thickly

permeated with vacuoles of small and nearly equal size, and
non-contractile ; the interspaces are filled with very minute

^ Auerbach :
" Ueber die Enizelligkeit der Amceben " iu ' Zeits. f. Wiss.

Zool.,' Bd. vii, p. 401.
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granules, almost looking like minute pearls. The authors

noticed the presence of a nucleus but seldom, still, indeed, in

the example under observation, three nuclei were present^;

they possess a central bluish nucleolus. The pseudopodia are

slender, pointed, free from granules, and unbranched ; they

are not equally distributed over the body-surface, but rather

confined to the extremities of the lobe-like extensions of the

body ; at these places they often take origin from a homo-
geneous protoplasm, free from granules and vacuoles.

The locomotion is effected by the conjoint action of these

amoeboid protoplasmic processes and of the pointed pseudo-

podia emanating from them. This takes place pretty actively,

in one place a process being rapidly drawn in, along with

its bundle of pseudopodia, only to give rise to another at

another place. Unlike Vampyrella Spirogyree, this form
would appear to have no choice in selection of food.

Examples were found, sometimes side by side, of two
different colours ; in one the pearl-like granules were per-

fectly colourless and pellucid, in the other of a light greyish

brown ; in other respects the two organism were alike, and
hence the authors were somewhat doubtful as to whether
these were really distinct species or merely accidental varie-

ties. Since they incline to the former view, as they never

met any other tones of colour or intermediate tints, they
describe them under distinct names. They were, further,

long doubtful as to the propriety of a new generic name, as

the form came so close to the description given by Cien-
kowski, for his Nuclearia.i

But the following circumstances decided them not to

subordinate their form to Nuclearia. Though Cienkowski
says (for his form) "rich in vacuoles" that would not at all

characterise the completely " bubbly " parenchyme of Lep-
tophrys, due to the constancy in the size of the vacuoles.

Further, the specially characteristic equability in size and in

the distribution of the granules, and the peculiar flow of the

body into numerous lobes, find no mention in Cienkowski^s
description; it may be assumed, therefore, that these charac-

teristics are wanting in Nuclearia. Again, the contractility

of the vacuoles, and the peculiar mode of sucking in its

nutriment in the latter, and the much larger size of the

nuclei, are further striking points of difference.

In conclusion, the authors touch upon the question as to

the possible identity of their Leptophrys ciner-ea with Cien-

kowski's Vampyrella vorax. But as the latter author does

1 ' Archiv f. Mikrosk. Anat./ Bd. i, p. 225.
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not say anything of the peculiar richness in vacuoles, and
further describes V. vorax as brick-red in colour, the possible

identity seems to the authors to be excluded.

Although, then, there is a good deal of resemblance, the
authors could not relegate their form to the genus Vampy-
rella for the two reasons—the peculiar bubbly nature of the
protoplasm, absent in Vampyrella, and the presence of

nuclei, not yet demonstrated in Vampyrella (hence, as well
known, claimed as a Moneron).

Vampyrella Spirogyrce, Cienk.i

Cienkowski himself, in a subsequent paper,- touches on
the proposed genus Leptophrys (referring to L. cinerea)

and its relation to the above named. He again had an
opportunity to investigate his V. vorax, and re-examined it

with a view to decide if its colour were a constant feature as

to discover if it could assume a vacuolar consistence.

In respect to the first inquiry, the author thinks it can
be answered in the affirmative. Digestive cysts of V. vorax
taken on the same occasion, amongst diatoms, showed red,

brown, and white cysts, side by side; the young form emerg-
ing from these followed the same colours ; those from the

white cysts were colourless, the brown gave greyish-brown,
and the red brick-coloured individuals. He is inclined to

conclude that the colour depends on the nature of the food,

though not proven ; hence Avould refer the red and brown as

well to V. vorax.

Touching the vacuoles, as he had previously been looking

for contractile vacuoles only, he had given no attention to

the ordinary vacuoles. He now states V. vorax possesses

these in abundance, and hesitates not to refer L. cinerea

(written cinerasens by Cienkowski), Hertwig and Lesser, to

his own Vampyrella vorax.

Aranchula impatiens, Cienk.^ (fig. 21)

.

With this name Cienkowski records a colourless, naked
protoplasmic being, with the general characters of a Vam-
pyrella, but distinguished by the presence of contractile

vacuoles and by anastomosing, but little branched, pseudo-
podia. One of the most usual forms assumed by it is that

of a long-drawn-out string, broadened out at the ends into

radiating lobes ; but such lobes may occur anywhere along

^ " Beitrage zur Kenntniss der Monadeii " in ' Archiv f. Mikr. Anat.,'

Bd. i, pp. 203 et seq.

2 Schultze's ' Archiv,' Bd. xii, p. 24.

3 Cienkowski, loc. cit., p. 27, t, v, figs. 18—24.
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the string. The body-mass consists of very fluid protoplasm,

in which are scattered strongly refractive particles and a few

contractile vacuoles. The author could discover no nucleus.

Very characteristic are its energetic movements, as it sends

out long strings in advance, which quickly draw after them

the main mass, this play thereupon to be repeated in another

direction. But this restless action is sometimes followed by

a more quiet demeanour, the pseudopodia alone executing a

tremulous and aimless waving about. A granular current

is noticeable in the pseudopodia.

The author did not succeed in following out any develop-

ment process. He only saw (like as in Vampyrella) the

formation of pellucid, variously figured, digestive cysts, the

contents colourless, fluid, the food-balls inclosed in vacuoles.

These when commencing showed contractile vacuoles towards

the periphery. The contents of these cysts did not become

divided, but passed out unaltered through an opening in the

Avail of the cyst.

The author found this form in Germany and Russia, and

in the brackish water of the Black Sea.

The only distinction between this form to distinguish it

generically from Vampyrella seems to be the few contractile,

not many seemingly non-contractile, vacuoles—a distinction

of little importance. Even the " non-contractile" eventually

disappear, and probably, after lo7ig intervals, reappear.

Gymnophrys cometa, Cienk.i (fig. 22).

This is described by the author as a moneron, whose

anastomosing pseudopodia possess a distinct granular current,

and is mainly characterised by the pseudopodia being con-

fined to only a few points of the surface of the body, not

regularly distributed over it. Gymnophrys is a naked, colour-

less, protoplasmic mass, without nucleus and without con-

tractile vacuoles, from which are given off" at any place, but

always sparingly, very long branched and anastomosing, very

wide-spreading pseudopodia. The movement of these ulti-

mate thin pseudopodia, as also of the granules, is very quick,

although the larger strings formed by them remain for hours

unaltered. Ingesta seldom met with. The author observed

no development process.

In respect to the position of the form, the author would

regard it as a naked representation of the Amphistomatous
Monothalamia.

But wanting a nucleus (as it would appear), it must, if it

1 Cienkowski, loc. cit., p. 31, t. v, f. 25,
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be truly an independent form, he pro tern, relegated to the

Monera. I may, perhaps, be forgiven for the guess, but the

figures of this Sarcodine remind one not a little of a portion

of the mass of a Gromia become isolated and detached by
some readily conceivable force, having wandered too far from

the headquarters. If the author's suggestion be borne out,

it would very likely form a parallel for the naked Lieher-

kuhnia (Clap, et Lachm.), as compared with the Monatha-
lamia Monostomata. It would be very desirable that

Lieberkiihnia could be rediscovered and subjected to a fresh

research. Claparede's and Lachmann's supposition, that

Bailey's Pamphagus could be one and the same thing is, I

feel satisfied, quite out of the question ; that form is a wholly
different thing.

Plakopus ruber, E. Schulze^ (fig. 23),

is the name given by the author to a curious Sarcodine, ren-

dered unique, as it is, by the remarkable form of the pseudo-

podia. It is a naked acyttarian Amoeban rhizopod, with
pseudopodia, not in the form of lobes, or simple or branching,

finger-like or filamentary prolongations, but taking the form
of thin, membrane-like lamellce, these not spreading, like

ordinary pseudopodia, upon the substratum (as, for instance,

on the glass slide), but projected free in the water, and
uniting here and there where they touch, they form around
the body-mass a number of irregularly rounded, cup-like,

hollow spaces, widening upwards. The distinction into a

hyaline, equally refractive ectosarc, whence are formed the

pseudopodia and an inner body-mass, with its varied con-

stituents, though without any sharp line of demarcation, can
be readily made out. The most striking element in the

interior are the scarlet, brick-red, or sometimes brownish-red,

or it may be greenish, particles of varying size. These
colours may be found gradually merging one into the other,

some intensely green, others pale brownish-green, then
reddish-brown, and finally a clear red. (I venture to think

it might be as well denied that these coloured granules

belonged to the form under consideration, as the green
granules of Cochliopodium and others.)

A single or several nuclei are present, in the ordinary

state not easily noticeable, but under reagents readily be-

coming evident. A comparatively large nucleolus is sur-

rounded by a broad, clear, rounded border, its outer limits

only seldom sharply marked.

^ Ed. Schulze, loc. cit., p. 348, t. xix, figs. 9—16.
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A variable number of different sized pulsating vacuoles is

scattered through the body-mass.

When an example creeps flatly expanded on a substratum,

the two regions of the body-mass—that is, the inner one

with the above-mentioned elements, and the outer stratum of

sarcode, quite hyaline or extremely minutely granulate,

from which pass off the thin lamellar pseudopodia—appear

sufficiently distinctly contrasted. But if, on the other hand,

which is mostly the case, the elevated membranous pseudo-

podia form a complicated system of hollow cavities (as

described), and this more at one side than the other, the

limits of the two regions become more indistinct, and some-
times only with difficulty recognisable.

Ordinarily the inner mass sends up a number of slender

prolongations with contained pigment-granules, more or less

far between and through the septa of the superficial cup-like

cavities, imparting to such an example, seen from above, a

peculiar, irregularly radiate aspect. Sometimes a portion of

the inner mass, destitute of colouring granules, but containing

vacuoles, may even enter into a pseudopodial lamella.

Whilst mostly the free borders of the lamellar pseudopodia

appear quite smooth, they sometimes appear toothed, as if

bitten ; once the author saw on the margin of one a few fine

filamentary processes.

The author's efforts to " cultivate" this form were not

successful, so that the only clue he was able to discover as to

its reproduction was afibrded by certain sharply bounded
globular bodies, met with in the same material, of about the

same diameter, surrounded by a thin, clear membrane, and
containing a great quantity of similar coloured reddish -brown

granules, as in Plakopus in the usual state, as well as a

number of globular bodies (of about the same size as the

nucleolus of this sarcodine), these sometimes distributed in

an equatorial zone.

Mastigamceha aspera, Eilhard Schulzei (fig. 24),

is peculiarly remarkable for the possession, concurrently with

indubitable pseudopodia, of a well-developed flagellum. The
only hitherto recorded organism possessing both pseudopodia

and flagellum appears to be that to which Carter (who saw
but a single example) had given the name oi Amceba ciliata i^

it may be possibly (but appears scarcely) the same thing, but

' Loc. cit., Bd. xi, p. 583, t. xxxv, figs. 1—3.

" Carter: ' Anp. and Mag. of Nat. Hist.,' vol. xiii (18Gi), t. ii, f. 19.
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must most likely be referred to the same genus, as well as

the Podostomajiligerum, Clap, et Lachm.^
The present form resembling, as it does in several points,

the Sarcodine described by Hertwig and Lesser as Dactylo-

spharium vitreum, might be mistaken therefor. But that

form has no flagellum.

Notwithstanding the mobile character of the body-mass,

and (like others of its class) constant changes of contour,

still a certain type-form, that is to say, that general figure

most frequently recurring and longest retained, was not to

be overlooked.

This might be compared to that of a spindle, at one end
more pointed, at the other broadly rounded off, and com-

pressed above and below. From the surface of the body

—

so far as not in contact with the substratum—numerous
finger-like pseudopodia proceed. These are about as long

as the diameter of the body, usually simple, rarely joined at

the base, and with rounded, sometimes conically, attenuated,

never filamentary or pointed, extremities. Whilst the posi-

tion and direction of the pseudopodopia, sometimes long

drawn out and again wholly retracted, are, on the Avhole,

variable, still a certain law of arrangement might be noticed,

and when once noticed, it readily again strikes the observer.

Thus, in the normal figure of the sarcodine, they are but

very slightly developed on the "dorsal^' surface, whilst, from
the alteral margins as well as from the attenuated anterior

extremity they somewhat copiously radiate ; at the posterior

end they remain comparatively short, thus the whole gains

some of the superficial aspect of some laterally symmetrical
creeping animal.

It is noteworthy that, by reason of the occurrence of the

flagellum at a definite position of the body, this being
directed straight forward, a differentiation of poles, with a

definite principal axis—an anterior and posterior extremity

—

become expressed. But a definite transverse axis does not

seem to exist, still less any real or permanent distinction

between " dorsal " and " ventral " surfaces.

The body consists of a hyaline, strongly refractive, colour-

less cortical region, from which the pseudopodia are direct

processes, and more thinly-fluid contents, permeated by
reddish-yellow globules and colourless granules, the latter

as usual, being the seat of digestion.

The most interesting characteristic of the form is the

flagellum. This is about 0*06—0*08 mm. long, forming a

' Clap, et Laclim., ' Etudes sur les Infusoires et les Rhizopodes,' p.

441, t. xxi, f. 4—^.
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very fine filament, of equable but hardly definable diameter,

and considerable refractive power. It proceeds from the

cortical layer without any basal expansion ; it is not dimi-

nished at its apex, but ends as if abruptly cut off". In the

ordinary progressing condition of the sarcodine, it appears

precisely at the anterior extremity, and fully extended,

though, as will be understood, that on certain alterations

of form and figure of the body-mass ensuing, it is some-

times withdrawn from observation. When in full view it

is carried like that of a Euglena, extended and tentatively

waved about. It is sometimes spirally curved, the coils

running along it like advancing waves. These movements
may be arrested, the flagellum remaining in the same position

for a considerable time, as if wearied. The author never saw
any retraction of it, or division or branching, or any current

of granules in it—or, in short, he did not observe any ten-

dency to evince " pseudopodial " characteristics.

Another peculiarity of this curious form is its surface

being covered over with minute bacillar bodies, best com-

parable, as it were, to certain bacteria, and of greater refrin-

gent power than the cortical substance itself. These little

bodies ordinarily lie with their longitudinal axis parallel to

the superficies of the body, on which they appear coherent
;

they sometimes stand off" obliquely or vertically. Thus the

whole surface gains that rough appearance Avhich induced

the author to employ his specific name. Sometimes, when a

pseudopodium becomes considerably elongate, these bodies

become separated, and the upper part of a pseudopodium

may thus become almost or quite free from them and appear

smooth and clear.

The author thinks it highly unlikely that this form could

be identical with Hertwig and Lesser's Dactylosplicerium
vitreum, as the fringe of minute processes around that form

are quite different from the bacillar bodies here described.

Nay, Mastigamoeba itself gives off sometimes very minute,

thinly scattered, and slender but longer processes of similar

nature (comparable to those of Amoeba mllosa), from the

posterior pseudopodia.

The outer border formed by the ectosarc averages in breadth

about 0005 millimetre. Besides the minute, strongly re-

fractive granules of varying size, characteristic of every

sarcodine, other larger globules (some 0"003 millimetre in

diameter and more) occur, partly colourless and then darkly

and sharply contoured, partly yellowish-red or reddish-

brown, imparting to the endosarc its orange-red aspect.

Near the limits between ecto- and endosarc, there occur in
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the latter, one or two^ rarely more, globular vacuoles, not
showing distinct rhythmical pulsations, but still originating

and again disappearing. These occur constantly at the pos-

terior end.

Just under the frontal flagellura and from the anterior end
of the granular endosarc an irregularly rounded, smoothly
bounded, rather strongly refractive body, of about 0*009

millimetre in diameter, projects, rendered more striking as

it does not appear in direct contact with the ectosarc, but is

separated therefrom by a region of clearer, probably more
thinly fluid, character. The outer contour of this clear space
does not run parallel to the approximately round surface of

the dark body, but is drawn out anteriorly into a point, Avhich

touches up quite to the base of the flagellum. Whether
there were any direct communication of this clear space
with the surrounding water—any kind of oral opening—the
author could not decide. The dark body seems to lie in a

depression of the endosarc, the thin fluid mass probably,
indeed, encompassing it all round. In its interior it shows
a number of minute, globular, sharply bounded, clear spots,

which have the power to alter their positions, the whole
body having the power to alter its figure from globular to

oval, or bluntly angular.

It is doubtful whether the peculiar body so described is to

be regarded as the whole nucleus or perhaps as nucleolus
only. In the first case a nucleolus and nuclear membrane
would be wanting; in the latter case the clear mass sur-

rounding the dark body, sharply bounded, but not limited by
a membrane, would be regarded as nuclear contents. Very
striking, then, would be the connection of the anterior pointed
end of the outer part of the nucleus with the body-surface
of the whole animal and just at the place of the insertion of
the flagellum.

The very few examples of this remarkable form seen by
the author were rather mobile, and soon began, after some
irregular turnings, to move straight away as described, with
manifold alterations of form and position, the pseudopodia
the Avhile projected and retracted.

The author did not observe the act of inception of food,

though he had several times seen the ejection of fecal

matter and from the posterior end, without, however, per-
ceiving any marked anal region ; nor did he notice any kind
of reproductive process.
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LoxosoMA.^ By Carl Vogt, Professor at the University of

Geneva. With Plate XXII.

The paper opens with a historical preamble, in which the Author
gives an account in chronological order of the various papers

relating to the genus Loxosoma, which have appeared from the

year 1863, when it was first observed by Keferstein, and almost

simultaneously by Claparcde, to the present time.

A'ogt^s researches were conducted at Eoscoff, and the species

which he has studied is one new to science, which he has named
L. phascolosomattmi, and briefly characterised as follows: "Ten-
tacles 12—18. Pedal gland wanting; number of buds never

exceeding two.'^ It attaches itself to the pointed, caudal ex-

tremity of the worms {Phascolosoma elongatum and margarlta-

ceum), where it forms a small tuft, hardly visible to the naked
eye.

Methods of Observation.
As the Loocosomas are very firmly attached to the epidermis of

the wornm it is almost impossible to remove them unmutilated.

To observe them in sitil,\\\^ extremity of the tail bearing the tuft of

Poli/zoa must be cut off with a pair of scissors, and placed entire

under the compressor, care being being taken merely to fix and

not to compress the polypides. In this way the movements of

the Loxosomas and their mode of attachment may be readily

studied. But to examine them with high powers it is of course

necessary to detach them, and to do this, the Author recommends
that the extremity of the tail of the annelid, after it has been cut

off, should be scraped with a scalpel, and all the detritus thus

obtained be covered with a piece of thin glass. Amongst muti-

lated Loxosomas, pieces of the stem, &c., many uninjured

polypides, attached to fragments of the epidermis, are sure to be

found. These fragments serve to prevent the undue compression

of the animals by the glass, which merely fixes them sufficiently

to render it possible to draw them with the Camera lucida.

The author has made his observations almost exclusively on

living animals, by means of transmitted light. Patience and

abundance of material have been the conditions that have

secured his results. All his figures have been taken with the

camera from living animals, and finished, as far as possible, with

the object before him. They are in no degree diagrammatic

;

" for if I have a horror of anything," he says, " it is of the

so called semi-diagrammatic figures, in which authors mingle

with the facts observed their own theoretic views, in such a

1 " Sur le Loxosome des Phascolosomes " (' Loxoaoma Phascolosoniatum')

par Carl Vogt, Prof, a, I'Universite de Geneve. Translated and condensed,

by the llev. Thomas Hincks, F.R.S., from the 'Archives de Zoologie

Experimentale,' 1877.
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manner tliat it is impossible to tell what has been observed and
what has been imagined."

" I have worked/' the Author adds, " upon sections hardened

in alcohol or chromic acid ; I have employed the different

reagents in vogue, such as osmic acid, and I have not neglected

the methods of staining so much practised now-a-days by histo-

logists. But I must confess that all these methods of investiga-

tion have taught me nothing that I could not see in the living

animal. If certain details were rendered more distinct, as, for

example, the cells in the stem, which are coloured by the picro-

carminate of ammonia, while the gelatinous substance filling it

remains uncoloured, the tissues in general became so opaque
under the treatment, that I no longer succeeded in reading their

structure. I have, therefore, abandoned these methods, which
demand much time and care, and in the present case could give

me no positive information upon points which direct observation

of the living organism had failed to solve."

The Body and the Skin.

The body of the Loxosoma^ apart from the stem to which it is

attached, may be divided into two parts : the tentacular apjjaratus

and the hod^ proper.

The former consists of a hood (a), and a variable number of

tentacles attached to it, and is formed by a direct continuation

of the skin surrounding the rest of the body (b), within which
are lodged the digestive and reproductive systems. The space

enclosed by the hood {capuchon) is called the vestibule (c), and
into this the mouth, the generative organs, and the anus, open
directly.

General cavity of the body there is none. There is no empty
space amongst the organs ; the gaps between the latter and the

skin are occupied by hypodermic cells, out of which the gene-

rative organs are formed.

The form of the animal viewed in front may be compared to

that of a pear reversed, the stem being attached to the enlarged

extremity (PL XXII, figs. 2, 3, 4). But this pear-shaped body
is flattened, or even concave on one side and convex on the

other (PI. XXII, figs. 1 and 5). On the concave side, and
almost in the middle of the hollow, is a circular, dilatable

opening, through which the tentacles are put forth.^

Throughout the paper the concave side with the opening is

designated the ventral aspect, while tlie side which is convex and
entire will be the dorsal aspect; the extremity to which the

1 This peculiarity in the position of the tentacular crown, placed as it is

on one of the sides of the body, instead of at its summit, has suggested the
generic name,

VOL. XVIT. NEW SER. A A
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stem is attached is designated the posterior, and the opposite the

anterior. It must be understood, however, that these terms do
not express any homological relation, but are simply topo-

graphic, employed to facilitate the comprehension of the figures

and descriptions.

The skill of Loxosoma is composed throughout of two ele-

ments, a homogeneous and transparent cuticle and a hypodermic
layer, made up of granulous cells, associated at certain points

with muscular fibres, more or less pronounced.

The cuticle [a) is structureless ; it is rather thick over the

surface of the body proper and of the stem, but becomes attenu-

ated over the tentacular region, though easily recognisable

throughout. It is clearly elastic to a certain extent, and yields

readily to the pressure of the internal organs, bulging out over

the eggs and visibly throwing itself into folds under the influence

of the muscular contractions.

The hypodermic layer {b), closely united to the cuticle, of

which it is undoubtedly the matrix, is composed as a rule of a

single stratum of very granulous cells, irregularly shaped, which

projects on the inner side, and in which minute nuclei, differing

but slightly from the granular protoplasm, may be detected with

difficulty. This layer is coextensive with the cuticle, and pre-

serves, for the most part, an uniform thickness. ^ It is continued

over the tentacles and the stem ; but in these two cases it com-
bines with other elements, which will be noticed hereafter.

The author has no doubt that the rudiments of the generative

organs and their contents are derived from the hypodermic cells.

No histological element is met with, apart from tliese cells, that

could contribute to their formation. The reproductive organs of

Loxosoma^ to employ the recognised phraseology, are therefore a

product of the ectoderm.

The skin, speaking generally, over the whole extent of the

body presents the appearance of an uniform, smooth layer, with

a look of rigidity. At a definite point, however, between the

posterior margin of the tentacular crown and the anterior extremity

of the stomach there occur a few superficial folds or creases (r),

which are palmate in form and placed transversely. They seem to

depend on the position of the thick anterior lip-like appendage
which guards the entrance to the oesophagus, as we shall see

hereafter, making their appearance when it is closed and at rest,

and disappearing when it is raised to allow of the entrance of

food.

' One or two exceptions are noted, but they appear to have no special

significance .

—

Transl.
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Organs of Sense.

On each side of the body, placed somewhat on the dorsal

aspect and on a level with the enlarged portion of the intestine

(the rectum), is a papillary eminence [d, PL XXII, fig. 11),

from which rise a number of short, somewhat rigid bristles. The
cuticle is continued over the. papilla, but is attenuated towards

its summit. In the interior a number of elongated, conical, con-

verging cells are visible, with the pointed extremity directed

upwards, and apparently in direct communication with the

bristles, which rise from the papilla. These bristles are acumi-

nate, and appear to be slightly flexible, but exhibit no move-
ments of their own.

The papilla, on the contrary, are eminently contractile; they

shrink into themselves ; the summit is drawn inwards, leaving a

crater-like depression, in which the bristles are concealed, and
when the contraction reaches its extreme point nothing is visible

but an insignificant rising of the skin without any trace of spe-

cial structure. The papilla are present on the buds in the later

stages of their development, before their separation from the

parent, and on the two sexes alike. The contained cells, like

those which compose the hypodermic layer, are finely granulated

and without any apparent nucleus.

As to the significance of these bodies, they resemble in structure

the tactile or sensitiwe papilla, which occur in so many animals,

and have, no doubt, a similar function.' A difficulty indeed lies

in the way of this interpretation, from the fact that no observer

has yet detected any trace of a nervous system. The author has

sometimes fancied that he could make out lines, as it were,

radiating from the papilla towards the middle of the body, but

there was so little definiteness about them that it was impossible

to draw them, and they might, with equal probability, be taken

as indications of superficial wrinklings in the cuticle. However
this may be, the existence of these structures, so evidently tactile

in their nature, seems to lead almost of necessity to the conclu-

sion that a nervous system must exist, perhaps similar to that

discovered by Nitsche in Pedicellina, and of which that author

considers he has found some indistinct traces in Loxosoma.

' The papilla of Loxosoma bear a close geueral resemblance to the tac-

tile organs wliich occur on the tentacles of the Hydroida, and which were
first described by Dr. Strethill Wright as pcdpocils. I am not aware that

any similar structure has hitlierto been noticed amongst the Polyzoa, with

the exception of the tuft of setts or sensitive hairs that is met with be-

tween the jaws of the aviculariuui in some of the Cheilostomatous forms;
unless, indeed, the extremely delicate setiform processes ranged along the

back of the tentacles in some species must be placed in the same category.—Transl.
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The Stem.

In the present species this organ is of very simple structure.

It is invested by a cuticle of tolerable thickness, especially in old

individuals, in which the lower portion of the stem takes on a yellow

colour, whilst it at the same time becomes more rigid (PL XXII,
fig. 1) . Beneath the cuticle are the hypodermic cells, present-

ing the same characters as over the whole of the body, but widely

separated, ranged in line and in communication with pale mus-
cular fibres, which traverse longitudinally the entire length of the

stem, and are distributed over the base of the body. These fibres,

which are very delicate and slightly connected, are clearly placed

immediately within the cuticle.

The cells are attached to their inner surface, and are arranged,

like beads, along the fibres, which have all the appearance of

being excreted from their walls.

The centre of the stem is occupied by a solid gelatinous sub-

stance, transparent as crystal, in which are disposed minute nu-
cleated cells of a pale colour^ fusiform or triangular, and from
these proceed in all directions most delicate fibrils,which ramifyand
anastomose, so as to form a complicated network, the ramifications

sometimes spreading in one plane, sometimes plunging towards
the interior of the stem. This structure is identical with certain

connective tissues that are met with in all parts of the animal

kingdom.
A pedal gland, such as has been described by Kowalewsky and

Schmidt in other species, is altogether wanting. The lower ex-

tremity of the stem is pointed like the nib of a pen, and though
it adheres firmly to the epidermis, there is no sign of any
special organ of attachment.

Transverse muscular fibres, antagonistic to the longitudinal

fibres, have not been observed. The muscular action must there-

fore find its antagonistic force in the elasticity of the cuticle and
of the connective tissue filling the stem. The movements of the

latter are very energetic, and, besides bending to one side and
then straightening itself, which is frequently done, it is occasion-

ally contracted into a spiral.

The Tentacular Apparatus.

This important portion of the structure is made up of two
parts—the liooil (a) and the crown of tentacles (d) .

The former is an attenuated extension of the skin, and has
exactly the shape of the hood of a cloak, which is fastened in

front of the person by means of a string. The body- wall,

strengthened by a thicker and more rigid cuticle and a more
higher developed hypodermic layer upon the dorsal side^ rises
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towards the anterior extremity of the boflj, and the hood is thus

turned downwards towards the ventral aspect, of which it occupies

the upper half. When it is fully extended, if the polypide is

viewed in profile, a membranous expansion is visible, distinctly

separated from the wall of the body by a circular depression,

having the form of a crown, slightly raised and delicately crenated

round its outer edge. When, on the contrary, the hood is con-

tracted, it completely conceals the tentacles folded in towards the

interior, and its orifice is reduced to a circular spot, which it is

often difiicult to detect. The cavity, enclosed in front by the

hood and below by the internal organs, is the vestihule (c,

PI. XXII, fig. 1).

The hood is eminently contractile, its contractibility being due

to a large circular sj^hincter {e), composed of delicate, parallel

muscular fibres, which form a band round its orifice.

Radiating muscular fibres to act as antagonists the Author has

failed to find, nor has he observed any histological element

whatever to which this function could be assigned. He, there-

fore, concludes that it is discharged by the elastic cuticle of the

hood, aided by the elevation of the tentacles which press against

its internal surface.

The tentacular corona (d) is composed of the tentacles or

arms.

It is an important observation that the number of the tentacles

increases, not only on the bud while in course of development,

but also on the polypide after separation from the parent, and

when the reproductive elements have made their appearance.

The number at the time of detachment is twelve ; but fourteen,

sixteen, and eighteen have been met with ; the latter seems to

be the limit. This observation shows that the number of

tentacles cannot be relied upon in the case of Loxosoma as a

specific character.^

The tentacles are always bent, even when most fully expanded.

They are not retractile, but can be partially coiled up within the

vestibule, and in this condition they exhibit slow, vermicular

movements. They are attached to the hood by a certain portion

of their external surface, but the inner extremity is free and
rounded off, and projects into the vestibule.

The structure of the tentacles is not easily determined.

When viewed in profile (PI. XXII, fig. 10) a pretty thick cuticle

is seen to form their outer surface, and beneath this the hypo-

' Amongst the Polyzoa generally there is great variability in the number
of the tentacles within the limits of a species. The sub-order Clenostomata,

however, offers an exception ; in this division the character is so constant

that it has been employed as a generic distinction. It is difiicult to under-

stand what special significance there can be in the presence of a few more
or less of these (usually) variable appendages.

—

TransL
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dermic layer extends througliout the entire length of the arm.

Prom this layer the large, pale, slightly granular cells [g] which
support the whip-like vibratile cilia, are readily distinguishable

;

they are ranged in two rows. There are indications which seem
to show that the cuticle is continued over the inner surface of the

tentacle. Besides the large whip-like organs, there are delicate

vibratile cilia distributed over the internal surface of the hood
between the tentacles.

The movements of the cilia are controlled by the will of the

animal ; when the tentacles are folded in, they may be seen to

execute very slight, undulatory movements, whilst they play with

perfect regularity when the tentacles are expanded. The move-

ments of the latter seem to the author to depend on those of the

hood. No contractile tissue has been noticed in the tentacles,

nor any muscular fibres. The author has been unable to verify

Kowalewsky's observation of longitudinal fibres at the base of

the arms {\\\ Loxosoma Neapolitanum) . Nor has he detected any

cavity or internal canal, the whole space within being filled by

the cells. Schmidt regards the tentacles as tubular, and believes

that they are elevated by the injection of flaid into the cavity.

Any such mechanical arrangement the Author considers to be

simply impossible under the circumstances. Even if the structure

of the tentacle itself were such as to admit of it, it would be

necessary that this cavity should be in communication with a

space, capable of being contracted or compressed, when the arms

were to be raised, and again expanded when they were to be

lowered. Iii fact, however, the tentacles are only in connection

with the vestibule, which is always more or less open, and most

widely open when the arms are raised. It appears, therefore,

that they must be elevated by the relaxation of the sphincter

;

that being attached to the hood by their external surface, they

are drawn outwards when it opens, whilst they are bent inwards

as it contracts. The vermicular movements, to which allusion

has been made, seem to depend on contractions of the cells

themselves, especially of the hypodermic cells, which are strongly-

developed on the tentacles.

The Digestive Canal.

This portion of the structure is most readily examined in young
individuals, in which the parts are not concealed by the growth

of the generative organs. The author was much assisted in his in-

vestigations by feedmg the polypides with carmine, an antiquated,

but very serviceable practice. The mouth {i, PI. XXII, fig. 5)

is placed on the median line, at the base of the tentacular corona,

on the ventral side. It is in the form of a very wide funnel,

with thick and solid walls. Viewed in profile, this funnel- shaped
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opening is seen to be furnished with two lips^ one ventral [k)

and button shaped, the other dorsal {I), recurved like a hook,

and projecting freely iato the vestibule.^ The inner surface

of these lips is covered with fine, short cilia, which extend into

the narrow, curved canal of the cesophagns {m). The latter

passes down the ventral side of the body, and is also enclosed by

thick walls. From the cesophagus the vibratile epithelium ex-

tends over the whole internal surface of the intestine, and is

always so arranged that the alimentary matter is made to revolve

rapidly in the various cavities.

At the base of the body, close to the stem, the oesophagus

bends sharply upwards, and opens into a round, thick body

—

the stomach (n). When it is viewed in front, a nipple-shaped

prominence is visible, placed posteriorly towards the sides in the

middle, which is the opening into the oesophagus—the cardiac

valve—and near this there is almost always a very vigorous play

of cilia. The true cavity of the stomach is above, surrounded

by very thick walls, with radiating striae, and lined internally with

granular cells, of a yellow colour, which always contain small

drops of oil, and are arranged in radiate fashion (PI. XXII, fig. 3).

The author adopts the common view that these cells have a

biliary function ; but he also regards them as absorbents. In
polypides that have been fed with carmine, they assume an
orange or scarlet tint, clearly showing that there has been an

absorption of colouring matter, which has modified the ordinary

amber-yellow of the cells. This orange tint continues long after

all the carmine that had been swallowed is evacuated, and has a

diffused appearance, as if a fluid might have pervaded the cell.

In no other portion of the intestine is the slightest trace of

coloration apparent.

The pyloric orifice, opening from the digestive cavity into the

intestine, is placed on the dorsal wall of the stomach, at a rather

higher level than that of the oesophagus. The intestine proper{ g)

lies close upon the dorsal wall of the body, and is divided into

two pyriform compartments, connected by a short and narrow

tubular passage. The first of these compartments represents

the middle intestine, and the second, the rectum (h).

The rectum is generally so completely closed at its upper

extremity as to show no trace of an opening. From time to

time, however, a narrow orifice makes its appearance in the thick

wall at the summit, exactly opposite the centre of the tentacular

crown, through which the faecal matter is discharged into the

vestibule. After its expulsion the opening entirely disappears.

' Judging from Nitsclie's figures, there seems to be no trace of these

lip-like appendages in PediceUina ; but the dorsal one, which is the larger

and more conspicuous, has its representative in Rhabdopleura, according to

Sars.

—
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From watching the movements of the fsecal matter (carmine)

within the vestibule, the author has assured himself that there

is no partition or floor between the hood and the vestibule, and
that there is, therefore, no ground whatever for identifying the

latter with a general cavity of the body.

The Reproductive Organs.

The author has no doubt that the species which he has investi-

gated is dioecious ; Schmidt and Nitsche, on the contrary, regard

the Loxosomas as hermaphrodite.' The generative organs in

their earliest condition occupy the same position in both sexes

;

but the course of their development is different in each.

The male.—Viewed on the ventral side, the male polypides

exhibit, in the median line of the body and between the tenta-

cular corona above and the stomach below, a thick-walled vesicle,

almost circular in shape, which is usually filled with a number of

filiform zoosperms massed together. When the dorsal aspect is

in view, careful manipulation shows that the intestine lies above

it, as the oesophagus and the palmiform folds do, when the ventral

surface is uppermost. This central seminal vesicle is connected

on both sides by two very short canals, or rather perforations in

its thick wall (PI. XXII, fig. 3), with two large organs {t) placed in

pyramidal spaces lying between the tentacular crown, the lateral

extensions of the stomach and the skin. These organs vary in

appearance in different individuals (PI. XXII, figs. 2, 3,4). In
some cases, almost invisible from their transparency, they have in

others a distinctly cellular appearance, and almost look like

ovaries filled with minute nucleated ova. It is soon apparent,

however, that the contained cells bear no real resemblance to ova,

and further, that in the interior of the organs there is frequently

a hollow space, and that numerous zoosperms are moving about in

this cavity (PI. XXII, fig. 3), which communicates by the canal

just mentioned with the seminal vesicle. The Author has seen the

zoosperms passing through the canal into the vesicle, and has no
doubt that they originate in the cells composing the organs

referred to, which must, therefore, be regarded as testicles.

According to Schmidt, the zoosperms make their way through

two trumpet-shaped tubes, lined with cilia, from the vesicle into

the ovary. The Author, on the contrary, has seen the mass of

intertwining zoosperms (?<), filling the vesicle, suddenly expelled by
a violent contraction of the whole animal (Pl.XXII, fig. 4). Driven

into the vestibule, it revolved rapidly on its axis for awhile, and
was ultimately launched into the water, where it disappeared.

The vesicle afterwards collapsed, and was hardly distinguishable.

In the species investigated by Kowalewsky, the sexes are i-epresented

as distinct.

—

Transl.
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This observation shows that the zoosperms are destined to fertilise

the ova in other individuals, and not in the polypide in which they

originate. This fact, however, is not conclusive against herma-

phroditism, and the separation of the sexes must be established by
the study of the female.

The female.—In young individuals and in buds still attached,

some granular cells, hardly distinguishable from those of the

hypoderm {v, Pl.XXII, fig. 2), are visible in the space occupied at

a later period by the testicles or the eggs. In the males two of

these cells, placed one on each side, increase greatly in size and are

developed into the testicles. In the female there are many on each

side containing oil-globules of a yellow colour, and in some respects

not unlike the hepatic cells. INuclei were not observed in them,

but might readily escape detection ; nor was it possible to decide

positively whether or not they were enclosed in a very delicate

sac. Certain it is, however, that the ova {w), relatively of large

size, are soon distinguishable, occupying the same position as the

testicles. At first a single &^^, only is visible on each side, placed

close to the wall of the stomach, round or slightly oval, enclosed

in a delicate vitellary membrane and an exceedingly transparent

ovisac, and showing in the centre of its granular vitellus a large

transparent germinal vesicle with a circular nucleolus. The egg

increases rapidly in size, and the vitellus, nearly transparent at

first, becomes more and more opaque from the multiplication of

the granules. Viewed by reflected light, the ovmn appears of a

chalk-white colour. Behind the first egg a second is soon deve-

loped, whilst the former, as it increases, is separated from the

latter, and moves towards the dorsal side within the vestibule.

The eggs multiply without intermission, the older being pushed

forward in the vestibule, where they accumulate in increasing

numbers until it is entirely tilled by them. At this stage it is

evident that they are enclosed in a very thin-walled ovary, which

takes the form of clustered ovisacs.

The vestibule, then, and especially the dorsal portion of it, is

in the female a true brood-chamber, in which the ova enclosed

in their ovisacs pass through the various stages of develop-

ment, finally leaving it, on the rupture of the sacs, as ciliated

larvae.

It is a curious fact that the ova are developed alternately on

each side of the body—first an e^g on one side, then on the

other, and so on to the end.

The Author has never seen, amongst the hundreds of polypides

examined, any trace of testicles or seminal vesicle in individuals

carrying ova, nor has he ever found an ovum in those which were

furnished with the male organs. The Loxosoma phascolosomatum

is, therefore, dioecious ; and in this respect, if Schmidt's observa-
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tions are correct, differs widely from the species described by that

author.

Sexual individuals, both male and female, are found on the

same Phascolosoma, but the tufts (or colonies) are to a great

extent either male o/- female. The female tufts may be recognised

at once under the lens by the masses of white ova, whilst the

male are composed of a multitude of transparent individuals,

with only here and there a white point. The colonies are, there-

fore, in great part, but not absolutely, unisexual. Whilst a

large proportion of the polypides in a tuft are of one sex, there

are always a few individuals amongst them of the opposite sex.

The clustered ovisacs, situated at first on each side of the intes-

tine, but which are pushed Httle by little into the vestibule, are

analogous to the incubation-pouch {die Bruttasche) of the

PedicelUnce, described by Nitsche, with this difference, that the

latter exists from the first and possesses very thick walls, whereas

the ovisacs of Loxosoma are always very thin, and are developed

gradually as the eggs increase in size.

The Ova and Larv^.

The Author proceeds to trace the development of the ovum
through its various stages. After the commencement of segmen-

tation the granulations become more and more opaque, the eggs,

viewed by direct light, present a chalky appearance, and nothing

but the outlines of the vitelline mulberry masses are distinguish-

able. The Author was able to make out the commencement of the

segmentation, marked by the appearance of two transparent nuclei

in the (as yet) undivided vitellus ; but the subsequent stages he

was unable to follow, though the progress of the segmentation

was indicated by the increasing number of nuclei, which were

visible in the ovum when submitted to compression. By the

same means he was able to determine that the cells situated at

the centre had become more opaque than those at the circum-

ference—a proof that the differentiation into ectoderm and

endoderm had taken place. The opacity of the ova, which yielded

to no reagents, prevented him from traciug in detail the forma-

tion of the gasirula.

M. Barrois seems to have succeeded better.^ He states that

development proceeds with perfect regularity up to the 8-segmen-

tation stage, after which one half of the egg begins to divide

more rapidly than the other, and in this way a gastrula is

formed, by a process closely resembling epibole. The i\uthor,

from certain observations, was led to infer that in the present

species the formation of the gastrula commences at a later

' "On Larval Forms of Bryozoa," ' Comptes llendus,' Sept. 6tli, 1875,

p. 443 ; 'Annals N. H.,' ser 4, vol. xvi, p. 301.
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period. The structure of the latter may be traced in such an

ovum as the one marked 9 in Figure 6. It takes on a very broad

form, the circumference has become transparent, whilst in the

centre an opaque mass is visible, which is in connection with the

periphery at a single point. At a later stage a funnel-shaped

depression, clothed with very delicate cilia, makes its appearance

at this point and constitutes the mouth.

The Author has fully satisfied himself that the central, opaque,

flask-shaped mass (PI. XXII, fig. 6) presenting a mammillated ap-

pearance, owing to the large seed-like cells of which it is com-

posed, has at first only a single point of communication with the

periphery. Its posterior extremity, which is broad and rounded,

is always bordered by a clearly defined outline at some distance

from the periphery. This opaque mass is, as it were, the first

rough draught of the digestive canal ; it follows that in the ffasfrula

the digestive canal is a cul-de-sac and destitute of an anal orifice.

The Author next describes in detail the perfect larva (PI. XXII,
fig. 7), remarking upon the difficulty of giving an accurate sketch

of a creature which is so rapid and erratic in its movements, and

changes its shape so continually .^

In its usual condition, when expanded, it resembles a very

wide bell, the thickened border of which is formed by a wreath of

loug cilia, with a clapper-like body projecting in the centre.

Near the enlarged and rounded summit of the bell are two red

eye-specks situated near the edge of two circular depressions,

surrounded by an elevated border from which a few setiform

cilia rise. The eminently retractile clapper bears a central

mouth, surrounded by four eminences, and at the opposite

extremity of the bell is a button-shaped caudal projection, also

retractile and furnished with a few stiff cilia.

Passing to the details of the structure, the clapper, which may
be called the buccal mammilla (0), can be withdrawn entirely so

as to leave a kind of funnel, but usually has the form of a trun-

cated cone, the extremity of which is furnished with very long

cilia, while the margin of the buccal cavity and the cavity itself

are clothed with extremely delicate and short cilia. The margin

is divided into four rounded lips. The mammilla, like the rest

of the body, is composed of two dermic layers, a transparent

' I have experienced the same difficulty when attempting to master the

external characters of the kindred Pedicellina embryo. Its restless activity,

its rapid and irregular motion, and the frequent changes of form in its

eminently contractile body, made it no easy matter to gain any clear i<iea of

its actual appearance. It was necessary to make the most of the occasions

on which it anchored itself for a few seconds by means of the ciliated base

of the body. It is hardly wonderful, under the circumstances of the case,

that there should be differences between the reports of competent observers.
—Transl.
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cuticle and a layer of hypodermic cells. To these must be added,

in the interior, the tissue of the intestine itself (the endoderm)

of an obscurely cellular structure.

The ahmentary canal (iV) has the form of a long-necked flask, but

is liable to variation according to the degree in which it is con-

tracted. It terminates below in a large, rounded cul de-sac,

which is often much dilated. When in this condition, the author

has noticed two dark parallel lines, enclosing a lighter longitu-

dinal space, which originates at the base of the cul-de-sac, and

ascends with a sHght curve towards the buccal aperture. This

is, no doubt, the rudimentary state of tlie intestine proper, and a

%xii2iSS. papilla at its upper extremity marks the future position of

the anal orifice, so that the plan of the alimentary system is

already in the larva conformed to the type of the adult animal.

At the same time it is undoubted that the cul-de-sac (stomach) is

completely closed below, and is absolutely separated from the

hypodermic layer.

The ciliary crown or wreath (m).—This is a large circular

organ which can be expanded or drawn over the buccal promi-

nence like a hood. It is sometimes inflated, and sometimes con-

tracted so as to resemble in form the vela of the Gasteropod

embryo, a resemblance that is increased when the buccal mammilla
is wholly withdrawn, leaving a depression lined with cilia, which
appears to divide the crown into two lateral expansions. The
cilia on the wreath are long and stout, and are connected with

large granular cells which are clearly developed from the hypo-

dermic layer.^

The eye-speclcs (6') make their appearance at an early stage of

the development, while the embryo is still enclosed in the

ovum. They are of a yellowish-red colour, situated inside the

hypodermic layer, and seem to be nothing more than pig-

ment masses. Neither nerves nor refractive corpuscles could be

detected.^

The spectacle organ (r) is composed of two circular hollows

surrounded by a thick border made up of cuticle and hypodermic
cells, which forms a kind of bridge between the hollows. At the

bottom of each depression are five or six conical papilla sup-

porting long and broad cilia, which can be pushed forth or

withdrawn to the bottom of the hollow.

The caudal appendage (t) is situated in the centre of the

^ The embryo of Pedicellina closely resembles that of Loxosoma in this

portion of its structure. It is furnished with a kind of contractile mantle,
which cau be folded over the anterior surface of its body or turned outwards,
so as to form a ciliated locomotive organ.

—

Transl.

^ In the embryo of the Cheilostomatous genus Biigida, Nitsche has de-

scribed eye-specks furnished with a retractile corpuscle. In some cases as

many as ten were present on a single individual.

—

Transl.
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posterior extremity of the body, and consists of a highly retrac-

tile nipple-shaped body, bearing a few stiff setse on its summit.

It can be withdrawn, so as to become almost invisible.

As to the developmental phases which connect the gastrula

with this curious larva, they are perfectly simple, and it may be

said that the rough draft, both of the form and of the different

parts of the larva exists already in the gastrula, and that it is

merely by successive differentiation of the rudimental elements

that the perfect embryo is constituted.

The author has been unable to trace the later stages in the

history of the embryo, or to determine the precise mode in which

it is transformed into the perfect animal. He has observed occa-

sionally on the skin of the Phascolosomas club-shaped bodies,

composed of a thin cuticuiar envelope, filled with very trans-

parent protoplasm containing refractive granules, which were

attached by the smaller extremity and completely closed above.

He is inclined to believe, though quite unable to speak with any

certainty on the point, that these bodies may enter into the series

of transformations ; that the embryo, after becoming attached,

may be enclosed by a thick cuticle, and undergo a complete

dissolution of the tissues, such as has been observed in other

Bryozoan larvae, and that finally within the elongated cyst formed

by the cuticuiar envelope a polypide may be developed by

budding. After careful and prolonged examination, however, no
distinct traces of any such process have been determined.

On the other hand, the analogy supplied by the study of the

larva of Pedicellina affords no support whatever to this view.^

In the latter the internal organs are most fully developed as they

exist in the adult ; even the rudiments of the reproductive organs

and of the brood-chamber are distinguishable. It is difficult to

imagine that all these organs thus definitely constituted are to

disappear that a new and similar set may be evolved, and it is

therefore probable that the larva of Pedicellina undergoes no

dissolution of its tissues, but passes into the perfect animal

through the loss of the ciliary organs and the development of .a

tentacular corona and a stem. Is it likely, then, that such being

the course of development in Pedicellina, the kindred Loxosoma
passes through a totally different cycle of ontogenetic phases ?

In the absence of conclusive facts the Author leaves the question

for future decision.^

1 It would surely have been nearer the mark to say that the case of Pedi-
cellina affords a very strong presumption against any such supposition.

—

Transl.

- The author has somewhat underrated the amount of our knowledge
respecting the larval history of Pedicellina. So long ago as 1845, Van
Beneden, in his ' Recherches sur les Bryozoaires,' described the larva of

his P. Belgica, and gave a very interesting account of some of the later
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Reproduction by Budding.

Buds are produced on both sexes, and always in the same

position, at the sides of the ventral surface. They are developed

without any reference to the sexual reproduction, being found

on females laden with ova, and on males in which the seminal

vesicle is in full activity. It seems probable that the buds are

of the same sex as the individuals that bear them. There are

never more than two buds, and they are always unequally deve-

loped. Frequently there is only one, and in the month of July,

and at other seasons the great majority of the Loxosomas exhi-

bited no trace whatever of gemmation. The Author thinks that

the comparative scarcity of buds, in which this form differs from

all others, except the L. singulare, Keferstein, may be employed

as a specific distinction.

The production of buds is the work of the hypodermic layer

alone. No other portion of the body is concerned with it ; the

entire structure is developed from the ectoderm of the parent.

The first indication of the bud is an elevation of the hypo-

dermic layer, over which the cuticle arches. Tt is in some degree

separated from the rest of the envelope and from the other hypo-

dermic cells by a more or less marked cuticular fold.

The arched cavity formed by this rising is soon filled by the

stages of its development. He observed the growth of the tentacles

on the anterior (or inner) surface of the ciliated mantle or vehim, and the

subsequent disappearance of the cilia. He also noticed the formation of a

kind of pedicle at the base of the body—a prolongation of the caudal

appendage ; by which the larva attached itself, and actually witnessed the

attachment. At this time, he states, the digestive canal was completely

formed. These observations are conclusive, and show that it is not merely
" probable," but certain, that the dissolution of the tissues is not one of the

developmental changes through wliich the PediceUina larva passes. I have

m.yself met with the larva of P. echinata attached, retaining much the

same form as when free, exhibiting just the differences of aspect that one
might expect during the transition into the adult state, but no sign of any
further transformation {vide ' Micr. Journ,,' v. xiii, n. s., p. 33). Seeing

it in this condition, and knowing that its internal structure is already con-

formed even in detail to the type of the adult, it would seem almost im-

possible to doubt that the further course of development must be straight

onwards towards the perfect form ; Van Beneden's observations show that

it is so.

When we consider the close affinity between PediceUina and Loxosoma,

and the general agreement of their embryonic states, it is certainly in the

highest degree probable that the cycle of development is the same in both.

It appears from the observations of Vogt, that in the latter genus the

whole conformation of the embryo is more delicate, and the internal organs

are less strongly defined than in the former ; but at the same time the struc-

tural plan is sketched in its completeness, and it is equally difficult in bo h
cases to believe that it is afterwards obliterated merely to be renewed by a

different process. It may, I tiiink, be considered all but certain that the

larvai of the Entoprocla pass directly into the perfect animal.

—

Transl.
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deposition of minute masses, to which the name cell cannot be
applied, as they are mere collections of protoplasm, unprovided
with any distinct walls, having a waxy appearance and destitute

of granules or nuclei. These masses, which must be regarded as

accumulations of a homogeneous protoplasm, do not completely

fill the cavity ; there remains in the centre a small empty space,

which, viewed from above, appears round, but when seen in

profile has the form of an elongated hollow. As the bud enlarges

this hollow becomes more distinctly defined in the centre of its

anterior region, surrounded by the waxy, transparent substance,

which takes the form of a heraldic escutcheon. This internal

cavity has no connection with the periphery ; it is only at a later

stage, after the tentacles have appeared, that it opens out on the

circumference to form the central aperture of the tentacular hood.

As development proceeds it becomes evident that the primitive

fissure in the bud represents the cavity of the hood. Below it

three successive accumulations make their appearance, the first

large, transverse, similar in appearance to the hood, which is soon

hollowed out in the centre, and represents the stomach ; behind

this is placed a round, opaque, granulated mass, which may be

called the pedal body ; and at the bottom of the bud, near the

point of attachment, there is a third, divided into two parts,

and with transverse bands alternately granular and transparent

—

the pedal gland. The spaces between these various organs and

the hypoderm are filled with minute granular cells, two of which,

situated between the tentacular escutcheon and the stomach, are

larger than the rest, and form the rudiments of the reproductive

organs. (PI. XXII, fig. 13, n., x, y, and v.)

The Author differs from Nitsche as to the primitive contents of

the bud. The latter considers them to be cellular, the product

of a central cell, through continuous division and subdivision.

The former believes that the various organs are formed by the

differentiation of an undivided sarcodic mass.

Pursuing the development of the various organs, as soon as

the stomach-mass is distinctly defined a triangular figure becomes

apparent on the dorsal side of the tentacular escutcheon, extend-

ing from the stomach towards the primitive hollow ; it contracts

in the middle, enlarging above and below, so as to form two
apparently closed cavities, the intestine and the rectum. The
walls composing them are of great thickness ; internal cavities

are not perceptible from the first appearance of the outlined

form. The Author infers that this structure is not formed by
the coalescence of cells, but rather by a differentiation of the

sarcodic mass that surrounds the primitive cavity. The anal

orifice makes its appearance at the last stage, along with the

opening of the hood.
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A little later an indistinct outline of the funnel of the (Esophagus

is traceable on the ventral side of the escutcheon and towards

the lower part of it.

The stomach is at first a perfectly solid mass^ but is soon

hollowed out and brought into communication with the cavities of

the oesophagus and intestine (PI. XXII, fig. 13, n). The ciHary

movement is only visible when the bud is about to detach itself,

and the hepatic cells are developed at a still later period.

The reproductive organs are distinguishable as such towards

the latter half of the life of the bud. Shortly before its detach-

ment they appear as two round, granular masses, united by a

very short canal, and placed on each side, between the hood and

the lateral expansions of the stomach. At this stage, however,

there is no trace of the seminal vesicle. Soon after the separa-

tion of the bud from the parent these organs assume their

definite form.

Of all the principal organs the tentacles make their appearance

latest ; they are distinguishable at first as minute warts on the

border of the primitive hollow.

i

The tactile organs are present in all the mature buds, but the

Author was unable to determine the stages of their development.

As to the stem, there are important differences between the

Author and other observers (Claparede and Nitsche). The latter

hold that the bud (in Loxosoma Kefersteini) puts forth its stem

on the side opposite to the point by which it is attached ; the

former has no doubt that, in the present species at least, the bud,

after its separation, fixes itself by the very same extremity by

which it was attached to the parent.

Two distinct formations are visible in the stem of the bud.

In the immediate neighbourhood of the stomach there is a mass

of opaque and granular cells, forming an elliptical body placed

1 In the ordinary process of gemmation amongst the otlier Polyzoa,

the tentacles are almost the^Vs^ organs to make their appearance. A small

and simple sac, on which at a very early period the rudimentary tentacular

crown is visible, is the primary stage in the development of the bud. The
digestive canal is formed subsequently out of the primitive sac attached

to the tentacles. Of course, in this plan of development, the anal orifice is

of necessity thrown without the tentacular ring, which before the formation

of the intestines closely embraces the oral aperture. On the other hand, in

the plan of development which obtains amongst the Entroprocta, an ample

vestibule is first defined (= the space surrounded by the mantle in the

embryo), not in connection witfi the oral aperture merely, but occupying the

wtiole of the upper portion of the bud and immediately closed in by the body-

wall ; beneath this the digestive canal is formed, and into it both its orifices

naturally open. The tentacles are ultimately developed within the border

of the capacious hood, which walls in tliis vestibule, and therefore surrouud

the anal as well as the oral aperture. The anomalous position of the anus,

therefore, in the Entoprocta, is connected wit.h very radical diflerences in the

plan of development, and is a character of great significance.

—

Trajist.
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transversely, wliich may be called the pedal body. It projects on
the ventral surface of the bud, and, seen in profile, seems to be

divided into two halves, separated by a transparent space, and

has much the appearance of a gland. The projection has the

form of a large nipple, and is situated, as has been mentioned,

on the ventral surface. Now, if the present species resembled

L. Kefersteini, this projection would be the point by which the

bud would be attached to the parent ; but this is not the case

;

the bud is actually attached by the extremity of its axis, and in

this terminal portion of it occurs the analogue of the pedal gland,

which in some species is permanent, but in L. Kefersteini, as

well as in the present form, disappears entirely after its detach-

ment.

This pedal gland is very distinctly visible in the buds, and at

an early stage ; but in the youngest polypides examined, all trace

of it, as well as of the pedal body, had disappeared ; the stem

had become longer and more slender, and was provided with its

connective tissue and muscular fibres. The Author concludes,

from the observations he has made, though imperfect, that the

connective tissue is formed at the expense of the pedal body, and
that the bud attaches itself by the extremity by which it was in

communication with the parent. The pedal gland seems to be

absorbed after furnishing the secretion by which the animal is

permanently fixed.

General Remarks.

The author proceeds to consider the systematic position of

Loxosoma. Schmidt would separate it from the Polyzoa, but
finds no very decisive indications of its true position. All

the other writers who have studied it—Claparede, Keferstein,

Kowalewsky, Leuckart—are agreed in placing it amongst the

Polyzoa. Nitsche, whilst admitting that its systematic place is

open to discussion, unites it with Pedicellina, and includes the

two genera in a distinct family of Folyzoa, the Entoprocta, cha-

racterised by the position of the anus tvithin the tentacular ring.

The latter author lays down the following propositions

:

1. An individual Loxosoma exhibits exactly the same con-

formation as an individual Pedicellina in all essential points,

%. The genus Loxosoma differs from the genus Pedicellina in

the following secondary characters :

a. The Loxosomas are isolated individuals, whilst the Pedicel-
lina form colonies.

b. The stem of Loxosoma is less distinctly separated from the
body than that of Pedicellina}. in which a diaphragm divides the
two regions.

' There are differences in this respect amongst the Loxosomas. In a
species procured off the coast of Spain by the Porcupine Expedition, for

VOL. XVII. NEW SEll. B B
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c. In harmony with their solitary condition, the Loxosomas

are often furnished with a pedal gland, which is universally pre-

sent in the young state ; whilst the Pedicellince, rooted by means
of a stolon, are destitute of it.

d. Loxosoma only produces a small number of ova, and has

no true brood-chamber like Pedicellina.

Our Author accepts these propositions with some slight quali-

fication. He has never seen Pedicellina more crowded with

ova than Loxosoma, in which he has counted as many as thirty in

all stages of development, while as to the brood-chamber, it has

its analogue in the clustered ovisacs, which have been previously

described. Besides the distinctions noted by Nitsche, an im-

portant difference between Pedicellina and Loxosoma is to be

found in the position of the tentacular crown and the general

conformation of the body. The former is placed on the ventral

side in Loxosoma, while it occupies the extremity of the axis of

stem and body in the Pedicellina. The body of the latter is

laterally compressed, that of the former vertically. The tenta-

cular apparatus is situated exactly on the summit in the Pedi--

cellinm, on the slightly concave ventral side in Loxosoma ; that

part of it which in the former presents the appearance of a sac

with a central orifice, in the latter assumes the form of a hood,

fastened under the chin and drawn over the head. A tendency,

however, towards a similar conformation is recognisable in the

Pedicellina, whose two sides, the ventral and dorsal, are far from

symmetrical. This unsymmetrical habit is already visible in the

bud ; it enters into the primitive plan of the PedicellincB, but

in them it is obscurely indicated, whilst in Loxosoma it exists to

such an extent as to involve the displacement of the tentacular

corona.

The Loxosomas are further distinguished by a certain delicacy

in the entire constitution both of the organs and tissues. i The

which 1 am iudebted to Dr. M'Intosh, the liae of separation between the

body and the stem is very strongly marked, and there is a slight indentation

where they join. In another species from the Gulf of St. Lawrence, the

body seems to pass as it were into the stem, without any apparent line of

demarcation between them. In no case, it would seem, is the separation

between body and peduncle so complete as in Pedicellina, in which genus

the fall and subsequent renewal of the body are of frequent occurrence.

—

Tratisl.

' This may, perhaps, prove to be a somewhat hasty generalisation. At
any rate, I can adduce one very notable exception. A species of Loxosoma

occurs on the scales of Lagisca from the Gulf of St. Lawrence, which is

remarkable for the stoutness of its habit, and for the thickness and tough-

ness of the body-wall, which is more or less covered, like the stem of Pedi-

cellina echinata, with spinous processes. I owe to Dr. M'lutosh's kindness

the opportunity of examiuing this very interesting form, which I hope

shortly to describe in detail.

—

Transl.
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Pedicellina, on the contrary, are strongly built ; their movements
are energetic, abrupt, and even violent, as compared with the

slow and languid undulations of the Loxosoma, a fact which is

explained by the difference in the muscular fibres of the two.

The cuticle of the former is much thicker and stouter, the hypo-

derm more highly developed, all the organs are more distinctly

defined, and there is much less transparency than in Loxosoma.

The same differences are observable in the embryos of the two
forms.

A very close relationship between the two genera must be

admitted, notwithstanding these differences and others which
might be mentioned in the buds and embryos. With respect to

the former, though differently placed in the two genera (on the

body of the polypide in one and on the stolon in the other), it is

probable that the course of development is the same in both.

The difference in the gemmation, which corresponds, no doubt,

with the mode of attachment, may be regarded as an adaptation

fitting the Loxosomas for their semi-parasitic life; but the
Author remarks that the fact is not explained by the mere use of

the word " adaptation.^' The Pedicellinae attach themselves to

plants and various submarine bodies by stolons, on which the

gemma, are developed. The Loxosomas are solitary animals, and
adhere by the foot or base of the body, while the buds originate

from the. skin of the body. But if in the case of those species

of Loxosoma, which attach themselves to annelids, &c., with a

contractile skin, the habitat accounts for the absence of a stolon,

which would be continually broken by the contractions of the
animal, it is otherwise with those that are found on the stationary

Bryozoa, whose polyzoaries offer a more rigid surface than that of
the sea-weeds infested by the Pedicellince.

The Loxosomas are said to pullulate on the glass of aquaria
in Naples. If they are adapted to a semi-parasitic life, how
comes it that they abandon this life by fixing themselves in the
same way as upon the animal on a smooth and lifeless body ?

In the embryo of the two genera, the Author recognises simi-
larity of general plan combined with profound differences in

detail. The more matured condition, so to speak, of the
Pedicellina embryo has been referred to. Other points of dif-

ference may be found in the more perfect development of the
intestine in the latter, the presence of rudimentary generative
organs, eye-specks, and perhaps of the central nervous system,
which is entirely wanting, it would seem, even in the" adult
Loxosoma, and in the absence of the spectacle-organ, which is

replaced by two highly contractile lateral processes, ciliated at

the extremity.

The Author does not share the doubts that have been ex-
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pressed respecting the affinities of Pedicellina and Loxosoma.

He not only regards them as undoubtedly Bryozoa, but more

than this, as the prototypes of the ordinary Bri/ozoa, and holds

that the primitive structure has been modified in the latter by

their associated life and by the formation of the ccenoecial struc-

tures in which they are imprisoned.

It may be assumed, he thinks, that every primitive animal

must have been free, a locomotive individual, and that the fixed

state, as well as the colonial life, are secondary conditions

acquired in the course of generations. If proof were needed, it

might be found in the fact that the young of all fixed and social

animals are free. Now all the known Bryozoa are fixed, and a

large majority of them take the form of colonies. The only

kinds with isolated individuals are the Pedicellina, the Loxosomas,

and the Urnatella, of which the latter are very imperfectly

known. Loxosoma evidently exhibits the most primitive con-

dition amongst recent Bryozoa. The Bedicellina have made an

advance towards true colonization by the development of a stolon,

producing buds.

The assumption of the colonial condition must bring with it

modifications of the primitive organisation, whilst the chief

features of the type would remain more or less apparent. The

formation of ectocysts, of cells in which the polypides are con-

fined, the development of retractor muscles, and the change in

the position of the anal orifice, are, in the Author's opinion, the

only important characters that distinguish the ordinary colonial

Bryozoa from the isolated forms, the latter in their turn possess-

ing a distinctive character in the stem on which the body is

mounted.! The structure and the arrangement of the tentacles

around the mouth, the conformation of the digestive canal with

' AUman regards the stalk of Pedicellina as homologous M'ith the posterior

part of the cell in the unstalked forms of Polyzoa. " It is simply," he says,

" this portion of the cell become so much constricted as to be no longer

capable of containing the polypide, which is in consequence pushed onwards

into the wider portion which now constitutes the proper cell." (' Fresh-

water Polyzoa,' p. 22.) We can hardly speak of a cell, with any propriety,

in the case of Pedicellina, in which the body-wall lies close upon the internal

organs, and does not constitute a sac-like dwelling, within which the

polypide has the power of moving freely. But the observations of Barrois

on the embryonic development of the Entoprocta show that AUman's view

is essentially correct. After the development of the Gastrula, he describes

a stage in which the embryo is distinctly divided into three segments. Of

these the middle constitutes eventually almost the whole of the skin and

its contained endoderm the digestive canal ; the posterior segment gradually

dwindles away, and at last, with its portion of endoderm, forms merely a small

button-like prominence at the base of the larva, which bears a few stiff setae.

The stem, according to Van Benedeu's observations, is formed by the

prolongation of this basal prominence. It should be added that Vogt has

not noticed a similar stage in the case of Loxosoma.-^Trunsl.
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its characteristic bend, remain absolutely the same. The gem-
mation need not be taken into account, for amongst the ordinary

Bryozoa two very different types prevail, while in all cases the

bud is formed out of the same tissues. Lastly, the form of the

embryos and their development must be studied much more in

detail before any conclusion can be based upon them. M.
Barrois, indeed, has attempted to reduce all the varying embryonic

forms of the Bryozoa to a single type, and the very attempt

shows at least the possibility of such a reduction.

In the present discussion, the nervous and reproductive organs

are not in question, for we find them varying even in the most
nearly allied species. There remain, therefore, only the (dis-

tinctive) characters mentioned above, the adjuncts of the colonial

condition, and the altered position of the anus.

Of these, the first need not be taken into account. In all

cases we do not hesitate to associate in the same class simple

and compound forms ; we do not pretend that the Actinice should

be separated from the Anthozoa, or the simple Ascidians from the

Clavelince.

The only differential character, therefore, of any importance

will be the position of the anal orifice, on which Nitsche's pro-

posed division into Ectoprocta and Entoprocta is founded, a

division which the Author fully adopts. At the same time he

would not lay so much stress on this character as to make it a

ground for the complete separation of the two series. Both are

equally Bryozoa ; the position of the anal orifice cannot separate

them, especially as the change is really in the situation of the

tentacular crown and not of the anus. The latter, indeed, occu-

pies, amongst all the Bryozoa, Ectoprocta and Entoprocta alike,

the same position opposite to the mouth ; but whilst in the latter

the tentacular crown surrounds the two orifices, amongst the former

it only encloses the oral,^

1 I have already referred to the difference in the plan of development by
which the bud of the Entoprocta is distinguished from that of all the other

Tolyzoa, so far as it is known. The peculiarities in the structure and
history of the embryo also seem to me to be very important and full of

significance. M. Barrois, indeed, has shown that in all the tyjies of embryo
the early stages are identical, and he considers that a primitive form may
be demonstrated for the group of the Polyzoa from which all the known
larval modifications are derived. However this may be, it must be admitted
that the direct passage of tlie larva into the perfect animal, which seems to

distinguish tiie Entoprocta, and the peculiarities of the embryo, which
involve a distinct type of structure in the adult polypide, are points of the
highest interest and of great systematic value. Amongst the ordinary
Polyzoa, so far as the history of their development is known, the larva

undergoes a dissolution of its organs after attachment, and assumes the
form of a cyst or cell enclosing a mass of formative material, and the
polypide is produced within this cell by a process of gemmation. In Fied-
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The genus Loxosoma majrbe thus characterised :

—

Poh/pides solitary/, attached to a contractile stem ; tentacular

crown on the ventral side of the hody ; I)nds produced on thehody.

The Author recognises the following species, which he ranges

in two groups :

Species with a pedal gland

—

I. Loxosoma Neapolitanum, Kowalewsky.

II. L. raja, cochlear, and siMg^dare, Oscar Schmidt, which

are probably only different states of one and the same species.

Species without a pedal gland

—

III. L. Kefersteini, Claparede. With numerous buds.

IV. L. singidare, Keferstein. Stem terminating in a circular

disc. Buds never exceeding two in number.
V. L. phascolosotnatum, C. Vogt. Stem pointed below like

the nib of a pen. Never more than two buds.^

cellina, and probably in Loxosoma, the larva attains a form which approaches

very near to that of the adult animal ; its internal organisation is conformed
to the type of the adult, and a few comparatively unimportant changes
suffice to transform it into the polypide. Its structure determines that of

the polypide. Its large contractile mantle, continuous with the body-wall,

and enclosing (he whole anterior extremity of the body, forms the sac-like or

hood-like vestibule of the polypide, into which both orifices of the digestive

canal almost of necessity open. Within the border of this mantle (or

extension of the body-wall) the tentacles are developed, and of course

surround both apertures. In this position they are necessarily non-retrac-

tile, and their movements, which are very limited, depend on those of the

sac to which they are attached.

These peculiarities in the developmental history and the modification of

the structure of the polypide which they involve are, so far as we know
at present, confined to the Entojirocta. They (and not the mere position

of the anal orifice, as Vogt contends,) separate this group broadly from the

rest of the Polyzoa, and abundantly justify us in regarding it as a distinct

sub-class.—Transl.

1 As I have mentioned, one or two new species have occurred to me, and
now that attention is directed to the tribe we may expect that many more
will be discovered upon the annelids, to which the Loxosomas principally

attach themselves.

—

Transl.
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On the Minute Structural Relations of the Red Blood-
coRPUSCLEs. Bj Professor Arthur Boettcher, in Dorpat

(with Plate XXIII).

Translated from a paper in ' Archiv. fiir Microscopische Anatomic,' Bd. 14.

Elsewhere I have communicated the fact that a nucleus

can be demonstrated in the red blood-corpuscles of mammalia,

by treating them with alcohol and acetic acid {Blemoires de

VAcademie Imperiale des Sciences de §i. Petershourg, vii serie,

t. 23, No, 11). On pursuing these investigations I came upon
a method which affords a very clear insight into their structure.

I have also sent a short report of this to the above-mentioned

Academy (Bulletin of January 11th, 1877). In the treat-

ment with acetic acid a distension of the blood-corpuscles easily

occurs, which may spoil what was already gained by the hardening

in alcohol. This inconvenience I have now managed to avoid,

and I propose to give here an accurate description of the results

obtained in regard to the structure of the red blood-corpuscles

by means of this new method.

Pifty parts by volume of alcohol of 96 per cent., which is

saturated with corrosive sublimate, are poured on to one part of

blood, care being taken that a rapid diffusion of the blood-cor-

puscles in the fluid takes place. Por this purpose I have used

blood defibrinated and deprived as much as possible of serum,

and also (in experiments on animals) blood taken directly from a

vein.

As soon as the blood-corpuscles enter the alcoholic solution of

corrosive sublimate it is found that thet/ are deprived of their

colouring matter {hamatin) without the albumino^ls body, ivhich

is combined with it, becoming dissolved. The blood-corpuscles

therefore remain intact, and are merely deprived of the red

colouring matter, which hinders the observation of their structure.

The former was the case indeed on treatment with absolute

alcohol, but the subsequent decoloration with acetic acid was

then always necessary, which exerts the disturbing action already

mentioned. By the addition of corrosive sublimate to the alcohol

we ensure that both actions take place simultaneously : the

blood-corpuscles are preserved, and become at the same time

completely colourless.

By repeated agitation the action of the alcoholic solution of

corrosive sublimate on the red blood-corpuscles can be advan-

tageously assisted. If the latter are then allowed to subside,

the sediment is no longer red, but more or less pale, and the

column of perfectly clear fluid above it appears of a dark reddish-

brown colour. Complete decoloration of the red blood -corpuscles
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takes place in about twenty-four hours, but the process can be

much accelerated by renewing the solution of corrosive sublimate.

1 preferred, however, before submitting the blood-corpuscles to

further operations for the purpose of histological investigation,

to leave them in the solution of corrosive sublimate for forty-

eight hours.

At the expiration of this time the latter is decanted from the

sediment, which has a grey appearance, and is replaced by pure

alcohol. The blood-corpuscles having been thoroughly washed

with this by agitation, are allowed to remain in it for at least

twenty-four hours. The alcohol is then simply decanted and

replaced by water.

The blood-corpuscles which sink to the bottom now represent

a white mass, which has a slight tinge of grey and somewhat the

appearance of pus. They have entirely lost their colouring matter,

and have become so capable of resistance that they are no longer

acted on by water. I have let them stand in it for eight days or

more without being able to notice any change in them.

The subsequent treatment with water offers many advantages

for the microscopical examination of the blood-corpuscles, and is

of especial service, when artificial staining is undertaken, if for

that purpose alcoholic solutions of the colouring matters are not

used.

The structural relations, which will be immediately considered,

are already partly visible in the decolourised blood-corpuscles.

They stand out more clearly, however, after artificial staining,

for which purpose I have employed chiefly carmine, but also

eosine, hsematoxylin, and picric acid. All these colouring matters

are available ; the carmine, however, allows the different com-
ponents of the blood-corpuscles to be most easily recognised by
means of the various shades of colour.

The blood-corpuscles now about to be described were treated

according to the method given above.

I. The Red Blood-corpn8cles of 3Ian.

Whereas these, in the fresh state, as is well known, strongly

resemble one another, after having been in the alcoholic solution

of corrosive sublimate, and being thus deprived of their colouring

matter, they appear extremely varied, and present great differ-

ence in regard to their composition. They may, however, be

divided into the following distinct classes :

1. Blood-corpuscles which appear homogeneous and shining

(Fig. 1).

These do not usually collect in heaps, but swim about free in

the fluid. Their shape is generally changed in a remarkable

manner. Their form, namely, as a rule, is not even tolerably
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definable, but they appear very irregularly bounded and provided

on the surface with all sorts of elevations and depressions {a, b).

Nothing is seen besides the perfectly colourless mass which

refracts light strongly.

It is very seldom that the disk-form is found represented

among these homogeneous colourless blood-corpuscles (c). It

shows then, as before the decoloration, a shallow depression in

the centre and the effects of light and shade dependent on it.

More frequently mulberry shapes are met with, which appear

furnished on the surface of the more or less globular mass with

processes, sometimes coarse and scanty, at other times finer and

more numerous {d, e). Each one of these processes is as homo-
geneous and highly refractive as the bright colourless substance

from which it arises. We have here therefore the same colovrless

mulberry and horse-chestnut shapes which I had previously ob-

tained from the red blood-corpuscles of the cat by treating

them with aqueous humour {Archiv fur Path. Anat. vol. xxxix,

plate ix, figs. 1—5).

Amongst the blood-corpuscles belonging to this group I must
also mention those which possess on their surface a peculiar

striation. In blood-corpuscles of very different forms (as is

indicated in the drawings fig. 1, /, g, h, i, k), there is seen on
the shining surface a series of parallel transverse strise {/) ; in

other cases the blood-corpuscles appear notched like a shell with

fine indentations, running in curved lines, between which equally

regular elevations occur {g, h, i). Sometimes these are espe-

cially fine and converge from the two sides to the median line, or

they form a radiate figure which proceeds from the centre into

the colourless homogeneous substance of the blood-corpuscle {k).

Sometimes I have also observed the following form. The
blood-corpuscle had almost assumed the shape of a fungus, and
become divided into two parts, still connected, although separated

from each other to a certain degree. The chief mass formed a

concavo-convex disk, presenting the homogeneous shining appear-

ance described above. The part joined on to the concave surface

consisted of a number of filaments, also of bright aspect, which
at one end were sunk into the disk and at the other end blended
with one another {b).

I did not wish to omit drawing attention to the above forms,

as I do not consider them accidental and unimportant, but think
I can prove that they are intimately connected with the internal

organisation of the red blood-corpuscles about to be described,

and must be considered as derived from these.

2. A second group of blood-corjmscles, which is very largely

represented, is characterised by the fact that two sicbstances can
be distinguished in them, viz. a homogeneous shining cortical layer
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and a granular mass in the interior. The latter is more darkly

stained by carmine and eosine (fig. 2).

The blood-corpuscles belonging to this group are usually

collected together in heaps, or rather spread out side by side in

a thin layer. They are mostly spindle-shaped, all possible varie-

ties being represented, both long and narrow and short and wide

(a, h, c, dy e,f). At first sight these blood-corpuscles remind

one of many cell-forms from the embryonic connectire tissue

;

any one, therefore, seeing them for the first time would not

easily imagine that he had red blood-corpuscles before him, so

different is their appearance to that usually presented by these

structures.

The adhesion of these corpuscles to one another is explained

by their being held together by traces of coagulated plasma or

serum, according to whether fresh or defibrinated blood has been

used for the experiment, and their inclusion in a coagulating

mass may not be without its influence on the formation of the

spindle shape. A greater influence on the formation of this

shape is probably due to the fact that, at the moment when the

solution of corrosive sublimate acted on the blood-corpuscles,

they were stretched by violent agitation of the fluid. I know of

no other reason why these blood-corpuscles, whilst only an ex-

tremely small quantity of coagulated albumen lies between them,

should nearly always all of them appear extended into spindles

in one and the same direction.

Besides these spindle-shaped corpuscles, more rarely elliptical

and spherical blood-corpuscles {h) are seen, in which two con-

stituent parts can also be distinguished.

The form of the central granular mass usually adopts itself

to the shape of the whole corpuscle (fj, i.e. in the long spindle

shapes it is found much elongated (a b), and in the globular

blood-corpuscles collected into a ball {h). This is, however, often

not the case, but the granular substance appears contracted in

the centre of an elongated blood-corpuscle (<?). Once I found

it denuded and projecting from the cortical layer on one side of

the spindle [g).

If now in all these blood-corpuscles two substances can be

distinguished, a homogeneous cortical layer, and a granular

substance enclosed within it, it is natural to look upon the latter,

in the cases in which it has a circular or oval outline, as the

nucleus of the blood-corpuscles {d, e, g, h). But the relations

to be immediately mentioned permit of a farther distinction,

which causes their structure to appear in a different light. The
circumstance alone that the central granular mass frequently

constitutes a comparatively large part of the red blood- corpuscles,

is sufficient to lead to the supposition that it does not consist of
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the nucleus only. Purther, it frequently appears elongated to an
extent {a, b) that does not usually occur in nuclei, and finally a

peculiar transverse striation {s) is often seen on it, which points

to special structural relations.

I will, however, not spend more time over these matters, which

contain much that is still obscure. There are in every prepara-

tion numerous examples, which afford a clue to the right

understanding of the peculiarities here met with in the granular

substance of the red blood-corpuscles.

The least ambiguous forms, which at once indicate the struc-

ture, are represented in figs. 3 and 4. Those in the former

figure are frequently seen, those in the latter more rarely. Let

us, therefore, confine our attention in the first place to the

former.

Amongst them we find blood-corpuscles of irregular form,

whose granular substance is accumulated more or less to one

side of the interior, and throws out numerous radiating processes

in the shape of finely granular threads into the adjacent ho-

mogeneous cortical layer (fig. 3). The former, with all its

processes, is more darkly stained with carmine or eosine than the

latter. This property, as well as the morphological relations

described, are so characteristic that the granular substance is

easily recognised as a ball of protoplasm surrounded by the

homogeneous cortex. Every doubt, however, with regard to

the correctness of this interpretation, is removed by a consi-

deration of the blood-corpuscles represented in fig. 4.

3. Blood-corpuscles, in which three parts can he distinguished

:

[a) the bright homogeneous cortical layer ; ((5) the granular pro-

toplasm, which stains more deeply with carmine ; and [c) a clear

nucleus, enclosed in the latter, and containing a bright nucleolus

(fig. 4).

With regard to the homogeneous cortical layer of these cells,

I have nothing to add to what has been already said about it.

The enclosed protoplasm is very variously shaped, being at one

time collected into a ball {a), at another time more extended (c),

and, again, in other cases provided on all sides with radiating

processes {b). Finally the nucleus, when I could distinguish it

clearly, had always a circular outline, and could be recognised as

a bright homogeneous spot in the red granular protoplasm.

Whether it had not also become stained by the carmine could

not with certainty be ascertained ; at all events, the staining, if

present, was very slight, which rendered the contrast between it

and the red-stained protoplasm so much the more conspicuous.

The bright nucleolus was also in all these cases characteristic of

the nucleus, and no one can deny that in the red blood-corpuscles
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represented in fig. 4 it has been possible to demonstrate the

attributes of a cell to an extent hitherto unlooked for.

After I had, by means of the advantages possessed by the

above-described method, managed to distinguish the nucleus of

the red blood-corpuscles from the surrounding protoplasm, it was

natural that those forms, in which within the homogeneous cortex

only a granular substance stained red by carmine is seen, should

receive another interpretation. It is evident that the central mass

of the blood-corpuscles represented in fig. 2, a—g, cannot be the

nucleus, but only the protoplasm. It may be taken for granted

that the former cannot be detected in them only, because circum-

stances are not favorable for seeing it. Probably the mass of

the granular substance simply prevents its being seen. The same
may be asserted of the forms represented in figs. 3 and 5 ; but

with regard to these I have something to add which appears

important in order to understand them rightly.

The processes of the protoplasm, as already mentioned, may
be considerably developed and extended to some length (fig. 3).

In other cases, however, they are short and of capillary fineness

(fig. 5, a, b, c). The central granular ball then appears as if

invested with fine bristles on all sides ; this occurs both in the

more compact forms {a) and also in the thin elongated spindles

(c). It also happens sometimes that the processes are conical,

which causes the protoplasmic mass inside the homogeneous cor-

tex to assume accurately the aspect of a mulberry -shaped blood-

corpuscle {d). It also appears that its surface is not always

similar on all sides, but one side may be beset with papilla-like

elevations, whilst the other appears simply granular ((?).

After all, it may be considered certain that the protoplasm of

the red blood-corpuscles, when these are introduced into a con-

centrated alcoholic solution of corrosive sublimate, sometimes

becomes rigid with extended processes, and at other times appears

in a contracted condition, as in fig. 2. If, now, in such blood-

corpuscles a transverse striaiiott of the protoplasm can be fre-

quently recognised (fig. 2, c) this must be referred, I believe, to

imperfectly developed processes, which, running in a particular

direction, cannot be recognised as such in a certain position of

the blood-corpuscles, but give to the granular part a striped

appearance. The drawings a, d, c, in fig. 5 seem to me to justify

this conclusion, for with inferior lenses I see in these blood-

corpuscles nothing more than a striation of the protoplasm.

The relation oftheprotoplasmic portion to thehomogeneons cortical

layer is also deserving of especial consideration. In reference to

this, it is necessary to point out, in the first place, that in a large

proportion of the blood-corpuscles the nature of the sxirface is



STRUCTURAL RELATIONS OF RED BLOOD-CORPUSCLES. 383

independent of the form of the protoplasm, i.e. the surface may
appear perfectly smooth^ although numerous long protoplasmic

processes radiate into the cortical layer (compare tig. 3, fig. 4 b,

fig. 5). In other cases, however, the cortical layer appears to

follow the processes of the protoplasm, adapting itself to the ele-

vations and depressions, and by this means uniformly surrounding

the radiating protoplasmic body. This must, I think, be inferred

from the different forms, which appear indented in a very peculiar

manner (fig. 1). The stripes and swellings on the surface in

f, Qi ^) h and k are easily understood if we suppose that pro-

cesses situate in the interior of the protoplasm, as we have

already seen them in numerous other blood-corpuscles, give rise

to the protrusion or indentation of the cortical layer. Still more

does the drawing (I) in fig. 1 suggest this interpretation. In

this case radiating filaments are actually visible, but they have a

homogeneous structure, and are highly refractive like the cortical

layer. This peculiarity might, however, be explained by sup-

posing that they appear still surrounded by a layer of the cortical

substance, after the protoplasmic body has become pushed on to

one side and almost isolated. Farther, a companion of fig. 1 e

with fig. 5 d renders still more probable the supposition that the

protoplasmic processes can exert an influence on the form of the

surface. Fig. 1 e represents a decolorised mulberry-shaped

blood-corpuscle of a bright homogeneous aspect. In fig. 5 d
we find the same mulberry shape in the protoplasm within the

homogeneous cortex. Both blood-corpuscles have been exposed

to the solution of corrosive sublimate ; but either they possessed

on entering the fluid a different relative arrangement of the two
parts, or it may have happened that in the one case (fig. 5 d)

the action was less momentary and that the protoplasm had time

to contract into a sphere beset with protuberances, whereas in

the other case the blood-corpuscles (represented in fig. 1 e) im-

mediately stiffened in the mulberry forms. In the latter case the

general spherical form of the blood-corpuscle and the numerous
projections on its surface may have rendered the similarly-shaped

central ball of protoplasm very difficult to be seen. It appears

to me, therefore, that the possibility at least must be granted

that the homogeneous cortical layer is bulged out mechanically

by the processes of the protoplasm, and is made to envelope

them uniformly.

If this is not the case, however, in many blood-corpuscles, as

we have seen, but the cortical layer remains smooth on the sur-

face, although it is traversed by visible processes of the proto-

plasm, this may be caused by various circumstances. It is

conceivable that in these cases the processes of the protoplasm

are either small (fig. 5, a, h, c) and too insignificant to exert
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formative influence on the coin]jaratively thick cortical layer, or

that, as the drawings in fig. 3 actually show, the protoplasm has

become collected on the one and the cortical layer on the other

side of the blood-corpuscle, and that in this case also, because

the processes radiate into a layer of cortical substance of con-

siderable thickness, the latter does not accommodate itself to the

shape of the former, in spite of their length. Finally, it is

necessary to take into consideration the circumstance that the

amount of protoplasm varies much in individual blood-corpuscles,

and that in proportion as it diminishes the homogeneous sub-

stance increases in quantity. I have already shown this by

another method, both in the blood-corpuscles of amphibia and in

those of mammalia {' Virchow's Archiv,^ vol. xxxvi, pp. 367 and

377). The same difi'erences which are there mentioned are met

with in the treatment of red blood- corpuscles by an alcoholic

solution of corrosive sublimate.

Although clearly visible in many blood-corpuscles, the sphere

of protoplasm is in others equally invisible. The blood-corpuscles

remain after decoloration, and in spite of staining with carmine

quite homogeneous, even when they are not spherical, but per-

fectly flat (fig. 1, a, h, c). Although it may be concluded from

this that these blood-corpuscles enclose very little or no proto-

plasm, minute investigation enables us to bring forward a stronger

proof of the accuracy of this supposition.

Amongst a large number of blood-corpuscles submitted to

examination some will always be found in which the nucleus

with its sharply marked outline is perceived within the homo-

geneous substance, but no granular protoplasm can be seen in its

vicinity (fig. 6) . If in these blood-corpuscles any protoplasm

were present, it must be easily recognised, especially after stain-

ing with carmine, as in fig. 4, for it appears scarcely possible

that where the more deeply situated and less perceptible nucleus

with its circular outline is visible, the more easily distinguished

layer of protoplasm surrounding it could remain hidden. In the

nuclei of these perfectly homogeneous forms I have sometimes

found a nucleolus present (fig. 6, a) ; at other times it was

absent (d).

Before concluding my communication on the human blood-

corpuscles I have to report a case of poisoning hy corrodve

subiimate, in which I was able to examine the blood immediately

after the post-mortem examination. The porter of the Patho-

logical Institution took a large draught of the alcoholic solution

of corrosive sublimate in question, and died from the effects of

it on the fourth day. Although the autopsy did not take place

till thirty-six hours after death, the body presented no perceptible

signs of decomposition. It is necessary to enter here into the
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details of the exaraination. It will suffice to mention that every-

where^ although the corpse was still fresh, a very remarkable

saturation of the tissues in the neighbourhood of the blood-vessels

with the colouring matter of the blood was noticed. With regard

to the stomach in particular, there was found on its posterior

wall, running from the cardiac end to the fundus, a dark-red

tract of mucous membrane of a hand's breadth, in which both

the large blood-vessels were strongly marked by a sanguineous

imbibition of their neighbourhood, and also the intervening

islands of mucous membrane were of a diffuse red colour, the

intensity of which was further heightened by numerous scattered

points of extravasation. A corrosive destruction of the mucosa

had not taken place, nor was there any post-morieni softening of

the coats of the stomach. Still more remarkable was the fact

that also on the outer surface of the stomach the larger branches

of the blood-vessels were distinctly mapped out by the sangui-

neous imbibition of the tissues immediately surrounding them,

like the veins in the skin of a corpse that has been frozen. The
bloody discoloration of the transudations in the cavities of the

pleura, peritoneum, and pericardium was also very considerable.

The pericardial fluid, which amounted to about one ounce, was

perfectly clear and transparent, but at the same time as dark red

as a tolerably concentrated solution of haemoglobin.

Having ascertained these facts, and knowing as I did the

above-described action of concentrated solutions of corrosive

sublimate on the red blood-corpuscles, I was the more anxious

to proceed to an examination of the blood, which I took from

the right ventricle of the heart. And, in truth, a very remark-

able change in the blood of the corpse became evident. Although

the blood, as mentioned, presented no signs of decomposition,

and could not at the temperature then existing have been frozen,

immediately after removal it presented the appearance of blood

imperfectly clarified by freezing. In thin layers it was perfectly

transparent.

On microscopical examination I found no inconsiderable

number of red blood-corpuscles, but they were almost all ex-

ceedingly pale, and were neither disk- nor mulberry-shaped, but

presented mostly a spherical form, or one approaching to it.

Moreover, in many of them tvithout further treatment a nucleus

could he seen, which possessed a spherical form and sharp outline,

and was somewhat granular in character (fig. 7, a, b, c, d). In
the neighbourhood of the nucleus was a greater or less quantity

of colourless granular substance (protoplasm), but the granules

composing it had separated, and were very much scattered.^

^ The faded spherical blood -corpuscles with the nucleus and scattered

granules of protoplasm in their interior reminded me forcibly of the pale
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I noticed a more compact protoplasm in the less numerous
cup-shaped corpuscles, in which it projected from the concave

surface (fig. 1 , e,f). In this case the nucleus was not visible.

Besides the blood-corpuseles described, considerably smaller

and darker homogeneous forms, sometimes spherical, at other

times furnished with a central depression, were present in smaller

numbers [g).

Eighteen hours later the blood, which during that time had
stood in a well-closed stoppered bottle at the ordinary tempera-

ture of the room, although it exhibited not the least smell of

decomposition, had become perfectly lake-coloured. Only in a

few small soft coagula at the bottom of the vessel could I now
succeed in finding red blood-corpuscles, and these presented the

same properties as those I have already described.

On the whole the changes in the red blood-corpuscles appear

to play an important part in poisoning by corrosive sublimate.

On the other hand, it results from the preceding observation that

the finding of nucleated blood-corpuscles (so-called transition-

forms) in one or other part of the vascular system does not yet

justify conclusions with regard to the importance of the respec-

tive organs in the formation of red blood-corpuscles.

The red blood-corpuscles can, as we have seen, be transformed

by partial decoloration into the so-called transition-stages,

which at present are indistinguishable from the embryonic blood-

corpuscles.

II. The Red Blood-corpuscles of the Camel.

In my first treatise on the red blood-corpuscles of the camel

{3Iemoires de l'Academie,.&c., -p. 13), I have shown that the

nucleus of these corpuscles can be demonstrated by different

methods. The supposition of various authors that it can at once

be perceived, like the nucleus in the blood-corpuscles of the

frog, is, however, not correct. Eollet declares that the blood-

corpuscles of the camel are not provided with a nucleus any

more than those of man and the other mammalia (Stricker^s

Handbuck der Gewehelehre, p. 275). I was the first who
succeeded in demonstrating the nucleus. But I was only able

to see it clearly within the homogeneous substance surrounding

it, after the blood-corpuscles had parted with a portion of their

colouring matter by the occurrence of decomposition in the blood.

The next step was, therefore, to ascertain by experiment whether

the treatment of the camel's blood- corpuscles with an alcoholic

solution of corrosive sublimate would produce a better result

than the decoloration by alcohol and acetic acid. The colouring

yellow-coloured transparent blood-corpuscles of the .young larvae of the

frog. (Compare Virchow's ' Archiv, vol. xxxvi, pi. x, fig. 20.)
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matter cannot be extracted by corrosive sublimate from red

blood-corpuscles which have been preserved in alcohol. It was,

therefore, of great service to me that, by a lucky chance and by

the kindness of Professor A. Rosenberg, I was soon again

possessed of fresh camel's blood, when the animal which I had
already used once was purchased by the Dorpat Veterinary

Institution.

The blood of this animal, after being defibrinated, was treated

in the manner above described. My statements witb regard to

the camel's blood were then confirmed in every respect. Of the

blood-co7'p2iscles decolorised hi/ the alcoholic soltttion of corrosive

sublimate, at least one haf show two comjwnent parts—a homo-
geneous cortical layer and a granular mass situate in the interior,

which stains more deeply with carmine (fig, 8, a, b). This is

the granular protoplasm, which is accumulated round the nucleus.

Processes of the protoplasm, presenting the varied appearances

observed in the blood-corpuscles of man, I have not found in

those of the camel. This may be due to accidental circum-

stances, which cannot at present be determined. The important

fact, however, in the structure of the mammalian blood-cor-

puscle is here to be recorded, that within the homogeneous
cortical layer a second constituent part can be demonstrated,

which hitherto no one has seen. In the interior of this, just as

in the protoplasm of the red blood-corpuscles of man, is situated

a nucleus. Any one unaccustomed to examining red blood-

corpuscles would be inclined to consider the central body, repre-

sented in fig. 8, a and b, as the nucleus. But a closer

acquaintance with the object teaches that two things must here

be distinguished. The nucleus possesses, as I have already

proved, a membrane with a double contour, is less granular, and
encloses usually a nucleolus. Neither does it become coloured

by carmine, like the protoplasm. When surrounded by the

latter it is not always seen, but in other more favorable cases

the sharply defined ellipse is perceived within the granular mass
(fig. 8, c). This nucleus then appears to agree accurately both

in form and size with the nuclei, which i have isolated by

different methods from the blood-corpuscles of the camel.

What I was therefore obliged to take for granted as the cause

of the non-visibility of the protoplasm and nucleus has proved to

be quite correct. The homogeneous cortical layer of the camel's

blood-corpuscles is comparatively thick, and at the same time

very highly refractive. Observation is thereby impeded. And
if the blood-corpuscles, which have become rigid in concentrated

alcohol are decolorised by acetic acid, the advantage gained by

the decoloration is again lost by the swelling which takes place.

The blood-corpuscles then indeed appear colourless, but are

VOL. XVII. NEW SEE. C C
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apparently quite homogeneous. The concentrated alcoholic

solution of corrosive sublimate is alone able to reveal in the

blood-corpuscles of the camel the structural relations which I

had already become acquainted with in the human blood-cor-

puscles by the same metliod.

III. The Red Blood-corpuscles of the Frog.

A^fter I had proved in mammalian blood-corpuscles the great

advantages which are afforded by the method described, I could

not refrain from applying the same method to those blood-cor-

puscles which have hitherto alone been regarded as nucleated.

I have, however, not yet been able to examine in this respect all

classes of animals with distinctly nucleated elliptical blood-

corpuscles.

Whilst reserving to myself farther communications in regard

to those of birds and fish, I shall at present only make some

statements with regard to the appearances which the blood-

corpuscles of the frog present when they have been treated with

an alcoholic solution of corrosive sublimate. I can be the more

concise in my remarks as the interpretation of the structural

relations meets with much fewer difficulties in regard to prevailing

notions on the subject. The drawings which 1 have added will

also materially assist in understanding them.

That a granular protoplasm is collected round the nucleus of

the frog^s blood-corpuscle, and that filaments radiating outwards

from it, can be demonstrated in many blood-corpuscles, is by no
means generally admitted. It may even be asserted that with

the exception of the few observers who have devoted special

attention to this subject, no one has taken notice of the obser-

vations referring to it, which are, it is true, still incomplete. The
doctrine of '^Stroma" has also hindered the advance of our

knowledge of the structure of the blood-corpuscles. As far as I

know, only Hensen, myself, and KoUmann have investigated the

subject with any minuteness. Hensen first reported on the

appearances obtained by crushing fresh blood-corpuscles of the

frog. I then .confirmed his statements, and described further

the peculiar forms which a five per cent, solution of tannin

produces in the blood-corpuscles of the salamander. From these

observations it was inferred that around the nucleus of the

amphibian blood-corpuscles a mass of protoplasm is collectep

which radiates in the form of filaments into the homogeneous rep

substance. I laid especial stress on the fact that the blood-

corpuscles are not aL similar, but that there are many in which

the nucleus appears surmounted with only the colourless granular

matter, and again, others in which the latter cannot be demon-
strated at all. I feel obliged to make these preliminary remarks
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because the experiments with the alcoholic solution of corrosive

sublimate confirms in a most gratifying manner the results which

were obtained by an entirely different method. I refer the

reader at once to the drawings in tigs. 9, 10, and 11. The first

two figures are taken from uncoloured preparations, after tlie

blood-corpuscles had been purified from corrosive sublimate by

washing, first with alcohol and then with water; fig. 11 is after

staining with carmine.

The peculiarity of the drawings is sufficient to convince any

one that we have not here to do with accidental forms which

have been artiticially produced by the method of treatmeiit, but

with details of organisation which have been obtained by a

sudden solidification of the substance of the corpuscles. In the

momentary action which causes the temporary condition to re-

main a permanent one lies, independently of the decoloration

which takes place, a great advantage, which the concentrated

solution of corrosive sublimate possesses over all other reagents

which have as yet been employed in the study of the red blood-

corpuscles. What strikes one as peculiar in the treatment of

frog^s blood-corpuscles by corrosive sublimate is the behaviour

of the protoplasm. The hoinogeneons cortical layer (haemoglobin)

presents dift'erences only in regard to the quantity which belongs

to individual blood-corpuscles. The outline remains even, and
the shape of the blood-corpuscles is, as a rule, well preserved if

the blood be allowed to drop directly from the blood-vessels into

a solution of corrosive sublimate kept in motion by stirring

(fig. II). Alore irregular forms are seen when defibrinated

blood is treated in a similar maimer (fig. 9). The homogeneous
cortex is coloured pale red by carmine and eosine, the proto-

plasm at the same time becoming much darker. The latter then

appears of such varied form that I can only give a general idea

of its shape, of which the chief types are illustrated in the accom-
panying drawings.

The protoplasm appears sometimes collected uniformly round
the nucleus (fig. 11, h), at other times it is accumulated more
to one side of it (fig. 9, a and d, fig. 11, a). It is either pro-

vided with only a few processes (fig. 9, b) or is arranged round
the nucleus in the shape of an elegant star, whose points extend

to the margin of the corpuscle (fig. 10, b), or else it forms round
the nucleus a peculiar lobed figure (fig. ll,y). Very often it

appears beset on one or all sides with fine hair-like processes

(tig. 9, c, and d, fig. 10, d, fig. 11 a,b, d). Then, again, it may
represent a sort of network, which either appears distinctly sepa-

rated from the less darkly coloured cortical layer and more con-

tracted, or else it throws out into the cortex innumerable very

fine radiating filaments, so that its processes approach the extreme
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periphery of the blood corpuscles (fig. l\, c, e, i). In this case,

therefore, the whole blood-corpuscle is permeated by a network
of fine filaments.

Lastly, there are blood-corpuscles in which the form of the

protoplasm shows itself, but indistinctly, and merely a darker

staining with carmine, and tl\€ somewhat granular nature of the

centre reveals the collection of protoplasm around the nucleus

(fig. 11,^). Such blood-corpuscles form the transition to the

perfectly homogeneous forms, in which carmine staining shows

nothing further than a faintly-coloured mass of uniform character,

in which the nucleus lies (fig. 11, /). In blood-corpuscles of

this sort, which are not stained, the outline of the nucleus is

usually indistinct, and on the surface there appears here and
there small dark spots, which may be dependent on remains of

the protoplasm still present (fig. 10, a).

In the nucleus of the blood-corpuscles of the frog, after treat-

ment with an alcoholic solution of corrosive sublimate, the same
points can be observed as those already known from other obser-

vations. It possesses, as was already ascertained by Ranvier, a

sharply defined nucleolus ; but I have not by any means found

it present in all blood-corpuscles (compare figs. 10 and 11). The
nucleus is stained by eosine, but not at all, or only very faintly,

by carmine.

Relying on the results of t/he above observations, I think I

may be permitted to oppose once more the current views on the

structure of the red blood-corpuscles. The doctrine of '' Stroma,'^

originated by RoUet, generally accepted, and repeatedly com-
bated by me alone, is incompatible with the facts brought

forward.

This so-called stroma is nothing more than a residue of the

colourless part of the red blood-corpuscles, varying much in form

and extent, which remains after the dissolution of the original

structural relations. The appearance and size of the colourless

residue depends upon the means which have been employed to

dissolve the blood- corpuscles, and upon the intensity with which

their action has taken place. Besides this, it is necessary to

take into consideration a point which has been entirely over-

looked, that the colourless part of the individual blood-corpuscles

appears to vary much in size.

The stroma, as it has been displayed by methods hitherto in

use, is an artificial j^rorhict, and the ideas of the structure of the

red blood-corpuscles resting on it have rendered much more dif-

ficult the maintenance of a genetic relation between them and

the colourless blood-cor])uscles. The developmental connection

between red and colourless blood-corpuscles appears to be esta-
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blished for the first time, as far as it can be established anatomi-

cally, by the observations communicated above.

AH methods which have been employed by others in the

examination of the red blood-corpuscles, however interesting

may be the facts that have been made known by them, have

proved insufficient to ascertain the minute structure of the red

blood-corpuscles, because they all of them considerably alter and

destroy their structure. To these belong the mechanical crush-

ing of the blood-corpuscles, the treatment with electric currents,

the application of heat and cold, and the employment of the

chemical reagents hitherto in use.

In my first investigations ('Virchow's Archiv,' vols, xxxvi

and xxxix) I endeavoured to employ methods which alter the

red blood-corpuscles as little and as slowly as possible (blood

serum and aqueous humour). Now, I have chosen an entirely

diff"erent course, since I have aimed at hardening the blood-

corpuscles and then extracting the hsematin from them. I

achieved this partly by means of the alcohol-acetic-acid treat-

ment, but still better by means of a concentrated alcoholic solu-

tion of corrosive sublimate. Both means employed by me—the

decoloration by aqueous humour, and the decoloration by corrosive

sublimate—although so diff'erent, have led to the same results in

regard to the structure of the red blood-corpuscles. If it be,

therefore, a question of establishing the advantages these methods
possess over those of others, this fact must procure them recog-

nition.

In conclusion I cannot refrain from alluding to the question

of the contractility of the red blood-corpuscles. As is well

known, it was brought forward by Klebs, but was then pretty

generally denied ; and no doubt correctly in regard to the

phenomena of motion, which are exhibited by other cells, e.g.

the colourless blood-corpuscles.

There can be no question of a spontaneous locomotion in the

case of the red blood-corpuscles. Motion of this sort has never

been observed by any one, for the movements of the mulberry

and horse-chestnut (thorn-apple) forms, which rock on indivi-

dual points, may at once be classed as molecular movements,
and left out of consideration.

Neither can the alterations mform occurring in the red blood-

corpuscles be compared to those of the colourless blood-cor-

puscles. A constant change in the contour of the corpuscle,

and in the arrangement of the individual particles, is entirely

absent in the former. When the red blood-corpuscles have

assumed a certain form, it appears to remain permanent for a

considerable time, even under circumstances in which the colour-

less blood-corpuscles always change their shape. Changes in
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shape are, however, not entirely absent in the red blood-cor-

puscles. As is well known, the disk shape of the mammalian
blood-corpuscle can change into the mulberry or spherical form,

and the mulberry -shaped blood-corpuscles can also become

spherical. The dift'erences in form occurring in the elUptical

blood-coi'puscles are much less. Those of the camel appeared to

me especially unchangeable. Somewhat more varied is the form

of the frog's blood-corpuscles. But all varieties observed in the

red blood-corpuscle, and also in the disk-shaped blood-corpuscles

of mammalia, remain for a considerable time unchanged. The
individual blood-corpuscles are always motionless, and the

tranformations which take place in them during long periods of

time cannot therefore be compared to the phenomena of con-

tractility observed in the colourless blood-corpuscles.

If, however, as I have endeavoured to show for the red blood-

corpuscles of man and of the frog, the protoplasm occurs in such

exceedingly varied form, and with such peculiar arrangement as

is usually only seen in protoplasm undergoing active movement,

one appears justified in questioning whether it does not retain

its mobility within the non-contractile homogeneous cortex.

Unfortunately the circumstances are so unfavorable that it would

be almost impossible to establish by direct observation any

movements iu the protoplasm of the red blood-corpuscles. This

does not, however, preclude the possibility of the protoplasm

within the homogeneous case of hsemoglobin being in a state of

continuous movement. Eor it is only in living protoplasm that

we are acquainted with such filamentous processes, such discs

and such net-like arrangements, and again with such globular

accumulations as we have met with in the colourless substance

of the red blood-corpuscles. The fact that the object presents

such inseparable difficulties, that it is impossible to decide by

direct observation whether iu the interior of the red blood-

corpuscles a movement takes place or not, does not give us any

right to deny it. On the other hand, many of the peculiar

forms, which I have described in the human blood- corpuscles

treated by corrosive sublimate, appear to me to be best ex-

plained by supposing that the homogeneous cortex often takes a

passive part in the movements of the protoplasm. I would class

the hsemoglobin-envelope of the red blood-corpuscles with the

capsule of cartilage cells, and with the cellulose membrane of

vegetable cells, in so far as these are to be regarded as trans-

formed protoplasm, since, for reasons which I have stated else-

where, I must consider the cortical layer as the result of a

process of develo[)inent which deprives the blood-cells more and

more of their protoplasm, and finally converts them into homo-

geneous bodies. • DoRPAT, January, 1877.
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Contribution to the Minute Anatomy of the Epidermis
in Smallpox of Sheep. By E. Klein, M.D., F.R.S
(With Plate XXIV.)

In my paper ou slieep-pox ("Research on Smallpox of
Sheep," ' Philosophical Transactions/ vol. 165, 1874) I have
shown that in the thickened epidermis of the primary pocks—i. e. those produced directly at the seat of inoculation—

a

peculiar change takes place in the rete Malpighii, which leads
to the formation of what 1 called a median horny streak. I
have shown that in the middle layers of the greatly hyper-
trophied rete Malpighii smaller or larger groups of epithelial

cells are converted into horny, irregular masses, the nuclei
of the cells at the same time disappearing. By the confluence
of a number of such horny masses there is formed a stratum
in thereto Malpighii, which corresponds, in all its characters,
to the stratum lucidum, i. e. the deep portion of the stratum
corneum. By that additional stratum lucidum thereto Mal-
pighii is separated into two sections, a deej) one representing
the true rete Malpighii, and an upper or superficial one,
situated between tlie two strata lucida (see ' Philosophical
Transactions,' Plate 30, fig. 6 ; Plate 32, fig. 14 ; and also
this memoir, Plate XXIV, fig. 3). The cells of the latter

become, however, gradually homogeneous ; their nucleus
diminishes in size and also in the power of taking up stain-

ing until it is altogether lost; the cell outlines disappear,
and the whole mass becomes eventually one with the stratum
lucidum. In consequence of this change the two strata

lucida, i.e. the true stratum lucidum and the additional or
median stratum lucidum (median horny streak), become
fused into one thick layer. This change I have shown to

take place first in the middle of the pustule, and gradually
to spread towards the periphery.

In the sixty-ninth volume of ' Virchow's Archiv,' p. 409
(March, 1877), Dr. Unna describes, in the smallpox of man,
a structure in the epidermis of the pustule, which he calls
" Pockenkorper,'^ and which so closely resembles our upper
section of rete Malpighii enclosed between the two strata

lucida (see Plate XXIV, fig. 3), that I have no doubt the
two are in their structure and development identical. Dr.
Unna, however, gives a totally different account of the de-

velopment of the " Pockenkorper" in smallpox of man from
the one I gave of the analogous structure in the sheep-pox,

and he assigns to the " Pockeukorper" such an importance
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in the development of the vesicles of the pustule (which in

the case of sheep-pox it does not possess) that I think it

necessary to compare more closely his assertions with those

given in my memoir.
a. As regards the development. Dr. Unna asserts that

in smallpox of man the " Pockenkorper," i.e. the superficial

part of rete Malpighii enclosed between the two strata

lucida (^in fig. 3) has been part of the stratum lucidum; he
assumes that, in consequence of the morbid infection, the

middle part of the original stratum lucidum swells up; its

cells become again distinct ; their nuclei are visible, and take
again to staining, and that this part is now bordered on its

lower and upper surface by unchanged stratum lucidum. As
the chief reason for this assertion Dr. Unua seems to regard
the fact that the ''granular layer," which in the normal
condition lies underneath the stratum lucidum, is in the

pock-epidermis to be found underneath the lower (or median)
stratum lucidum.

Now, I am not prepared to make any statement regarding
the nature of the different parts of the epidermis in small-

pox of man ; but as regards smallpox of sheep I can assert

that the appearances represented in fig. 3 (see also my first

paper on this subject in the ' Philosophical Transactions '),

"which in their principal parts entirely correspond to the

changes in smallpox of man, as described by Dr. Unna, are

produced in the manner described by myself, and not in that

stated by this observer, viz. that the superficial layer of the

rete Malpighii (d in fig. 3) has become separated from the

true rete Malpighii by the new formation of a median stratum
lucidum (c).

That this is so can be proved in (o) an indirect and

(/3) direct manner.
a. It will not, I think, be admitted by any histologist that

the horny scales which form the constituent elements of the

stratum lucidum are capable of returning into polygonal
granular nucleated cells just as little as those of the stratum
corneum are capable of such a change. In the case of the

primary pustules of sheep-pocks the cells of the upper rete

Malpighii (d in fig. 3) are in those parts in which the horni-

fication has not proceeded too far, of a distinctly granular

substance and possess a well-defined nucleus, which stains

with staining fluid, just like that of an ordinary epithelial

cell ; in short, they are in all respects identical with the

cells of the true rete Malpighii. Double staining with car-

mine and hsematoxylin shows one important difference

between the two, viz, whereas the true rete Malpighii stains
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of a light purple colour (hseraatoxylin), the upper rete Mal-
pighii ((/ iu fig, 3) assumes a pinit colour (carmine), which
is deeper in the cells next the strata lucida. As fig. 3 so
beautifully shows, this deep pink colour is exhibited not
only by cells of the upper rete Malpighii, but also by cells of
the true rete Malpighii in the immediate vicinity of the
median stratum lucidum, thus showing that those cells of
the rete Malpighii which are here becoming converted into

parts of the stratum lucidum lie not only in the upper rete

Malpighii, but also in the superficial layer of the true rete

Malpighii. [As I have described and figured in my paper
in the ' Philosophical Transactions,' the median stratum
lucidum possesses longer or shorter processes corresponding
to the interpapillary processes of the true rete Malpighii

;

these are also well shown in the present fig. 3.]

Those ceils of the rete Malpighii which are being con-
verted into part of the stratum lucidum take especially well
to carmine staining, as I have convinced myself also in pre-
parations of early stages of the pock, e. g. in a stage repre-
sented in fig. 2. In this figure the layer d contains those
cells; they still show their outlines, although indistinctly,

but have lost their nuclei. But what is of paramount im-
portance in this figui'e is the fact that the cells of the layer
d have almost entirely lost their "granules."" (In all these
pathological cases the " granular layer,^' i. e. the layer of cells

next the under surface of the stratum lucidum which contain
larger or smaller " granules" staining very deeply blue in

hsematoxylin, and thus'easily demonstrated, is much broader
than in the normal condition. In the present case the layer
d has no more distinct granules ; they are to be found in
the next lower layer c. Here they are very large spherical or
disc-like masses, situated generally at and near the poles of
the nucleus of the cell.) And this is in so far of interest, as

it shows that the non-presence of granules in d of fig. 3 does
not prove that this layer has never been part of the rete
Malpighii ; or expressed in a diflPerent way, the presence of
granules in cells below the median stratum lucidum of fig. 3
does not at all prove that the upper rete {d of fig. 3) has
always been part of the stratum lucidum.
But there is another reason why the upper rete Malpighii

of our case {d, fig. 3) has not previously been part of the
stratum lucidum, but, on the contrary, has become separated
from the deeper rete Malpighii by the appearance of the
median stratum lucidum. If we trace the changes of the
epidermis from stage to stage we ascertain that the thickness
of the (hypertrophied) rete Malpighii is at first greatest in



390 DR. E. KLEIN.

the central part of the pock, and, as T described in ray paper
('Philosophical Transactions'), abruptly passes into the epi-

dermis of the surrounding skin. But when the median
horny streak (median stratum lucidum) has made its appear-
ance in the centre of the pock— (as a rule it first appears in the

centre of the pock, and gradually spreads from here towards
the periphery, as I fully described in the * Philosophi-

cal Transactions')—the rete Malpighii of the periphery,

where there is no median horny streak, greatly exceeds in

thickness the deep rete Malpighii of the centre; it exceeds

in thickness even both the deep and upper rete Malpighii

taken together. The explanation is not difficult to find

;

it is this : upper rete Malpighii, median horny streak and
deep rete Malpighii (fig. 3) together once formed a uniform
rete Malpighii in the centre of the pock ; its thickness was
then, of course, much greater than now, when by the horni-

fication of some layers of cells (median horny streak) so

much of its thickness has been lost.

/3. The more direct proof that the upper rete Malpighii

{d, fig. 3) has never been part of the original stratum

lucidum is to be found in the fact that the median horny
streak (median stratum lucidum) may be said to develop out

of isolated horny masses of epithelial cells, which gradually

become confluent, as I minutely described and figured in my
paper in the ' Philosophical Transactions.'

The fact that " granular cells" {b of fig. 3) are found
underneath the median horny streak does not prove that

this latter is part of the original stratum lucidum— (in tiie

normal epidermis the '' granular cells" lie in close contact

with the stratum lucidum, and one may be taken as index of

the other)—for I have shown above (see fig. 2) that in our

cases the position of the " granular cells" is not invariably

a fixed one.

As I have pointed out in my paper in the ' Philosophical

Transactions ' the above condition, viz. appearance of a median
horny streak is to be found in the primary pustules only,

i.e. in those which appear directly at the seat of inoculation,

and this condition does not precede the formation of the

vesicles, as Dr. Unna maintains for the smallpox in man.

Dr. Unna attributes to the " Pockenkorper'' a great

importance, inasmuch as he regards it as the seat of the

vesicles of the pustule in human smallpox. A comparison of

his figures (1. c, Plate XV, figs. 3 and 4) with those which I

obtained from secondary pustules of sheep-pocks

—

i.e. those

that appeared like smallpox in man, in consequence of a
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general eruption—show that in both cases the formation of the
vesicles of the pustule takes place simply in the upper and
middle cell-layers of the rete Malpighii. As regards the

vesicles in the pustules of sheep-pox I have shown in my
paper in the 'Philosophical Transactions' that hydropic de-

generation and vacuolation of the cells of the rete Malpighii

plays an important part in their formation. I can now add
another fact, noteworthy in considering the modes of their

formation. It is this : the intercellular paths (interstitial

substance) become widely distended, and by the accumula-
tion of fluid (contents of vesicles) gradually transformed in

large irregular cavities, the surrounding epithelial cells at the

same time becoming compressed and finally disappear. Fig. I,

which is a faithful representation of these relations, shows in

V vesicles already formed ; i are the intercellular paths, in

some places widely distended; through them project the
" spikes" of the ridge-and-furrow-cells. In the broad paths
(fig. 1) we observe also a thin membranous structure (dark
line), and it is not quite clear to me what this means. It

possibly means this : during life these broad paths have been
filled with a fluid, at any rate a liquefied intercellular sub-
stance, which, after death and by the action of the hardening
reagent, coagulates ; the coagulum appears in the form of a
delicate membrane. At any rate the figure shows that
some of the vesicles are derived from distended intercellular

paths.

Dr. Unna's chief reason for maintaining that the vesicles

of the pustule are formed in the " Pockenkorper" appears to

be the position of the " granular layer." He finds, namely,
that at the periphery the " granular layer" may be traced
for a little distance underneath the part that contains the
vesicles; at all events he does not find the "granular laver"
extend above the vesicles. As regards the vesicles in the
secondary pustules of sheep-pox

—

i. e. those of a general
eruption—1 find that there is a considerable difference

between the periphery and the centre of the pustule. I have
invariably found that in the early stages of the formation of
the vesicles these latter are formed underneath the " granular
layer/' This is of so constant a character that no error is

possible, and we must, therefore, set aside—at any rate for
the pustules of sheep-pox of a general eruption—the asser-
tion of Dr. Unna that the vesicles are formed above the
" granular layer," i. e. within the stratum lucidum.

In the central part of the pustules of our cases the vesicles

are formed in the middle and upper layers of the rete Mal-
pighii, as I described and figured in my paper in the ' Phi-
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losophical Transactions.' In the periphery, however^ there

we certainly meet with appearances which might suggest

an interpretation such as is given by Dr. Unna, viz. there we
find that the stratum lucidum appears to be separated into

two layers, and between these lie the vesicles, generally of a

considerable size, and separated only by thin trabecular

remains of cell- masses. This condition

—

i.e. the presence

of a median stratum lucidum underneath the vesicles—may
be observed at first only at the very periphery ; as develop-

ment proceeds it extends also for some distance towards the

central part of the pustule. In the very periphery we may
find also an indication of a " granular layer" underneath the

median stratum lucidum^ traceable into the " granular layer"

of the surrounding part. Now_, all this seems to me to admit

of an easy and simple interpretation, viz. that in the peri-

phery the vesicles become first separated from the subjacent

rete Malpighii by the hornification—or whatever that pecu-

liar, highly-refractive, homogeneous condition may be—of

the cell-layers of the rete Malpighii directly underneath the

vesicles. I would particularly draw the attention to fig. 4>,

which represents a vertical section through the epidermis of a

pustule of a general eruption. The right and middle of the

drawing corresponds to the centre, the left to a part near

the periphery of the pustule, and it is here seen that in the

centre the vesicles lie underneath the '' granular layer," i. e. in

the true rete Malpighii; whereas in the periphery the super-

ficial vesicles are already becoming separated from the rete

Malpighii by a layer, which in its aspect corresponds to the

median stratum lucidum. As is also shown in the drawing,

it seems to branch off" from the stratum lucidum of the

surface. A section placed at a right angle to the plane of

that represented in fig. 4 would, if placed through the peri-

pheral part, show the vesicles enclosed between two strata

lucida, the upper being the true stratum lucidum of the

surface, the lower corresponding to the median horny streak

(or median stratum lucidum); that is to say, we should find

that the vesicles actually correspond in position to the
" Pockenkorper," as maintained by Dr. Unna. But if that

section were placed through the centre only, we should find

no such thing ; we should merely see the vesicles in the

middle and upper layers of the true rete Malpighii underneath

the " granular layer."

In an appendix to his paper Dr. Unna mentions that he

learned by letter from Dr. Weigert, whose experience in

the anatomy of smallpox of man is, I think, universally ad-

mitted to be of an authoritative character, that this observer
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(Dr. Wiegert) regards Unna's " Pockeiikorper" only as

serving to separate the vesicles from the rete Malpighii, and
thus to properly enclose them, " zur Abkapselung dient.'*

In addition, Dr. Wiegert thinks that Dr. Unna's " Pocken-
korper^' is found only at the periphery of the pustule. I

need hardly remind the reader that, according to our de-

scription above, I fully agree with Dr. Weigert's interpreta-

tion ; and I would only mention that Auspitz and Basch
(quoted by Dr. Neuman in his ' Textbook of Skin Diseases,'

translated by Dr. Pullar, London, 1871, p. 74) knew the

condition of human smallpox when '^ the pustular contents

are enclosed, as if by a capsule, by two layers of unnucleated
epidermic cells.''

Notes on the Embryology and Classification of the

Animal Kingdom : comprising a Revision of Specula-
tions relative to the Origin and Significance of the

Germ-layers. By E. Ray Lankester, M.A., F.R.S.,

Professor of Zoology and Comparative Anatomy in

University College, London. With Plate XXV.

I.

—

The Planula Theory.

Preliminary.—The object of the present essay is to give,

in a concise form, the actual phase which those specula-

tions have assumed, which I first put forward in an article

entitled, "On the Germinal Layers of the Embryo as the

Basis of the Genealogical Classification of Animals," pub-

lished in the ' Annals and Mag. of Nat. Hist.,' May,
1873. The points of chief importance in that article were

the indication of three grades of developmental complexity

in the animal kingdom—the horaoblastic, limited to the

Protozoa; the diploblastic, reaching no higher than the

Zoophytes or Coelentera; and the tripoblastic, embracing
all the higher animals which differ from the Zoophytes
built up by the modification of two primary cell-layers, in

the fact that a third cell-layer appears between these two,

and gives rise to muscles, body-cavity, and blood-vascular

systems. The precise origin of this third germ-layer, as well

as its exact relation to body-cavity and haemolyraph vessels,

was pointed to as a matter requiring further observation and
consideration. Further, in this article it was shown that both
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the Diploblastica and Triploblastica, in the course of develop-

ment from the egg, after passing through a " polyplast'' con-

dition, enter upon the Planula pha^^e. The Planula was defined

as a sac, the wall of which is composed of two layers of cells,

an ectoderm and an endoderm. Such a Planula was presumed
to be the common ancestor of all Diploblastica and Tripo-

blastica, the former of which retained its essential structure

with small modifications, whilst the latter proceeded further

to add the third layer and the hsemolymph system connected

with it. The existence of an aperture leading into the cavity

of the two-cell-layered Planula was not an essential feature

of the ancestral form thus arrived at, for I was careful to

insist, in the essay referred to, that the two-cell- layered

Planula took its origin in the actual developmentof botli Diplo-

blastica and Triploblastica in two different ways, which I

designated respectively " delamination" and " invagination/'

When the deeper or endodermal layer of cells arose by
delamination from the inner face of a hollow polyplast, whose

wall was formed by one primitive layer of cells, a closed two-

cell-layered Planula was formed devoid of aperture, and sul)-

sequently a mouth was formed by a breaking through of the

Planula's wall and an ingrowth of ectodermal cells. This

mode of origin appeared to be confined to a few Zoophytes.

The invaginate mode of origin—in which a pushing in of

the wall of a single-cell- layered sac gave rise to an internal

cell-layer—appeared to be by far the commoner mode of origin

of the two-cell-layered Planula, and in this case the cavity

formed by the invagination and bounded by the invaginated

endodermal cells is (for a time, at least) open to the exterior

by the orifice of invagination. I pointed out in the essav,

to which these remarks relate, that according to some
observers this " orifice of invagination" persists as the mouth
of the mature organism, whilst in other cases it closes up,

and again in other cases becomes the anus. The difficult

questions accordingly arose. Can the disruptive mouth of
** delaminate Planulse" be identical or homogenous^ with the

mouth persisting from the primary orifice of invagination ? Is

the latter kind of mouih identical or homogenous with the

anal aperture of those organisms in which the orifice of

invagination persists as anus? Must we regard the orifice

of invagination as both mouth and anus, in fact as a " proc-

tostom" or " oranus."

Professor Huxley, who in 1875 published some remarks

on this subject {" On the Classification of the Animal
' Honiofjenous = derived from one and the same ancestral source. See

" Ou tlie use of the term Homology," ' Annals and Mag. Nat. Hist.,' 1870.
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Kingdom," 'Quart. Journ. Mic. Sci.,' January, 1875, and
article "Animal Kingdom," 'Encyclopaedia Britannica'),

adopted the view, to which he still adheres (' Anatomy of

Invertebrates,' Churchill, 1877), that we may distinguish

among the higher animals the " archfeostomntous" from the
" deuterostomatous," the first category including those in

which the orifice of invagination persists as the mouth,
whilst the second category includes those in which the orifice

of invagination either disappears or becomes the anus, whilst

a secondary mouth is formed by disruption. A further con-

sideration of the subject and new observations led me, about
the same time, to the conclusion (see " On the Invaginate

Planula of Paludina," ' Quart. Journ. Micr. Sci.,' April,

1875) that we have no ground for assuming that such a
substitution of a secondary for a primitive mouth has taken
place, since it is very possible (and, indeed, probable) that

the orifice of invagination of invaginate Planulae is in its

origin not a mouth at all, but simply the necessary accom-
paniment of the invagination, destined normally to close up,

as do other orifices of invagination (optic and auditory
vesicles, vertebrate nerve-tube). Accordingly, I proposed to

speak of the orifice of invagination, by means of which inva-

ginate Planulse acquire their endoderm, as simply the " blas-

topore," leaving thus the question of its relations to mouth
and anus open for further inquiry. The view as to the his-

torical relations of delaminate and invaginate Planulae which
I was thus led to adopt amounted to tiiis : that, starting

from the condition of a hollow polyplast, a vesicle bounded
by a single layer of cells, the second condition, viz. that of a

vesicle with a wall formed by two layers of cells, could be
attained in two ways— 1. More rarely by delamination. 2.

More usually by invagination, the blastopore or orifice of
invagination closing up, and thus rendering the two Planulse
identical in every respect. From this point of reunion the
two Planulae proceed on a common path, mouth and anus, or
in Zoophytes mouth only, being formed by new growth and
disruption.

This preliminary sketch is sufficient to enable me to make
clear the distinction between what I might, for the sake of a
name, call my "Planula theory," and Haeckel's "Gastrula" or
" Gastrsea theory." Haeckel's speculations were first sketched
out in his 'Monograph of the Calcareous Sponges,' and were
published shortly before the article in the ' Annals and
Mag. Nat. Hist.' above mentioned, though the substance of
this article had been previously given in my lectures, and
was in no way influenced by the closely similar doctrine
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enunciated by Haeckel. Since the whole of recent theory

and inquiry as to the significance of the germ-layers of the

embryo in relation to the pedigree of the animal kingdom is,

in consequence of the interesting and vigorous writings of

Professor Haeckel, commonly spoken of (in this country at

least) as "Haeckel's Gastrsea theory ;'•' and since the distinc-

tive points of a similar but independent theory are liable in

consequence to be overlooked or misunderstood, I shall speak

of the latter as the Planula theory, and point out what from

the first has been the fundamental difference (coexisting with

a fundamental agreement) between Hseckel's Gastrsea theory

and the Planula theory.

Objections to HaeckeVs views.—The developmental and

historic form which Haeckel's theory assumes, and to

which he gives the name Gastrula or Gastraea, is similar

to my diploblastie Planula, with this exception, that it

has a mouth. Haeckel definitely regards the orifice of

invagination or blastopore as the " Urmund/^ or primitive

mouth," and in his most recent writings has unreservedly

committed himself to the proposition that the ances-

tral Gastrsea originated by invagination, that the orifice

of invagination is the creature's mouth, and that those

recorded cases in which the embryonic two-cell-layered sac

is stated to arise by delamination are, like his own state-

ments relative to the delaminate origin of the endoderm in

calcareous sponges, cases in which observers have erro-

neously overlooked the invagination process. In my article

of May, 1873, I had in view the possibility of an identity

between blastopore and primitive mouth, and, indeed, sup-

posed that the Zoophytes might be distinguished from higher

organisms by the fact that they possessed the primitive, as

distinguished from a secondary mouth. On the other hand,

I have since seen reason to abandon altogether the notion

that the blastopore represents a mouth, and difter from Pro-

fessors Haeckel and Huxley on this point.

I further disagree with them as to the universality of

the origin of the diploblastie phase by invagination. I

hold that we have at least one apparently Mell-observcd

case of the formation of an endoderm by delamination (' Fol.

Die erste Eutwickelung des Geryonideneies .Tenaische Zeit-

schr.,' vol. vii, p. 471), and, furtlier, tliat even without such

evidence (which ought to be re-examined) it is possible to

give a more satisfactory explanation of the early phenomena
of animal development on the hypothesis that the endoderm

originated primitii'ely by delamination, which has been super-

seded by invagination through the operation of readily con-
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ceivable mechanical causes, than it is to marshal the same
series of facts in accordance with Haeckel's doctrine of the

invaginate mouth-bearing Gastrsea.

The histoi'ic series according to the Planula theory.—
Accordingly, I shall briefly pass in review what I conceive

to have been the course of historical development, pointing

out how these historical phases reappear iu more or less

modified forms in the embryonic histories of to-day.

1. The monoplast = ovum.—The unicellular ancestors of

the higher animals are represented by the unicellular ovum.
Just as we find existent unicellular animals exhibiting

diff'erentiation into ectoplasm and endoplasm, so do we find

ectoplasm and endoplasm differentiated in many eggs. The
differentiation of anterior and jDOsterior regions, which is

more rarely seen in living Protozoa, is the rule in the mono-

Ficj.J^

Fig. 1. Monoplast. Fig. 2. Optical section of Morula stage. Fig. 3.

Optical section of Diblastula. Fig. 5. vSection of Diblastula, with mouth.

Ec, Ectoderm. En, Endoderm. M, Month. F, Food particles.

plastic phase of individual development. Just as unicellular

animals contain granular matter, which as metaplasm is dis-

tinguished from the hyaline protoplasm iu which such

granules float, so in the egg-cell we find a greater or less

amount of granular matter, which it is convenient to speak
of as food-material. As in the unicellular organism some of

the granular matter present, is the result of chemical activity

in the protoplasm—that is to say, is the product of assimila-

tion and subsequent segregation, whilst other (usually coarser)

particles are particles of food which have been incepted, but

VOL, XYII. NEW SER. D D
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not yet assimilated— so in the corresponding phase of indi-

vidual development we find the food material consisting of

two kinds of granular matter, one of which has been taken in

by the egg-cell from its parent organism, assimilated and

deposited as the result of a chemical segregation, the other,

which is often of enormous relative bulk, consisting of coarse

granules or masses which have been engulphed by the pro-

toplasm of the egg during its sojourn in the maternal ovary

or ducts. Such coarse and bulky food material is prepared

for the young egg-cell by neighbouring cells of the maternal

organism, and may very fitly be compared, after it has been

incepted by the ovum, to the organic masses with which a

naked Protozoon gorges itself for purposes of nutrition.

i

The amount and the disposition of the food material iu the

ovum varies very greatly in different organisms. Its variation

is the direct cause of differences in the arrangement and size

of the cells into which the egg-cell divides, and becomes thus

the obvious source of discrepancy between the inferred an-

cestral (phylogenetic) and actual (ontogenetic) developmental

phases.

The ancestral monoplast must have been free from any
large quantity of granular matter, whether segregated or in-

cepted, but we may assume its mode of taking food to have

been similar to that of the Amoeba, and that in response to

incidental and intrinsic forces its substance was differentiated

into an ectoplasm and an endoplasm.

2. The polyplast=mulberry phase or morula (Haeckel).

—In the course of the historic development of animals, the

monoplast gave rise by division to spherical colonies consist-

ing of many adherent cells. These, we assume, continued
to nourish themselves by the inception of solid particles at

their free surface. The process which development appears

to have taken requires us to distinguish two conditions of

the Polyplast : a, an earlier one (Fig. 2), in which the con-

stitutional cells were closely adherent so as to form a solid

sphere, distinguished by Haeckel as the morula; b, a later

(Fig. 3), in which the accumulation of liquid at the centre of

the sphere built up by the cells gradually resulted in the for-

mation of a considerable cavity (the blastocoel, Huxley), so

that the polyplast now acquired the form of a vesicle, its wall

formed by a single series of equi-formal cells and its cavity

filled up by a liquid which had traversed the substance of these

cells. This hollow polyplast has been designated by Haeckel
the blastula. We must assume that food was still incepted

' See my observations on the ovariau egg of Loligo, in the 'Phil.

Trans.,' 1875.
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by the naked surface of all the constituent cells. At the

same time nothing could be more probable than that the outer

and the inner portions of each cell shoul.l acquire different

structure and properties, such as may, j t this day, be seen

to be acquired by the cells forming t.ie wall of the blastula-

phase of the jelly-fish, Geryonia (Figs. 5, 6). The liquid

within the cavity of the blastula was probably enough of a

special nature, and together with secreted products from the

cells, undigested food particles may have passed through the

substance of the cells into this blastocoei, and there have been

dissolved, so that an incipient digestive function was acquired

by the blastocoei.

3. The diploblastic PLANULA=DiBLASTULA(Salensky).

—

The diflFerentiation set up between the inner and the outer

portions of the cells forming in a single layer the wall of

the blastula now (we infer) advanced so far that each cell

divided into two, an inner cell and an outer cell. Possibly,

not all the cells composing the wall of the blastula took

part in this process. The result was the formation of an endo-

derm or enteric cell-layer by delamination. The cavity now
enclosed by its special layer of cells is conveniently termed
the ENTERON or ARCHENTERON (Urd^rm)j the cell-layer is

accordingly the enteric cell-layer ; on the other hand, the

outer set of cells usually known according to the termino-

logy introduced by Professor Allman in treating of the

Hydroid polyps as ectoderm, may also conveniently be

termed the deron or deric cell-layer. The delaminate Pla-

nula or Diblastula (a term which I adopt from Professor

Salensky) continued to nourish itself by the inception of

solid food by the naked protoplasm of its ectodermic cells.

We must, however, suppose that as the differentiation of

the deric and enteric cell- layers advanced, the inception of

nutriment became limited to one spot on the deric surface,

and that at this spot solid particles of food were passed
through the soft protoplasm into the enteron .there, to be
digested. The development of cilia on the general surface,

and of locomotion, Avould account for this localisation. A
rupture of the sac at this point and the establishment of an
open way into the already actively secreting and absorbing
digestive cavity, would constitute the mouth.
Whatever view we take as to the original mode of forma-

tion of the digestive cavity or enteron, the difficulty has to

be encountered of forming a conception of the steps by which
the two vastly different modes of digestion which we meet
with in the animal series could pass one into the other. The
physiology of alimentation in a Protozoon, such as an Amoeba



406 PROFESSOR LANKESTER.

or an Infusorian, on the one hand, and of even the simplest

of the Enterozoa (the animals with an enteron or gut), differs

in the most important manner and to an extent which is

hardly sufficiently recognised. Whilst in the Protozoon the

raw, unprepared particle of solid food is plunged into the

living protoplasm of the cell, and, lying within a temporary
cavity partly filled with water, is digested within the proto-

plasm, ^no such inception of solid particles by the cells of

the enteron takes place, except perhaps in the sponges.

In the Enterozoa the food, though, as in all nonparasitic

animals, it is seized in the solid state, is yet not intro-

duced into the cell protoplasm in that state. It is dis-

solved in the enteron by the action of secretions there accu-

mulated, and passes only by diffusion into the protoplasm of

the enteric cells. The whole significance of the enteric

cavity—the physiological motive of its differentiation—ap-

pears to be that of a laboratory retort. The hypothesis of

its primitive ajDpearance as a closed cavity into which solid

food particles were passed through the protoplasm of the

cells as into a food-vacuole common to the cell colony, is in

harmony with this assumed physiological motive. On the

other hand, it does not seem possible to reconcile the phy-
siological significance of the enteron with the hypothesis that

it took its rise in a gradually deepening depression of the

surface of a spherical blastula—that is to say, by invagina-

tion. Such an area of depression is assumed by the invagina-

tion-hypothesis to have become the exclusively nutritive

area. Its cells must be actively taking in solid particles of

food at the surface like so many Amoebse. What motive is

there on such an assumption for the deepening of the de-

pression ? In what way can we suppose that the amoeboid
cells of this area came to cease the habit of seizing and
ingesting solid particles, and took to the outpouring of

digestive juices and the passive function of absorption ? By
what influences are we to suppose that the depression was
sufficiently deepened and its margin sufficiently narrowed to

retain a digestive fluid ? The answer to these questions

appears to me to involve more difficulty than we encounter
in tracing out the hypothesis of the origin of the enteric

cell-layer by delamination. This preliminary advantage of
the latter hypothesis is, wc shall see, independently strength-

ened and fortified by the facts and arguments with which we
meet at later stages.

4. Formation of the stomod.eum and proctodeum.—The
breaking through of the mouth of the Diblastula, in the form
of a definite aperture, appears to have assumed neither
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an " eruptiA^e " nor a " disruptive " character^ but to have
been rather " inruptive "—that is to say, the establish-

ment of the mouth as a permanent structure was accompanied
by an ingrowth of ectodermal cells^ no doubt very slight at

first, but afterwards attaining great size and importance as

the first portion of the alimentary tract. It is this ingrowth
which gives rise to what is often called " pharynx " in

Mollusca, Arthropoda, and Vermes. I have proposed ^ to

designate this ingrowth of the deron, the STOMODiEUM
(o-rojuoSatov, like irvKoZaiov, the road connected with a gate-

way), and similarly to call another ingrowth which accom-
panies the formation of the second orifice (the anus) of the

enteron, the proctodeum. The mouth and stomodseum

Fr^j.S

Tza. e

Figs. 5 and 6. Delamination of Blastula of a Jelly-fish (after Fol.).

He, Ectoderm. En, Entoderm (Enteron). Sch, Schizocoel.

Fig. 7. tc, deron ; tn.^ enteron; Std., stomodseum ; Ftd.^ proctodseum.

appear to have existed some time before an anal orifice was
developed, and the mouth must have functioned as it does in

living Zoophytes, both for the ingress of food to the enteron

and the rejection of undigested remnants. The development
of an anus and proctodseum may be conceived of as due to

the gradual establishment of an, at first, purely mechanical

rupture, as a permanent hereditary feature. In the recapitu-

1 ' Quart. Journ. Mic. Sci.,' April, 1876.
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lative ontogeny of a large number of organisms living at

this day it forms by rupture.

Leaving now for the moment the task of further detailing

the hypothetical changes which the ancestors of the Entero-

zoa underwent (to which we shall return), let us, having thus

pictured to ourselves the steps by which a hollow cell-mul-

tiple, derived from a single cell, gave rise to an enteric cell-

layer by delamination, and acquired a mouth with stomo-
dseum and an anus with proctodseum—whilst various changes
of general form were aflFected and sundry tentacular and
such-like organs probably developed—inquire how the ob-

served facts of the early stages of individual development in

animals can be explained by applying to these facts and to

our hypothetical sketch the doctrine of heredity, viz. that

the development of the individual is a recapitulation of the

development of the species, interrupted and modified by
processes of adaptation.

Hypothesis of the substitution of Invagination for Delami-
nation.—Whilst according to the above hypothetical sketch
of ancestral development from the monoplast to the diblastula

—the primitive enteron or digestive cavity is the blastocosl and
the enteric cell layer forms by the Delamination of its wall

—

we find in the actual development of animals that the process

Tic). JO

Firj.m

Tigs. 8, 9, 10. Stages of egg-division and invagination without forma-

tion of a pseudoblastula. Fig. 11. Pseudoblastula. Fig. 12, 13. Epibolic

invagination. Figs. 14, 15. Invagination as seen in Eartliworm and
Neniatoda. I^c. Deron ; En. Enteron ; Blp- Blastopore.

of Invagination in one modification or another, is almost uni-

versal. Indeed, Professor Haeckel and Professor Huxley
are inclined to think that it is universal. We have, how



NOTES ON EMBRYOLOGY AND CLASSIFICATION. 409

ever, the observations already cited concerning the Geryonidse
and some observations of Kowalewsky on Alcyonium, and
on species of Actiniae, which indicate the development of an
enteric cell-layer by Delamination. In the development of
the enteron by Invagination, usually a number of cells become
depressed in a cup-like manner on the surface of the blastula,

sinking more and more deeply into the blastocoel (if such
cavity be present), until the once spherical blastula (Fig. 11)
has become a hemispherical cup, built up of two cell-layers,

one pressed against the other (Fig. 15). The rim of the cup
now contracts, and frequently closes ; the wider or narrower
orifice thus formed I have termed the blastopore. The case just

described is that of an organism in which the egg-cell contains

relatively a small amount of food- material, and when conse-

quently the cells of the morula and of the blastula are of

nearly equal size. Haeckel has called this the Archiblastic

type. When there is more food-material in the egg, it

either collects to the centre of the mass of cells as division

proceeds, and segregates in a way which strongly suggests

delamination,! lying eventually in the central cavity of a

vesicle (blastula), formed by a single layer of cells (Periblas-

tic type, Haeckel), or the food-material is associated from the

first post-seminate phases of the egg-cell with one hemisphere
or larger moiety of the egg, namely, that which is destined

to form the enteric cell-layer, whilst the part of the e^g
(often extremely small) which is destined to form the deron

or ectoderm is free (or becomes so by segregation) from such

food-material. The consequence of this arrangement is that

the enteric moiety of the egg-cell is separated in the earlier

phases of cleavage from the deric moiety (Fig. 12), and is

not only more bulky, but breaks up into new cells more
slowly than the latter, so that it becomes overgrown by the

deric cells rather than invaginated into them (Fig. 13).

Two degrees of this Epibolic mode of Invagination (so called

by Selenka, in distinction from the Embolic mode) are dis-

tinguished by Haeckel as Amphiblastic and Discoblastic.

It is clear enough that the special modifications of the

process of invagination due to the presence in the egg of a

large amount of food-material may be dismissed in consider-

ing the question as to how the process of Delamination came
to be replaced by that of Invagination, since the presence of

such an excess of food-material is a secondary and late con-

dition. The facts, however, connected with the behaviour

of the food-material, when present, suggest the explanation

' The formation of the enteron in periblastic forms such as the Arthro-

poda and Anthozoa (Alcyouium) requires much further study.
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of the connection between Delamination and Invagination.

All differentiation of cells, the development of one kind of

cell from another kind, is dependent on internal movements
of the physiological molecules of the protoplasm of such cells.

When Delamination occurs in the cells of the blastula of

Geryonia, or when it occurred in the ancestral blastula, the

molecules destined to build up the enteric cell and deric cell,

into which one of the primitive cells divides, are already

present before they are made visible to the eye by segrega-

tion and accumulation on opposite faces of the differentiating

cell. Though the substance of a cell may appear homo-
geneous under the most powerful microscope, excepting for

the fine granular matter suspended in it, it is quite possible,

indeed certain, that it may contain, aheady formed and
individualised, various kinds of physiological molecules. The
visible process of segregation is only the sequel of a differen-

tiation already established, and not visible. The descendants

of the Diblastula (diploblastic Planula) , which had gradually

acquired a separate deric and enteric cell-layer in place of

one cell-layer with an external deric moiety and an internal

enteric moiety to each cell, must have tended in their indi-

vidual development from the egg- cells of parent Diblastulae

to have established more and more early, in the course of

their growth, the important separation of deric and enteric

cells, of ectodermic and endodermic elements. In so far as

the differentiation of the two kinds of factors or molecules,

the deric and the enteric, became dependent on heredity,

and less dependent on the direct adaptative causes which
first brought about the differentiation, in so far would it be
possible for the differentiation, the segregation of deric

molecules from enteric molecules, to take place at an earlier

point in the embryonic development than that (namely, the
blastula stage), at which the direct adaptative causes coidd

come into operation. Thus, since the fertilised egg already con-

tained hereditarily acquired molecules, both deric and enteric,

invisible though difl'erentiated, therewould be a possibility that

these two kinds of molecules should part company, not after

the egg-cell had broken up into many cells as a morula, but at

the very first step in the multiplication of the egg-cell. In
fact, some or all of the deric molecules might remain in one
of the two first cleavage-cells, and all of the enteric mole-
cules, with or without some of the deric molecules, might
remain in the other. We should not be able to recognise

these molecules by sight; the two cleavage-cells would
present an identical appearance, and yet the segregation of
deric and enteric factors had already taken place. This
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hypothesis may be called that of precocious segregation :

" precocious/' since it is the acquirement of a condition in the

developing organism^ in virtue of heredity, at an earlier

period of development than that at which such acquirement

was attained by its forefathers through adaptation. The
tendency to precocity in this sense, in regard to important
structural arrangements, has been insisted on by Haeckel in

discussing what he terms " heterochrony in the palingenetic

phenomena of ontogeny ;" and the existence of such precocity

is as well established as any part of the speculative edifice

with which we are dealing, both on a priori and a poste-

riori grounds.

Having, then, arrived at this point, viz. the separation of

deric and enteric elements in the first two cells of the de-

veloping organism, as a naturally conceivable sequence to

the primary process of the separation of these elements by
delamination of the walls of a many-celled blastula, let us

pursue the case further.

How, it may be asked, are we to suppose that the enteric

and deric cell thus early differentiated should have acquired

the faculty of dividing in such a manner that the ofi'spring

of the enteric cell form a vesicle which, as it forms, becomes
sunk within another vesicle constituted by the deric cells,

and that thus the result is a diploblastic Planula or Diblas-

tula identical with that formed by Delamination?
It might be urged that the result of further division on

the part of the two primary cells could only be the formation

of a vesicular one- cell-layered sac, of the same morphological
character as the blastula which precedes the delaminate
diblastula, and that we have no suggestion on our present

hypothesis of any motive for the invagination of one hemi-
sphere of the blastula so developed within the other. We
have, however, first of all to note that the blastula (the one-

cell-layered sac) belonging to the invaginate series is never
precisely the homologue of the blastula belonging to the
delaminate series, inasmuch as, according to our hypothesis

(and as a matter of actual observation in all invaginate
developments), the cells of the blastula belonging to an in-

vaginate development are not equivalent one to another, as

they are in the blastula of a delaminate development. In
an invaginate development from the first the offspring of the
primary enteric cell are to be distinguished' from the off-

spring of the deric cell, though to the eye there may be no
structural distinction (Fig. 8). Accordingly, the blastula of an
invaginate development has one hemisphere, or a certain area

composed of enteric cells, whilst the rest are deric (Fig, 11).

* By means of the ' directive corpuscles,'
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Now, we must remember that, however difficult it may be to

form a mechanical conception of the processes by which the

cells derived by division from an enbryonic cell take up certain

definite positions, so as to form definite organs comparable to

those of the parent organisms (thus exhibiting what we call

heredity), it is no more difficult to form a mechanical con,

ception of this power of self-arrangement and co-ordination-

as it exhibits itself after a certain amount of interference

with the routine of recapitulative heredity, than as it exhibits

itself when that routine is uninterruptedly pursued. In

virtue of an hereditarily transmitted molecular structure

the cells formed by division of the egg-cell in a delaminate

development arrange themselves as a sac, the blastula. In

virtue of hereditarily transmitted molecular structure the

offspring of the enteric and the offspring of the deric cells,

which are diflPerentiated in the first cleavage of the egg of

an invaginate development, arrange themselves as two vesi-

cles, the latter within the former, the two groups of cells,

each reproducing from the first, the characters of the endo-

derm and ectoderm of the parental Diblastula, in regard to

such points 3S plane of cleavage, contact of the cells of one

layer with one another, and contact with those of the other

layer. Accordingly, the immediate apposition of the endo-

dermal to the ectodermal cells (such as often occurs, e.g. in

mammals, in nematods, and in the earthworm), without the

formation of a vesicular blastula, is what we should look for

(Figs. 9, 14).

The formation of a vesicular blastula in the course of an

invagi7iate development is a secondary j)yocess : such a blas-

tula (Fig. 11) is not the representative of the ancestral

blastula (Fig. 3) which appears in the course of the delami-

nate development; it is due to mechanical non-hereditary

accumulation of liquid among the primary cells of the embryo,

and distorts the recapitulative development. The blastula of

the invaginate development may be called a ' pseudoblastula'

to distinguish it from the ancestral blastula. Haeckel's archi-

blastula is a pseudoblastula, and its cavity does not correspond

with the cavity of the delaminate blastula, which immediately

becomes the archenteron. We distinguish the archenteric

blastocoel from the pseudoblastocoel.

The space which is formed within or is enclosed by the

products of the enteric primary cell is, of course, the homo-
logue of the blastocoel of delaminate development. It is this

which becomes the archenteron. As the multiplication of

the deric and enteric cells goes on, the cavity enclosed by

the enteric cells becomes more distinct. The margin of the
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incomplete double vesicle tends to bend inward (Fig. 9)^ and
to complete the vesicle by closing up (Fig. 10), and it is neces-

sary to assume that in the early history of invagination it did

quite close. In the primary phase of invaginate development
the blastopore was obliterated in due course as cell division

went on. The persistence of the blastopore and the establish-

ment of a relation sometimes between it and the mouth by
means of of the stomodseum^ and sometimes between it and
the anus by means of the proctodaeum were later adaptations.

5. Coincidence of the blastopore with the mouth and with

the anus.—On examining the actual developmental histories

ofEnterozoa which have up to the present time been recorded
by means of careful observation we find that by far the ma-
jority exhibit the formation of a Diblastula by invagination,

the invaginated enteron in many cases consisting of but a
few large cells, or even at first of only one large cell. The
blastopore closes up in many cases ; it does so in the molluscs
Pisidium and Unio, in many Gastropods and Vermes, in

Cephalopods, and in Vertebrata. Subsequently, as has been
above described for the hypothetical ancestral form, a mouth
and an anus eat their way into the completely closed
Diblastula by means, respectively, of a stomodseum and
of a proctodseum, or of a stomodseal and a proctodseal
invagination.

On the other hand, there are numerous cases in which
the blastopore does not close up, but appears to persist as

mouth in one set of cases, as anus in another set of cases.

Regarding, as I do, the blastopore as an orifice of a secon-
dary nature existing solely in relation to the invagination
process, and originating after mouth and anus had made
their appearance in the progress of animal evolution, I seek
to explain its occasional relation to the mouth and to the
anus as cases of adaptation. A parallel case of the adapta-
tion of an orifice of invagination to functional purposes will

be useful for my argument. The primary optic vesicle, like

the nerve ganglion-masses, was originally developed by de-
lamination in higher animals, but has in many cases taken
to a development by invagination. In the Cephalopods the
vesicle presents at an early stage a wide rim or margin,
which gradually closes in leaving for a time a small orifice

comparable to the blastopore of an invaginate diblastula.
This orifice is obliterated in the Dibranchiate Cephalopods,
but in Nautilus it is seized upon by adaptation and made use
of as the chief optical condition of the whole ophthalmic
apparatus. It serves in place of a lens or refractive body, to
produce an image on the retinal surface in virtue of its pin-
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hole character. Here we have a secondary accidental ac-

companiment of the invagination process—namely^ the
necessary orifice of invagination, rising suddenly to the
importance of a substitute for refracting media which were
differentiated in the tissues of the eye, before invagination
had supplanted delamiuatiou in its development. Just as

the orifice of invagination in the Cephalopod's eye is made
use of in certain Cephalopods, but not in all, so is the blasto-

pore made use of in certain invaginate Diblastulse, but not in

all, and not in all in the same way.
In certain Prosobranchiate Gastropods, most carefully

studied by Bobretzky, the stomodseum, the deric (ectodermic)

ingrowth belonging to the mouth, occurs either at the spot
where the blastopoi'e has just closed, or before it Jias closed,

so that the oral ingrowth forms around the blastopore ; and
thus the blastopore does not close, though it is inaccurate to

to say that it becomes the mouth. The same process takes

place, in all probability, accoi'ding to Kowalewsky's observa-

tions, in the earthworm and in some zoophytes; also in

nematoid worms, according to Biitschli. These are the

cases which have led to the supposition that the blastopore is

the primitive mouth of Enterozoa, and these particular forms
are those which have been called archseostomatous. But it

will be observed that in these cases the normal mode of the

formation of the mouth is not departed from ; a stomodseum,
an ingrowth of ectodermal cells, takes place here as in the

ancestral delaminate type, which we have sketched above.

The mouth and stomodseum merely avail themselves, as it

were, of the blastopore soon about to close, and so a coinci-

dence is effected.

In other cases—the Echinoderms, Paludina, among Pro-

sobranch Gastropods, and probably many other animals—it

is the anus, with its proctodseal ingrowth, which adapts itself

to the blastopore. In the Pulmonate Limuseus both anal and

oral growths develop on the site of the elongated blastopore.

By regarding all these cases as late and special adaptations

of the blastopore—itself a secondary structure concerned in

the mechanism of egg-cleavage, and not developed with a

specific function—we are able to explain, in a measure, the

very astounding fact that what becomes the mouth of a

whelk appears to become the anus of a water-snail. A very

slight mechanical variation of conditions may be conceded to

be sufficient to cause a small shifting in the position of the

unsignificant orifice of invagination, so as to bring it within

the predestined area of either stomodaeum or proctodaeum.

Comparison of the applicability ofthe hypothesis ofaprimary
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delamination, and of the hypothesis of a primary invagination.

We shall now briefly state the difficulties which are en-

countered by HaeckePs Gastrsea theory in reference to the

earlier stages of development^ and point out to what extent

these difficulties are avoided by the Planula theory.

If we assume with Haeckel that the process of invagina-

tion represents the historical mode of the formation of the

enteron, and that the blastopore is the primitive mouth, we
meet with difficulty as to (1) the transition from the incep-

tive nutrition of amoeboid cells to the absorptive nutrition of

the cells lining a more or less completely enclosed digestive

chamber; (2) the substitution, by a process of retardation,

of delamination in a few rare cases for the supposed more
archaic invagination

; (3) the disappearance, in some cases,

of the supposed primitive mouth, and the formation of a new
secondary mouth, whilst in closely allied forms the supposed

primitive mouth persists as mouth, or again ceases to be

mouth and becomes anus, whilst a new mouth develops ; the

result being that the mouth of one Gastropod (to take an

example) has to be considered as the homologue of the anus

of another.

On the other hand, the hypothesis of primary delami-

nation and secondary invagination gives an intelligible

scheme of the development of an enteron by the formation

of a cavity at the central meeting-point of a colony of amoe-

boid cells, and the subsequent differentiation of two cell-

layers already foreshadowed in the differentiation of the outer

and inner portion of each cell. The hypothesis of precocious

segregation explains the common replacement of the original

process of delamination by invagination, and accounts for the

blastopore. The blastopore being thus explained, we have no

further assumptions to make as to primary and secondary

mouths, and we avoid the fatal objection Avhichcan be urged

against HaeckeFs theory—that it admits of a reductio ad
absurdum, since, in reasoning from it, we are driven to the

conclusion that the mouth of a whelk is the homologue of

the anus of a water-snail.

II. Formation of the mesoderm and body-cavity (c(elom).

So far I have only discussed the origin of the two primitive

cell-layers and the primitive dominant organ of the animal

economy—the enteron. External changes of shape and

prolongations of cells (cilia) or groups of cells (tentacles), as

locomotor and prehensile organs, have not been touched

upon. These I shall allude to in due course, but first of all

must deal with important changes which supervene in regard
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to the primitive cell-layers iu nearly all the Enterozoa,

leading eventually to the production of an apparently special

layer of cells between deron and enteron^ and to the forma-

tion of a cavity^ also placed between those layers^ and known
by Haeckel's term '' Coelom."

I shall pursue the method already adopted of giving the

results of observation and reasoning, first of all, in the form
of a statement of the hypothetical course of dififerentiation

of the ancestral series, taking up the story of the Diblastula

with mouth and stomodseum just developed, but destined to

acquire anus and proctodaeum somewhat later.

1

.

Differentiation of a layer offibres from the deep surface

of the deron.—The ectodermic cells, fulfilling, as Kleinenberg
has pointed out, the function of protective, tactile, and con-

tractile organs, now proceeded to differentiate each for itself

a contractile tail or appendix, as we actually observe in

Hydra.
2. Delamination of these fibres as fusiform, contractile, and

skeletal cells. Just as at an earlier stage the digestive

portion of each primitive cell, separated by delamination

from the receptive tegumentary portion, giving rise to ecto-

derm and endoderm, so now the contractile fibrous appendices

of the ectoderm acquired each the characters of a separate

cell, and separating by delamination from the ectodermal

cells, formed a distinct hypoderic musculo-skeletal layer, in

fact, a primitive mesoderm or mesoblast. In this stage, how-
ever, the cells do not present that early independence which
is what defines the mesoblast. The musculo-skeletal cells of

the Zoophytes are deep layers of the ectoderm, and do not

take origin as a distinct " mesoblast " at an early period of

development. They are not, in fact, sketched out, their

progenitors are not marked off as a separate layer, in that

phase of development when all the cells of the embryo are

undifferentiated in appearance, and when the enteron is

beginning to be formed by invagination. This, however, is

the period at which the musculo-skeletal cells arise in higher

forms than the Zoophytes, and hence the name Triploblastica

applied to those groups.

3. Precocious segregation of mesoderm and ente7^ic origin of
the calom.—This early independence of the middle cells of

the organism is traceable to two distinct causes or antece-

dents, which it is one of the main objects of the present

essay to set forth. These two causes are, firstly, the deve-

lopment of diverticula, or so-called '^ gastro-vascular^^ out-

growths of the archenteron, which eventually become pinched

off from the enteron, and form a distinct closed cavity, the
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coelom. The second cause is the hereditarily accelerated

differentiation of the musculo-skeletal molecules. Just as

we saw reason to believe that the departure in the mode of

appearance of the enteric cell-layer in living organisms from

the mode in which it originated in ancestral forms was due

to PRECOCIOUS SEGREGATION^ SO here, again, we invoke this

principle, and find that it is capable of aflPording an explana-

tion of the most important and, at first sight, anomalous,

modifications of the primitive mode of development of the

musculo-skeletal cell-layer.

4. Enteric origin of the calom.—The ancestral form pro-

vided with mouth and enteron, ectoderm and endoderm, and
a musculo-skeletal cell-layer delaminated from ectoderm

proceeded to develop diverticula of the enteron. In the

Zoophytes we find such diverticula running into the ten-

tacles or forming a periaxial cavity, (the axis being occupied

by the original enteron) or giving rise to periaxial or paraxial

canals. The ancestral form proceeded beyond this

to develop its enteric diverticula in the form of two large

outgrowths, a right and a left, which became shut ofi" from
the enteron by the pinching-in of the cells at the root of the

outgrowth ; and the two diverticula, or " parenteric growths''

as we may call them, subsequently united to form one big

perienteric (perivisceral, peritoneal) cavity, the coelom.

This was the mode of origin of the coelom, the genetic

source of blood-vascular and lymphatic cavities and canals.

We find this mode of development of the coelom still main-
tained in many and widely difierent members of the animal
series, for instance, in Echinoderms, in Brachiopods, in

Sagitta.

A very little change in this method of development
has given rise to the commonest mode of formation of

the coelom in existing animals. The outgrowth of the

enteron, or parenteric lobe, instead of being a hollow diver-

ticulum, is solid, and only develops its cavity after it has

become a considerable mass. Then it opens out or splits to

form the cavity or coelom, which by this retardation is pre-

vented from ever forming a part of the cavity of the original

archenteron. This modification of the ancestral mode of

formation of the coelom in the parenteric outgrowths is seen

in many Vermes (Kowalewsky, Oligochceta), in Arthropoda,
in some Mollusca, and most clearly and strikingly in Verte-

brata. I pointed out that this was the probable explanation

of the occurrence of the two kinds of coelom, called by Pro-
fessor Huxley ''an enterocoel" and " a schizocoel" respectively,

in this Journal, April 1875, p. 166. Professor Haeckel had
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)naintained, and does, I believe, to this day, that the coelom
originated ancestrally by splitting between the deron with
its hypoderic cell-layers, and the enteron with its hypenteric
cell-layers, and that it had nothing to do with " gastro-

vascular outgrowths/' In my paper on the " Invaginate
Planula of Paludina,'' just referred to, I gave the first expla-

nation of the coelom as uniformly derived from the enteron,

and traceable to " gastro-vascular'^ cavities. This view is

entertained by Professor Huxley ('The Anatomy of Inverte-

brated Animals,' p. 686), though he makes reservations in

favour of a schizocoelous condition for llotifera and Polyzoa,

It appears to me to be unnecessary to admit a schizocoelous

origin of the coslom in any case. It is uniformly developed
from parenteric growths, and under extreme modifica-

tions the essential features of its ancestral relations can
be traced in the most exceptional cases. Thus there are

not a few developmental histories in which, as a purely
embryonic phenomenon, liquid accumulates between the
invaginated enteron and the vesicular deron or ectoderm.
This cavity is really only a developmental feature, part of the

non -historic mechanism of growth, like the blastopore, and
is a continuation of the pseudo-blastocoel. Enteric cells

grow out in two little parenteric masses from the enteron,

and then separate widely from one another, spread out, become
araoebiform, crawl all over the inner wall of the ectodermic
vesicle and line it throughout (see my '^ Observations on Pisi-

dium," ' Phil. Trans.,' 1875) , They thus spread themselves out

and enclose a large space ; they form ultimately the lining cells

of the coelom, so that even where only a few branched cells

appear between deron and enteron, they may carry out the

essential features of development of the coelom from paren-
teric diverticula.

According to the hypothesis just set forth, we must look,

then, m all animals with a coelom, that is to say, in all the

higher animals, for parenteric growths, lateral masses of cells

of the endoderm, the progeny of which can be traced in

further development to the epithelium (the lining cell-mem-

brane), of all and any sanguiferous or lymphatic cavities or

canals, and to the corpuscles jioating in such cavities.

The facts observed in the development of higher animals

admit very well of this interpretation, only there is this

difficulty, that in many cases parenteric growths appear to

give rise to a good deal more than the coelom and its epithe-

lium. In fact, in Vertebrata the whole of the muscular and
skeletal tissues as well, instead of being dclaminated from

ectoderm, appear to originate, together with the coelomic
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parentera, from masses of cells separating from the primitive
enterou. In the Vertebrates it is most clear that only a
small axial tract, if any, of the cells which give rise to

muscular-skeletal tissues originates from ectoderm. The
original mode of formation by delamination has been lost.

The parenteric growths, separating early whilst all the cells

of the embryo are neutral in appearance, form a large in-

termediate sheet of cells—the much debated '' mesoblast " or
" mesoderm "—and from this layer, muscular and skeletal

cells, vascular and coelomic epithelium, all alike develop.

Compare with this extreme state of modification the more
ancestral mode of development of the corresponding parts of

the tissues of Holothurians, as described in the valuable and
important memoir of Selenka (' Zeitsch. Wiss. Zool./ vol.

xxvi). In Holothuria, the two elements which in the

Vertebrates are confused to the eye, and which are too

often mentally confused under the one name of meso-
blast, are seen taking their distinct origins, not, I

believe, the quite ancestral origin, but presenting a most
suggestive departure from that ancestral phase. To agree

with the ancestor, as in Zoophytes, the cells of the embryo
Holothurian, which are to give rise to muscles and skeletal

tissue, should originate from the whole internal surface of

the ectoderm or deron by delamination, but instead of doing

Fi^.n

Fix/.16

ME

Blji. Fid.

Development of a Holothurian, after Selenka.

Blp. Blastopore ; Pid. Proctodseum ; Vpv. Vasoperitoneal or coelomic

vesicle, the Parenterou. M.E. Digestive Sac or Metenteron.

this, they either proceed from the multiplication of a few

cells, separated at a very early period at the inner face of the

pole of invagination, or they originate a little later from that

VOL. XVII. NEW SER. E E
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same point (fig. 16). In any case they maintain a complete inde-

pendence of the coelomic "parentera/' and only apply them-
selves at a later period to these outgrowths, in order to form the

musculature of the walls of the canals and cavities to which

the archenteron gives rise (fig. 17).

The condition of things in reference to the origin of the

musculo-skeletal cells seen in the Holothurians may be ex-

plained as a derivative of the delamination process seen in

the formation of the identical tissues of Zoophytes, by the

application of the hypothesis of precocious segregation.

Just as the delaminate origin of the endoderm gives place

to an invaginate origin, owing to the early segregation of the

two elements, so the ectodermic cells at this later stage of

evolution cease to develop the musculo-skeletal cells by dela-

mination, and at a time when the embryo is composed of

only twelve, eight, or even two cells, the molecules possessing

by heredity the power of giving rise to musculo-skeletal

tissues are segregated from the cells destined to form ecto-

derm pure and simple, which now, indeed, having lost its

muscnlo-skeletal elements, should be distinguished from the

primitive ectoderm, as epiblast.^ This segregation taking

place before the pseudoblastula is formed (in rare cases of

retention of the ancestral delaminate origin of the enteric

cells, the musculo-skeletal tissue also originates by delami-

nation) we find that the greater portion of the cells forming

the wall of the pseudoblastula are purely epiblastic, and never

give rise to musculo-skeletal progeny. But at one part of

the pseudoblastula are the cells containing the segregated

musculo skeletal molecules, and others containing the seg-

regated endodermic molecules. In Holothurians the two
sets of precociously segregated molecules form distinct cells,

and thus at an earlier or a later ])eriod we see the musculo-

skeletal tissues of these animals originating from cells in the

neighbourhood of that area of invagination by which the

cavity of the archenteron is formed.

Admitting this hypothesis of the precocious segregation of

musculo-skeletal molecules to be true, it is clear enough that

1 As Prof. Allen Thomson has recently pointed out, ectoderm and endo-

derm correspond to ei)iblast and iiypoblast, plus the share which ectoderm

and endoderm have in the mesoblast (Brit. Ass., Plymouth, President's

Address, 1877). In fact, we arrive now by the light of minute investiga-

tions of Invertebrate ontogeny at a striking confirmation of tiie views" of

von Baer. The primary cells of the embryo differentiate into two layers,

the ectoderm and the endoderm, or deron and enteron. Each of these

again divides into two : the ectoderm into epiblast and musculo-skeletal

tissue, the endoderm into hypoblast and ccclomic cpilhelium (parenteric

outgrowths).



NOTES ON EMBRYOLOGY AND CLASSIFICATION. 421

we may have many varieties as to the exact time and mode
of such segregation ; and thus, I think, we may explain the

various modes of origin which careful observers ascribe to

the musculo-skeletal tissues in various cases. To return, for

example, to the case of the Vertebrates : it appears that the

whole, or very nearly the Avhole, of the musculo-skeletal

tissues in those animals are the progeny of the endodermic
cells, that is to say, develop from the parenteric outgrowths.

Our hypothesis of precocious segregation explains this, for

we have only to suppose that, during the first cell-division of

the egg-cell, the precociously segregated musculo-skeletal

molecules do not form distinct isolated cells, hut accompany
the endodermic cells, and do not segregate from these latter

until they have formed the parenteric cell-masses. Thus the

parenteric cell-masses of Vertebrata, whilst they represent

the gastro-vascular diverticula of the Cffilenterate-phase of

animal evolution, contain at the same time the hereditary

musculo-skeletal molecules. Hence the mesoblast of Verte-
brates represents in form the coelomic diverticula, whilst in

substance it also is the representative of the musculo-skeletal

tissue, primarily differentiated by delamination of an ecto-

derm. In this way we are able to explain—that is, to form a

plausible conception of the mechanism of—two very puzzling
embryological phenomena, hy means of one hypothesis. The
phenomena are the formation of an enteron, sometimes by
Delamination, sometimes by Invagination with a blastopore,

and the formation of the musculo-skeletal tissues, sometimes
by delamination from the ectoderm, sometimes by outgrowth
of the enteron.

Among the many variations possible in the origin of meso-
blast—musculo-skeletal i\s&\xe plus coelomic epithelium—we
may note that the one factor of that double entity, viz, the
coelomic epithelium, can always be traced to the enteron or

to the primitive enteric cell, whilst the other factor may be

(1) wholly or (2) partially fused, as we have above explained,
with the enteron, or (3) entirely independent of it. Such
part of the musculo-skeletal factor as is not appropriated by
the enteron 7nay still continue to arise by delamination from
a fully-formed ectodermic cell-layer, or may appear in the
very early stages of development as independent cells, having
segregated before the cell-division of the embryo had ad-
vanced very far. In Pisidium, Paludina, Limneeus, and
other Invertebrates, it appears very probable tbat, whilst a
large part of the musculo-skeletal tissues arise from the
parentera with which their elements have become associated

through precocious segregation, other parts of the muscula-
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ture and connective tissues continue to take origin by dela-

mination from ectodermal cells at later stages.

In all the large groups of the animal series^ excepting the

Coelentera and Echinoderma, a very great diversity in this

matter prevails.

III. Considerations relative to the Development
OF External Form.

A. Radial and bilateral symmetry and telostomiate

and prostomiate conditions.—It has been recognised by
various writers, but notably by Gegenbaur and Haeckel,

that a condition of radiate symmetry must have pre-

ceded the condition of dilateral symmetry in animal evolu-

tion. The Diblastula may be conceived to have been at

first absolutely spherical with spherical symmetry. The
establishment of a mouth lead necessarily to the establish-

ment of a structural axis passing through the mouth,
around which axis the body was arranged with radial

symmetry. This condition is more or less perfectly main-

tained by many Ccelenterates, and is reassumed by degrada-

tion of higher forms (Echinoderms, some Cirrhipedes, some
Tunicates). The next step is the differentiation of an upper

and a lower surface in relation to the horizontal position,

with mouth placed anteriorly, assumed by the organism in

locomotion. With the differentiation of superior and inferior

surface, a right and a left side, complementary one to the

other, are necessarily also differentiated. Thus the organism

becomes bilaterally symmetrical. The Coelentera are not

wanting in indications of this bilateral symmetry, but for all

other higher groups of animals it is a fundamental character.

Probably the development of a region in front of, and dorsal

to, the mouth, forming the prostomium, was acccomplished

pari passu with the development of bilateral symmetry. In

the radially symmetrical Coelentera we find very commonly
a series of lobes of the body-wall or tentacles produced

equally—with radial symmetry, that is to say— all round the

mouth, the mouth terminating the main axis of the body

—

that is to say, the organism being " telostomiate." The later

fundamental form, common to all animals above the Coelen-

tera, is attained by shifting what was the main axis of the

body, so that it may be described now as the "enteric" axis,

whilst the new main axis, that parallel with the plane of

progression, passes through the dorsal region of the body,

running obliquely in relation to the enteric axis. Only one

lobe or outgrowth of those radially disposed in the telosto-

miate organisms now persists. This lobe lies dorsally to the
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mouth, and through it runs the new main axis. This lobe
is the PROSTOMiUM, and all the organisms which thus deve-
lop a new main axis, oblique to the old main axis, may be
called prostomiate.

I have introduced these considerations relative to the
changed structural axes of prostomiate, as compared with
telostomiate organisms, in order to make clear what follows

relative to ciliated bands and tentacles.

h. Ciliated hands and tentacles ; identity of these struc-

tures in Echinoderms and Vermes witlt, the gill-tentacles of
Polyzoa, Brachiopods, and Lamellibranchs ; hypothesis of the

Architroch.—To Professor Huxley we owe the first perception
of the identity of the ciliated bands of the Pluteus larva with
the " wheel apparatus " of the Rotifera. Gegenbaur, in his
* Grundzuge,' further showed most ingeniously how two
ciliated bands surrounding the embryo, one in front of and
the other behind the mouth, could be derived from one single

circlet circumscribing the mouth, and how, further, the
hinder of the two circlets might be suppressed, leaving only
a praeoral circlet, which I have proposed ^ to call uniformly
the "velum," whether it appears in Mollusc, Annelid, Rotifer,

or Echinoderm.
It does not require very long consideration, in these days

of the triumph of the doctrine of " uniformity of type in the

structure of animals,^^ to see that it is probable enough that

all the ciliated bands of Invertebrate embryos, and even of
adult organisms, can be explained as derivatives of one primi-
tive organ. By "ciliated bands," I mean, not secondary and
unimportant ciliated tracts, but those strongly marked cili-

ated ridges often drawn out into successive tentacula, which
are at one time or other dominant organs in the animal pos-
sessing them, and which may remain throughout life as

chief instruments in the economy. Such ciliated bands are

the bands and processes of Echinoderm larvse, the ciliated

girdles of many Annelid embryos, the tentacles of Phoronis,
and the tentaculated organ of Actinotrocha, the ciliated

trumpet of Gephyrseans, the " velum "" of Molluscan em-
bryos, the similar apparatus of Rotifera, the crown of ten-

tacles of the Polyzoa, the gills and labial tentacles of the
Lamellibranchia, and the spiral arms of the Brachiopods.

All these forms can, it appears to me, be derived from a

ciliated girdle, which was developed, in all probability, around
the ancestral organism by a specialisation of the ciliated

ectoderm, at a time when the organism was telostomiate.

1 " Development of the Pond-snail." ' Quart. Journ. Mic. Sci.,' 1874.
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The telostomiate planula, I conceive, ceased to develop cilia

uniformly over its body-surface and acquired a special cir-

clet of these appendages, not far distant from the mouth
(PI. XXV. fig. 1). The shifting of the main axis and ac-

quirement of the prostomiate condition during later develop-

ment would bring about the form now exhibited in the early

phases of the ontogeny of Echinoderras, with which Gegen-

baur starts his consideration of the subject. This form of

girdle with the mouth in its centre may be termed the
*' Architroch " (figs. 2, 3). I cannot call to mind any

existing representative of a telostomiate architrochophor

(the cyclostomous Polyzoa are so only by recurrence), but

the early stages of Echinoderms are prostomiate or me-

taxial architrochophors. So, too, is Actinotrocha, whilst the

tentacles of Phoronis are simply an architroch drawn out

into filaments. The gill filaments of the Polyzoa, with hip-

pocrepian, and circular lophophor, alike correspond to a com-
plete architroch drawn out into more numerous processes

than we find in the Pluteus-larvse or in Bi[)innari£e, and must
not be mistaken in consequence of their filamentary modifi-

cation (figs. 17, 19). This development of tentacle-like fila-

ments along the line of the ciliated band is a quite common,
indeed, characteristic feature of the architroch and the cir-

clets into which it divides. Thus in Rotifers (Stephanoceras),

and in Gastropod embryos (Macgillivrayia, Ethella), the
' velum ' is drawn out into filamentous ciliated tentacles

(fig. 15j.

The gill-filaments of the Lamellibranchs, together with the

labial tentacles, form an incomplete architroch (fig. 16). To
be complete the line of origin of the double set of gill-fila-

ments which form the gill-plates,^ should be continued on

each side behind the foot (between the foot and anus). At
this part tlie Lamellibranch's architroch is broken, but this

will not appear surprising when the case of Rhabdopleura
(see this Journal for 1874) is considered, in which alone,

amongst Polyzoa, the architroch is incomplete and reduced

to a pair of plume-like appendages ; still less is it to be

wondered at that the architroch should be broken through

at this point, when we consider the enormous development

of the muscular lobe within the architrochal area, the foot,

truly a hypertrophied chin.

An important consequence of the view now advanced as

to the nature of the gill-filaments of acephalous MoUusca is

the serial homology of the labial-tentacles of Lamellibranchs

with the gill-plates of the same animals. Continually all

sorts of special homologies have been proposed for these

' See Holman Peck, this Journal, January, 1877.



NOTES ON EMBRYOLOGY AND CLASSIFICATION. 425

org-ans. In reality, they are only specially modified parts

of the architrochal band, not giving rise to filaments, but by
a late modification of an original series of filaments giving

rise to spongiose erectile lobes. They complete, anteriorly or

prseorally, the architroch of the Lamellibranch.

The reduction of the filiferous architroch in the Polyzoan
E,habdopleura to a plume is of the greatest importance,

because it allows us to assume, in other cases, that branchial

plumes hate possibly been developed by reduction of an archi-

troch.

Whilst the larvse of certain Echinoderms (the Pluteus and
Auricularia of Echinids and Holothurians) are architrochic,

the Bipinnaria and Brachiolaria of Asterids present us with
an important modification of the primitive condition, as does
also the Auricularia of Holothurians, when it passes into the
poiytrochous condition. The ring surrounding the mouth
becomes drawn out in such a way that it extends round the

larva on each side (fig. 4), and its two extremities meeting-

and joining we have, as Gegenbaur has shown, two rings

developed, whose plane is at right angles to that of the

original single peristomial ring from which they develop.

The anterior circle embraces the prostomium, the posterior,

which is usually larger and oblique in direction, is metas-
tomial. We find in the Echinoderms very near approaches
made to this breaking of the architroch by a dorsal nip-

ping-in, without the actual fusion being accomplished.

I propose to call that condition of the ciliary tract in which
the fusion is accomplished " zygotrochic.'' The Asterid larvae

(fig. 12) are zygotrochic, so it appears is Tornaria (fig. 8),

the larva of Balanoglossus. The two secondary circlets

into which the architroch divides may be conveniently dis-

tinguished as the " cephalotroch "and the "branchiotroch."
The "cephalotroch " is also known as the "velum." It is

this portion only of the differentiated architroch which
makes its appearance in the larvse of the Gasteropodous
Mollusca ; it is this part only which appears in the case of

many Annelid larvse and in the Rotifera. The " branchio-

troch '^
is so named on account of the fact that it is this

portion of the differentiated architroch which most con-

stantly gives rise to ciliated branchial filaments. Such are
• the filaments of Actinotrocha (fig. 13) ; such are the gill-

filaments of the Lamellibranchs. I am inclined to think

that gill-filaments in the adult, which cannot be directly

traced to a larval branchiotroch, in fact, in cases where the

larva possesses only a " velum," or cephalotroch, may yet be
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regarded justly as modifications of the branchiotroch in con-

sequence of their position and structure alone. The two
portions of the zygotroch, once differentiated from the archi-

troch, may have acquired a considerable independence of one

another in their development in some races, whilst in the

archaic group of Echinoderms they retain a consentaneous

growth.

In many Chsetopoda, Platyelmia, and Eucephalous Mol-

lusca, the embryo, when still almost spherical in form and

diblastulous in structure, acquires the cephalotroch, which

takes at this early period the position of an equatorial girdle

(PI. XXV, fig. 6). Such a larval form I have called the

" trochosphere.'' It is clearly not a primitive form, but is

derived, by the steps I have just indicated, by a series of

adaptations from the telostomiate architrochopor. It is an

adaptational larval form common to many marine organisms,

and indicates that its ancestors must at one time or another,

in larval or adult life, have exhibited the folloAving condi-

tions—(1) telostomiate architrochal, (2) metaxial architro-

chal, (3) zygotrochal, (4) cephalotrochal—that is, suppression

of the branchiotroch.

Professor Semper has recently made the attempt to set up
this much modified larval form, with its premature cephalic

circlet, as an important ancestral form, and has announced a
" Trochosphsera theory.'^

If the views which I have here expressed are well founded,

Semper's theory of the trochosphere is not more valuable

than his theory of Amphioxus.
Many ciliated larvae have been called " telotrochic " (figs.

8, 13), in consequence of their possessing a perianal circlet

of cilia. Gegenbaur is inclined, though not decisively, to

refer this " telotroch " to the architroch, regarding it as the

equivalent of the branchiotrochal moiety. This I cannot

consider to be justified. The telotroch appears to be a

metameric repetition of the architroch, or of its branchio-

trochal moiety. That such is the case is suggested by

the condition of the Tornaria-larva of Balanoglossus. It

is possible that the ciliated circlets which are posterior to

the area of the architroch or its derivatives, are to be re-

garded as altogether secondary structures, and indeed

they are so upon any view of the case, in so far as

metamerism is a secondary condition. Such secondary

circlets as the telotroch and the other more or less numerous
circlets of polytrochic larvge, I propose to call " epitrochs,"

and, accordingly, a ciliated larva, whilst either architrochic

or zygotrochic, may be " anepitrochic," or "monepitrochic,"

or " polyepitrochic."
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The most remarkable polyepitrochic larvne are those to

which the Auricularian architrochic larvae of the Holothu-
rians give rise. Tlie architroch of these larvae becomes a
zygotroch, a distinct cephalotroch or velum, belonging to

the prostomial region, being pinched off from the branchial
circlet ; but this latter, instead of remaining as a single

girdle, again breaks up into four circlets by development of
cross-pieces in correspondence with a metamerism, often

indicated also by the deeply-marked lobulation of the body.
It is interesting to note that in this transient metameric
segmentation of the Hololhurian, the metameres agree with
the more fully developed metameres of lineally segmented
worms in the fact that, ichilst the first metamere consists of
iwostomium and metastomium, each succeeding metamere cor-

responds only to the metastomialportion of thefirst metamere.
This is clear in the case of the polyepitrochic Holothurian
larva, since the metastomial circlets are developed by direct
conversion of the metastomial portion (branchiotroch) of the
zygotroch. In other polyepitrochic larvae, as well as in
monepitrochic larvae, the epitrochs develop quite indepen-
dently of the architroch or its parts. Terebratula and other
Brachiopods present us with a polyepitrochic larva havino'
an architroch anteriorly. Actinotrocha has one epitroch and
an architroch. The larva of Dentalium possesses a cephalo-
troch, followed by many epitrochs independently developed.
The same is true of some Pteropod larvae. Many Chjetopod
larvae are also in this condition.

It seems to be quite possible that the branchial filaments
of Chaetopod worms, as well as the branchiae of the Eucepha-
lous Mollusca, may, like the branchial filaments and plumes
of the Acephalous Mollusca and the tentacular crowns of
Phoronis and the Gephyraea, be ultimately traceable to the
branchiotrochal moiety of the architroch.

Enumeration of the modifications of the Architroch.
A.—Architrochic forms :

1. Anepitrochic

—

Pluteus of Echinids and Ophiurids; Auricularia of
Holothurian ; larval and adult Polyzoa ; Lamellihranchs
and Brachiopods; adult Phoronis; and also Bonellia,
Thalassema, Sipunculus.

2. Monepitrochic-

—

Actinotrocha.

3. Polyepitrochic

—

Larval Brachiopods (Kowalewsky).
B.—Zygotrochic, with separated cephalotroch and bran-

chiotroch :
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1. Anepitrochic

—

Bracliiolaria and Bipinnaria (of Asterids), some Gas-
tropods (?)

2. Monepitrochic

—

Torn aria.

3. Polyepitrochic

—

Vermiform larva of Holothurians and Comatula.
c.—Ceplialotrochic (with suppression of the branchio-

troch)

:

1. Anepitrochic

—

Adult Rotifera, the trochosphere larva of Worms and
Molluscs, the veliger of Gastropods and Pteropods.

2. Monepitrochic

—

The common two-girdled larva of Chaetopods.

3. Polyepitrochic

—

The polytrochic larvae of Chaetopods, and other worms,
as also of Dentalium (Mollusc) and some Pteropods.

IV. The Nephrtdia or segmental organs of the
Enterozoa.

In all classes of the Enterozoa there are other openings,

usually small, into the cavity originally belonging to the

archenteron, besides the mouth and the anus. In those

Coelentera which foreshadow the ccelom by developing a

periaxial extension of the enterou or a perienteron, we find

such apertures especially associated with the rudimentary

ccelom. In the Actinozoa such apertures exist in the ten-

tacles or at the aboral pole. In some Ctenophora two
canals open from the as yet unspecialised cojlom to the ex-

terior bj two apertures placed at the aboral pole.

When once the ccelom is accomplished as a cavity definitely

shut off from the "metenteron "—the name we now give to

what remains of the archenteron—its communications with

the exterior acquire a more important character. Whether
it be that the respiratory trees or that the orifices of the

ambulacral system in Echinoderma represent the communi-
cations established between the ccelom and the exterior in

the Coelonata, this appears certain, that in Rotifera, Flat-

worms, Gephyraea {not the genital ducts), Mollusca, in the

metameres of Chaetopoda, in the Vertcbrata, and even in

some Arthropoda, we have evidence of the existence of a

single pair of canals more or less highly modified by glan-

dular developments, which usually open by ciliated funnel-

like mouths into the ccelom at one end and directly to the

exterior in the neighbourhood of the anus, or into a cloacal

chamber, at their other end, thus placing the ca?lom in com-

munication with the exterior.
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This pair of ciliated funnels appears to be the same organ
in all cases.' Primarily it develops like the stomodeeum and
proctoda3um by an ingrowth of the ectoderm or deron. At
present no name is in use for this important pair of organs

;

they are spoken of as " segmental organs " in some groups,
as " primitive excretory organs " in others. Since very
usually these canals acquire an excretory function and give
rise to kidneys^ though they may also serve as genital ducts,

I propose to call them by the diminutive of the Greek word
for a kidney—namely, " nephridium." The nephridia in

Rotifers, and Turbellarians and Trematods, are the ciliated

canals, though in the flat-worms it is impossible to say where
in the canal system " nephridium " ends and " coelom

"

begins. In Chaetopoda the nephridia are the segmental
organs, in Gephyrsea the pair of organs opening into the
cloaca, in Lamellibranchs they are the organs of Bojanus,
in Brachiopoda they are the oviducts (so-called hearts), in
Gasteropods they appear, at any rate, in the embryo, in many
cases (Urnieren). In tracheate Arthropods the Malpighian
filaments possibly are the nephridia, whilst the Vertebrate
kidney and genital ducts have recently been traced by Bal-
four and Semper to a series of nephridia.

The terminology of the new doctrine as to the Vertebrate
genito-urinary canals appears to me to need some clearing
up, and I therefore submit the following :

The metameric segmentation of the primitive Vertebrate
gives us a series of nephridia, derived from one single pair of
nephridia in the still earlier unsegmented Vertebrate. The
nephridia are not, however, in the metameric Vertebrate
separate from one another, each with its own external aper-
ture, as in Chaetopod worms, but all (on one side) are deve-
loped on a common stem or duct, so that they form one organ
on each side of the animal. This compound organ is a
kidney ; it may be called the " archinephron," its duct the
" archinephric duct.'^ By longitudinal fission parallel with
its axis, the archinephric duct splits into two—one, the
" pronephric duct,'^ in connection with the more anterior
nephridia which form the " pronephron

;
" the other, " the

mesonephric duct," in connection Avith the posterior nephri-
dia, forming the " mesonephron." The pronephron (Kopf-
nieren) aborts, the pronephric duct becomes the oviduct ; it

is frequently called Miiller's duct. The mesonephron is the
Wolffian body, its duct the Wolffian duct. Its anterior

^ Gegenbaur recognises two kinds of primitive excretory organs w))icli,

if really distinct, might be called 'anterior' and 'posterior nephridia' re-
spectively.
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nephridia form the duets for the testis. Finally, a meta-

nephron, with metanephric duct distinct from the Wolffian

or mesonephric duct, may develop by a later increase of

nephridia posteriorly. This metanephron with niotanephric

duct exists in sharks; in abranchiate Vertebrates it becomes
the permanent kidney, and its duct the ureter.

V. Later developihent of the Deron and Enteron.

In what has preceeded we have given the outline of the

cellular foundations of the superficial and deep tissues of the

body-wall—of the lining membrane and corpuscles of the

lymphatic hsemal spaces and vessels, and of the internal

and external tissues of the alimentary tract.

Oric/i?i of Nerve-tissues.—It only remains to point out

briefly, in order to complete this sketch, that the ectoderm

having broken up (as we saw above) into epiblast and the

musculo-skeletal portion of the mesoblast—or, as we may
put it, into neurodermal and myoskeletal moieties—now
proceeds further in differentiation. For the neurodermal

tissue, which in position is the true representative of the

original ectoderm, no%v separates into neural and dermal
groups of cells. This does not, however, occur by a general

splitting of the neuroderra or epiblast, but by localised

differentiation. In all classes of organisms possessing

nerve-centres or masses of nerve ganglion-cells these

structures have been traced in development to the neuroderm
or epiblast. It is probable that primitively the whole ner-

vous apparatus is to be traced to epiblast, and that where
(as appears very frequently to be the case) masses of nerve-

cells and fibres arise deeply by differentiation of cells lying

in the mesoblast, such nervous structures are not to be

supposed to have taken their origin by a gradual metamor-

phosis of musculo-skeletal or of vascular elements, but their

present ontogenetic development at points devoid of direct con-

nection with epiblast is to be explained as we have explained

other shiftings from ancestral connections—namely, by a

very early passing over of hereditary nervous molecules from

cells destined to form epiblast into cells destined to form
mesoblast.

In all Prostomiata, or, what is same thing, in all Bila-

leria or ccelomate Enterozoa, the main tracks occupied

by the differentiated nervous tissue have the same position.

They appear primarily as paired laterally placed centres

within the prostornium. From them radiate fibrous tracts.

Their further development consists in elongation, so that

they become lateral cords, and the fibrous and spherical
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cell-elements which mal^e up nerve tissue may be evenly
distributed along these tracts, or the spherical elements may
be concentrated at important points in obedience to the pro-

portions assumed by other parts of the body, e. g. metameric
segmentation of muscles, or development of a mesopod
(moUuscan foot), or of a special sense organ. The lateral

tracts once established show the strongest tendency to unite

into a single tract by gradually taking up a median position.

This junction of the lateral tracts may occur either dorsally

orventrally, and the result is the production of a dorsal or of

a ventral nerve mass. In most of the higher Enterozoa the

junction is effected dorsally in the region of the prostomium
and ventrally in the metastomial region. Cases of very partial

or altogether ineffective fusion of the metastomial portions

of the nerve tracts are common.
Archenteron, Paretitera, Metenteron, Mesenteron, and

Hepatic Caeca—The successive differentiations or subdivi-

sions of the original digestive cavity (archenteron), lined by
the endoderm or enteric cell layer, may be rapidly summa-
rised as follows:—The archenteron (Urdarm) breaks up into

the two (subsequently fused) parentera and the axially-

placed metenteron. The parentera become coelom, the meten-
teron retains digestive functions. The parentera form coelomic
and vascular epithelium, blood-corpuscles and female repro-
ductive tissue (ova). According to Ed. Van Beneden the
male reproductive tissue is formed from ectodermal (deric)

cells. The metenteron is joined by stomodseum and procto-
dseum, and now gives rise in a large number of cases to two
csecal outgrowths (the hepatic cseca), often of great size,which
resemble in some cases the coelomic parentera. According to
the view here taken, however, they have nothing to do with
the coelomic parentera, but are of much later origin. They
become widely separated in character from the rest of the
metenteron, which must now be distinguished as mesenteron,
and continue to open into it by a narrow passage, through
which their secretion passes. Thus, then, as archenteron
divides into parentera and metenteron, so metenteron divides
into hepatentera or hepatic cseca and mesenteron.

Other diverticula to which the mesenteron give^ rise do
not require notice here. The salivary diverticula, it may be
Avell to note, are parts of the stomodseum, whilst the glandular
caeca, ducts, and tooth-like hardenings, which belong to the
sexual organs very generally, are developed from the proc-
todaeum just as similar parts belonging to the mouth develop
from stomodseum.
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VI. The more general Causes and Modes of
Development.

In the preceding sections of this essay we have discussed

the probable succession of forms and the particular phases

of increasing complexity which animal organisms have pre-

sented in the course of their historical development, and an
attempt has been made to show that the phenomena of

individual development from the egg may be considered as

more or less slurred and interrupted recapitulations or

epitomes of the historic development.

Now, let us take a more general point of view, and endea-

vour to state xohat are the more general causes or antecedents

of organic development, and what the more general effects of

those causes, that is to say, the modes of their operation ; so

we shall come nearer to the ultimate goal of biology which
is the accounting for the phenomena of living matter or

protoplasm by reference to the laws of chemistry and
physics.

In order to look at development from the physiological

point of view it is necessary to take a glance at the structure

of organisms in relation to their activities.

The following propositions contain the essential doctrine

of the interdependence of structure and function.

1. Every organism is either a single corpuscle of pro-

toplasm or an aggregate of such corpuscles, variously

modified.

2. A corpuscle of protoplasm or " unit of organic structure"

is called a plastid. A plastid wbich possesses a differentiated

kernel or nucleus is called a cell ; one devoid of nucleus is

called a cytod.

3. The living substance of all organisms, whether con-

sisting of many or of one single plastid, exhibits the following

activities, which are explained by its chemical and physical

constitution :— 1. Contractility. 2. Irritability. 3. Re-
ception and assimilation of foreign matter. 4. Chemical
change and secretion. 5. Respiration, e. e. combination with
oxygen and excretion of carbonic acid. 6. Reproduction,

either resulting in growth or, when accompanied by self-

division, in multiplication of individuals.

4. In the lowest organisms, which consist of one single

plastid, these various activities are carried on by one and the

same corpuscle of protoplasm. In the higher organisms,

consisting of many plastids, they are exhibited more or less

clearly by each and all, but are intensified variously in par-

ticular plastids. According to their position and the particular
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activity which they pre-eminently exhibit, the plastids of

such an organism vary in form, and the nature and amount
of chemical change to which the protoplasm composing them
has been subject varies also. They may be spherical, colum-
nar, prismatic, scale-like, star-shaped, spindle-shaped (fusi-

form), branched, or united to form fibres. The substance

between the plastids may be absent (when the plastids are

continuous), very small in amount or large in amount. It

may be solid and dense, or gelatinous and viscous, or

fibrous or liquid.

5. When a number of plastids exhibiting pre-eminently

one kind of activity (see sec. 3), and having one particular

form and one particular kind of intermediate substance (if

any) are found forming a layer or separable tract in an
organism they are said to constitute a tissue.

6. In a higher organism the activities enumerated in sec. 3

(each of which is exhibited more or less by each of its con-

stituent plastids) are carried on through the agency of a

number of specially adapted parts, which are known as

ORGANS. Every organ has its function in relation to one
or other of these activities. Many tissues may enter into the

composition of an organ. A series of connected organs forms
a SYSTEM.

7. The development of organisms (of which in the earlier

part of this essay we have traced the concrete expression, so

far as relates to animals) is primarily caused by the advan-
tage gained for an organism in the struggle for existence by
the distribution of the activities specified in sec. 3—amongst
special parts, that is to say, by the advantages gained by
the possession of elaborate tissues and organs.

8. The possibility of development is solely due to the
physico-chemical constitution of protoplasm, in virtue of

which constitution it is subject to (a) unlimited Variation by
the action of incidental forces, and to (b) the permanence of
impressions or Memory. In virtue of the memory of proto-

plasm, fortunate variations, acquired in the life-and-death

conflict with the environment, h^comQ permanent adaptations

in such organisms as survive (survive as individuals or as new
generations). Those with unfortunate variations die off in

consequence of the want of fitness of their variations (both
newly acquired and constitutional) to the conditions pre-

sented by the struggle for existence. Thus the selection of

new variations, and the constant accumulation of old-

acquired improvements by the operation of the protoplasm's
memory in the survivors of the struggle for existence goes on.

The elaborate distribution of functions amongst specialised
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parts of the organism has been in this way slowly built up.

The final advantage of highly complicated structure has been
gained by certain representatives of the animal and the vege-

table pedigree through Adaptation, due to the property of

unlimited variation, and through Heredity, which is only

another name for Memory or permanence of impression, as

manifested by the detached reproductive bits of an organism.

9. The process of the development of new tissues or new
organs in a race of organisms where such tissue or organ
has no previous existence, must follow certain definite

methods. From the nature of the causes at work (sees. 7

and 8), the new developmeilt; must be excessively gradual.

It may be taken as a law of development that no really

new part ever does make its appearance, every apparently

new tissue or organ which may strike the morphologist as

novel, being necessaiily only a modification of a pre-existing

tissue or organ. The absolute continuity of forms is a

deduction from the law of evolution, and the hypothesis of

unity of organization.

The processes of differentiation by which organisms acquire

modifications in structure, may be grouped under the follow-

ing general heads : (1) Polar Repetition of units of structure.

(2) Segregation of chemically and physically differing mate-
rials. (3) Hypertrophy and Atrophy of parts relatively to

one another. (4) Concrescence (of polar units or of appen-
dages and tissues).

Polar Hepetition stands first in this list, since it is

dependent on one of the most important and distinctive

features of protoplasm, with which only crystalline polarity

can be compared. The existence of multicellular organisms
instead of large unicellular organisms is due to the peculiar

conditions of molecular cohesion in protoplasm ; in iact, the

polar repetition of the simplest organic unit is at the bottom
of all the higher organic diff"erentiation. Further, we find

that the groups formed by the primary units or plastids,

and which Herbert Spencer calls " aggregates of the second
order," may, like the primary units, cease to grow indefi-

nitely as secondary units, and, with or without fission, the

growing secondary unit arranges itself as a nutnbcr of such
secondary units (in line as in worms, or irregularly as in

polyp-trees, or radially as in compound Tunicates), and
itself becomes " an aggregate of the third order."

Thus the polarity of protoplasm is a very important
element in the differentiation of organic forms.

Segregatio7i may slowly bring about a diflference in the

substance of two portions of the same unit, and at last estab-
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lish the sharpest demarcation between such portions ; all

separation of constitutional and structural elements at one
time united comes under this head.

Hypertrophy and Atrophy are the most obviously efficient

methods of differentiation when once a beginning has been

made, either by polar repetition or mere segregation. Hy-
pertrophy enlarges one unit or set of units, whilst the rest

remain stationary, or the one half of a cell already differen-

tiated by segregation is atrophied, whilst the other is hyper-

trophied.

By Atrophy cilia disappear fspm the surface of the body,

and become confined to a single T)and ; by Hypertrophy this

band becomes drawn out into filamentous tentacles.

The majority of developmental differentiations, which the

careful study of ontogeny and the cautious use of the " re-

capitulation hypothesis^^ enable us to infer as having histori-

cally occurred in the course of animal evolution, can be

reduced to terms of Hypertrophy and Atrophy.
Concrescence finally, though a less striking, is by no means

a less important form of structural modification than those

which we have already noticed. Concrescence undoes the

work of Polar Repetition and Segregation. By it multi-

cellular tissues become syncytia, segmented animals lose all

trace of their segments, or their segmentation becomes
obscured and obliterated over large tracts.

This is the process exhibited in the fusion of nerve-ganglia,

in the adhesion and combination of gill-filaments and in the

substitution of one continuous unit for a number. In
the last case it is not to be confused with hypertrophy and
concurrent atrophy.

VII. Classification.

Classifications of many kinds are possible and convenient
for various purposes in reference to the series of animal
forms. A classification may be said to be " subjective " or

to derive its importance from subjective relations which
sets up some particular characters chosen for reasons
best known to the person who chooses them, as the test-

points in reference to which animals shall be classified. It

has only lately been recognised as possible (namely since

the fact has been admitted, that all living and extinct

organisms are members of one great family tree) to investi-

gate the claims of a system of classification to acceptance by
reference to an objective standard. Whilst many classifica-

tions may be and are termed " objective" (because they are

logically correct), which, in consequence of their being

vol. XVII. NEW SER. Y F



436 PROFESSOR LANKESTER.

purely mental abstractions, arbitrarily chosen from among
many possible abstractions, would be more justly termed
"subjective;" yet there is one objective classification possible,

which is no mental abstraction, but as corresponding with
the actual order in which the objects of classification were
brought into existence may claim to be the objective and
natural classification par excellence. This classification would
be exhibited in a complete statement of the pedigree of the

animal kingdom.
It is certain that we shall never be able to set forth with

anything like completeness this real or objective genealogical

classification. Accordingly, all our attempts at it may be
called, as they have been, subjective classifications, since

they depart from the objective reality in proportion as our
imagination has to supply the gaps in our knowledge—in

proportion as in them inference is given a particular form
where our acquaintance with fact only justifies a general

form. But it is clear enough that in its broad outlines we
are likely enough as knowledge increases to make our genea-
logical classification correspond with the reality if we con-

sistently aim at that object.

What there is of objective in such classifications is at any
moment capable of being tested and discussed, whereas
classifications which ignore genealogical speculations, though
they may claim indisputable objectivity as their justification,

yet fail to commend themselves equally to their authors and to

contemporary naturalists. Such classifications may be as

numerous as they are true, but, after all, their utility is mea-
sured by the approximation which they make to the formula-
tion of what they profess to ignore, namely, the pedigree.

The logical fact set forth in this kind of classification, how -

ever indisputable, is one of small or even over-estimated
consequence.

In fact, if we agree with Mill that the higher kind of

classification is that which seeks " to arrange objects in such
groups, and those groups in such an order as will best con-

duce to the ascertainment and remembrance of their laws,"

we cannot doubt that a classification of animals which keeps
the law of evolution steadily in view is more likely to be
that which will best conduce to the ascertainment and
remembrance of its operations than one which expressly

ignores that law.

Homogeny and homoplasy—Progression and degeneration.

—In the attempt to draw up a true pedigree of the animal
kingdom it is clear enough that we are seeking to trace the

lines of heredity, and that we must proceed primarily on
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the assumptions (1) that organisms of like structure—that

is, with like adaptations—are related to one another by
blood with a degree of closeness which is in direct proportion

to the closeness of the likeness ; (2) that the general effect of

evolution in relation to organisms has been to eifect a pro-

gress from simpler structural conditions to more complicated,

whence it is inferred that the more simple organisms which
to-day exist are surviving representatives of the earlier phases

of organic evolution, the race to which they belong never

having attained a higher level than it does to-day, and that

all existing organisms may be arranged according to the

degrees of complication of their structure in several ascend-

ing series, the degrees in which represent so many stages

attained to and passed through by the ancestors of the most
highly complicated member of the series.

Having started with these two assumptions, as all those

who have attempted phylogenetic classification have done, it

is very soon found to be necessary to qualify and relax the

general application of both the principles assumed. It is

very soon recognised (and, indeed, is universally admitted)

that there are many cases of a pair of organisms which are,

on the whole or as to some striking detail, alike in structure

—that is to say similarly adapted—and yet (as we learn

from their developmental history or from some one indis-

putable structural feature) do not owe that similarity to

heredity, but to an independent identity in adaptation

occurring in the two cases in consequence of a recurrence of

the same adaptational conditions. Such similarity is said to

be due to homoplasy,i whilst hereditary likeness is due to

homogeny. In phylogenetic classification, then, we have to

be especially on our guard against mistaking homoplastic for

homogenetic agreements.
An " objective" method of classification which should

ignore the doctrine of evolution could not fail to confuse

organisms related by homogeny with others related to them
only by homoplasy ; and, indeed, this was notoriously the case

with the classifications of the first half of this century.

Again, as to the second assumption of "a continuous

progression" in all the myriad branches and twigs of

the organic family tree—the assumption of a continuous
flow onwards (slower or faster, but always forward) in all

the multifarious streamlets into which the original stream of

life has s ubdivided, this, too, has been universally qualified.

It has been admitted in certain very obvious cases, e. g. many

^ This term was first proposed in my article " On the Use of the term
Homology in Modern Zoology," ' Annals and Mag. Nat. Hist.,' 1870,
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parasitic and sub-parasitic animals, that there has been a

reversal of the stream of development, and that these forms
are the result, not of progressive adaptation, but of retro-

gressive adaptation or dege?ieration.

In regard to both assumptions, the qualification has been

admitted grudgingly and insufficiently up to the present

time. It is not, as a rule, sufficiently conceded that homo-
plasy is as much a vera causa of structural likeness as

homogeny, and that, whilst we pursue the logical method of

assuming (lo begin with) a uniform cause—namely, homo-
geny—in order to account for structural likeness, yet we
should be on the alert whenever difficulty arises in the

consequences deduced in a particular case from the employ-

ment of homogeny, to test at once the applicability of

homoplasy. I#
Thus Mr, Jhering, appropriating to himself the doctrine

and the term " homoplasy," has suggested that, in the group

of the MoUusca (as usually recognised by naturalists), are

included two homoplastic groups of totally different origin.

There is nothing improbable in this application of the doc-

trine of homoplasy, and indeed I am inclined to think that

some such application of it to the group of the Arthropoda

is the only escape from the difficulties which the hypothesis

of homogeny presents in regard to that group. With regard,

however, to the Mollusca, Mr. Jhering appears to have been

singularly unfortunate in the skill which he has displayed

in using borrowed tools. The two homoplastic groups which
Mr. Jhering fancies he has detected under the common type

Mollusca have each of them, according to him, independentlg

developed that very remarkable apparatus, the lingual ribbon^

with its cushions and muscles. Such an assumption is entirely

devoid of justification. We see in Mr. Jhering's case an in-

teresting exhibition of the necessity for ascertaining and re-

specting the limits within which homoplasy may reasonably

be assumed as a possible cause of structural identity in a com-
parison of organisms. We know of no case in which there

is any ground for inferring that homoplasy—that is, inde-

pendent adaptation—has produced two structures so complex
and varied in detail and yet so absolutely the same in all

respects as are the lingual apparatus of Chiton, on the one
hand, and of the normal Gastropoda, on the other. The
assumption, without any collateral evidence in its favour,

of such potency for homoplasy, is a violation of common
sense, sufficiently reckless, even without the employ-
ment of folio paper, to give to its perpetrator a temporary

notoriety.
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We have every reason to hold homoplasy responsible for

the agreement (such as it is) between the beak of the turtle

and the beak of the bird, between the gill-plate of Lamelli-

branchs and the pharynx of low Vertebrates, between the

segmentation of some Platyelmia and the segmentation of

Appendiculata, possibly for the change of legs into jaws in

Crustacea on the one hand and in Tracheata on the other,

or possibly for the development of tracheal tubes once in

Peripatus, and also a second time in Insects ; but in none
of these cases are we led to ascribe anything to homoplasy
beyond the production of very general or very simple agree-

ments, and until we have reasons for supposing that it can
act continuously and cumulatively so as to produce eldboraie

correspondences, we are clearly not justified in assigning this

power to it in a particular (^se.

It is chiefly through the valuable pamphlet of Anton
Dohrn^ that attention has been directed to the logical

necessity of admitting the possibility of very widely prevalent

degeneration. At present naturalists are so very generally

persuaded (by habit, not by reason) of the universality of

progression—that no one has attempted to face the coun-
ter theory of universal degeneration which Dohrn put
forward.

Whilst this theory is passed over with silent contempt it

appears to me to have as strong a logical position as the

theory of universal progression. The evidence of degenera-

tion is admitted as conclusive in the case of the parasitic

Crustacea and Cirrhipedes. It is equally incontestable in

that very large and varied group of non-parasitic organisms,

the Tunicata (Urochordate Vertebrata).- The destruction of

a very few forms from among the Tunicates would leave us

without the evidence of their degeneration. We should then,

on the assumption of the prevalence of progression, regard
the Tunicates as representing the highest pitch of structural

complexity to which their race had attained, and assign

them an erroneous position. Obviously, we must be liable

to make this mistake with regard to every isolated group,
but especially liable to do so in the case of very small groups
or isolated genera of simple structure. So strong is the case

in favour of degeneration, that at present all that can be said

against it and in favour of progression, with regard to any

' ' Ursprung der Wirbelthieren.'
* The whole argument as to the Tunicates of course rests on the view-

supported by many arguments, that the larval urochord, which many of

them possess, is not a larval organ acquired by larval adaptation, but is

hereditary and transmitted from adult ancestors.
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particular case, is this—that the general doctrine of evolu-

tion justifies us in assuming, at some period or other, a

progression from the simplest to the most complicated

grades of structure ; that we are warranted in assuming at

least one progressive series leading from the monoplast to

man; and that until \oe have special reason to take a

different view of any particular case we are bound to

make the smallest amount of assumption by assigning

to the various groups of organisms the places which they

will fit into, on the supposition that they do represent in

reality the original progressive series. Nevertheless, any
naturalist would find it very difficult to prove, or render

highly probable, that many of the Protozoa are not descended
from Enterozoa by degeneration ; that Dicyema is not a de-

generate flat worm ; that the whole race of corals and polyps

are 7iot degenerate descendants of far more highly developed,

worm-like, free-swimming ancestors.

When, therefore, the hypothesis of degeneration presents

itself as a solution of any special morphological difficulty,

we need have no scruples or prejudices in favour of the doc-

trine of universal progression, which should prevent us from
accepting it.

In the following tables of classification I have made use

of the term ''phylum," proposed by Haeckel, instead of

"sub-kingdom," " embranchement/' or *' typus.^' The
phyla are so many great diverging branches of the family

tree of animals. Classes are the branches borne by phyla,

orders are the branches borne by classes. I have introduced
the term " branch" as an equivalent for subphylum, or sub-
class, as the case required.

The most important explanation which is necessary here
is with regard to the terms " grade" and *' appendix,^' which
I have frequently introduced. Whilst all the other terms
indicate branches of the pedigree diverging from a very
nearly common point (thus all the classes in a phylum are

supposed to diverge from one common point unless it is

otherwise indicated), the various " grades" are introduced to

separate the starting-points of the branches; a certain

advance in differentiation of structure separates the branches
of a higher grade from those of a lower. An ' appendix ' is

an assemblage of ' degraded' examples of the group to which
it belongs.
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Tabular Vieio of the Phyla of the Animal Kingdom.

ANIMALIA.
Organisms incapable of assimilating either N or C from their simpler

water-soluble compounds, and therefore provided (excepting parasites) with

the means of ingesting and acting upon the solid substance of other

organisms.

Grade I.—PLASTIDOZOA.
Animals consisting of single plastids, or of groups of plastids not dififer-

entiated into cell-layers.

Peotozoa.

Grade II.—ENTEROZOA.
Animals consisting of many plastids primarily arranged in two layers

surrounding a food-receiving cavity—the enteron (the lumen of which is

obliterated in some parasites).

Grade 1 (of the Enterozoa) CCELENTERA (Diploblastica).

Enterozoa in which the enteron "remains as a continuous cavity, either

simple or much ramified, coextensive with the body wall. Persons telosto-

miate, generally with radial symmetry.

Thylim 1.

—

Porifera.

„ 2.

—

Nematophoka.

Grade 2 (of the Enterozoa) CCELOMATA (Triploblastica).

Enterozoa in which a second cavity containing hsemolymph—viz. the

coelom—entirely shut off from, though in its origin a part of, the enteron,

is developed between the body wall and tlie enteric wall. Persons prima-

rily prostomiate, bilaterally symmetrical, with paired nephridia and nerve

tracts.

Fhl/lum 1.—ECHINODEBMA.
Branch a. Ambulacrata.

„ b. Tentaculata.

Phyl PhyL Thyl.

2.

—

Platyelmia. 4.

—

Gephyr^a. 6.

—

Enteropnetjsta.
Br. a. CiJiata. I

|

„ h. Suctoria.
1 j

3.

—

Appendiculata 5.

—

Mollusca (Meso- 7.

—

Vertebkata.
(Parapoda). poda), Br. «. Urochorda.

Br. a. Chsetopoda. Br. a. Eucephala. „ b. Cephalo-

„ h. Botifera. „ b. Lipoce- chorda.

„ c. Gnatho- phala. „ c. Craniata.

poda.

Pliyl. 8.

—

Nematoidea. Fhyl. 9.

—

Ch^toonatha.

N.B.—On account of their very dubious aflBnities and probable degenera-

tion, no attempt is made in the above synopsis to include the following

forms : the Gastrotricha (Chaetonotus, &c.), Desmoscolex, Echinoderes
and the parasites Dicyemida and Echinorhynchus.
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Classes and Orders of the PROTOZOA.
Grade A. Gynmomyxa.

Clasi.

I. Gymnomyxa

I. CORTICATA

I. SUCTORIA

II. CiLIATA.

III. Proboscidea

Order.

1. Homogenea .

2. Reticularia

3. Amoeboidea .

4. Flagellata

5. Catallacta

6. Labyrinthulida

7. Radiolaria

Grade B. Corticata.

. 4 Gregarinidse .

Grade C. Stomatodea.

Suctoria

Holotricha

Heterotricha .

Hypotricha .<

4. Peritricha

5. Calycata

Noctilucida

Examples.

f Protomi/xa.
"XProtamoeba.

\
Pleurophrys

A Miliola.

\_Nummulites.

C Arcella.

\ Pelomyxa,

\_ Amoeba.

{Monas.
Anthophysa.

Magosphcera.

rLabyrinthula.

\_ Chlamydomyxa.

TSpharozoon.
< Acanthometra.

[^Adinosp/iermm.

(Monocystis.
Gregarina.

f Acineta.

\ Ophryodendron.

{Opalina.
Trachelius.

(Stentor.
Paramoecium.

( Euplotes.

\ ScJdzojms.

C Vorticella.

< Peridinium.

(^ Codonella.

Torquatella.

Noctiluca.

Classes of the PORIFEEA.
' Ascon.

I. CALCISPONGIiE ...
II. FlBROSPONGIiE

III, Mtxospongi^

Leiicon.

Sycon.
'Etcspongia.

Spongilla.

Thethya.

^EiiplecteUa.

Halisarca,
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Classes and Orders of the NEMATOPHORA.
. Class.

I. Hydro-
medusa .

ii. podactinaria

III. DlSCOMEDUS^

Order.

1. Hydriformes

2. Siphonophora

i

[_2>. Monopsea

Podactinaria

Discomedusse

IV. Hydrocoral
LIN^ c

V. Anthozoa

Petrosa .

Graptolitidse

1. Hexactinise

2. Tetractiniae

3. Octactinige

pi. Eurystoma

J 2. Saccata .

Examples.

[Hydra, Tubulari a.

\8ertulana.

TPhi/sophora.
\Velella.

{Geryonia.
Mginopsis.

Lucernaria.

fRhizostoma.

\Aurelia.

rStylaster.

'\_Millepora.

Graptolites.

{Actinia, Oculina.

Antijoathes.

Cerianthus.

(Alcyonium.
Tubipora.

Beroe.

[Pleurohrachia.

\_Callianira.

Cestum.

Bolina.

VI. Ctenophora
3. Tseniata

[_4. Lobata

Classes and Orders of the ECHINODERMA.
Branch a. AMBULACRATA.

-o 1, f Holothuria.
rneumonophora •{ nr y t^ {Molpaaia.
1 ] Oncinolabes,
Apneumona . < n u^ \_oynapta.

Grade a. PAL^ECHINI.
1. Melonitidse

2. Eocidaridae

Grade b.

Branch 1.

I. Holothuridea

II. ECHINOIDEA . -^

1. Regularia

2. Exocyclica

Branch 2.

1. Clypeastridee
,

2. Spatangidse .

Melonites.

Eocidaris.

AUTECHINI.
Desmosticha.

{ Echinus.

Cidaris.

r Galerites.

< Echinoneus.

( Dysaster.

Petalosticha.

r Clypleaster.

"XEchinocyamus.

\ Ananchytes.

\Poiirtalesia,
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Class.

III. ASTEROIDEA

Order. Hxamples,

Grade a. ASTERI^E.
C Uraster.

< Solaster.

(^ Astropecten.

Brisinga.

OPHIURM
f Opkiura.

1 OpMot/irix.

j Eur^ale.

{^Saccocoma.

1. Colastra

2. Brisingastra

Grade b

1. Ophiastra

2. Phytastra

Branch b.

I. Crinoidea
1. Tessellata

2. Articulata

TENTACULATA.
Ch/athocrinus.

Marsupites.

Comatula.

Rhizoci'inus

.

II. Blastoidea

III. Cystidea

1. Eloeacrina

a. Eleutherocrina

1. Agelacrina

2. Echinencrina .

Eloeacrimis.

Pentatrematites.

Eleutkerocrimcs.

Hedriaster.

Hemici/stites.

Spkaronites.

_Stepha7iocrinus.

Classes and Orders of PLATYELMIA.
Branch K. CILIATA.

CMesostomum.

I. PLANARIiE

II. Nemebtina

I. Trematoidea

II. Cestoidea

{1.
Rhabdocoela

2. Dendrocoela

{1.
Anopla .

2. Enopla

Branch b. SUCTORIA.

{1.
Monogenea .

2. Digenea

fl. Caryophyllidea

2. Tetraphyllidea.

-< 3. Diphyllidea

\^Microstomum.

Bolycelis.

Bipalium.

Linens.

Nemertes.

Borlasia.

Prorhynchis.

[

4. Pseudophyl-

lidea

5, Cyclophyllidea

f Aspidogaster.

"XPoli/stoma.

[JDistoma.

\Monostoma.
CaryophyllcBus.

{Tetrarhynchus,

Phyllobothrium,

Echinobothfium

.

{Ligula.
Bothriocephalus,

Tcenia,
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Class.
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Class.

I. Crustacea . •{

Branch c. GNATHOPODA. (Syn. Arthropoda).

Grade A. Malacopoda.

I. Peripatidea . .... Peripatus.

Grade B. Condylopoda.

Order. Examples.

Grade a. ENTOMOSTRACA.
(Lepas.

Peltogaster.

Cyclops.

Lemaa.
Cypris.

Cypridina.

Baphnia.
Apus.

Grade b. MALACOSTRACA.
Branch a. Thoracostraca.

[Mysis.

\Thysanopus.
Squilla.

{Astacus.
Pagiirus.

Biastylis.

Arthrostraca.
rOniscxis.

] Anilocra.

I Tanais.

Praniza.

Gammarus.
< Hyperia.

\_Cyamus.

MASTICANTIA.
f Campodea.

I
Zibellula.

^ Phryganea.

I
Termes.

\JBlaUa.

f Dystiscns.
'XStylops.

3. Hymenoptera . \Z^^^^:
•' ^ \_Formica.

Inseota

II, Hexapoda

1. Cirrhipedia

2. Copepoda

3. Ostracoda

4. Branchiopoda

1. Schizopoda

2. Stomapoda

3. Decapoda

4. Cumacea
Branch b.

1. Isopoda

2. Ampliipoda

Grade a.

1. Tocoptera

2. Coleoptera
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Class.

Insecta

III. MYRLiPODA 1

1. Rhyncota

2. Diptera

3. Lepidoptera

f 1. Chilognatha

IV. Arachnida . <(

Order. Hxamples.

Grade b. SUGENTIA.
Aphis.

Cicada.

Nepa.

Cimex.

Musca.

\ Tipula.

Papilio.

Sphinx.

[Julus.

\Poli/zonium.

\ Scolopendra.

\_Scutigera,

Tracheopulmonata.
[Scorpio.

\_ Chelifer.

[ Phryne.

\_ Thelyplionus.

Galeodes.

[Mygale.
\Li/cosa.

f Opilio.

\ Gonyleptus.

XHydrachna.
\_Bemodex.

Branchiopulmonata.
Limulus.

[Pterygotut.

\Slimonia.

J P/iacops.

\nenus.
Appendix. Metarachnj:.

1. Linguatulina . Linguatula.

3. Tardigrada
. [t'^''T\

y Macrooiotus.

3. Pycnogonida . \ ^{'"''^'''.f.'^:\_tnoxochilidium.

2. Chilopoda

Branch a.

1. Scorpioiudea

2. Pedipalpa

3. Galeodea

4. Araneida

5. Phalangida

6. Acarina .

Branch b.

1. Xiphosura

2. Eurypterina

3. Trilobitina
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Class.

SOLECOCMORPHA

Classes and Orders of the MOLLUSCA.

Branch a. EUCEPHALA.
Examples,

I. Gastropoda <

II. Cephalopoda -

Order.

Grade a. Lipoglossa.

Neomenia.

Grade b. Echinoglossa.

Grade a. AMPHOMCEA.
- -r, , , 1 f Chiton.
1. Polyplacophora

\^chitonellu8.

Graded. COCHLIBES.
, . , , Tj (^Patella.
1. Autocochhdes 1^^,,,-^^^.

- TVT . .. r Atlanta.
2. Natantia .

|p^,,,^,^,/,,^.

3. Cryptocochlides -| J^^

. -r> 1 i.
fZimax.

4. Pulmonata . ^ r.- ^^„,.

. Grade «. PTEROPODA.

1. Thecosoma .

|c-4,,-,,

2. Gymnosoma
. {pt;,^,^,,^^,..

Graded. SIPHONOPODA.
T ^ , 1 1 . [ Orthoceras.
1. Tetrabranchia. j jy^^^;;^,,

... Dibranohia . {f^^f-
Bentalium.

1. Phylactolaema

III. Scaphopoda

^mwc^ B. LIPOCEPHALA.

Branch a. Holobranchia.
Grade a. EctojiTOcta.

[Lophopui.

\Plumatella.

I. Tentaculi-
^ Gvmuolffima .

/^«^^^f^^^<^^^«-

BRANCHIA ^ *
* \Flustra.

(Bryozoa) Grade b. Entoprocta.

-r, T 11
• {Peclicellina.

Pedicelhnea . < rX^Loxosoma.

Branch b. Pterobranchia.
Podostoma . Rhabdopleura.
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Clats.

II. Spirobran-
CHiA (Brachio-

poda) .

III. Lamelli-
BRANCHIA

Order.

1. Ecardines

2. Testicardines

'1. Asiphonia

2. Siphonata

Examples.

Discina.

Lingula.

Tereiratula.

Spirifer.

Area.

Unio.

Venus.

Teredo.

Classes of the Gephyr^a.

I. ECHIURID^.

II. PRIAPULID.E

III. SirUNCULID^

IV. Phoronid^

r Eehiurus.

\Bonellia.

j Priap?ilus.

y^Halicryptus.

{Sipunculus.
Aspidosiphon.

Phoronis.

I. Nematoidea

Subdivisions of the Nematoidea.

1. Ascaridse

2. Strongylidse

3. Trichinidse

4. Filaridae

' 5. Mermithidse

6. Gordiidse

7. Anguillulidse

8. Enoplidae

9. Chsetosomidse

(Ascaris.
Oxyuris.

f Strongylus.

\ Cucullanus.

r Trichocephalus.

\Tric/dna.

J Bracunculus.

\Spiroptera.

f Mermis.
\Sp}i(2rularia.

Gordms.

{y

Tylenchus.

\Rkabditis,

rDorylaimus.
\Unckelidium,

Chatosoma.

Rhabdogaster.
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Classes and Orders of the YERTEBRATA.

Class.

I. Larvalia

II. Saccata

Branch a. UROCHORDA.
Order.

r
I

1. Ascidise

.

I

I

2. Luciae .

1 3. Thaliacea

E.vamples.

(Appendicularia,

Kowalewskyia.

fAscidia.

-{ Clavellina.

X^Botryllus.

Tyrosoma.

f Salpa.

\BoUolum.

Branch b.

I. Leptocardia .

CEPHALOCHORDA.
Amphioccus.

Branch c. CRANIATA.

Grade A. Cyclostoma (Monorrliina).

r TT f Myxine.
I. Hyperotreta. . . . |^£^^,,^,^^.

11. Hyperoartia . . . Petromyzon.

Grade B. Gnathostoma (amphirrina).

Subgrade a. Heterodactyla branchiata»

jj' -p. > (See separate Lists).

Subgrade b. Pentadaciyla hranchiata.

I. Amphibia (See separate List).

Subgrade c. Pentadaciyla lipobranchia.

Branch A. Monocondyla.

yy' . >- (See separate Lists.)

Branch B. Amphicondyla.

I. Mammalia (See separate List)

.
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Divisions of the HETERODACTYLA
Class I.

—

Pisces.
Subclass. Order.

r
1. Squali

I. Selachii

II. HoLOCEPHALI

III. Ganoids

IV. Teleostei

2. Raii

"1. Sturiones

2. Polypterini

3. Lepidosteini .

4. Amiadini

5. Cephalaspidse

.

6. Placodermi

7. Acanthodini .

Examples,

[Heptanelius.
\_Sqiiatlna,

J Raia.

\ Torpedo,

j Chimcera.

\_ Callorhynchus.

Acipenser.

Volyodon.

Pohjpterus.

Calamoicthys.

Lepidosteus.

Palceoniscus.

Amia.

Cepkalaspis.

Pteraspis.

Pterietkys.

Coccosteus.

Acanthodes.

r

8. Pycnodontidse

9. Cselacanthini ,

10. Dipterini

Branch a. Pkysostomi

Biplacanthus. Y ^
Pycnodon
Ptatysomus.

Coblacanthus.

fHoloptychius

\ Osteolepis.

I

1. Abdominales

1. Auacanthini

( Clupea, Salmo,

\ Esox, Cyprinus,Si-

\lwus, Mormyrus.

2. Apodes . . I^^^^^f.
(^^ger.

y_ (jrymnotus.

Branch b. Physoclisti.

f Gadus.

\Pleuronectes.

i 2. PharjngognatM [f^^^
TPerca, Trigla,

3. Acanthopteri . <j Zeus, Cydopterus,

\JLophms.
Branch c. Pledognathi.

1. Plectognathi .

fOdracion.
\_jJiodon.

Branch d. Lophobranchi.

2. Lophobranchi.
y%^!9nathus.

\_Jtiippocampv,s.

VOL. XYII, NEW SEE. G G
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Class II.

—

Dipnoi.

Subclass, Order,

1. Monopneumones.

2. Dipneumones

Examples.

Ceratodus.
(^ Protopterus.

\Lej}idosiren.

Subclasses and Orders of the

PENTADACTYLA BRANCHIATA.

I. LlSSAMPHIBIA <

II.PhraCTAMPHIBIa

1. Urodela

2. Anura

f Proteus.

\Salamandra.

f Haiia.

XjDactyletlira.

'1. Labyrinthodonta Archegosaurus.

r, r^ u- f Ccecilia.
2. (jrvmnophiona i c- z

•' ^ [^StpAonqps.

Subclass.

I. Chelonia

Classes and Orders of the

LIPOBRANCHIA MONOCONDYLA.

Class I.

—

Eeptilia.

Order.

II. Lepidosauria

Branch a. Sauria

1. Annulata

2. Vermilinguia

•3. Crassinliguia

4. Brevilinguia

5. Fissilinguia

Branch b. Ophidia

1. Opoderodonta

2. Colubriformia.

3. Proteroglypha

4. Solenoglypha .

Examples.

{Chelonia, Trionyx,

Eniys, ChelySy

Testudo.

(^ Amphishmna.

\^ C/iirotes.

Chamaleon.

j^ Platydactylus.
"

\lgnama.

j Anguis.

\ Cyclodus.

\ Lacerta.

\_Monitor.

{ Stenosioma.

\Typhlops.

j Python.

\Colnher.

j Naja.

\Hydrophis.

J Vipera.

\Crotahis.



NOTES ON EMBRYOLOGY AND CLASSIFICATION. 453

Subclass^ Ordej-.

fl. Rhamphorhyn-

III. Pterosauria -{ chia .

[_2. Pterodactyla .

IV. DiCYNODONTA . . . .

V. Ornithoscelida

VI. Crocodilia .

f 1. Teleosauria

J
3. Steneosauria .

[j>. AUigatores

Class II.

—

Aves.

1. Saururse

2. Ratitse .

3. Carinatse

Examples.

> Rhamphorhynclms.

Pterodactylus.

{^ Dicynodon.

\ Rhpichosaurus.

C Megalosaurus.

< Igtcanodon.

(. Compsognathus.

Teleosaurus.

Steneosaurus.

f Crocodilus.

<v Gavialis.

[^Alligator,

ArchcBopteryx,

f Stnothio.

\Apteryx.

j Anser.

\_PsiUacus.

Grades and Orders of the

LIPOBRANCHIA AMPHICONDYLA.

Class Mammalia.

Grade A. Cloacalia.

1. Platypoda

2. Echidnida{
OrnitJiorliynchus.

Echidna.

Grade B. Marsupialia.

<

f~l. Barypoda

2. Macropoda

3. Rhizophaga .

4. Carpophaga .

5. Cantharophaga

6. Edentula

7. Creophaga

8. Pedimana

Nototherium.

f Macropus.

\llypsiprymmis.

P/iascolomys.

P/iascolarctus.

Plialangista.

Perafneles.

Myrmecobhis.

Tarsipes.

f Basyurus.

\Thylaciuus.

TDidelpkys.
\Chironectes,
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Grade C. Placentalia.

Subclass. Order.

j
1. Bradypoda

I. Edentata . <

II. Ungulata .

III. Proboscidea

IV. Chelophora.

2. Effodientia

1. Perissodactyla

3. Artiodactyla

1^3. Sirenia .

Proboscidea.

Hyracoidea.

1. Carnivora

V. Carnaria . \ 2 Pinnipedia

>

VI. DlSCOPLACEN-
TALIA.

^

3. Cetacea .

1. Prosimise

2. Rodentia

3. Insectivora

4. Cheirojjtera

5. Simice .

Examples.

^Megatherium.

\^ Ckoloepus.

^ Mi/rmecophaga

.

J
Manis.

I

Oryderopus.

^Dasypus.

f Equus.

\Tapirus.

j Sus.

\£os.
Halicore.

CMepkas.

\ Vinotherium.

Hyrax.

( Canis.

I Ursus.

IFelis.

P/ioca.

Trichecus.

Baloena.

Sqiialodon.

Cheiromys.

Lemur.
Lepus.

Sciur^is.

Erinaceus.

Talpa.

Pteropus.

Vampyrus.

Hapale.

Myceies.

Macacus.

Homo.



NOTES AND MEMORANDA.

Leboucq on the Development and Termination of Nerves in

Larval Batrachians (' Bulletin de I'Academie Royale de

Belgique,' 1876j.—In this paper the author describes (1)

the development of the nerves, and (2) the structure of the

terminations of the non-muscular nerves.

As these researches were commenced rather late in the

season it was not possible to obtain animals sufficiently young
to study the first appearance of the peripheral nerves. Accord-

ingly, the first part of the paper refers to the progressive

evolution of the nerves.

The larval forms of various Bactrachians were examined,

both in the fresh state and after treatment with osmic acid.

1. Developme?it of Nerves.—The author considers, first, the

nerve-fibres and their ramifications ; secondly, the enlarge-

ments in the course of the fibres.

Nerte-fihres.—In the tails of young tadpoles, examined

without any previous treatment with reagents, the nerves

are recognised as filaments, whose peculiar appearance at

once distinguishes them. These filaments have a tolerably

definite contour, but the finer details of their structure are

made out with difficulty in the fresh state. Treatment with

osmic acid, however, facilitates the study of these points.

Under high powers the nerve-trunks are seen to be marked
with fine strife, which seem to show that the trunks are

composed of bundles of fine fibrils. The primary bundles

divide dichotomously.
Parietal Enlargements.—These are of two kinds, masses of

granular protoplasm, with or without nuclei, and true nuclei.

The latter are found along the course of a nerve-fibre, whereas

the protoplasmic masses are generally situated at the point

of bifurcation of a nerve, or where a collateral branch joins

it. These masses sometimes contain nuclei, with a less granu-

lar protoplasm than that surrounding them, and may possess

one or more nucleoli. In other cases nuclei cannot be seen,

but their presence here is considered probable, notwithstand-

ing. The size of these masses or corpuscles varies. They
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are largest at the bifurcations of medium-sized nerves or at

the junction of these with collateral branches, smallest at the

points of divisions of the largest nerves, though the nuclei

are, as a rule, most evident here.

Lastly, the terminal bifurcations possess corpuscles of

moderate size, and some of these have peculiar characters.

Instead of a granular mass, coloured brown by osmic acid,

one sees a triangular element with fine granulation, in which
neither nucleus nor nucleolus can be distinguished. Osmic
acid imparts a pale-brown colour to these.

The nuclear bodies in the course of the nerve-fibres or
" parietal nuclei" are never found opposite the point of

bifurcation or where the nerve is joined by a collateral branch.

They are always distintly elliptical. Their long axis is

parallel to the axis of the nerve, and measures, as a rule,

from 15 to 20 mm., the short axis about 5 to 8 mm.
The substance of the nuclei is finely granular, and some-

times the extremities of the long axes of these bodies have a

similar appearance. Nucleoli are seen here also.

In the course of the finest nerves and of those of a medium
size are seen bodies, less regularly elliptical than the above,

less granular, and without nucleoli.

As the fine nerve-ramifications divide they acquire nume-
rous anastomoses and form plexuses. The nodal points of

these plexuses are occupied by granular nucleated proto-

plasmic masses, quite similar to those found at the points of

bifurcation.

At the points where several fibres communicate there are

seen regular branched cells like multipolar ganglion cells.

Leboucq regards the embryonic nerves, i. e. the principal

trunks, as being formed of bundles of primitive fibrils in the

sense attached to them by Max Schultze. Where bundles

divide they split up in such a way that the ultimate rami-

fications are formed by the free primitive fibrils.

The fibrils are bound together by a granular cement-sub-

stance, which is most marked at the points of bifurcation.

At such a point the granular mass of protoplasm is nucleated,

and represents a cellular element lying on a bundle of fibrils.

From this fact he draws some deductions later on. Although

he was unable to demonstrate the existence of a Schwann's

sheath in bundles of a certain size, Leboucq still considers

that it is probably present. He holds that Max Schultze's

scheme of the structure of nerve-fibres holds good for

embryonic nerves also.

The primitive fibril is the fundamental element. One
nerve differs from another in the quantity of elements united
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in It to form a bundle, or in the presence or absence of a

Schwann's sheath and a medullary sheath.

The author believes that the parietal nuclear bodies are

secondary formations, from the fact that they are not seen on
the finest nerve terminations, and are surrounded with only

a small zone of protoplasm. These bodies are held to play

a different part in the development of the nerve from that of

the corpuscles of the bifurcations, which are an earlier

formation.

Hensen's statement (' Virchow's Archiv,' Bd. xxxi, p. 58)
that when the nerves first appear they are exclusively formed

of fibrils is denied by Leboucq, for he maintains that at the

bifurcations of terminal nerves there is always to be seen a

thickened mass, more or less developed, which assumes, in

places, the appearnce of a stellate ganglion cell. These are

the elements ('^ Nervenbildungszellen") which most authors,

since the time of Schwann, have regarded as the starting-

point in the development of nerves. Leboucq has not seen

any of these cells isolated, as some authors have asserted, but

always found them in more or less connection with the

nerve-terminations. However, as he has not made many
observations in reference to this special point, he does not

discuss the origin of these cells further.

Turning now to the development of the nerves, the author

suggests that the embryonic cells found at the points of

bifurcation may themselves give rise to the primitive fibrils,

just as, according to Max Schultze and Boll, the connective-

tissue fibrils are developed from the protoplasm of the con-

nective-tissue corpuscles. According to Leboucq, these special

cells are, in the first instance, non-nucleated masses of pro-

toplasm. The activity of the protoplasm shows itself, on

the one hand, in the formation of fibrils ; on the other,

in the development of a nucleus. This subsequent ap-

pearance of a nucleus in these " Nervenbildungszellen" has

been recently described by Calberla (' Archiv f. Mikros.

Anat.,' Bd. xv, p. 455). Leboucq cannot state definitely

whether the other nuclei which are found on the nerve-fibres

(" parietal nuclei") are also derived from the embryonic

cells, though he considers it probable. He assigns to these

parietal nuclei a separate role in the subsequent development

of the medullary sheath.

Formation of the Medullary Sheath.—Certain bundles of

fibrils (axis cylinders), which have been developed in the

manner already mentioned, now undergo a peculiar trans-

formation, and become invested with a medullary sheath.

The period at which this occurs varies widely. But the
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peculiar appearance of the nerve-medulla is easily recognised

without the action of any reagent. However, the charac-

teristic brownish-black colour given to it by osraic acid dis-

tinguishes it with great precision.

At certain points in the course of the nerve are seen areas,

more deeply stained by osmic acid than the rest of the nerve.

The parietal nuclei are always seated at the centre of this

deeply-stained substance, as if this were deposited around

the nuclei. Here we have the commencing formation of

nerve-medulla, which appears on the bundle of fibrils in the

shape of interrupted masses, the interruptions corresponding

to the intervals between two nuclei.

The effect of this process in a meduUated nerve-fibre that

has reached a certain stage of development is very remark-
able. The nerve-medulla is deported on a bundle in such a

way as to form segments, which are more or less regular and
limited on both sides by a point where the medulla is wanting
(a constriction of Ranvier).

Towards the middle of each segment is seen a nucleus.

At this stage, then, the embryonic nerves show the charac-

ters described by Ranvier, Axel Key, and Retzius. The
author finds that, at the level of each constriction a principal

trunk gives off a collateral branch, which also behaves in a

similar way.

When these researches were being made this peculiarity

had not been described by other workers in the same field,

but a little later Rouget also drew attention to this fact in a

memoir on the development of nerves (' Archiv. de Phys.,'

Feb., 1876).

A bundle of fibrils seldom becomes medullated throughout
its whole circumference. Asa rule, some portions at the side

of a bundle of medullated fibres preserve their embryonic
character. This fact, first noticed by Rouget, is explained
by him as follows :

" The multiplication of nerve-fibres consists in a process

of cleavage. The nucleus divides in the direction of its long
diameter, and simultaneously the whole fibre splits longitu-

dinally into two.
" In a system of two fibres united together, one undergoes

a progressive development, becoming medullated, while the

other, preserving its embryonic character, persists as a pale

fibre, and provides for the multiplication of the nerve-

fibres."

Leboucq considers, however, that the fact that collateral

branches arise from the medullated fibres at the level of the

constrictions of Ranvier shows that these same medullated
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fibres can themselves aid in the multiplication of nerve-

fibres.

According to Ranvier the constrictions are the points of
greatest nutritive activity in the medullated fibres. It is

probable, therefore, in the case of embryonic nerves, that

these are also the points where the greatest amount of forma-
tive energy is manifested.

The deposit of nerve-medulla does not always proceed with
the same regularity in all fibres. As a rule, the length of

the segments decreases gradually from their origin to their

peripheral termination. Sometimes the medulla is developed

on alternate segments, leaving out the intermediate portions.

Summing up his views on the formation of the medullary
sheath, Leboucq concludes this portion of his memoir in

the following statements :

The parietal nuclei are derivatives of the embryonic cells,

and are found in the substance of protoplasmic masses or

plates surrounding the bundles of fibrils. These nucleated
masses correspond to the '' Hautchenzellen" of Axel Kev
and Retzius.

Each nucleus corresponds to a special area of the sheath
of one bundle of fibres.

Each protoplasmic cell-mass {" Hautchenzelle") corre-

sponds to one segment of medulla, the limit between two
neighbouring cells constituting a constriction.

The nerve-medulla is developed by a chemical metamor-
phosis of the elements surrounding a bundle of fibrils, not,

as KoUker holds, by a transformation of the peripheral fibrils

of a bundle.

The Peripheral Nerve Terminations.—This division of the
paper commences with a preliminary account of the struc-

ture of the epithelial covering of the skin of the animals
examined. Attention is drawn to a peculiar form of cement-
substance between these epithelial cells. This cement-sub-
stance has a peculiar dotted appearance, like a " row of
pearls."

Leboucq next proceeds to describe two kinds of cells found
in the deeper layer of the epithelial covering of the skin,

corresponding to the human rete Malpighii. These cells

are believed to be in connection with the nerve endings.
The first sort are finely granular, branched corpuscles, about
3 to 6 mm. in breadth and 25 to 30 mm. in length. These
corpuscles, which are placed between the epithelial cells,

are coloured by osmic acid, like nerves, but show neither
nucleus nor nucleolus.

The processes of these corpuscles can almost always be seen
to be in connection with nerve fibrils, sometimes with fairly
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large fibres.^ This fact excludes the possibility of their being

connective-tissue corpuscles, from which they are in other

respects also quite different. Cells like these have been de-

scribed by various authors, e.g. by KoUiker, in the deeper

layers of the epidermis of the mouse -, by Tomsa, in human
skin ; by Langerhaus, in human skin after treatment with

chloride of gold ; by Kisselew, in the vesical epithelium ; by
Poncet, in the conjunctival epithelium of the ox.

The other sort of cell, which is believed to be in connection

with nerve endings, is larger, coarsely granular, and rounded,

with a nucleus that is stained a deep brown by osmic acid.

These cells closely resemble the " Schleimzellen" described

by Leydig.

The author does not speak positively of the connection of

these cells with nerve-iibres, and, indeed, his drawings do

not seem perfectly conclusive. He believes that a fine nerve-

fibril enters one of these granular ceils and runs up to the

nucleus, where it disappears in the granular cell-substance.

In one of his drawings such a connection is only apparent,

as he is himself somewhat inclined to admit. Leboucq con-

siders these cells to be quite analogous to those described by
Langerhaus in " Petromyzon Planeri" and to those which
the same author more recently figured, among the ordinary

epithelial cells of the Amphioxus, as tactile corpuscles

—

^•' Fiihlzellen" (' Archiv f. Mikros. Anat.,' Bd. xii. Heft 2).

The paper concludes with the following short resume

:

1. The embryonic nerve is composed of a bundle of primi-

tive fibrils, developed out of the protoplasm of the embryonic
cells, or "Nervenbildungszellen."

2. The derivatives of these formative cells, which surround

a bundle of primitive fibrils (an axis cylinder), form the

medullary sheath by a special metamorphosis. Each deriva-

tive of an embryonic cell provides for the development of

one segment of medulla; the point of contact of two neigh-

bouring cells forms a constriction of Ranvier.

2. The terminal plexuses of nerve-fibres are in connection

with special corpuscles situated between the deeper epithelial

cells, the cement-substance here showing the same cha-

racters as that described by Ranvier in the human rete

Malpighii.

4. Certain granular cells placed between the epithelial

elements seem also to be in connection with nerve-endings.

1 I have described a similar connection of tlie terminal uerve fibres in the

tail of the tadpole, with branclied corpuscles which appear to be situated

beneath the epithelium. The terminal network of nerve-fibres which I

found in this locality is of far greater richness than that seen by M.
Leboucq.—E. Klein.
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Bavenelia stictita exhibited.—Mr. Pim showed Bavenelia stic

tica, an East Indian fungus, which he had received from Eev. J.

E. Vize, to whom it had been sent by Col. Hobson. The genus

Eavenelia belongs to the Uredinei ; it consists of several cells

united together resembling somewhat the genus TJrocystis ; they

are beset with remarkable prominences reminding one of the

zygospores of some Desmidiese. Mr. Pim was unable to ascer-

tain on what plant this fungus was parasitic ; it mostly affects

Leguminosge ; one or two species have been found in North

America.
A new Coscinodiscus (collected hy Mr. Moseley, H.M.S. ' Chal-

lenger'),from the Sea of Jrefusa.—Hev. E. O'Meara presented a

number of Diatomaceous forms from a gathering made from the

surface of the Sea of Arefusa by Mr. Mosely, of H.M.S. 'Chal-

lenger.' Mr. O'Meara characterised this as one of the richest

collections that had ever come under his notice. Numerous
species of Ehizosolenia, Chaetoceros, Bacteriastrum, &c., occurred

in ample abundance. To one form Mr. O'Meara called special

attention —a large species of Coscinodiscus—which he considered

undescribed. At first view it might appear rather to belong to

the genus Craspedodiscus, but, on more minute examination, the

apparently distinct border disappeared. The following is a des-

cription of the species : Diameter -022", centre large, free from

areolation. Areoles radiate, at the margin large, hexagonal, thence

somewhat compressed, decreasing in size towards the centre, and

somewhat elongated. Towards the end of the radiate lines of

areoles are somewhat shorter than others, in consequence of

which the free centre has somewhat of a starlike appearance.

He proposed to name this form Coscinodiscus Craspedodiscus.

Petalonema alatum, Berkeley
,
from Falls of Niagara, exhibited.

—Dr. Barker showed examples of the alga, Petalonema alatum,

taken by him at the Falls of Niagara ; these appeared in every

way similar to the British.

Sagitta tricirrhata, Saville Kent, exhibited.—Br. Macalister

exhibited specimens of Sagitta tricirrhata, Saville Kent, sent him
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by Captain Chimmo from the Sulu sea. The various structural

points of Sagitta were easily distinguished, and the striped mus-
cular fibre formed a high -power object of great beauty.

A 'probaMy new Species of Sagitta exhibited.—Dr. Macalister

exhibited a specimen of Sagitta, obtained from the Godefroy
Museum in Hamburg, and supposed to have come from the

South Seas ; it was over 3 cm, in length with an elongated mar-
ginal fin ; no seminal vesicles or long surface bristles. The head
bristles were six on the left side and three on the right. The
jaws had three terminal spines and lateral saw-like teeth. The
nervous system exhibited only two lateral branches from the ven-

tral ganglion instead of the numerous little ramuli figured by
Professor Huxley. The specimen came nearest to S. Lyra, but
did not exhibit the caudal groove, and differed in the numbers of

denticles from that species as described by Krohn.
On tlie Structure of the LeafofErythroxylon Coca, L.—Professor

McNab exhibited preparations of the leaf of the Coca plant,

Erythroxylon coca, L. The epidermis of the under side of the

leaf bears a number of very minute stomata. These stomata

measure about -x^o
o" ^"^ length by yoVo" ^'^ diameter. The air-

spaces are themselves about -^^qq" to xoV o". ^-cross. The transverse

section of the leaf shows the epidermis of the upper side, then a

single row of palisade parenchyma, then the loose cellular tissue

(somewhat resembling the air-cells of the lung) with large inter-

cellular spaces, and lastly, the epidermis of the under side with

stomata. The midrib is strongly marked, and projects considerably,

thus contrasting with the thin laminae. Above the midrib, in the

middle line of the leaf, is a small longitudinal keel. On the inner

side of the leaf, on each side of the midrib, is a similar raised longi-

tudinal keel. These longitudinal keels have been mistaken by Sir

Robert Christison and other observers for lateral veins. A careful

examination showed that the keel consisted of epidermis and ground
tissue merely, no fibro-vascular bands running in it from base to

apex of the leaf. Baillon seems to be right in explaining the

formation of the keel as due to the mode of folding the leaves in

the bud.

MyXastrum-form, probably a new species, exhibited. Professor

E. Perceval Wright exhibited specimens of what he took to be a

species of Hiickel's genus Myxastrum. These approached some-

what to the only described species M. radians, found at the

Canary Islands, but still seemed in certain respects to difier there-

from. This form occurred not uufrequently in bottles in which

marine algae collected at Howth had been kept for some time in

a growing condition. The little dark-brown patches which clung

to the side of the glass next the light could be just seen with un-

assisted vision, and with them were associated Diatoms, Glwocapsa-

cells, and such like. The individual portions resembled minute

Actinophryans ; at certain times the "fluff}^ " nature of the pseu-

dopodia seemed to pass over into a more or less regular series of

rays ; at other times the ray-like portions were lost and the form
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became encysted ; and again, the ray-like portions seemed to

aggregate together like what is seen in Myxodictyum.

IWi April, 1877.

Preparations of monstrous form of 3Iitscari exhibited.—Mr. Gr.

Pim showed some preparations of Muscari comosum, var. monstro-

smn, in which all the floral organs were converted into long filiform

bodies, beset with small protuberances, probably buds, and consist-

ing of one or two plates of parenchymatous tissue. This form is

permanently monstrous.

Olpidiiim (Chytridium) tumefaciens, Magnus, exiiihited.— Pro-
fessor E. Perceval Wright showed a series of specimens of Olpidium
(Chytridium) tumefaciens, P. Magnus, found living in the trichomes

and young cells of the thallus of Geramium acanthonotum, collected

at Howth. The species had been described by Professor Magnus
in the ' Jahresbericht der Commission zur wissenschaftlichen Un-
tersuchung der Deutschen Meere in Kiel,' p. 76, t. i, f. 1—16.

The algse with this parasite were found by Professor Magnus at

Fisherrow, near Edinburgh. It was not uncommon at Howth.
Chytridium Sphacellarum, Kny, though not exhibited, had also

been met with.

Neiv Species of Coscinodiscus shoion.'—Eev. E. O'Meara exhibited

what appeared to him to be an undescribed species of Coscinodiscus
found by him in the remarkable gathering by Mr. Moseley, H.M.S.
" Challenger," from the surface of the Arefusa Sea. The form is

large, diam. O'OIS", however, considerably smaller than the very
striking species exhibited at last meeting by Mr. O'Meara under
the name of Coscinodiscus craspedodiscus, a comparison with the
leading features of which would best pourtray the characteristics

of the present. Here the broad margin so remarkable in the
former is absent. In the present form, as in it, the radiate lines of
areoles terminate some distance from the centre ; the central blank
space, however, is much smaller, and the lines of areoles are of more
equal length. Areoles of margin subhexagonal, diminishing in size

towards the ends ; they are shorter, broader, and much more robust
than in Coscin. craspedodiscus. Mr. O'Meara proposed to name
the species from the locality where it had been found

—

Coscino-
discus ArafuscBnsis.

Section of Spine of Echinothrix annellata, Peters, exhibited.—
Mr. Mackintosh exhibited a cross section of the spine of Echino-
thrix annellata, Peters, specimens of which had been kindly sent
him by Dr. Griinther, E.E.S. This species had been united with
E. Besorii, Peters, by Prof. A. Agassiz in his recent " Revision of
the Echinoderms," but it differs, as far as can be judged, from the
present specimens in the total absence of the reticular tissue, which
is so conspicuous a feature in the spine of E. Desorii, and in the
extremely slender nature of the solid wedges (scarcely deserving
the name of wedges), their circumferential being hardly thicker
than their central parts.
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A neio Species of Staurastrum shown.—Mr. Archer showed,

amongst other forms, a new species of Staurastrum, generally very

rare as yet, though not uncommon in Callary bog. The only other

place it had occurred was sparingly in Connemara. It somewhat
resembled St. oligacanthum, Breb., but the little tufts of spinelets at

the slightly prolonged angles and on upper margin would quite

readily distinguish it. He would reserve a description. The Con-
nemara and Callary forms were absolutely identical.

Macrospores of Salvinia natans exhibited.—Dr. E. Perceval

Wright exhibited germinating macrospores of Salvinia natans,

which were the produce of plants collected in September, 1876, in

the Spree by Prof. E. von Martens, and kindly forwarded to Dr.
Wright to Koln. The macrospores began to float to the surface

of the water in the last week of March, and at once developed their

three-edged emerald green prothallium ; only within the last few

days (15th April) did the microspores arrive at the surface, but

speedily under the influence of a few days of bright sunlight did

their spherical cells develope the antherozoids. Just as mentioned

by Hofmeister and Pringsheim did the unfertilised archigoma turn

brown, those more lately formed and fertilised beginning to form

the curious scutiform leaf. Some little care and a peculiar arrange-

ment of the light was found necessary to bring the spring plants,

of which there was a numerous colony, to this stage, but should

these plants produce in autumn their fruits, then the experiment

of cultivating this interesting Rhizocarp may be regarded as suc-

cessfully accomplished.

Ampliizonella violacea, Greeff", exhibited.—Mr. Archer presented

examples in the living state, as well as some time under Beale's

fluid, of AmphizoneUa violacea, GreefF, and drew attention to the

nucleus so readily to be detected. The strongly developed nuclear-

membrane and the coarsely granular nature of the "contents"
reminded one, Mr. Archer thought, of the nucleus in Poraminifera,

as figured by Schulze. It is worthy of mention that at no time

could Mr. Archer detect examples of this Sarcodine showing the

smooth-surfaced, sharply bounded envelope depicted by Greeff, but

this portion of the structure always showed a hazy or "fuzzy" out-

line, nor could he ever see the emission of finger-like pseudopodia,

but only hemispherical prominences, which nowhere seemed to

protrude through the outer envelope.

Ilyalosphenia-form, probably Hyalosphenia (Difflugia) ligata,

Tatem, exhibited.—Mr. Archer further presented a single example
of a Hyalosphenia-form. To which of the two (or three ?) named
forms this might be relegated, from want of figures of one, Mr.
Archer felt in doubt. It best agreed with Tatem's figure of his

DifHugia liyata, in ,Mr. Archer's opinion better called Hyalo-
sphenia ligata (if that be not equivalent to Stein's form), but it

was just one half the size I'ecorded by the former observei*, or say

-^h" in length.
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2Uli May, 1877.

Characters of Graspedodisciis elegans.—Rev. E. O'Meara ex-

hibited a fine specimen of Craspedodiscus elegans, Ehr,, from the

Maryland deposit. He remarked that in Ealfs' description of this

species (Pritch. Inf., PI. XI, f. 38) the central rosette of elongated

areoles and the large rhombic areoles of the broad border are accu-

rately described, but that the central portion of the disc, instead of

being turbid, as in the figure referred to, is perfectly pellucid, and
the areoles, instead of being fine and granular, are large and dis-

tinctly hexagonal.

Areyria punicea {OapilUfium) exhibited.—Mr. Pim showed a

portion of the capillitium of Areyria punicea from Vale of Avoca.
He had met with rather plentifully an allied, but distinct, form A.
incarnata in Powerscourt Demesne. The habitat is similar, viz.

rotten sticks.

Section of Tip of Spine of Arhaeia steUata exhibited.—Mr.
Mackintosh exhibited a cross section of the tip of the spine of

Arbacia stellata, Gray, and called attention to the structure of the
sheath which covers the tip of the spine in every species of the
genus. It was apparently identical in structure with the crust of
the spines of Cidaridse, and seemed to present the link between this

family and the Desmosticha, in which the sheath is not found.

Microgromia mucicola shown in the recent state.—Mr. Archer
showed the little, probably the most minute, perfect rhizopod
known, nestling in the mucus of his quondam Dictyospha&rixim con-
strictum, viz. Microgromia mucicola. It would be hardly possible,

so inert is this form, to demonstrate at a meeting that it was a
thing of life at all, yet positively exerting all the activity of which
it is capable. It would almost require the use of a micrometer eye-
piece to note the action of the pseudopodia. The nucleus could
readily be made out. Although Mr. Archer had already recorded
this form in the Minutes, he had not had an opportunity before to
show a living recent example at a Club meeting.

Ectocarpus sphcerophorus exhibited.—Dr. E. Perceval Wright
exhibited freshly gathered specimens of Ectocarpus sphcerophorus,
Carm., a species found in Bantry Bay by Miss Hutchins, and cer-
tainly not very common in Ireland. Harvey describes the spores
as " opposite to each other or to a ramulus, each spore in fact occu-
pying the normal position of a ramulus, and substituted for one on
fertile specimens." Agardh better describes them as " intra-peri-
sporium hyalinum ad fila sessiles, oppositse aut 4-verticellat£e nunc
singulse ramulo oppositse." Both authors apparently mean by
"spores" "spore-cells," and Dr. Wright hazarded the suggestion
that these hyaline spore-cases in this species were only parasitic
forms, and that the Ec. sphcerophorus, Carm., was after all but the
Ec. brachiatus, Agardh, only under altered circumstances, and that
it would then belong to the group of Ectocarpi with fruits as in
Ectocarpus Mertensii.

Salicylate ofMorphia exhibited.—Dt. Tichborne then exhibited
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a slide of salicylate of morphia under the polariscope. He had pre-

pared this salt with a number of other salicylates of the alkaloids^

with a view that as they were in themselves antiseptic, solutions of

these salts might be used with advantage in the practice of medi-

cine. The morphia-salt was extremely insoluble, and when first

formed was a colloid and amorphous precipitate. It, however,

gradually became crystalline, particularly if heated for a short time

in its own melting liquors. He had brought this salt before the

Club because it was quite new and presented some peculiarities. It

would be observed that in many of the crystals the faces were

curved in a similar manner to the shape assumed sometimes by the

faces of the diamond and other well known crystals. In fact, the

salicylate of morphia crystal assumed the well-known curvilinear

appearance seen in the crystals of uric acid. He was of opinion that

such curvature of the face of any crystal was always indicative of

the substance having originally been in the amorphous state.
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DESCRIPTION OF PLATE III,

Illustrating Mr. Moseley's paper ou Stylochus Pelagicus,

a new Species of Pelagic Plauariaiij with Notes on
other Pelagic Species, on the Larval Forms of Thysano-

zoon, and of a Gymnosomatous Pteropod.

Fig. 1.-—Larval planariau, Tbysauozoon ? Magnified 60 diameters.

Fig. 2.—Same in earlier stage. Magnified 50 diameters.

Fig. 3.—Cell-bearing cilia, from the body processes of the same seen in

Fig. 1. Actual diameter of the cell "02 mm.
Fig. 4.—Portion of the epidermis of the same larva. Magnified 500

diameters, showing the arrangement of the pigmented cells, rod cells, &e.
Fig. 5.— Cells containing oily spherules from the body mass of the same

larva.

Fig. 6.—Rod cell of the same, with the rods packed so as to form a
hollow cylinder inside it. Magnified 800 diameters.

Fig. 7.—Single rod "OlS mm. in actual length.

Fig. S.— The same rod seen in optical transverse section.

Fig. 9.

—

Shjlochns Pelagicus. The entire animal viewed from the under
surface by transmitted light. Magnified 9 diameters. General view to

show the arrangement of the digestive nervous and reproductive systems,
and the relative positions of the generative and digestive orifices. Drawn
with the camera lucidse.

Fig. 10.

—

Stylochus Pelagicus. Sketch to show the arrangement of the

eye spots around the cephalic ganglia. The spots are placed symmetrically
in two pairs of patches anterior aad posterior, and in two rings one
round the base of each tentacle.

Fig. W.— Sti/lochus Pelagicus. Generative organs much enlarged, and
represented somewhat schematically.

. S. Sheath of j)harynx. Ph. Pharynx. O. Ovary. A. G. Albumini-
parous gland. U. Muscular wall of the uterus. F. G. Femalie
generative aperture. T. Testis. V. D. Vas deferens. V. S. Vesi-

cula seminalis. Pt. Prostate. S. P. Sheath of penis. C. P.
Caviiy of penis. M. G. Male generative aperture. R. M. Retractor

muscular fibres of the penis.

Fig. 12.—Pelagic planarian sp.? as viewed from below by transmitted

light. Magnified 18 diameters to show the relative positions of parts.

G. ganglia. M. mouth. The ultimate ramifications of the digestive

canals are shown only at the fore and hinder part of the animal.

Fig. 13.—The ganglia of the same animal magnified with the ramifications

of the digestive system in immediate relation with them and the eye spots.

Magnified 72 diameters.

Fig. 14.—Pteropod larva. View of the larva from the dorsal surface.

Magnified 250 diameters.

R. Radula. R. M. Retractor muscles of buccal mass. CE. CEsopha-

gus. G. Supra-oesophageal ganglion. G'. Infra- oesophageal gang-
lion. O. Otolith. D. Digestive tract. A. Large transparent

cells surrounding the upper part of the digestive tract.

Fig. 15.—View of the anterior part of the same larva from the ventral

surface.

L'. Extensile lip. B. Buccal mass and muscles. L. Foot. L". Ap-
pendage of foot. Zipfelformige Anhang of Gegenbaur. O. Oto-
liths. X. Anus.

Fig. 16.—Transverse section (optical) of the same larva in the region of

the upper part of the digestive tract.

E. Epidermis. D. Digestive tract. A. Large cells.
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EXPLANATION OF PLATE IV,

Illustrating Mr. Peck's memoir on the Structure of the

Lamellibranch's Gill.

The letters in all the figures have the following signification.

fol. Filament of the outer lamella.

HI. Filament of the inner lamella; the two being the descending and
ascending "limbs" of one and the same primitive filament.

cj. Ciliated (interfilamentar) junctions.

ep. Epithelial prominences which carry the cilia of the ciliated

junctions.

iJj. Interlamellar junctions (subfilamentar outgrowths or excres-

cences which stretch across the interlamellar space, and unite

the descending and ascending limbs of a primitive filament).

e. Epithelium.

le. Lateral epithelium.

fe. Frontal epithelium.

Ife!. Latero-frontal epithelium with long cilia.

Ife". Second row of the same.

Ifc. Latero-frontal cilia.

he. Blood corpuscle.

lac. " Lacunar " or " primitive mesoblastic " tissue (Gallertgewebe,

mucous tissue).

ch. Chitinous layer (mesoblastic).

sep. Septum formed by lacunar tissue.

cav. Cavity of the filament.

lat. Broad side of the filament.

Fig. 1.— A part of three gill-filaments of Area, seen from the surface

of the lamella, showing large ciliated junctions, and focussed so as to give

a median optical section. Obj. 8, oc. 4, Hartnack.

Fig. 2.—Transverse section of a gill-filament of Area, showing epi-

thelium, cliitin, cavity, and septum. Obj. 8, oc. 4, Hartnack.

Fig. 3.-—A gill -filament, twisted so as to show its narrow and broad
sides, and general band-like form. Obj. 8, oc. 4, Hartnack.

Fig. 4.—Four gill-filaments of Mytilus, seen from the surface of the

lamella, and focussed so as to bring the ciliated junctions into view. Obj.

4, oc. 4, Hartnack.

Fig. 5.—Three views at different focus-depths of a bit of a gill-filament

of JMytilus. The left-hand figure gives the most superficial view ; the

middle, an optical longitudinal section through the narrowest part of the

cavity of the filament ; the right-hand figure, such a section through the

widest part of the same cavity. The surface epithelium in this last figure

should be provided with short cilia. Obj. 8, oc. 4, Hartnack.
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EXPLANATION OF PLATE IN—continued.

Fig. 6.—Transverse section of four gill-filaments of Mytilus, as seen

in a transverse section of the two laniellse of a gill-plate. The section

cuts two filaments of one lamella (the upper in the figure) throuf/h the

area of their ciliated junctions; the lower filaments are cut between the

position occupied by ciliated junctions. Obj. 8, oc. 4, Hartnack.

Fig. 7.—A similar transverse section to that of fig. 6, but taken across

the region of interlamellar junctions. The interlamellar junctions are in

this case short; they are seen to be due to simple outgrowth of the

deep face of the filaments accompanied by concrescence. Obj. 8, oc. 4,

Hartnack.

Fig. 8.—Portion of the descending and ascending limbs of a gill-

filament of Mytilus (filaments of the outer and of the inner lamella),

seen in the vertical plane at right angles to the surface of the lamellaj,

and showing two interlamellar junctions in a state of contraction, and
three pairs of epithelial prominences of the ciliated junctions. Obj. 4,

oc. 4, Hartnack.

Fig. 9.—A bellows-like interlamellar junction in a state of partial

extension, from tne gill of Mytilus. Obj. 8, oc. 4, Hartnack.

Fig. 10.—Diagram of a single gill-filament, with descending and as-

cending limb (filament of the inner and of the outer lamellse), from the

left outer gill-plate of Mytilus edulis. The diagram shows the grooved
apex or angle of the gill-plate, the hook-like termination of the free limb

of the filament, the position and number of the ciliated junctions (epi-

thelial prominences) and of the interlamellar junctions. The relative

breadth of the filament, as compared to its length, is exaggerated to the

extent of about twice the actual proportion.
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EXPLANATION OF PLATES V, VI, & VII,

Illustrating Mr. Peck^s memoir on the Structure of the

Laaiellibranch^s Gill.

The letters in all the figures have the same signification.

Larger Parts.

L. Outer lamella.

/ L. Inner lamella.

ilj. Interlamellar junction.

F. Gill-filament (not in figure 18, see below).

Us. Interlamellar space.

Tr. Transverse elements, or interfilamentar junctions.

sfe. (In fig. 17) Surface of the subfilamentar outgrowth or internal

surface of the lamella.

V. Large vertical vessel.

v' . Small horizontal or transverse vessel.

IF. Window or stoma of a water-passage.

s. Outer surface of a section.

e s. Inner surface of a section.

/. Lumen of a vessel.

Histological Detail.

e. Epithelium.

fe. Frontal epithelium of the gill-filaments.

Ife., Ife', Ife". Latero-frontal epithelium of the first or second order
(gill-filament).

le, le' . Lateral epithelium of the gill-filaments.

lac. Lacunar tissue (primitive mesoblastic or mucous tissue).

ch. Chitinous deposit representing part of the chitinous tube of the
primitive Lamellibranch gill-filament.

chc ami nch. Corpuscles embedded in the above chitinous deposit.

cr. Chitinous rods differentiated in the chitinous deposit [ch).

tr f. Fibrous tissue of the transverse interfilamentar junctions.

be. Blood-corpuscle.

yg. Yellow granular material accumulated in the subfilamentar
lacunar tissue of Anodon, and destined for the nutrition of the
Glochidian embryos.

pig. Pigmented corpuscles of the lacunar tissue.

J)'.
Elastic or muscular fibrous elements in the lacunar tissue.

f. (In fig. IS) Trabecula of the lacunar tissue.

n. Nucleus surrounded by granular protoplasm (lacunar tissue).

pe. Peripheral expansion and attachment of a trabecula.

PLATE v.—Anodon.

Fig. \.—Transverse section of a portion of an outer gill-plate, with
swollen lacuna-bearing interlamellar junctions. Low power.

Fic. 2.—Transverse section of a portion of .in outer gill-plate, with
solid interlamellar junctions and large vertical vessels. Low power.

Fi(i. 3. Transverse section of a portion of an inner gill-plate, showing
curvature of the outer lamella, relatively small depth of inner lamella,

and vertical vessels in the inter lamellar junctions. Low power.
Fi(i. 4. Transverse section of a portion of outer gill-plate, distended

with Glochidian embryos (schematic).
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EXPLANATION OE PLATE N—continued.

Fig. 5. Fragment of the outer lamella of an inner gill -plate, sbowin"
two interlamellar junctions, stomata of the water- passages and "-ill-

filaments here and there exposed by tearing off the sublilamentar tissue.

Seen from the deep or interlamellar surface with a hand lens (from a
drawing by Mr. Lankester).

Fig. 6.—Tranverse section of a portion of an outer gill-plate taken
near the apex or free angle (see Plate IV, fig. 10). The interlamellar con-
crescence is not limited as in sections across the middle level of the "ill,

to definitely disposed interlamellar junctions. Low power.
Fig. 7.—Transverse section of a portion of an outer gill-plate, still

nearer to the angle of the plate. Tiie regular concrescence on the right-
hand side of the section is noteworthy. The section, thougli at ri^-ht

angles to the filaments, approaches on this side nearer to the angle of the
gill-plate than it does on the left-hand side. Low power.

Fig. 8.—Diagrammatic view of a block cut from the outer lamella of
the outer gill-plate when not functioning as a brood-pouch, seen from
the interlamellar surface. This figure tihows the relation of the water-
passages and their stomata to the interfilamentar spaces, and is intended
to render the transverse sections given in other figures intelligible (from
a drawing by Mr. Lankester).

_
Fig. 9.—Highly magnified view of a portion of such a section as that

given in fig. 2.

Fig. 10.—A similarly magnified view of a portion of fig. 1.

Fig. 11.—A similarly magnified view of a portion of fig. 3.

Fig. 12 —A transverse section of a single filament taken behceen the
horizons of transverse interfilamentar junction, and at a point where the
subfilamentar outgrowth is least prominent or developed. Obj. 8, oc. 4.

Fig. 13.—Transverse section through two filaments and subjacent
subfilamentar tissue taken at the horizon of a transverse interfilamentar
junction. The reduction of the chitinous rods, the continuity of the
chitinous deposit with the transverse fibres and the character of the
subfilamentar lacunar tissue, are well seen.

PLATE VI.—Anodon (except fig. 24, 30, and 31).

Fig. 14.—Longitudinal section parallel with the surface of the lamella

and passing through the horizon of the chitinous rods. The external
stomata of the water-passages, the transverse and the obliquely-crosmuj
elements of the fibrous interfilamentar junctions are shown, as well as

the continuity of the chitinous rods.

Fig. 15.—A similar section taken more deeply, so as to lie in the
horizon of the subfilamentar mass of lacunar tissue which grows out
from the deep surface of the filaments. It shows the lumina of the

water-passages in section and the lacunar tissue with its spaces blocked
to some extent by yellow granular food-material destined for the Glo-
chidian embryos.

Fig. 16.—A more highly magnified view of a similar section taken
somewhat deeper (near the interlamellar or subfilamentar surface of the
lamella), and thick enough to show the tapering of the water-passages
towards their interlamellar openings, windows, or stomata.

Fig. 17.—Diagram of a block of the inner lamella of the outer gill-

plate, cut vertically through an interfilamentar region, and exposing the

interior of three water-passages. The forward position of the fibrous

interfilamentar junctions itrf.) is seen, and the great depth and bulk of
the mass of concreted subfilamentar tissue rendered obvious. (From a
drawing by Mr. Lankester.)

Fig. 18.—A fragment of a subfilamentar outgrowth in section, to



EXPLA.NA.TION OP PLATE Ml—conlimied.

show the trabec'ulje of the lacunar tissue aiul their nuclei. This and fig.

20 are drawn to a larger scale than any of the other sections.

Fig. 19.—Section of a fragment of subfilamentar lacunar tissue, to

show the nature of the wall of one of the large vertical vessels. A small

horizontal trunk is seen connected with it. Compare fig. 11.

Fig. 20.—Diagram of a gill-filament seen from the supra-lamellar

surface, and cut so as to show (1) the surface epithelium, (2) the higher

lateral epithelium, and (3) the deeper lateral epithelium. Tlie diagram

is constructed from optical sections (from a drawing by Mr. Lankester).

Fig. 21.—The large cells of the latero- frontal epithelium; three as

seen from the supra-lamellar surface ; one in the plane at right angles to

this.

Fig. 22.—Epithelium ft-om the gill-filament.

Fig. 23.—Epithelium of the supra-lamellar surface of a gill-filament

;

intended to show the relative size, shape, and position of the cells as seen

in a transverse section. This drawing must be taken as correcting de-

ficiencies in figs. 9, 10, 11.

Dreissena.

Fig. 24.—Portions of two transverse sections of a gill-plate of Dreis-

sena, showing the various arrangement of the large vertical channels or

vessels in relation to the interlamellar junctions.

Figs. 25—29.—See below, Plate VII.

Fig. 30.—Dense form of lacunar tissue, with closely packed fusiform

cells. This tissue is found in the interlamellar junctions of Dreissena,

and also in those of Anodon, but it seems periodically and locally to give

place to the looser typical form of lacunar tissue with trabeculse.

Fig. 31,—Similar dense lacunar tissue, forming a branched comple.v

trabecula.

Plate VII.

—

Dreissena.

Fig. 25.—Transverse section through a gill-plate rff Dreissena, show-

ing two interlamellar junctions, one of which (the left) consists at this

point of dense lacunar tissue with fusiform cells; whilst the other has

trabeculse only and floating corpuscles. The upper lamella exhibits five

filaments in section ; the section passing along the horizon of a transverse

fibrous junction. The lower lamella has its six filaments free from
transverse junction. Note the small size in these of the subfilamentar

outgrowths as compared with Anodon. Obj. 8, oc. 4.

Fig. 26.—Two filaments in transverse section more highly magnified.

The peculiar outgrowth of the chitinous axis of the tilament, and its

relation to the lacunar tissue, is to be noted. The section is not far from
the horizon of a transverse interfilamentar junction. By the side of the

filaiiients is a view Irom the supra-lamellar aspect of one of the large

laterij-frontal cells. (From a drawing by Mr. Lankester.)

Fig. 27.—View from the supra-lamellar aspect of the surface of a

portion of three gill-filaments of Dreissena, showing the few nuclei of

the frontal epithelium and the bordering latero-frontal epithelium.

Fig. 28.—Diagram showing part of three filaments, transverse

fibrous junctions, subfilamentar tissue, and stomata of water- passages of

Dreissena.

Fig. 29.—Diagram of part of four filaments, with two transverse

fibrous junctions.

N.B.—In none of the plates are the figures drawn to a constant scale.

For the actual dimensions of the objects figured the reader is

referred to the text.
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JOURNAL OF MICROSCOPICAL SCIENCE.

EXPLANATION OF PLATE VIII,

Illustrating Mr. Archer^s Resume of Recent Contributions

to our Knowledge of '' Freshwater Rhizopoda.'^

Fig. 1.

—

T'seudocMamys patella^ seen from the side, the delicate mem-
brane forming the oral portion of the test is seen prominent below [p).

(After Hertwig and Lesser, drawn under " Zeiss. F. Oc. III.")

Fig. 2«.

—

Fseudochlamys patella, without processes of attachment or
pseudopodia, perfectly at rest, flatly expanded (after F. E. Schulze).

X 400. 2^. The same, the test folded together, distinct processes of attach-

ment and a single long finger-like pseudopodium (after F. E. Schulze).

X 500.

Fig. 3«.—"Encysted" state of Pseudochlamys patella (seen laterally).

X 400. 36. Showing an infolded condition of the lower (oral) portion of

the test. X 400. (From Irish specimens.)

Fig. 5.

—

Hyalosphenia lata, F. E. Schulze, viewed from the broad aspect,

with a somewhat divided finger-liice pseudopodium.

Fig. 6.—Posterior view of Quadrula symmetrica.

Fig. 8.

—

a. Development of the zoospores in Microgromia, socialis, a single

individual of the colony transversely dividing into two portions; a, the
persistent anterior portion ; b, the posterior portion, which subsequently
forms the zoospore ; 86, representing the posterior portion, b, during its

exit ; 8c, its modification into a zoospore ; %d, the zoospore (formed from
the portion b of fig. 8«) ; 8<?, the young individual after leaving the mother-
colony—at the anterior end the nucleus, n—at the posterior the contractile

vacuoles, c,c; 8/", the young individual come to rest, the end possessing the
contractile vacuole still forms tiie anterior portion and sends out a proto-

plasmic process corresponding to the pseudopodial stem.

Fig. 9.

—

Microgromia mucicola, Archer, n. s., three individuals; two show
a mutually inosculated pseudopodium.

Fig. 10.

—

a. Plagiophrys scutiformis, Hertw. et Less., n, nucleus, o,

pseudopodial opening ; the example is seen from its broader aspect ; a for-

mation of vacuoles is seen in the protoplasm, regarded as indicative of im-
pending (leath ; 106, the same seen from the aboral pole.

Fig. 11.

—

Plagiophrys sacciformis, Hertw. et Less., the end possessing

the pseudopodial opening contracted in a necklike manner by the infolding

of the membranous test.
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EXPLANATION OF PLATE IX,

Illustrating Mr. Sydney H. Vines* Account of Professor

Strasburger's Observations on Protoplasm.

Figs. 1, 2, 3, 4, and 6, after Strasburger.

Fig. 5, after Hofraeister.

Figs. 1—3, and 6, Vaucheria sessilis.

Fig. 1.—Nearly mature zoogonidium in its case. Prepared with alcohol.

X 240.

Fig. 2.—Anterior portion of same, in fresh state, x 600.

Fig, 3.—A portion of the ectoplasm with cilia, osmic acid, x 600.

Fig. 6.—Portion of a zoogonidium which had been induced to form a

second cellulose membrane ; fresh state, x 600.

Figs. 4 and 5.—^thalium septicum (Myxomycetes).

Fig. 4.—Portion of a plasmodium in process of retraction ; fresh state

X 600.

Fig. 5.—Portion of a plasmodium in process of retraction, x 200.
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JOURNAL OF MICROSCOPICAL SCIENCE,

EXPLANATION OF PLATE X,

Illustrating Professor Van Beneden^s Researches on the

Dicyemidse.

Fig. 1.—A young Bicyemopsis macrocephalus (prep, osmic acid im-
mersion, obj. 10, oc. 2). The head has not yet assumed the characteristic

form of the genus. It is still convex in front and the cells of the polar
velum are still arranged as they are in Bicyema typus. They are dis-

tinguished from the cells of the trunk by their finely granular appear-
ance. The parapolar cells still resemble the other cells of the trunk.
The whole ectoderm is very transparent, and a few granulations can just
be seen in the cellular protoplasm. The nuclei of all the cells are oval
and possess a nucleolus. In the cell of the endoderm there is seen—the
nucleus ofthe cell («), which is remarkable for its size, its elliptical form,
and exceedingly well-defined outline ; 2iidly, spherical spores or germs in

various stages of development, each having a small nucleus ; 3rdly, a
germ with two small homogeneous nuclei ; 4thly, a germ divided into

four segments; 5thly, two vermiform embryos at different periods of
development, seen in optical section, which are remarkable because in each
there appears to be a small central cell {e c) in the centre of the cephalic

cells, immediately in front of the endodermic cell, which will, perhaps,

become fused with the axial cell after the disappearance of its nucleus,

to form the male cell.

Fig. 2.—The head of a very large Bicyemopsis macrocephalus (rhom-
bogenous) seen in optical section, and drawn from an individual lying upon
its ventral face. The polar velum is shown as it appeared when the ob-

jective was focussed to show the optical section of the organism in its

parapolar region. (Prep, in osmic acid, obj. 10, oc. 2.) The eight cells

of the polar velum are seen by transparency. The parapolar cells have
their characteristic form, they are of great size, and possess large oval

nuclei. In the axial cell is seen an infusoriform embryo fully developed,

and also the protoplasmic network. The embryo always presents many
refracting bodies in Dicyemopsis.

Fig. 3.

—

Bicyemella Wageneri of Medone moschaia (obj. 8, oc. 2).

This represents a large nematogenous individual, whose movements
resemble in many ways those of Gregurina gigantea. The absolute

position of the folds remain unaltered ; but from the movements of
the organism their position in relation to the body of the Dicyemella
constantly changes. The ectoderm is finely granular ; here and there it

encloses larger globules, which are collected together at two points to

form warts {w, to). The constituent cells of the ectoderm are not distin-

guishable. In the clear endodermic cell, which is perfectly transparent

and absolutely free from granulations, germs and vermiform embryos
are seen in great number.

Fig. 4.—Part ofthe endodermic cell of a Dicyemella oiEledone tnoschata,

showing two germ producers and the nucleus of a germ producer («')

which has become free in the protoplasmic network (obj. 8, oc. 2).

Fig. 5.—Germ producer oi Bicyemopsis macrocephalus (obj. imm. 10,

oc. 4). It comes from a rhombogenous individual which contained

only this one germ producer placed near the nucleus of the axial cell

{ri). The germ producer shows three generations of germs, arranged in



EXPLANATION OF PLATE X—continued.

concentric layers round the nucleus of the germ producer («'). The germs
of the latest generations are still lodged in the protoplasm of the germ-
producing cell ; their nuclei are still homogeneous, and their contour is

only feebly defined.

jTiG. 6.—The division of the two cells of a vermiform germ into four

similar cells Dicyemella Wageneri (imm. 10, oc. 4).

Fig. 7.—The division of the previous cells into seven, of which one

is large whilst the rest are small. Dicyemella Wageneri (imm. 10,

oc. 4).

Fig. 8.—Gastrula of vermiform embryo of Bicyemina K'ollikeriatia,

prep, in acetic acid (obj. immers. 10, oc. 2).

Fig. 9.—Vermiform larva of Bicyemina Kollikeriana (imm. 10, oc. 2).

Figs. 10—15 apply to the development of infusoriform embryos.

Fig. 10.—Spherical germ of Dicyemella. The nucleus is striated, and
exceedingly clear strite follow the meridional lines and converge towards

the two small refractive corpuscles situated at the poles.

Fig. 11.—An elliptical germ, with an elliptical nucleus ; at the two
extremities of the great axis the same polar corpuscles are seen. Near
these is a layer of dark substance which pei'haps foreshadows the division

of the two halves of an equatorial plate. These are the nuclear discs
;

and between them are the meridional strise. The median plane of the

ellipse is marked by a series of dark points.

Fig. 12.—A germ in the same stage of development, seen along its

main axis. In the centre is the polar corpuscle surrounded by the polar

disc, and forming with it the derived pronucleus. This figure shows that

the striation is due to filaments which are only found on the surface of the

nucleus.

Fig. 13.—A more advanced stage of development. The derived pro-

nucleus is surrounded by a layer of transparent substance, easily seen at

the side and at the periphery (the engendered pronucleus).

Fig. 14.—A germ still further advanced. The intercellular plate ex-

tends to the surface. The derived pronucleus is attached to the engen-

dered pronucleus.

Fig. 15.—Germ divided into four, the fusiform nuclei on the point of

dividing.

Fig. 16.—Vermiform embryo in which the refractive bodies have just

appeared. There are two large superficial cells {p) lying next each other,

which form eventually the parietal cells of the urn, and two median cells

(«), the superficial cells of the urn ; the two cells (r) immediately in front

of the preceding cells have given rise to the refractive bodies.

Fig. 17.—An embryo rather more advanced, a. In optical section ; b,

inferior face formed by the future ciliated cells
; p, the parietal cells ; c,

superior face ; r, cells of the refracting body ; *, superficial cells of the

urn ; i, granular body.

Fig. 18.—Infusoriform embryo of Octopus vulgaris. The cover is not

perfectly formed. The granular bodies are still in contact with the sur-

rounding medium. The cap is rudimentary. The granular bodies are

still uninuclear cells. ( p) The two parietal cells forming the capsule

ultimately ;
{s) the superficial cells modified to form the cover

; {i) poly-

nucleated cells of the interior of the urn.

Fig. 19.—Infusoriform embryo of Dicyema typtis dissociated by mace-
ration in haematoxylin for three hours. The refractive bodies have

burst ; ectocysts ice) ; endocysts (ci) ; at the sides granular masses which

have escaped from the internal capsules
; ( p) the border of the urn

; {i)

granular bodies (polynucleated cells) enclosed in the urn
; {c) isolated

cells of the ciliated body.
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EXPLANATION OF PLATE XT,

Illustrating Dr. Stirling's paper on the Changes produced

in the Lungs by the Embryos of Ollulanus tricuspis.

Fig. 1.—Section of lung immediately under the pleura showing the

thickened pleura, a, and subjacent structures ; b, b are nodules (whose

structure has been purposely omitted) containing the empty capsules, c,

c, in which the embryos of ollulanus are encapsuled. d, T. S. of pul-

monary artery, with its middle coat greatly thickened. Obj. iv, oc. 3

Hartnack.

Fig. 2.—A nodule of fig. 1, more highly magnified, with a worm, b,

within a capsule and a degenerated worm, a, within another ; d, compressed

and partly obliterated air-vesicles.

Fig. 3.—Part of a nodule with, a, an empty cyst, b, degenerated worm
c, encapsuled ollulanus, d, reticular meshwork round cysts.

Fig. 4.—Shows the same as fig. 3, with giant cells, a, within the mesh
work.

Fig. 5.—Pulmonary artery opened into obliquely and showing the

greatly hypertrophied middle coat.
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EXPLANATION OF PLATE XII,

Illustrating Mr. Kidd's paper on Some Points in the

Early Development of the Hen's Egg.

In all cases g = germ ; s = subgermiual layer; y ^ yolk.

Fig-. 1.—Chromic-acid preparation. Incubated for fourteen hours, g is

seen to be divided into two portions, separated by a thickened mass of s.

Hartnack 2—4 in. tube.

Fig. 2.—Osmic-acid preparation. Incubated for twelve hours. Resem-
bles 1, but segmentation here is less advanced. Hartnack 2—4 in. tube.

Fig. 3.—Osmic-acid preparation. Incubated for twelve hours. Seg-
mentation more advanced than in 1 and 2. s Absent at left-hand side, but

presents a wedge-shaped appearance at the right, and is divided off from
the subjacent yolk by a fine cleft. Hart. 2—4 in. tube.

Fig. 4.—Chromic-acid preparation. Incubated for eight hours. Seg-

mentation less advanced. Wedge-shaped mass of s at right side contains

numerous nuclei. Hart. 2—7 in. tube.

Fig. 5.—Chromic-acid preparation. Incubated for fourteen hours.

Segmentation more advanced here than in the others. Peripheral thick-

enings of 5 well marked at both ends. Hart. 2—4 in. tube.

Fig. 6.—Osmic-acid preparation. Incubated for twelve hours. The
germ is seen to be in direct continuity with the subgerminal layer at one
place. Both

ff
and s richly nucleated. Peripheral thickenings of s. Well

marked. Hart. 2—7 in. tube.

Fig. 7.—Chromic-acid preparation of a normal uniucubated egg showing
only the floor of the subgerminal cavity with a few large cells Tying on it.

The subgerminal layer here also is seen to be nucleated. Hart. 2—

7

in. tube.
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EXPLANATION OF PLATE XIII,

Illustrating Mr. Archer's Resume of Recent Contributions

to our Knowledge of " Freshwater Rhizopoda."

Fig. 1.—Lec.ythuim hyalinum, Hertwig et Lesser; c, non-contractile

vacuoles, n^ nucleus ; the example is seen from the aboral pole, the

pseudopodial opening turned downwards. (After Hertwig and Lesser,

drawn under " Zeiss, F. oc. IIL")

Fig. 2.—The same (presumably) ; n, nucleus. (After Cienkowski.)

X 760.

Fig. 3.

—

Chlamidojphrys stercorea, Cieuk. An example showing two

nuclei, », «; ^ the equatorial granular zone, x 760.

Fig. 4

—

Platoumparvum, E. Schulze, seen from the flat side, x 800.

Fig. 5.

—

Gromia paludosa, Cienk. Shows the completion of the sub-

division into two. X 600.

Fig. 6.

—

Cyphoderia truncata, E. Schulze. The large, clear-looking

nucleus visible through and through, x 600.

Fig. 7.

—

Euglypha ampullacea, Hertwig et Lesser. The anterior

portion of a test to show the form of the " teeth " surrounding the oral

opening, and their relation to the series of hexagonal plates. (Drawn

under " Zeiss F. oc. III.)

Fig. 8.

—

Plenrophrys lageniformis, E. Schulze. X 600.

Fig. 9.

—

Pleurophrys compressa, E. Schulze. a seen from the edge, b

from the broad aspect. The nucleus seen through and through, x 800.
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EXPLANATION OF PLATE XIV,

Illustrating Mr. E. Cresswell Baber's paper on the Lym-
phatics and Parenchyma of the Thyroid Gland of the Dog.

Fig. 1.—From a transverse section of the thyroid gland, injected with

Berlin blue and stained wit,h picrocarininate ol ammonia (Ve-

rick'sObj. 6; Oc. 1).

a. Lumen of au artery, seen in transverse section.

b. Cross section of a large lymphatic vessel surrounding it.

This is seen filled with a granular material stained

yellow in the specimen. The dark outline indicates the

position occupied by the Berlin-blue injection.

e. Contents of the vesicles, presenting a similar appearaace

to b.

d. Walls of the gland-vesicles, the epithelial cells of which

are flattened by the action of the reagents.

Fig. 2.—Lymphatic tubes showing endothelium, from a transverse section

of the gland injected with silver. In this section, which is

thick, the tubes, which in the drawing appear on one level, are

situated on various planes, and frequently dip down among the

vesicles (Obj. 3 ; Oc. III).

Fig. 3.—From a longitudinal section, showing several parenchymatous cells

(with unshrunken cell-substance) situate at various distances

from the interior of the vesicles {a a). Some are separated

from the cavity of the vesicle by merely a membrane (c), others

by flattened epithelial cells, and others again by normal epit helial

cells. Between a and « is a cavity, from which a parenchyma-

tous cell has probably escaped (Obj. 8 ; Oc. I).

Fig. 4.—From a longitudinal section, showing three parenchymatous cells

(A) apparently situate in a common cavity. The wall of the neigh-

bouring vesicle has become flattened out, and the flattened

epithelial cells have separated, placing the parenchymatous cells

in free communication with the interior of the vesicle {a).
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JOURNAL OF MICROSCOPICAL SCIENCE.

EXPLANATION OF PLATE XV,

Illustrating Dr. Herbert Watney^s paper on the Minute
Anatomy of the Alimentary Canal.

The outlines of many of tlie preparations were drawn with an Ober-

haeuser's camera lucida ; in such cases the lens used with the camera lucida

and the approximate magnification are ^iven. The ocular and objective

which were used in completing the drawing are also given.

The preparations from which these drawings are made were hardened in

chromic acid and alcohol, except where the contrary is expressly stated in

the following explanations.

Fig. 1.—Oc. Ill; Obj. 8, x 400. Section of a villus from the small
intestine of a monkey.

m. A band of involuntary muscle-fibres. The connective-

tissue reticulum surrounding the individual fibres is

attached to the membraua propria.

ep. Epithelium. The epithelial cells are seen to be of diff'erent

lengths.

r. Dark line at the base of the epithelial cells caused by the
reticulum.

/. c. Lymph-corpuscle.

e. Endothelial cells of the membrana.

V. Blood-vessels.

The great similarity of the cells of the villus to the cells com-
posing the membrana is seen.

Fig. 2.—Camera lucida : Obj. 7, X 450. Oc. Ill ; Obj. 9. Vertical

section of the lower part of a villus from the small intestine of

a monkey, showing a large vein.

me. Section of the membrana propria.

r. Reticulum.

The endothelial cells of the vein are seen to be surrounded by a

very delicate reticulum.

Fig. 3.—Camera lucida: Obj. 7, X 450. Oc. Ill; Obj. 9. Section of

tiie lower part of a villus from the small intestine of a hedge-

hog.

/. Central chyle-vessel, containing a little granular matter.

m. A small band of muscles ; they are in contiguity with the

wall of the chyle-vebsel.

The reticulum is attached to the wall of the chyle-vessel, and
passes between the cells of the villus.



EXPLANATION OF PLATE JN.—Continued.

Figs. 4 and 5.—From the villi of a hedgehog, killed during absorption of

fat. The intestine was hardened with osmic acid.

Fig. 4.—Oc. Ill ; Obj. 11 Immersion, x 850. Surface view of the

epithelium, teased and treated with caustic potash.

The fat is seen as small black particles between the epithelial

cells. The clear spaces are the openings of the goblet cells.

Fig. 5.—Camera lucida : Obj. 7, X 450. Oc. Ill; Obj. 8. Section of

the lower part of a villus.

/. Chyle-vessel.

In the upper part of the figure the fat-particles in the chyle-

vessel have run together. The fat-particles are seen in the

reticulum of the villus.

Fig. 6.—Camera lucida: Obj. 5, x 300. Oc. Ill; Obj. 8. Section of

a short villus-like process : from the stomach of a dog, showing
the "epithelial buds."

The nuclei of the cells composing the bud-like groups are

spherical, and are less stained than those of the neighbouring

cells.

Fig. 7.—Camera lucida: Obj. 5, x 300. Oc. Ill; Obj. 8. Surface

view of one of the terminal alveoli of the proper gland-tubes,

from the pyloric end of the stomach of a dog ; the animal was
killed two hours after meat food.

A delicate reticulum is seen surrounding the epithelial cells.

Fig. 8.—Camera lucida : Obj. 5, x 300. Oc. Ill; Obj. 8. Oblique

section of one of the terminal alveoli of the proper gland-

tubes ; from the pyloric end of the stomach of a dog. The
animal was killed two hours after meat food.

me. Membrana propria.

The nuclei and the reticulum are both clearly seen.

Fig. 9.—Camera lucida: Obj. 5, x 300. Oc. Ill; Obj. 8. Section of

one of the terminal alveoli of the proper gland-tubes ; from the
pyloric end of the stomach of a dog. The stomach had been
hai'dened in osmic acid, and subsequently in chromic acid.

The reticulum has a double outline, and is much broader than in

fig. 7.
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JOURNAL OF MICROSCOPICAL SCIENCE.

EXPLANATION OF PLATE XVI,

Illustrating Dr. Angelo Andres' paper on a New Genus and

Species of Zoanthina Malacodermata [Panceria spon-

giosa, sp. n.).

Fig. 1 .

—

Panceria spongiosa, sp. n., natural size.

Fig. 2.—Longitudinal section x 2

—

t, tentacles ; s, stomach ; b, branchia-

like organs
; f, convoluted filaments ; m, anastomosing mesen-

teries ; a, (3, y, S, t, Z„ places corresponding to the sections of

following figures.

Fig. 3—8.—Transverse sections at points a—? of foregoing figures.

Fig. 9.—Portion of section 5 much enlarced

—

a, cuticle ; b, subcuticle ; <?,

ectoderm; d, connective tissue; e, muscular lajer; f, endo-

derm.

Fig. 10.—Cells of ectoderm (610 diam.).

Fig. 11—20.—Various elements of mesoderm (610 diam.).



JOURNAL OF MICROSCOPICAL SCIENCE.

EXPLANATION OF PLATE XVII,

Illustrating Dr. Sangster^s Paper on Observations on the

Muscular Coat of Sweat-Glands,

Fig. 1.—From a transverse section through the skin of a sheep (sheep-

pox, Klein), showing part of the coiled tubule of a sweat-

gland.

(A). In transverse,

(B). In longitudinal section.

(A), a. Degenerated epithelium, b. The muscular coat divided

transversely and somewhat obliquely, c. The transversely cut, staff-

shaped nuclei. d. "Membrana propria." e. Connective tissue

(cedematous),

(B). a. Epithelium, b. Longitudinally cut muscular coat. c. The

staff-shaped nuclei, d. Membrana propria (Hartuack, Eyepiece III

;

Obj. 8).

Fig. 2.—From a transverse section through the skin of the ear-lobe of pig,

showing part of the coiled tube of a sweat-gland in transverse

section.

a. Epithelium, b. Muscular coat cut transversely, c. Nucleated

membrane forming the boundary of fibrous tissue around gland-tube.

d. Connective tissue (Hartnack, Eyepiece III ; Obj. 7).

Fig. 3.—From a transverse section through the skin of external auditory

meatus (human), showing part of the coiled tubule of a ceru-

minous gland in transverse section.

a. Epithelium with granular matter, b. Transversely cut muscular

coat with nuclei, c. " Membrana propria." d. Connective tissue

(Hartnack, Eyepiece III; Obj. 8).
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JOUENAL OF MICROSCOPIC Ai. SCIENCE.

EXPLANATION OF PLATE XYIII.

Illustrating Dr. Klein^s paper on the Structure of the

Omentum.

Fig. 1—5.—From the fenestrated part of omentum of adult rat, drawa

under Hartnack, Eyepiece II ; Obj. 8 (camera lucida).

a. Connective-tissue trabeculae covered with endothelium.

h. Buds of young connective tissue (see text).

In fig. 3.^

—

c. Endothelial membrane broken.

Fig. 6.—From the fenestrated part of omentum of young dog. (Eyepiece

II; Obj, S.)

a. Endothelial covering.

b. Vacuoles between the connective-tissue bundles.

c. Germinating cells.

Fig. 7.—From the omentum of a guinea pig 3—4 weeks old. (Eyepiece

II; Obj. 7.)

a. Holes which pass from one side of the membrane to the other.

b. Vacuolated cells.

c. Vacuoles between the bundles of connective tissue.

Fig. 8.—From omentum of a guinea pig 3—i weeks old. (Eyepiece II

;

Obj. S.)

a. Capillary vessels in the course of formation.

h and c. Vacuolated cells which by their fusion form a new capillary

vessel.



JOURNAL OP MICROSCOPICAL SCIENCE.

DESCRIPTION OF PLATE XIX,

Illustrating Mr. Francis Darwin's Paper on the Protrusion

of Protoplasmic Filaments from the Glandular Hairs on
the Leaves of the Common Teasel {Dqjsacus sylvestris).

Fig. 1,—A trichotne of the kind which neither secretes resin nor pro-
duces filaments, x 420, camera lucida, Hartnack obj. No. 8.

Fig. 2.—Gland bearing a long and stout filament. X 420, camera,
Hartnack No. 8.

Fig. 3.—Gland bearing a simple filament and two other small proto-
plasmic masses, one cylindrical, the other partly spherical. X 420,
camera, Hartnack No 8.

Fig. 4.—The same gland, showing the three masses united into one
through contraction produced by dilute acetic acid.

Fig. 5.—Summit of a gland bearing a filament killed by one per cent,
osmic acid, and afterwards changed into a "soap-bubble" mass. X 420,
Hartnack No. 8.

Fig. 6.—Gland bearing a complicated mass of filaments, consisting
either of a single branching filament, or of several entangled together.

X 170 {camera sketch), Hartnack No. 5. In this drawing the jilament
is represented by a single line.

N.B.—The filament was in movement, and continually changing its

appearance, so that it was impossible to copy it with absolute fidelity.

Fig. 7.—Gland from specimen which had been mounted about a quarter
of an hour previously, in ^ per cent, carbonate of ammonia. It

shows the characteristic rounded masses of delicate transparent proto-
plasm which exhibit amoeboid movements. X 420, sketched with camera^
Hartnack No. 8.

Fig. 8.—Gland with filament in the condition in which slow changes
of form occur from some unknown cause (see p. 262). X 420, sketched

with camera, Hartnack No. 8.

Fig. 9.—Same gland, showing the changes which have taken place
within half an hour. Fig. 9 also illustrates the "mouiliform" condition
which often precedes contraction.

Fig. 10.—-Aggregation of the cojitents of a gland into amoeboid masses.
From a specimen left in water from August 22—26, and which was
therefore exposed to a nitrogenous fluid. X 500, camera, Hartnack No. 9.

Fig 11.—From a specimen left in infusion of meat from July 20—26.
Besides the three glands are shown enormous masses of highly refracting

protoplasm, which underwent spontaneous changes of form. (Dotted
lines show a doubtful union of two portions.) x 255, camera, Hartnack
No. 5.

Fig. 12.—Part of a large, simple, non-glandular hair from a seedling

leaf; the protoplasmic network has thrown out three filaments (marked *),

which project freely into the cell-sap. X 420, sketched with camera,
Hartnack No. 8.

Fig. 13.—Well-developed gland, containing drops of resin within
gland-cells. X 420, camera, Hartnack No. 8.

Fig. 14.—Freely floating mass of protoplasm, x 500, camera, Hart-
nack No. 9.

Fig. 15, A, B, and C.—A free mass of protoplasm in active movement.
Sketched with camera three times in five minutes, x 630, Hartnack
No. 8.

Ftg. 16.—Transparent filaments (looped and branching), from speci-

mens treated with ^ per cent, carbonate of soda, x 420, camera,

Hartnack No. 8.
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JOURNAL OF MICROSCOPICAL SCIENCE.

DESCRIPTION OF PLATE XX,

Illustrating a Paper on the " Structure of Various Land
Planarians/' By H. N. Moseley, M.A., F.R.S.,

Fellow of Exeter College, Oxford.

Fig. 1.—Anterior extremity of Geoplana Tmversii viewed from the side to
sliow the arrangement of tlie eye-spots.

a. Elongate patch of several rows of eye-spots, b. Single row of
eye-spots on the anterior tip of the body. Enlarged.

Fig. 2.—Three of the eye-spots of the same more highly magnified to show
the oval spaces clear of pigment in which they lie.

Fig. 3.—Diagrammatic representation of the arrangement of the viscera
in the same as viewed from the dorsal aspect. The inteeu-
ment and muscles are supposed to be removed from the dorsal
surface so as to expose the viscera in siitl. The sheath or sac
of the pharynx and that of the generative organs are laid
open. The diverticula of the digestive tract are traced for a
short distance on the left side of the body only.

m. Circle showing the position of the mouth or aperture of exit of
the pharynx, ph. Pharynx lying within its sac or sheath, i i. In-
testine, a single mesially placed tube in the anterior region of the
body, but double in the hinder part, forking at the root of the
pharynx, the two tubes thus formed passing one on either side
of the sheath of the pharynx and generative organs, s. Septum,
separating the two intestinal canals in the hinder extremity of the body.
0. Ovary, od. Oviduct, u. Uterus, t. Testis, v d. Vas deferens.
vs. Vesicula seminalis. ej. Ejaculatory duct, b p. Bulb of the
penis. X. Accessory bulb, a. Cavity of the common sac containing
the generative organs. The special coverings of the various genera-
tive organs are dissected away, g o. Position of the generative outlet.

Fig. 4.—Generative organs of the same with their special coverings intact.

a. Sac containing the uterus, b. That containing the accessory
bulb. c. That containing the bulb of the penis and part of the
ejaculatory duct. d. That containing the vesicula seminalis and upper
part of the duct.

Fig. 5.—The generative organs of the same, seen from the side removed
from their sheaths and coverings.

V d. Vas deferens, v s. Vesicula seminalis. eJ. Ejaculatory duct.

b p. Bulb of the penis, a.-. Accessory bulb. p. Penis, y a. genera-
tive aperture, u. Uterus, od. Oviduct.

Fig. 6.—View of the lateral wall of the main digestive canal of the same,
showing the manner in which the diverticula open into the
canal.

Fig. 7.—Egg capsule of the same, cut open to show four fully formed em-
bryos within. In two of these the projecting pharynx is seen

and one embryo has been removed from the capsule.



DESCRIPTION OF PLA.TE J^.—continued.

Fig. 8.—Transverse section of the body of the same, at a point a little

anterior to the position of the pliarynx.

e. Epidermis, e c m. External circular muscles, elm. External

lonsjiludinal muscles, p. Pigment layer, g. Glandular structures.

i. Main digestive canal, d d. Diverticula of the same, t r m. Trans-

verse muscular fibres, x. Lateral organ, od. Oviduct, t. Testis.

Fig. 9.—Portion of the foregoing section, much enlarged to show the

arrangement of the muscles in the inferior region of the body.

e. Epidermic layer, with its cilia, e c m. External circular muscular

layer, e I m. External longitudinal muscles, cut across, r m. Ra-

diating muscles, t r m. Transverse muscles. / m. Internal longi-

tudinal muscles, cut across.

Fig. 10.

—

Geoplana flava from Bahia, viewed from the dorsal surface. X 2.

Fig. 11.—Amoeboid cell from the same.

Fig. 12.— Various tissue elements of the same.

Fig. 13.^—Vertical section of the, mucous membrane of the digestive diver-

ticula of the same, showing the ciliation and component cells.

Fig. 14.—Rod-cell from the same. Actual longer diameter "035 mm, in

length.

Fig. 15.— Similar cell containing partly coi!ed-up rods.

Fig. 16.—Young rod-cell of the same, containing developing rods.

Fig. 17.—Long rods of the same, which have emerged from their cells.

Fig. 18.

—

Rynchodemus fiavus, viewed from the dorsal aspect. X IJ.

Fig. 19.

—

Bi/nchodemus fat^cics, viewed also from the dorsal aspect. X 3.

Fig. 20.—Rod-cell of Rynchodemua flaviis, showing coiled-up rods within.

Figs. 21 and 22.—Similar cells, with the rods partially protruded from the

cell.

Fig. 23.—Rods of the same, which have emerged from the cells.

Fig, 24.—Section of the outer surface of the body of the same, as seen in

fresh condition after slight pressure has been exerted on the

section and the rods have thus been caused to be shot out.

a a. Protruded rods, b b. Contents of slime glands discharged,

e. Epidermis, with short cilia.

Fig. 25.—Vertical section in the region of the body, anterior to the position

of the pharynx of Dolichoplana Philippensis.

e. Epidermis, e c m. External circular muscles, e I m. External

longitudinal muscles. p p. Pigment patches, t r m. Transverse

muscles. r m. Radiating muscles. i I m. Internal lougituiiinal

muscles, a. Special layer of internal longitudinal muscles, b. Special

layer of transverse muscles. I. Main digestive canal, d d d. Diver-

ticula, od. Oviduct, t. Testis, x. Lateral organ.





J/o^ ^ou^^2^m/,MsS^.M/.

"F Huft, Lilh' Eam'



JOURNAL OF MICROSCOPICAL SCIENCE.

EXPLANATION OF PLATE XXI,

Illustrating Mr. Archer's Resume of Recent Contributions

to our Knowledge of " Freshwater Rhizopoda/^

Fig. 1.

—

Troglodytes zoster, Gabriel. Two examples in conjugation;

a, fusion of the pseudopodia, n, nucleus with nucleolus, s, the test, w,

the upper, larger vacuoles, g-z, the granulated zone, with the "zoster"-
granules. (AmpliBcation not stated.)

Fig. 2.—The same, showing the cleavage of the coarsely granular
germ-mass.

Fig. 3.—The same, " monostigma-form ;" /n, a monostigma, g, early

granulation, st, the " stigma."

Fig. 4.—The same, fusion of the monostigma-form ;_/, the connecting
process.

Fig. 5.—The same, " diplostigma-form ;" I, the stigma-poles not
coalesced, st, stigmata.

Fig. 6.—The same, the first indication of the nucleus.

Fig. 7.—The same (a young example complete); n, nucleus, v, vacuoles,

p, the linear pseudopodia.
Fig. 8.—Presumably a young state of Cochliopodium, after Hertwig

and Lesser.

Fig. 9.

—

Dilrema Jlnvum, Archer (showing pseudopodia extended and
median nucleus). X 400.

Fig. 10. Pelu>7i!/xa pcdustriSjGreeff, in a contracted globular condition,

richly charged with food- and sand-particles. At the margin the

hyaline cortical protoplasm projects in waves from the dark body.

X 60.

Fig. 11.—The same, young, x 300—400; a a, the shining bodies,
" Glanzkorper," showing also the vacuoles and bacillar bodies.

Fig. 12.—The same, nuclei and their probable development into the

shining bodies ; b, nuclei of the ordinary size ; k, some of these, the

"nucleoli," show the punctiform centre, others the central cavity.

Fig. 13. The same, the "Amoebae;" «, contractile vacuole ; b, nucleus.

Fig. 14.—The same. Their modification into

—

Fig. 15.—The same, the flagellate condition.

Fig. 16.

—

Byalodiscus rubicundus, Hertwig et Lesser, seen from
above ; a, hyaline colourless ectosarc ; b, the endosarc, containing the

brownish granules and discoloured food particles, with several (contrac-

tile ?) vacuoles, c c, and a pale grey-coloured spot, corresponding to the

nucleus, n ; d d, folds of the ectosarc. (' Zeiss. E. oc. III.')

Fig. 17. Dactylosphcerium vitreum, Hertwig et Lesser, yellow form;
e, a pseudopodium at the moment of retraction ; b b, balls of food; c c,

non-contractile vacuoles.

Fig. 18,

—

D. vitreum, green form, the whole superficies beset with
minute protoplasmic processes.

Fig. 19.

—

Leptop/irys cineren, Hertwig et Lesser. The interior so

packed with food that no certainty as to a nucleus can be gained.

Fig. 20.— hptophrys elegans, Hertwig et Lesser ; nu, nuclei.

Fig. 21.

—

Araclmnla impaticiis, Cienk. X 320.

Fjg. 22.— Gymnophrys cometa, Cienk. X 400,

Fig. 23.

—

Plakopus ruber, E. Schulze. A large example, with distinct

nucleus, numerous vacuoles, its membranous pseudopodia, and a few
short filamentary processes. X 500.

Fig. 24.

—

Masligumosba aspera, E. Schulze. X 500.
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EXPLANATION OF PLATE XXII,
Illustrating Rev. T. Hincks's Abstract of Prof. Vogt's Paper

on Loxosoma.

Letters employed in the Plate to designate the various portions of the

Structure.

Adult Animal. Adult Animal.
A. The hood. a. Cuticle.

B. Body. b. Hypodermic layer.

B'. Bud. c. Palmiform cutaneous folds.

C. Vestibule. d. Tactile organ.

D. Tentacular crown. e. Sphincter of the hood.

E. Digestive canal. g. Ciliary cells of the tentacle,

i F. Stem. i. Moutli.

G. Intestine proper. k. Anterior lip.

H. Rectum. I. Posterior lip.

J. Orifice of the hood. m. (Esophagus.

n. Stomach.
Embryo. o. Hepatic cells.

M. Ciliary crown. '' ^«^! ^Vfi^^:
,

N. Rudimentary digestive canal. '
J^"^!"f

^ ^^^i^^^-

0. Buccal mammilla. ^- if
'^^''^

ii. Spectacle-organ. «. Mass of zoosperms.

S Eve-specks ''• Rudiments ot the generative

T. Caudal appendage. organs.
"^ ° w. Ova.

Bud. ^- Ovisac.

y. Tentacular cilia.

V. Masses of cells.
2. Crenated edge of the aperture of

W. Primitive fissure.
|,jie hood.

X. Pedal body. /_ Q,q\\& surrounding the exterior
Y. Pedal gland. margin of the sphincter.
Z. Pedal groove.

Fig. 1.—Adult female Loxosoma, viewed in profile.

EiG. 2.—Male, contracted, ventral surface, with two uneqally developed

buds.

Fig. 3.—Male, dorsal surface. Testicles and seminal vesicle fully de-

veloped.

Fig. 4.—Male, ventral surface ; mass of zoosperms escaping.

Fig. 5.—A young Loxosoma that has been fed with carmine, showing the

course of the food through the digestive canal and the cavity of the hood. .

Fig. 6.—Female viewed from behind, containing 10 ova in various stages

of development, numbered 1 to 10.

Fig. 7.—A group of three ova united by the pedicles of the ovisacs. In

the one on the left segmentation is complete (mulberry stage) ; that on the

right is more advanced, and appears as a granulated mass; the one in the

middle contains an embryo in course of development.

Fig. 8.— Embryo after liberation.

Fig. 9.—A '^oxmg Loxosoma, developed from a bud, showing the rudimen-

tary tentacles; the oesophageal funnel, with its large posterior lip; the

stomach, as yet uncoloured by the hepatic cells ; the mammilla of the pedal

body, and the groove in the stem occupied by the pedal gland.

Fig. 10.—Tentacle, viewed in profile, showing the structure.

Fig. 11.—The tactile organ.

Fig. 12.—A bud, showing the rudimentary digestive canal destitute of

internal cavity.
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JOURNAL OP MICROSCOPICAL SCIENCE.

DESCRIPTION OF PLATE XXIII,

Illustrating Prof. Boettclier's Paper on the Structure of

Red Blood-corpuscles.

Figs. 1—6.—Red blood -corpuscles of man after treatment with a concen-

trated alcoholic solution of corrosive sublimate and staining

with carmine.

The colouring of the drawings has been omitted.

Fig. 7.—Human blood-corpuscles from the body of a person wlio died from

poisoning by corrosive sublimate.

Fig. 8.—Red blood-corpuscles of the camel, treated in the same manner as

those in Figs. 1— 6.

Figs. 9 and 10.—Red blood-corpuscles of the frog after treatment with a

concentrated alcoholic solution of corrosive sublimate. Ex-
amined in water.

Fig. 11.—Frog's blood-corpuscles treated in a similar manner, after stain-

ing with carmine.

A more exact explanation of the figures is given in the text.

EXPLANATION OF PLATE XXIV,

Illustrating Dr. E. Klein's Memoir on Epidermis of

Sheep-pox.

Fig. 1.—From a vertical section through the rete Malpighii of pustule of

sheep-pock.

V. Vesicles in the epidermis, containing a small amount of fibrinous

material.

t. Intercellular paths distended ; in it can be seen the " spikes" of

the " ridge-and-furrow cells."

e. Epithelium cells of rete Malp. (Hart. Ill, 7).

Fig. 2.—Vertical section through the epidermis of sheep-pock.

a. Deep layers of cells of rete Malpighii.

b. Middle layers of rete Malpighii.

c. Layers of " granular cells."

d. Superficial layers of rete Malj)ighii.

e. Stratum lucidum.

/. Stratum corneum (Hart. Ill, 7).

Fig. 3.—From a transverse section through the central part of a (primary)

pock, stained with carmine and haematoxylin.

a. Deep layer of rete Malpighii.

b. "Granular layer" of rete Malpighii.

c. Median horny streak or median stratum lucidum.

d. Superficial portion of rete Malpighii.

e. True stratum lucidum.

/. Stratum corneum (111, 5).

Fig. 4.—Vertical section through the epidermis of sheep-pock.

a. Deep layers of cells of rete Malpighii.

V. Vesicles formed in the middle layers of rete Malpighii.

b. Layers of " granular cells."

e. Stratum lucidum.

d. Stratum corneum.

P is near the periphery, the other end of the drawing near

the centre of the pustule (11, 5).
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EXPLANATION OF PLATE XXV,

Illustrating Professor Lankester's '' Notes ou Embryology

aud Classificatiou."

A. Anus.
Jr. Arcliitroch.

Br. Branchiotrocb.

Ce. Cephalotroch.

Ep. Epitrocb.

F. Foot.

G. F. Gill-filaments.

Lb. Labial tentacles.

M. Mouth.
Shg. Shell-gland.

The dotted band represents the cephalic, the black band the branchial

portion of the architroch.

¥iG. 1.—Hypothetical telostomiate organism, with primitive axis and
circular architroch. Ar.

Fig. 2.—Hypothetical prostomiate organism, with secondary axis and
shifted architroch. Ar.

Fig. 3.—Architrochic Echinoderm larva (after Gegenbaur).
Fig. 4.—Zygotrochic Echinoderm larva (after Gegeiibaur).

Fig. 5.— Front view of zygotrochic Echinoderm larva.

Fig. 6.—Cephalotrochic larva (of Ciisetopod, Nemertine, or Gastropod
Mollusc), the so-called " Trochosphere."

Fig. 7.—"Pluteus" larva of Echinids and Ophinrids (architrochic, ane-

pitrochic).

Fig. 8.—"Tornaria" larva of Balanoglossus (zygotrochic, epitrochic).

Fig. 9.—" Auricularia" larva of Holothurian (architrochic, anepitrochic).

Fig. 10.—Transition form of the architrochic Auricularia, leading to the
" vermiform " Jarva.

Fig. 11.—Vermiform Holothurian larva (zygotrochic, polyepitrochic).

Fig. 12.—"Bracliiolaria" larva of Asterids (zygotrochic, anepitrocliic).

Fig. 13.—"Actinotrocha" larva of the Gephyrsean Phoronis (architrochic,

epitrochic, with deficient development of tlie cephalic portion of the

arcliitroch).

Fig. 14.—Lateral view of the same larva.

Fig. 15.—" Veliger" larva of Gasteropod, with filamentary cephalotroch

comparable to the tentacles of Polyzoa (cephalotrochic, anepitrochic).

Fig. 16.—Diagram of a Lamellibranch Mollusc, seen from the ventral

surface (architrochic, with conversion of the cephalic portion of the archi-

troch into labial tentacles and of the branchial portion into gill-filaments).

Fig. 17.—Diagram of a Tentaculibranoh Mollusc (Polyzoon), seen from

the ventral surface (architrochic, anepitrochic).

Fig. 18.—Hypotiietical mollusc with filamentous architroch, foot, and
shell-gland.

Fig. 19.—Diagram of a Pot iter, with tentaculiferous cephalotroch.

Fig. 20.— Diagram of a Polyzoon, with circular tentaculiferous archi-

troch.
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