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PREFACE TO THE SECOND EDITION.

Ovur knowledge has been so much increased in extent and exactness
in almost every department of Comparative Anatomy since the
time when I converted my ¢ Grundziige” into the first edition
of this smaller manual—the * Grundriss”—that the publication
of a second edition hardly seemed an easy task. Nevertheless, I
gladly undertook it, for I had observed so much new evidence of
the importance of the doctrine of development in anatomical
enquiry. The road along which science may travel forward success-
fully seems indeed to be growing easier, yet the distance which
we have made is but short in comparison with that which lies
in front of us, and far beyond our view. Every question solved
leads again to fresh problems, and renders unstable even what
seemed to have taken a definite form. There are, therefore, great
difficulties in giving such a comprehensive presentation of the
subject as a text-book ought to supply. I have tried as much
as possible to evade these difficulties where I have been unable
to overcome them. Much remains unaltered, because recent in-
vestigations appear to demand fundamental changes, the concrete
expression of which cannot be immediately taken in hand.

I have somewhat modified the arrangement of the matter. I
can hardly be blamed for separating the Brachiopoda from the
Mollusca, and treating them as forming an independent phylum.
Nor indeed is the change a real one, for even in my “ Grundziige’’
I drew especial attention to the great difference that obtained
between them and the “ other Mollusca.”” The Tunicata have
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been treated in the same way, but this does mnot require any
apology at the present date.

By treating the subject more concisely I have been able to
increase the real matter to a certain extent, without enlarging
the size of the book. I have, of course, only dealt with what
has seemed to me to be of capital importance; many, and even
important, details have been omitted, owing to the limits imposed
by the aim of the book.

I have endeavoured to correct some previous mistakes and to
supply omissions. If any such have been retained, or have newly
crept in, I shall be fairly judged, I know, by anatomists, who
will remember the vast extent of our science and the object of
this work. I hope that I have satisfied them, and if I have my
toil is well repaid.

Heidelberg, November, 1877.

C. Gegenbaur.




PREFACE TO THE ENGLISH TRANSLATION.

Ir is a great pleasure to me to be able to place in the hands of my pupils
in Oxford and London an English translation of Professor (YEGENBAUR'S
¢ Grundriss der Vergleichenden Anatomie.” I haveto thank the energy and
industry of Mr. JEFFREY BeLy, of Magdalen College, Oxford (now one of
the staff of the British Musceum), for the translation which he undertook and
carried through at my request, when I found that my time was too fully oceu-
pied with other work to allow of my completing it myself within & suffi-
ciently short period from the date of publication of the German work.

My share of the present work has therefore consisted in a careful
revision of the MS. and proof-sheets, which has been by no means a mere
formality, but enables me to give the assurance that the original work is
faithfully rendered in the translation. The chapter on the Tunicata I took
occasion to translate myself.

That Professor GeGENBAUR'S work will bo of great service to those
English students who do not already read Gierman cannot be doubted. 'Wo
have some excellent treatises in the English language on animal morpho-
logy, notably the Manuals of the Anatomy of Vertebrate and Invertebrate
Animals, by Professor Huxiey. But we do not possess any modern work
on Comparative Anatomy, properly so-called ; that is to say, 8 work in
which the comparative method is put prominently forward as the guiding
principle in the treatment of the results of anatomical investigation. The
present work therefore appears to me to form a most important supplement
to our existing treatiscs on the structure and classification of animals. It
has, over and above this, a distinctive and weighty recommendation in that
throughout and without reserve the Doctrine of Evolution appears as the
living, moving investment of the dry bones of anatomical fact. Not only
is the student thus taught to retain and accumulate his facts in relation to

(=
definite problems which are actually exercising the ingenuity of investigators,
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but he is encouraged, and to a certain extent trained, in the healthy use of
his speculative faculties ; in fact the one great method by which new know-
ledge is attained, whether of little things or of big things—the method of
observation (or experiment), directed by speculation—becomes the con-
scious and distinctive characteristic of his mental activity. Thus we may
claim for the study of Comparative Anatomy, as set forth in the present
work, the power of developing what is called “common sense” into the
more precisely fixed ‘scientific habit ” of mind.

I have made no notes mor additions of any kind to the original text,
with the exception of a few references to English works likely to be useful
to the English student. These additions are indicated by brackets.

‘Whilst the work is thus presented to the reader precisely as its author
designed that it should be, there can be no objection to the introduction
in this place of a few remarks suggested by the fact that this English
translation is intended for the use of English students, and that it is
therefore desirable, in order to prevent confusion and perplexity, to point
out certain statements of fact, or of interpretation of fact, in which Professor
GEGENBAUR differs widely from authorities usually followed in this country.
I shall, moreover, refer to some recent additions to knowledge published
since this work left Professor GEGENBAUR'S hands. It will be understood
that the following paragraphs are intended as a supplement nccessitated
by the special objects of this translation, and are by no means to be
regarded as conceived in the spirit of criticism or discussion, which would
assuredly ill befit a writer who is making known to a new audience the
teachings of a master to whom he is deeply indebted.

. Nuclei of Cells.—In the first place, it scems necessary to notice
that, whilst the last German edition of this work was in the press, very
important additions to our knowledge of the nucleus of organic cells or
plastids were being made. Though these investigations are not yet complete
they tend to modify what is said concerning the nucleus on pages 15 and
16. The student is referred to an article by Mr. PRIESTLEY in the Quart.
Journ. Microsc. Science, vol. xvi. (1876), for an account of the observations
of AUERBACH, STRASBURGER, HERTWIG, and VAN BENEDEYN, and to part iii.
of the same Journal, vol xviii. (1878), for original observations on the same
subject by Dr. KLEIN.

Reproduction of Infusoria.—A most important modification in the
current views as to the reproduction of the Infusoria has resulted from
the same line of study as that just mentioned, when carried into the
domain of unicellular organisms. O. BUtscHLI and ENGELYANN have shown
that we are not at present in a position to assert that the process of con-
Jjugation in the Infusoria is followed by a production of spores (sce § 70).
It results from their investigations that conjugation in the Infusoria is
attended by a definite breaking-up of the nucleus and so-called nucleolus
(paranucleus) of the conjugating individuals; hut that the conjugating
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individuals separate, and after expelling portions of the broken-up nuclear
structures (probably as effete products), proceed to re-form the nucleus,
or nucleus and nucleolus characteristic of the species. The so-called Acineti-
form embryos appear to be parasites, the rod-like bodies occasionally observed
in the nucleus are also parasites, whilst the striated structure and spindle-
shape exhibited by the nucleolus or paranucleus in such forms as Para-
meecium and Stylonichia at the period of conjugation, are simply due to
changes in this body which are exactly paralleled in the nuclei of egg-cells and
other tissue-elements of multicellular organisms, when those cells are about
to divide by transverse fission. The process of conjugation in the Infusoria
may be, and probably is, attended by an exchange of nuclear material
between the conjugating individuals, and is so far comparable to sexual
congress, but it results in a simple ¢ rejuvenescence” of the conjugating
individuals and not in a production of spores. Reproduction by fission and
by the modification of fission, known as gemmation, has been accurately
observed in Infusoria, but of the formation of ‘“spores” in this group
we are at present ignorant, in spite of all that has been written on the
subject.

Origin of Male and Female Reproductive Elements from
different Germ-layers.—In § 95 Professor GEGENBAUR has described
the observations of Ep. Vaxy BeNEDEN on the development of the sexual
products in Hydractinia, and has adopted his generalisation, so far at
least as it applies to the Hydromedusie. From more recent observa-
tions (Cramician, Zeitschr. fiir wiss. Zoologie, vol. xxx. p. 501, 1878)
it appears that in other genera of hydroid polyps the same arrangement
does not obtain. In Eudendrium ramosum the ova appear to develop from
the ectoderm, and the sperm from the endoderm ; in Tubularia mescm-
bryanthemum both ova and sperm are ectodermal in origin according to
CramiciaN ; Vax BeNeDEN found the ova to be endodermal and the sperm
ectodermal in Hydractinia, whilst KLEINENBERG ascribes both to the ecto-
derm in Hydra.

Nervous System and Sensory Organs of Medus@.—During the
past year a considerable addition has been made to knowledge on these
points, by the researches of the two Herrwias (‘ Das Nervensystem und die
Sinnesorgane der Medusen.” Leipzig, 1877). It is no longer possible to
deny the existence of differentiated nervous tissue in the Meduse—the
central organ having the form of a ring situated along the line of insertion
of the velum in the Craspedota, and of & series of isolated ganglia, usually
eight in number, placed on the edge of the disc in the Acraspeda. (See for
an abstract of recent researches on this subject, Quart. Journal of Microsc.
Science, vol. xviii. p. 340.)

Cirri and Elytra of Aphroditacee.—The statement in § 105, that
the elytra of the chatopodous Worms, allied to Aphrodite, are formed by the
metamorphosis of the dorsal cirri of the parapodia, appears to be contradicted
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by the fact, that in Sigalion the elytra and dorsal cirri exist side by side on
the same segment. :

Homologies of the Rami of the Appendages in Astacus.—The
view taken by Professor GEGENBAUR, as to the homologies of the parts of the
appendages immediately following the mouth in Astacus, differs somewhat
from that which is current in this country. In Fig. 122, p. 239, the
mandible, two maxillee, and three maxillipedes of the right side of Astacus
fluviatilis are figured. This woodcut was kindly re-drawn for the English
edition by the author, at my request, and gives a more complete outline of
the parts in question, than does the older cut of the German edition.
Throughout the series of appendages, three divisions are distinguished by
the letters a, ¢, d. Taking the lowest figure first (the third maxillipede) we
find the endopodite marked «, the exopodite marked ¢, and the letter d
placed with the single epipodite (podobranchia, HuxLEY) to its inner side,
whilst the double arthrobranchia (HuxLEY) not forming part of the appendago
proper, but a distinct respiratory development, is seen on its outer side. In
tho next figure (the second maxillipede), a indicates endopodite, ¢ exopodite,
and d is placed close to the double arthrobranchia on its outer side, whilst
the modified epipodite is seen to the inner side again, of this. In the figure
of the first maxillipede, @ is placed necar the foliaceous endopodite, which
has a detached outstanding segment, ¢ near the filamentous exopodite, and
d near the broad epipodite. The same explanation of the lettering holds
good for the next appendage, the sccond maxilla. In the next appendage—
the first maxilla—the absence of the letters ¢ and d, indicates that the
author regards the whole appendage as reduced to the representative of
the foliaceous endopodite a of the two inferior appendages—a view with
which few will disagree. In the case of the mandible, however, Professor

tEGENBAUR marks the ¢ palp ” with the letter c—considering, therefore, the
basal piece of this appendage to represent the endopodite, and the palp to
represent the exopodite. The more usual opinion on this matter is that the
mandible, together with its palp, corresponds to the simple foliaceous first
maxilla. The jointed palp, mounted on its solid basal biting-piece, cor-
responds to the jointed endopodite a of the last maxillipede.

The question of the presence or the absence of a representative of the
exopodite in the Decapod’s mandible, is a matter of considerable importance
in reference to possible comparisons between the gnathites of Crustacea and
Tracheata. The actual development of the parts in question from the
nauplius-form of appendage, must be the ultimate test of the homologies of
their rami in the Crustacea.

Blood-corpuscles of the Mollusca.—The statement on. p. 375, that
¢“the form-elements of the blood are always colourless ” in the Mollusca, is
one which I may be allowed to correct, since I have published an account of
the blood-corpuscles of Solen legumen (Proc. Royal Society, No. 140,
1873), which, besides colourless amaboid forms, comprise a vast number of
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oval ones, decply stained by hemoglobin. The number of these corpuscles
is so considerable as to give the blood of Solen legumen a bright blood-
red colour.

I may add here that I have observed similar though larger corpuscles
impregnated with h@moglobin in the blood of species of Arca.

Homologies of the Arms of the Cephalopoda.—The view that
tho sucker-bearing arms of the cuttlefish are to be regarded as appendages
of the head homologous with the tentacles on the head of Gasteropods
(p. 326), is one which, it will be well for the student to remember, is not
that usually taught. He should make himself acquainted with the older
and the newer view, and the grounds on which they are based. Without
cntering into a discussion of the arguments which may be adduced in favour
of this or of rival interpretations of the parts, it must suffice here bricfly to
mention that the arms of the Cephalopod (the development of which had
been made known by KOLLIKER), were shown by Professor HuxLEy,
five-and-twenty years ago, to correspond to the fore-part of the foot of
the Gasteropoda, and the ganglion, from which they receive their nerve
supply, was then considered as corresponding to the pedal (Morphology of
the Cephalous Mollusca, Phil. Trans. 1853). This view was maintained in
the earlier editions of GEGENBAUR'S work. It has been abandoned in the
present edition, in deference to the statements of Mr. JHERING (“ Vergleichende
Anatomie des Nervensystems und Phylogenie der Molluscen, Leipzig,” 1877).
The whole of that author's work, both statement of fact and speculative
superstructure, appears to me to call for very cautious treatment, involving
the rejection of some of his principal conclusions.

Origin of the Limbs of Vertebrates.—Professor GEGENBAUR is
inclined to regard the skeleton of the limbs and limb-girdles of Vertebrata as
derived from gill-arches and their branchial rays (§ 357). The student is
reminded that another possible derivation of these organs is from primitively
continuous lateral fins—supported by cartilaginous rays, and comparable to-
the primitively continuous dorsal median fin. The specialisation and con-
centration of the lateral fin on each side in two regions, thoracic and pelvic,
would be competent to give rise to the two pairs of fins, such as we find in
the Elasmobranchs. Mr, BaLrour (“ Development of Elasmobranch Fishes,”
1878) is led to adopt this view by the observation, that in the embryo dog-
fish the lateral fins have preciscly the same mode of origin as has the
dorsal median fin, arising ¢ as special developments of a continuous ridge
on each side, precisely like the ridges of epiblast, which form the rudiments
of the unpaired fins.” This view of the nature of the vertebrate limbs has
been independently worked out with great care from the point of view of
comparative anatomy, by Mr. J. K. THacHER (Median and Paired Fins,
Transactions Connecticut Academy, vol. iii. 1877). In the important
memoir just cited, Mr. THACHER shows very plausibly how the Elasmobranch
fin, and not only the fin, but the supporting limb-girdle also, may have
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been derived from the gradual shifting, atroply, hypertrophy, and con-
crescence of primitively similar cartilaginous rods, which formed a series on
cach side of the body, identical in character with the primitive median
dorsal serics. According to this view, the ¢ archipterygium” of Professor
GEGENBAUR is not antecedent to, but is derived from the type of fin found
in Elasmobranchs, (See also on this subject, HuxLEY, On Ceratodus, Proc.
Zool. Soc. vol. 1876, p. 24.)

Relation of the Malleus and Incus to the Mandibular and
Hyoid Arches.—Investigations directed to the development of the skull
led Professor HuxLEY some years since to adopt the conclusion of REICHERT
and of GooDSIR, that the small bones of the Mammals’ tympanic cavity were
derived from the upper ends of the anterior visceral arches. At first it
appearcd probable that the malleus and incus were both derived from the
upper end of the cartilaginous mandibular arch, the lower part forming
Meckel’s cartilage. This led to the suggestion that the malleus corresponds
to the articulare of the lower jaw of other Vertebrata, whilst the incus was
considered to be the representative of the quadratwm, since it articulates
with the malleus just as the quadratum does with the articulare (Croonian
Lecture “ On the Theory of the Vertebrate Skull,” Proc. Royal Society,
vol. ix. p. 398).

Further investigation led Professor Huxrey to a modification of his
views. The embryological evidence is not quite complete, but the relations
of the parts in question in the developing Frog, in certain Lizards,and in Mam-
malia, have led him to the conclusion (** Manual of Vertebrate Anatomy,”
p. 85, 1871) that whilst the malleus is formed from the uppermost extremity
of the mandibular arch, and therefore represents, not articulare, but quad-
ratum, the incus is developed from the uppermost extremity of the sccond or
hyoid arch, and corresponds to the hyomandibular of fishes. The stapes is
also developed from the upper portion of the hyoid arch, just below the
incus. The incus may therefore be spoken of as the supra-stapedial portion
of the hyoid arch, and in certain Vertebrata it exists as a mere cartilaginous
supra-stapedial rudiment.

These views in their later form have not been adopted by Professor
GeGENBAUR.  He observes (§ 402) that the homologies of the ossicula
auditis of the various classes of Vertebrata have not yet been satisfactorily
determined. In § 352 he maintains the earlier determination of the homo-
logy of the mammalian malleus with the articulare of other Vertebrates.
Concerning the homologies of the incus and the stapes, he considers it
advisable, in the present state of knowledge, to make no statement.

The student is advised of these differences of interpretation of structural
fact, in order that he may the more carefully make himself acquainted from
original sources with the details of development, relation to nerves, and other
features of the parts under discussion.

Nomenclature of the Lobes of the Brain in Fishes.—In the
carlier editions of the present work, Professor GEGENBAUR, led by the result
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of investigations carried out by his pupil MikLuchHo-MacLay ( Vergleich.
Neurologie der Wirbelthiere,” 1870), modified the current nomenclature of the
lobes of the Fish’s brain, so that the large bispherical part, which was usually
considered as the mesencephalon in the Teleostei and Selachii, was assigned
to the thalamencephalon—or second of the five cerebral segments—whilst
the unpaired large projecting lobe, usually considered as the metencephalon
(cerebellum, fourth segment), was identified with the mesencephalon of higher
Vertebrates, and the cerebellum was considered as being represented by a
small transverse plate, often overlapped by the folded mesencephalon, and
usually of no larger size than the piece similarly identified in the frog. In
the present edition Professor GEGENBAUR has modified this system of nomen-
clature, and has returned to the older and usually accepted method of
naming the parts of the Fish’s brain. Thus in Fig. 281, d marks the two
spherical masses which were in former editions assigned to thalamencephalon,
and are now, as is usual with other anatomists, designated mesencephalon,
the expansion between them and g being the reduced area of the thalamen-
cephalon. The letter b is now referred to as motencephalon (cerebellum) :
this was previously referred to as mesencephalon; the myelencephalon
prosencephalon, and rhinencephala retain their names, which had not been
affected by MacrLaY’s system.

‘Whilst Professor GEGENBAUR has returned to the usual system of naming
these parts, he still considers that the facts on which MacLAY's nomenclature
was based possibly point to homologies other than those indicated by the
names ; so that the Fish’s cerebellum does not necessarily agree with that of
higher Vertebrata. He remarks: “The mesencephalon is usually considered
as being confluent with the thalamencephalon in Selachians; and a part
which rea]ly represents it, so far at least as relations of posmon are con-
cerned, is customarily called by the name ¢ cerebellum.’”

In translating the German terms, Vorderhirn, Zwischenhirn, Mittelhirn,
Hinterhirn, and Nachirn, I have adopted Professor HUXLEY’S equivalents,
namely Prosencephalon, Thalamencephalon, Mesencephalon, Metencephalon,
and Myelencephalon. In the edition of QuaiNy and SHARPEY'S Anatomy,
published in 1867, a similar but not identical series of terms was suggested.
For the “primitiven Hirnschlitz,”—the early strongly-marked sinking in of the
cerebral roof which separates the prosencephalon from the thalamencephalon
—we have no special term in use; ¢ primitive cerebral cleft ” is the transla-
tion which has been adopted.

It is worth while pointing out to the student, in connection with this
subject, and in fact in relation to the whole of the chapter on the Vertebrata,
that Professor GEGENBAUR assumes some small amount of familiarity on the
part of the reader with descriptive human anatomy ; reference to a manual
treating of this subject, on the part of the student who has not previously
mastered it, is indispensable.

Nomenclature of the Parts of the Digestive Tract.—The transla-
tion in the present work of the simple word “Darm,” and its compounds
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Vorderdarm, Mitteldarm, Hinterdarm, Kopfdarm, has caused me some
perplexity. It has been variously rendered in the translation by “gut,”
‘¢ enteron,” “enteric tube,” ‘alimentary canal,” ‘digestive tract.” The
fact is that, whilst we have no definite nomenclature at present in use
in English which recognises the true morphology of the canal which com-
mences with the mouth and ends with the anus, the nomenclature in use in
Germany is of very doubtful advantage, since it has not a sound morpho-
logical basis, but is altogether superficial. ¢ Darm,” for which our readiest
equivalent is “gut,” is used indifferently for the whole or for any part of
the physiological entity which reaches from oral to anal aperture. DBut the
English word “gut” is associated rather with the hinder than with the fore-
most portion of this tract. It will probably be found most convenient to
speak of the physiological whole as the ““alimentary canal,” or “digestive
tube ;” and these terms I have endeavoured consistently to make use of in
this sense, though sometimes the term *enteric tube” has been similarly
applied.

The division of this tube or canal into pharynx, cesophagus, stomach,
and intestine ; or, again, into fore-gut, mid-gut, and hind-gut (Vorderdarm,
Mitteldarm, Hinterdarm, p. 48), is one based upon superficial adaptations
of form, and does not admit of a comparison of the parts so designated in
the various phyla of the Animal Kingdom. The pharynx and the aso-
phagus of the Vertebrata are developed from the endoderm of the embryo ;
the parts which receive the same names in the Mollusca and the Arthropoda
are developed from the ectoderm. The hind-gut of the Vertebrate is endo-
dermal in origin, ectodermal in the Arthropod, and partly endodermal
partly ectodermal in the Mollusca. In fact there is mo attempt to recog-
nise the facts of embryology in the terminology applied to the alimentary
canal.

Under these circumstances I have proposed (Quarterly Journ. Microse.
Science, April, 1876, and “ Notes on Embryology and Classification,” London,
1877, p. 11), to distinguish the primitive digestive space which develops
from the endoderm (in fact the gastrula-stomach) as the ¢ enteron.”
The anterior passage leading into this from the mouth, and formed by
an ingrowth of ectoderm, I have termed the ¢ stomodmum,” and the
corresponding passage leading from the anus I similarly propose to call
the ¢ proctodeum.” These three primary factors of the alimentary tract
are most equally developed in the Arthropoda and some Mollusca. In
Vertebrata the stomodaum is exceedingly small, if indeed its true homo-
logue exists at.all (excepting in the Tunicata). The proctodeeum is also in
them evanescent. The middle portion of the alimentary tract formed from
the primitive enteron (archenteron), which does not entirely coincide with that
part to which the term ¢ Mitteldarm” is applied, does not in all the various
animal phyla take up the whele of the primitive enteron. This, in fact,
only occurs in some of the Cecelenterata, which may therefore be said to
possess in the adult condition an archenteron. In other groups the
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primitive enteric sac gives off the foundations for a varicty of other
structures, so that what is left of it as the central element of the alimentary
canal is a changed and broken-up enteron, which may be called “metenteron”
as opposed to the unchanged “ archenteron.”

It is to these threc morphological factors then, the metenteron, the
stomodum, and the proctodrum, that we are called upon to assign the
various adaptational swellings, constrictions, and outgrowths of the alimen-
tary tract of higher animals.

These distinctions are not recognised in Professor (GEGENBAUR'S work.
It will be sufficient here to point out that the exact limit of stomodeum
and of proctodeum in any particular case, can only be ascertained by
direct observation of the process of development. Tho metenteron is that
part of the alimentary canal with which the most important digestive
glands are conmected, such as the liver, and from its walls they are
formed as outgrowths. The stomodrum gives rise to salivary glands,
and usually to masticatory sacs (gizzards), but these latter may form also
in the metenteron.

The proctodeeum forms the cloacal chamber, where such exists, and
always reccives the openings of glands (such as the Malpighian filaments of
insects) which are excretory rather than accessory to digestion.

These explanations will be sufficient to make clear to the reader tho
gense in which the words “ enteron ” and “enteric” have occasionally been
employed in the translation.

Classification.—At the present day, naturalists have learnt to recog-
nise in their efforts after what was vaguely called the “natural” system
of classification, an unconscious attempt to construct the pedigree of the
animal world. The attempt has now become a conscious one. Necessarily
classifications which aim at exhibiting the pedigree, vary from year to year
with the .dncrease in our knowledge. They also vary according to the
importance attached by their authors to one or another class of facts as
demonstrating blood-relationships.  Probably no two zoologists of the
present day would agree, within wide limits, as to the classification which
comes nearest to expressing the pedigree. Accordingly it is by no means
desirable that students should be taught to accept any one scheme of clas-
sification as finite. They should be taught to look upon these schemes as
the condensed expression of an author's views—as the epitome of his
teaching, facilitating the recollection and the comparison of conflicting
solutions of the vast series of unsolved problems of morphology.

1 propose here, for the convenience of the student, to place side by sido
the general outlines of the schemes of classification adopted by Professor
Huxtey in 1869 (No. L), that adopted by Professor GEGENBACR in the
present volume (No. IT.), and that which I have made use of in my lectures
during the past year (No. IIL).

I have taken the older classification adopted by Professor HuxLEY rather
than that more recently put forward by him, because it is one with which
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my experience as teacher and examiner has shown me that English students
. are thoroughly familiarised.

1. II. III.
S8UB-KINGDOMS. PHYLA. PHYLA.
Prorozoa. ProToZOA.* PROTOZOA. *

(Rhizopoda, Gregarinida,

Radiolaria, Spongida.) c . —
INFUSORIA. ELENTERATA. PORIFERA.
CELENTERATA.

(Hydrozoa, Aclinozoa.) Verues.t NEMATOPHORA.
ANNULOIDA. . . e

(Scolecida, Echinoderma.)

ANNULOSA. ECHINODERMA. PLATYRELMIA.||

(Crustacea,  Arachnida,

Myriapoda, Insecta, Chie- B GEPHYREA.||

Anneli RACHIOPODA.
Mﬁ‘;‘fﬂﬁﬂ?& olida.) : ECHINODERMA.

&i‘ﬁlﬁot:") Brachiopoda, ARTHROPODA. ENTEROPNEUSTA. ||
Morvrusca. b B NEMATOIDEA, ||

(Lamellibranchiata, Bran-.

chiogastropoda, "Palmo- Mor.Losca. CH.ETOGNATHA. ||

gastropoda, Pteropoda, _—

CephaloPoéa.) TosicATa§ APPENDICULATA.
VEBTEBRATA. . MOLLUSCA,¥*

(Pisces,Amphibia,Reptilia,

Aves, Mammalia.) VERTEBRATA. VERTEBRATA.++

Seeing that one of my chief objects in superintending the translation of
the treatise to which these few pages are introductory, has been to be able

#* The Protozoa in Nos. II. and IIL include the same organisms as in No. I,
excepting that the Infusoria are included in that phylum in Nos. II. and III., and that
the Sponges are excluded, being in No. II. placed under the Ccelenterata, and in
No. III. forming the phylum Porifera under the “ grade’ Ccelentera, as shown in the
genealogical tree on the adjacent page.

4+ The Vermes of No. IL include all the Annuloida of No. I. excepting the
Echinoderma, which are raised to the rank of an independent phylum. They also
include the Annelida (Chetopoda, Hirudinea, and Gephyrea) from amongst the
Annulosa of No. L. and the Polyzoa from amongst the Molluscoida of the same series.

1 The Brachiopoda, raised to the position of a distinot phylum in No. II., are
placed among the Molluscoida in No. I. and amongst the Mollusca in No. IIL

§ The Tunicata, considered as an independent phylum in No. II., are found
amongst the Molluscoida in No. I. and form a section of the Vertebrata in No. III.

|| The Platyhelmia, Gephyrea, Enteropneusta, Nematoidea, and Chamtognatha
form in No. III. a number of independent phyla. Together with the Polyzoa
(included in No. III. under the Mollusca), the Rotifera, and the Cheetopoda, included
under the Appendiculata, they constitute the serics of phyla which are in No. II.
massed together as ¢ Vermes.”

9 The Appendiculata include animals with lateral locomotive appendages, and
usually a segmented body. The group is, excepting that it has the addition of the
Rotifera, ncarly co-extensive with the Annulosa of No. I.

#* The phylum Mollusca in No. III. includes the Polyzoa and Brachiopoda,
excluded from it in both No. I. and No. II.

t++ The Vertebrate phylum in No. III. includes the Tunicata, which it will be scen
by reference to pagc 70 are already placed on the Vertebrate stem by Professor
Gegenbaur,
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to place the work in the hands of the students of my own classes, I need
not apologise for adding here further details of the classifieation which I
find it most convenient to adopt in teaching. I have arranged the chief
phyla first of all in the form of a genealogical tree, and secondly in a
series exhibiting their subdivisions into classes, etc. This classification is
of course to a large extent only a modification and adaptation of systems
already put forward by other naturalists.
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PROTOZOA.
GRADB A, GYMNOMYXA,
Class 1. Gymnomyxa.

GRADE B. CORTICATA.
Class 1. Lipostoma (Gregarin®).
2. Suctoria.
8. Ciliata.
4, Flagellata.
6. Proboscidea (Noctiluea).

PORIFERA.
Class 1. Calcispongise.
2. Fibrospongis.
8. Myxospongise.

NEMATOPHORA.
Class 1. Hydromedusse.
2. Scyphomeduszx.
8. Anthozoa.
4. Ctenophora.

ECHINODERMA
BRANCH., AMBULACRATA.

Class 1. Holothuridea.
2. Echinoidea.
8. Asteroidea.

BRANCH. TENTACULATA.

Class 1. Crinoidea.
2. Blastoidea.
8. Cystidea.

LATYHELMIA,
BRANCH, CILIATA.

Class 1. Planarice.
2. Nemertina,

BRANCH, SUCTORIA.

Class 1. Trematoidea.
2. Cestoidea.
8. Hirudinea.

GEPHYREA,
Class 1. Echiuride.

2. Priapulide.
8. Sipunculidse.
4, Phoronidso.
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PREFACE.
VERTEBRATA.
BRANCH., UROCHORDA (TUNICATA).
Class 1. Larvalia.
2. Saccata.

BRANCH. CEPHALOCHORDA.
Class. Leptocardia.

BRANCH, CRANIATA,

GRADB A, CYCLOSTOMA,
Class. Cyclostoma.

GRADE B, GNATHOSTOMA,
Grade a. Heterodactyla branchiata.
Class 1. Pisces.
2. Dipnol.

Grade 8, Pentadactyla branchiatu,

Class. Amphibia.
Gradey. Pentadactyla lipobranchia.
Class 1. Reptilia. ; _ b
2. Aves. Branch. Monocondyla.

3. Mammalia, =Branch. Amphicondyla.

APPENDICULATA,
BRANCH. CHZAETOPODA.
Class 1. Oligochsta.
Class 2, Polycheta.

BRANCH, ROTIFERA.
Class. (Orders only:)

BRANCH. GNATHOPODA (ARTHROPODA).

GRADE A, MALACOPODA,
Class. Peripatidea.

‘RADE B. CONDYLOPODA.

Class 1. Crustacea.
2. Hexapoda.
8. Myriapoda.
4. Arachnida.*

® Following Prof. Ed. Van Beneden, I include Limulus, the Eurypterina, and
Trilobites under the Arachnida as Branchiopulmonata.
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MOLLUSCA.
BRANCH. EUCEPHALA.
GRADE A, LIPOGLOSSA.
Class. Scolecomorpha (Neomenia).

GRADE B. ECHINOGLOSSA.

Class 1. Gastropoda.*
2. Cephalopoda.t
8. Scaphopoda.

BRANCH. LIPOCEPHALA,

Class 1. Tentaculibranchia (Polyzoa).
2. Spirobranchia (Brachiopoda).
8. Lamecllibranchia.

The -phyla Enteropneusta, Chwtognatha, and Nematoidea, containing
respectively the genus Balanoglossus, the genus Sagitta, and the various
families of thread-worms, do not admit of subdivision into classes or orders.

* Includes the Chitons as a scparate archaic grade ¢ Amphomoea,” the remaining
Gastropoda, all of which are asymmetrical, being placed in a higher grade as
 Cochlides.”

+ Includes Siphonopoda (Cuttles and Nautilus) and Pteropoda.

E. RAY LANKESTER,
Exeter College, Oxford.
September, 1878.
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Introduction.

The Scope of Comparative Anatomy.
§ 1.

Tue department of science which has organic nature for the object
of its investigations, breaks up into two great divisions, Botany and
Zoology, corresponding to the two kingdoms of organised nature.
The two disciplines together form the science of living nature—
Biology. They are closely connected with one another, in so far as
the phaenomena seen in both the animal and vegetable kingdoms
rest on the same fundamental laws, and in so far as, notwithstand-
ing the differences of their special arrangements, animals and plants
have common beginnings, and are, in the economy of nature, closely
interdependent.

In both of these disciplines several kinds of investigation are
possible, and from these new disciplines arise. Putting aside the
realm of Botany, let us follow out that of Zoology into its further
subdivisions. The investigation of the functions of the animal
body, or of its parts, the reduction of these functions to elementary
processes, and the explanation of them by general laws, is the busi-
ness of Physiology. The investigation of the material substratum
of those functions, and accordingly of the phenomena of form of
the body and its parts, as well as the explanation of the phenomena
of formn by reference to function, is the business of Morphology.
Physiology and Morphology have thus different duties, and their
methods also are different; but for each it is necessary, although in
different ways, to keep in view the other, as well as the common
aim, which is indicated in the term Biology.

Morphology again is divided into Anatomy and Embryology;
while the former has for the object of its investigations the adult
organism, the latter has the growing organism as the object of its

study.
B



2 COMPARATIVE ANATOMY.

Anatomy may be divided into general and special Anatomy.
General Anatomy hasto do with the fundamental forms of animal
organisms (Promorphology), and the morphological phanomena
which arise from them. Special Anatomy takes forits object the
organological composition of the animal body. Histology, or
microscopic Anatomy, forms one of its branches, being the study
of the elementary organs of the animal body. Embryology
explains, by tracing their gradual development, the complications
of the external and internal organisation, and, in fact, deduces
them from simpler conditions. The changes in organisation can be
followed out in the embryonic life of the individual, and also in the
continuous series of organisms. The discipline ordinarily known
as Embryology deals with the former; and as Ontogeny (or the
development of the individual) is contrasted with Phylogeny (or
the development of the phylum). As the latter includes the earlier
and no longer existent conditions of animals, it also embraces
Palwozoology. It is the history of the development of the series
of organisms in their geological succession.

§ 2.

Since Anatomy has for its object the composition of organisms,
it may be considered as the doctrine of structure, and is divided,
according to the different points of view from which structure
itself may be regarded, into several divisions. When the com-
position of the body itself, its forms, and the relations of the separate
organs are taken as its scope, it is known as descriptive Anatomy,
for it describes the objects examined, without drawing any further
conclusions from them. Anatomical fact is the aim of the investiga-.
tion, and empiricism satisfies this aim. Owing to its relations to
medicine, and so to practical requirements, the descriptive Anatomy
of the human organism, so far as it is restricted to a special series
of facts, has become developed into a special branch, which, as
Anthropotomy, is put side by side with the similarly descriptive
Zootomy. The two differ only in their subject-matter, and not in
their treatment of it, for both are analytical. In proportion as
either abstains from drawing conclusions from its series of facts,
and giving these the value of abstractions, is it wanting in the
character of a science; for a science is constituted neither by an
extensive range of observations, nor by the complication of the
methods by means of which such observations are made. A critical
appreciation of the scientific import of any branch of study has,
therefore, little to do with the mechanical apparatus of investiga-
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tion, which has its value only in facilitating the discovery or demon-
stration of facts.

Anatomy assumes a very different character so soon as the
knowledge of facts is only its means, and its aim the conclusions
which can be drawn from an assemblage of such facts; the facts of
individual ph®nomena being regarded not by themselves exclusively,
but being brought into relation with one another. This happens
when what is alike in the organisation of different organisms is
made the object of search, and when the facts thus acquired are
compared. Anatomy thus arrives at scientific results, and shapes
the resualts of inductive inquiry into deductive conclusions. Thus it
becomes Comparative Anatomy. Its methodis synthetical. The
analyses of Descriptive Anatomy (Anthropotomy as well as Zootomy)
provide the basis for it ; they are consequently not only not excluded
from Comparative Anatomy, but are most closely embraced and
logically permeated by it. The more careful the sifting of facts,
the surer the basis of comparison. Empiricism is thus the first
requisite, and abstraction is the second. Abstraction has no basis
without pre-existing empiricism; and empiricism by itself is, from
the scientific point of view, a mere stepping-stone to real knowledge.

§ 3.

The task of Comparative Anatomy is the morphological ex-
planation of the ph&nomena of form met with in the organisation of
the animal body. Comparison is the method which serves for the
performance of this task. It showsthe way which scientific investi-
gation has to go, and which it is necessary to know in order to avoid
disjointed and fruitless labour. The comparative method seeks
to test, in series of organisms, the morphological results of the
observation of the organs of the body, places together similar
characters, and separates the dissimilar from them. Thus it takes
into consideration everything which can in any way be looked at
as the result of anatomical observation: relation to other parts of
the body, form, number, extent, structure, and texture. It thus
collects series of stages for the several organs, in which the extremes
may be so far different from one another as not to be recognised,
but which are united to one another by numerous intermediate steps.

It is clear, in the first place, from the existence of various forms
of one and the same organ, that the physiological value of an organ
in different stages is not by any means the same, but that an organ,
as its anatomical characters are modified, may come to have very

different functions. The exclusive consideration of their physio-
B2
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logical duties may thus bring organs which are morphologically
connected into very different categories. Thence results the sub-
ordinate importance which we must assign to the physiological
duties of an organ when we are engaged in an investigation in
Comparative Anatomy. Physiological value is only to be regarded
at all, and then in the second place only, when we are trying to
make out the relations to the entire organism of those modifica-
tions which an organ may have undergone as compared with some
other condition of the organ.

By this examination of anatomical facts, by means of com-
parison, Comparative Anatomy demonstrates the connection of entire
series of organs. Within these series we find changes of the
most varied range, sometimes slightly, sometimes widely extended ;
modifications which affect the size, number, form, and even the
texture, of the parts of an organ, and which may even lead to
changes in its situation. The review of such a series teaches us
then to recognise a progress presented in those several successive
stages, which the modifications of one and the same organ in diffcrent
animals exhibit to us.

§ 4.

We ascribe the existence of a certain amount of similarity in
the organisation of certain larger or smaller divisions of the animal
kingdom to Transmission—a phenomenon which is exhibited in
the passing on of its organisation by a given organism to its posterity.
The descendants repeat the organisation of the parental organisms,
This is an indubitable fact. Nevertheless now and again objections
are raised either to the existence of Transmission or to its signifi-
cance. The similarity of the organisation of the descendants and
their ancestors is then ascribed, not to Transmission, but to certain
physical forces acting during embryonic life. In reply, we may
ask, how does it happen that in ancestor and descendant these
forces are the same—viz. all those forces of tension, of pressure,
and so on, from which it is sought to deduce the building up of the
embryo? If, for example, a joint gets its ontogenetic development
by the movement of the parts of the skeleton by means of muscular
activity, a certain arrangement of the muscles is presupposed, and
a perfectly definite structure of the muscles; and for these again,
a perfectly definite number and arrangement of the morphological
elements which make up a muscle. This being so we must ask,
whence comes the definite arrangement of these parts ? whence arises
the similarity of arrangements in the ancestors and the descendants ?

We find, in fact, that we must give full recognition to the exist-
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ence of the transmission of properties, and recognise in it a
phenomenon of general prevalence, which may indeed present
modifications of, but never exceptions to, certain definite laws. We
may deduce it from the conditions involved in propagation, and thus
explain it to a certain degree; for it is clear that portions of an
organism, if they give rise to a new organism, will carry on to it
the peculiarities which the primitive organism possessed. This is
clearest in the lower organisms, which are propagated by mere
division. Each portion forms at once an organism like the first.
But from this there extends a continuous series of methods of pro-
pagation, up to those in which generative products come into
action, which are quantitatively very different, although in all cases
derived from the division of the parent organism.

The new organism in this case also represents in actual sub-
stance the continuation of the ancestral, and will therefore possess
qualities which agree with those of the latter.

The amount of similarity or agreement in the organisation of
animals is very various. We recognise animals which differ
from one another by slight points only; then those which are
separated by considerable differences; and again others which, in
external or internal organisation, present the greatest differences.
Thus agreement, as well as variation, is found in interminable
gradations. We call things which are more or less like to one
another, “related ;”’ and in like manner, when organisms exhibit
likeness, we use that word to denote the reciprocal connection, but
in this case we give to it its full meaning of blood-relationship.

We recognise similar orgaunisms as related to one another,
when we can explain the similarity of the organisation by common
inheritance. But the degree of this similarity measures the degree
of relationship which we can deduce from it. Relationship can be
regarded as close when the differences are slight ; while when the
differences are great it must be regarded as more distant. We thus
substitute for the conception of the agreement, or likeness, of the
organisation, that of relationship, for we regard the agreements
which obtain in the organisation of a collection- of organisms as
inherited peculiarities.

The doctrine of the Blood-relationship of Organisms or Phy-
logeny is based on the law of iuheritance. Comparative anatomy
thus reveals the relations of affinity within the various divisions of
the Animal Kingdom by pointing out what is alike and what unlike.
[A full account of this most important law of inheritance and
its pheenomena is to be found in HAckEL’s luminous essay on the
subject (Generelle Morphologie, vol. ii. p. 170).]
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§ 5.

By means of inheritance, characters are passed on to the
organism, which are afterwards matured in the course of its indi-
vidual development (Ontogeny). There is no such development in
the simplest forms, inasmuch as the young, which arise by division of
the maternal organism, only need increase in size to make them like
the maternal organism. In this case, development is the same thing
as growth, which is completely coextensive with it. The farther
an organism is from a primitively simple condition, or the greater
the sum of characters which have been inherited from its ancestors
and transmitted to their descendants, the less simple is its ontogeny ;
for during it a part at least of the characters which have been
inherited from its ancestors are repeated, and are presented by the
developing body in several successive stages. Ontogeny thus
represeuts, to a certain degree, paleontological development, ab-
breviated or epitomised. The stages which are passed through by
higher organisms in their ontogeny, correspond to stages which
are maintained in others as the definitive organisation. These
embryonic stages may accordingly be explained by comparing them
with the mature stages of lower organisms, since we regard them as
forms inherited from ancestors belonging to such lower stages.
Regarded from this point of view, many of the so-called larval-
stages, with their “ provisional organs’’—so named because they are
transitory, and limited to the earlier stages of life only—are seen
to be forms of great importance, and full of significance. Such
organs, besides having physiological relations to the organism
which possesses them, in consequence of which they are preserved
as practical arrangements, and become heritable, can be recog-
nised in lower grades of the existing series of animal forms, and
thus reveal the phylogeny of the animal that possesses them.. The
“stadium larvatum” then, notwithstanding its name, often points
out with great clearness the blood-relationship of an organism. At
times these larval organs are not so well explained by transmission
as8 by adaptation, and thus the estimation of their true meaning is
made more difficult. The significance of these arrangements is more
obvious in organisms which do not enter immediately into the
“ struggle for existence” in the external world, but are developed for
a certain time within the coverings of the ovum, and so are less
exposed to the moulding influences of the outer world. In these
cases they are “ provisional >’ arrangements, and may be with greater
certainty regarded as having been transmitted, and consequently as
repetitions of lower stages. The branchial clefts which appear in
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the embryos of the higher Vertebrata, but by-and-by disappear,
are structures of this kind. Regarded alone they are inexplicable,
for they neither lead to the formation of gills at any time, nor are
they converted (with the exception of the anterior) into definitive
organs of any other kind. Comparison shows us, however, that in &
large division of lower Vertebrata these branchial clefts are important
organs of respiration; and as we also know Vertebrata (Amphibia),
in which the clefts function only for a time as respiratory organs,
and close up later on, we are able to comprehend the branchial
clefts of reptiles, birds, and mammals, as arrangements obtained by
transmission from lower stages, which have lost their primitive
function, and remain for a short time only—during feetal life.

§ 6.

In the sum of the characters of the organisation, which inherit-
ance passes on to an organism, we find, in consequence of what has
been already pointed out, a greater or smaller number of arrange-
ments, which pass on into the permanent adult stage of the
organism without having any recognisable function in it. Such
parts are, as a rule, seen in a more or less atrophied and rudimentary
condition, which they often do not acquire until the ontogeny has
run its course. In the early stages of the ontogeny they generally
agree in completeness with the other arrangements which obtained
in the ancestral form from which they are derived. These rudi-
mentary organs commence to atrophy the earlier in proportion as
they were inherited earlier, in a paleontological sense ; and, as a rule,
disappear late when their origin is a relatively late one. The fully-
developed form of the rudimentary organs is consequently to be
found, in the former case, in widely separated species ; in the latter,
on the other hand, in species more closely allied. These organs
are valuable objects, since phylogenetic relations can be very
generally recognised by their aid. They show, too, how little
physiological significance ought to be regarded in a morphological
discussion ; for in most of them a function is not to be made out at
all, or, if it can be made out, is found to be quite different to the

primitive one.

§ 7 .

Comparative Anatomy forms part of Ontogeny, inasmuch as it
treats of the pha@nomena of the organisation which appear in the
course of the individual development of the animal; not only in
relation to the complete stage of the organism, but in relation also
to the definitive arrangements of other organisms. Comparative
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Anatomy explains the ph@nomena of Ontogeny. Ontogeny
by itself does not rise above the level of a descriptive discipline, and
in proportion to the exactness of its investigation possesses a value
as so much objective material. At the same time Ontogeny
gains scientific importance by its connection with Comparative
Anatomy. Its facts, which by themselves are incomprehensible, or
are only teleologically explicable in a metaphysical sense, because
restricted to the later events in the history of an organisation,
are, by Comparative Anatomy, put in connection with the known
pheenomena of other organismms, and are thereby rendered explicable
phylogenetically, The necessity of an exact knowledge of Compara-
tive Anatomy for Ontogeny is sufficiently obvious. Just as little
can the former separate itself from the latter: since from Ontogeny
Comparative Anatomy gains an insight into the lower stages of
organisation. To the same extent, and in the same way as On-
togeny helps to form the basis of Phylogeny, does it render
indispensable service to Comparative Anatomy.

A “Comparative Embryology” has sometimes been put in
contrast with Comparative Anatomy ; of course merely as a theo-
retical division of the scope of study. A ‘comparative’’ Ontogeny
of this kind must, just as much as every individual ontogeny,
have regard to the organisation of the fully-developed stage; and,

in fact, without Comparative Anatomy it cannot lead to any
scientific results.
§ 8.

The relations of every organism to the outer world in which it
lives, from which it obtains material, and to which again it gives it
up, cause the outer world to have an influence on the organism.
This influence is practically seen in the changes of the organism,
which depend further on a Variability which is inherent in it.

Variability comes under our observation as the capacity for
adaptation, and in effect operates as a modifying and even metamor-
phosing agent upon the inherited organisation.

The organism is altered according to the conditions which in-
fluence it. The consequent Adaptations are to be regarded as
gradual, but steadily progressive, changes in the organisation, which
are striven after during the individual life of the organism, pre-
served by transmission in a series of generations, and further deve-
loped by means of natural selection. What has been gained by the
ancestor becomes the heritage of the descendant. Adaptation and
Transmission are thus alternately effective, the former representing
the modifying, the latter the conservative principle. The endless
variation of the pha&nomena of organisation is, we see, consequently
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due to Adaptation, just as we have seen that similarity is due to
Transmission.
§ 9.

Adaptation is commenced by a change in the function of organs, so
that the physiological relations of organs play the most important
part in it. Since adaptation is merely the material expression of
this change of function, the modification of the function as much as
its expression is to be regarded as a gradual process. As a rule,
therefore, Adaptation can be perceived by its results only in a long
series of generations, while transmission can be recognised in every
generation. Although Adaptation as a process cannot be directly
observed, it is nevertheless possible to infer it with certainty by
comparison. When, for example, we find a simple structure of the
stomach in the Carnivorous Mammalia, and, on the other hand, a
more complicated one in the Herbivora, and especially in those
which take in large quantities of food, as, for example, the Rumi-
nantia, we are entitled to consider the complication in the structure
of these stomachs as a change caused by the food—as an Adaptation
to the mode of nutrition; and when, further, the ontogeny of the
Ruminantia shows us a form of stomach which is simple in the early
stages of development, and is gradually converted into the more
complicated condition, ontogeny confirms the supposition we have
already gained by comparison. In many cases the influence of
Adaptation on the organisation can be observed also directly ; as, for
example, in many Amphibia, where the branchie which are de-
veloped during the larval stage are retained in function for an
extended period, if the opportunity of escaping from the water does
not arrive; and in others, again, where the branchiee undergo
atrophy, as soon as their aquatic life has been exchanged for one on
land, although their nearest allies live in the water, and always
retain the branchiee. In the one case we see development, and in
the other atrophy, as ph@nomena resulting from Adaptation.

In Adaptation, the closest connection between the function and
the structure of an organ is thus indicated. Physiological functions
govern, in a certain sense, structure ; and so far what is morpho-
logical is subordinated to what is physiological. This dependence
of the form of an organ on its activity is seen in the most elementary
way in the matter of size. When the function is increased, there is
an increase in the size of the organ. The muscular system shows
to what extent increase of activity affects size. Without exercise
the muscles undergo degeneration, till they completely disappear.
If they are kept in exercise, and if the demands on them are
increased, they develop to a considerable size. The amount of
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development is in the closest connection with the amount of activity.
But since, when a function ceases or diminishes, atrophy commences,
we obtain, as a result of the process, rudimentary organs. They
owe their origin to atrophy. Physiology alone, then, can give us the .
explanation of the origin of these organs; and thus again we are
led to observe the great influence which it exerts on the study of

Morphology.
§ 10.

An organ can be so much changed by the gradual modification
of its function that it becomes, from the physiological point of view,
a new one, and is then placed in quite another physiological category
of organs. This fact is of considerable importance, for it helps to
explain the appearance of new organs, and obviates the difficulty
raised by the doctrine of evolution—rviz. that a new organ cannot at
once appear with its function completely developed ; that it there-
fore cannot serve the organism in its first stages whilst it is gradually
appearing ; and that consequently the cause for its development can
never come into operation. Every organ for which this objection has
the appearance of justice can be shown to have made its first ap-
pearance with a significance differing from its later function. Thus,
for example, the lungs of the Vertebrata did not arise simply as a
respiratory organ, but had a predecessor among fishes breathing by
gills, in the swim-bladder, which at first had no relation to respiration.
Even where the lungs first assume the functions of a respiratory
organ (Dipnoi, many Amphibia) they are not the sole organ of
the kind, but share this function with the gills. The organ is there-
fore here caught, as it were, in the stage of conversion into a
respiratory organ, and connects the exclusively respiratory lungs
with the swim-bladder, which arose as an outgrowth of the enteric
tube and was adapted to a hydrostatic function.

The earlier function of an organ which by adaptation is converted
to new uses is generally a lower one, and less important for the
organism, in comparison with the new function which is taken on,
so that the organ thus rises to a higher grade. In other cases the
value of the primary function is less, because it is shared by other
similar organs. It is then quantitatively lower, for a share is taken
by the other similar organs in discharging the total amount of the
function necessary for the full activity of the organism. The
atrophy of some of the organs which are of equal value raises the
value of those that remain by causing their higher development.
To these facts, as to their change of functions, the difference in the
classification of organs, accordingly as we make use of a physio-
logical or a morphological method, is due.
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Structure of the Animal Body.

The Organs and the Organism.
§ 11.

In the living body we observe a number of activities of its
material substratum, by which the series of pheenomena spoken of as
life are conditioned. Underlying these, there are chemico-physical
processes, which are accompanied by a continual degradation of the
material, and consequent metastasis, or change in the arrangoment
of chemical elements. The body nourishes itself by replacing the
material used up in metastasis by fresh matter, which is reccived
from without; and this it assimilates, or makes like to the substances
of which it is itself composed. The substances, partly taken in with
the nutrient matter, partly produced by metastasis, which are of no
further use in the organism, are passed out. Hence results the
excretory function. If the quantity of matter assimilated is greater
than that which is expelled, there is an increase in the size of the
body: it grows. Thus it fulfils the first condition for the production
of that material from which a new organism, like to itself, arises :
and so reproduction is closely connected with nutrition.

The body is, in the first place, in relation to the exterior by its
surface ; this puts it in connection with the surrounding medium.
Changes in the form of the surface of the body result in movemonts,
and give rise to locomotion. The surface also is the medium by
which it perceives the outer world, or has sensations.

The parts of the body which preside over these processes are the
instruments by which life is carried on—organs. In virtue of
their existence the body is an organism, and when we also include
under the term “ organisms >’ certain bodies in which no organs can
be individually separated, it is because the virtual existenco of
organs in them is to be assumed from the mere fact that life is
carried on in them. The term * organism” is thercfore employed
in this instance, not in an anatomical, but in a physiological senso.
In the simplest condition of the organism, the vital phanomena
take place in the homogeneous substance which forms the body,
and which is the seat of all these processes equally. The body
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in this case represents, potentially, a collection of organs, which
only appear, in fact, when the different functions are no longer
performed by every part of the body. The condition which the
lower organisms permanentl{r exhibit in regard to this matter is
possessed for a short time only by the more complicated.

Differentiation,
§ 12.

The complication of the organism arises from a process of
division which transfers to separate parts the physiological acti-
vities of the primitively homogeneous body. What was previously
accomplished by the whole body, is, subsequently to that process,
carried out by particular portions. The work is then done either by
a large number of parts, which are distinct from but similar to one
another, or the separate parts acquire dissimilar shapes, and become
different from one another. In the first case the division of labour
is quantitative, in the latter it is qualitative, and the separation
of the different parts is in correspondence with a difference in func-
tion. According to the degree in which the separation or division
originally set up in the primitively indifferent body is repeated in the
organs derived from it, further complications arise, which present
for our observation a step-by-step progression in development.
Hence there arises a difference in the value of the organs, and it
becomes necessary to distinguish their higher and lower conditions.

The distribution of work amongst a number of different organs
leads to the perfecting of the operations of such orgams. Kach
organ is enabled to develop in a definite direction, in correspond-
ence with the particular function which is undertaken by it. The
organism thus becomes more highly developed, as well as com-
plicated. Division of labour leads to a perfecting of the whole
organism. According as the division of labour involves only a
few or many organs, a greater or less part of the organism is
brought under the operation of this perfecting influence. The
greater the importance, for the whole organism, of the organs
affected, the more considerable is the perfecting accomplished in
it through their modification. The functions which attach them-
selves to definite parts of the body bring about a difference in the
development of those parts proportionate to their own difference ; and
thus it is that new parts and new organs arise, which are different
from those already existing. The division of functions leads to the
establishment of a diffcrence, that is to a differentiation, of the
parts. A part of the body which was formerly like the rest, and con-
sequently not different from it—that is was indifferent—passes into
the condition of being separate, becomes distinguishable, or different
from the rest. And as this differentiation is connected with the
division of labour, inasmuch as it is conditioned by it, it may be
regarded as the product of it. Every physiological function can be
again divided qualitatively into various sub-functions, by the locali-
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sation of which fresh organs again arise. Thus the principle of the
division of labour is the cause of very great variation in the organi-
sation, and all morphological phenomena are more or less closely
connected with it, and with the differentiation which is due to it.

First Stage of the Animal Organism.

The Cell.
§ 13.

Living matter appears in its simplest form as an albuminous sub-
stance, known as Plasma, or Protoplasm, which, by the aid of our
present optical instruments, seems to be homogencous throughout.
This substance occurs in the form of small lumps, in which condition
we find the simplest organisms. In those simplest forms, where the
protoplasm is homogeneous, and in which only a few granules at
most are present as heterogeneous elements, there is no limitation of
the lump to the exterior by distinct enveloping structures; but in
organisms of little higher grade we find an envelope produced by a
chemico-physical change in the most external layer of the proto-
plasm. Thus the protoplasm, which is endowed with all the
phanomena of life, and even of movement, is enclosed by a more or
less firm envelope, which forbids alterations in form, and is the
cause of a defimte shape being maintained. Such structures mnay
be combined to form complex organisms, as is the case in many of
the lower plants. This kind of form-element, or morphological
uuit, is known as the cy tod, and is rightly distinguished from another
more highly-developed form.

In this higher form there arises in the protoplasm a sharply
marked-off dense structure, which is called the nucleus. It is the
product of the first process of differentiation of the protoplasin, which
no longer alone represents the living substance. In the nuclcus a
small body, the nucleolus, generally appears. The nucleus, unlike the
protoplasm, is not contractile, or at any rate has not a large share of
contractility; but it not only takes a part in most of the vital pheno-
mena of the surrounding protoplasm, but frequently gives evidence
of being their regulator. Such corpuscles of protoplasm as are pro-
vided with a nucleus are called cells (cellule). These structures,
like the cytods, may form independent organisms, which are then
called “unicellular.”” When the cells form a complex by multi-
plication, we have a multiccllular organism. The smallest parts of
multicellular organisms, no longer separable into constituent picces
like to one another, are cells; and are therefore the form-e¢lements
of these organisms.  The same remark applies to the cytods, or the
simpler condition.  While these, however, are rarely present, we find
cells widely distributed in the Vegetable Kingdom, and as the sole
form-elements in the Animal Kingdom.
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§ 14.

In the indifferent condition, that is as long as changes in a
definite direction do not arise, leading to the formation of definite
new structures, the cells of all animal organisms appear to have
essentially the same character. In them we distinguish according
to what has been remarked above: first, the protoplasm, which
forms the principal mass of the body of the cell; and secondly, the
cell-nucleus, surrounded by, and different from, the protoplasm, than
which it is usually more dense. The share which this nucleus takes
in many varied phenomena of the life of the cell, compels us to
regard it as by no means a subordinate part of the cell-body. In
addition to these parts of the cell, some persons recognise (formerly
everyone did so) a membrane which differs from the protoplasm or
contents of the cell, and envelopes it: from its presence arose the
notion of the ““ vesicular form "’ of the cell and its name.

Although it cannot be denied that in many cells there are
envelopes differentiated from the protoplasm, yet this condition is
never found in the earliest life of the cell, but is always the re-
sult of an advanced change, and of the passage of the cell into a
differentiated form.

Automatic movements of the protoplasm of the cell are
such common manifestations of their life, that they are always
definitely apparent as a property of all cells which are not highly
differentiated, that is of cells in which the protoplasm is not meta-
morphosed. In free cells, and such as are not enveloped by firm
membranes, this phenomenon of movement produces locomotion.
Even in cells that are not free movement may be observed, consisting
partly in a change in the form of the surface, partly in a change
in the position of the granules in the protoplasm. That there are
also properties resident in protoplasm which we may attribute to
sensibility of a very low grade results from many experiments
and observations.

We may further observe nutrition in the cell. At times, indeed,
we can see the protoplasm ingesting food; in all cases the growth
of the cell is an express indication of its nutrition. This phano-
menon of growth, which may be seen in any indifferent cell, is
expressed by the increase in size of the protoplasmic body, owing to
the assimilation of matter from without. The growth of the cell
may be quite regular, increase in size obtaining in all directions, as
is the case with all cells in their earliest stages; as long as this
lasts the cell completely retains its spherical form, uuless its move-
ments or external influences modify it. Or growth may be unequal,
and the cell become elongated by increase In size along one axis ;
or, again, it may become stellate by growing along several axes.
Irregular increase of this kind is ordinarily accompanied by differen-
tiation of the cell-substance, and is therefore the commencement of
the conversion of the cells into tissue.
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§ 15.

Another pheenomenon—that of reproduction—is a result of, and
is indissolubly connected with, the growth of the cell; for multi-
plication is merely the extension of growth beyond the limits of indi-
vidual cohesion. There are various modes of cell-multiplication;
the simplest of these is a direct result of growth. A bud is formed
by the cell-body growing out on one side. This gradually increases
in size, and breaks off from the mother-cell, when it becomes a new
free cell. The number of young cells which are budded off from
a single cell is not always the same, also the part taken by the
nucleus of the mother-cell in the process, varies. This mode of
multiplication by gemmation passes imperceptibly into the more
common mode of multiplication by fission. Gemmation is charac-
terised by the difference in size which obtains at first between
the cells that are formed and their mother-cell. If they break
off at once they do not nearly equal it in size; if they delay their
separation from the mother-cell they gradually get to equal it,
and then the products of division are almost or altogether equal to
one another, so that there is no possibility of distinguishing mother
from daughter. It is evident that in proportion to the extent to
which the products of division differ from one another in size,
does division become more and more like gemmation; the whole
difference therefore between fission and gemmation lies in the
amount of protoplasm which is given over by the parent-cell to the
one which arises from it. The difference is a quantitative one
merely. Division commences by an enlargement of the nucleus; in
some cases by a formation of fresh nuclei.

No form of reproduction other than multiplication by fission or
by gemmation has been certainly observed in the animal-cell; a
large number of the modes of cell-multiplication, which have been
stated to obtain, such as the so-called endogenous cell-formation and
similar processes, are merely forms of fission. As to free or spon-
taneous cell-formation, so much at least is certain, that it is not as
common as was once supposed.

When the nucleus divides and the cell goes on growing without
the protoplasm becoming marked off into separate portions corre-
sponding to the nuclei, the structure which is formed cannot be
any longer regarded as a single cell. But it is not a compound
of cells either, for this would presuppose the existence of a number
of separate cells. This condition has therefore been very rightly
regarded as a special one, and called & Syncytium. Structures
of this kind are found in nearly all groups of animals. The same
result is obtained by the Concrescence of a number of separate
cells, the protoplasm of which runs together into a continuous
mass, in which there are of course a number of nuclei.

While the protoplasm in the above-mentioned series of phieno-

mena undergoes no perceptible changes in constitution, a change
. c
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in the protoplasm is essential to another kind of phsenomena, to
which we now pass. The substances contained in the protoplasm
become separated from it, that is, are secreted from it. This
process of secretion variesin character; it sometimes occurs within
the protoplasmic body, and then substances differing in their chemico-
Physical properties from the protoplasm are formed within the cell.
These substances may be distinguished by their constitution, such as
fat, colouring matter, and so on; or by form, such as granules, drops,
crystals. Sometimes secretion affects the surface of the protoplasm ;
and then the secreted substance may be fluid, in which case it will
get separated and removed from the protoplasm; or it may be
solid, in which case it will remain more or less intimately connected
to the rest of the unaltered protoplasm. Substances which are
different from the rest of the protoplasm of a cell arise by chemico-

physical changes of the whole surface, or of a part of it. We

may regard these changes in the protoplasm as differentiations,

for they are differentiated from matter which was previously in

an indifferent condition within the protoplasm. In this way the

structure which has been already alluded to as the cell-membrane,

is formed at the periphery of the cell. But this same process leads

to other arrangements also, which we shall have to examine more

closely hereafter.

The series of vital processes exhibited by a single cell essentially
agrees with those exhibited by any and every other organism, so
that the cellitself is virtually an organism (Elementary organism).

Differentiation of the Animal Organism.
§ 16.

The simplest and lowest stage of the animal organism is repre-
sented by the earliest stage of its development, in which it is
known as the egg. Except in some exceptional cases, which only
prove the rule, and which need not be mentioned here, this egg

is nothing more nor less than a cell. The
egg-cell does not differ from other cells in
any essential points; it may increase in
size, and special particles—yolk granules—
may appear in its protoplasm. Although the
presence of these latter alters the character
of egg-cells as indifferent cells, yet it
does not destroy their character as cells,
which is just as little affected by this as in
f;z-o;m Di:gé::: ul:zf' other cells by the differentiation within their
protoplasm. b Nucleus P0di€8 of substances, such as chlorophyll
(Germinalvesicle). c Nu. granules, starch, pigment granules, &c. This
cleolus (Germinal spot). condition of the egg-cell, which on the whole
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is a simple one, agrees in character, although it may be for a time
only, with many lower unicellular organisms (Protoplasta).

The egg-cell undergoes changes, which ordinarily commence
after impregnation, and which are accompanied by changes in the
nucleus (the so-called germinal vesicle). In its place, and in part
from the material which formed it, two new nuclei arise, and

Figs. 2-5. Various stages of the so-called cleavage process (Division of the egg).

the egg-cell now begins to divide. Two cells thus arise, which
are either like one another, or differ from one another, in
gize or in constitution. In both cases something fresh has arisen
from the egg-cell, and in both there is a differentiation, for
two parts have arisen from it. Four, eight, sixteen cells, and
so on, are formed by continued division, although of course
not always quite regularly, until at last a number of cells are
formed. This process of the division of the egg-cell is known as
the ‘“segmentation of the yolk,” and is a constant phsnomenon,
although it may present various modifications, which are always
due to adaptation, and which may be so explained.

This is the first course of differentiation in the organism ; in
place of a single cell, a number of cells, similar to, or different from
one another, arise. The functions of the organism, which were
all performed previously by the egg-cell, are now performed by
the separate cells. The division of the egg-cell must therefore be
considered as leading to a division of its functions, although
indeed this division is merely a quantitative one.

The various stages of this process of division have other relations
also, for they appear to agree in character with the mature stage
of many lower organisms (Protista), as for example the Volvocine®
and Catallacta, in the developmental history of which there is at one
time an organism composed of a number of equi-formal cells. The
animal organism, therefore, even in the commencement of
its ontogeny, passes through several morphological stages,
which are permanent among the Protista, and the process
of segmentation of the ovum may be explained as a sur-
vival transmitted from early ancestors. Accordingly the
teleological halo, with which it would necessarily be sur-
rounded, were we limited to seeking its explanation exclusively
in connection with the future organism which is to arise from
this segmentation, is cleared away. The organism does not, how-
ever, get a specifically animal character from this forma2tion of

o
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a number of cells; that character first makes its appearance in the
course of further processes of differentiation.

These processes of differentiation consist in the more or less
similar morphological elements (cells) which represent the organism,
acquiring, in larger or smaller groups, distinct characters: in their
being differentiated, and forming the rudiments (first stages) of
organs, by taking a definite order and arrangement. These organs
then are made up of cells, which form their tissues. We thus
arrive at the essence of the architecture of organisms; we have
tissues, which make up organs, and are themselves composed of
form-elements—the cells.

Origin of the Tissues.
§ 17.

The cell, then, in those organisms which we regard as animals,
constitutes the whole of the organism only for a time ; that is, so
long as it is an egg-cell. By division a multitude of cells is formed
out of the egg-cell, and these form the rudiments of the animal. In
later stages a part only of the material formed from the ovam
retains the primitive character of the cells ; the form and substance of
most of the cells are altered, and therefore their physiological
properties are altered ; that is, new relations are established. The
new cell-complexes formed from aggregates of similarly altered
cells, and their derivatives, are the tissues. The process which leads
to the formation of these tissues is essentially a differentiation.
This, again, affords us an example of division of labour, for each
differentiated aggregate of cells has to perform a definite function
for the organism, which function was not the duty of a definite set
of cells when the cells were indifferent, and indeed were performed
in common with all others by one cell only (the egg-cell), in the
earliest condition of the individual organism.

In all cases histological differentiation commences in the proto-
plasm of the primitive cell; the nucleus is less strikingly affected,
but numerous changes may be seen to occur in it. When the chief
part is played by a substance differentiated from the protoplasm, the
nucleus becomes of but slight importance. According to the
characters of their form-elements the tissues are divided into several
large groups: these I call Epithelial tissues, tissues of the
Connective Substance, Muscular and Nervous tissue. The
first two form a lower group, which, as Vegetative tissues we may
distingnish from the other two, which are the Animal tissues.
The difference between the two groups lies in the quality of their
differentiation ; the products of the differentiation of the former
having a more passive relation to the organism, while the products
of the differentiation of the latter exhibit an independent activity in
the carrying on of the life of the organism. The vegetative group,
or tissues analogous to them, are, moreover, most widely distributed in
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the Vegetable Kingdom ; whilst in that kingdom the animal tissues,
which are the source of the arrangements characteristic of animals,
are wanting. All other tissues, though often distinguished by name,
are either not independent tissues at all, but only much more
complicated structures formed of a variety of tissues, or are forms of
tissue which should be ranged under one of the above-mentioned
categories, or may be merely component parts of the tissues already
named. We overlook the true conception of what a tissue is if we call
structures which are made up of several tissnes ““ compound tissues.”

A. Vegetative Tissues.
Epithelium,
§ 18.

Cells placed side by side, and forming one or more layers which
invest the surface of the body or the walls of internal spaces, are
called epithelial. Epithelial tissue, then, consists simply of cells.
It is distinguished from other tissues by the fact that the cells, at
least so far as their arrangement is concerned, retain their primitive
characters. Epithelium represents phylogenetically, and therefore,
also, ontogenetically, the oldest form of tissue. The germinal
layers which are the earliest organological products of the differ-
entiation of the masses of cells which arise from the segmentation
of the egg-cell, are layers of epithelial cells. Epithelial cells vary
greatly mn form, and are the starting-point of various
organs. The protoplasm of epithelial cells very often ]
loses its homogeneous character, owing to the differen- |
tiation of its outermost layer into a thickened membrane.
In stratified epithelium this is best seen in the superficial
layers, the absence of a membrane in the cells of the
deeper layers being an indication of their younger con-
dition.

Another differentiation is the development by the
superficial layer of cells on the surface exposed to the ex-
terior, or lining an internal cavity of the body, of fine pro-
cesses, which are capable of movement ; these processes,
which vibrate during the life of the cell, are known as
cilia. The hairs on these ciliated cells are sometimes
in the form of a single flagellum, or occur in a group
of many as cilia. In the former case the cell runs out cells. « of
into a fine process, and forms a flagellate cell; these & Hydroid
are most common in the lower animals. Cilia are -shown f°]3ép' oz of
to be differentiated products, since their movements are (o of] .,,g:
not simply effected by the contractility which is already  cell).
inherent in the protoplasm. In many of the lower or-
ganisms cilia are formed for a time and are again drawn in and
their substance fused with the protoplasm. This shows that they
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are differentiations of the protoplasm, and that their movements are
due to the same cause as the movements of the protoplasm. This
indication of their identity with protoplasm cannot be seen in the
more differentiated forms of cilia.

Another differentiation may be seen on the outer surfaces of
many epithelial cells. A membrane, instead of being formed by a
change of the whole periphery of the superficial layer of protoplasm,
may be formed on a definite portion of it only: in this case it is more
highly developed, and may lead to a partial thickening of the outer-
most layer of protoplasm. In short, a layer of varying thickness
of a substance different from, but as a rule still connected with,
the protoplasm, forms on the outer face of each cell. Homogeneous
membranes—cuticles—are formed by the further differentiation of
the substance thus secreted in a layer from the protoplasm of the cells;
that is by the part formed from each cell becoming more intimately
connected with the layers formed by the cells around it than with
its own cell. Where these layers are laid down irregularly and
gradually undergo other changes, by means of which each fresh
addition can be distinguished from the preceding one, they become
laminated. The more the substance of which these cuticular struc-
tures are composed differs from the protoplasm of the cells which
have deposited it, the more difficult is it to make out any passage of
the protoplasm into it, and the more distinctly is the formation of
cuticles scen to be a process of secretion. When the cuticle is not
formed regularly on the surface of the separate cells, protoplasmic
processes project from the secreting cell-layer into the secreted layer,
which are then traversed by corresponding canals (pore-canals):
these are ordinarily very fine. These cuticles differ greatly in con-
sistency, and present every intermediate step between softness and
extreme hardness. They are often converted into organs of support,
when they are very firm; in which case they ordinarily consist
of a substance known as “chitin.’” These chitinised cuticles are
very common in the Invertebrata.

§ 19.

The secreting activity of the cells of large epithelial layers may
give rise to liquid, or even to gaseous bodies. The epithelia there-
upon enter into new relations to the economy of the organism; they
no longer produce substances destined to build up the organism,
but they present an intermediate step towards that condition of
epithelial structures in which parts of the epithelium enter into the
formation of a tissue of definite function—glandular tissue. As
there is always a direct connection between the aggregation of
cells which form the secreting organs, or glands, and the epithelium,
which either persists permanently, as in the majority of glands, or
which is at any rate present when they are first formed, this
glandular tissue is seen to be nothing more than a modifi-

.



THE TISSUES. 23

cation of the epithelial tissue, due to its differentiation.
Like it, glandular tissue always consists of cells. In the simplest
stage individual cells in a layer of epithelium become secreting-cells,
and function as gland-cells, by forming and secreting a substance
such as is not produced by the other cells. In this way uni-
cellular glands arise. They either retain their
original position between the other cells of the
layer or sink beneath the level of the epithelium,
and open between the other cells by a fine duct
formed by the membrane of the cell (Fig. 7).
If the secreting surface be increased without the
general epithehum taking any share in it, the
sunken epithelium must increase in size, and so
give rise to structures which are more or less
separated off from the epithelium, such as pits,
sacculi, or cecal tubes; and these may be again
complicated by fresh growths. The tissue lying
beneath the primitive epithelial layer forms en-
velopes for these pits as they.grow; but it con-
tinues to have the same relation to them, however
complicated in form the ramifications and similar
proliferations of the epithelium may be, as it pre-
viously had to the simple even layer of epithelium.

Thus the gland in its simplest form appears
as a depression of the epithelium into the sub- .
jacent tissue. In the more distinct forms of glands Fl’f g U“X’:&“!“'
there is a further differentiation of the cells which fau’;‘:'y ghnd,"z;
form the gland. The constituent cells of the theant(afterStein).
gland become separated into those which secrete
and so represent true gland-cells, and those which connect the
secreting portion of the gland with the still indifferent epithelial
layer. ese, in contradistinction to the secreting portion of the
gland, form the epithelium of the duct.

Connective Substances.
§ 20.

The phsnomenon which in epithelial tissue leads to the formation
of hamogeneous membranes may, by being extended over the whole
periphery of every cell as well as by continued repetition, become of
greater 1mportance. Even in the epithelial tissne we often meet
with a fine intermediate layer, the cement-substance. As the sub-
stance which is differentiated from the protoplasm of a number of
cells gradually increases between the cells containing unaltered
protoplasm, the cells become separated from one another, and a
distinction is made between the cells which form and the inter-
cellular substance which is formed. A number of very different



24 COMPARATIVE ANATOMY.
tissues present this common character in their more intimate structure.
They are called connective substances, as the majority of these
tissues serve to unite other tissues to organs, or systems of organs.
The differences in these tissues are due partly to the character
of their cells, partly to their relations with the intercellular sub-
stance, and partly to the chemico-physical constitution of the
intercellular substance; but all these points are not equally well
marked in every part of them. Whilst this latter circumstance
allows us to recognise the passage of one of these tissues into the
others, the fact that such passages do periodically take place under
our observation, affords & more weighty reason for uniting them
than the fact that we can detect common characters in their
structure, although often hidden by various differences. The
various tissues which belong to this group are: 1) cellular con-
nective tissue, 2) gelatinous tissue, 3) fibrous connective tissue,
4) cartilaginous tissue, 5) osseous tissue.

§ 21.

Connective tissue is divided into the following varieties:

1) Cellular connective tissue (vesicular connective tissue) is
the simplest form. It is formed
of rounded or elongated cells,
which are separated by a small
quantity of intercellular sub-
stance only. There are often
vacuolated spaces in the cells,
which are filled with a fluid. The
intercellular substance often has
the form of cell membranes, which
serve to unite the juxtaposed
cells to one another, and are
common to neighbouring cells.
In other cases again it is more
largely present, without prepon-
derating in quantity over the
cells. The differentiation of the
protoplasmn of the intercellular
substance varies in degree. This
tissue is most widely found in
the Arthropoda and Mollusca.

Fig. 8. From the gelatinous substance
of the disc of Aurelia aurita, treated
with iodised serum (after M. Schultze).
x 500. a Branched fibres in which no
cells can be made out. b Cells in the
homogeneous gelatinous substance: the
processes are largely retracted in this
specimen.

In the Vertebrata it forms the
chorda dorsalis, or notochord.

2) Gelatinous tissue
(mucous tissue) is distinguished
by the soft gelatinous character
of the intercellular substance ;
it is ordinarily hyaline, and in it
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are placed either rounded and completely separated or filiform and
branched cells, which are united to one another by their processes.
Chords or tracts of cells also occur. In this way a fine network is
formed, which traverses the gelatinous portion of the structure, the
trabeculee of which may become firmer by further differentiation,
and may become broken up into fibrillee. A similar fibrillation may
affect the intercellular substance, in which case fibrous bands, in
which there are no cells, can be made out. This tissue is found
in many of the lower animals; in the umbrella of the Meduss®
(Fig. 8), the integument of the Heteropoda, &ec.

3) Fibrous connective tissue may be regarded as afurther
development of gelatinous tissue. Its morphological elements are
elongated or branched cells, embedded in an intercellular substance
formed of fibrous tracts and bundles. This substance is largely
due to a differentiation of the walls of the cells, as is clear from
its development. Development also reveals the fact that part of
the protoplasm which sends off processes, is directly differentiated
into fibrils and fibrous bundles; these are therefore distinct from
the earlier formed, and more or less homogeneous intercellular
substance. The thickness of the fibres and the direction they take
vary greatly. The fibres, which are generally curved and undu-
lating, sometimes run parallel to one another, sometimes anastomose;
the cells and the cell-processes are, in their earlier stages, arranged
inba manner corresponding to the subsequent arrangement of the
fibres.

Fibrous connective tissue is distinguished as loose, or firm,
according to the characters of its intercellular substance; the
firmer sort is also known as ‘ tendinous tissue,” the fibrous bands
of which are placed parallel to one another. In addition to the
fibrillee, which swell up when treated with acids and alkalies,
there is another form of fibre, which is seen in the intercellular
substance of fibrous connective tissue; this resists these agents
more completely, and is called ““elastic tissue,” on account of its
elasticity. It 1s, as may be seen from its relation to the inter-
cellular substance, not an independent form of tissue, but merely
a modification of connective tissue.

Inasmuch as a portion of the intercellular substance arises by
subsequent differentiation of the protoplasm of the original cells,
as was remarked above, the morphological elements which are
present in fully-developed connective tissue represent the remains
only of the primitive cells. According to the quantity of pro-
toplasm used, and converted into fibrous structures, and so in-
corporated into the intercellular substance, the nucleus of the
connective-tissue cells is surrounded by more or by less protoplasm,
or the whole protoplasm disappears; the presence of isolated nuclei
in the fibrous bands of connective tissue is an indication of this.
Where the protoplasm still remains around its nucleus—where,
that is to say, a cell, according to the conception given above, is
present, this cell may undergo fresh changes, which are of so many
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kinds that connective tissue is richer than any other in the various
phenomena of differentiation.

§ 22.

4) Cartilaginous tissue is characterised by cells lying in a
firmer intercellular substance. Its cells do not, except in a few cases,
possess distinct processes, or processes which can be easily made
out; but are very nearly circular in form, or else oval or fusi-
form. The amount of intercellular substance varies in amount.
It is distinguished from those forms of connective tissue which are
formed of simple cells placed in a homogeneous intercellular sub-
stance, by its greater rigidity. Cartilaginous tissue is well adapted by
the possession of this character to function as an organ of support.
When the cells predominate, and there is but little intercellular
substance, and when what there is is in the form of fine membranes,
cartilage is seen to be directly allied to vesicular connective tissue.
The protoplasm of these cells often takes on a definite arrangement,
and forms bands which extend from the nucleus to the periphery,
and unite together there. They are separated from one another by
spaces which contain fluid (Fig. 9). In proportion asits intercellular
substance is diminished, does this tissue differ more and more from

ordinary cartilaginous tissue. In the
protoplasm of cells of this kind, which
are found forming a sort of skeleton
in the Medusee, the ph®nomenon of
streaming of the protoplasm may be
seen.

If the intercellular substance in-
Fig. 9. Cartilage colls from the Cre8SeS, it either remains homogeneous
tentacle of a Medusa (Cunina). (hyaline cartilage), or it undergoes
further differentiations like those of
connective tissue; but these differentiations do not much affect its
relations to its cells. When the intercellular substance breaks up
into fibres, we get fibrous cartilage; when elastic nets appear
in it we get elastic cartilage. By gradual changes of the inter-
cellular substance, as well as of the cells, cartilaginous tissue passes
into fibrous connective tissue, and thus indicates its close connection
with that form of tissue. The cells also become more specially modified
in some cases by being elongated or producing radiating processes,
which unite with those near them : as, for example, in many Selachii,
or more developed still in many Cephalopoda. The intercellular
substance then appears to be traversed by the processes from the
cells (Fig. 10). The phsenomenon, which in the cases just cited is
greatly exaggerated, obtains also in ordinary hyaline cartilage,
where the cells are apparently sharply marked off from one another ;
for the intercellular substance may be seen to be traversed by

processes, although these are, of course, extremely fine.

The intercellular substance of cartilaginous tissue is always
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distinct from the protoplasm of the cartilage cells which lie in its
cavities; but as it is differentiated from the protoplasm, it must,
nevertheless, be regarded as a secreted product of the protoplasm—
a layer secreted by a cell: often an intercellular substance may be
seen in hyaline cartilage surrounding the cell like a capsule. This
was formerly regarded as a cell-

membrane belonging to the cell.

As these ““capsules’ can often

be shown to enclose groups of

cells consisting of several gene-

rations, which have resulted

from the fission of a single &

cell, the enclosed cells were

looked upon as mother and

daughter cells, &c., and the

pheenomenonitself was regarded

as a case of endogenous cell-

formation. As a fact, these

‘“ capsular systems *’ are merely

the expression of secretion?i,

not become homogeneous, an . .

Tormed by sovera goserebions 1,13, Griige wom s Sty
of cells which arose from one d An emg‘ty cartilage ctsgpsulg w;:l;i ?12
another. The perfectly gradual pores. e Transverse section of canalio
passage of carléilagino{lsgrtissue (after M. Firbringer).

in which such capsules may be

seen, into tissues where the intercellular substances is completely
homogeneous, shows that we have here to do with different stages
in the differentiation of one and the same secreted substance, which
has arisen in the former case by an interrupted, and in the latter
case by a regular, secreting activity of the cells. In virtue of the
anastomoses of the processes of cartilage-cells, cartilaginous tissue
comes very close to the next form of tissue, and it is only distin-
guished from it by the characters of its intercellular substance.

§ 23.

5) Osseous tissue. This, the firmest form of the connective
substances, consists of an organic intercellular substance combined
with lime-salts, in which there are cells with fine anastomosing
processes; or it presents a ground-substance like that just men-
tioned, in which, however, there are no cells, but only cell-processes.
These processes traverse it as fine canaliculi. There are therefore
two structural phases of osseous tissue to be distinguished.
Cells enter into the composition of the one, but in the other they
simply send out fine processes into the pore-canals of its solid
ground-substance. o

The tissue containing bone-cells is the most common; 1t 1s
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found in the skeletal organs of all classes of the Vertebrata; whilst
that form of osseous tissue with canaliculi only is found in the
skeleton of many fishes, and as a general rule in the dental organs
of all Vertebrata (dentine).

The development of osseous tissue explains the relations of the
intercellular substance to
the cells. That form of it
which contains cells may
arise in two ways: either
by the ossification of con-
nective tissue, the cells in
which become converted
into bone-cells by the ossi-
fication of the intercellular
substance, which becomes
impregnated with calca-
reous salts, while the cells
themselves become con-
nected with one another
by their processes, which
traverse the pore-canals in

Fig. 11. Transverse section of the femur of the intercellular substance;

Rana. o Osteoblast layer. o'o”Cells becoming OF the same tissugisformed
bone.cells. o” A bome.cell. p Periosteum. by apparently indifferent

m Medullary cavity. cells, which secrete a scle-
rogenous substance. This
substance is laid down in stratified lamells, into which the secreting
cells send fine protoplasmic processes (Fig. 11, o). The secretion
of this substance is preceded by a change of part of the protoplasm
of the cell. As soon as this is differentiated it does not belong
any longer to the cell, and is therefore secreted from it. If some
of the secreting cells (0'0”) cease to be active, while the cells near
them do not cease to be so, the former gradually get to lie in a
layer of intercellular substance, which finally surrounds them, and
g0 converts them into bone-cells (0”). The cells of the secreting
layer (osteoblasts) are continuously connected by fine processes with
those which are already enclosed (bone-cells). Thus each of the
former is rendered capable of becoming a bone-cell.

The other form of osseous tissue is developed in a perfectly
analogous manner, so far as its history is accurately known, through
the development of dentine. In this case also a layer of cells
secretes a substance, which hardens or is sclerogenous, and into this
the cells at the same time send processes, which traverse pore-
canals. But the cells (odontoblasts), instead of gradually sinking
into this extra-cellular substance, always remain outside it, and are
connected with it by their processes only. The secreting substance
is thus traversed by fine parallel canaliculi (the dentinal canals,
so-called, since they were first made out in the dentine). This form of
osseous tissue, notwithstanding its different appearance in later stages,
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is very closely allied to the former kind, for its intercellular substance
also is secreted from cells—arises, that is, by the differentiation of a
part of the protoplasm. The connection is still closer if we regard
the earliest stage in the process. In both cases a homogeneous sub-
stance is secreted, which is hardened by calcareous compounds, and
into this the cells, which form it, send their processes. If this
process goes on in the same way as it began, so that a complete cell
never passes into the secreted layers, it leads to the formation of
that form of osseous tissue which is traversed by fine pore-canaliculi
only, arranged for the most part in parallel lines. If some of the
secreting cells gradually pass into the secreted substance, that
substance becomes an intercellular substance containing bone-cells.

Morphological Elements of the Nutrient Fluid.

§ 24.

The cells, which are suspended in the nutrient fluid of the
body, and which are its form-elements, are closely connected in
origin with the connective tissue. If it is allowable to regard this
Quid as an intercellular substance, then the whole of the nutrient
fluid might be compared to a tissue, which would not differ from
the other tissues of the connective series in any essential point
other than its fluid condition. Even if we admit it to possess
another function in consequence of this fluid condition, yet this
function must be held as falling well within the category of vege-
tative functions. Apart from the importance of these considerations,
the form-elements in question must be enumerated in the present
place, for they take their earliest origin from the tissue which
forms the walls for the vessels of the nutrient fluid. As far as its
characters are known, a portion of the cells which form the mesoderm
during the processes of division do not become connected with the
rest, but remain isolated in the fluid which fills these canals or
spaces, which fluid is known as blood. These form-elements then
are the blood-cells. In the Invertebrata they appear, as a rule, in
the form of completely indifferent cells,
consisting of a nucleus (Fig. 12, n) and
protoplasm, which latter exhibits amceboid
movements. Among the Vertebrata these
morphological elements persist as lymph-
cells in the Craniata, while in the blood-
fluid proper there are elements which are . ., o
derived from these forms, but are much o5 & Crustaecan p(),"j,,
altered. These latter have lost their amae-  Squinado) with protoplase
boid character during differentiation, and mic processes. n Nuclous.
have the form of rounded or oval discs,
the nucleus of which disappears in the Mammalia, though present
in the rest of the Vertebrata.
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8. The Animal Tissues.
$ 25.

In the epithelial, as well as in connective tissues, the product
of the differentiation of the protoplasm gives rise to phenomena
which are limited to the sphere of vegetative operations. When
a more highly contractile substance arises as a product of the
division of the protoplasm, a new tissue is formed, which is known
as contractile or muscular tissue. Its contractility, however, is
not automatic, but dependent on stimuli, which come from the form-
elements of the nervous system. The contractile form-elements
of the muscular tissue differ therefore essentially from the
indifferent cell formed of protoplasm, although the latter also
is contractile. They presuppose the existence of another,
or nervous tissue, just as it on the other hand determines
the existence of the muscular tissue. These intimate re-
lations explain the causal relationship which these two tissues have
to one another phylogenetically. The two kinds of elements are
differentiated from a single neuro-muscular cell, which is in
many Coelenterata the representative of the two tissues. (Fig. 13.)
This kind of cell corresponds to an indiffcrent stage of the animal
tissues, in which they have not yet be-
come distinct tissues. The tissue which
forms the starting-point of the differ-
entiation is not a new structure. It is
the outermost layer of the body, and
consists of cells, which form an epithe-
Ffig-H 1. Ne“”ﬁ'ﬁi‘iﬂiﬁlﬁ'o{’?ﬁﬁ lium. The neuro-muscular tissue
celle. o Gontractile fibres (after 18 therefore a differentiation from the

Kleinenberg). epithelial tissue, and is thus connected

with a more simple condition. Cells

which are hardly at all different from other epithelial cells give
off a band-like process at their base, which becomes connected to
s layer of longitudinal fibres underlying the epithelium. While
the epithelial cells of the outer layer of the body unite, when in
their indifferent condition, a low grade of sensibility with a low
grade of contractility, the sensibility, when the cells become more
highly specialised, remains with them, and the contractility becomes
assigned to a differentiated process of the protoplasm, which now
appears as a distinct appendage of the cell. Thus commences
that arrangement which, in the more highly differen-
tiated stages, is expressed by the connection between
ganglion-cells, nerve-fibres, and muscle-fibres. By sup-
posing that the fibres, which in the earlier case appear to be
merely processes of the cells, retain their nuclei, and that the
products of the division of the nuclei of the cell gradually become
fibres, and that further the neuro-muscular cell is no longer con-
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nected directly, but by means of a separate process with the
fibre, which has at the same time itself also become independent,
we can see how the more differentiated stage has been brought
about. Nerves and muscles seem from this point of view to be
the products of the separation of one aud the same layer of tissue,
which tissue we shall learn later on to know as the ¢ ectoderm.”
-And at the same time a physiological postulate is thus satisfied :
for clearly it is impossible to imagine that nerve or muscle once
came into existence with their elements totally distinct from one
another, and that the connection between them, on which their
functions depend, was the result of a later union.

Muscular Tissue.
§ 26.

The morphological elements of the muscular tissue are, so far
as their more special characters are concerned, divisible into
two groups. One consists of cells simple in form, the other of
fibres derived from cell-aggregates, or from syncytia; the latter
is indicated by the presence of numerous cell-nuclei. In either case
the amount of protoplasm, which retains its indifferent character,
is slight, and subordinate in importance as far as the function of
the form-elements in question is concerned. Further differentiation
of the contractile substance may in either case lead to the higher
development of the fibre.

1) The so-called smooth muscular fibres, or contractile
fibre-cells, constitute the first form. They are spindle-shaped
cells, which are often greatly elongated, and then are band-like in
form; in these cells either none of the indifferent protoplasm at all
persists, or what does is to be found in the long axis, or at tho
periphery of the cell only. In all cases such remaining protoplasm
surrounds the nucleus. The contractile substance is homogeneous
and limited externally by a membrane, which is often ditlicult to
demonstrate. The reaction of these muscle-fibres to nerve stimu-
lation is slow.

Owing to differentiation of the contractile substance into singly
and doubly refractive particles, the fibres gain the appearance of
transverse striation; such is the origin of that varety of the
tissue, which is known as transversely-striated muscular fibre.
There are various intermediate forms between this kind of striated
tissue, which consists of fibres derived each from a simple cell, and
the other more homogeneous kind of fibrous muscular tissue.

2) The elementary parts of the other form of muscular tissue
are formed by cell-aggregates (syncytia). They generally ariso, as
it seems, from the growth of one cell, the nucleus of which multiplics,
so that they may be regarded as arising from the continuous but
imperfect division of one cell. Their contractile substance cither
has a cylindrical shape, is limited externally by a howmogencous
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membrane (the sarcolemma), and contains several nuclei, with
remnants of protoplasm along its axis ; or the contractile substance
forms a solitf cylinder, on the surface of which, and immediately
below the sarcolemma, are the nuclei with the remains of the proto-
lasm,

P Further, there are two varieties of this form of muscle-tissue
in which the contractile substance is respectively more homogeneous
or more heterogeneous. If more homogeneous the fibres resemble
the so-called smooth fibrous cells, from which indeed they differ only
by the fact that they do not correspond to a single cell, but to a
multiple of cells, as is clear from the number of nuclei appertaining
to the fibre. In the other condition, owing to the differentiation
of the contractile substance, they resemble the second form of
simple muscular fibres, and, like them, are transversely striped.
These also correspond to a number of cells although they are
derived from a single cell, and owe their elongation to its growth.
The reaction to stimulus is, in transversely-striped fibres, rapid.

Nervous Tissue.
§ 27.

Nervous tissue appears (as has been already explained) at the
same time as muscular tissue in the Animal Kingdom, and is
distinguished by its functions, even in its lower conditions, from
other tissues. It receives and passes on stimuli, converts them into
sensations, and produces voluntary excitations. Two conditions are
to be distinguished in the morphological characters of the elementary
parts, nerve-fibres and nerve-cells. The former are mostly present
in the peripheral portion of the nervous system, and are the con-
ducting organs, while the latter form the central elements.

1) Nerve-fibres have not always the same relations, and their
different conditions are to be regarded as stages of differentiation.

a) In their simplest form they are elongated homogeneous
band-like bundles composed of fibres which are so slightly separated
from one another that they appear to be merely striated. For the
majority of Invertebrata the relation of nerve-trunks of this kind
and their branches t6 the histological form-elements is not thoroughly
made out ; and even the question whether the numerous striations
of the nerve-trunks are to be regarded as the indication of their
being composed of separate fibres, is an open one. The presence of
nuclei in their structures is the sole fact which points to their
relation to cells. In other cases fibres united into bundles may be
distinguished as individual elements of structure. The fibre consists
of an apparently homogeneous substance which is limited super-
ficially by a fine membrane, beneath which are the nuclei. Remains
of protoplasm may be at times made out around the nucleus, which
shows that the rest of the fibre is a differentiated substance. The
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stracture of these nerve-fibres is therefore histologically of a similar
grade to that of muscular-fibre, and the only difference between
the two is in the quality of the differentiated protoplasm, which in
one case gives rise to muscle, and in the other to nerve-substance.
Such fibres are to be seen in the Invertebrata as well as in
Amphioxus and the Cyclostomi. In the higher Vertebrata they are
present only in the sympathetic nervous system.

b) Further differentiation gives rise to a second stage of the
nerve-fibre. The nerve-substance, which lies beneath a more or less
delicate envelope, is differentiated into a chord which traverses the
axis of the fibre—the axis-cylinder—and into a fatty substance
which surrounds it. The latter, known as the medullary cylinder
(medullary sheath), gives a highly refractive contour to the nerve-
fibre, and can be separated from the axis-cylinder only by artificial
means. The homogeneous sheath which surrounds the medullary
cylinder—the neurilemma—contains the nuclei which are the remains
of the cells from which the fibre was formed. So far as is yet
known this form obtains in the Gnathostomous Vertebrata only.

2) The other form-element of nervous tissue is represented by
cells, which are called ganglion-cells, as they are principally
present in the swellings (ganglia) of the nervous system. They
form the central apparatus. Their substance is generally finely
granular in character, with many other peculiarities which cannot
be entered into more closely here. The nucleus, which as a rule
is provided with distinct nucleoli, lies in the middle of the granular
substance; this latter is often limited by an external membranous
and firmer layer. A very complicated structure is ascribed to these
cells, and is explained by every observer in essentially different
ways, so that the questions involved appear to be still far from
being settled.

The ganglion-cells possess processes by which they are con-
nected partly to one another, and partly to nerve-fibres. They
form therefore the points of origin of the nerve-fibres. It is not
yet settled how ganglion-cells, which are devoid of processes, and
therefore completely isolated, can be of any service. The fact is,
that the belief in their existence grows less and less every day.
The processes of the nerve-cells vary greatly in number, as well
as in their relation to the fibres; the only point to be noted about
them is that in the differentiated fibres it is the axis-cylinder which
is continued into the substance of the cell, while the medullary
cylinder ceases at some distance from it, or, rather, is no longer
differentiated. The relations of the axis-cylinder to the substance
of the cell appear to vary greatly, and are in many points a problem
still.*¥

* Sorsrig, A., Uceb. d. fein. Structur der Nervenelemente der Gasteropoden.
Leipzig, 1872.
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Origin of the Organs.
§ 28.

In section 13, the title of organs was given to those parts of
the body which were entrusted with a definite function for the
purposes of the organism, and which had a form in correspondence
with this function. In this general sense every form-element is
an organ, just as much as the parts, which are made up of form-
elements, and have a definite function, are organs. The conception
of an organ is therefore a relative one. We must accordingly
separate organs into those of a lower and those of a higher order.
The former are represented by the morphological units or form-
elements—elementary organs—while the organs of a higher order
are those which are made up of a number of elementary organs—
cells, and their derivatives (tissues)—and which are set apart for
a single function. There are but few of these organs of a higher
order in the lowest stages of animal organisation, owing to the
simplicity of the organism. But these few organs form the ground-
work on which the gradual complication of the organism is raised
up by continued differentiation, and in accordance with the principle
of the division of labour. We may therefore call those simple
organs of a higher order, from which complex organs are developed
by differentiation, * primitive organs.” ‘

When we examine these primitive organs more closely, we find
it convenient to associate them with the earliest processes of dif-
ferentiation which take place in the organism, for they can be
derived from them. A collection of smaller cells arises from the
division of the egg-cell, and these have not all the same position.
Some occupy the inmer part of the organism, and others form a

layer which surrounds it, and at the same time

forms the external boundary of the body

(Fig. 14). If in this stage of development

the taking in of food into the body com-

mences, then the inner cell mass becomes con-

¢ verted into the limiting layer of the digestive

cavity, and forms a primitive gut (enteronm).

In many observations the process of division

into two layers is described as due to the

Fig. 14. Separationof ipvagination of a one-layered vesicle. In

the maas of °§u:1f°m°l§ other cases it is represented as taking place
y change of the yol . e .

into & peripheral (¢) differently, so that it is impossible to make out

and a central (d) por- whether there is any phsnomenon common

tion. to all cases, and, if 