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COMPARATIVE ANATOMY.

INTRODUCTION.

I. ON THE NATURE AND MEANING OF COMPARATIVE
ANATOMY.

A THOROUGH knowledge of the animal body cannot be gained
by Comparative Anatomy alone, and it is therefore necessary to
call in the aid of other branches of science also, viz. :—

1. Ontogeny; 2. Pal®ontology; 3. Histology; and 4.
Physiology.

The first of these treats of the developmental history of the
individual, while the second bas to do with the development of
the races of animals in time (Phylogeny). As the different
phases of development of the race are usually repeated to a
greater or less extent in those of the individual, these two subjects
help to complete one another. Thus the object of both alike is
to enable us to ascertain the past by observing the present.

The third-mentioned branch, Histology, teaches us about the
structural elements—the building-stones of the organism. It
shows how these elements are combined to form tissues, and how
organs are constructed out of the latter. The organs again
combine to form systems of organs.

The structural elements consist primarily of cells and second-
arily of cells and fibres, and the different tissues may be divided
into four principal groups :—

1. Epithelium, and its derivative, glandular tissue.

2. Bupporting-tissue (connective-tissue, cartilage, bone).

4. Muscular tissue.

4. Nervous tissue.

In accordance with their physiological character, epithelium

and supporting-tissue may be described as passive, and muscular
and nervous tissue as active,

I
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COMPARATIVE ANATOMY.

By an organ we understand an apparatus constructed to perform
a definite physiological function, as, for instance,—the liver, which
secretes bile, the gills and lungs, in which an exchange of gases
18 effected with the surrounding medium, and the heart, which
pumps blood through the body.

The organ-systems, which will be treated of in order in this
book, are as follows:—1. The outer covering of the body, or
integument; 2. The skeleton; 3. The muscles, together with
electric organs; 4, The nervous system and sense-organs;
9. The organs of nutrition, respiration, eirculation,
excretion, and reproduction,

The closely-allied branches of science defined above are united
together as Morphology, as opposed to Physiology, which
concerns the functions of organs, apart from their morphological
relations.

Morphology alone leads us to a satisfactory explanation of the
structural pbenomena of the animal body, for it not only reveals to
us the law of heredity and the consequent relationship of
animals to one another, but it also helps to explain certain de-
graded and rudimentary forms, which, considered as isolated
adult animals, would always remain absolutely incomprehensible.
Further, it shows us on the one hand how the animal organism
15 acted upon by the influence of its surroundings, and how it
is apt to -::Eange gradually and more or less continuously ; and on
the other hand low the capacity of adaptation resulting from
these changes varies inversely with the persistence of inherited
qualities. These two important opposing factors, adaptation
and heredity, constitute the formative prineiple of the
animal body.

I1I. DEVELOPMENT AND STRUCTURAL PLAN OF THE
VERTEBRATE BODY.

The structural elements described in the preceding section as
the building-stones of the organism, .e. the cells, 311. arise from a
single primitive cell, the egg-cell or ovum. This forms the
starting-point for the entire animal-body, and a somewhat full
account of its structure and relations must therefore be given here.
The stages in its development will only be described in a very

ral manner.
g“me':['he unimpregnated ovum consists of a rounded vesicle (Fig. 1),
:n the interior of which the following parts can be distinguished :—
The vitellus (D), the germinal vesicle (A7), and one or more
germinal spots (KF). Of these, the germinal vesicle s the most
important physiologically (r:iomp._p. 3). The outer-covering of the
ovum is spoken of as the vitelline membrane,
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division of the ovum into four parts, and by a similar process airc
formed eight, then sixteen, then thirty-two spheres, and so on, & 1?
spheres becoming smaller and smaller, and each being providec

a - - E L
with a nucleus. In short, out of the original ovum, corresponding

Fia. 3.—DIAGRAM OF A EHMEHTHH MEROBLASTIC (VUL
Bla, blastoderin ; Do, yolk.

to a single cell, a mass of cells is formed, which represents the
building-material of the animal body, and which, from its likeness
in appearance to a mulberry, is spoken of as a morula.!

Fic. 4.—BLASTOSPHERE.

BD, blastoderm ; FH, segmentation cavity.

In the interior of this mornla a cavity (segmentation cavity)
filled with fluid is formed, and the morula is now spoken of as the
blastosphere or blastula. The peripheral cells enclosing this
cavity form the germinal membrane or blastoderm (Kig. 4

¥

' A segmentation of the entire ovum ocenrs in Amphioxus, Cyclostomes, Stur-
geon, Lepidosteus, Amphibians, and Mammals (with the exception of Monotremes). In
Elasmobranchs, Teleosteans, Reptiles, Birds, and Monotremes, in which a very large
amount of food-yolk (deuteroplasmj is present in the protoplasm, the egg under-
goes onlya partial segmentation, the main mass of the yolk remaining undivided
and serving merely as nutritive material for the developing embryo. The former
are spoken of as holoblastic (Figs. 1 and 2), the latter as meroblastic (Fig. 8).
The eggs of the Sturgeon, Lepidosteus, and in a less degree those of Cyclostomes and
Amphibians, though holoblastie, approach the meroblastic type.



b COMPARATIVE ANATOMY.

Bﬁj:l Cousisting at first of a single layer of cells, the blastoderm
later on becomes two- and then three-layered. From the relative
positions of these, they are spoken of respectively as the outer,

middle, and inner germinal layers, or : ib
and hypoblast.® yers, or as epiblast, mesoblast,

The question as to the origin of the germinal layers, on account of its im-
portant signification, is one of the most burning problems in Morphology, and
as yet we cannot arrive at any full and satisfactory conclusion on the subject.
It may, however, be affirmed with certainty that in all Vertebrates the blasto-
sphere passes—or did so in earlier times—into a stage called the Gastrula.’®

ne must lmﬁﬁme this form as being derived primitively from the blastula
by supposing that the wall of the latter (Fig. 4, BID) beeame pushed in, or

Fig. 5. —GASTRULA.
Ekt, epiblast ; Enf, hypoblast ; Blp, blastopore ; U, archenteron.

invaginated, at one part, thus giving rise to a double-walled sac (Fig. 5). The
outer wall then represents the epiblast (Ekt), which functions as an organ of
protection and sensation, while the inner, or hypoblast (Ent), encloses a central
space, the primitive intestinal cavity (are henteron), and represents the
assimilating and digestive primary alimentary canal. The opening of the
latter to the exterior, where the two germinal layers are continuous, represents
the primitive mouth, and is called the blastopore (Fig. 5, Bip).

Out of the epiblast arise later the epidermis and its derivatives,
as well as the entire nervous system. The latter is formed as an

1 [n meroblastic Vertebrate ova the blastoderm only extends part of the way
round the periphery of the evum (Fig. 3).
2 The terms ectoderm, mesoderm, and endoderm are applied to the corre-

sponding layers in an adult animal.
3 The process of the formation of the gastrula may be actually observed at the

resent day in the holoblastic ova of cerfain Fishes (sce nofs, p. 5) and of Amphibia,
and the same process essentially occurs in the meroblastic ova of other Fishes, though
it is here more difficult to recognise. In the case of . the Amniota the difficulty is
atill greater, but although we have no direct proof of the existence of a gastrula
stage, the intimate connection of the developmental processes throughout the animal
kingdom renders it a prior: cortain that the gastrula is represented in them.
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Fic:. 7, A AND B.—D1AGRAMMATIC TRANSVERSE SECTIONS THROUGH A DEVELOPING
VERTEERATE EMEBRYO.

D, alimentary canal ; Enf, hypoblast, showing in Fig. A the thickening which will
form the notochord ; Ch! (Fig. B), the notochord now constricted off from the
hypoblast ; U, mesoblastic somite; U®, primary nrinary duct (segmental
duet) ; A, aorta ; SpP, splanchnic and SoP, somatie mesoblast ; €0, Ceel, celome ;
H, remains of the upper part of the celome in the interior of the mesoblastic
somites ; Ekt, epiblast ; Med, medullary cord :—in Fig. A 1t ig shown still con-
neeted with the epiblast, from which it has become constricted off in Fig. B.

A large cleft appearing in the mesoblastic tissue divides 1t 1nto

a parietal layer (Fig. 7, A and B, Sol’), lying along the inner
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1 the epiblast, and into a visceral layer (SpP), which
T:ed:munis attacli':ed to the hypoblast. The former, together with
the epiblast to which if is united, constitutes the somato plleu re,
and the latter, together with the hypoblast, the Sj_pla,nchn-:-p eu rel.
The cavity separating these is the body-cavity, or c:cflnm_ed.
The upper part of the mesoblast, or that which lies on either si 3
of the medullary cord and notochord (see p. 10), becomes separate
from the lower, and segmented to form a series of mesoblastic

Med

Fig. 8. —DraceaMMaTIc TRANSVERSE SECTION THROUGH THE BoDY OF AN Abuvry
YERTEBRATE.

Med, spinal cord ; NR, neural tube ; KW, body-wall ; Co, derma ; Ep, epidermis ;
VR, visceral tube ; Ao, aorta ; Ms, mesentery ; Per, parietal layer of the peri-
toneum ; FPerl, visceral layer of the peritoneum ; Mse, musculature of intes-
tine ; Sulm, connective-tissue coat of the intestine ; Ep, epithelium of intestine ;
DH, lamen of intestine ; 7, vertebral column.

somites, or protovertebrae (Fig. 7, B, UW, H), which lose
their cavities, and eventually give rise to the vertebral column
and longitudinal lateral muscles.

The Vertebrate body is formed on a bilaterally symmetrical
plan, and it may be described as consisting in the adult of two
tubes, a dorsal and a ventral (Fig. 8, NR, 'R). The former, or
cerebro-spinal cavity, encloses the central nervous system (brain
and spinal cord), and may therefore be spoken of as the neural

! The ceelome may arise as a segmentally arranged series of outgrowths from the
archenteron, as, e.g., in Amphioxus (enteroeceles), or it may be formed secondarily

by a splitting (delamination) of the mesoblastic tissue (schizocwmle), The first of
these must be considered as the most primitive.
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tul_:ne; the latter surpasses the former considerably in size, and,
as it encloses the viscera, it may be called the visceral tube.

A cellular, cartilage-like rod—the notochord (chorda dor-
salis), arising primitively as an axial thickening of the hypoblast
(Fig. 7, A and B, %, ChY), forms the basis of the vertebral column,
that is, the segmented axial skeleton which characterises the
Vertebrate body.! This segmentation of the axis, as well as of
other organs and systems of organs (musculature, ribs, roots of
spinal nerves, sympathetic cord, pro- and mesonephros), indicates
that the Vertebrata must have arisen from an invertebrate and
segmented ancestral form.

The anterior ends of the enlarged medullary cord and alimentary
tract enter into a close relation with the outer world, the former
giving rise to the brain and fo certain parts of those sense-organs
with which the higher cerebral functions are connected, while from
the latter are developed the mechanisms for the taking in of
nutriment and for respiration.

The anterior section of the embryo, or head, passes behind
into the trunk, in the hinder part of which the anal and urinogenital
apertures are situated. These parts are classed together as the
body-axis, as distinguished from the limbs, or appendicular
organs, which arise from the trunk.

In Reptiles, Birds, and Mammals, a delicate investment, the
amnion, 1s early formed round the embryo; it arises as a fold of
the somatopleure (Fig. 9, AF, 4). A sac-like out-growth from
the hinder part of the primitive intestine (z.e, 1:mm the splanchno-
pleure) gives rise to the allantois (4/) which becomes highly
vascular, and in Reptiles and Birds extends round the embryo
close under the egg-shell; it here serves as an embryonic respiratory
organ. In all Mammals, except Monotremes and Marsupials, the
allantois becomes attached to a definite region of the uterine wall,
and from it vascular processes or villi grow out into crypts of the
latter, which is also plentifully supplied with blood-vessels, Thus
a placenta is formed, in which interchanges can take place both
as regards nutritive materials and aération between the blood of
the mother and that of the feetus.

Considerable differences are observable in the form of the placenta in dif-
ferent Mammals. The most primitive arrangement is most probably one in
which the allantois becomes attached along a discoidal region of the wall of
the uterns, and the various modifications seen in the different groups may be
looked upon as having arisen in order to increase the absorptive surface. This
may be effected either by the area of that Eart of the allantois which is covered
by placental villi becoming extended, or by the increase in complexity of the
villi and erypts. In the latter case, the 1111:1=.1‘lur.:l-:m§l between feetal and I:IIEI:fEI:]Ilﬂ.I

rts is so close that the mucous membrane of the uterus is torn away with
the feetal part of the placenta at hn:l;h, z}nd the latter is then said to be
deciduate. In the former case, the discoidal placenta may extend so as to

I [n the lowest Vertebrates, the segmentation of the body is indicated mainly by
somites,
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Fia. 9, A, B, AND C.—IDIAGRAMS ILLUSTRATING THE FORMATION OF THE AMNION,
ALLANTOIS, AND YoLK-SAc. A anND B, 1% LOoXGITUDINAL SECTION @ O, IN
TRANSYERSE SECTION,

K, embryo; Dh, alimentary tract ; Do, yolk-sac: +, vitello-intestinal duct : PP,
body-cavity ; 4%k, amniotic cavity ; AF, amniotic fold:; 4, amnion : Al

allantois : m, somatopleura ; b, splane h1ir:-]|l<-|:1'.- - M, medullary cord ; 7, notochord.















SPECIAL PART.

A. INTEGUMENT.

THE skin consists of a superficial ectodermal and a deeper
mesodermal layer. The former is called the epidermis (scarf-
skin) and the latter the derma (corium, cutis). The subcu-
taneous connective tissue is usually not sharply marked off
from the derma, but either passes gradually into the other. The
epidermis always consists of cells only, while the derma is made
up principally of connective-tissue fibres, as well as those of an
elastic and contractile nature. Nerves, glands, pigment-cells
(chromatophores), bony-structures, and vessels occur principally
in the derma, the last two being found in this part of the
integument only.

The dermaisalso permeated thronghout by leucocytes (white blood-corpuscles),
and this is especially the case in Fishes. These leucocytes penetrate to the
su%)erﬁcial layer of the epidermis, and carry pigment granules.! Here they
take on amaboid movements, and break up into numerous small pigment-
containing particles, which are taken up by the epithelial cells.

From what has been said above, it is clear that the skin pre-
sents much variety both in form and function, and this cannot
be wondered at when one considers how accessible its outer surface
is to external modifying influences.

In the epidermis two layers may always be distinguished :—an outer,
composed of horny cells (stratum corneum, horny layer), and a deeper,
made up of soft protoplasmic cells (stratum Malpighii, mucous layer).
The latter serves as a matrix for the regeneration of the horny layer,
the superficial part of which is continually scaling off. From the epidermis
all the glands of the skin, and all other parts spoken of as epidermie
structures take their origin, Such are hairs, bristles, feathers, nails, claws,
hoofs, &. The peripheral sensory end-organs of the skin are to be con-
sidered as arising by a differentiation of epidermic cells : the definite relation
which many ofmﬁlese organs have with the derma must be looked upon as a

gecondary acquirement.

1 Pigment is never formed in the epithelial cells themselves, but always originates
in the derma.

- '_.-_.....-.i...-_-L..I'__..'L_..._p- -
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as well as similar elements connected with complicated pieces of apparatus
will be treated of later in connection with the sense-organs,

The meaning of the “granular cells” present in the integument of
Petromyzon, as well as of the so-called “club-"and “goblet-cells? in the
many-layered epidermis of osseous Fishes, is as yet ¥ no means clear ; it
is, however, not improbable that the latter of these have to do with the pre-

paration of a secretion which protects the outer skin from the action of
the water,

The scales of Fishes lie in connective-tissue pouches of the
derma, and are formed as ossifications of the latter, In Teleostei
they are covered by the epidermis throughout life ; in Ganoids and
Elasmobranchs this is only the case in the larva. (For further
details compare pp. 31 and 32))

Pigment-cells (cp. p. 16), which are under the influence of
the nervous system and are able to cause a change of colour, are
present sometimes in both layers of the integument, sometimes in
the epidermis only. Muscles and glands, such as are found
in the skin of other Vertebrates, are not usually present
in Fishes.!

Phosphorescent organs are present in the integument of some Fishes.

Amphibia.—The structare of the integunment in larval Am-
phibians somewhat resembles that of Fishes, while in adults it
more nearly approaches that seen in Reptiles,

The epidermis of those larvee which live in the water consists
of two sharply differentiated layers. The outer layer is made up
of flat cells with a striated border (Fig. 114, CS) on their free edge,
like that already described in Fishes: the inner layer is composed
of more cylindrical or cubical cells (). The former corresponds to
the stratum cornewmm, the latter to the stratum Malpighii.

Later, with advancing development, the layers of the epidermis
become more numerous, and involutions towards the derma take
place in all parts, giving rise to a great number of globular and
tube-shaped glands, which are particularly abundant in certain
regions—more especially in the head and flanks. _

Their secretion serves to keep the skin moist, but, as experi-
ments have shown, it also forms an important weapon of defence,
on account of its poisonous properties.”

1 There ave, however, several exceptions to this rule. In male Elasmobranchs
there is a large glandula pterygopodii (gland of the clasper) at the base of each
pelvic fin. It arises as a tube-like invagination of the skin, and is in relation with
the copulatory organs (cp. the chapter on these organs). In the Weever (Trachinus)
there is a series of poison-glands lying on either side of the bases of the spines of the
dorsal fin ; they are situated at the bottom of integumentary sacs, and their ducts
open close to the bases of the spines. In Thalassophryne the operculum is pro-
vided with a hollow spine, at the base of which a poison-sac is situated, and in
Synancein there are also a series of * poison-bags " at the bases of thv grooved
dorsal spines (Giinther). Poison organs appear to be present in certain other Fishes
(many Siluroids, Agtobatis) but the existence of actual glands is not certainly known.

2 The poison has no effect on other individuals of the same species ; but it acts
very powerfully on closely allied forms, as well as on the higher animals,
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were much more abundant in Amphibians of former times; those

of the Carboniferous and Trias (Stegocephala, Labyrinthodonta)
were richly provided with them, '

For a further reference to the ring-like seutes and scales found in Cieeilians,
the reader is referred to the chapter on the dermal skeleton, and it is only
necessary to state here that the rings accurately correspond in number with
the vertebrae,—a very rare occurrence. The same is true of certain Amphis-
bienians (e.g. Blanus cinereus).

Reptilia.—In contrast to the skin of Amphibians, that
of Reptiles is very deficient in glands. In Lizards, a series
of “femoral glands” occur along the ventral side of the thigh,
the secretion from which, as it passes out of the apertures, hardens
so as to form a series of papille or warts, which appear to serve as
clasping organs during copulation. In Amphishenians integu-
mentary glands are also present: they lie anteriorly to the cloaca,
and open into the “ pre-anal pores.”

The characteristic peculiarity of the skin of Reptiles
is its capacity of producing scales, warts, prickles, shields
(e.g. the  tortoiseshell” of Chelonians), claws, rattles (of Rattle-
snake), and suchlike structures.

All these integumentary organs, as already mentioned (p. 16),
are to be included in the same category as the feathers of
Birds and the hairs of Mammals: that is, all arise at first by a
proliferation of the epidermic cells, a portion of the dermal tissue
taking partin their formation later on, Certain special differences
are, however, always to be observed in the development of these
different structures, as will be mentioned presently.

As in Amphibia, calcifications or ossifications may occur in
the derma, The horny layer of the epidermis may be either
periodically cast off enfire (Snakes), or in shreds from time to
time: it 1s renewed from the Malpighian layer. Pigment-cells
also occur, rendering possible in many cases a change of colour
(e.g. Chameleon).

Birds.—Birds possess a thinner derma than do any other
Vertebrates, and it is not very plentifully supplied with blood-
vessels, although, as will be mentioned in another chapter, sensory
organs (tactile corpuscles) are abundant. In the deeper layers
there is a strongly developed network of musele-fibres, which are
inserted into the feather-sacs, and serve to erect the feathers.

The feathers, arranged in so-called “ feather-tracts ” (pterylee)
separated by naked regions (apteria), form the most marked
peculiarity of the body of Birds, and their development is very
instructive. In the region where a feather is to be formed, the
dermal tissue becomes raised up towards the ectoderm (Fig. 12, A,
Cu, Sc, SMY), and thus gives rise to a papilla (Pap). As this papilla
grows out to form an elongated cone w_lth a pointed apex, the
feather-germ (Fig. 12, B, FK), its base sinks gradually deeper and
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central pulp-substance, give rise to a tuft of horny rays, which are,
however, at first bound together by the enclosing stratumn cor-
neum, Most Birds are hatched when the feathers are in this
stage of development, and they thus appear as if covered with
pencil-like hairs,

By the shedding of the surrounding horny layer the rays or
barbs become free (Fig. 12, D, HSY), and if they are all similar to
one another, an embryonic down-feather (pluma) is formed.
The whole feather-germ, however, does not become divided up into
barbs in this manner: its lower portion, embedded in the skin,
E‘;il;gh;s a more uniform character and forms the quill (calamus)

:,lf.i‘ .

The embryonic down-feathers (Fig. 12, E), on the individual
barbs of which smaller secondary rays or barbules become
developed (see, sec), may retain their character as such throughout
life or may be replaced by definitive feathers. In this case a second
follicle early arises from the base of the follicle of the down-feather,
with which it is connected by a cellular cord, and which it closely
resembles in structure (Fig. 12, D, F'). The papilla developing
within the interior of this new follicle grows rapidly, gradually
pushes the base of the down-feather out of its follicle, and comes
to the surface. Each definitive feather at first closely resembles a
down-feather in structure, and consists of a tuft of similar rays or
barbs provided with barbules. In the course of further growth,
however, one of the rays becomes rapidly thickened, and forms a
main axis or stem (seapus), to which the barbs are attached on
each side. The proximal or basal portion of the scapus which bears
no barbs is called the quill (calamus), and the distal part, to
which the barbs are attached, the shaft (rachis). The barbs
together constitute the vane (vexillum) (Fig. 12, ¥, R, HSt, scc).
The secondary rays or barbules are so arranged on each barb (H5f)
as to make the latter resemble an entire feather in appearance.

In many Birds, each quill of the ordinary feathers of the body bears two
vexilla, the second being spoken of as the aftershaft (hyporachis).

In this manner the contour feathers (penna) are '_F'ur_med,
such, for instance, as those on the wings and tail. The indiwc!ua,l
portions of the vexillum usually become very closely united
together, so that an extremely strong and resistant though pliant
structure is formed. :

A periodic casting of feathers, or “moulting,” takes place
in all Birds, and corresponds to the similar process of the casting of
the outer skin in Reptiles ; in Mammals there is a continual scaling
off of the epidermic cells of a similar nature.

The feather-covering of Birds must have been acquired in very early
geological periods, for Archmopteryx, found in the Jurassic strata of
Bavaria, possessed well-formed feathers with a very delicate shaft and vane.

e e i
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A richer hairy covering (lanugo) is often met with in the embryonic
condition—as, for instance, in the human fetus—than oceurs later ; and this
fact, together with the oceasional appearance of abnormally hairy individuals,
indicates that at one time man was distinguished by a far more abundant
clothing of hair than at the present day. In the normal condition the Ainos
and the Aunstralians are the most hairy races.

When pigment is present, it is always situated in cells of the
Malpighian layer; particular parts, as, for instance, the external
genitals (labia majora and serotum), the arms, the teats, and the skin
of the axillze in Man, are especially well provided with it.

The outer layer of the derma, as may be seen by a glance at
Fig. 15, may be divided into an outer papillary and an inner
veticular portion. The former contains both nerves and blood- and

Tig, 15.—SEcTION THROUGH THE HumMan SEIN.

Yo, shr enm ; &M, stratum Malpighii; Co, derma; F, F, subentaneons

% b;::f ?‘l::.}}*::;r;'vu-papiﬂm : P, vascular papill® ; N and &, nerves and vessels of
the ‘derma : 81, 8D, sweat-glands, with their ducts (S0, S0V ; H, hair with
sebaceous glands (D),

1:,rmph-capillariea; the latter, on t!me other hand, becomes }nst
without any sharp boundary line in the sub-dermal connective-
tissue, and in the more or less strongly-developed fatty layer
panniculus adiposus). Smooth muscle elements are distributed
throughout the derma; they are particularly abundant in the
serotum (dartos) and in the teats.

The integumentary glands are tube-shaped or else berry-
s‘rmped or glcrhu]&r. The former kind, which we must consider as
the most simple and primitive, include the su[eat-gla. nds a,mjl their
modifications (e.g. ce ruminouslglﬂnd s); while the latter, which are
more highly developed histologically, are zfoken of as .se'l:- ac em:i s
glands. To the latter group belong the ready-mentioned glands
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B. SKELETON.
I. DERMAL SKELETON.

Tue dermal skeleton, as phylogenetically the older, is best
considered before the endoskeleton. Its relative age is shown

Fio. 17 (after O. Hertwig).—a, DERMAL ARMATURE OF Hyposloma connune (a
Siluroid) ; b, DENTIOLES FROM THE SKIN OF THE ABDOMEN OF Callichthys ; o,

PraTES FrROM THE TAIL-FIN oF Hypostoma.
Z, dermal denticles, shown broken off from their bases at 21 ; BP, basal plate.

so by Ontogeny, inasmuch as

not only by Paleontology,! but al
in the derma or perichondrium

calcifications and ossifications 1n

ancient forms which were protected by well-developed dermal
ntioned the armoured Fishes of the Devonian and Siluran
d Amphibians of the Carboniferous, Trias, and Jurassic.

1 Ag examples of
skeletons, may be me
strata, and the armoure
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appear much eatlier in the developing animal than do definite
ossifications within particular parts of the cartilaginous skeleton.
The condition which obtains in Fishes and Amphibia well illustrates

Fie. 18 —DErMAL DENTICLES 0F Profoplerus.

D, the apical portion of the denticle; S, &, the base of the denticle, the cavity of
which is seen in optical section through the transparent apical portion at 8.7 and 5.2,

this. To take a single example : the young File-fish (Balistes) is
provided with a complete dermal armour at the time when the
ossification of the primordial eranium has hardly begun.

Fia. 19. —DERMAL ARMATURE OF Callichihys.

B, barbules ; BrF, pectoral fin ; BF, pelvic fin ; RF, dorsal fin; DS and ¥7S, dorsal
and ventral bony shiclds ; t. lateral line,

The exoskeleton originates by the f ' 1
_ : y the formation of small denticles
(Figs. 17 and 18) attached to basal plates, which lie scattered over
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The caudal region of the vertebral column deserves particular
attention in Fishes, and the primitive condition of this region in
.&rpphiuxus, Cyclostomi, and Dipnoi, may be taken as a starting-
point. In these, the notochord extends straight backwards to the
hinder end of the body, and is surrounded quite symmetrically

Fic. 27.—PoRrTioN OF THE VERTEBRAL CoLUMN oF A YouNc Docrism (Seylliuin
canicula). (After Carticr.)

¢, notochord ; Kn, outer, and Kn', inner, zone of cartilage ; FK, the fibro-carti-
laginous mass lying between these zones, which is undergoing ealcification ; Ld,
intervertebral ligament,

by the tail-fin, which is therefore spoken of as protocercal or
diphycercal (see Fig. 29). This condition is met with also in
many Fishes of the Devonian strata, as well as in young stages of
MTeleostei. In the latter, however, the ventral half of the tail-fin
with its supporting skeleton becomes, as a result of unequal growth,

9;5 T

WA
Fic. 28, —PoRTION OF THE VERTEBRAL COLUMXN OF YT,
ieces. The apertures for the spinal

IV K, centra ; b, upper arches ; Te, intercalary L}J

nerves are seen in the arches and intercalary pieces.

more strongly developed than the dorsal, and thus the vertebral
column is bent up dorsally, giving rise to a hqtemcercal tail.
This form of tail may be recognised externally, as in many Elasmo-
branchs, Ganoids, and numerous fossil Fishes, or ma.;.!‘be rr}asked by
o more or less symmetrical tail-fin, when 1t 1s only visible internally
(Lepidosteus (Fig. 80) and Amia to some extent, but more particu-

larly in most Teleosteans,! ¢.g. Salmo, Esox).

1 The term homocercal is sometimes used to describe the masked Leterocereal

condition of the tail in Teleostel.
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also be remarked upon, as it differs in tailed and taill -5
bians. The long caudal portion of the tadpole’s verte'b{:"i%l fﬂlﬁlﬂllltl]
which is very similar to that of Urodeles, undergoes durin :
metamorphosis a gradual retrogressive change, and the vertrebrg
of its proximal end become fused together and ossified to form a
long unsegmented dagger-like bone, the urostyle (Fig. 32, Oc).

The upper as well as the lower arches of the vertebra are in di
connection with the centra. Lower arches are present uI:ﬂ:; i':uﬂ:g cigr‘igf';l
region of Urodeles, and evidently correspond to the already-mentioned basal
processes of the vertebrm of Ganoids. The most anterior in some cases
function as supports for the ribs, and this circumstance is sufficient to render
untenable the earlier view that the lower arches are modified transverse
processes ! or fused ribs, as is the case in some Fishes.

The neural spines, as well as the transverse processes, which are as
a rule bifurcated at the base and are present from the second vertebra onwards,
show the greatest variety as regards shape and size, differing in the several
regions of the body. The transverse processes of the single sacral vertebra
which give attachment to the pelvis, are particularly strongly developed.
especially in the Anura. & ’

Articular processes (zygapophyses) which are usually
present in Fishes that possess a bony vertebral column, are well
developed in all Vertebrates from the Urodela onwards, and
consist of two pairs of projections arising respectively from the
anterior and posterior edges of the base of the neural arch. Their
surfaces are covered with cartilage, and overlap one another from
vertebra to vertebra like tiles on a roof: not unfrequently the
neural spines also articulate with one another, and thus a well-
articulated and mobile chain-like vertebral column results.

From the Amphibia onwards the first vertebra, or so-called
atlas (and this is the only cervical vertebra of Amphibia), becomes
differentiated from the others. In Amphibians it consists of a
simple ring which articulates with the two condyles and the basis
oranii. As numerous researches have shown, however, the first ver-
tebra of Amphibians does not correspond to that (i.e. the atlas) of the
higher Vertebrates, but is much more nearly homologous with the
second cervical vertebra of the latter—the axis (epistropheus).
This is demonstrated by a study of its development, which shows
that the real atlas loses its individuality as a separate mass, and

v

becomes united with the occipital region of the skull

Reptilia.—In contrast to the numerous fossil forms, only a
few existing Reptiles, viz, Hatteria and the Geckos (Ascala-
bota) retain throughout life the primitive biconcave character of
their vertebrs, with the notochord expanded intervertebrally.

In all the others, the notochord remains expanded longer in the
vertebral regions than intervertebrally, but in the adult it becomes
entirely aborted and replaced by bony tissue. This stronger an}l
more solid ossification of the whole skeleton forms a characteristic

1 Traces of the transverse Processes are present nearly to the end of the tail.
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I, RIBS.

The ribs, standing in the closest connection with the myocom-
mata (myotomes) of the great lateral muscles of the body, are
arranged segmentally, and onto- as well as phylogenetically, pass
through a membranous, a cartilaginous, and a bony stage. Their
development, which as a rule takes place first in the anterior part
of the body and then extends gradually backwards, is usually
entirely independent of the vertebral column, their connection with
it being a secondary one.! *

Fishes and Dipnoi.—The cartilaginous or bony ribs are
attached to the basal processes already described, and extend
ventro-laterally from the corresponding vertebre. The
1ibs of Fishes show a very primitive condition, usually extending
along the whole length of the vertebral column (Lophobranchii,
Spatularia). In rare cases they are absent, though many Fishes
only possess rudumentary ribs (many bony Fishes, Elasmobranchs).

In others, as in numerous Teleosteans and Ganoids, they are
very well developed, and encircle the body-cavity like the hoops ot
a cask ; but they never unite together in the mid-ventral line.

The relations of the anterior liﬂrtiﬂﬂ of the vertebral column to the auditory
organ in certain Teleosteans wil be described later (see p. 207).

Amphibia.—In the 1ribs of Amphibia there are evident
signs of degeneration; as a rule they are confined to the region of
the trunk, or at most they extend in certain Urodeles in a very
rudimentary form as far as the first two caudal vertebre ; in other
cases, as in the tailless Batrachia, they are so remarkably short
that they can no longer be said to encircle the body-cavity. In
many Anura the ribs are not distinetly articulated, as they become

fused with the broad transverse processes (Fig. 32, R).

The ribs of Urodeles are forked at their proximal ends, and articulate with
the bifurcated transverse processes of the vertebre, The ventral limb only of
the transverse process corresponds to the basal process of Ganoids; the dorsal
one is to be looked mpon as & neomorph. The bifurcated ends of the ribs in
Reptiles and Birds as +well as the double articular facets of the ribs of Mammals
are to be explained in the same manner.

1 The ribs of Ganoids, and possibly also those of Dipnei, seem to follow an
entirely different plan of development, in that they become se mented off from the
lower arches, as mentioned in the chapter on the vertebral column.
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o6 COMPARATIVE ANATOMY,

for the head a metameric origin of the same nature as that of
the body. This, however, is not admissible, inasmuch as the above-
described segmentation of the visceral section of the skull by
the formation of gill-slits does not correspond to a segmentation
of the same nature as that seen in the body, but arises quite
independently. To express it briefly—Metamerism does not
correspond to branchiomerism., It follows that a direct
parallelism of the branchial nerves to the intercostal nerves—which
correspond with: trunk-metameres — does not exist, and the attempt
to solve the problem of the Vertebrate skull by indirect methods,
z.e. those of Comparative Anatomy, must lead to crude theories and
false conclusions.

The result of the above considerations may be shortly expressed
as follows :—

1. The Vertebrate skull is not a structure sui gemeris, but has
been derived by a metamorphosis of the most anterior section of
the skeleton of the body.

2. The proof of this lies in the common origin of both the
cranial and vertebral skeleton out of the protovertebree (somites,
metameres).

3. The skull is divided into two main sections, a dorsal and a
ventral, The former encloses the brain, and is spoken of as the
cranium, while the latter lies in the regiun of the fore-part of the
alimentary tube, has primitively to do with branchial respiration,
and is called the visceral skeleton.

4, The cranial section alone is to be looked upon as made up of
a series of mesoblastic somites: the segmentation of the visceral
skeleton must be regarded as a secondary acquisition, for the gill-
arches are developed as secondary supports for the hypoblastic
gill-clefts.

5. The attempt to explain the adult skull as a series of
vertebra? fails completely ; it is a question of protovertebra
(somites) only, and thus is one that can only be solved along the
lines of Embryology, and not those of Comparative Anatomy.

6. The number of mesoblastic somites concerned in the
formation of the skull may be fixed at nine,? according to researches
up to the present time on Cyclostomes, Elasmobranchs, and Am-
phibians. In no case are there fewer,—in many instances possibly
more.

! Rosenberg has, however, shown that in Carcharias glaneus, but apparently
pot in other Selachians, the portion of the cranium lyin between the exit of the
vagus and the vertebral column is clearly composed of three vertebra, which gm
dually fuse with, and constitute a part of, the occipital region of the skull (Gadow
finds four vertebrz in embryos of Carcharias which thus become modified). 1t follows
that the cartilaginous cranium is not cnmp]etgli homologons throughout the Verte-
brata : the skull of Carcharias corrresponds with that of Seyllium, for instance, plus
certain of the anterior vertebiz. j A :

Qacemehl has found a somewhat similar modification in Ganoids. :

? Beard, in a recent paper, increases the number of segments in the head in

Sharks to eleven.
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62 COMPARATIVE ANATOMY,

regions of the skull which are only membranous.! Again in other
cases, true bones are not formed at all, there being only a calcareous
incrustation of the cartilage (caleified cartilage).

The bones arising in the membranous regions of the skull come
under the category of the dermal skeleton and, as already men-
tioned with regard to the latter, are to be looked upon as originat-
ing genetically (Amphibia, Fishes) or phylogenetically (Amniota)
in connection with tooth-structures. In this manner, the bones
of the mouth-cavity of Fishes and Amphibians, for instance, still
arise, and this will not surprise us when we remember that the
epithelium of the oral cavity is formed by invagination of the
outer skin,

This mode of origin of the first skull-bones appears
to be the oldest or most primitive, and it is most apparent
in the lower Vertebrates (Fishes). This holds good also for
those cases in which bones are formed merely by deposition of cal-
careous matter directly in the connective-tissue layer, without
giving rise to tooth-structures (e.g. in all investing bones—those,
for instance, of the roof of the skull of all Vertebrates from the
Amphibia to the Mammalia): this may be looked upon as an
abbreviated development.

The phylogenetically younger endochondral bones n}npear first in the
Anura and onwards, though in Urodeles only the perichondral mode of origin
is seen, and even in Anura this mode oceurs largely. Not nnfrequently,
endochondral bones and investing bones come into apposition, and fuse together.
Thus it may happen that in the course of generations an investing bone may
take the dplane of a cartilage bone, and the formation of cartilage be entirely

1

suppressed, and not repeated again ontogenetically.

The following lists give a summary of the most important

bones according to their different relations to the skull.

I. Bones of the Mouth Cavity (partly lying within i,
partly bounding it on the outer side).

1. Parasphenoid.
2. Vomer,

3. Premaxilla.

4. Maxilla.

. Jugal. :
. Quadratojugal (in part}.
. Dentary.

. Splenial.

. Angular,

10. Supra-angular.

\ 11. Coronoid.

12. Palatine.

13. Pterygoid.

IxvEsTING
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1 1 -aviotios of ossification may be conveniently classified as follows :—
I.Tlﬁgﬁiﬁnt; Rﬁlgigg. (@) Derm ust};aus—nssiﬁcatiulla of the derma; {IE:-}
Parostoses—ossifications of the looser subcutaneous tissue; () Ec-:t ustoaesmnim Ii‘
cations of the inner layer of the fibrous investment (perichondrinm) 19.1' a tract o
cartilage : these may extend into the latter, replacing it, m1df'e'!:u$ FTELI] 158 la:ln P
11. Carti e¢ Bones, which may, however, also be formed independently,

bony deposit taking place within the cartilage itsell (endostosis).
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64 COMPARATIVE ANATOMY.

The skull of Elasmobranchs presents the simplest conditions
and most easily comprehensible relationis, so that it may be taken
as the starting-point for the study of the skull of all other
Vertebrates. It consists of a simple cartilaginous and fibrous

B Aa

1
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Fic. 49.—SrvLL AXD BrANCHIAL BAskET oF Pelromyzon planeri.

Lb, labial eartilage ; R, cartilaginous ring-shaped support of the svetorial mouth :
A, B, C, three other supporting plates of the suctorial mouth; ZB, lingual
enrtilage ; Na, external nostril ; N, nasal sac; T'r, trabecule; FQ, to-
quadrate ; S5, fibrous cranial tube, which is eut through behind at M€ (medul-
lary canal) ; OR, auditory capsule ; Hy, hyoid ; Ki, gill-openings ; , posterior
(pericardial) cartilage of the branchial basket ; *,*, transverse bars of the branchial
basket ; C, notochord.

capsule either immovably united with the vertebral column
(Squalidee) or connected with it by articulations (Rays and
Chimerae),

Fic. 50.—SKULL oF Heptanchus.

PF, AF, postorbital and ant-
orbitnl processes; Orb, orbit; R, rostrum ; NK, nasal capsule; 1, ion of

IS, vertebral eolumn; GK, auditory capsule ;
articulation of the palatogquadrate (PQ) with the skull; @, articulation o lower
jaw ; Md, mandible ; Z, teeth.

' 1 1
o bones are never developed, the cartilage being merely
calc%.;d; the palatoquadrate and the lower jaw are nevertheless

richly provided with teeth (Fig. 50, Z).

. S
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1

Amongst the Ganoids, the lowest condition is met with in
those forms in which the hyaline primordial skull, immovably
tixed to the wvertebral column, is still retained. These forms are
spoken of as Cartilaginous Ganoids, The appearance of
definite bones, however, divides them sharply off from the Elas-
mobranchs, and proves their skull to be at a much higher stage of
development. These bones have the form of richly sculptured
plates and shields, and are developed partly from the mucous
membrane of the mouth (as for instance the parasphenoid, which
lies along the base of the skull), and partly from the outer skin
(compare the chapter on the dermal skeleton, p. 32).

Fig, 52.—CRANIAL SKELETON OF STURGEON (Acipenser) AFTER REMOVAL OF 1THE
EX0OSKELETAL PARTS,

I8, vertebral columm ; SpaV, apertures for spinal nerves; Psp, spinous processes ;
06, nenral arches ; ¢, notochord ; K, auditory capsule ; PF, AF, postorbital
and antorbital processes; Orb, orbit; If, optic foramen; =, vagus foramen ;
Na, nasal cavity ; B, rostrum ; *, prominent ridge on the basis cranii; Ps, Ps,
Ps*, parasphenoid; P, palatoquadrate; Qu, quadrate; AMd, mandible; JDe,
dentary; v, articular ; }?l:n, hyomandibular ; Sy, symplectic; [k, interhyal;
hy, hyoid ; I to ¥, first to fifth branchial arches, with their segments—the
double pharyngo-branehial (), the epibranchial (b), the cerato-branchial (), and
the hypobranchial (d); Cop, basal elements of the visceral skeleton ; K¥, ribs.

This dermal skeleton attains to a much more considerable
development in a second group of these Fishes—the bony
Ganoids—and gives rise to a strong armour composed of numerous
pieces lying on the roof of the skull (Fig. 55). The ossifications are
not restricted to the outer surface, but extend into all parts of the
skull, as, for instance, the trabecular regions and the lower jaw ;
the cartilage thus becomes greatly reduced.

The branchial skeleton in Ganoids consists of four or five more
or less strongly ossified gill-arches, decreasing in size antero-
posteriorly. In bony Ganoids the surface which looks towards the
throat is beset with teeth. A gill-cover, often supported by several
bony pieces, is always present. _ :

Tn the form of their skull, the Dipnoi show many points of con-
neetion with Elasmobranchs, Ganoids, Teleosteans, and Urodeles.

e wmaT——
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In other points, however, they differ considerably frm]? alll_ttistsla :
and it is clear that the last-named group cannot have been directly
derived from them. The suspensorium, as well as the very mlas:swe
palatoquadrate bar, fuses with the skull, and, as in Amia calva (a

Fic, 53.—8KULL oF Polypterus bichir From THE DopsAr SIDE.

Pz, premaxilla ; Na, external nostril ; N, nasal ; 8B, S, anterior and posterior
suborbital ; Orb, orbit ; M, maxilla ; &p, spiracular bones; PO, preoperculum (1) ;
80, suboperculum ; Op, opereulum ; ¥, frontal ; P, parietal ; a, b, ¢, d, supra-
occipital shields. The two arrows pointing downwards under the spiracular

shields show the position of the openings of the spiracles on to the outer surface
of the skull.

bony Ganoid), even some of the anterior vertebrm with distinet
neural arches and transverse processes are united with the oceipital
region of the eraninm (Fig. 54, W, WY). (Cp. note on p. 56
Posterior in addition to anterior nasal a ertures
appear in the Dipnoi for the first time: this is an indication of
air-breathing.
Cranial bones are not nearly so numerous as in Ganoids, and
F 2
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- - » - ‘
the underlying hyaline primordial sknll persists entirely (Cera-
todus), or to a large extent. Gill-covers and branchiostegal rays

e s
.

Fic, 54, —CRANIAL SKELETON, PECTORAL ARCH, AND ANTERIOR EXTREMITY OF
Protopterus.

W, W, the vertebre which are fused with the skull, with their spinous processes
(Psp, Psp'); Oec, supracecipital, with the hypoglossal foramina ; Ob, auditory
capsule : Tr, trabeculn, with the foramina for the trigeminal and facial nerves ;
FP, fronto-parietal ; Hf, membranous fontanelle, perforated by the optic foramen
(11} ; SK, supra-orbital ; SE, supra-ethmoid ; VK, cartilaginous nasal capsule ;
AF, antorbital process (the labial cartilage, which has asimilar position and direc-
tion, is not indicated) ; P@, palatoquadrate, which converges towards its fellow
of the other side at P@! ; Sy, squamosal, covering the quadrate ; A, A, artienlar
joined to the hiyoid (Hy) by a fibrons band (B) ; D, external dentary ; 1, Meckel’s
cartilage, which is freely exposed, and grows out into prominences ; SEL, ena-
melled ridge ; a, b, teeth ; Cp, Op', rudimentary opercular hones ; I to VI, the
six branchial avehes s KX, cranial vibs; LK, MK, lateral and median bony lamelle,
which ensheathe the cartilage of the pectoral arch (Kn, Kn') ; eo, fibrous band,
which binds the upper end of the pectoral arch with the skull ; @, articular
head of the pectoral arch, with which the basal segment (b) of the free extremity
articulates : *,*, rudimentary lateral rays of the extremity (biserial type); 1, 2, 3,

the three next segments of the free extremity.

are present, though greatly reduced, and even the five or six car-
tilaginous gill-arches are in a very rudimentary condition. The
sharp, blade-like teeth, covered with enamel, deserve notice.

Teleostei.—In this group, the skull presents a large amount
of variation ; its ground-plan, however, may always be derived from
that of the bony Ganoids, and more particularly from Amia
calva. On the other hand, no relations with the Amphibia are
observable, and we must consider the whole group of the bony

Fishes as a side branch of the pisecine phylum,

e —
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Much of the cartilaginous primordial skull persists 1n most
Teleostei; the cranial cavity, in all skulls described up to the
yresent time, may either reach between the eyes as far as the
ethmoidal region, or it may become narrowed and arrested in
the orbital region (Fig. 43, C). 35 : _

The palatoquadrate bar becomes differentiated into a perfect
row of bony plates, which are described as quadrate, meso- and

etapterygoid, pterygoid, and palatine. In the occipital and
:::iditpn;ry yl%:—!giﬂl‘lﬁ}? asj:vell as on the dorsal surface of the skull,
numerous groups of bone are developed, which cannot be further
described here. A canal, lying in the axis of the base of the skull of

many Teleosteans, must be mentioned : it encloses the eye-muscles,
and opens on each side into the orbits.

Fie. 6. —CRANIAL SEELETON oF TROUT.

Fp, epiotic ; Ple, pterotic; Sph, sphenotic; Os, supracccipital ; P, parietal ; F,
frontal ; Sp.cth, supra-ethmoid ; Can, aperture of the canal for the olfactory
nerve ; NI, nasal ; Pma, premaxilla; M, M?, maxilla ; fg, jugal ; Ms, meso-
pterygoid ; Mép, metapterygoid ; oce, orbital ring ; Hm, hyomandibular; s,
symplectic ; Ghe, quadrate ; Pr, preoperculum ; Jop, interoperculum ; Sep, sub-
operculum ; Op, operculum ; HsS, branchiostegal rays; v, articular; De,
dentary ; 4, eye.

All the bones bounding the oral cavity, viz, the vomer, the
parasphenoid, the premaxilla, and the maxilla, may bear teeth.
The maxilla, however, is usually edentulous, and both it and the
premaxilla vary much as to their development: the latter may
even be absent. -

Besides the above-mentioned palatoquadrate bar, the proper
cranial capsule of Teleosteans is surrounded by other outworks
consisting of plates and bars. These arise as dermal bones in the
region of the eyes (orbital ring) (Fig. 55, oco), and in the aill-
covers (opercular bones) (Fig. 55, Pr, Op, Sop, Top). A large
number of branchiostegal ravs are developed in the ventral parts

(]

of the opercular fold, or branchiostegal membrane (Fig. 55, 8s9).
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; 1

J%-.DFEPlDl'l:E", the opercular apparatus lies against a bony chain
consisting of three pieces—the hyomandibular, symplectic, and
quadrate—which serves as a suspensorial apparatus for the lower
jaw {ng, 553 Hm, S, Qu, and Fig. 48, D). The latter consists of
Meckel's cartilage and of several bony elements, the largest of which
is called the dentary (Fig. 55, D¢). The others are the articular
(Fig. 55, 4r), angular, and coronoid. The last, however, is as a
rule absent, and the angular may also be wanting. ,

A curious asymmetry is seen in the head of adult Pleuronectide, When
hatched, these Fishes are quite symmetrical, but later on the eye of one
side becomes rotated, so that eventually both eyes come to lie on the same side ;
in consequence of this, the skull also becomes asymmetrical,

1. Amphibia.

Urodela.—The skull of tailed Amphibians is distinguished
from that of Fishes principally by negative characters,—on the one
hand by the presence of less cartilage in the adult, and on the
other by areduction in the nmmber of bones. In short, it presents
altogether a much simpler plan, reminding us of that of Ganoids
and Elasmobranchs. This 15 seen, for instance, in the larval con-
dition (Fig. 56), in which the chondroeranium still plays a great
part, its auditory, nasal, and orbital regions having the relations
described in the introduction to this chapter. The auditory cap-
sules (Figs. 56 to 58, 0B),—which are bound together by cartila-
ginous basi- and supracceipital tracts, and generally become strongly
ossified later—show a new and important arrangement as compared
with those of Fishes in the presence of an aperture, the fenestra
ovalis, which looks outwards and downwards (Figs. 56 and 58,
Fov). This fenestra is closed by a cartilaginous or bony plug, the
stapes, and will be spoken of again in connection with the anatomy
of the auditory orgau.

In all Amphibians two condyles for articulation with the first
vertebra are developed on the ventral periphery of the foramen
magnum (Figs, 56 to 58, Coce). :

The large nasal capsules, consisting throughout life of consider-
able cartilaginous tracts (Fig. 57, Na), are connected with the
auditory capsules by means of the trabecul®? which form the
side walls of the skull, and enclose a large cavity. This cranial
cavity becomes closed dorsally by the frontals and parietals (Fig,
57, F, P), and ventrally by the parasphenoid (Figs. 56 and 58,
Ps), which is sometimes provided with tecth similar to those
of many Teleostei. In front of it lie the vomers (Figs. 56 and
58, Vo), which bound the posterior nostrils, and in adults each

1 There are never more than rudiments of a supra- and hasioccipital in Anura,
and not even rudiments of thes: bones in Urodeles. ;
2 The trabeculse become more or less entirely ossified as the sphenethmoid and

prootics.

=il Ml

= . i
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Cice Coce Osp
Fio. 56.—SKULL oF A YOUSG Fig. 57.—S8SEULL oF Salamandre atra
Axuvrorn.  (Ventral view.) (Apurt.) (Dorsal view.)

Fig. 58.—SkviL oF Salamandra atre (ADunr). (Ventral view.)

Tr, trabecula; OB, auditory eapsule; Fow, fenestra ovalis, closed on one side by

the stapes (5¢) ; Lat, lignment between-the stapes and suspensorium ; Coce, occi-
pital condyles ; Bp, cartilaginous basilar plate between the auditory capsules ;
(sp, dorsal tract of the occipital cartilage ; JN, internasal plate, which extends
laterally to form processes (T'F and 4F) bounding the posterior nostrils (C);
NK, nasal capsule ; Can, nasal eavity ; Na, external nostrils ; FI, foramen for the
olfictory merve; Z, tongue-like outgrowth (intertraliecula) of the internasal
plate, which forms a roof for the internasal cavity (Fig, 57) ; Qu, quadrate ; Pte,
cartilaginous pterygoid ; Fot, otic process, ped, pedicle, and Pa, ascending
process, of the quadrate ; Ps, parasphenoid ; PY, hony pterygoid ; Fo, vomer ;
Ll palatine ; Pp, palatine process of maxilla ; ¥ap, vomera-palatine ; Pz,
premaxilla ; M, maxilla ; O, sphenethmoid ; s, prootie ; N, nasal ; Ff, pre-
frontal, perforated at D for the lacrymal duet:; ¥, frontal : P, parietal ; Squ,
squamosal ; I7, optie, ¥, trigeminal, and ¥ 17, facial foramen : ¥, point of
entrance of the nasal brmneh of the fifth nerve into the nasal capsile,
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becomes fused with the corresponding palatine (Fig. 58, Vop)
which forms a delicate bar lying on the ventral surface of the
parasphenoid. These relations are secondary, for in the larval
condition a typical palatoquadrate or pterygo-palatine bar is present
(Fig. 56, Pt, Pic, Pi).

On the outer side of the vomer lies the maxilla (Figs. 56 to 58,
M), and in front of this a premaxilla (Pma) which usually encloses,
or at least bounds a cavity. The latter bone extends on to the
dorsal surface of the skull. and abuts against the nasal, behind
which usually follows a prefrontal (Fig. 57, N, St

The suspensorium is much more simple than that of Fishes,
as a glance at the diagrammatic Fig. 48, E, will show. It con-
sists of the quadrate only, which secondarily becomes fused with
the skull, and on the outer surface of which an investi ng bone, the
squamosal, becomes developed (Figs. 56 to 58, Sgu).

The skull of the Gymnophiona, which is characterised by its extreme
strength and solidity, reminds us of that of the fossil genera of Amphibia of
the Carboniferous period. It shows in many points a certain relationship to
the skull of Anura, and is of great inferest on account of the very complicated
structure of the nasal capsule (compare the chapter on the olfactory organ),

Fic, 59.—SKULL oF Rana esculenta. (Ventral view.) (After Ecker.)
The investing bones are removed on the right side.

[ 1OV SR 2 : i

Coce, oceipital condyles ; Olaf, exoccipital ; K, auditory capsule ; Qu, quadr ;

i, Euadmtojxfgnl; Pro, prootic ; Ps, parasphenoid ; s, alisphenoid region ;

Pt, bony pterygoid ; PP, palatopterygoid ; FP, frontoparictal ; ¥, sphenethmoid

(girdle-bone) ; Pal, palatine ; Fa, vomer; M, maxilla ; Pavr, premaxilla ;

N, N\, cartilaginous supports of the nose; [, F, VI, foramina for optie, tri-
geminal, and abducent nurves.

Anura.—The skull of the tailless Batrachia is at first sight very
similar to that of Urodeles. It undergoes, however, an essentially
different and much more complicated development, reminding
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the cartilaginous nasal capsule (compare the chapter on the auditory
organ, p. 199), 'y

With the exception of certain small regions on the dorsal side,
the skull of Anura consists of a complete cartilaginous box : in the
adult the bones are not so numerous asin Urodeles, and the frontal
and parietal of either side as a rule fuse together, thus giving rise
to a fronto-parietal. The maxillary bar grows backwards much
further than in Urodeles, and becomes connected with the suspen-
sorium by means of a small intermediate bone, the quadratojugal
(Fig. 59, @jy). For the relations of the bones bounding the mouth-
cavity, compare Fig. 59.

With the exception of the lower jaw, the visceral skeleton
of Urodeles undergoes varions modifications in the different types.
We may consider the ground-form, as present in the larva, to
consist of five pairs of bars. The anterior pair, or hyoid, consists
of two pieces (Fig. 60, A, HpH, KeH), as do also the two first
branchial arches (Kebr I, 11, Ephe I, 1I), The third and fourth
branchial arches are much smaller, and each is composed of a
single segment (Epbr 11, IV). All the above-named arches are
connected with their fellows the other side by means of a single
or double basal piece (Fig. 60, Bbr I and Bbr II). At the close of
larval life, when the lungs come into use, the two hinder pairs of
arches disappear entirely, while the two anterior pairs undergo
changes as regards form and position, and become more or less
strongly ossified (Fig. 60, B, C). In the genus Spelerpes, which
possesses a sling-like tongue, the lateral (dorsal) segment of the
first true gill-arch (epibranchial ) grows out into a long cartila-
ginous filament, which extends far back under the skin of the back
(Fig. 60, D).

In the Anura there is a much greater redoction of the
branchial skeleton at the close of larval life than in Urodeles. In
the larva, the main skeletal part consists of superficial branchial
cartilages (extra-branchials), which form a continuous structure
comparable to the branchial basket-work of the Lamprey. A hyoid
and small radiments of the four proper internal branchial arches are,

Liowever, present behind the mandible.

¢. Reptilia.

The relationship between the skulls of Reptiles and Birds is very
close, while both are widely separated from those of Amphibians

and Mammals. : ‘
Excepting in the ethmoidal region, the whole chondrocranium
becomes almost obliterated by an extensive process of ossification.
In Snakes, Amphisbenians, and Crocodiles, the cranial cavity
extends forwards between the orbits as far as the u_ethmm(l:!,l region,
while in Lacertilia and Chelonia—in which a fibro-cartilaginous

iy
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interorbital septum perforated by the ulihctm:,rl_uurve 15 present,—1it
is arrested in the orbital region (compare p. 57).

The parasphenoid, which plays so_important a part as an
investing bone of the roof of the mﬂqth in Fishes rm!d ﬂmphlhm_ms,
begins to disappear ; amongst Reptiles it only attains to any 1m-

rtant development in Snakes, where the anterior part remains,
and forms the base of the interorbital region. Its place is taken
by two cartilage bones, the basioccipital and basisphenoid, situated
along the basis cranii. In contradistinetion to the Amphibia, only
a single condyle connects the skull with the vertebral coluwn ;
this, on close examination, is seen to be formed of three parts
(basioceipital and exoccipitals). :

The roofing bones of the skull are well developed, as in
Teleostei, while the trabecular region (ali- and orbitosphenoids)
becomes of secondary importance, its place being taken by processes
growing downwards from the frontal and parietal, especially in
Snakes. The parietals are usually confluent in the adult, and in
Lacertilia are perforated by an aperture (parietal foramen).

For the topographical relations of the several bones to one
another compare Figs. 61 to G4, It will be seen in them that the
around-plan of the Urodele skull, already somewhat fully explained,
1s here fundamentally retained.

A new element, the transverse bone (Figs. 61, 62, and 64, T%s),
extending from the maxilla to the pterygoid, appears, except in
Chelonia and Typhlopide. An imperfect circumorbital ring of
bones present in Lizards is also worthy of mention. The dentition
is stronger than in the forms as yet described, and may be borne,
as in Amphibians, on the palatines and pterygoids as well as on
the proper jaw-bones (Fig. 62, Pl Pt). Rasp-like sphenoidal
teeth are not present in Reptiles, and the Chelonia are altogether
toothless, the free edge of the jaws being covered by sharp horny
sheaths.

The skull of Crocodiles is of particular interest, owing to the
fact that the palatine processes of the maxillee (Fig. 64, ), as well
as the palatines and pterygoids further behind (LI and Ff), meet
together in the middle line, and thus form a secondary roof to the
mouth-cavity, separate from the proper (sphenocidal) base of the
skull. The cavity thus formed closes in the posterior prolongation
of the nasal chambers, in consequence of which the latter become
sharply differentiated from the mouth, and open far back into the
pharynx (Fig, 64, C%). Thus the skull reaches a higher stage of
development, which, only indicated in Chelonia;, is characteristic
of Mammals. In all Reptiles the suspensorium consists mainly
of the quadrate, which may be loosely attached to the skull
(Snakes," Lacertilia), or firmly fixed to it (Hatteria, Chelonia,

11 In Snakes (Fig, 82, @u) (except Tortrix), the quadmate is only indirectly con-
nected with the skull by means of the squamosal (Sgw), which extends backwards,
and thus throws the avticulation of the lower jaw far backwards, giving rise to a yvery
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Fic. 62, A and B.—SkuLL oF SNAKE (T'ropidonotus nafric).

Core, occipital condyle ; Os, and Osp, supraocccipital ; 01, exoceipital ; Fov, fenestra
ovalis ; Pe, periotic; P, parietal ; fp, parietal foramen ; F, frontal ; &, post-
frontal ; Pf, prefrontal ; Eih, athmoid : N, nasal ; Na, external nostril ; Pma,

remaxilla ; M, maxilla; 0, 0, orbital ring; Bp, basioccipital ; Bs, basi-
sphenoid ; Ch, posterior uostrils ; Fo, vomer ; Pl, palatine ; Pt pterygoid ; Ts,
fransverse hone : Qu, quadrate ; Squ, squamosal ; Stp, supratemporal ; Ty,
jugal ; At artienlar : g, angular ; 5.4, supra-angular ; D¢, dentary ; 11, oplic

foramen:

——
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Fie. 63.—SkuLL oF Youse WATER-TorToIsE (Emys europea). (Bide view.)

Osp, supracceipital, which gives rise to a erest; FJf, prefrontal, which forms a
great part of the anterior boundary of the orbit; [, ]iu:lint of entrance of the
olfactory merve into the nasal capsule; S%, interorbital septum ; HK, horny
sheaths of jaws: g, quadratojugal ; MY, tympanic membrane ; BP, carti-

laginons interval between basioceipital and basisphenoid ; Md, mandible. Other
letters as before. '

Fre. 64.—8kvLL or A Youse Crocopink. (Ventral view.)

Coce, occipital condyles; OB, basioccipital ; Ch, i 0 .

p | 3 Ob, I pital ; €%, internal nostrila; P¢, pterygoid

firb, orbit ; Pl, palatine ; Af, palatine ];rﬂ-l::esu of maxilla; Pz, ,pFaim::fiilu;
|

Tx, transverse boue ; Jy, jugal ; @, quadratojugal ; Qu, quadrate.
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Chameleontida, Crocodilia). In most Lizards there is in addition
a rod-like bone, the epipterygoid, which extends from the hind part
of the pterygoid to the parietals.

_ A number of bones arise in connection with the lower jaw,
viz. a dentary, angular, supra-angular, splenial, coronoid, ‘and
articular (Fig. 62, D, Ag, SA, Art). ,

In correspondence .with the absence of branchial respiration
during development, the branchial apparatus plays no great part in
Reptiles, and often only the slightest traces of it are seen: thus
in Snakes, for instance, only the hyoid remains, and this not
always. In Chelonians a basal piece (basi-hyo-branchial) as well
as the first branchial arch persist in addition,

D. Birds.

The skull of Birds is formed on the same plan as that of
Reptiles, and more particularly of Lizards, although it exhibits a
greater proportional development of the brain-case (Fig. 65). The
skull of Archmopteryx was essentially similar to that of existing
Birds, and the bones were firmly united together. Teeth were,
however, present in both upper and lower jaws, and the fact that
the premaxille were toothed probably indicates that no horny beak
was present (compare the chapter on teeth).

All the bones have a tendency to run together by the obliter-
ation of the sutures originally present between them, and they thus
give rise to a united mass largely formed of endochondral bones.
It is only in the region of the nose that the cartilage persists
throughout life to any extent, and even here not always. In contrast
to all the Vertebrata as yet considered, the unpaired occipital condyle
no longer lies at the posterior boundary of the skull, but becomes
moved downwards and forwards along the base of the skull, so that
the axis of the latter lies at an angle with that of the vertebral
column, The basis cranii is formed by a basioceipital and a
basisphenoid, from which latter a bony rostrum, the remains of
the anterior part of the parasphenoid, extends forwards. The
posterior part of the parasphenoid persists as a large plate, the
basitemporal, which underlies the basisphenoid and part of
the basioccipital. Above the rostrum a small presphenoid is present
in the embryo.

All the bones are delicate and spongy, and thus contrast greatly
with those of Reptiles, in which they are often of an ivory-like
structure.  (With regard to the pneumaticity of the bones,
already referred to in Crocodiles and certain fossil Reptiles, consult

wide gape. In most Snakes, and particularly in the Viperine forms (cp. Fig. 176, 4),

the facial bones are capable of movement upon one another, but in T I;-[}hln[-s they are
immovably connected with the skull. The two rami of the mandible are connected

by a more or less elastic ligament,
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Fie, 65.—8SkuLL oF A Witp Duck (Anas buschas). A, from above; B, from below :
0, from the side.

@.l.5, alisphenoid ; ag, angular ; a7, articular ; a.p.f, anterior palatine foramen ; b.¢,
basitemporal ; b.o, basioccipital ; b.pg, basipterygoid; b.s, basisphenoid; d,
dentary ; e.n, external nostrils ; eth, ethmoid ; e.o, exoccipital ; e.w, Eustachian
aperture ; fr, frontal ; fim, foramen magnum ; 4.¢, foramen for internal carotid
artery ; j, jugal ; le, lacrymal ; sma.p, maxillopalatine process ; mz, maxilla;
n, nasal ; n.pr, nasal process of the premaxilla ; pe, premaxilla ; p, parietal ; ps,
presphenoid ; pg, pterygoid ; pl, palatine ; g.n, internal nostrils ; g, quadrate ;
q.7, quadratojugal ; sg, uquamnsuy; 8.0, supraoceipital ; £y, tympanic cavity ;
v, vomer ; /1, foramen for optic nerve; ¥, for trigeminal ; IX, X, for glosso-
pharyngeal and vagns ; X177, for hypoglossal,
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the chapter on the respiratory system.)® A complete bony palate
like that of Crocodiles is never present;so that the Eiﬂf"g skull
here manifests a decidedly lower stage of development than that
of the higher Reptiles. The quadrate is nearly always movable
upon the skull, as 18 also the whole maxillopalatine apparatus, the
palatopterygoid bar sliding on the rostrum of the basisphenoid,
and so allowing the beak to be raised or lowered to a greater
or less extent. This mobility of the upper jaw is most marked
in Parrots, in which the frontonasal joint forms a regular hinge.
Teeth are no longer developed in existing Birds, their place being
taken functionally by horny sheaths covering the bones of the
jaw, and forming a beak. As in Reptiles, a fenestra ovalis and
fenestra rotunda are present, as well as a tympanic cavity opening
into the mouth.

The visceral skeleton is greatly reduced, though the first
branchial arch not only persists, but may, as in the Woodpecker,
grow out into a pair of very long jointed rods extending far
over the skull. |

(For other details, compare Fig. 65, A, B, C.)

. Mammals.

In Mammals there is a much closer connection between the
cranial and visceral regions of the skull than is the case in the
Vertebrates already described (comp. Figs. 66A and B). In the
fully-developed skull both maxillary and palatopterygoid regions
are united to the cranium, though even in Man a facial and a
cranial region can be distinguished. The higher we pass in the
Mammalian series, the more does the former come to lie below
the latter: so that, in the highest types, their mutual relations to
one another can no longer be so well expressed as being before
and behind, as by under and above. Thus in Man the facial
skeleton is proportionately small when contrasted with the great
cranial portion, and the reduction of the angle between the basi-
eranial and vertebral axes is carried still further than in Birds.

The base of the skull is preformed in cartilage, as in Reptiles
and Birds : the parasphenoid has disappeared almost entirely, the
anterior part of the basis cranu being formed by the ossification
of the basal cartilage, which may be distinct, as a presphenoid
(Mﬂrsupials, Rodents, and some Insectlvnrgs). or regult from a
union of the basal parts of the two orbito-sphenoids : a basi-
sphenoid and basioccipital are always present. Most of the bones
of the roof of the skull are developed directly in the subcutaneous
ﬁbrc‘iygem;r;l[?i:?{ﬂ;ﬁw is closed in anteriorly by the cribriform
plate of the othmoid, which is perforated by the olfactory nerves.
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Turbinals are present in the nasal cavity, but are never more than
rudimentary in Cetacea. For further details as to the olfactory
and auditory capsules and their mode of ossification, as well as the
formation of the auditory ossicles, consult the chapters on the

Fic. —LoxoiTunix y
ﬂﬁ?ﬁtmi}:;:&,jﬂ.mmr. Y I~:Il’|.‘Iﬂ:ﬂ.L SECTIONS THROUGH THE SEULLS oF—
g9 Ziama bars mm:‘mm, B, Testudo graea, AND C, Corvus corons, TO SHOW
TIONE BETWEEN THE CRANIATL AND ViscEralL PoRrTions

olfactory and auditory or ' It
_ gans. Remains of the primitive carti
are ;eerll in the nasal region in adult Mamma]ialia ;Tl::;l]ll;b e
Mamtm ::]ﬂﬁ already been stated that, as regards the hard palate
s essentially agree with Crocodiles, but the pter:,rguidé
(&
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(except in Anteaters and some Cetaced) do not take part in its
formation, - I

Fig. 6685. — LONGITUDINAL VERTICAL SECTIONS THROUGH THE SEULIS 0F—
A, DEER, B, BABOON, AND C, MA¥%, To sHOW THE RELATIONS BETWEER
THE CRANIAL AND VISCERAL PorTIiONS, )

According to Tecent researches the pre maxilla appears to
originate primitively by a double ossification on each side. In the
middle line it bounds a canal which forms a eommunication between
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thenasal and oral cavities (incisive or naso-palatine canal). In the
lateral parts of the face of most Mammals, the jugal or ma]ﬂ.r‘
connects the maxilla with a process of the squamosal instead of
with the quadrate, as in Amphibia and Sauropsida: in Ungulata

Fia. 67.—SgvLL oF EmMervo o¥ ArmApinro (Tatusio hybride), (Modified from a
drawing by W. K. Parker.)

a.ty, tympanic annulus; aw, auditory capsule; &.Ay, basihyal; c.hy, ceratohyal ;
er, cricoid ; o, dentary; e.hy, epihyal; en, external nostril ; co, excecripital ;
S, frontal ; Johy, hypohyal; 4, jugal ; dn, incus; e, lacrymal ; m&, Meckel's
cartilage ; mi, malleus; max, maxilla; n, nasal; oc.e, occipital condyle; p,
parietal ; pe, palatine ; po, premaxilla ; so, supraocccipital ; s, stapes; s,
superior turbinal ; st.am, stapediue muscle ; sy, squamosal; #h, thyvoid; it
trachea ; F'1, foramen for first, and #7* for second, division of the trigeminal ;
Il, optic foramen.

and Primates, when the jugal is also connected with a process of
the frontal! the orbit becomes almost completely separated from
the temporal fossa.

! Most of the true Ruminants are provided with horns projecting from the frontal
bones : these are of three kinds:—1, hollow horns (in the Cavicornia) ; 2, solid
horns (antlers of Cervide) ; and 8, horns of the Giraffe.

In the Cavicornia (Bovina, Antelopin®, Caprine, Ovinm) bony processes are
developed from the frontals, which become enve oped by horn formed from the epi-
dermis. 1In the Cervide, a membrane bone becomes developed in the derma round
each process of the frontal, with which it fuses, This grows out to form the antler, and
after attaining its full development, the skin coverin g1t dries up owing to the develop-
ment of the ““burr” at its base ; this constricts the vessels, and the antler, heing
deprived of nutriment, falls off. This occurs periodically at the close of the breeding
season. In the young animal, the antlers are simple, but year by year they become
more complicated and branched. Giraffes possess persistent antlers covered by hair
E;S;ﬂ'lt any process from the frontal, which do not Wecome anchylosed to the latter
|~pn:r;1h]m differentiation into “horn-" and “antler-bearers” first began in the Miceene
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In many tailed Amphibians and Arhphibian larve (including
those of Cecilians), the unpaired fins are'represented by a fold of
the skin extending along the dorsal and ventral sides of the tail.
In some cases this fold extends along the back right up to the
head, but it never gives rise to hony or cartilaginous supporting

elements. In the male Triton it becomes much enlarged during the
breeding season,

5. PAIRED LIMES,

No other morphological problem has given rise during the last
twenty years to such extensive researches and to such varied
solutions as the question of the origin of the paired limbs. Two
very opposite views exist. According to one of these (Gegenbaur’s
view), the proximal parts of the extremities, that is, the pectoral
and pelvic arches, are regarded as being derived from branchial
arches, and the distal or free portions as metamorphosed
fin-rays. According to this theory, the pelvis is to be looked
upon as a visceral arch which has changed its position so as to
lie far back along the body. :

According to the other view (that of Dohrn), the origin of the
paired limbs has nothing to do with the visceral skeleton, but, like
the latter, they are to be looked upon as the localised remains in
definite regions of the body (thoracic and pelvie regions) of a series
of cartilaginous bars originally extending along the whole trunk,
and having a metameric arrangement. In other words, just as
each body-segment of an Annulate may be looked upon as being
provided with a pair of limbs, so also was each primitive segment
of the Vertebrate body : recent researches seem to support this,

These researches were made on Elasmobranch embryos, and in these each
somite gives rise to a fin-element, each of which consists of two dorsal and two
ventral bundles of muscle, two rods of cartilage, and a corresponding spinal
nerve., Both pectoral and pelvie fins are made 111;{1 of a considerable number
of these fin-elements, It is interesting to note that these outgrowths from
the somites are present along the entire length of the lateral epiblastic
folds, that is, they exist at first between the pectoral and pelvic fins, as well
as behind the latter, but in these regions they soon become aborted, The
lateral epiblastic folds do not run parallel to one another, as was supposed by
Thatcher, Mivart, and Balfour, but converge towards the anus (Fig. 68, A) : the
presence of outgrowths behind the anus, however, Eﬂlntsrtﬂ the possibility of the
ventral unpaired fin having been originally paired. This probably was the case
when the postanal gut of the embryo, as well as the ceelome, extended through
the whole caudal region. After the formation of the definitive anus and the
disappearance of the postanal gut, the two lateral halves of each rimordial
ﬁu~{lsfd fused together to form a median fin. Possibly the dorsal fin was also
originally paired, for it arises by lmir-e:l outgrlnwths from the _rim'sal_pnrt of
the myotomes, so that in this case 1t was not situated in the middle line, but
along each side of it.! On the closure of the laminz dorsales in the formation

. .'l . "
1 Pohrn has lately attempted to prove that the unpaired fins of Petromyzon arise
in a paired manner, af:n{l that this Fish must formerly have possessed paired pectoral
and pelvic fins, which have gradually become lost,

e
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 the cerabro-spinal axis, these two folds fused together in the median dorsal
ijiirlé.]}L'I:i1lts ulllthc [nul'.lmlgitudinul epiblastic ﬁ:lds (of Thatcher, 1"~‘.[nr.-.u-t1
and Balfour) are possibly to be considered as arising originally f"”nl'. Iacpf?gﬁu
metameric outgrowths of the body-segments, that is, from parap Er{hlrl,. “:11, ;
have thus become gradually transformed into the fins existing ab the presen

time, et A
Paul Meyer supports this hypothesis Dy finding parapodia-like outgrowths
arranged in four rows along the caudal region in embryos of Pristiurus and

Seyllinm.

Later investigators in this subject no longer even accept the
homodynamy (z.e. the serial homology) of the pectoral and pelvic
arches and limbs, but suppose that even ontogenetically the
two arches can in no way be compared with one another, for,
arising in an entirely different manner, they can only be
regarded as “apparently similar” structures. Which of these
attempts at an explanation of the problem comes nearer to the
truth cannot yet be definitely stated, and the relative merits of the
views just put forward cannot be discussed here.

Pectoral Arch.

Fishes.—Owing to the absence of paired fins in Amphioxus
and Cyclostomi, pectoral and pelvic arches are also wanting. In
Elasmobranchs the pectoral arch consists of an extremely simple
cartilaginous bar, the two halves of which are united ventrally
by cartilage or fibrous tissue (Fig. 69, SB); and it has at first a
similar structure in embryos of Ganoids and Teleostei.

Later, however, in both the last-named groups, a row of bony
structures arising in the perichondrium becomes developed in this
region ; so that one can distinguish between a secondary or bony
pectoral arch, and a primary or cartilaginous one.

The free extremity, or fin, is connected with the hinder and
outer ecircumference of the (primary) arch, and its point of
attachment may be taken as separating an upper dorsal and a
lower ventral section. The former, which is often connected with
the vertebral column, corresponds to a scapula, and the latter to a
coracoid plus precoracoid (clavicle) of the higher Vertebrata.l

In Teleosteans and bony Ganoids, the bony (secondary) arch
forms the principal support of the fin in the adult, the main
element being a large clavicle (Fig. 70, 2). The primitive rela-
tions are thus much altered. The arch becomes secondarily
connected with the skull (Cm). For further details, compare
Fig. 70.

Amphibia and Reptilia.—In these types, the secondary bony
apparatus 1s of less importance, for the primary arch is more

! The pectoral arch of Dipnoi is intermediate in character between that of Elasmo-

branchs and Ganoids. It shows so manv special peculinriti
T : ' 3 eculinrities as vegards form and
position, that it cannot be fully described herh. t 2 3
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As in the rest of the skeleton, cartiia e plays the 11~
portant part in the pectoral arch of Amph%bial (age Fig. '?E;?sivl'llrirlle
m all the higher Vertebrates the cartilage is almost ehtirel}r
replaced by bone (scapula, coracoid, and clavicle). TUnossified
spaces are often left in the coracoid, giving rise to fenestra closed
over by fibrous membrane (Lizards) (Fig. 39, a, b, ¢).

In Lizards, a cross or T-shaped parosteal bony plate, the inter-
el a vwle_, lies in a groove on the under side of the sternum in the
middle line. In Crocodiles a slender rod-like interclavicle is also
present, and has the same relations, though clavicles are wanting.!

Fig, 74.—PECTORAT, ARCH AND STERNUM OF Bombinalor igneus.

St, sternum, with its two processes, o, o' : 8, scapula ; S, suprascapula, in sifu on
the left side, spread out horizontally on the right ; Co, coracoid ; Col, epicoracoid,
which on both sides overlaps the anterior part of the sternum ; C!, precoracoid ;
', bony clavicle ; Fe, fenestra between clavicle and coracoid ; &, glenoid

cavity.

The presence of a pectoral arch in numerous footless Reptiles
(some Skinks, Amphisbenians) indicates that they formerly pos-
sessed extremities ; rudiments of the latter may even be seen in the
embryo, though they disappear entirely later on (Anguis fragilis).

Birds.—In Birds, the scapula consists of a thin and narrow
late of bone, often extending far backwards, the strong coracoid
‘Eeiﬂg bent at a sharp angle with it in all Carinate Birds (Fig. 36,
S and Ca). The lower end of the latter is firmly articulated in
a croove on the anterior edge of the sternum.
In almost all Flying Birds the clavicle is well developed, and
becomes united with its fellow to form a furcula® (comp. Fig. 36,

1 Tt is doubtful whether the three anterior elements of the plastron of Chelenians
correspond to elavicles and interclavicle, as supposed by Parker and Huxley.

2 The median plate often present at the point of junction of the clavicle is some-
times described as an interclavicle, but its late appearance in the embryo seems to

negative this view.
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vertebrz, and corresponds to the iliac process mentioned ahovel
as being present in some Fishes; of the latter, the anterior ventra
element is spoken of as the pubis, the posterior as the ischium.
The articular cavity for the thigh-bone (acetabulum) is situated at
the point of junction of the pelvic elements. Thus we meet here
with a ground-form essentially similar to that of the pectoral arch
Fip. 71). :

( TIn th?e pelvis of Urodela and Anura a single ventral plate is
seen on each side, which comes into contact with its fellow to form

Fig. 77.—FPELVIS 0F SATAMANDER (Salamandra maculosa), (Ventral view.)

I, ilium ; Js, ischinm ; P, pubis(?) (pars acetabularis ?) ; Fo, obturator foramen ; Sy,

ischiv-pubic symphysis ; t, two protuberances, present in many Urodeles ; Ep,
epipubic cartilage, with its forked ends (a, #); &, acetabulum.

a symphysis (Fig. 77, Sy), and the anterior part of which usually
remains cartilaginous throughout life. It cannot, at present, be
stated with certainty whether this part corresponds to the pubis,
or to a fourth element, the pars acetabularis (Fig. 77, P, and
78, Kn),which is present in many Amniota, inserted between the
pubis and the acetabulum (comp. Fig. 834). The posterior part,
which always becomes ossified, is without doubt an ischium (7).
In some Urodeles a delicate rod of cartilage arises from the middle
line of the anterior border of the pelvis, and becomes bifurcated
distally (Fig. 77, Ep, a, b). Amongst the Anura, this epipubis
(“ ypsiloid cartilage”) is only present in Dactylethra capensis,
where its form is somewhat different, reminding one of the delicate
median process of the pelvis of Dipnoi (Fig. 76, ¢). The so-called
- marsupial bones” of Monotremes and Marsupials have probably
been developed from the representative of the epipubis,

In correspondence with the mode of progression in Anura
the 1lLum of each side becomes extended so as to form a long rod
(Fig. 78, 1l), and the two ventral plates, which in Urodeles lie
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: : 1dle

tiles usually extends forwards for some distance in the midd
]Iitrfg, a large s';;nce (foramen cordiforme) is present betwe:]a:_l it nn::l
the ischimm: in Lizards, Crocodiles, and Turtles, this Epu.{_[r;'lt
is divided into two halves by a median fibro-cartilaginous ban
(Fig. 79, Kn, Kn', B), In land and fresh-water Tortoises, in
plage of this band, the median ends of the pubis and ischium
extend towards one another and meet in the mid-ventral Ilne,+and
thus the space (obturator foramen) between them becomes entirely
surrounded by bone. .

Fie. 80.—Pervis oF A Youxe Alligator fucius. (A, ventral, and B, side view.)

11, ilium ; Is, ischium ; P, pubis ; Sy, symphysis of ischium ; F, foramen cordiforme +
obturatum ; 5, fibrous band between the s mphyses pubis and ischii; 4, carti-
Inginous apophysis of the ventral acetabuiar process of the ischium, which is
interposed between the dprm:aas @ of the ilium and the pubis: &, foramen in

the acetabulum, bounded posteriorly by the two processes, a and b, of the ilinm
and ischium respeetively, which here meet one another » ®, indication of n for-
ward growth of the ilium, such as is met with in Dinosaurians and Birds 3
acetabulum ; 7, 17, first and second sacral vertebrae ; M, fibrous membrane ex-

tending between the anterior margin of the pubis and the last pair of **abdominal
ribs " (BR).

In_Umcudile._'a we meet for-the first time with a considerable
extension of the ilium (Fig. 80, B, 17), so that mow a longer
posterior, and a shorter anterior process may be distinguished, In
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shut out from the acetabulum by the cartilaginous pars acetabularis
(Fig. 80, B, 1, P), and in them, as well as.in Birds, the acetabulum
is perforated (Fig. 80, B, b, and Figs, 81 and 82, a).

What most distinguishes the pelvis of Dinosauria and Birds
from that of Reptiles i1s the position of the pubis (Figs. 81 and
82, 1), It has the form of a delicate bar of bone directed back-
wards, and running parallel and even fusing (Birds of flight) with
the ischium, which also extends far backwards. It is very difficult
to explain the homology of a strong bone, arising from the
antero-ventral border of the acetabulum of Dinosaurians, indi-
cated by the letter P in Fig. 81. It is, however, probably to be
looked upon as a special outgrowth from the pars acetabularis of
each side. Rudiments of this bone, which may be called the
pectineal process of the pubis, are also present in Birds (Figs.
BE: i 831 PPJ

In Birds the elements of the pelvis usually become anchylosed
to one another, while in Reptiles and Dinosaurians they remain

distinct. The pubis of either side meets its fellow only in Struthio,
and the ischium in Rhea.

The pelvis of Archmopteryx possessed a broad pre-acetabular and a long
and slender post-acetabular portion of the ilium. The ischia appear to have
been united by symphysis : nothing is known of the pubis.

Mammals.—The four elements of the pelvis here remain
separated for a long time by cartilage, but later they become fused
together. The angle between the axes of the ilium and sacrum
is smaller in Monotremes than in the higher Mammals.

The original type with both pubic and ischiatic symphyses is
seen in Monotremes, Marsupials, many Rodents, Insectivores,
Ungulates, and Carnivores. In many other Insectivora and
Carnivora, and more particularly in the highest forms, the Pri-
mates, the ischia no longer meet below. The greatest amount of
variety in the form of the pelvis in any one order is seen in
Insectivores, in some of which (e.g. Mole), as well as in most Bats,
the symphysis pubis is not closed.

There is no pars acetabularis (see Fig. 838, A) in Monotremes and Bats, nor
in numerous representatives of the other [irincipal Mammalian groups, It
always lies anterior to the ‘ incisura acetabuli,” and is most strongly developed
relatively in the Mole (Talpa), where it shuts the ilium as well as the pubis
out of the acetabulum ; in by far the greater number of Mammals the pubis
only is thus excluded. The ischium always forms part of the acetabulum.
In older individuals the acetabular bone may become united with either of the
other three pelvic bones: thus in Man, some Rodents, and Marsupiuls, it
fuses with the pubis ; more commonly, however, it fuses with the ischinm or
ilium, In the Pinnipedia all four elements take part in the formation of

acetabulum,
tlHJ:T]:J.e apﬂ.rs acetabularis always becomes ossified rqll_ch later j:hm:n the other
pelvic elements, and the pubis ossifies later than the ilium and ischinm,

In Monotremes and Marsupials of both sexes, two strong

bones (“marsupial bones”™) (Fig. 84, Om) arise from the anterior



LIMBS. 09

border of the pubes, right and left of the middle line, and extend
forwards in a straight or oblique direction. At present no safis-
factory morphological explanation has been given of them, and
we can only compare them with the epipubic cartilage of Dipnoi
and Amphibia, which has the same relations to the pyramidalis
muscle (comp. p. 117). Fibrous rudiments of them are to be seen
among Dogs. _ .

Before leaving the pelvie arch it may be pointed out that,
like the pectoral, it is not restricted to any particular body-
segment, but that both present much variety as to position,
phylogenetically as well as ontogenetically.

FREE LIMBS,

Fishes and Dipnoi.—In the Dipnoi, taking Ceratodus more
particularly into consideration, both pectoral and pelvie fins are
supported by a cartilaginous axis, made up of a great number of
small segments which are movable upon one another.

Numerous small jointed cartilaginous rods or radii are disposed
serially along the dorsal and ventral sides of this axis, and these
gradually decrease in size towards its distal end. Towards the
periphery of the fin the place of these cartilages is taken by fine
horny rays, which are covered by fibrous tissue as well as by the
skin; thus a broad paddle-like fin is formed. Both pectoral and
pelvic fins have a similar form and structure, and in their natural
position a lateral (external) and a medial (internal) surface can
be distingnished. The dorsal radii are much more numerous
than the ventral, which have undergone reduction. Thus the
biserial type of fin is already modified in Ceratodus, and this
modification is carried still further in Elasmobranchs (comp.
Fig. 86), until eventually only a single series of radii (Fig. 69, Ha)
remains. This series corresponds to the dorsal row of Ceratodus,
but in consequence of its position in the adult fin, where it divides
a dorsal from a ventral surface, it is spoken of as laterall
The radii are much jointed, the segments being arranged in a
mosaic, and closely bound together by fibrous tissue. They are
covered over by the shagreen-like skin, and arve continued out-
wards towards the periphery of the fin by a large number of horny
rays (Fig. 69, #3), so that the size of the fin is thus consid erably in-
creased. Three larger cartilaginous basal elements lie proximally
to the small radii, and are spoken of as pro-, meso-, and meta-
pterygium respectively (Fig. 69, Pr, Ms, Mt). They are connected
with the pectoral arch (S5), and the m etapterygium (M) together
with the distal elements lying along the same axis (a, b) represents

! Fig. 54 shows how much reduction the :
d skeleton of the fins has undergone in
Protopterus, the lateral rays having almost entirely disappeared. The w]ﬁ:&ie ex-

tremity consists simply of a lon ilagi i i
g segmented cartilaginous fi '
SOTT B AL A T o I rinons lilament, which no longer
H 2
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description holds good for the pectoral fin only of Elasmo-
braucl?s; the pelvie fin, however, is formed on a similar plan, but
remains in a lower stage of development, which is mainly expressed
by a limitation in the number of its basal segments. Thus a meso-
pterygium is not developed, and the propterygium is more or less
rudimentary, the metapterygium being in this case also the most
important element. In male Elasmobranchs, a cartilagmous ap-
paratus—the skeleton of the “claspers”—is connected with the
metapteryginm (comp. p. 327).

In Ganoids, and still more in Teleosteans, the essential
plan of the cartilaginous portions of the fins may be derived from
that of Elasmobranchs; the primary skeleton of the fins, however,
undergoes a considerable reduction, and, in consequence of the
appearance of membrane-bones in connection with it, a primary
and a secondary skeleton may be distinguished.

The skeleton of the fins of Siluroids, Cyprinoids, and Gymno-
tidee, amongst the Teleostel, comes nearest to that of Ganoidei,
that of the Gymnotida® being the most primitive of the three.

GENERAL CONSIDERATIONS ON THE LIMBS OF THE
HIGHER VERTEBRATA.

Though it is easy to derive the skeleton of the fin of all the
orders of Fishes from a single ground-type, it is far more difficult
to trace the connection of the latter with the extremities of
Amphibia. Between these two types of limb there appears to
be a wide gap, in consequence of the different conditions of life
existing between Fishes and Amphibians ; and the question thus
arises—In what manner has the limb of an air-breathing Verte-
brate, adapted for progression upon land, become derived from the
fin, only fitted for use in the water ?

Palzontology furnishes no answer to this question ; we know of
no fossil intermediate forms of limb, and it is at present, therefore
only possible to suggest a hypothesis on the subject. We ma,j:
suppose that when the primitive Amphibian first began to take on
a terrestrial mode of life, its fin, which we may look upon as a
single-jointed lever, and which amply sufficed for the movement of
the hu_d yina fluid medium, became gradually transformed into a
man]]r-‘]mi::]]-fl;ed S}fstf]m of lelveri_,

. 4n other words, as the function of the limb was n
simply to propel the body forwards, but also at the san?eli?‘:gneé
to lift it up from the ground, the firmly connected elements
of the skeleton of the fin gradually became loosened from, and
%J]:rl..ﬂi’_‘d at an angle to, one another (knee, elbow), definite articu-
Ifi_ ;f;(fv:fl:hg formed between them in a proximo-distal direction,
G EH ;iir:tm}ty must have changed its position with regard
Y, » Instead of projecting horizontally outwards, it
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became bent downwards, and thus the angle between i

median plane of the trunk was gradually reduced, untﬁﬁéa[zﬁnf;}lz
e_ventua,'lly, the longitudinal axis of the limb, when at rest, came to
lie pa.ml!el_mth the median plane of the body. In th!e higher
types this is more particularly the case as regards the pnstgrinr
extremities, the anterior undergoing the most varied adaptations
and modifications, and giving rise to tactile, prehensile, or flying
organs, or, as in aquatic Mammals, becoming once more mnverteﬁ
Into rowing organs.

Thus we may also reduce the limbs of all the higher Vertebrata
to a single ground-type, and we may further connect the latter
with the fin of Fishes by taking the ground-plan of the fin of
Ceratodus and Elasmobranchs, consisting of a main axis and
lateral rays, as a starting-point. Figs. 87 and 88 will render this
statement clear. In Fig. 88, a thick line (HS) 1s seen beginning
at H, and passing through F, 4 ¢,¢c, 2, to II. This 18 the main

A {:'@ __..‘f: -#-1

Fig. 87.—Diacrammaric FIGURES To SHOW THE BELATIONS oF THE IFREE
FxTrEMITY To THE TRUNKE IN FIsHES (A), AND THE HicHgER VETEBRATES (B).

8, pectoral arch ; M, metapterygium, which corresponds to the main ulnar ray
(Ui) ; Kd, secondary radial ray.

axis, and from its proximal end (at H) a lateral ray passes off
through 7, ¢, to I A second series of lateral rays arises from
the other side of the axis. Thus we have here also the primitive
biserial form, with a marked preponderance of one row of radii.
At the same time it must be borne in mind that this arrange-
ment, of radil on an axis is less plainly seen in the embryonic con-
dition than in the adult limb, and we must therefore speak of
the relations of these parts as similar rather than as strictly
homologous.

The fore- and hind-limbs show a great similarity as regards the
form and position of their various parts. A division into four princi-
pal sections can always be recognised : in the case of the fore-limb
these are spoken of as upper arm (brachium), fore-arm (anti-
brachium), wrist (carpus), and hand (manus); and in the
hind-limb as thigh (femur), shank (crus), ankle (tarsus),
and foot (pes). gWhile the bone of the upper arm (humerus)
and of the thigh (femur), corresponding probably to the meta-

T
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pterygium, is always unpaired, two bones are present in the
fore-arm and shank, The former are called radius and ulna,
and the latter tibia and fibula. The hand and foot may also be
respectively divided into two sections, a proximal metacarpus
and metatarsus, and a distal series of phalanges, which form
the skeleton of the fingers and toes (digits).

Both manus and pes are made up of several series of cylin-
drical bones. There are never more than five complete series,
which, except as regards number, present essentially similar primary
relations throughout the higher Vertebrates. The skeleton of the
carpus and tarsus, each of which always consists of a series of small
carfilages or bones, shows much vamation, but the following may
be taken as a ground-type. Round a centrale, which may be
double, is arranged a series of other elements, in which three
proximal, and a varying number (four to six) of distal, may be dis-
tinguished. The proximal, in correspondence with their relations
to the bones of the fore-arm and shank respectively, are spoken of as
radiale or tibiale, ulnare or fibulare, and intermedium;
while the distal are called carpalia or tarsalia I to VI (in the
narrower sense). They are counted beginning from the radial or
tibial (pre-axial, Huxley) side (Figs. 88 and 89).

Fic. 90.—Ricur Tarsus oF Diseoglossus picfus. (From above.)

Aua, astracalus ; C'z, calcaneum ; 1 to 4, the four separate (cartilaginous) tarsalia on
" the tibial side, in relation with the rudimentary extra finger (1) and digits 1 to 3
(II to IV); & + 6, fibrous band representing the tarsals of digits 77 and FJ;
7, rudimentary extra digit on tibial side ; £7 to F, metatarsals of digits1 to § ;

+, single phalanx of the extra tibial digit.

Amphibia.—Whilst the anterior and posterior extremities of
Urodeles are formed essentially on the ground-plan described above
(Figs. 87 to 89),! in the case of the Anura the radius and ulna be-

1 ondary fusions of the individual elements of both carpus and
tnmuﬂH:nT:f n}?t:.vii::er, m:g.n‘ ; this applics also fo the Anura. As a rule the anterior
extremity is only provided with four fingers, though there are reasons for supposing
that it at ore time, like the p-uatenqr,‘pnssessud five complete fingers. The number of
phalanges varies in different Amphilians.
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come fused together, and the intermedium is wanting. The proximal
row of the tarsus, moreover, consists of only two eylindrical bones,
which are usually united together by an envelope of cartilage.
One of these corresponds to a tibiale plus intermedium, and is
called the astragalus; the other or calcaneum answers to a
fibulare (Fig. 90, da, Ca).

In the distal row there are as a rule four separate elements.
Rudiments of a fifth carpal, as well as of an extra digit on the radial
side, are usually present, and traces of an extra toe are also seen on
the tibial side of the tarsus.

Tn Anura, the metatarsals and phalanges, between which the
web of the foot is stretched, are very long and slender. The femur,
as well as the bones of the shank, which are fused together, are
also exceedingly long, in correspondence with the mode of
progression of these animals.

The skeleton of the extremities is more strongly ossified in
Anura than in Urodeles, in which many of the elements remain
cartilaginous,

; Reptiles.—Chelonians and Lizards elosely resemble Urodeles
in the structure of the carpus, and here also traces of the

R O
Fie. 81.—Rienr Carrus oF A Youse Alligator lucius. (From above.)

R, radius ; T, ulna ; r, radiale; 4, ulnare; €, central i
. y Uy i r, radiale ; L e; 1 to 5, the five carpalia, a:
vet unmuﬂed,_ of which 1 and 2, as well as 3, 4, and 5, have bﬁcmﬂe f‘us::?
together ; f, pisiform ; 7 to ¥, the five metacarpals.

former possession of an extra finger on the radial si

seen. The ftibia and fibula alwa}i remain sep:rit.sége ee
In Crocodiles, which possess no trace of an intermedium, the

proximal row of the carpus consists of two hour-glass-shaped bones

—fa larger radiale, and a smaller ulnare (Fig. 91). A rudiment

ot a sixth ray is present on the outer side of the latter, and this

iIn H i it .
Yol uninﬂfﬂa alone, amongst existing Reptiles, a double centrale is present in the
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corresponds to the so-called pisiform bone of Mammals. The
distal row of carpals is much less developed than the proximal.

In the fossil Flying Reptiles (Pterodactylus, Rhamphorhynchus) the fourth
finger was ];m(ltlgerl mto a long jointed rod, which supported a wing-like
expansion of the Integument.

In all Reptiles, the tarsus undergoes considerable fusion,
especially in its proximal portion, and leads gradually on to the
type seen in Birds. Thus in Chelonians and Lizards the proximal
tarsals all run together into a single mass, which corresponds to
tibiale, intermedium, fibulare, and centrale. Traces of an extra
radial ray are also present here.

In the distal row five separate tarsals are developed, but these
may unite partly with one another (Chelonians), and partly with the
corresponding metatarsals (Lizards), and thus there is an increas-
ing tendency for the movement of the foot to take place by means
of an intertarsal articulation, as in Birds,

In Crocodiles, there are two bones in the proximal row of
the tarsus, one of which corresponds to a tibiale, intermedium, and
centrale, the other to a fibulare. The former is spoken of as the
astragalus, the latter as the calcaneum, and on it a definite heel
(calcaneal process) is seen for the first time in the animal series.
The distal row consists originally of four small carfilages, but these
later undergo a partial reduction.

Birds.— While the skeleton of the manus of Archzopteryx (Fig.
02) agrees in many points with that of Reptiles, that of existing

Fig. 92,—ANTERIOR EXTREMITY OF Archaopleryz. {After C. Vogt.)

Birds has become considerably modified by adaptation for flight,
and correspondingly reduced. Of the five carpals of the embryo,
the three distal become fused with the corresponding meta-
carpals (Fig. 98, Me, Mc), while the two proximal remain separate
as a radiale and an ulnare. The metacarpals themselves become
in part united together, and only bear a very limited number of

phalanges at their free ends.

1] size of the head of the humerus, as well as the absence of a
riﬁgzl}irﬂitﬂz insertion of the pectoralis major, and the ]i’mhn.hiﬁ small size of
the sternum, prove that Archeopteryx could not have been a good flier. In

pa—

e
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er points the humerus, radius, and ulna correspond closely with those of

:;Ii]atinq: Birds. There was only one carpal (radiale), and the manus mnsml,ie:l
of three free metacarpals and digits, of which the first possessed two, {‘i 13
second three, and the third four phalanges: all the digits were provide
7i wa (Fig, 92).
Mtl'}.‘;iafnmgl iﬂ% of ixiating Carinate Birds possess the same number (two) of

halanges on the first finger as Archmopteryx, the distal one bearing a claw.
]f)‘uur families of Carinate also possess three Il}hnlangm on the second finger,
like Archopteryx, but in only two of these families is there a claw on ‘lu;hm
digit. The third finger in all existing Carinates has only one phalanx,! as
compared with four in Archmopteryx, and this never bears a claw. Amongst
the Ratitee, Apteryx and Casuarius possess only a single digit (the second),
and it, like the first finger of Struthio and Rhea, is provided with a claw.

The strongly-developed and pneumatic® bones of the arm and
fore-arm stand out in sharp contrast with the greatly veduced
skeleton of the manus; and the anterior extremities in most Birds

of flight, as the principal organs of locomotion, greatly exceed the
posterior in size (Fig. 93, H, R, U).

Fic. 93.—AxtERIOR EXTREMITY 0F BLACKBIRD (Turdus merwla).

H, humerus ; K, radius; U, ulna; r, radiale ; u, ulnare ; Me, Me, the three meta-

cdnrpals, with which the distal row of carpals has united ; [ to IFf, the three
igits.

The tarsus of Birds consists in the embryo of three elements,
two small proximal and a broader distal. The former (tibiale
and fibulare) unite later with the distal end of the tibia, thus
forming a tibio-tarsus, while the latter, which corresponds to
tarsalia I to ¥, becomes included in the base of the metatarsus.
Thus the foot of adult Birds no longer possesses any distinct tarsal
elements, though, as in Chelonians and Lizards, the foot really
moves by an interfarsal articulation. Of the original five meta-
tarsals, the fifth soon disappears, while the second, third, and fourth
become united with one another and with the distal element of
the tarsus to form a single bone, the tarso-metatarsus (Fig.

94, Mt). The first metatarsal remains to a greater or less extent
independent,

Y In embryos of the Duck a cartilaginous rudiment of a second phalanx is pre-

sent in the third finger of the manus. The Ostrich alone amongst existi :
possesses a second phalanx on the third finger. ongst existing Birds

See p. 262, concerning the pneumatic character of the bones,
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The carpus and tarsus correspond essentially with those of
Utrodeles and Chelonians, and, as in them, certain of the elements
may become fused together. Thus the intermedium and tibiale
as o rule unite to form an astragalus! while the fourth and
fifth carpals become fused to form the so-called unciform bone,
and the corresponding tarsals give iise to the cuboid. A
centrale is always present at an early stage in all five-fingered
Mammals, but as a rule it becomes fused later with the radiale,
as in the case of the Gorilla, the Chimpanzee, and Man, though it
may persist (in 4 cases per cent.) in the human subject throughout
life. In the tarsus the centrale (navicular) remains distinet, and
usually lies on the inner border of the foot. (Compare p. 106 and
small type below for mention of the pisiform bone.)

A considerable modification of the homologies of the carpal and tarsal
elements deseribed above must be expected shortly, The results of recent
researches (Bardeleben, Baur, Albrecht) on this subject are briefly as
fullows :—

The astragalus corresponds to an intermedium as well as to another element
which remains independent in Marsupials, but in other forms (e.g. Man) exists
only in the embryo, and unites later with the intermedium. This second element
is éither to be looked upon as a first centrale, or perhaps as a second inter-
medinm, and is represented in the carpus by the cuneiform (ulnare). The
navicular corresponds to the scaphoid of the Mammalian carpus, that is,
to a navicular proper plus a second centrale. The pisiform corresponds to
the whole calcaneum. In human embryos of the second month a distinet
cartilage is present on the tibial side of the tarsus, and this probably answers
to a small bone on the tibial border of the foot of Monotremes, American
Marsupials, Edentates, Carnivores, Rodents, Insectivores, and Monkeys. This
most likely corresponds to an extra (first) toe (* prehallux,” Bardeleben). In
the animals mentioned above, with the exception of Monotremes and the
addition of Cheiroptera, a * prepollex ” iz also present in the manus, consist-
ing of a carpal and a rudimentary metacarpal. The distal rows of the carpus
and tarsus correspond as regards their individual elements. That the uneciform
and cuboid originally each represent two elements?® (Bardeleben) is shown
by the fact that two digits are attached distally to each, and that in Marsupials,
HKodents, and Hyperoodon, an indication of a division into two parts persists
thrnug]!mut life. Centetes madagascariensis alone has a double centrale in the
CATPUS.

It is interesting to note the reduction which has taken place in the feet
of Ungulates in the course of time. In Fig. 95 sketches of the stages in the
Ehjrlqgenetic development of the fore-foot of the Horse are given, showing

ow it has been gradually derived from a tetra- or pentadactyle ancestor.
While in this case the third di?it becomes greatly enlarged relatively (per-
issodactyle form), and eventually is the only one remaining, in cloven-footed
Ungulates the third and fourth digits are both functional, and equally strongly
developed (artiodactyle form), and may be united together to form a

& 'hIn Marsupials only does the intirme.r.lium remain as an independent bone. In

e human embryo it exists as an independent cartilage, but lat /

bam;mea fosed with the tibiale. * & s L
According to Baur, the cuboid and unciform ari i

their double condition being secondary. R

* Baur states that a double centrale is never present in any Mammalian
embryo,
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C. MUSCULAR SYSTEM.

_ THE muscles, commonly spoken of as flesh, may be divided
into two groups, according to their histological character, namely,
into those with smooth, and those with transversely-striated fibres.
The former are phylogenetically the older, and are to be looked
upon as the precursors of the latter.

The smooth involuntary muscle-fibres preponderate in the
viseera, derma, and vessels, and are not under the control of the
will ; the striated or voluntary muscles occur principally in the
body-walls and organs of locomotion, and are almost without
exception under the control of the will. The following general
statements refer exclusively to the latter kind of muscles.

In its simplest form, an origin, a belly, and an insertion,
may be distinguished in each muscle. The muscles of the trunk
are as a rule flat, while those of the extremities have usnally an
elongated, cylindrical, or prismatic form. In some cases, however,
they assume the most various shapes; for instance, there may be
more than one origin (bicipital, tricipital, or quadricipital forms),
the belly may be double (biventral or digastric form), or the muscle
may be saw-shaped, or have its fibres arranged in a single or double
series like a feather.

All the muscles are surrounded by fibrous sheaths, or fasciz,
by means of which they are more or less firmly connected with
one another (intermuscular septa) and with the integument and
skeleton.

A muscle may undergo very considerable modification both in form
and position by a change of origin and insertion, by division (intermediate
tendons dividing it into two or more parts), or by splitting into layers, and it
maythusgive rise to one or more new independent muscles. If the action of a
muscle becomes unnecessary, it either disappears partly or entirely, or what
remains of it contributes to the strengthening of a neighbouring muscle.

In the embryo, the individual groups o muscles (e.g. the flexor sublimis
and profundus, and the masticatory muscles) are not at first separate from one
unﬂtﬁer, but consist of a uniform (mesoblastic) blastema, the splitting of which
takes place later by the ingrowth of fibrous s:}:ta. In this manner the indi-
vidual muscles are differentiated, and they gr ually become more distinet by
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" " L] ‘
as to the segmentation of the axial skeleton, forms a character-
1stic fer_l,ture in Vertebrates, and distinet ‘indications of it may be
traced in all representatives of the group up to Man.

M B

Fig, 97.—LarEran Muscres oF dmphiorus.

D, dorsal, and ¥, ventral portions ; M, M, the individual myotomes ; 5, transverse
muscles of abdominal region ; £ eirrhi; F, F, tail-fin,

F1c. 98.—TuE ExTInE MUSCULATURE oF Sivedon pisciformis.

L1, lateral line ; D, dorsal, and .¥, ventral portion of caudal muscles ; RM, dorsal
portion of lateral muscles of the trunk ; O, 0, outermost layer of the external
oblique muscle, arising from the lateral line, and extending to the faseia, I ; at *
a piece of this layer is removed, exposing the second layer of the muscle (0OB)
at Be the oblique fibres of the latter pass into longitudinal fibres, indicating the
beginning of the differentiation of a rectus abdominis ; at He' the rectuns-system
is seen passing to the viseeral skeleton ; AMe, fibrous partitions between the myo-
tomes of the dorsal portion of the lateral muscles ; 1, temporal ; Ma, masseter ;
Dy, digastric ; Mh!, mylohyoid (posterior portion) (e, external ceratohyoid
muscle ; Lo, levator arenum branchialium ; +++, levator bramchiarum ; Cph,
cervical origin of the constrictor of the pharynx; Th, thymus gland; £é,
latissimus dorsi ; Ds, dorsalis scapule ; Cu, cuenllaris; 55, suprascapula ; Ph,
procoraco-humeralis.

The cranio-visceral musculature is to be looked upon as having
been derived out of the lateral muscles in consequence of the
development of the visceral skeleton. _

Tt may be asserted as a general rule that the dorsal portion of
the lateral muscles of the trunk—except in the caudal region,
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; Thus, even in many ]ﬂ‘ishes,diE‘ereutiE..tiuns‘ occur on the ventral
side which biing about the formation of straight and oblique
abdominal muscles (rectus et obliqui abdominis).

'This ditferentiation is earried further in certain Dipnoi, and
is still more marked in tailed Amphibians. In the latter the
ventral musecles of the trunk become split into four layers, and in
the higher types,—such as the sexually-mature Salamander and
Triton,—a rectus abdominis lying right and left of the median
line is plainly differentiated (Fig. 99, fie, KLe).

The outermost layer of the lateral muscles of the abdomen
does not appear to be retained in the higher types ; the other three
layers however remain, and are distinguished from without in-
wards, according to the direction of their fibres, as external and
internal oblique, and transversalis (Figs. 95, 99, 0, 0b).

The external and internal obliques extend from the visceral skeletom,
that is, from the floor of the mouth, to the pelvic arch, the former even
being directly continuons with the musculature of the tail (Fig. 98) ; the
transversalis ceases in the region of the heart, and stands in the closest
relation with the fascia transversalis and the peritoneum, on the outer side of
which it lies. A similar arrangement is seen in all Vertebrates from the
Urodeles onwards.

The muscular system of the trunk of Anura shows a negative condition
as compared with that of Urodeles as above described : the lateral muscles of
the abdomen consist of two layers only, and their metameric arrangement seen
in the larva becomes later more and more obliterated. The rectus abdominis
is always well differentiated, and possesses a varying number of myocommata,

Reptiles.—In Reptiles, the lateral muscles of the trunk attain
a much higher grade of development. This is to be accounted
for by the more perfect form of the skeleton, more especially of
the ribs and pectoral arch. The ribs and intercostal muscles now
play an important part in respiration, and changes, necessitated by
the more important development of the lungs, are thus brought
about.

The distinction between thoracic and abdominal regions becomes
gradually more plainly marked, and distinet external and inter-
Sal intercostal muscles are now differentiated. In the lumbar
region the ribs become gradually withdrawn from the muscles lying
between them; the muscles thus lose their intercostal charac-
ter, and form connected sheets, extending between the last pair
of 1ibs and the pelvic arch (e.g. the quadratus lumborum,
which lies close against the vertebral column, and the obliqui).

The rectus abdominis, which is always well developed, be-
comes divided into three portions,—a ventral, an internal (a
subdivision of the latter), and a late Tal st :

While no important differentiation is noticeable in the dorsal
portion of the lateral body-muscles 1n U‘rudeles, a great sub-
division of these muscles is seen in Reptiles. In them may be
distinguished a longissimus, an ileocostalis, interspinales,

m - - - L ] - =
semispinales, multifidi, splenii, and levatores costarum,
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together with the scaleni, which belong to the last-mentioned
GTUEES , 3o NG

The muscles of the main part of the tail retain primitive rela-
tions similar to those seen in Fishes: at the root of the tail,

however, new muscles become differentiated.

Birds.—In Birds the primitive character of the trunk-muscles
has disappeared far more than in Reptiles.

This is mainly to be accounted for by the excessive develop-
ment of the muscles of the anterior extremity,—the pectoralis
major more particularly,—and the corresponding backward
extension of the breast-bone.

External and internal oblique muscles are present, but only
slightly developed: this is more particularly true of the inter-
nal, which appears to be undergoing degeneration. No trace of
a transversalis can be distinguished, but on the other hand, a
paired, unsegmented rectus is present.

External and internal intercostals are well developed, and a
triangularis sterni appears for the first time on the inner surface
of the sternal ends of the ribs. ;

The dorsal portion of the trunk musculature is only slightly
developed in the region of the body, though very strongly marked
in the neck.

All these modifications in Birds seem to be accounted for by
the great specialisation of the mechanisms for flight and respira-
tion, to assist which the greatest possible number of muscles are
brought into play, and which thus greatly influence the whole
organism : an essential difference is thus brought about between
Birds and Reptiles.

Mammals.—Three lateral abdominal muscles are present in
Mammals, an external and internal oblique and a trans-
versalis, Hxcept in a single instance (Tupaia), they are enti rely
unsegmented, and consist of broad uniform plates of muscle. To-
wards the middle line, they pass into strong aponeuroses, which en-
sheath the rectus abdominis. The latter consists of a single band
on each side, and possesses a varying number of myocommata: it
15 no longer conneeted with the axial muscles of the neck belong-
Ing to the same system (sternohyoid, sternothyroid, &c.), as is the
case in Urodeles, for the sternum is always interposed between
them, as it is in Sauropsida.

In Monotremes and Marsupials, a strong pyramidalis mus-
cle lies on the ventral side of the rectus abdommnis, It arises from
the inner border of the “marsupial bones” (epipubes), stands in
;.mPﬂTiant relation to the pouch (marsupium), and may extend
t?rwarq.s. as far as the sternum. In the higher Mammals, where
; 1e epipubes are a'bsent, the pyramidalis becomes greatly reduced
v entirely lost. Traces of it are, however, commonly to be met
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The structure of the cranio-visceral musculature of Teleostel
differs considerably from that roughly sketched out above, so that
the different groups of muscles must be arranged in an entirely
different manner, Thus the following divisions may be distin-

uished :—(1) Muscles of the jaws; (2) muscles of the dorsal,
and (3) muscles of the ventral ends of the v1$c:-:f:1'f;11 arches,

Bach of these groups may again be subdivided, but further
details about their arrangement, which is often very complicated,

cannot be given here,

Amphibia.—TIt is to be expected, @ priori, that the muscula-
ture of the visceral skeleton should be more highly developed in
 gill-breathing than in lung-breathing Amphibians; we thus find
that in the former, more primitive relations are met with, connecting
them with lower forms, while in the latter a greater modification,
or rather reduction, of these muscles takes place.

Between the two rami of the lower jaw there lies a muscle
with transverse fibres (the mylohyoid), supplied by the third
division of the trigeminal and the facial ; this represents the last
remnants of the constrictor muscle of Fishes. As the elevator of
the floor of the mounth, it stands in important relation to respira-
tion and deglutition, and is retained throughout the rest of the
Vertebrata up to Man (Fig. 98, 99, Mk, MAY).

A continuation of the trunk-musculature (the omo-, sterno-, and
genio-hyoid) provided with tendinous intersections, lies above the
mylohyoid (Fig. 99, fie!, k). These museles, which serve to pull
the visceral skeleton forwards and backwards, are supplied by the
first and second spinal nerves,

In contrast to Fishes, there is in Amphibia a definite differen-
tiation into muscles of the tongue, that is, into a hyoglossus
and a genioglossus, but these also must be considered as having
been derived from the anterior end of the ventral muscles of the
trunk ; they are present in all Vertebrates, from the Amphibia
onwards, and are supplied by the hypoglossal (the first spinal nerve
of Amphibians).

In the Perennibranchiata and in Salamander larve the muscles
of the hyoid and of the visceral arches may, by analogy
with Fishes, be divided into a ventral and a dorsal group: the
latter disappears in adult Salamanders and Anura, only the ventral
persisting. Their function is to raise and depress the branchial
arches, as well as to draw them forwards and backwards. To these
may be added constrictors of the pharynx as well as (inegill-
breathing animals) levators, depressors, and adductors of the
external gill filaments (Figs. 98 and 99). They are innervated
by Ehe vagus and glossopharyngeal.

The jaw-muscles may be divided into a depressor (digastric,
or biventer mandibule, Fig. 98, Dy), supplicd by the facial, and
into elevators of the lower Jaw (masseter, temporal, and pterygoid
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muscles, Fig. 98, Ma, T), supplied by' the third division of the
trigeminal.  All these muscles, which may be derived from the
adductor of the mandible of Elasmobranchs and Ganoids, arise
from the auditory region of the skull.

Amniota.—With the simplification of the visceral skeleton in
Amnm_ta, there is a considerable reduction of the musculature
belonging to it. All muscles connected with branchial respiration
are of course wanting, and the ventral trunk-muscles, as men-
tioned above, are always interrupted in their forward extension
by the sternum and pectoral arch. At the same time, the
muscles along the neck and on the floor of the mouth met with in
Amphibia are present here also; they are the mylo-, sterno-,
omo-, and genio-hyoid, as well as the hyoglossus and genio-
glossus. To these may be also added a sterno-thyroid, and a
thyro-hyoid, continued forwards as a prolongation of the former.

The stylo-hyoid, stylo-glossus, and stylo-pharyngeus of Mammals,
arising from the styloid process and stylo-hyoid ligament, and undergoing
numerous variations, are neomorphs. They are EuppTied partly by the facial,
Imrtl}f by the %usaophuryngml, and act as retractors of the tongue and
evators of the pharynx and hyoid.

The muscles of the jaws resemble those of Amphibia,
although, especially in the case of the pterygoids, they are much
more sharply differentiated, and are throughout more strongly
developed. (A secondary subdivision of the muscles may occur
in Birds and Reptiles, as for instance in the case of the temporal
muscle.)

The facial muscles, forming a marked feature for the first time
in Mammals, arise originally in the neighbourhood of the eyes,
mouth, nose, and ears, around which they are principally grouped
throughout life; they are thus connected with the most important
organs of sense. They are su [:il))lied by the facial nerve, and attain
their greatest development in Primates.

Following in the lines laid down by Gegenbaur in his Lelrbuch der
Anatomie des Menschen on the origin of the facial muscles, G. Ruge has made
detailed researches on the facial museulature of Lemurs, from which he arrives
at the following results. .

The fact that all the muscles supplied by the facial nerve belong to
the same series indicates that those related to the visceral skeleton, and
having originally nothing to do with the face, which are supplied by the same
nerve, must have shifted upwards from the region of the lower jaw and neck,
g0 as to come into close relation with the soft parts surrounding the apertures
of the ‘ear and mouth, that is, to the secondarily-formed lips and external
ear. From these points they extended further, taking on new relations to the
eye, nasal aperture, and frontal and temporal regions. The museu-
lature further extended to the parietal region, the parts of it in front of the
aperture of the ear arising from the frontal and temporal regions, those behind
it from the oceipital region. The upx}rard change of position of the musculature
thnus took place along two lines,—in front of, and behind the ear, as is

proved by its innervation, to be described directly.
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Into all these regions the facial nerve extended, forming divergent branches
and plexuses : a posterior (occipital) and four anterior (temporal, maxil-
lary, mandibular, and a branch to the posterior belly of the biventer muscle)

main branches may be distinguished, s :

The complexity of the branching of the facial nerve is thus proportionate
to that of l:in:: facinl muscles, and i: most marked in Primates, in which the
museulature gradually takes on new origins corresponding to the more and

more highly differentiated cranial skeleton,
The platysma myoides thus forms the matrix for the facial

museles, and it represents the remnant of a musculature continued
forwards to the head, which has retained (e.g. in Man) an undifferentiated

form in the neck (Gegenbaur).
Besides the formation of new independent muscles, modifications of certain

of the facial muscles also took place, which resulted in their more or less
complete degeneration. Thus they have become replaced by tendinous
aponeurotic regions (viz, the fascia temporalis, parotideo-masseterica, and the
galea aponeurotica of Man), or even entirely obliterated.

Besides the platysma myoides there 1s a second deeper dermal system of
museles of the neck, the skﬂlincter colli. This, like the platysma, also takes
on secondary relations to the head, and gives origin to the levator labii superi-
oris proprius, levator anguli oris, sphincter oris, depressor tarsi, buccinatorius,
and the proper muscles of the nose. The facial muscles not mentioned here
arise from the system of the platysma,

MUSCLES OF THE APPENDAGES.

The following important factors must be taken into consi-

deration with regard to the muscles of the appendages: (1) the
homologies of the parts of the skeleton; (2) the relative positions
of the neighbouring soft parts; and (3) the nerve-supply.
. The most primitive condition of the muscles of the extremities
1s met with in Dipnoi, more particularly in Ceratodus, In this
case, the musculature of each surfice of the fin forms a uniform
mass, there being hardly any indication of a separation into definite
layers and groups. Everything goes to prove that all the musecles
of the appendages are to be looked upon as derivatives
of t%]e lateral :imscles of the trunk,

Wo principal groups of appendicular muscles '
be distinguished ; one lying in Pi?he region of the p?gt?;rg%wsﬁc?
pelem illl;ch;:is, thef,_ (iii‘;her in the free extremity.

n the fins of Fishes, very simple conditions o
are met with ; in A_mphibin, gru thé}ﬂther hand, in ct;rtuj"};\:p::]ggeﬂsz -
with the more highly-differentiated organs of locomotion. con-
siderable complication is seen, and there is a much more marked
separation into individ nal muscles, corresponding with the different
?lectmus of the extremity. In Fishes, only simple elevators

?Tsmrs, and add_ucturs, for moving the extremity as a
w tn te, are present, while from Amphibia onwards there are added
izdutﬁ_rs},]fll;xirs, extensors, and adductors of the upper arm
Thc’d'lgt , of the fore-arm and shank, and of the hand and foot,

1g1ts are also moved by a highly-differentiated musculature,
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side of the head (Fig. 100, £); in Gymnotus t]m}; ljlf ]l?ﬂ.tﬂ;:
ventral portions of the enormously long tail (Fig. 101, )t - t.hc;
in the position usually occupied by L}ne ventral l’fjr?m;]'g ﬂlectric
great lateral muscles; and finally, in Malapterurus, le 7 .
organ extends between the skin and nmsulusf: round n_lnni._k
entire ecircumference of the body, thus enclosing the: Fish like a
mantle : it is especially strongly developed along the sides.

Fic. 101, A and B.—Tur Erecrric ORGAN OF Gymnolus electricus. (B, from a
preparation by A. Ecker.)

H, skin ; FI, fin ; DM, DA, dorsal portions of the great lateral muscles, seen partly
in transverse section, partly in longitudinal ; WA, FMY, ventral portions of
ditto ; ¥, the electric organ, seen in transverse section at E (B}, and from the
side at Et; WS, vertebral column, from the side, showing the spinal nerves,
and W8, in transverse section ; LH, posterior end of body-cavity ; Sep,
median longitudinal fibrous septum, which divides the electric organ and the
lateral irtt:ul%-musclns into two equal halves ; 4, anus.

The electric power of those Fishes which were formerly known
as “psendo-electric” has now been fully demonstrated, though it
1s much feebler than in the forms described above. To this category
belong all the Rays, with the exception of Torpedo, the various
species of Mormyrus, and Gymnarchus (both belonging to the
Teleostei). In all these, the electric organs lie on either side
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of the end of the tail, and have a metameric arrangement like
that of the caudal muscles; in the Mormyridw, for example, there
is on each side an upper and an under row of electric orcans.

The electric apparatus in all the above-named Fishes is to be
regarded from the same point of view both as concerns its mode
of development and anatomical relations: all elecfric organs are
to be looked upon as metamorphosed muscular tracts,
and the nerve-endings belonging to them as homologues
of the motor end-plates which are ordinarily found on
muscles.

As regards the minute structure of the electric organs, the same
essential arrangements are met with in all. The framework is
formed of fibrous tissue, which, running partly longitudinally,
partly transversely through the organ, gives rise to numerous
polygonal or more or less rounded chambers or compartments,
These latter are arranged in rows, either along the longitudinal
axis of the body (Gymnotus, Malapterurus) or in a dorso-ventral
direction (Torpedo), forming definite prismatic colmmns (Fig. 102).

Fig. 102, —Erecriic Prisms oF Torpedo marnorate.  (Semidiagrammatic. )

Numerous vessels and nerves ramify in the connective-tissue
lying between these compartments, the nerves being enclosed in
very thick sheaths, and having a great variety of origin accord-
ing to the species of Fish under consideration. In Torpedo, they
arise from the “electric lobe” of the medulla oblongata, a
single branch coming also from the trigeminal; in all pseudo-
electric Fishes, as well as in Gymnotus, in which over two hundred
nerves pass to the electric organ, they arise from the spinal cord,
and most probably are in the closest relation with the ventral
cornua of the latter, which are particularly well developed in
the last-named Fish. It is very remarkable that the electric
nerves of Malapterurus arise on each side from a single enormons
nerve-cell, which, lying in the neighbourhood of the second
spinal nerve, is continued into a very large primitive-fibre, which
passes towards the end of the tail, dividing as it goes. The
latter is invested by a thick sheath. : _

On continuing our examination into the more minute his-
tological structure of the peripheral newe—endmgs, it becomes
necessary to give a definition of those structures which are usually
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As this disk, which, as already mentioned, is to be looked upon as
metamorphosed muscle-substance, becontes inseparably fused with
the nerve-plate lying close to if, it follows that the electric plate is
not a uniform structure, as was formerly believed, but is to be
regarded as having arisen out ol two tissue-elements. The com-
partments are not entirely filled by the electric plates; a space
filled by gelatinous tissue (Fig. 103, &), or sometimes only
by a fluid, always remains in the upper (Torpedo) or anterior
(Gymnotus, Malapterurus) side of each compartment along
the wall separating it from the next. The side of the electric
plate on which the nerve branches out is negative at the
moment of discharge, while the opposite side is positive, and thus
the different arrangements of the parts in Gymnotus and
Malapterurns render it clear that the electric shock must pass
in different directions in these Fishes: thus in Malapterurus it
passes from the head to the tail, but in the contrary direction in
CGymnotus. In Torpedo the discharge passes from below upwards.

Experiments have shown that all electric Fishes are proof
against the electric current, with the limitation that muscles
and nerves — even the electric nerves themselves — separated
out from the body, are capable of being excited by the current.
“The last and most important question with regard to the electric
Tishes is naturally concerning the mechanism whereby the electric
plates become temporarily charged with electricity. The reply to
this question, although probably not so difficult a one as that
relating to the mechanism of muscular contraction, is still far from
being answered” (Du Bois-Reymond). The only thing that can
be stated with certainty is, that the electromotive force is under
the influence of the will.

RIBLIOGRAPHY.

BABUCHIN.— Debers. der neweren Untersuchungen iiber Entwicklung, de., der elekbri-
schen wnd pseudocleltvischen Organs.  Arch. f. Anad. und Physiol. 1876.

KekER, A.—Entwickl. der Nerven des elektr. Organs von Torpedo falv. Zeitschr. fiir
awriss. Zool. Bd. L. 1848, Unfers. zur Ichthyologie. Freiburg, 1857.

Rrysoxp, B Du Bois.—Gesammelte Abhandlungen zur ally. Muskel- und Nerven-

physik. Bd. 11,



™ - Ll L - I L
£ [ [ i =
] 1 = L
e [ 1= . T - ~= .
| 2} 1=










132 COMPARATIVE ANATOMY.

canal of the spinal cord. The primary fore-brain and hiud-brain
cach become differentiated into two parts, and thus five divisions
of the brain may be distinguished. Counted from before backwards
tliese are Prosencephalon (secondary fore-brain), Thalamen-
cephalon (primary fore-brain), Mesencephalon (mid-brain),
Metencephalon (secondary hind-brain), and Myelencephalon
(primary hind-brain). The prosencephalon is also spoken of later

e oW
: L
\___ﬁ:_ e Ro————
Fro. 105.—DiagraAM oF THE Esprvoxio CoNDITIoN oF THE CENTRAL NERvOUs

BVETEM.
(7, brain, with its three primary vesicles, I, I7, I/I; R, spinal cord.

as the cerebrum, the mid-brain as the optic lobes, or corpora
bigemina,! the metencephalon as the cerebellum, and the
myelencephalon as the medulla oblongata.

The olfactory lobes arise from the secondary fore-brain, which
becomes divided into two cerebral hemispberes by a longi-
tudinal fold, the basal portion of the vesicle becoming thickened
to form a great mass of nerve-centres; this may be distinguished
from the remaining peripheral part of the vesicle, or pallium,
as the central portion (Fig 106, Cs).

Throughout the animal kingdom the prosencephalon plays a
most important part, for the intellectual condition of the animal
depends upon the extent of its development. It consequently
attains the createst perfection in Mammals, and above all, in
Man. While in the lower Vertebrates the central portion of the
fore-brain is provided with only three small commissures, con-
necting its two halves, in Mammals the two hemispheres become
fused together along one portion of their inner surfaces, and thus
give rise to the great commissures spoken of as the corpus
callosum and the fornix2 While the outer surface of the
hemispheres in all Vertebrates below the Mammalia is more or less
smooth, in the latter fissures (sulei) and convolutions (gyri)
may be present. These consist of folds of the gray cortical sub-
stance, which cause a greater or less increase of the superficial
area.

The following structures arise from the thalamencep halon:—
the optic thalami, formed as thickenings of its lateral walls;
the primary optic vesicles, arising as paired basal and lateral
outgrowths, from which the optic nerves and retina are {IFerﬁd
later (Fig. 106, T%o, Opt) ; the pineal gland or epiphysis (£),
developed as a tube-like outgrowth of the roof; and finally, the

i 1 Mammals, each optic lobe becomes divided into twao parts, and indications of

a similar division are seen in some Lizards (see Fig. 118, A)
2 Traces of a fornix are seen in curtain Reptiles (e.g. Psammosamis}).
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infundibulum (/), formed asa funnel-like extension of the floor,
together with a part (the posterior lobe) of the pituitary body
(hypophysis) (H).! Theother part (anterior lobe) of the pituitary
body arises by a gradual pinching off of the epithelium of the primary
oral involution, and gives rise later to a gland-like structure.
The cerebellum, in the higher types, becomes differentiated into
two lateral portions (lateral lobes), which may again be sub-
divided, and a median unpaired portion (superior vermis), which
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Fic. 106.—LoXGITUDINAL SECTION THROUGH THE SKULL AXD BRAIN OF AN
(inEAL) VERTEBRATE EMBRY0. (In part after Huxley.)

FBe, basis cranii; Ch, notochord; SD, roof of skull ; NH', nasal eavity ; VH,
secondary fore-brain (prosencephalon), showing the corpus striatum (Cs) at the
base, and the olfactory lobe (if) anteriovly ; ZH, thalamencephalon (primary
fore-brain), which has given rise dorsally to the pineal gland (epiphysis) (Z),
and ventrally to the infundibulum (f), to which the pituitary body (hypophysis)
(f) is attached : anterior to this is seen the optic nerve (Opf), arising from the
optic thalamus ($ho); HC, posterior commissure ; MA, mid-brain (mesen-
cephalon) ; HH, cerebellum (metencephalon, secondary hind-brain); NH,
primary hind-brain (myelencephalon) ; Ce, central canal of spinal cord.

connects these two. The other two portions of the brain (mid-brain
and medulla oblongata) do not become so greatly modified as
the fore-brain. Tt is therefore only necessary to mention that the
medulla oblongata, the roof of which undergoes a retrogressive
metamorphosis, gives origin to the greater number of the cranial
nerves, so that its physiological importance is very great.

The following important changes take place in the further
development of the brain.

The walls of the cerebral vesicles become more and more
thickened, so that their cavities, transformed into the ventricles
of the brain, undergo a gradual constriction.

! Opinions are much divided as to the meaning of the epiphysis and hypophysis.
Some observers consider the epiphysis to be the homologue of the anterior Neuropore
of ernhr:.'m‘; of Amphioxus and Tunicata, that is, as the remains of a last connection
of the brain with the epiblast : this opiuion, however, is not tenable aceord ing to
numerous later researches, all of which agree that it arises secondarily from the
roof of the thalamencephalon. Others imagine it to be the last rudiment of a
sensc-organ, and from the fact that it arises in a similar mauner to the optic
WHEF]I“H ;Lt has I:rlenn explained as an unpaired eye,

e hypophysis, asit seems to arise as a paired structure, iz thousht b
Dohrn to correspond to n pre-oral gill-cleft : this is }.Ju-. latest of the I;lllll}' Inyllﬁthesei
which have been put forward on the sulbject.
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A series of unpaired ventricles, lying in the longitudinal axis
::nf' the brain, as well as paired ventricles can always be?listillrrilis’;le:i
The principal paired cavities lie within the cerebral hemfs l1erei:-
anf_l are known as the lateral ventricles (Ventriculus 1 End ":'j
(Fig. 107, S¥); each of these communicates with the unpaired s 5
tem by means of an opening, the foramen of Maonro {Fié 1%]7
FM). In Teleostei, certain Amphibia, and Sauropsida, Eﬂ,ﬂh.t}[}ﬁil‘;
lobe also contains an optic ventricle, communicating with the
unpaired system of ventricles. The latter consists of a third
(within the thalamencephalon) and a fourth ventricle (in the
medulla oblongata), as well as of the agueduct of Sylvius,

Fia, 107.—ITAGRAM OF THE VENTRICLES OF THE YERTEBRATE Braix.

VH, cerebral hemispheres, containing the lateral ventricles (SF); ZH, thalamen-
cephalon, with the third ventricle (I11); in Mammals the paired septum Iugidum,
lying anteriorly to the thalameneephalon, encloses the **fifth ventricle ™ ; each
Tateral ventricle communicates with the third ventricle by a small aperture, the
foramen of Monro (FM) ; MH, mid-brain, which encloses the aqueduct of Sylvius
( Ag), communicating between the third and fourth ventricles ; HH, cerebellum ;
NH, medulla oblongata, enclosing the fourth ventricle (ZF) ; e, central canal

of the spinal cord (K}

which passes through the mid-brain and connects these two. For
farther details. such as the relations of the different ventricles to
articular parts of the brain, compare Figs. 106 and 107. A so-
called fifth ventricle, lying between corpus callosum and fornix,
‘s found in Mammals, but morphologically it is quite different
from the others.
All five cerebral vesicles lie at first in the same horizontal
plane, but in the course of development the axis of the vesicles be-
comes bent downwards, so that at a certain stage the mesencephalon

forms the apparent apex of the brain (Fig. 108, SB). In Mammals,

the parts of the brain become still further folded on one another. so

Sl "o
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central nervous system in the lower Vertebrata, In higler Verte-
brates, its double nature persists only in the region of the vertebral
eslumn, the two layers becoming fused in the eranial portion. As
the brain of Fishes by no means fills up the cranial cavity, a large
lymph-space lies between the dura and pia mater; this cor-
responds to the so-called sub-dural space of the higher
Vertebrata.

A differentiation of the primary wvascular membrane of the
brain and spinal cord into pia mater and arachnoid takes
place in the higher Vertebrates, and these two layers become
separated in those places where there are deep depressions be-
tween the individual parts of the brain; the deeper of these (pia)

@Wﬁﬁ, | l||uﬂ”|['.”ﬁ'ﬂf'[j|'l|\ ” ?..EJ H;Ilﬂ'ly |'ﬂ‘-!:i]||l =

Fic. 100.—BrAN-MesmerANES oF Maw, (After Sehwalbe.)

DM, dura mater ; SE, sub-dural cavity; 4, arachnoid ; P, pia mater; GE, gray
cortical substance of the brain.

adheres closely to the brain, and also penetrates into the ventricles
in the form of tele choroidea and plexus choroidel,
while the superficial one (arachnoid) simply bridges over the
depressions. s :

No certain explanation can as yet be given of the morphological
meaning of the hollow anterior end of the spinal cord in Amphi-
oxus, nor of the diverticulum connected with 1t which opens
freely to the exterior on the dorsal surface.

Fishes.

The Cyclostomi show a very low condition of the ]J;::Lix_l,
which in many points remains in an embryonic condition. 'lh% is
particularly the case in the larval condition {Ammucmte]s,f g.
110), in which the brain possesses a Iarrow and elongated form.
The individual vesicles lie in an almost horizontal dlI&EtllﬂI;
one behind the other, and it is of great importance to note tha
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and a.ppri_}xinmtt?[l together. In Hll]'ll']'E':t- all' Sharks the prosen-
cophalon is relatively much longer than any of the other regions
The olfactory tracts, the length of which varies much nr;:gcun:
?ected] w%ﬂ; tglle i.;mterim]'f end of the prosencephalon and pass
orwards into the large olfactory lobes, fr ' e :
nerves arise (Fig. 111, Tro, Lal},y AR v 17 e e 1t
The thalamencephalon, appearing like a small commissure
wedged in between the prosencephalon and mid-brain, grows out
on its dorsal surface to form a chimney- or tube-like epiphysis ;

Fig. 111.—BrAIN oF Goleus canis, in sifw, (Dorsal view.) (After Rohon. )

Lot, olfactory lobe ; T'ro, olfactory tyact - A, prosencephalon, showing at fn a
foramen for blood-vessels ; 24, thalamencephalon ; MAH, mesencephalon ; #H,
metencephalon ; N, myclelmcpha'iml . B, spinal cord ; T, optic nerve ; JIJ,
oculomotor ; ¥, trochlear nerve; F, trigeminal ; L, Ty, trigeminal lobe ;

¢, rest, restiform body; IX, ﬂfﬁossuphurjugml; X, wvagus; I, eminentie
teretes, between which is the ealamus seriptorius.

this may reach to such a length as to extend beyond the anter-
ior end of the brain for a considerable distance, and pass distally
into the roof of the skull.

Two pairs of small folds, spoken of as lobi inferiores and sacei
vasenlosi or processus infundibuli (Fig. 112, {7L), are present on the
floor of the thalamencephalon, They probably arise in conmection with
the infundibulum, or perhaps with the hypophysis also.

The cerebellum is always very large, overlapping the medulla
oblongata to a greater or less extent: it is divided up into seve-
ral folds lying one behind the other (Fig. 111, HIT). In Sharks
the medulla oblongata is an elongated cylindrical body (Fig.
111, NH), while in Rays it is more compressed and triangu-
Jar. In electric Rays a pair of lobi electrici arise from the gray
matter of the floor of the fourth ventricle, and these enclose a
mass of giant nerve-cells. For further details concerning, e.g., the
restiform bodies and trigeminal lobes, compare Figs. 111 and 112.
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remains in an embryonic condition, and ¢an hardly be sai

| _ _ tion, ardly be said to have
physiological function ; the brain of those'Fishes in which this mn&-
dition is retained probably acts mainly as a reflex machine
and there is little doubt that the mental pmcesseé

Fic 1124, —LoNGITUDINAL YERTICAL SECTION THROUGH THE AxTERIOR PART OF
rie TELEosTEAN BRAlx. (Founded on a figure of the Trout's brain by Rabl-

Ttiickhard. )

T'eo, roof of the optic lobes; TV, torus longitudinalis ; Cp, posterior commissure ;
Gp, pineal gland, with a cavity (@p') in its interior; Ep, Ep, the ependyma,
which lines the walls of the ventricles ; +, point at which the epithelial roof of
the secondary fore-brain (pallium, Pa) becomes coniinuous with the lining of the
anterior wall of the pineal tube: the former is folded inwards at f; F.em,
common ventricle of the secondary fore-brain ; F7.¢, third ventricle ; B.ol, N.ol,
olfactory bulb and nerve; C.sf, corpus striatum, which was formerly taken to
represent the whole of the prosencephalon, and which lies on either side of the
middle line: Ch.n.opt, optic chiasma ; (%, inferior commissure (Gadden); Ch,
Vorizontal commissure (Fritsch); J, infundibulum ; I, HY, hypophysis; Sv,
sacens vasculosus 3 Ld, lobi inferiores ; Aqg, aqueduet of Sylvius ; fr, trochlear
nerve ; Val, valvala cerebelli.

which take place in the cortical gray substance of the
brains of higher Vertebrates do not obtain in them,
The mid-brain and cerebellum arc by far the largest
portions of the brain (Figs. 114 and 115, MH, HH), while the
thalamencephalon is depressed between the prosencephbalon and
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mid-brain, and thus may be easily overlooked (Figs. 114 and
115, ZH). -

The prolongation of the cerebellum into the ventricle of the mid-brain,
seen only exceptionally in Elasmobranchs, is present as a rule in Teleosteans,
but the extent of its development vavies much. The pineal gland does not
differ essentially from that of Elasmobranchs and Ganoids, though it never
extends into the roof of the skull, and usually remains within the brain-
membranes.

As in Elasmobranchs, lobi inferiores and a saccus vasculosus are
present in connection with the infundibulum. The saccus vasculosus is both
uglandular and vascular in structure, and its duet passes into the infundibulum ;
hence it is sometimes called the * infundibular gland.” . :

Ganoidei, Dipnoi, and Amphibia.—Even apart from the
brains of Lepidostens and Amia, which are formed on the
Teleostean type, a common ground-plan cannot be laid down for the
brains of other Ganoids, Dipnoans, and Urodeles; in a certain mea-
sure they may be said to form one group, but in many poinfs they
resemble the brain of Petromyzon. They are all distinguished by

i Tool VES ZH MH RE NH R
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Fre. 116.—Braix or Polypterus bichir. (Side view. )

I, olfactory nerve ; I, optie nerve ; Lol, olfactory lobe; FH, prosencephalon, with
a lateral cleft at S, and the cerebral peduncles (Pedc) at its base, which radiate
into the hemispheres at Cs ; ZH, thalamencephalon, at the base of which is the
infundibulnm (Inf) with the pituitary body (H); MH, mid-brain ; HH, cere-
bellum ; NH, medulla oblongata ; &, spinal cord.

a marked development of the cerebrum, while the cerebellum is
only represented by a small fransverse fold of nervous matter
on the anterior end of the medulla oblongata (Figs. 116 and
117, HH).

The mid-brain is always paired; it encloses the narrow
aqueduct of Sylvius, and extends laterally outwards into the
optic tract. The extremity of the epiphysis sometimes extends
into the roof of the skull (Acipenser, Ceratodus), and the thalam-
encephalon is not visible to any great extent on the dorsal side,
though much more of it is exposed in Urodela than in Gym-
nophiona and Anura, in which the individual regions, especially
the lareely developed hemispheres and the broadened mid-brain
(Fig. 118, VH, MH), are much more closely approximated than
Urodeles and Ganoids.!

1 Asin Elasmobranchs, the epiphysis of Anura is produced into a long tube, the

distal end of which not only passes into the roof of the skull, but (in the embryo)
extends even to the skin. 1t becomes reduced later on.

























150 COMPARATIVE ANATOMY.

Other bands of nerve-fibres cnnﬁectilig parts of the brain
are spoken of as peduncles of the cerébellum (erura medulle ad
cembellun_n, crura cerebelli ad pontem, and ecrura cerebelli ::n:l
corpora bigemina) and cerebrum (crura cerebri) (Fig. 125)

In Mammals the mid-brain is of smaller relative size than in
other Vertebrates (Fig. 123, MH). A transverse furrow across its
dorsal surface divides it into four lobes (corpora bigemina).

Fic. 128.—CAsTs oF THE BrAIN-CasEs oF EocENE Mamdars. (After Marsh.)

Skull, with brain indieated, of 4, Tillotherium fodiens ; B, Brontotherium ingens ;
¢, Coryphodon hamatus ; 0, Dinoceras mirabile. £ and F, ventral and lateral
views of casts of the brain of Dinoceras mirabile.

The pineal gland (Fig. 123, Z) is displaced by the enlarged
hemispheres, and rests upon the anterior lobes.

The reader is referred to Fig. 123 for details as to the relations
of the corpus callosum, the fornix, the thalamencephalon, the
three commissures of the central portion of the brain, &e. These
parts will be better understood by a comparison with the deserip-
tion of their development given in the introduction to this chapter,
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The brains of Tertiary Mammals were in a very low stage of
development (comp. Fig. 126, 4 to F). Quite apart from the
relatively diminutive size of the brain, and more particularly of the
hemispheres, its structure reminds us in many points of the Reptilian
brain, though these animals were probably related to the Ungulata

and Proboscidea.

II, PERIPHERAL NERVOUS SYSTEM, "

By means of the peripheral nervous system a physiological
connection is established between the periphery of the body and the
central nervous system in both centripetal and centrifugal directions.
All parts of it, whether formed of nerve-cells or fibres, appear to
arise as bands or outgrowths of the central nervous system, and
are consequently derivatives of the epiblast. Thus the whole
nervous system represents a single organ morphologically as well as
physiologically, and the connection of the nerves with their periphe-
ral end-organs is to be looked upon, at least as far as we know at
present, as a secondary one. b P80 !

Two prineipal groups of peripheral nerves may be distinguished,
viz. spinal and cranial, that is, those which arise from the spinal
cord and brain respectively. The first are the more primitive and
simple structures, and they all show a similar arrangement along both
dorsal and ventral sides of the spinal cord, so that each segment of the
trunk possesses a dorsal and a ventral pair. The former consists of
sensory, the latter of motor fibres.

This regular arrangement can no lenger be plainly recognised
in all the cerebral nerves. Their condition in the early embryo,
however, shows that they have a similar origin to the spinal nerves :
both groups arise from two continuous longitudinal ridges of cells
lying along the dorso-lateral regions of the medullary cord, which
become later differentiated into segmentally-arranged ganglia, the
intersegmental portions undergoing no further development.

Nerve-fibres (processes of the multipolar nerve-cells, consisting
of axis-fibres) now grow out from the dorsal region of the spinal
cord into this chain of ganglia, pass through them, and appear
again on the other side. The dorsal nerve-roots thus arise
secondarily, that is, after the conversion of the neural ridge
into a chain of ganglia, while the ventral roots are developed
independently from the medullary cord, and appear to be formed
later than the dorsal.

We must thus bear in mind that each dorsal or sensory nerve,
whether it belongs to the brain or to the spinal cord, has originally a
ganglion in connection with it, while in the ventral nerves a
ganglion is wanting,

On the distal side of each ganglion, both nerve-roots become
bound up in a common sheath, though many facts seem to indicate
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that in the ancestors of existing Vertebrates the dorsal and ventral
roots remained distinet, »

~ The common trunk formed by the junction of the two roots
divides up again into a dorsal, a ventral, and an intestinal
branch. The first of these goes to the musecles and skin of the
back, the second supplies the lateral and ventral portions of the
body-wall, while the intestinal branch comes into connection with
the sympathetic (see p. 160).

1. SPINAL NERVES.

As_a general rule, each corresponding pair of dorsal and ventral
roots lies in the same transverse plane : an exception to this is seen
however, in Amphioxus, Cyclostomes, and Elasmobranchs. In
Amphioxus the mesoblastic somites of the right and left side .
are arranged alternately, and thus the points of exit of the
nerves also alternate, while in the two last-named groups of Fishes
each ventral pair alternates with a dorsal pair. In Ganoids also
lateral displacements of the nerve-roots are to be met with.

While in Fishes the greatest variations are seen as regards the
mode of exit of the nerves (which pass through the intercalary
pieces of the vertebral column, throngh the arches, or between them),
from the Amphibia onwards the nerves always make their exit on
each side between the arches, through the intervertebral foramina.
In their primitive undifferentiated condition the spinal nerves have
a strictly metameric arrangement, and are equally developed in all
regions of the body. As already pointed out in the chapter on the
spinal cord, this condition becomes modified by the development of
the appendages, so that a number of spinal nerves unite together to
form plexuses,! which according to their position are spoken of as
cervical, brachial, lumbar, sacral, &c¢. The number and size
of the nerves composing them is usually directly preportional to
the development of the appendages: a special description of them,
however, cannot be given here, and only the following points will
be touched upon. .

In contrast to Fishes, the great variation in the plexuses of which
renders it impossible to reduce them to a common plan, we find
from the Amphibia onwards a typical grouping of the branches
of the brachial plexus. The following branches may be distin-
guished :—(1) Anterior thoracic nerves (the dersalis scapul®
and thoracicus posterior s lateralis of human anatomy); (2)
anterior brachial nerves, the homologues of the subscapulares,
cutaneus brachii internus minor (with limitatiens), axillaris, and
radialis; (3) posterior brachial and thoracic nerves (tho-
racici s. pectorales anteriores, cutaneus internus major s. medius
musculo-cutaneus, median, and ulnar nerves (with limitations).

1 For a description of their composition, see Wiedersheim'’s Lehrbuch der vergl.
Anatomrc,
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The lumbo-sacral plexus shows in general, and more
particularly in Mammals, much greater variations than does the
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Fig. 127.—CEREBRAL NERVES AND BracuIAL PLExXUS oF Swelomandre cfrd.

Fa, ophthalmic branch of the trigeminal ; F?, its maxillary branch ; F&=, its
mandibular branch ; 11, entrance of the ophthalmic branch into the nasal capsule
and F#, its extension forwards to the snout; F.IJ, facial nerve ; FII®, its hyo-
mandibular branch ; FII% its palatine branch, which enters the nasal capsule
at ®* ; (o, commissure between the facial and glossopharyngeal (7X ) ; FX= branch
of the glossopharyngeal to tongue ; 7X% its pharyngeal branch ; X, vagus ; X7,
spinal accessory ; X /7 7, hypoglossal (first spinal nerve, which becomes connected
peripherally with the second spinal nerve, XI[2); I to &, the first five spinal
nerves ; Pl brach., brachial plexus ; Sy, sympathetic cord, showing a connection
with the spinal nerves at Sy ; Or, orbit ; M, maxilla.

brachial plexus. The nerves arising from it are spoken of as
obturator, crural, and sciatic. The latter divides up in the
hind-limb into a tibial and a fibular nerve.

2. CRANIAT. NERVES.

As already mentioned, the cranial nerves become so much
modified in the course of development that their primary rela-
tions, as a rule, can be no longer recognised. Nevertheless, it is
important to understand these primary relations thoroughly before
pursuing our inquiries further. It must therefore be borne in mind
that the head is primitively composed of a series of metameres, and
that the brain and skull are correlated genetically.! j

We must now ascertain, as far as is possible in the present
state of our knowledge, to which individual metameres the different
cranial nerves belong (see Fig. 41). The latest researches on this
subject have reference mainly to Elasmobranch embryos, though the
}'Esults obtained have been confirmed in other Fishes JIIC velostomi
Teleostei), and to a certain extent in Mammals also. j !

! For the appearance of dorsal ganglia of the crani red i
: i nial nervesin the embryo, o
the chapter onthe sensory organs of the integument, p. 165, HS R
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olfactory lobe or from a part of the brain develo]'.-ffd from it, _aml
does not af first consist, like the ordinary cranial and spinal
nerves, of a series of non-nucleated axis fibres, but has the form of
nucleated bundles, which arise from a network of sta}"ashaped
cells of the olfactory lobe. These nuclei are therefore identical
with the nuclei of nerve-cells.!

These observations were made on the human subject, and it is very desirable
that gimilar researches should be extended to the lower Vertebrates. It might
then be possible to explain the fact that the roots of the olfactory nerve are
usually double. The roots either eventually unite on either side to forma

common trunk, or else (less commonly) remain entirely separate, so that two
olfactory nerves perforate the ethmoid on each side (Gymnophiona).

A definite ecribriform plate is not always present; far more
commonly the whole undivided trunk of the olfactory nerve ex-
tends into the nasal cavity, and only then begins to break up.
This holds good for by far the greater number of Vertebrates below
Mammals, as well as for Monotremes.

It appears very probable that the olfactory nerve, in spite of its
peculiarities in the human subject, arises primitively, that is,
phylogenetically, in a similar manner to the ordinary cranial nerves.
The important circumstance that in Fishes it arises from the primi-
tive ridge of the medullary tube, from which all the other nerves
take their origin, is in favour of this supposition.

Optic Nerve.—As already mentioned, the optic nerve arises
from the stalk of that outgrowth of the primary fore-brain which is
spoken of as the primary optic vesicle. Inasmuch, therefore,
as 1t represents a part of the brain, it cannot be compared with
any of the other nerves. It remains for further researches to show
whether it is possible, on phylogenetic grounds, to consider it as
originally a segmental nerve.

Three more or less sharply differentiated portions may in most
cases be distinguished in the optic nerve ; these are spoken of from
the proximal to the distal end respectively as the optic tract)
chiasma, and nerve.

The chiasma, that is, the crossing of the two optic nerves, is
always present, though not always freely exposed, for it may re-
tam a primitive position deeply embedded in the base of the brain
as H{y (Iillj_rlclqst»nmes.T I J

lle m most Teleosteans the optic nerves simply overlie one
another (Fig. 128, A), in some of thefe Fishes [Hare:?gf:s, Engmuli;

. The olfactory lobes, which are closely united with the hemispheres, are origiually
}'!m—:-u:,iiiy applied to the ulf'rtu'r:nr}r mMneous ﬁ;embmne, which is perforated b; n:::gz::rrﬂ;
TIL ];.?“ from them. This condition persists throughont life in Cyclostomes : in
other Fishes, in correspondence with the separation of the olfactory orguns and brain
hgirrt}m secondary growth of the hend, each olfactory lobe becomes drawn out into an
*-'r“uﬂtf'-tﬂl‘}* bract, the main mass of the lobe remaining in connection with the
oactory organ, and thus being widely separated from the brain. In Elasmobranchs

EEE:ELEEEWT lobes are nsually short and thick, while in Teleosteans they are long and
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ficial and a deep! branch, a maxillary (2nd division), and a
mandibular (3rd division). :
The first of these arises separately, like a dorsal root of a spinal
nerve, while the other two represent primitively a single branch,
corresponding to the mandibular, from which the maxillary grows

out secondanily.

_ﬂiﬂ' _,!r_: .I;m :E‘.I

Fra. 129.—CrAX1AL NERVES OF dnguis fragilis.

t+, Gasserian ganglion, from which proceed the three branches of the trigeminal, F&,
5 and Fe: behind it is seen a sling-like commissure of the sympathetic (Sy
and C'o), which connects the trigeminal with the vagus-group (IX, X): from
this commissure arises a sympathetic ganglion (Gy), as well as a long cord (Sym)
passing to the second sympathetic ganglion, Gg*; Ve, VII*, the facial nerve
appearing through two separate apertures; f, conneetion between the palatine
branch of the facial and the maxillary division of the trigeminal ; *t, points of
entrance of the maxillary and ophthalmic divisions respectively of the trigeminal
into the nasal capsule ; Mm, Mm, branches of the mandibular branch to the
masticatory muscles ; X, ganglion of the vagus; L7, inferior laryngeal nerve ;
#, superior laryngeal ; B4, intestinal branch of the vagus ; X1J, hypoglossal (the
two firat spinal nerves) ; 3 to 6, third to sixth spinal nerves ; 0, anditory capsule ;
Seap, scapula ; A, eye ; D, D' laerymal and posterior part of Harderian g]lund.

The fact that in many Vertebrates the trigeminal arises by two
separate roots indicates its double nature, as does also the fact
that, contrary to the general rule, all three divisions do not unite in
a single ganglion (the Gasserian), but each main branch may be
provided with an independent ganglion.

_ In all Vertebrates, the first division of the trigeminal,
with its deep (naso-ciliary) and superficial branch, supplies the
integument of the forehead and snout, as well as the integu-
mentary coverings of the orbit and certain parts of the eye-
ball. It is entirely sensory.

The second division of the trigeminal, which is also a
Sensory nerve, 1s conmnected with the facial, and extends first
along the floor of the orbit, then passes to the upper jaw, supplying
the teeth, and finally, as the infraorbital branch, perforates the

! In Fishes and Amphibia the dee i ig ; inhi
- In 1 : ep branch forms an independent twig : in higher
forms it is bound up with the superficial branch as the I'l!tﬁu*ltiliﬂT}' “:g”m s
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skull to reach the integument in the region of the upper jaw, snout,
and upper lip. 2

The third division of the trigeminal is of a mixed nature ;
it supplies on the one band the masticatory muscles, and also gives
rise to the great sensory nerve of the tongue (lingual or gustatory
nerve), while another branch, passing through the inferior dental
canal, supplies the teeth of the lower jaw, and then gives off
one or more branches to the integument of the latter and of

the lower lip. It is usually connected with the chorda tympani
branch of the facial,

Facial and Auditory Nerves.—Both arise from a common
ganglion, the former, as we have seen, coming into close relation
with the trigeminal.

The facial, which is originally a mixed nerve, divides into three
branches,a hyomandibular, a palatine, and a buceal. The first,
which is connected with the glossopharyngeal by means of the
so-called anastomosis of Jacobson, 1s distributed, as its name im-
plies, mainly to the region of the first and second visceral arches;
thus in Fishes it goes to the parts around the spiracle and to the
museles of the operculum and bmnchiﬂste%a,l membrane. A small
remnant of this branch in the higher Vertebrates supplies the stylo-
hyoid muscle and the posterior belly of the digastric.

In Mammals the facial is a purely motor nerve, supplying
mainly the facial muscles, as well as the platysma myoides, which
has the closest relations to them (comp. p. 121). :

The auditory is always a very large nerve, and soon aft:er its
origin from the brain it divides info a cochlear and a vestibular
branch. The former passes to the cochlea, while the latter supplies
the rest of the auditory labyrinth.

Glossopharyngeal and Vagus.—These, which are a?f a mi:g.etl
nature, have not, like the other cranial nerves, their distribution
limited to the head. o

In Fishes and gill-breathing Amphibians the vagus branches
out to the region of the visceral and branchial apparatus, as well
as to the muscles of the shoulder and anterior extremity
(Protopterus). It then extends backwards along the sides of
the body under the skin to theltml as one or more lateral

lying sensory organs. ‘
nerﬁ‘ﬁﬁ%ﬁ;‘?ﬁg all Verte%ratx??a it is distributed to the anterior
rt of the alimentary canal, giving rise to a pharyngeal, an
wsophageal, and a gastric plexus, besides giving off branches to the
heart and to the whole respiratory system, from the larynx to the
- er).
e Slf]?;rfidglal}ic, cervica!, tll_nraci'c:, and gbdﬂmin&l pﬂI:+
tions of the vagus can be distinguished in the higher Vertebrates.

1 Compare the chapter on sensory organs, n. 165.




CRANIAL NERVES. 159

Both vagus and glossopharyngeal are always closel _ylc?mliec}e:ll ;:;:Ei
the sympathetic system by anastomoses: 1n IFIff}lf,sf iLfthh.in
pharyngeal supplies the region of the first (hyobranchia ) cleft, e
in the higher Vertebrates it passes to the tongue as the nerve o
taste, and, like the vagus, gives rise to a pharyngeal plexus.
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F16. 130.—Crax1an NErVES AND BracnrAn Prexvs ov Seylitwn canicula.

I1, optie nerve ; FII, oculomotor ; IV, trochlear ; ¥2 (upper), superficial branch, and
]P:'“ (lower), deep branch of the first division of the trigeminal (the two branches
anastomose at ™ within the nasal capsulej; Fhe, maxillo-mandibular branch ;
F%, maxillary branch; F¢, mandibular branch ; V7, abducent; FIT, facial :
FII= its hyomandibular branch ; F7I%, its l}almiug branch ; IX, glossopharyn-
geal ; X, vagus; Rilaf, its lateral branch; t+t, gill-clefts; 1 to 14, t e first
fourteen spinal nerves, forming the brachial plexus (PLbrach) ; O, anditory
capsule ; Sp, spiracle ; Or, orbit ; A8, cleft of mouth.

Spinal Accessory.—This nerve arises some distance back
along the cervical portion of the spinal cord, in the region from
which the fourth to fifth cervical nerves come off; from this
point it passes forwards, taking up fibres from the cervical nerves
as it goes. It extends along the side of the medulla oblongata
into the cramial cavity, there becomes associated with the root of
the vagus, and leaves the skull through the same foramen as the
latter. It appears plainly for the first time in Chelonia, and
supplies certain of the muscles related to the pectoral arch, e.g.
the sternocleidomastoid and the trapezius.

Hypoglossal.—This purely motor nerve closely resembles a
spinal nerve, and is distributed (having here and there anastomoses
with the cervical plexus) to certain muscles lying on the floor of the
mouth, and to others extending between the pectoral arch (sternum)
and hyoid (which morphologically are trunk-muscles and not vis-
ceral muscles), as well as to the muscles of the tongue proper,
which are differentiated from the latter. (Compare p. 119). In
the Ichthyopsida it is not included within the skull, and is there






SUPRARENAL BODIES. 161

GaSKELL, W. H., and Gavow, H.—On the Anatony of the Cardiac Nerves in certain

Cold-blooded Vertebrates. Journ. of Physiol. Vol. V. No. 4, .
KurrFER, C.—Usber primire Melamerie des Newralrohves der Verlebraten. Sifz-

ungsh. d. K. Baierische Academie der Wissenschaften, Dec. 1885. :
LExHOSSER, M. v.—Untersuch. b, die Spinalganglien des Frosches. Archiv f.

mikr. Anat. Bd. XXVI. 1886. s a
MARsHALL, A. MrLxEs.—Various Papers on the Dewelopment of the Nerves in the
Journ, of Anat. and Physiol. Vol. XI. and XV, and in the Quart. Journ. of

Micros, Science, Vols. XVIII., XIX,, and XXI. et
Minarkovics, V. v.—Enfw.-Fesch. des Geliirns.  Leipzig, 1877.
Ospory, H. F.—Preliminary Notes on the Brain of Menopoma and Bang. Proe. dead.

Nat, Sei. Philad. 1884,

Rapr-Ritcknarp, H.—Ihe gegenseit, Verhdltnisse der Chorda, Hypophysis, &c., bei
Huifischembryonen., Morph. Jaheb. Bd. VI. 1880. (See also the forther works
of this author in the Feitsch. f. wiss. Zool. Bd, XXX., and drchiv f. Anai.
wnd Physiol. 1882 and 1883, as well as in the Biolog. Cendralb. 1883, No. 1.)

Rercuent, C.B.—Der Baw des menschl. Gehirns.  Leipzig, 1559 und 1861.

ScHWALRE, G.—Lehrh. d. Newrologie. Erlangen, 1880.
StiEDA, L.—Cp. the worksof this author in the Zeitsch. f. Zool. Bd. XVIII., XIX,,

XXIIL., und XXV.
WiepersHEIM, R.—Skelef und Nervensystem von Lepidosiren annecltens.  Morph.

Studien, Heft 1. Jena, 1880.
Witper, Bunr G.—Encephalic Nomenclature. N. ¥. Med. Journ., March 21 and

28, 1885.

Wryng, J. W, van.—Ueher das Fisceralskelel und die Nerven des Kopfes der Ganoiden
wund von Cernfodus. Niederl, dArch. f. Zool. Bd. V. 3. Usber dic Mesoderm-
segmente und die Entwicklung der Nerven des Selachierkopfes.  Verhdl, der
K. Adead. der W, =it Amaterdam, 1882,

SUPRARENAT. BODIES,

These bodies, which owe their name to the position which they
occupy in Mammals in front of the kidneys, orginate from the
mesoblastic tissue lying between the mesonephros and the aorta as
well as from the sympathetic,

In Elasmobranchs they are represented by a double row of
bodies lying right and left of the vertebral column (that is, arranged
segmentally) ; in these, a mesoblastic portion, consisting of richly
nucleated lobules, and a part arising from the sympathetic may be
recognised. In Teleostei the suprarenals are often wanting, but
when present they sometimes represent the metamorphosed anterior
(lymphoid) part of the kidney. In other cases, they are closely
united with the kidneys. It is probable that in all Vertebrates
they arise in connection with the pro- or meso-nephros. In
Amphibia, they either lie on the ventral side (Anura) or on the
inner border (Urodela) of the kidneys, receiving their blood-supply
both in Amphibians and Reptiles from the renal-portal vein.
In the latter group, as well as in Birds, they are of a bright yellow
colour, of an elongated or lobulated form, and lie in Elt?ﬁe contact
with the genital glands,

In Amnmiota, and especially in Mammals, the suprarenal of
each side forms a definite and uniform mass, lying close to the
corresponding kidney, and in it an ectodermal (i.e. sympathetic)
medullary, and a mesodermal cortical substance can always be
recognised, the two elements here being closely united together,

M
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Their extraordinary richness in blood-vessels, which is seen
thrnpg‘hnilt life, points to the important® function of these organs ;
but it is impossible to say at present what this function is,

BIBLIOGRAPHY,

Barrovn, F. M.—Elasmobranch Fishes. London, 1878.

Bravx, M. —Tleber Baw und Entwickl, d. Nebenni bei L
Inst, ze Wirsburg, Bd. V., nieren bei Replilien, Arb. d. zool.

GorrscHAU, M.—Usher Nebennieren der Sdugethiere spee. diber die des Menschen.
Wiirzh. phys. med, Gesellsch, 1882.  Structur wund embr. Entwicklung der
Nebennieren bei Saugethieren. _drch. f, Anet, und Physiol, 1888,

Jmﬂf;gé—ﬂwmrhngm ih, die Entwick. der Nebennieren. Archiv f. mikr. Anat.,

MiTsURURL—On the Development of the Suprarenal Bodies in Mammalic. Quart,
Jowrn. of Micros, Seience, 1882,

OxonI, A. D.—TUeber die Enfwick. des alischen Nervensystems. Arohiv f. mikr.
Anal. Bd. XXVI, Heft 1. A S M

WeLnox, W. F. R.—0n the Head-Kidney of Bdellostoma, with a Suggestion as to the
Origin of the Suprarenal Bodies. Quart. Jowrn. of Micres, Science, 1884, On
the Suprarenal Bodies of Verlelrala, Quart. Jowrn. of Micros. Science, 1885,

1ITI. SENSORY ORGANS,

The specific sensory end-organs originate, like the nervous
system in general, from the epiblast. The peripheral terminations
of the sensory nerves are thus always to be found in cells of
epithelial origin, while mesoblastic elements (as investments, for
instance) are secondarily added to them.

The individual sense-organs, e.g. those of sight, smell, taste, and
hearing, are to be regarded as secondary differentiations
of a diffused sense, as will be mentioned later on. This is
not only indicated in many Invertebrates, but numerous facts in
the development of Fishes and Amphibia and in the structure of
Amphioxus point to the same conclusion. i

From the Cyclostomi onwards this differentiation has already
taken place, and we find in them and in all Vertebrates above
them, that the olfactory, optic, and anditory organs are always
closely connected with the head. They are enclosed within
certain cavities and hollows of the skull (sense-capsules), and
thug differ somewhat from the second main group of sensory organs,
which are the means whereby the sensations of taste and temper-
ature, as well as other sensory impressions, are appreciated. These,
for the greater part, extend over thg w}:‘m]e_surfa.ce of
the body, and thus have a dif’fus_ed distribution; more-
over, they remain throughout life near the ectoderm,
from which they originate. ‘

In the higher organs of sense two kinds of cells are to be
distinguished, although they arc genetically identical with one
anothor. The first of these are the proper rod-shaped sensory
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cells, connected by nerves with the central nervous system, and
the second are the supporting cells, which lie be!;ween the
former and serve as a connecting and isolating material. _

In all the higher sensory organs the medium surrounding
the end-organ is always moist, and as this is also the case with
the sensory organs of the integument of Fishes, we find
to a certain extent similar nerve-endings in both. Thus in both
cases, we meet with rod-shaped sensory cells, but in the latter, the
nerves coming from them do mot pass through ganglion cells, as
they always do in the higher sensory organs. This indicates a
lower stage of development.

A A5 ¢
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Fr1e, 181.—, peripheral nerve-ending, as seen in all the higher sensory nerves; B,
rod-shaped end-cell of a sensory organ of the ini};lgument of a Fish or Amphi-
bian, or a taste-cell; C, free, and ﬂ,vgangliuuat nerve-ending of the integu-
mentary sensory organs of terrestrial Vertebrates,

N, first, and IV, sccond portion of the nerve-fibre in connection with the epithelial
end-cell, &; &, ganglion cell interposed between these portions; €S, cuticular
process of end-cell.

All the fignres are diagrammatie, and are based upon a figure by Merkel.

In those animals which in the course of development give up
an aquatic life and come on land, the end-organs of the nerves
pass further inwards from the surface, undergoing at the
same time changes of form,.

The rod-shaped end-cell now once for all disappears, and
two kinds of nerve-endings are seen in the skin—terminal
ganglion-cells and free nerve-endings,

SENSE-ORGANS OF THE INTEGUMENT.,
I. ROD-SHAPED ORGANS OF FISHES, DIPNOI, AND AMPHIBIA.

. Segmental Sense-Organs.

. These organs show considerable similarity to certain structures
in Ch®topods and marine Rhipidoglossa (e.g. Fissurella).
They always consist of a central mass of cells, arranged in
the form of a rounded and depressed pyramid, and of a peripheral
M 2
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mass grouped around the former. The dentral cells are in connection
w1!;h nerve-fibres ; each of them bears at its free end a stiff cuticular
hair, and they are to be looked upon as the proper sensory cells

(Fig. 132, 0Z). The others (M4, MZ") function only as ine
mass (Fig. 135, a, b, ¢) ) ¥ as a supporting

Fig. 132, —TRANSYERSE SECTION OF A FREELY PROJECTING SEGMENTAL SEXSE-
ORGAN,

The cuticular tube and the surrounding epidermic cells are removed. CZ, central
(sensory) cells ; A2, MZ', peripheral cells.

Fic. 133, —DISTRIBUTION OF THE LATERAL SENSE-ORGAKS IN A SALAMANDER
‘ Lanva,

In cases where these organs project freely from the epidermis
—and this is always the case in the embryo—a delicate protective
hyaline tube arises from the summit; into it the terminal
hairs of the sensory cells project, and the tube opens distally into
the surrounding water (Fig. 135, R).

While in aquatic Amphibia these organs retain throunghout
life their peripheral free position, on a level with the epidermis)
in Fishes they may in post-embryonic time become enclosed in
depressions or complete canals, which are formed either by the
epidermis only, or, as is more usually the case, by the scales, and
bones of the head, and which open externally. The organs are
thus protected, and the hyaline tube is no longer seen.

These sensory organs are distributed over the whole body, but as
a general tule they are most abundant along certain tracts, the
position of which is very constant. Thus in the bhead, their course
is usually similar to that shown in Fig. 134. From this point

1 At thie time when an Amphibian undergoes metamorphosis, and gives up its
aquatic life, these sensory organs sink downwards into the deeper layer of the skin,
and, as the epidermis grows together over them, they apparently become shut off from
the exterior and reduced, and may finally disappear, According to other authors,
however, they persist, and remain open, being connected with the outersurface of ths
‘skin by a tube.
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The sensory sacs of Ganoids,' which ark confined to the head. and the
sensory tubes of Elasmobranchs represent  peculiar mndiﬁmtiunia of the
sensory organs in question. The former are sac-like invaginations of the
epidermis, while the latter have the form of delicate tubes, which give rise at
their I:aaua-.%ltn one or more swellings or “ampulle,” Both are lined by a
sensory epithelium of the same strocture as that described on p. 164,

As regards the function of these sensory organs, it can
only be affirmed that they must have to do with the percep-
tion of mechanical irritations from the surrounding water :
in what manner the impulses give rise to perception cannot be
definitely stated. In many cases they are thought to be con-
cerned with the perception of sound, and we shall see that this
is not improbable when we come to consider the auditory organ.

The following is known with regard to the development of the lateral segmen-
tal organs. The dorsal roots of the cranial nerves (V, V.II, VIII, IX, and X)
are during a certain embryonic period connected with the cells of the epiblast,
with which they become completely fused. Each of these masses then grows
and proliferates very rapidly, and the epiblastic thickenings thus resulting
represent the rudiments of the ganglia of the dorsal roots of the cranial nerves
as well as the first indications of the segmental sense-organs. Later, each
g]zlmglicm becomes separated from the skin, though it remains connected with
the corresponding sense-organ by means of a delicate nerve-fibre. A similar
mode of development also obtains in the segmental sense-organs of the trunk.
It is a very interesting fact that in embryos of the sheep and cow, 8 to
10 mm. long, the ganglia of the facial, glossopharyngeal, and vagus are fused
with the epiblast, and thus indications of segmental sense-organs are still
resent, though they disappear or become modified later. Beard has also
%uuml rudiments of these organs in chicks of the third day.*

b, End-Bulbs.

Tn the organs described above (Fig. 132) great differences in
size and form between the central and peripheral cells may be
recognised : similar organs, however, exist near thfam in which both
kinds of cells are quite similar to one another in these respects.
These are the so-called end-bulbs.

In all Fishes they are scattered irregularly over the whole body,
but especially over the head; from the Amphibia onwards, they
are present in the mouth-cavity only, and are no longer seen
outside it.*> In Amphibians they occur on the palate and on
the fungiform papille of the tongue, and in Lizards and Blind-
worms they are also present on the inner sides of the upper and
lower jaws. In Mammals they are found on the soft palate, on the
walls of the pharynx, and on the epiglottis, and even extend into
the larynx ; but here also they are most constant and numerous on
the tongue, where they occur on the circumvallate and fungiform
papille, as well as on the papilla foliata.

1 Similar organs are present in Amiurus cattus.

= %ﬁ;ﬂ pmgones tlml:::mme of branchial sense-organs for these structures, as
he considers them to be primitively the special sensory organs of the gill-clefts.

3 They have also been found in the mouth and pharynx of Dipnoi
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and to the beak (cere), and lie much imore elosely together, form-
Ing definite masses, or ‘“tactile corpuscles.” Each of these
15 surrounded by a nucleated connective-tissue investment, from
which septa extend into the interior, partially separating the
individual tactile cells from one another.

Frg. 138.—A Tacrite CorprscLE ( Exp-BrLe) FroM THE CONJUNCTIVA OF A
MAMMAL,
N, nerve (the neurilemma of which at t becomes continuous with the investment of
the tactile corpuscle ; K, K, nuclei in the investment ; &, the coiled termination
of the nerve (axis-fibre) passing to the tactile cells (T, 7).

Fic, 189.—A Paciyiayw CoRPUSCLE FROM THE Beax oF THE DUcCE.
(After J. Carritre, )

ZZ, cells of the nerve-sheath ; I, longitudinal, and ¢, circular layers of the in-
vesting lamelle ; JK, central knob, with the two pillars of cells; 4, axis-fibre,
with protoplasmic investment, entering the corpuscle at 4'; MS, medullary
sheath ; N/, neurilemma, which becomes continuous with the investment of the

corpuscle at t, .

Tn Mammals the tactile cells are either isolated, as, for instance,
on the hairless portions of the body, or they give rise to oval corpus-
cles, each consisting of a many-layered and nucleated investment,
into which a nerve passes, becomes twisted up, and ends in one or

more terminal ganglion cells (Fig. 138).
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From the Reptilia onwards, so-called Pacinian corpu scles
are present in addition to the above-described tactile organs. They
undergo very numerous modifications, but each consists essentially
of numerous concentric lamelle (Fig. 139, €, L), _enclosing 1311{3
termination of the axis-fibre with its protoplasmie sheath, which
dilates at the distal end into a sort of knob surrounded by a double
row of cells (Fig. 139, JK). Thus the axis-fibre receives the
external impressions indirectly, that is, by means of the cells in-
vesting the knob-like end-organ., Organs of this kind are uni-
versally present in the skin of Mammals, and differ from the
tactile spots and tactile corpuscles in position: they
are found in the deeper layer of the derma, as well as in
the panniculus adiposus, the interstitial connective-tissue, and in
the various organs of the abdominal cavity (e.g. the mesentery,
mesocolon, pancreas, and portal fissure of the liver of the Cat),
the fasci, tendons, vas deferens, periosteum, pericardium, pleura,
corpora cavernosum and spongiosum, the wing-membrane of
Bats, &c.

These organs are not entirely wanting in any part of the skin
of Birds, but are particularly abundant on the beak, and at the
bases of the contour- wing- and tail-feathers. So-called corpuscles
of Grandry are also present in the beak.

In all the tactile cells and tactile and Pacinian corpuscles we
have to do with organs of touch, or, expressed generally, with
means for the appreciation of sensations in the skin.

It is impossible to say definitely which nerve-endings have to
do with the perception of temperature; it is not improbable
that the tactile cells, as well as the nerve-fibres with knob-like
swellings ending freely in the epidermis, are concerned in this
(Fig. 131, 0).
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OLFACTORY ORGAN.

. The olfactory organ, in its simplest form, consists of a paired,
pit-like depression of the integument above the cleft of the mouth.
A nerve passes to the base of this pit, and becoming enlarged
in the form of a ganglion sends off nerves to the sensory cells
(olfactory cells). The latter must be regarded as phylo-
genetic derivatives of the end-bulbs of that part of the integu-
ment which becomes pushed in to form the primitive olfactory
pit (“olfactory bulbs™), and therefore come under the same
morphological category as the taste-bulbs. At first (that is in
Fishes and Urodeles), they are only separated from one another by
mterstitial epithelial tissue, but from the Anura onwards this tissue
gradually disappears in order to allow of an increased surface for
the olfactory epithelium. The ciliated cells lying amongst the
sensory cells serve to continually renew the outer medinm—whether
that be water or air—by which the odoriferous particles are conveyed
(Fig. 140, B, E).

Fig. 140.—ErrteELIUM oF THE OLFactory Mucouvs MEMBRANE. A, of
Petromyzon planeri ; B, of Salamandra atre.

R, olfactory cells ; E, interstitial epithelial cells,

While the olfactory organs of all the true Fishes exhibit the
above-deseribed simple sac-like form, from the Dipnoi onwards
they come to communicate with the cavity of the mouth as well
as with the exterior. In consequence of this, anterior or external,
and posterior or internal nostrils (choanz) can be distin-
guished, and as a free passage is thus formed through which the
external medium can pass, the olfactory organ takes on an important

relation to the respiratory apparatus.
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These facts in the structure and development of the olfactory organ and
nerve have caused an attempt to be made to draw a parallel between the
olfactory pit and a primitive preoral gill-cleft,! and this is further supported
by the general structure and histological relations of the olfactory mucous
membrane, which corresponds with that of the gills of Fishes in the possession
of end-bulbs. In a recent paper, however, Beard has put furw_urd the view
that “the nose is really a ]lj)mnf:]nial (segmental) sense-organ, i.e the sense-
organ of a non-existent gill-cleft, and not a gill-cleft itself.”

Fishes.—In Petromyzon (Fig. 49, N, Na) and Myxin-
oids the olfactory organ consists of a sac, unpaired externally,
lying close in front of the cramial cavity, and opening on the
dorsal surface of the anterior part of the head by a longer or
shorter chimney-like tube. Its mode of development and internal
structure, however, as well as the double olfactory nerve, seem to
prove that the olfactory organ of Cyclostomes must also have been
primitively a paired structure.?

The position of the olfactory organ in Elasmobranchs differs
from that of Cyclostomes in lying on the under instead of the

Fic. 141.—AxTERIOR PoRTION OF HEAD OF Acipenser sturio.

@, anterior, b, posterior opening of external nostrils ; o, isolated rosette of olfactory
fulds.,

upper surface of the snout. From these Fishes onwards throughout
all Vertebrates the organ is always paired, and is more or less
completely enclosed by a cartilaginous or bony investment, which
forms an outwork of the skull.

From the Ganoids onwards it always has a similar position with
regard to the skull, being situated between the eye and the end of the
snout, eifher laterally or more or less dorsally. In the course of
development each external nostril of Ganoids and Teleostei becomes
divided into two portions, an anterior and a posterior (Fig. 141, a, b,
and Fig. 142, AN, ANY), by a fold of skin. The anterior often Lies
at the summit of a longer or shorter tube, lined with ciliated cells,
and the distance between it and the posterior aperture varies

1 Jl!-ﬂmrd'.lﬂg to t-l.ﬁ.ﬂ 'l"'iE:W t-]:I.E agm s . . a ¥ . .
» the condition which is seen in Myxinoids and Dipnoans is
to Eeliéﬁqkigd npt;; as the more primitive, and that of all other Fishes as amugdnry.
18 improbable that the naso-palatine duet, which opens into the oral

cavity in Myxinoids, but ends blindly in Petro is dire
posterior nares of higher Vertebrates, 4 R ety sompnte o jls
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greatly, according to the width of the‘fold of skin which separates
them, "

The olfactory organ of Polypterus is more highly developed than that of
any other Fish. It is not a simple sac-like involution, but consists of six
radially arranged cﬂmﬁaﬂmcnt-s' separated from one another by complicated
septa, and lying round a central spindle. A transverse section ij;as somewhat
the appearance of a cut orange. A short and distinet oval sac lies against
the olfactory organ towards the middle line, and is entirely shut off from the
rest of the apparatus ; it receives a special branch of the olfactory nerve.

- = e
Fic. 142, —AxTERIOR PoRrTION 0F THE HEAD OF Polyplerus.

A, eye; AN, AN, anterior and posterior openings of the external nostril : 1, 1, 1,
aperturcs of the sensory tubes.

The mucous membrane of the nasal organ of Fishes is always
raised up into a more or less complicated system of folds, which
may have a transverse, radial, rosette-like, or longitudinal (in re-
spect to the cranial axis) arrangement. The branches of the olfac-
tory nerve are distributed on them, and they serve to increase
the olfactory surface.

Dipnoi and Amphibia.—The olfactory organ of Dipnoi
and Perennibranchiata is always enclosed within a complete
or perforated cartilaginous capsule lying without the cranium
proper (Figs. 54, NK, 143, and V), and ifs mucous membrane
is raised into folds like those of Fishes. In all the other Am-
phibia it becomes included within the cranial skeleton, and
lies directly in the longitudinal axis of the skull in front of the
cranial cavity. _ :

In Amphibia, turbinals appear for the first time (Fig. 144,
€, S, E): they are processes of the cranial skeleton projecting into
the nasal cavity, a,mf) thus giving rise to an extension of the olfactory
surface. These structures, slight traces only of which are present
in tailed Amphibians, attain to a very considerable development in
Anura and Gymnophioua, especially in the latter, where the nasal
chamber is converted into a complicated system of spaces and
cavities. A main and an accessory cavity can in all cases
be distinguished, but more especially in the Derotremata and
Myctodera ; the accessory cavity, as it lies In the maxillary bone,
may be described as the maxillary cavity., In certain Gymno-
phiona this becomes entirely shut off from the main cavity, and

1 Tach compartment resembles in structure the entire olfactory sac of other Fishes.
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Finally, the naso-lacrymal duwct of Amphibia must be
mentioned: if passes out from the anterior angle of the orbit, goes
through the lateral wall of the nose, and opens into the nasal
cavity on the side of the upper jaw. It conducts the lacrymal
secretion from the conjunctival sac of the eye into the nasal
cavity, and arises in all Vertebrates, from the Myctodera onwards,
as an epithelial cord which is separated off from the epidermis, and,
growing down into the derma, becomes secondarily hollowed.

Reptilia.—The Lacertilia and Ophidia possess the sim-
plest olfactory organs amongst Reptiles. The nasal cavity of the
former group is divided into two portions, a smaller outer
(anterinr?,-rand a larger inner (posterior), or olfactory chamber
proper. The latter only is provided with sensory cells, the for-
mer being lined by ordinary stratified epithelium continuous with
the epidermis, and glands being entireﬂr absent in it.

A large turbinal, slightly rolled on itself, arises from the outer
wall of the inner mnasal chamber, and extends far into its lumen;
this is also well developed in Ophidia, in which a distinet outer

Fra. 145.—DiacraM oF THE OrFAcroRy ORrcAN oF A Lizarp. (Longitudinal
vertical section. )

AN, IN, outer and inner nasal chambers ; t, tube-like connection between them ;
Ch, internal nostrils; P, papilla of Jacobson's organ; Ce, aperture of com-
munication of the latter with the mouth ; A8, oral mucous membrane.

nasal chamber is wanting; it may be derived from that of the
Amphibia.

A large gland which opens in the boundary between the
inner and outer nasal cavities lies within the turbinal. Below the
latter is the aperture of the lacrymal duct, though this in some
cases opens on the roof of the pharynx (Ascalabota), and in others
into the internal nostrils (Ophidia).

The structure of the nose in Chelonians is very complicated and varied.
In marine Chelonians it is divided into two passages, one of which lies
above the other, but they are connected by means of a perforation of the
geptum. The comparative %}u.m;ii:y of glands in the olfactory olgum of Lizards
and Snakes forms a marked contrast to the condition seen in Chelonians, the
nasal organ of which is characterised by a great abundance of them.

From the Crocodilia onwards the olfactory organ, which
up to this point lies entirely in front of the brain, gradually
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extends further and further backwards, in correspondence with
the growth forwards of the facial region and the formation of
the palate; its posterior part thus comes to lie below the brain
and base of the skull. !

In Crocediles, as in other Reptiles, there is only a single true
turbinal, but externally to it lies a second prominence, which
is spoken of as a pseudo-turbinall Each nasal chamber of the
Crocodile is divided posteriorly into two superimposed cavities, the
upper of which represents the proper olfactory chamber, and is
lined by sensory epithelium, while the lower functions as a
respiratory portion only. Certain accessory chambers are con-
nected with the nasal cavity, which, however, serve only as air-
chambers. A large gland, similar to that of Lizards and Snakes,
lies in the cavity of the upper jaw, and opens into the nasal
cavity.

Birds.—In all Birds, as in Lizards, there is an outer chamber,
lined by stratified epithelium, and a proper olfactory chamber,
which lies above the former, Birds also possess only a single

Fig. 146.—TRAXSVERSE SECTION THROUGH THE RicHT NASAL CAVITY OF A
SHRIKE (Lanius miior),

OM, MM, saperior (pseudo) and middle (true) turbinal ; &, upper, and &, lower nasal
passage ; LE, air-chamber, which extends into a hollow of the superior turbinal,

true turbinal, if by this term is understood a free independent
projection into the nasal cavity suppoited by skeletal parts, Two
other prominences (pseudo-turbinals) ure, however, present, one of
which ® lies like the true turbinal in the proper olfactory chamber,
while the other, like the pseudo-turbinal of the Crocodile, is situated
in the outer portion: these are simply incurved portions of the
whole nasal wall (Fig. 146, MM, OM).

The form of the true turbinal, which is usually supported
by cartilage, more rarely by bone, varies greatly. It is either
represented by a moderate-sized prominence, or else it becomes
more or less rolled on itself (forming as many as three turns).
The lacrymal duct opens below and anteriorly to it. There

! The meaning of the psendo-turbinal will be di i Tl
olfactory orgnn of Birds, L5s inal will be discussed in the deseription of the

* Its cavity communicates with an ajr-sinus lying in the anterior orbital space.
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18 no doubt that this turbinal is comparable to that of Urodeles
and Reptiles. '

The so-called external nasal gland of Birds does not lie in the
region of the upper jaw, but on the frontal or nasal bones,

Mammals.—Corresponding to the much more marked de-
velopment of the facial portion of the skull, the nasal cavity of
Mammals is proportionately much larger than in the forms yet
described, and consequently there is much more room for the
extension of the turbinals: these give rise to a spongy labyrinth
the cell-like compartments of which are lined by mucous memhmne:
and thus variously shaped projections, supported partly by car-
tilage and partly by bone, are seen extending into the nasal
cavity. The normal number of these “olfactory scrolls” is
five. In Marsupials they have a very typical arrangement ; they
are situated obliquely, slanting from the postero-dersal to the
antero-ventral side: the inferior is no longer covered by olfactory
epithelium, and it becomes connected with the maxilla.

The four other typical (ethmoidal) scrolls may persist as
such, or the two upper and two lower become united together,
in which case they are called respectively the superior and
middle turbinals. Usually, however, the two upper primary
turbinals remain separate throughout life, so that in this case there
are two upper turbinals. The middle turbinal may also remain
partially or entirely separated into its two primitive component
parts. :

While the superior and middle turbinals of Man, that is the
four primitive upper olfactory scrolls of Mammals, are to be regarded
as neomorphs, the inferior turbinal, below which the lacrymal
duct always opens, must be looked upon as derived genetically
from that of the lower Vertebrates. It corresponds to the single
true turbinal of Urodeles, Reptiles, and Birds, and in Mammals is
represented by an independent bone lying at the entrance of the
antrum maxillare s, Highmon (Fig. 147, I).!

In Man each nasal cavity is divided by the three turbinals
into three superimposed passages; of these the two upper alone
(Fig. 147, b, ¢) conduet the air containing the odoriferous particles
to the ethmoidal labyrinth, that is to the proper olfactory
region of the nose, while the lower passage serves only as a
respiratory tract (Fig. 147, a).

The nasal chamber of Mammals not only communicates with
the maxillary sinus as in the lower Vertebrates, but also with the
neighbouring cavities, such as, in Man for instance, the frontal,
ethmoidal, and sphenoidal sinuses. These cavities arise In part
after birth, and often do not attain their maximum development
till the body is fully grown.®

1 Tn Cetacen the turbinals are never more than rodimentary.
* Compare the chapter on air-saes of Birds, p. 259.
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This definition applies acen rately to the accessory nasal cham-
ber of Cmecilians already* mentioned, which is encloged within
!:he maxillary cavity, and there can be no doubt that the latter
15 homologous with the maxillary sinus of all Vertebrates. In no
other Vertebrates, however, does it retain the character of a kind
of separate nasal chamber, but on the contrary, the higher we pass
i the Vertebrate series, the more does the maxillary c?wit.g,r become

Fic. 148.—DissgcrioN oF THE HeEap oF Epicrium glutinosum. (Dorsal view.)

V' H, cerebral hemispheres, separated by a furrow (F) from the olfactory lobes (Lol) »
Z, pineal gland ; MH, mid-brain; HH, cerebellum ; N, medulla oblongata 3
R, spinal eord ; Se, septum nasi; 74, dorsal pair of olfactory nerves ; ¥®, %, Ve,
first, second, and third division of the trigeminal ; F®! and F=2, lateral branches
of the first division, one of which goes to the olfactory mucons membrane, and
the other to the sheath of the ** tentacle” ( 748) : the constrictor muscle of the
tentacular gland (Cg) is supplied from a lateral branch of the second division of
the trigeminal ; X, vagus ; ca, duct of the tentacular gland, which is surrounded
by the sheath of the tentacle ; Boc, globe of the eye; mass, mass', the two
portions of the masseter muscles ; Ok, auditory capsule.

separated physiologically from the olfactory organ; it loses its
olfactory epithelium, and finally degenerates into a simple air-
sinus.

In Lizards and Snakes an apparatus exists which is quite
unconnected with the Jacobsou’s organ of Gymnophiona, but which
nevertheless comes under the above definition. This (see Fig.
145, P) lies between the floor of the nasal cavity and the roof of
the mouth, and may be described as a small paired cavity lined by
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tube along a canal in the upper jaw, opening on the lateral surface of the head
near the snout. This prolongation consists of two fibrous tubes, one lying
within the other (Fig. 149, IS, 48).1 g :

. A longitudinul muscle, acting as a retractor (Fig. 149, Re, Rel), extends
inside the organ along its whole length, and is inserted into a papilla (Pa) lying
in the aperture on the side of the head,

A large gland (orbital gland)? (D) is grouped around this muscle within

the broad vesicular portion of the organ, and empties its secretion into the
lumen of the tube-like portion (Fig. 149, a, b, ¢). The duct of a second large
gland (tentacular gland) which is embedded within the maxillary cavity
(Fig. 149, T'D), perforates the lateral wall of the maxilla, and opens into the
tube-shaped section of the organ, near its distal end, close to the above-
mentioned papilla,
. The physiological function of this apparatus, which oceurs quite isolated
in the Animal Kingdom, cannot at present be explained with certainty, It
probably acts as a spouting apparatus, and (if the secretion of the glands be
poisonous) as a weapon of offence ; and thus, together with the remarkably
developed olfactory organ, it would serve in some measure to make up for the
non-functional, or partly non-functional eyes and auditory organ. It is
improbable that it serves as a “ tentacle,” or organ of touch, as was formerly
supposed, as the necessary nerves and sensory epithelium are not known to
be present,
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EYE.

In contrast to the eyes of Invertebrates, which arise lhy a
differentiation of the cells of the epiblast (hypodermis), the
sensitive elements of the Vertebrate eye are formed from a paired
outgrowth of the primary vesicle of the fore-brain (Figs. 150, 1514,
ABI), as already mentioned on p. 132. .

This outgrowth is spoken of as the primary optic vesicle,
and as it grows outwards towards the outer skin of the embryo,

Fig. 150.—DiAcrAMS sHOWING THE MoDE oF FORMATION OF THE EYE 1IN
INVERTEBRATES (A) AND VERTEBRATES (B).

. Ep, epiblast, which is invaginated in A to form the retina (&), and in B to form
= fhpe :}}wdullu groove, itsglcnvit}* (F) representing the third v-gntriclu of the
brain ; in both figures 1+ indicate the point where the external epiblast becomes
continuous with the invaginated portion ; the arrow in Fig. A shows the direc-
tion in which the myaT:f light pass, and one can imagine the rays entering in
the same manner in Fig. B, and passing in the direction of the curved arrows :
they would thus fall upon the shaded cells BSP on the walls of the ventricle,
that is of the primary optic vesicle, which give rise later to the retina; I, the
cells of epiblast, out of which the lens is formed later; Juf, infundibulom ;

N, optic nerve.

the portion which connects it with the brain becomes constricted,
and by degrees loses its cavity, giving rise to a solid cord, from
which the optic nerve is formed.

At the point where the vesicle touches the epiblast, the latter
becomes thickened, and gives rise to a mass of cells which is at
first hollow, but which becomes compact later. This thickened
portion of the epiblast then becomes driven inwards, carrying before

! On closer consideration, this distinction does not appear to be an essential one,
for the outgrowths of the primary wall of the brain arise in the embryo at a time when
the medullary groove is still open to the exterior, and when the cells comprising it con-
gist simply of a thickened portion of the epiblast. When the primary optic vesicle
romes into apposition with the epiblast, and the lens and secondary optic vesicle are
formed, the relations of the parts are different, the sensitive (neuro-spithelial)
clements of the retina being turned away from the light. (Comp. Figs. 150 and
1514 and B, and p. 190.)
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retina is formed, while from the latter the pigment epithelium
1ses. T
p In the course of further development, the epiblastic thicken-
ing mentioned above becomes separated from the epiblast, sinks
more and more into the interior of the optic vesicle, and is
differentiated to form the crystalline lens (Fig. 1515, L).
The remaining space within the optic vesicle becomes filled by
mesoblastic tissue, which grows in from the ventral side of
the secondary optic vesicle through the so-called choroidal
fissure, and which gives rise to the vitreous humour (Fig.
1518, ('), the bulk of which, as compared with the lens, eradually
increases. Clertain vessels (vasa centralia nervi opticl, arteria
hyaloidea, tunica vasculosa lentis) also extend into the vesicle in
the same manner, and are of the greatest importance for the

nutrition of the embryonic eye.

Fra. 152, —Di1AGrAM oF A IORIZONTAL SECTION THROUGH THE RIGHT Humaxs
Eve. (Seen from above. )

fIp, optic nerve ; 08, sheath of optic nerve ; MF, blind spot ; Fo, yellow spot (foven
centralis) ; B¢, retina ; PE, pigment epithelium of the latter ; Ch, choroid, with
its lamina fusca (Lf) and vascular layer (G'S); Se, selerotic ; Co, cornea ; £,
conjunetiva ; D, membrane of Descemet ; CF, canal of Schlemm (the dotted
line should extend further through the sclerotic to the small oval aperture) ; Jr,
iria ; Le, ciliary ligament ; €, ciliary process ; A, HEA, anterior and posterior
chamber of the eye; L, lens; H, hyaloid membrane ; %, zone of Zinn; CF,
canal of Petit; C'w, vitreons humonr.

The secondary optic vesicle is now plentifully supplied with
blood-vessels in its interior, and others arise in its periphery, where
a definite vascular membrane, the choroid,! is formed from the
surrounding mesoblast (Fig. 152, Ch).

Internally to the lems, the choroid gives rise to the eciliary
folds, while more towards the exterior it passes in front of the
lens to form the iris (Fig. 152, Ir), which retains in the centre
a circular or slit-like aperture, the pupil, through which the rays

1 Ie. the chorio capillaris and lamina fusca ; the pi itheli
. f : pigment epithelium, as already
stated, is formed from the outer wall of the secondary optic wsIlT:h!. : ?
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of light pass. The amount of light admitted is regulated by the
dilator fmd constrictor (sphincter) muscles of the iris, which are
able to increase or lessen the size of the' pupil ; the iris thus serves
as a screen to regulate the amount of light which enters the eye.

Not only is the size of the pupil inconstant, but the lens iz also
capable of undergoing considerable change in form, becoming more
flattened, or more convex, as the case may be. The former con-
dition occurs when distant, the latter when near objects are looked
at.  This delicate accommodating apparatus is regulated by a
muscle (the ciliary, or tensor choroide=), which arises in a
circle all round the eye from the point of Junction of the iris and
sclerotic, and is inserted along the peripheral border of the iris
(Fig. 152, Le).

External to the vascular layer of the choroid lies a lymph-sinus
(perichoroideal sinus) the walls of which are known under the
name of lamina fusca (Fig. 152, Lf), and finally, externally
to this is a firm, fibrous, partly cartilaginous or even ossified
layer, the sclerotic (Fig. 152, Se). While the latter passes inter-
nally into the sheath of the optic nerve (0S), and from thence
into the dura mater, it becomes continuous externally with the
cornea, the outer surface of which is covered over by an epithe-
lial layer continuous with the epidermis, the conjunctiva (Fig.
152, Co, €j). The sclerotic and cornea together form a firm outer
support for the eye, and thus, together with the gelatinous mass
of the vitreous humour, guarantee the rigidity necessary for
the physiological activity of the nerve end-apparatus. Between
the cornea and iris there is a large lymph-space, the so-called
anterior chamber of the eye (Fig. 152, FK), its contained Huid
being called the aqueous humour.

The deep orbit, formed by the skull, serves as a further pro-
tection for the eye, as do also certain accessory structures, which
may be divided into three categories, viz, :—

1. Eyelids (Palpebrz).

Z. Glandular organs.

3. Muscles (apparatus for moving the eye-ball). ;

The eyeball then is formed of a series of concentric layers
which are called from within outwards retina, choroid (with the
1ris) (vascular layer), and selerotic (with cornea) (skeletal layer).
The first corresponds with the nervous substance of the brain, the
second with the pia mater, and the third with the dura mater.
The interior of the eye contains refractive media, the lens and
vitreous humour. To these, certain accessorystructures are

added.

Fishes.!—The eyc of Cyclostomes remains at a very low
stage of developmenl : this is seen not only in the structure of
the retina, but also (that is, in Myxinoids) in the absence of the

I In Amphioxus the presence of o visual organ has not been certainly proved.



lens, iris, and of a differentiated sclerotic and cornea. M-::rem{:a:r,
the eye of Myxinoids and of Amimocates lies beneath the skin
and sub-dermal connective-tissue. In Petromyzon the skin c_{wen::ng
the eye becomes thinned out, and thus the animal, which was
blind in the larval state, can see on reaching the adult condition :
at the same time the eyeball increases in size, and becomes more
ighly organised. .

5 T{e eg;s of all the true Fishes are, with few exceptions (e.g.
Siluroids and Eels), of considerable size. They have but little
power of movement, and as the cornea 1s very flat, and the lens
lies almost directly against it, the eyeball always possesses a
hemispherical or ellipsoidal form, and the anterior chamber is very
small. In other points, the eye is formed on the same plan as that
described in the introductory portion of this chapter, but a few
other details concerning it must now be considered.

Fic. 153.—ExE oF A TELEOSTEAXN.

fip, optic nerve ; 08, sheath of optic nerve ; Bf, retina ; PE, pigment epithelium ;
T'p, tapetum ; Lv, lamina vasculosa ; Ag, argentea ; Ls, lamina suprachoroidea ;
Se, sclevotic, enclosing cartilage or bone (t); Co, cornea ; fr, iris; Le, ciliary
lignment ; VK, anterior chamber ; T, lens ; CF, vitreous humour ; Pr, processus

falciformis, and Cp, campanula Halleri, here shown as if continuous with one
another.

The lens of Fishes, as in all aquatic animals, is globular, and
possesses therefore a high refractive index. Tt fills up the greater
part of the eyeball, so that not much space is left for the vitreous
humour. It forms an exception to that of other Vertebrates in the
fact that, in the condition of rest, it is accommodated for
seeing near objects. In place of a ciliary muscle, there is
only a fibrous ciliary ligament.

‘ I_n the eye of Teleostei, a fold, the processus faleciformis,
arises from the choroid and extends into the vitreous humour
towards the lens. The so-called campanula Halleri, which is
inserted round the periphery of the lens, and which is usually
described as a trumpet-shaped expansion of the processus falei-
formis, is, according to Virchow, entirely independent of the latter
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(Fig. 153, Pr, Cp). The processus falciformis is ne i
Eln%m&bmnchs 55:}1::'1 Ganmidg}. AR patali e

In the interior of this structure lie nerves, vessels and
smooth muscle-fibres, and the latter possibly exert an
influence on the lens, and thus serve as an apparatus for ac-
commodation.

External to the choroid proper, that is, between it and the
lamina fusca s. suprachoroidea, lies a silvery or greenish-gold
iridescent membrane, the so-called argentea. = It extends either
over the whole interior of the eye (Teleostei), or is limited to the
iris (Elasmobranchs).

A second layer with a metallic lustre, the tapetum
cellulosum s. lucidum, lies internally to the iridescent portion,
and within this again there is the chorio-capillaris of the choroid.
No tapetum appears to be present in Teleostei or Petromyzon.

The so-called choroid gland, present only in Teleostei and
Amia, consists of a rete mirabile (comp. p. 292), composed of
arteries and veins, which has the form of a cushion, lying near
the entrance of the optic nerve, between the argentea and pigment
epithelium of the retina ; thus it has nothing to do with a “ gland ”:
it corresponds in position to the choroid.

The sclerotic is usually extensively chondrified (Elasmobranchs, Sturgeons),
and not unfrequently becomes calcified or ossified towards its junction with the
eornea : this also holds good for Teleosteans,

The eyeball is almost always surrounded by a gelatinous tissue, pene-

trated by simple and elastic connective-tissne fibres, and in Elasmobranchs
it is curiously articulated on its inmer circumference with a rod of cartilage
arising from the lateral wall of the skull.

The eyes are reduced or abortive in Amblyopsis spelmus, a Fish living in
the caves of Kentucky : a similar abortion of the eyes takes place in many
Invertebrates which live in caverns or in the deep sea (Vermes, Mollusca,
Crustacea, Insecta).

Amphibia.—The eyes of Amphibians are proportionately
smaller, and their form rounder than those of Fishes, but there are
many points of close correspondence between them. This is ftrue,
for instance, of the more or less strongly chondrified sclerotic, the
slight convexity of the cornea, and the globular lens. In other
important points, however, the Amphibian eye is simpler than that
of Fishes ; thus it is wanting in an argentea, a tapetum, a choroid
gland, and a processus faleiformis and campanula Halleri. A proper
ciliary muscle is present in the whole series of animals from
this point onwards.

The eyes of Protens and of the Gymnophiona always lie more or less
deeply beneath the skin ; they are very small, and are much degenerated
(Figs. 148, Boe, and 149, 4). In Proteus the crystalline lens and vitreons
humour are both wanting.

Reptiles and Birds.—In these also, the sclerotic is in_great
art cartilaginous, and in Lizards it is provided with a ring of
delicate bony plates around the external portion. Very many
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;?1 s%?;a ; well developed, though not to such an extreme degree as

In Reptiles (Lizards, for instance) a’ tapetum may be developed
but an argentea and choroid gland are never present ; all these
structures are wanting in Birds. A structure which is ]{nmolognus
with the processus falciformis of the eye of Fishes is, however
present in Reptiles and Birds. Absent in Hatteria and Chelonia,
this so-called pecten is largely developed in other Reptiles and
in Birds (Fig. 155, P). In the latter it may extend from the point
of entrance of the optic nerve to the capsule of the lens, but as a
rule it does not reach so far. In Birds it is always more or less
folded, and consists mainly of a closely-felted network of capillaries,
and appears in both Reptiles and Birds to have an important
relation to the nutrition of the contents of the eyeball and of the
retina. It has nothing to do with accommodation.

The iris, which is regulated by striated muscle, by means of which it is
able to respond very L{l]l(,'- cly to visual impressions, is often brightly coloured,
and this colour is due to the presence not only of pigment, but also of
coloured fat globules,

; The pupil is asa rule rounded, but it may have the form of a vertical slit, as
in many Reptiles and in Owls. In certain Fishes (Coregonus) and Amphibians
(Bombinator) it is angular.

Mammals.—In Mammals the eyeball is always more
completely enclosed within the bony orbit than in most other
Vertebrates, and this may partially account for the fact that the
sclerotic no longer shows traces of cartilage or bone, but is
entirely of a fibrous character.

With the exception of aquatic Mammals, in which it is some-
what flattened, the cornea is moderately convex, and the whole
eyeball is of a more or less rounded form.

A tapetum (tapetum cellulosum wel fibrosum), consisting either of
cells or fibres, exists in the choroid of numerous Mammals, and gives rise by
interference to a glistening appearance when seen in the dark (Carnivora,
Sirenia, Ruminants, Perissodactyla, &c.).

Certain structures homologous to the processus faleiformis and pecten are

resent in Mammals in the embryo only, but details of these structures cannot
Ee dereribed here.

The ciliary muscle consists of smooth elements only, and serves to
accommodate the eye for seeing near objects (compare the eye of Fishes). The
lens of Mammals in its position of rest is accommodated for distance.

The external surface of the lens is less convex than the internal, which
latter lies in the so-called fossa patellaris of the vitreous humour.

The pupil 1s not always round, but may be transversely oval (Ungulates,
Kangaroos, Cetacea), or have the form of a vertical slit (e.g. Cat).
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interna and externa), is quite transparent in the fresh con-
dition, and consists of two structures which are histologicall
and physiologically quite different : they are, a supporting par{
gmd anervous part. The former, or so-called fulerum which
1s stretched as on a frame between the limitans interna and externa
1s shown in Fig. 156 as a light filigree-like tissue, the nervous
portion being indicated by a darker and more granular shade, The
latter consists of seven concentric layers, viz. :—

1. Layer of nerve-fibres,

e B R e

9., . lnner granular or molecular layer,

4. ,, ., inner nuclei.

d, , , intermediate nuclei or outer molecular layer,
6. ,, ., outer nuclei.

7., ,rodsand cones with the pigment epithelium,

Only the two last-mentioned layers (6 and 7) correspond to
the proper neuro-epithelium.

These layers are so arranged that the nerve-fibres lie next
to the vitreous humour, that is, internally, while the rods and
cones are situated towards the choroid, or are the most external,
Thus the terminal members of the neuro-epithelium are turned
away from the rays of light falling upon the retina, and the rays
must therefore pass through all the other layers before they reach
the rods and cones.

Fishes possess the longest, Amphibians the thickest rods, so that in the
latter there are only about 30,000 to a square millimetre, while in Man there
are from 250,000 to 1,000,000.

In Fishes the rods far exceed the cones in number, while in Reptiles and
Birds the reverse is the case. The cones of many Reptiles and all Birds are
distinguished by the presence of brightly coloured o1l-globules, which are
also present in those of Marsupials.

In the retina of all Vertebrates there is a specially modified region of most
acute vision. This is called the yellow-spot (fovea centralis or macula
lutea), and lies in the inner portion of the eye. It is due to the thinning-out
of all the layers except that of the rods and cones, and even the rods disappear,
only the cones persisting (Fig. 152, Fo). The cones of the macula lutea are
distinguished in Fishes and Reptiles by a very elongated and narrow form,
while in Amphibia and Mammals they are quite similar to those of the rest of
theretina. The physiological function of the pigment-epithelium is to give
rise to a4 colouring material, the so-called visual purple or visual red,
This becomes dissipated by the light falling upon the retina, and we may thus
compare the latter to a photographic plate, or rather to a whole photographic
apparatus, in which the photographer, represented by the pigment-epithelium,
by eontinually laying on new sensitive material (* visual substance ) (purple},
renews the plate, removing the old picture. Thusthe act of seeing may possibly
be looked upon as a photo-chemical process. The rods only possess the visual
purple, the cones being without it ; thusin animals the retina of which possesses
no rods (e.g. many Reptiles), as well asin the yellow-spot of others, it is wanting,
The fact that the visual purple is not present in these Reptiles as well as in
certain nocturnal animals (e.g. Caprimulgus, Vespertilio serotinue), and in
Fowls and Pigeons, proves, however, that the physiology of vision 18 not yet
thoroughly understood.
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g iper. Engelmann has shown that the cones lengthen under the
inﬂflléni:::e $Fri:g :hiu.n:d shhrten in darkness. This contraction of the cones n'":ll
igment-epithelinm is directly connected with the nervous system, as Jai. pli‘?mlu
y the fact that it may oceur in eyes which are entirely shut off from the light,
as well as in those of decapitated animals when the brain is intact. Theoptic
nerve must thus be looked upon as being made up of both centripetal E»E]]EUPF
and centrifugal motor fibres, A reflex excitation of the cones may also be
produced in Frogs by allowing light to fall on any one part of the body only,
and the same oceurs in strychnine-tetanus, quite independently of light.

Accessory Organs in Connection with the Eye.
() EYE-MUSCLES.

The movement of the eyeball is always (except in }Iyxinoids)
effected by six muscles, which may be divided, according to the
direction they take, into four straight (rectus superior, 1n-
ferior, externus, and internus) and two oblique muscles
(obliquus superior and inferior). The former, which arise
from the inner portion of the orbit, usually from the dural sheath
of the optic nerve, together circumscribe a pyramidal cavity, the
apex of which lies against the inner portion of the orbif, while the
base surrounds the equator of the eyeball, that is, the region in
which the muscles are inserted inte the sclerotic.

Both the oblique muscles usually take their origin, in close
proximity to one another, from a point on the anterior or nasal
side of the orbit, and as they respectively pass from this point
dorsally and ventrally in an equatorial direction round the eyeball,
they constitute a sort of incomplete muscular ring.

A deviation from this arrangement is seen in Mammals, in which the
superior oblique arises far down in the inner part of the orbit, and then
passes forwards in the long axis of the latter towards its anterior (internal)
angle, where it becomes tendinous, and passes through a fibro-cartilaginous

ulley (trochlea) attached to the upper Eurdcr of the orbit, on the frontal
one, Hence it 1s sometimes called the trochlear muscle. From this point it

changes its direction, and becomes reflected obliquely outwards and backwards
to the globe of the eye.

Besides these six muscles, others are usually present which are
known as the retractor bulbi (which is most developed in
Ungulates), the quadratus (bursalis), and the pyramidalis.
The last two are in connection with the nictitating membrane, and
are present in Reptiles and Birds. All three are supplied by the
abducent nerve. For an account of the innervation of the straight

and oblique muscles, the reader is referred to the chapter on the
cranial nerves (p. 154).

(b) EYELIDS (PALPEBRAE).

In Fishes the upper and lower eyelids are very rudimentary,
having simply the form of stiff folds of the skin; and in all other
Vertebrates below the Mammalia they never reach a very high stage
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of development. They are lined on the surface looking towards
the eyeball by the conjunctiva, and in the Ichthyopsida and
Sauropsida are usually not sharply marked off from the rest of the
skin, being capable of no, or of only very sl ight movement, !

The case is quite different in Mammals in which the eyelids
more particularly the upper one, are extremely moveable, and
are provided with hairs (eyelashes) on their free margin, ".[‘heg,r
are closed by a circular muscle which surrounds the whole slit
between the lids; a levator is also present in the upper eyelid.
In Sauropsida and many Mammalia (e.g9. Ungulates) there is also
a depressor of the lower lid.
 The want of or slight development of upper and lower eyelids
in all Vertebrates below the Mammalia is compensated for, at
any rate to.a cerfain extent, by the presence of a nictitatin g
membrane. This “third eyelid” differs from the others in
having nothing to do with the true outer skin, consisting simply
of a reduplicature of the conjunctiva, and being regulated by
special muscles (p. 191).

The nictitating membrane, which is present in rudiment in many
Elasmobranchs, and which encloses a cartilage, is situated beneath
the lower eyelid, or it may lie more towards the anterior angle of
the eye. The former condition is seen in Anura and Reptilia, for
instance, in which a third eyelid is so largely developed as to be
capable of covering the whole freely exposed portion of the eyeball.
In Birds and Mammals it always lies in the anterior angle of the
eye; in Primates it becomes reduced to a small half-moon-shaped
fold (plica semilunaris), and so comes into the category of rudi-
mentary organs.®

(¢) GLANDS.

The glands in connection with the eye may be divided into
three sections: (1) the lacrymal, (2) the Harderian, or gland
of the nictitating membrane, and (3) the Meibomian glands.

The secretions of all these three serve to keep the free surface
of the eyeball moist, and to wash away foreign bodies.

In Fishes, the outer medium appears to suffice for this purpose,
but the first attempt of a Vertebrate to exchange an aquatic for an
aérial existence necessitates the development of a secretory apparatus
in connection with the eye.

Thus in Urodeles a glandular organ is developed from the
conjunctival epithelium along the whole length of the lower eyelid ;

1 In many Reptiles and Birds the upper eyelid is supported by a membrane-bone
or fibro-cartilage, and large lymphatic and cavernous spaces are developed within the
tissue of the lid. In Geckos and Snakes the two eyelids grow together to form a
transparent membrane overlyin the eye, and this comes away with the rest of the

outer skin when the latter is shed. - - Faiie
2 In the Caucasian race the plica semilunaris isonly 13 to 2 millimeires broad,

while in the Malavan Orang-Sakai race it reaches a breadth of & to 54 millimetres.
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original form of both auditory and lateral line organs is a vesicle
derived from the epiblast, from which it later becomes separated
off: it is lined by elongated cells of sensory epithelium provided
with hair-like processes (auditory hairs), and by supporting cells.
Moreover, both structures are supplied by cranial nerves (VLI
X) which correspond to dorsal roots. ‘ !

Like the other higher sense-organs, the paired auditory organ
of Vertebrates is situated in the region of the head, and it always lies
between the origins of the trigeminal and vagus nerves. The first
traces of it in the embryo are seen to the right and left of the hind
brain (Fig. 160, ZB), and after the vesicle of each side has be-
come separated off from the epiblast and connected with the auditory
nerve which grows out towards it from the brain, it sinks deeper
and deeper into the mesoblastic tissue of the skull : it then loses its
original pyriform or rounded shape, and becomes divided into two

Fic. 160.—HEAD axp AxTERIOR PorTiox oF Bopy oF A CHick. (In part aflter
Moldenhauer. )

R, olfactory pit ; A, eye; I to IV, first to fourth visceral arches ; 1, point at which
the external auditory passage begins to be formed; LB, primitive auditory
vesicle seen through the wall of the head.

parts, called respectively the utriculus and sacculus (Fig. 161, U,
S). From the former the semicircular canals become differen-
tiated, while from the latter the tube-like recessus wvestibuli
(aqueductus vestibuli s. duetus endolymphaticus) and the cochlea
are formed (Fig. 161, S.B.,, F.B, H.B., D., ().

This whole, very complicated, apparatus constitutes the mem-
branous auditory organ or membranous labyrinth. It
becomes surrounded secondarily by mesoblastic tissue, which is at
first in close contact with it ; later, however, a process of absorption
t?,kea place in the innermost layers of the mesoblast, thus giving
rise to a space, which closely repeats the form of the membranous
lﬂ,b;,frlnth, as does also the mesoblast which encloses this space, and
which later becomes chondrified, and often also ossified.  We thus

0 2
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get a membranous and a bony labyrinth, and between them
a cavity (cavum perilymphaticum) filled with a lymph-like fluid
(perilymph). The cavity within the membranous labyrinth,
which also contains a fluid (endolymph), is spoken of as the
cavum endolymphaticum.

With the exeeption of the Cyclostomi, three semicircular canals
are always present, and these lie in planes at right angles to one
another. They are distinguished as the anterior vertical, the
posterior vertical, and the horizontal (external) canals.
The first and last-named (Fig. 161, S.B, H.B) arise from the
portion of the utriculus known as recessus utriculi (React.), and
each has a vesicle-like swelling or ampulla (S.4., H.A) at its

Fic. 161. — SEMIDIAGRAMMATIC FIGURE 0F THE AvuDiTorRY QRGAN OF A
TeEreosTEAN, (Modified from a figure of that of Murene anguille by Hasse.)

Ut utriculus ; Re.wf., recessus utriculi ; . ., connecting-tube of the posterior ampulla
(F.4.); **, wide connecting-duet between the pars superior and pars inferior ;
A, saceulus ; ) cochlea; S B., FL.RE,, H B, autevior and posterior verticul, and
horizontal cauals ; Co., canal commissure, with its apex; S 4., H 4., F 4.,
ampullee of the anterior, horizontal, and posterior canals ; f.e, ductus endo-
Iymphaticus, which arises from the point where the two tubes of the pars
superior of the labyrinth ard the opening of the horizontal canal { x ) join one
another.

origin. The posterior canal (#.B.) also arises with an ampulla
(£.4.) from a prolongation of the utriculus, described in Fig, 161
as the * connecting-tube ” (V.1.).

The other end of the horizontal canal opens by a funnel-shaped
enlargement (Fig. 161, x) into the utriculus, while those of the
posterior and anterior canals fuse together to form a common
tube, the so-called canal commissure (sinus superior) (Co.),
which also opens into the utriculus.

The distribution of the branches of the auditory nerve and the
position of the sensory epithelium in the following parts of
the membranous labyrinth must now be considered:! (1) the

1 (loncretions composed mainly of carbonate of lime are Br&.aent in the regions
of the various nerve end-plates of the auditory ergan in all Vertelnates, as well as
in many Invertebrates. These “otoliths™ present the greatest variety both in

e
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however, the audltm‘_}r organ’ gradually sinks further and further
mwards from the surface,

‘ ce. Thus a new method for conducti ng the
sound-waves is necessitatec

ted, and the following structures become
developed :—a canal passing inwards from the surface, the external
auditory passage or meatus; this opens into a spacious cham-

ber, the tympanic cavity, in which are situated the auditory
ossicles, and which is connected by the Eustachian tube with
the pbarynx. The whole of this canal, which is divided into an
outer and an inner portion at the junction of the external auditor
passage and tympanic cavity by a vibratory membrane, the tym-
panic membrane, lies in the position of the first embryonic
visceral (hyomandibular) cleft, or, what comes to the same thing,
in the position of the spiracle present in many Fishes. From Rep-
tiles and Birds onwards the first indications of a pinna (that is, the
part of the external ear which projects from the head) are seen,
though it only reaches a full development in Mammals,

The pinna arises from a series of swellings which surround the external
aperture of the hyomandibular cleft. These appear at an early stage in the
region of the mandible and hyoid, and soon fuse together to form a sort of
ring, from which are formed later those characteristic protuberances of the
pinna which are known as tragus, antitragus, antihelix, &,

Fishes.—Apart from Cyclostomes, the peculiarities of whose
auditory organ it is difficult to explain, that of all other Fishes
follows the general plan given above, and the same may be said for
all the higher Vertebrates. Everywhere we meet with a division
into a pars superior,—represented by the utriculus and
semicircular canals—which remains essentially much in the
condition already described, and a pars inferior,—constituted
by the sacculus and cochlea—which gradually becomes more
differentiated, and attains to a higher and higher degree of develop-
ment and functional perfection (Fig. 161). In Fishes the cochlea
consists simply of a small knob-like appendage (“lagena™) of the
sacculus, which opens freely into the main cavity of the latter
by means of the sacculo-cochlear canal (Fig. 161, €). The utriculus

and sacculus also communicate with one another by the sacculo-
utricular canal.

Amphibia.—Here all the parts remain much as described
above, with the exception of the cochlea, which, especially in the
Anura, points to a higher stage of development, in that it shows
an indication of a pars basilaris with another patch of nerve-
endings, the papilla acustica basilaris: it becomes further
constricted oft from the lumen of the sacculus, with which it is
connected only by a very minute canal. . + :

A further advance in structure as compared with Fishes is the
appearance of a cartilaginous plate which fits into the fenestra
ovalis of the auditory capsule, and corresponds to the base of the
stirrup-bone (stapes) of the higher Vertebrata (Figs. 56 and 38,
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St, Fov). In several Urodeles (e.g. (ryptobranchus, Menopoma,
Spelerpes) the stapedial plate becomes elongated by the addition
of a distal element, and thus forms a “ columella.” A tympanic
cavity, with a tympanic membrane lying on a level with the skin,
and a Eustachian tube opening into the pharynx, are met with first
in the Anura, in which also the columella is more perfect, con-
sisting of a bony and cartilaginous chain, expanded distally to fit
against the tympanic membrane. The whole columella probably
corresponds to the upper element of the hyoid arch (pharyngo-
hyal) : the fact that it is sometimes continuous with the wall of
the auditory capsule at an early stage may probably be explaied
as a secondary modification.

Reptiles and Birds.—In the Chelonia, the auditory organ
shows many points of resemblance to that of Urodeles, and in all
Reptiles and Birds, the chief modifications are confined to the
cochlea, which shows gradually a higher condition of development
as we pass from Chelonians and Snakes to Lizards and Crocodiles.
In the Chelonia, where, as already mentioned, the auditory organ
remains in a lower stage of development, the cochlea grows out n
the form of a short canal (ductus cochlearis, lagena); in Croco-
diles and Birds this canal is considerably longer, and at the
same time it becomes slightly coiled (Figs. 163—165). A more
marked differentiation also gradually takes place in the mem-
brana basilaris and the papilla acustica basilaris. Both
become more and more elongated, and, at the same time, distinet
indications of a scala tympani and vestibuli are seen. (Compare
the description of these parts on p. 204.)

In the Lacertilia the most varied types of auditory organ are met with ;
in many (Phrynosoma, Pseudopus, Anguis), the membrana basilaris 1s hardly
more highly developed than in Ophidia. In Igunana, an advance towards
Lacerta and the other higher Tizards is to be noticed ; the membrana
basilaris is longer, though the lagena with its papilla is not so much marked.
In Acantias and Platydactylus this state of things is carried still further,
and finally the more highly developed anditory organ of Plestiodon and
Egerina leads up to that of Crocodilia. Thus there is a continuous
and unbroken series from the lower forms to the higher.

The structure of the auditory organ of Hatteria shows many striking
peculiarities : it thus, like that of Chamleo, occupies an isolated position,

Whilst the cochlea gradually becomes more independent of the
sacculus, the latter shows the greatest variety both as to form
and size in the different types (Figs. 163, 164, S). Thus, for
instance, it is usually very small in Birds, while in Lizards (Lacerta)
it is ::nf considerable size,

The aperture of communication between the utriculus and
sacculus persists, though it gradually becomes narrowed, as does
also that between the sacculus and cochlea. The connection
hetwe_en the latter may be drawn out to form a canal (canalis
reuniens), and this is particularly the case in Birds (Fig. 165) ;
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Reptilia and other Mammals ; and their auditory organ is similar
1n many points to that of Crocodiles. At the same time nothine js
yet certainly known of the phylogeny of the Mammalian ﬂut]itnﬂl-y
organ, concerning which further and more extended researches are
necessary. The cochlea here reaches its highest development, for
1t grows into a long tube which becomes spirally coiled on itself:
in Man it forms nearly three coils, and in other Mammals from
one and a half (Cetacea) up to as many as four or more! In this
spiral form of the cochlea, as well as 1n its more highly specialised
histological structure, lies the characteristic peculiarity of the
auditory organ of Mammals. The auditory nerve forms the axis
of the spiral (Fig. 166).

In consequence of the large development of the cochlea, the
papilla acustica, or, asitis called in Mammals, the organ of Corti,
is drawn out to a considerable length, and the part of the wall of
the cochlea on which this lies is called the basilar membrane,
while the opposite wall is spoken of as the membrane of
Reissner (Figs. 169 and 170, B, R). These parts will be referred
to again later on.

The aperture of communication between the pars superior and
pars inferior of the membranous labyrinth, that is, between the
sacculus and utriculus, is entirely obliterated in Mammals, the two
parts being only indirectly connected with one another by means of
the ductus endolymphaticus; this bifurcates at its point
of insertion into the membranous labyrinth, one limb being con-
nected with the utriculus and the other with the sacculus (Fig.
167, at 2).

The tympanic membrane is situated deep down in the external
auditory meatus, and separates the latter from the tympanic cavity.
In place of the single bony eolumella of the Sauwropsida there is
Mammals a chain of three auditory ossicles, articulated with
one another, and extending between the tympanic membrane and
the fenestra ovalis. These are, the malleus, the incus, with its
orbicular apophysis, and the stapes, besides which there is often
a bony (interhyal) rudiment in the tendon of the stapedius muscle.
The malleus corresponds to the articular element of the mandible
of lower Vertebrates,?® and the incus to the quadrate, the former
arising by a constrietion of the proximal end of Meckel’s cartilage,
which extends through the so-called Glaserian fissure into the
tympanic cavity. As in the Sauropsida, the stapes corresponds to
the upper element of the hyoid arch (pharyngohyal or hyo-
mandibular of Fishes). The fact that in some cases the stapes

1 Tn the Rabbit there are two and a half, in the Ox three and a half, in the Pig
almost four, and in the Cat three coils in the cochlea. In other types the cochlea, as
well as the saceulus and all parts of the pars superior of the membranous labyrinth.
vary considerably both in form and arrangement. ‘

2 Cp. the chapter on the skull, and Fig. 67, in which the mode of development of
these paris isshown.
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anpears to be cut out of the substance of the periotic capsule, 1s
tﬂeu by some observers (Kolliker, Mn}den]muer] to prove t.halt it
has not a visceral origin, but this fusion 1s probably a secondary
condition (ep. columella of Amphibia, p. 198). In Mouut.r;_amets,
several Marsupials, and some Edentates, the stapes is imperiora 3
and columelliform ; in all other Mammals 1t 1s stirrup-shaped, an
encloses the stapedial artery.

Fic. 167.—DIAGRAM OF THE ENTIRE AUDITORY ORGAN oF Max.

External Ear.—AM, M, pinna ; Mae, external auditory meatus; 0, wallof latter;
Mt, tympanic membrane. X

Middle Ear.—Ct, C¢, tympanic cavity ; 0%, wall of same ; Sdp, sound-conducting
apparatus, drawn in the form of a rod, representing the auditory ossicles ;
the point t correspends to the stapes which closes up the fenestra ovalis ; M,
fenestra rotunda ; 75, Eustachian tube ; '8!, itsopening into the pharynx ; 0,
its wall.

Internal Ear, with the greater part of the bony labyrinth (KL, KL') removed.—
S, saceulus : a, b, the two vertical canals, one of which (&) is shown cut through ;
¢, Uo, commissure of the:canals of the membranous and bony labyrinths re-
spectively ; S.e, D.¢, saccus and ductus endolymphaticus ; the latter bifur-
cates at 2; Op, cavum perilymphaticum ; O, canalis reuniens; Con, mem-
branous cochlea, which gives rise to a blind sac at +; Con', bony cochlea ; Sv
and S¢, scala vestibuli and scala tympani, which at ® pass into one another
at the eupula terminalis (C¢) ; D.p, ductus perilymphaticus, which arises from

the scala tympani at 4, and opens at D.p'. The horizontal canal is seen
between 2 and 8.

To understand the auditory organ, and more particularly the
membranous cochlea, of Mammals, 1t 15 necessary to cxamine the
bony cochlea. The axis of the latter lessens in size from base
to apex (Fig. 168, 4) and round it a bony lamella (lamina spiralis
ossea) winds in a spiral manner; this extends into the cavity of
the coils of the cochlea without quite reaching as far as the
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opposite wall (Figs. 168, Lso, ZLsol, ,and 169, Lo, L¢'). This is
continued outwards by two laterally-diverging lamells (Fig. 169, B
1), mentioned above as the membrana basilaris and mem-
brana Reissneri; these lie at an angle to one another and
correspond to the inner walls of the membranous cochlea. The outer
wall of the latter is completed by a portion of the peripheral part
of the bony cochlea (the region between Zs and the peripheral end
of £ in Fig. 169). The membranous cochlea, which thus appears

Frc, 168.—Bony Cocnuia oF Max. (After A, Ecker.)

A, axis; Lso, Leol, lamina spiralis ossea, the free edge of which, perforated by the
fibres of the auditory nerve, is visible at t; H, hamulus.

Fic. 169.—DiacrAaMMATIC TRANSVERSE SECTION oF THE COCHLEA OF A
MAMMAL,

A8, bony cochlea ; Lo, Lo', the two layers of the lamina spiralis ossea, between which
at N the auditory nerve (together with the ganglion, left of L) is seen: I,
limbus lamin® spiralis; B, membrana basilaris, on which the neurc-epithelium
lies ; B, Reissner's membrane; Sv, scala vestibula; S¢, scala tympani; Sm,
ami‘:i media (membranous cochlea); €, membrane of Corti; Ls, ligamentum
spirale.

approximately triangular in transverse section, is called the ductus
cochlearis or scala media. It is apparent that the scala media
does not by any means fill up the lumen of the bony cochlea, but
that a cavity is left on either side of it, corresponding to those we
have already met with in the auditory organ of Birds, and known
as the scala vestibuli and scala tympani (Fig. 169, S, St).
Both of these are continuous with the cavum perilymphaticum,
and, following the direction of the scala media, open into one another
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lind end of the latter, that is, at the so-called cupu la ter-
?I:;iltil::.tlaish (Fig. 167,%). The scala vestibuli 1s shut off from the
tympanic cavity (0¢, Ct) by the membrane of the fenestra ovalis,
to which the stapes is applied externally (Fig. 167, SAp, 1); the
scala tympani is closed by the membrane of the fenestra rotunda

Mg, 167, ).

[Elb()n ghe ?hur of the bony cochlea, not far from the fenestra
rotunda, there is an opening (Fig. 167, ) into a narrow canal, the
aqueductus cochle®, or ductus perilymphaticus (J.p,
D.pY), which serves as a communication between the perilymph-
atic cavity and the peripheral lymphatic trunks of the head.!

The already-mentioned ductus endolymphaticus s
aqueductus vestibuli is in relation with the endolymph
enclosed within the membranous labyrinth (Figs. 161 and 167,
D.e). 1t is an archaic structure, and is present from the lowest
Fishes (Myxinoids) up to Mammals, undergoing numerous varia-
tions and modifications in the Vertebrate series. In its primitive
form, the endolymphatic duct consists of a tube arising from the
inner wall of the sacculus, with the lumen of which it communi-
cates. Its upper end perforates the inner wall of the cartilaginous
or bony auditory capsule, passes into the cranial cavity, and
terminates by an expanded extremity (saccus endolymphaticus) in
the dura mater. Osmosis can thus occur between the lymph
contained in the endolymphatic and epicerebral lymph-spaces
respectively.

In Elasmobranchs the ductus endolymphaticus opens on the posterior part
of the roof of the skull, and is thus in free communication with the sea-water,
In many Reptiles its free end comes to lie close under the roof of the skull
beneath the parieto-occipital suture, and in the Ascalabota the duct even
leaves the cranial capsule, passes back between the muscles of the neck, and in
the region of the pectoral arch becomes swollen to form a large folded SAL,
from which finger-shaped processes extend right to the ventral surface of the
vertebral column and to the sub-mucous tissue of the pharynx. These pro-
cesses may also branch out in a labyrinthic manner into the orbit, and they
are always filled with a white semi-solid mass of otolithic substance, con-
gisting of very minute crystals of carbonate of lime : otolithic matter is also
preﬁent in the ductus endolymphaticus of all Vertebrates, at any rate in the
embryo.

In Amphibians, and also in certain Teleosteans, the duct of either side,
by means of large sac-like enlargements, may come to lie close to its fellow,
either on the dorsal surface only, or on both dorsal and ventral sides of the
brain. The latter is the case in Anura, for instanece.

In Birds and Mammals the ductus endolymphaticus never passes ont of

the cranial cavity, and in its general relations corresponds with the tube-like
ground-form deseribed above.

A ']'-f“'-hm perilymphaticus can be plainly made out from Reptiles onwards, It
ﬂ}l'l!m! in the cavum 1mr11ymphutliuum on the outer side of the sacculus, then passcs
along a deep furrow to the median wall of the cochles, extends over the membrana

basilaris (sealn tympani), passes through the foramen rotundum, snd comes into
connection with the epicerebial lymph-sinus,
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HISTOLOGY OF THE MAMMALIAN' OOCHLEA,

The fibres of the anditory nerve runnin

- " E‘l -‘
extend in their course laterally outward L R e

8, and come to lie between the two

Elates of the lamina spiralis ossea (Fig. 168, Lso, Lso?, Figs. 169, 170, N,

etween Lo and Lo'), On the free border of the latter thes
- a - E
break up into terminal fibrillze on the inner surface of the haailsﬁ'ﬂﬁx-?l:;%;;ﬂ

(Fig, 170, ¥, N, N2\,

Fi6. 170.—THE OrGAx oF Corrl.- (After Lavdowsky.)

Lo, Lo, the two plates of the lamina spiralis ossea ; N, auditory nerve with ganglion ;
N1, N, the nerve branching up into fibrille and passing to the audifory cells
(¢, G) ; B, Ba, bacilli, or supporting cells ; Mz, membrana reticularis ; ¢, mem-
brane of Corti ; Ls, ligamentum spiale, passing into the basilar membrane ;
Sm, scala media ; R, membrane of Reissner ; B, B, basilar membrane.

The fibrillee extend to the sensory or auditory cells (&, &), and these are
stretched as in a frame between the firm supporting and isolating cells or
bacilli (Ba, Ba). From the surface of the Dbacilli a resistant net-like mem-
brane (membrana reticularis) extends laterally, and through the meshes of the
latter the hairs of the auditory cells project (Fig. 170, Mz). The number of
the outer hair-cells may be estimated at about 12,000. The auditory cells
are covered by a thick and firm membrane—the membrana tectoria s Corti
(Fig. 170, )—which probably acts as a damper, and which arises from the
labium vestibulare of the lamina spiralis ossea. The whole extent of the basilar
membrane consists of elear thread-like and very elastic fibres, of which about
16,000 to 20,000 can be made out in Man. These are capable of vibrating
freely, and, as their length varies definitely in different regions of the cochlea,
they might be looked upon (were it not that they are absent from Birds) as
forming a sort of keyboard or harp, that is, as a definite apparatus of strings
capable of analysing the different waves of sound, the vibrations of which are
communicated to the anditory cells, and thence by means of the nerves to

the brain.







F. ORGANS OF NUTRITION.

ALIMENTARY CANAL AND ITS APPENDAGES.

THE alimentary canal (tractus intestinalis) consists of a tube
which begins at the aperture of the mouth, passes through the
body cavity (celome), and ends at the anus. Its walls consist
essentially of three layers; an inner epithelial, a middle con-
neg:t-1ve~tissue, and an outer muscular layer. The first,
which corresponds to the hypoblast of the embryo, forms the lining
of the canal (Fig. 8, Ep), and gives rise to numerous glandular
structures which have a secretory as well as a resorptive nature ;
the second (Subm), consisting of connective and adenoid tissue,
serves chiefly to conduct the blood and lymph vessels; while the
third (Msc) which, together with the second, corresponds to the
splanchnic layer of mesoblast of the embryo, is, as a rule, divided
into two layers, and consists of smooth muscular elements, the inner
being constituted by eircular fibres, and the outer by longitudinal
ones. These serve for the contraction of the wall of the gut, and
thus fulfil the double function of bringing its nutritive contents
into the closest possible relation with the whole epithelial surface,
and at the same time of removing from the body the substances
which have not been absorbed. A fourth accessory serous coat,
enclosing the gut externally in the region of the ccelome, must be
added to these three layers. It is covered on its free surface by
pavement epithelium, and is reflected round the entire body-cavity,
converting the latter into a large lymph-sinus. Its abdominal
portion is spoken of as the peritoneum, and its thoracic portion
as the pleura, the heart being invested by a special serous mem-
brane, the pericardium. In the cranial and cervical portions of
the alimentary tract the serosa is not developed.

A parietal layer, lining the body-cavity, and a visceral
layer reflected over the viscera, can then be distinguished in
the peritoneum (Fig. 8, Per, Per'). The region where one passes
into the other, which is thus primitively double, is called
the mesentery (Ms), and this serves not only to support the
alimentary canal from the dorsal body-wall, but also to conduct
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the vessels and nerves passing from the region of the vertebral
column to the viscera. By far the greater number {?f the nerves
arise from the sympathetic system ; cerebral and spinal elements
are present only in the most anterior and posterior sections of the
alimentary canal, both of which regions contain striped muscular
fibres and are under the influence of the will. The mesentery gives
rise to a large system of folds arising from the inner dorsal surface
of the body-wall, in which the viscera are enveloped.

The most anterior section of the primitive alimentary tract
functions as a respiratory cavity as well as a food-passage, El:‘ﬂd
possesses for this purpose a row of apertures, lying one behind
the other: round these, certain vessels are developed, by means ot
which a continual interchange of gases can take place between
the blood and the water passing through the apertures. In short,
gills are developed (Fig. 171, A). Although these latter are only
functional in Fishes, Dipnoans, and aquatic (or larval) Amphibians,
even in the higher Vertebrates, the larger portion of the cavities
of the mouth and pharynx lying behind the internal nostrils serves
as a common air- and food-passage until a proper palate is formed
(Fig. 171, C, D). i

With the formation of a definite palate,! the primitive mouth-
cavity becomes divided into an upper respiratory, and a lower
nutritive portion, or into a nasal, and a secondary or de-
finitive mouth-cavity. The separation, however, is not a
complete one, the passage being common to both cavities for a
certain region (Fig. 171, at t). This region is called the pharynx,
and in Mammals it is partially separated from the mouth by a
fibrous and muscular fold, the velum palati, or free edge of the
soft palate.

The alimentary canal of all Vertebrates is divided into the
following principal sections :—Mouth (cavum oris), pharynx,
gullet (@sophagus), stomach(ventriculus)(not differentiated
inrare cases only), small intestine (duodenum, jejunum, and
ileum), and large intestine (colon and rectum). A cmcum
is often present at the junction of the large and small intestine.
Between the stomach and duodenum as well as between the ileum
and large intestine there is, as a rule, a marked elevation of the
muscular coat serving as a sphincter (pyloric and ileo-colie
valves). There is also a sphineter musele at the anus.

The small intestine is always the longest section of the ali-
mentary tract: the duects of the liver and pancreas open into
its anterior portion (duodenum).

The course of the alimentary canal may be straight or more or
less coiled ; in the latter case it presents a - greater absorptive
surface. As a general rule, it is longer in herbivorous than in
carnivorous animals, :

A considerable increase of surface also comymonly results from

1 Comp. pp. 75 and 81, i

]J
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any rate they are formed on the same type as glands (lungs, thyroid,
thymus). Mesoblastic elements are added to them secondari y.

Beginning from the mouth the following appendicular organs
of the alimentary canal may be distinguished —

(1) Salivary glands (Fig. 172, Gls).

(2) Mucous glands. e /

(3) The thyroid gland (GLt%).

(4) The thymus gland (GlLthy).

(5) The lungs (pulmones) (air-bladder) (Zg).
(6) The liver (Lb).

(7) The pancreas (Pa).

To these may be added the gastric and intestinal glands
(peptic glands, glands of Lieberkiihn, &c.), which are embedded in
the wall of the gut.

I. MOUTH,!

In Amphioxus the entrance to the mouth is provided with
cirrhi, and in Cyclostomes it is surrounded by a ring of cartilage :
all other Vertebrates are provided with jaws.

Definite lips provided with muscles first appear in Mammals,®
and are most strongly developed in Monkeys, especially Anthropoids :
the space between them and the jaws is spoken of as the
vestibulum oris. This may become extended on either side
to form cheek-pouches, which serve as food reservoirs (many
Monkeys and Rodents).

The organs of the oral cavity may be divided into three
aroups, viz. the teeth, the glands, and the tongue.

Teeth.

Both epiblast and mesoblast take part in the formation of the
teeth. The epithelium of the mouth grows inwards so as to give
rise to the so-called enamel-organ, which meets with dome-
shaped elevations of the underlying connective-tissue, the tooth-
germs or tooth-papillee. Both these tissues come into the
closest relations with one another, and, by very complicated pro-
cesses of differentiation, give rise to the different substances of
which the teeth are composed. These substances are, the enamel,
dentine (ivory), which is gemeated by a fine system of canals,
and cement (Fig. 173, Z8, ZB, ZC).

: rial organ for attaching the animal
to ;ﬂl?c::un:;:;;ﬂ:lt:f t?f‘?l:ﬂlz:g:gru;efnﬁ;itﬁsﬁcﬁ?ﬁld Anﬁi:a are tempurmgil}' provided

with suctorial organs. i Ay ) : : :
2 Ay exception is seen, however, in Dipnoi, the lips of which are provided with

well-developad museles.
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become differentiated into incisors, canines, and grinders
(premolars and molars). :

Fishes and Amphibia. —The dermal dent] :
seribed in the chapter on the skeleton are atructfll‘g: %Eﬁfjg 335
with teeth, for both are developed in a similar manner i In
Teleostei all the bones bounding the mouth may bear teeth, as
may also the hyoid and branchial arches (pharyngeal bones). 'On
the latter, and also on the parasphenoid, they are arranged in a
single series, or in masses ; numerous teeth are also met with on
the parasphenoid in certain Urodeles (Fig. 174). In general
however, there is in Amphibia a considerable diminution in the
number of teeth as compared with those of Fishes; and at the
same time a much more uniform character is noticeable in their
form throughout.!

In Amphibia they are enlarged conically below, and rest on a
definite base, while above they become narrower, and slightly
curved, and end either in a double (Myctodera, Anura), or a single

F1e. 174.—8SkvLL oF Bafrachoseps altenuatus, (From the ventral side, showing the
teeth on the parasphenoid.)

apex (Perennibranchiata, Derotremata, Gymnophiona); the latter
is the more primitive condition. The teeth lie deeply embedded
in the mucous membrane, and are present, as a rule, on the pre-
maxilla, maxilla, and mandible, as well as on the vomer and palatine,
but rarely on the parasphenoid ; in the larva of Salamanders and
in Proteus the splenial of the lower jaw is also toothed. Horny
jaws and horny teeth are present in larval Anura.®

! In Fishes the teeth may be cylindrical, conical, or hooked ; or in some cases
(8carus, and the Sargina) they may be chisel-shaped, resembling the incisors of
Mammals, and working together like secissors ; in others they give rise to a definite
pavement, are rounded in form, and serve to crush the food. Agnin, they may be

delicate and bristle-shaped (Chatodon), or sabre-shaped (Chaunliodus).

? The horny structures on the u]gper Jaw in young stages of Poi}'Dpterus, in the
mouth of Cyclostomi, on the jaws of Siren lacertina, and on the lips of Di

ipnoi, belong
to the same category as these,
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Reptilia.— Corresponding with the great firmness and solidity
of the skull in Reptiles, the dentition is usually strongly developed,
and occasionally at the same time it is more highly ditferentiated
than in Amphibians. The teeth are either situated upon a ledge
on the inner side of the lower jaw, with which they become fused
basally (pleurodont dentition,—Skinks, Amphisbenians, and
others), or they lie on the free upper horder of the jaw (acrodont
dentition), or finally, as in Crocodiles and numerous fossil Reptiles,
they are lodged in alveoli (th ecodont dentition) (comp. Fig. 175,
A, @, b ¢). Both upper and lower jaws, and occastonally the
palate also, are toothed; the teeth have a single apex, except 1n
Lizards, in which the apex is double! In many Reptiles, however
(e.g. Hatteria, Uromastix spinipes, Agamm, and numerous fossil
forms, especially those of the Trias of South Africa), a heterodont
dentition, consisting of incisor- canine- and molar-like teeth, 1s
already seen.

F16. 175.—A, DIAGRAMS oF TRANSVERSE SECTIONS THROUGH THE JAWS OF REPTILES,
sHOWING PLEURODONT (@), AcroponT (b), AXD THECODONT (¢) DENTITIONE.
B, &, LowER JAW oF Zootoca vivipara ; b, oF dAnguis fragilis. (After Leydig.)

The dentition of poisonous snakes deserves special
attention, for in them a varying number of maxillary teeth are
differentiated to form poison-fangs. Thus in the common Viper
(Belias berus and P. prester) there are on each side nine poison-
fangs arra,n?ed in transverse rows; the stronger ones project freely,
while the lesser, reserve teeth, lie within the gum (Fig. 176, A) ;
only one of these teeth, however, is firmly fixed to the maxilla at a
time. Each fang is perforated by a poison-canal, which is in-
completely surrounded by the pulp-cavity, the latter having the
form of a half-ring in transverse section (Fig. 176, B, C, GC, PH):
the duct of the poison-gland passes into an aperture at the base
of the tooth which leads into the poison-canal, and the latter opens

! A peculiar tooth is present in the embryos of Lizards, Blindworms, and some
Snakes. It projects considerably beyond its neighbours, and lies in the median line

of the lower jaw extending vertically towards the t, and i
means of breaking throngifthp, Egg-!%ell. snout, and serving the young as a
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Fiu. 178.—Dexstivion oF THE Doc (Canis familiaris).
i, ineisors ; ¢, canines ; pm, premolars ; m, molars,

Fic. 179.—DgeNTITION OoF THE PoRCUPINE (Hystriz hirsutivestris).

References as hefore.
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glance. Thus the dental formula of those animals the teof] * :
represented in Figs, 177 to 181, would be— : ecth of which are

Fig. 177. Hedgehog, 7. §, c. 8, pm. I;n, 3.
3 LB Dﬂgf . g el ;Jm. }5, . !;}." .
» 179, Porcupine, i. }, e. §, m, £,
» 180. Sheep, 4. 8, c. ¢, pm. §, m. §.
» 181 Catarrhine Monkey, i. 3, ¢. 1, pm. 8, m. 4.

The variations in the dentition of the different groups of Mammals are go
exceedingly numerous that it is impossible to describe them in detail here
and only the following points will be briefly remarked upon,! ’

The essential arrangement of the teeth is such that there is an alternation
between those of the upper and lower jaw ; thus the teeth of one jaw do not

correspond in position with those of the other, but with the i
between them. ’ e 1nterspaces

A consideration of the rudimentary, functionless teeth which are commonly
present renders it probable that in the course of genealogical development the
teeth have undergone a decrease in number.? An increase in number, on the
other hand, must be always considered as an atavism,

Finally, attention must be called to the commonly-existing sexual differ-
ences in denfition, as, for instance, in the Wild Boar, in the Narwhal
(Monodon), in the Dugong (Halicore), and in the Musk-deer. In the males
of these animals a modification of certain of the teeth (usually the canines) to
form tusks oceurs, and these serve as fighting weapons. In the Elephant and
Walrus tusks are ]il'esent in both sexes: in the former they correspond to
ineisors, and in the latter to canines.

Glands of the Mouth.

The glands of the mouth, like those of the orbit and integument;,
appear first in terrestrial animals, that is, from Amphibians on-
wards. They have the function of keeping moist the mucous
membrane which comes into contact with the outer air. From
being at first almost entirely unspecialised, and giving rise simply
to a slimy fluid, they become differentiated later into structures the
secretions of which take on a very important relation to digestion;
they may also, as in the case of poisonous Snakes and Lizards,
constitute dangerous weapons of offence.

With their gradually increasing physiological importance a
greater morphological complication both in number and arrange-
ment takes place. Their histological character also becomes
changed in such a manner that the three ordinary forms of glands,
ie. tubular, compound-tubular, and acinous, may be

recognised.
In the lower Vertebrata the two first forms preponderate, and

1 Thege variations not only consist in the various positions and forms of the
teeth, but also in the typical arrangement of the enamel on the crowns. Thus in the
non-Ruminant Bunodontia the molars are tubercular, while in the Ruminant
Selenodontia the surface of the grinders is made up of erescent-shaped elevations.

2 The last molar of Man, or so-called “ wisdom-tooth," seems to be gradually dis-
appearing. It appears last and is lost first, and often does not reach the grinding

surface,







222 COMPARATIVE ANATOMY.

by powerful muscles, so that its secretion can be poured with
great force into the duct (Fig. 182, G¢), and thence into the
poison-fang ().

. The sublingual gland of a Mexican Lizard, Heloderma, has a somewhat
similar poisonous nature, Its secretion passes out through four ducts, which
perforate the bones of the lower jaw in front of the grooved tecth,

. In marine Chelonians and Crocodiles there are no large glands united
mto groups connected with the mouth,

Birds.—In Birds, and more especially in climbing Birds
(Scansores), well-developed lingual glands are present, opening
on the floor of the mouth. There is no doubt that they are
homologous with those of Lizards, and they probably correspond
with the posterior upper labial gland which opens into the angle of
the mouth, that is, fo the poison-gland of Snakes. The palatine

glands of Birds have also their homologues in Reptiles.

Mammals.—Three glands may be distinguished in connection
with the mouth in Mammals, which are called, according to their
position : (1) parotid, (2) submaxillary, and (3) sublingual
(Fig. 172, Gls). Each opens by means of a well-defined duct (ducts
of Steno, Wharton, and Bartholini respectively) into the
mouth. The former corresponds to the gland opening into the
angle of the mouth in Birds, and consequently also to the poison-
gland of Snakes. As the last-mentioned is to be looked upon
as a differentiation of labial glands, the same origin must be
supposed for the parotid,—and this is confirmed by a study of its
development.

The fact that both the other salivary glands are homologous
with the sublinguals of lower Vertebrates needs no special proof,
and the numerous mucous glands lying at the sides of the tongue
and opening into the mouth ecome under the same category.

Concerning the tonsils of Mammals, which lie at the junction of the
month and pharynx, compare pp. 239 and 293,

Tongue.

In Fishes and Dipnoi the tongue is, as a rule, rudimentary,
usually consisting simply of a covering of mucous membrane ex-
tending over the basal part of the hyoid, which in all the higher
Vertebrates serves as the main point of origin for the tongue-
muscles. The tongue is not capable of movement apart from the
visceral skeleton in Fishes, and, except in Cyclostomes (where it has
to do with the suctorial apparatus), is wanting in a proper muscula-
ture ; it is covered with papille, and serves only as a tactile organ,
or, when covered with teeth, as a prehensile organ also. _

" In the Perennibranchiata it remains in a similar condi-
tion to that seen in Fishes, but in all other Amphibia except
the Aglossa (Pipa and Dactylethra) it reaches a higher stage
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in Mammals, it is very uniform both as regards the extrinsic
museles and their attachment to the hyoid and lower jaw, and the
arrangement of the intrinsic muscles. Only in such forms as
Myrmecophaga and Dasypus do the infrinsic muscles show a
peculiar character: in them a tendinous investment 1s present
lying under the mucosa, and this serves as a point of attach-
ment for all the transverse and vertical muscles.

In many Mammals (¢.. Carnivora, Insectivora) a peculiar struc-
ture, the lytta (< worm”),is present, lying within the longitudinal
axis of the tongue. It is partly fibrous and partly muscular, and its
thread-like posterior end 1s connected with the body of the hyoid.
Its phylogenetic meaning is not yet clear, and it can only be said
that it functions as a point of origin and insertion for the intrinsic

muscles of the tongue.

In Man the tongue has a double origin, arising firstly from an unpaired
protuberance—the tuberculum impar (His}—ﬁ*ing on the floor of the
mouth of the embryo, and secondly from the swellings of the second and
third visceral arches, which meet together in the middle line, In this manner,
a part of the floor of the primary mouth becomes bridged over, forming a
narrow depression, covered by the root of the tongue. This depression
becomes further isolated by the approximation and union of the body of the
tongue—which arises from the above-mentioned tuberculum impar—to the
tongue-root, which is formed from the visceral swellings. From the cavity
thus shut off a double epithelial vesicle is formed,—the median thyroid
rudiment. This remains for a time in free communication with the cavity
of the mouth by a duct, the ductus thyreoglossus, which passes to the
surface of the tongue along the region where the body and root of the tongne
become later united. The foramen escum, which can be oceasionally traced
in the adult human subject into the substance of the tongue for 2} centimetres
or more, is the last remnant of this ductus thyreoglossus. From the median
thyroid rudiment the middle lobe of the thyroid arises later, and this com-
monly extends forwards (upwards) as a “ cornu medium ” and sometimes also
as a hollow duct. Now and then this duct may become constricted into
definite vesicles (from two to four), which are known as bursa suprahyoidea,
bursa prehyoidea, &e, All these are remains of the ductus thyreoglossus. The
lateral thyroid rudiments of Man arise by the lower part of the
primary floor of the pharynx, lyiu§ near the glottis, becoming separated off
from the main cavity, and thus forming an independent structure lying
laterally to the larynx. The lateral and median rudiments of the thyroid
later become approximated.

Thyroid Gland.

~ The thryoid gland arises in all Vertebrates as one or more
diverticula of the wventral wall of the pharynx or floor of the
mouth. Tn Ammoceetes the single diverticulum remains in com-
munication with the pharynx, and a similar condition of things
18 seen in Ascidians and Amphioxus; it thus appears probable
that we have to do here with a very ancient glandular organ, the
secretory function of which in relation to the alimentary canal was
of great importance in the ancestors of existing Vertebrates.
In all the higher Vertebrates this organ always becomes

Q
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constricted off from the pharynx in the course of development,
and the communication between them is once for all abolished.
(Comp. also small print on p. 225.) As a rule it shows a paired
arrangement, and lies right and left of the median line. Internall
1t consists of closed glandular vesicles, surrounded by a capillary
network, or eylindrical branched tubes may be present (Mammals),

The whole is lobulated in structure, and is characterised,
particularly in Mammals, by a great wealth of blood-vessels, It
seems very probable that this organ, which is in many respects
rudimentary, has undergone a gradual change of function in the
course of phylogenetic development, but as yet it is impossible to
explainin what its function consists. As regards position, it either
remains throughout life in its locus nascendi on the floor of the
mouth, as in Fishes and Amphibia, or it extends a varying
distance backwards. Tn Birds, for instance, it lies on the origin
of the carotid artery (Fig. 185, 7'r).2

The development of the thyroid has been studied most completely in the
Fowl and in Mammals, In the former, the organ arises as an unpaired hollow
vesicle in the median ventral line of the neck. Later, this becomes solid,
and then divided into two halves, which gradually separate from one another
until eventually they reach the position they occupy in the adult.

Amongst Mammals the development of this organ is best known in the Pig.
Here the go-called middle lobe or isthmus arises as an outgrowth of the
muecons membrane of the floor of the mouth on the level of the second
branchial arch. The lateral lobes arise in the region of the third branchial
cleft. The different lobes become united later on (comp. also small print at
end of section on the tongue).

Thymus Gland.

The thymus gland arises on either side from the mucous
membrane of the pharynx, as a proliferation of the epithelium
of the gill-clefts. It is impossible to state with certainty whe-
ther it was originally a glandular, that is, a secretory organ, or
whether it consists of material that was at one time designed
for the formation of gill-filaments, Certain discoveries in
Elasmobranch embryos seem to point to the latter view. In
them the organ has a segmental arrangement corresponding to the
number of gill-clefts, and in Gymnophiona indications of a
similar arrangement are to be seen,

According to His, the thymus of Man does not arise from the inner or
hypoblastic e ithelium of the pharynx, that is, of the visceral clefts, but
from the epithelial (epiblastic) covering of the fourth, third, and partly also

1 Apcording to A. Dohun the hyoid arch corresponds genetieally to two arches,
the first giving rise to the hyomandibular, and the second to the hyoid arch E.“'P“r*
and the thyroid represents the remnantof a lost gill-cleft between the hyomandibular
and hyoid. Dohrn supports this by the relations of the thyroid to the vascular
system ; the thyroid artery arises like a true branchial vessel from the hyoid artery.
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In post-embryonic time the organ always shows a lymphoid
structure, and, on account of its richness in white blood-corpuscles,
certainly has important physiological rélations to the organism as a
whole. This is probably especially the case in Mammals, as it
here attains a large development, extending in the embryo back-
wards from the region of the larynx above the sternum as far as
the diaphragm, Later it undergoes a retrogressive metamorphosis,
and finally becomes more or less completely obiiterated, though it
persists for a considerable time in Man, often for many years after
birth. In all other Vertebrates it persists throughout life, and lies
as a lobulated or cord-like organ in the anterior or lateral region
of the neck; thus in bony Fishes, for instance, it is situated
behind the gills in the neighbourhood of the fibrous band which
connects the gill-cover with the pectoral arch, and in Amphibians
it lies behind and above the articulation of the lower jaw (comp.
also Fig. 185, T'm).

II. (ESOPHAGUS, STOMACH, AND INTESTINE.

Fishes and Amphibia.—While in Amphioxus a widened
section of the alimentary canal is probably to be looked upon as a
sort of stomach, in Cyclostomi, Dipnoei, Chimara, certain
Teleosteans, and many branchiate Amphibians, a stomach is
not plainly marked off from the rest of the gut, which usually has
a more or less straight conrse. In this case the only externally
visible boundary between the stomach and intestine is, as already
mentioned, the point where the bile-duet (ductus choledochus)
Perfﬂrates the wall of the latter. In other Fishes, as, for instance,
i Squalide, all Ganoidei, numerons Teleostei, as well as in
the Derotremata, Myctodera, and Anura, the stomach appears
more or less dilated and sac-like; it may also be curved on itself,
so that one can distinguish between a part running backwards
(descending portion) (Fig. 186, M), and another extending forwards
(ascending portion), the two lying parallel to one another (PE). In
general, it becomes adapted to the form of the body :—thus Rays and
Anurans possess a far wider stomach than do most other Fishes and
Amphibians (ep. Figs, 189 and 190)—and this rule holds good also for
Reptiles. The stomach of Teleosteans varies considerably in form.

The esophagus is short, and usually not distinctly marked
off from the stomach, though exceptions to this often oceur, ‘as,
for instance, in many Teleostei, and in Siren lacertina amongst
the Amphibia (Fig. 189, Oe). )
theﬁ 1n§gitudi(na{g fold exte)nding into the lumen of the intestine,
the first traces of which are seen in Ammoccetes, is to be looked
upon as a structure designed for mcreasing the digestive surface:
this is also present in Elasmobranchs, Dipnoi, and Ganoidei,
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in which it has a spiral form, and is therefore called the spiral
valve. In the last-named Fishes, it begins to umlerg?degenemt:un
(Fig. 187, spv), and is no longer met with in other V ertebmt.]es.
The pyloric cca (appendices pylorica), which are charac-
teristic of the intestine of many Fishes, belong to the same physio-
logical category as the above. They are met with in Ganoids
and numerous Teleosteans, and consist of longer or shorter finger-
shaped processes of the small intestine, which are situated posteriorly

Fia. 186.—IxTEsTIiNAL TRACT OF A SHARE.

I, heart ; Pe, pericardium cut throngh ; Sw, sinus venosus ; L, L, the two lobes of the
liver, separated from one another so that the stomach (M), with its pyloric tube
(PR), and the region of the pylorus (F)are visible ; M), small intestine, in'which
the spiral valve lies; ED, large intestine ; Gsp, rectal gland ; AT, cloacal
pockets ; Pa, Pa, abdominal pores; Pn, pancreas,

to the pylorus in the region of the bile-duct (Figs. 187, ¢, and 188,
Ap). Their number varies from 1 (Polypterus and Ammodytes)
to 191 (Scomber scombrus). The pyloric ceca and the spiral valve
seem to be deyeloped in inverse proportion to one another, for,

! Amongst the Teleostei n_spiral valve is present in Cheirocentrus, and pro-
bably alsoin Butirinus. Anintestinal valve exists also amongst the Sal mnnilt;na.
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With the exception of the Cyclostomi, Holocephali, Ganoidei,and
Teleostei, in which there is a separate anus, the large intestine of
all other Fishes,and of Dipnoi and Amphibia, opens into a cloaca,
common to it and to the urinogenital ducts. The large intestine
takes a straicht course, and in Amphibia, as well as to some extent
in certain Canoids and Teleosteans, is plainly marked off from

Fia. 188, —InTESTINAL TRACT OF PERCH.

Oe, wesophagus ; M, stomach; t, ceecal process of latter ; P, P, short pyloric region ;
Ap, pyloric ceca (appendices pyloricee); MD, small intestine ; ED, rectum ;
A, anus,

the small intestine: in some cases it is considerably swollen,
even exceeding the stomach in capacity (Fig. 190, &). An out-
growth of the ventral wall of the cloaca in Amphibia gives
rise to the urinary bladder, and represents the rudiment of
the allantois.

Reptiles.—Corresponding with the more definitely differen-
tiated neck, we find that Reptiles have a longer cesophagus than
the animals as yet considered, and this is always plainly marked
off from the much wider stomach, which is usually sac-like, or
bent upon itself, when it lies transversely (Chelonians).! The
stomach of Crocodiles is more specialised than that of other
Reptiles, and approaches that of Birds in structure.

Snakes, Snake-like Lizards, and Amphisb®nians pos-
sess a narrow, spindle-shaped stomach which lies in the long axis
of the body; in correspondence with the large size of the masses of

! The wsophagus of marine Chelonians, like that of many Birds, is lined by
horny papille.
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food, which are swallowed whole, it is.capabl i i
: _ L whole, . e of great d :
In these forms the intestine is only slighil:jly'cniledg; in I;ilzﬂrﬂtf-:]l:i fl?e

Fie. 189. Fre. 190.

Fre. 189. —IxTesTINAL TrRACT OF Stren {nceriing.
Oe, wsophagus, marked off from the stomach (M) by a constriction, 1; P, pyloric
region ; MDD, small intestine ; £}, large intestine.

Fic. 190, —INTESTINAL TrRACT 0F Rane escwlende.
O¢, cesophagus ; M, stomach ; Py, pylorie region; Du, duodenum ; D, ileum: f,

boundary between the latter and the large intestine (E); 4, opening of the
rectum into the eloaca (C7) ; Hb, urinary bladder ; Mz, spleen,

coils are more marked, and in the other forms, with broad bodies,
the folding is carried still further.
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in direct proportion to the consistency of the food. In gramini-
vorous Birds we find the strongest muscular layer and the thickest
horny lining, while in the series of insectivorous Birds, up to the
Birds of prey, this condition becomes gradually less marked, and
the division of labour is less noticeable. Thus in the series of
existing Birds we can see the line along which the differentiation
of the organ has taken place phylogenetically.

Finally the dilatation of the gullet of Birds, which is known
as the crop (ingluvies), must be mentioned (Fig. 191, Iy). A
false crop serving only as a food reservoir, and entirely wanting
in glands, and a true crop, rich in glands, which have a chemical
function, can be distinguished. The former is seen, e.4., In many
Ducks, in the Cassowary, Halizus, and Otis, and the latter in
Rasores, Columbide, and others. The small intestine is
usually of a considerable length, and becomes folded on itself to
a greater or less degree; it varies, however, both in form, length,
and diameter. At about the middle of its extent there is a small
cecum-like structure, the remains of the vitello-intestinal duct,
or diverticulum c®cum.

The straight large intestine opens into a cloaca, and varies
as to its relative diameter., The c@cum is usually paired, and
may reach an enormous length (Lamellirostres, Rasores,
Ratite). All kinds of intermediate stages between this and an
entire absence of a ceecum are to be met with.

In those cases where the cecum is largely developed, it has
an important relation to digestion, as an increase of surface of the
mucous membrane is thus effected ; this inerease may even be
carried further by each cscum being provided with a spiral fold
consisting of numerous turns, as in the Ostrich.

The so-called bursa Fabriecii is a structure peculiar to Birds.
Tt arises as a small solid epithelial structure, which later becomes
excavated to form a vesicle, and lies freely in the pelvic cavity
between the vertebral column and the posterior portion of the
intestine ; it extends to the outer section of the cloaca, into
which it opens, posteriorly to the urinogenital ducts. It is
probably present in all Birds, but becomes atrophied more or
less completely in the adult; its physiological function is guite
unknown.

Mammals.—The csophagus, like that of Birds, is sharply
marked off from the stomach, and is differentiated at 1its proximal
end to form a pharynx, which is regulated by strong muscles.

Under the influence of the food the stomach here undergoes
much more numerous modifications than are met with in any other
Vertebrate class. As a rule it takes a more or less transverse
position and has a sac-like form, the portion into which the eso-
phagus opens being called the cardiac, and the part between

this and the duodenum the pyloric portion,




A, Dog. B, Mus decumanies. C

Fic, 192.—DirreresT ForMs oF MAMMALIAN STOMACHS,

» Mus snusculus. D, Weasel, E, diagram of the
Ruminant stomach, thearrow showing the direction which the food takes SRR,
rumen and reticnlum ; 0, psalterium ; A, abomasum. F, human stomach
inverted and prepared to show the muscles, @, &, ¢, on the inner side. @, sto-
mach of Camel ; B, E, rumen and retieulum i , abomasum ; WZ, water cells,
H, stomach of Echidna hystriz » O

ni, lesser eurvature ; Cing, greater curvature.
I, stomach of Bradypus tridactylus ; 1, the portion corresponding to the rumen .
t, that mrre;pnnding to the reticulus

n of the Ruminant's stomach ; the formeris
produced to form a cecal process at ME - "%, pouches of the duodenum. g,
esophagns ; P, pylorus : ¢, eardiac sac ; Sp, pyloric sac; Ca, cardia,

(Fig. G after Gegenbaur.)
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Herbivorous Mammals, as a rul
complicated stomach than do Dmniﬁarﬁis'eﬁa; la.rlger el o
192, A to G),* and it may b divided ; el b Tis

. . y become divided into two or more chamb
Thus in Ruminants (Fig. 192, E) there are four chamb mle_ars.
a.re_ca,lled respectively, rumen (paunch), reticul iy
terium,® and ab 3 s

ium, omasum. The two first simply serve as sto
cavities, the food returning from them into the mouth, on RSt
to und_ergﬂ mastication. It then passes into the psaljteri:ie mor&

nally i i ‘ /
finally into tl_:ue abomasum, the latter alone being pruwdeg] %nth
rrerria]neié (gastric) glands, and serving as the true digestive stomwa::h
Eak EES.) otted arrow in Fig. 192, E, shows the course which the food

The small intestine is usually long, and vari
fmd diameter in domesticated ghan %:L wild ff)ﬁf}f Dréﬂﬂlfliﬂﬁiﬁiﬂg;h
in the human subject, the relative length of the small int.egrt" :
is less in the feetus than in the adult. ;5

_ The large intestine, which is made up of a varying number of
u::m]s, usually reaches a great length in Mammals, and its diameter
is much greater than that of the small intestine : these two por-
tions are thus sharply marked off from one another, and Pthe
distinction between them is rendered still more marked by the
sacculations of the anterior part of the large intestine. Only the
posterior portion of the latter, or rectum, which passes into
the pelvic cavity, corresponds to the large intestine of lower
Vertebrates; the remaining and far larger part, must be looked
upon as a neomorph, and is called the colon. In this, further
subdivisions may often be distinguished, ¢.g. in Man,

The ecwcum, which is almost always present, undergoes the
most various modifications both as to form and size, according
to the kind of nutriment. Thus in Carnivora, Odontoceti
Insectivora, and Cheiroptera, it is very small or even entirel:,:
wanting, while in Herbivora, it may exceed the whole body in
length. An inverse development in size is usually noticeable
between it and the rest of the large intestine. In many cases
(many Monkeys, Rodents, and Man) an arrest of a portion of
the cmeum takes place in the course of individual development
(Fig. 172, Pv), giving rise to a processus vermiformis. In
Lepus, the enormous czcum is provided with a spiral valve, and
in Hyrax, besides a large sacculated cacum at the junction of the
small and large intestines, there is a pair of large simple conical
caea further back,

Monotremes only amongst Mammals possess a proper cloaca,

1 Tn Cetacea and Bradypus (Fig. 102, T) however, the stomach is divided into
several chambers, and in some Rodents and the Horse a distinet cardiac and a pyloric
division can be recognised : some Marsupials (.g. Halmaturus) alse possess a com-
plicated stomach. In Ungulates numerous forms between a simple and an exceedingly

complex stomach are to be met with.
The psalterinm is the latest to be differentiated, both phylo- and ontogenetically.
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though in Marsupials and some Rodents, the anal and urinogenital
apertures are surrounded by a common sphincter. In alll the
others a complete separation between these apertures takes place.

HISTOLOGY OF THE MUCOUS MEMBRANE OF THE ALIMENTARY
CANAL.

With the exception of the epithelium of the mouth and anus,
which is usually stratified, that of the alimentary canal of Ver-
tebrates consists primitively, that is, phylogen etically, of
ciliated cylindrical cells. In some cases this 1s also true
ontogenetically, and in Amphioxus and Petromyzon (Ammo-
ccetes),! the ciliated epithelium persists throughout life. N

In all other Vertebrates, especially in the higher forms, cilia
are only seen exceptionally after the embryonic period, so that,
as a rule, only ordinary cylindrical epithelium 1s present.

A striated margin is observable along the free border of the
epithelial cells turned towards the lumen of the canal; this is pro-
bably to be looked upon as the expression of the earlier ciliated

Fic. 198, —DIAGRAM OF THE STRUCTURE OF A CELENTERATE.

AK, ectoderm ; IK, endoderm ; NN, cells of the endoderm which have thrown oul
ameeboid processes and ingested food-particles ; UZD, primary alimentary cavity
(archenteron), containing food-particles (N} ; UfGn, the primary mouth (blasto-
pore).

covering, and in the lower Vertebrates it is capable of an active
ameeboid movement (Fig. 194, B). In this active participation of
the cells in the process of absorption, we recognise an old inherit-
ance from Invertebrates : in this connection the reader is referred
to Fig. 193, which represents diagrammatically the structure of
a Ceelenterate, in which the endoderm-cells lining the primitive
alimentary cavity, or archenteron (UD), are directly concerned
with the taking in of nutritive particles by means of pseudopodia,
() [intracellular digestion]. These endoderm-cells may be com-

1 It persists throughout the gut in Ammoceetes, and only in certain parts in
Petromyzon.
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pared with the epithelial cells, B'EL of the intestine of a |
Vertebrate, in Fig. 194, A, where they are shown puttiangm:;ﬁli;

Fia.

The

194.—A, SEMIDIAGRAMMATIO TRANSVERSE SECTION oF A PoRrTioN OF THER
WaLL oF THE IxTESTINE. (Combined from the condition seen in both lower
and higher Vertebrates. )

connective-tissne layer and epithelium are designedly drawn much too large
as compared with the outer coats. To the left of the figure would be the
body-cavity ; to the right, the alimentary cavity.

P, peritoneal investment of the gut ; M, longitudinal muscular layer; M7, circular

muscular layer ; Z, connective-tissue layer; 5, mucous membrane, which is
raised to form villi at Zo ; &, &, vessels, the larger trunks running between the
peritoneum and the muscular layer : the finer vessels branch out into the inter-
mediate layer ; these surround the masses of lymph-cells, LL, as well as the
glands, and send fine loops into the villi (at &%) ; D, apertures of the glands ;
E, E, epithelial cells of the mucous membrane, with their striated border, from
which at E' ammboid processes are extruded: in Fig, B, a, b, these cells are
drawn to a much larger seale (S, strinted border) ; %{/, seattered lymph-cells
in the intermediate layer ; L1, I3, lymph-cells in the act of passing through
the mueous membrane ; at L%, several have already pnassed into the alimentary
cavity, and are beginning to ingest the contained nutritive particles by means
of their amcehoid processes; LL, masses of lymph-cells (solitary follicles) ;

Ly, lymph-vessels in the villi.

ameeboid processes, and in Fig. 194, B, where the cells a, b, are
shown drawn to a larger scale. Besides these absorptive epithelial
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cells, other cells take part in the active ingestion of food, a._nd th_1s
again is most marked in the lower Vertebrates, more especially in
Fishes and Dipnoans. These are the lymph-cells (leucocytes,
which on this account have received the suitable name of phago-
cytes), which are present in great numbers in the connective-tissue
of the mucous membrane (Fig. 194, A, L), often united into
definite masses (Z). These cells, which are capable of the most
complete ameeboid movements, become migratory, force their way
through the epithelium of the gut (Fig. 194, A, L', I?), and come
into contact with the food in the lumen of the intestine (L NV).
Others of these phagocytes again, seem to take up the nutritious
particles onlyafter the latter have penetrated through the epithelium
into the connective-tissue layer. Here they become incorporated
by the lymph-trunks (Lym), and finally, through metabolism, by
the whole organism.

The phagocytes possess the further peculiarity of taking up noxious
substances or portions of tissues which have undergone retrogressive meta-
morphosis, wherever they may occur in the body, thus rendering them
innocuous. They thus exercise a kind of superintendence over the body,
acting as a sort of police foree, This function is seen most plainly in the
migration of lencocytes from the tonsils into the mouth and pharynx, and
from the epithelium of the conjunctiva into the conjunctival sac. It is not
improbable that this process of ingestion by the leucocytes takes place at every
point where the mucons membrane becomes continuous with the outer skin
(e.g. mose, urethra, anus),

Thus we arrive at the result that, in the lower Vertebrates,—
and, with certain limitations, in the higher types also,—active or
mechanical processes take place in digestion. These appear
to be of great importance in most of the Anamnia; thus in
all Fishes and Dipnoi, for instance, glands, provided with
specially differentiated epithelial cells, are not present, or at any
rate only the first traces of them can be recognised. With the
exception of the liver, Amphioxus, Cyclostomi, and
Dipnoi possess no trace of glands, and even in Amphibia,
a marked differentiation does not seem to occur. It cannot be
affirmed that no chemical processes take place in the process of
digestion in these animals, for every individual epithelial cell of
the gut may be looked upon as a small gland ; but, at all events,
the chemical processes in the higher types from the Reptilia
onwards, become of far greater importance than the merely mech-
anical absorptive processes, owing to the development of highly
differentiated glandular organs (peptic glands and glands of
Lieberkiihn), '

In conclusion, attention must be directed to the formation of
folds of the mucous membrane. In Cyclostomes these have only
a longitudinal direction (Fig. 195, 4), while, from Elasmobranchs
onwards, they take on a transverse arrangement, and thus er ypts
arise which possess a sac-like form, often passing deeply into the
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wall of the gut (B to E). By a further development th -
become more tube-like and elﬂngatﬂdf and 'giwf rise to t{law.s: a'.:l;gwlf

mentioned gastric and intestinal olands . .
of Lieberkiihn). glands (peptic glands and glands
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Fra. 195.—SeEMIDTAGRAMMATIC Flovnes ofF THE Mucovs MEMBRANE 0OF THE
INTESTINE OF FISHES, SHOWING INTERMEDIATE FORMS BETWEEN LONGITUDINAL
Forps A¥D Rovsp CRYPTS.

2, Petromyzon, showing the distinet spiral fold ; B, an Elasmobranch ; €' to E,
varions Teleosteans.

The finger-like outgrowths of the mucosa (villi intestinales)
(Fig. 194, A, Zo, Zo) are to be looked at from the same physio-
logical point of view, that is, they have to do with increasing the
absorptive surface. They may be derived through numerous
intermediate forms from ordinary folds, and appear as distinet
papille from the Sauropsida onwards, reaching their greatest
development in Mammals,

APPENDAGES OF THE ALIMENTARY CANAL.
Liver.

The liver, the form of which is always closely adapted to that
of the body, underlies to a greater or less extent the ventral
side of the intestinal tract, and is present in every Vertebrate
(Amphioxus?), It is united to the body-wall by a fold of the
peritoneum, and varies considerably in the number of ifs lobes.
We may nevertheless fix upon a ground-form (:DESIS_tlD;%
of two lobes (Myxinoids) as the precedessor of the organ in al
Vertebrates. It always arises from the commencement of the small
intestine, and develops into a large vascul_ar and gland ula; organ,
(Figs, 196 to 198) which gives rise to bile, and remains in com-
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Fia. 196.—Liver o Rana esculenfa. (From the ventral side.) .
L, I, I*, the different lobes of the liver ; M, stomach ; Jh, duodenum ; M, heart.

P
Tt ' ‘?

L

Fi6, 197.—PANCREAS AND LivER oF Froc, T0O SHOW THE ARRANGEMENT OF THEIR
Tioers.

L, L' to I* the lobes of the liver turned forwards; &, gall-bladder ; Dy, cystic duets,
which, together with the hepatic ducts (Dh), form a network from which thr
collecting ducts arise, and these unite to form the common bile-duet (De) : the
latter passes throngh the substance of the pancreas (P), receiving further hepatic
ducts (DAY), and the Enncrea.tia ducts (P'); at D! it becomes free from the
pancreas, and passes back to open into the duodenum (Du) at De®; Lhp,
dnodeno-hepatic omentum ; 3, stomach ; Py, pylorus.

i



242 COMPARATIVE ANATOMY.

munication with the intestine by means of

(ductus choledochus) t (Fig. 197, 53} : AR Ly
. A gall-bladder (vesica fellea) may or may not be present, and
in the former case it is connected with the system of hepatic
ducts by means of a cystic duct (comp. Fig. 197, G, Dey, Dh)

Fic. 198.—VisceErA oF Lacerta agilis, in siti.

O¢, msophagus ; M, stomach ; MDD, small intestine ; ED, large intestine ; L, liver;
GE, gall-bladder ; Pn, pancreas; Bl, urinary bladder ; Lg, Lg', the two lungs, |
with their network of vessels ; A, heart ; €%, postcaval ; I'r, trachea, |

The liver of the Anamnia (eg. Ganoids and Perennibranchi-
ates) is, as a rule, relatively larger than that of the Ammiota. !
Carnivorous (fat-eating) animals generally possess a larger liver
than Herbivores,

1 The single-lobed liver of the Lamprey undergoes a histological retrogression ]
(fatty metamorphosis) after transformation. The tubuli disappear, and the cells h
become filled with fat, and the gall-bladder and bile-duet become atrophied. ]

|
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Tn Mammals the liver may always be derived from a ground-
form consisting of two lobes, but in most cases 1t becomes further
subdivided, so that in some cases there may be as many as six or
seven lobes (e,. Dog, Weasel). The right primary lobe is always
the longest, and in it the gall-bladder, when present, lies partially

embedded.

Pancreas.

As already mentioned, this organ also arises from the proximal
portion of the small intestine, and comes into close relation with
the liver. Its point of origin from the intestine corresponds to the
aperture of the pancreatic duct, which penetrates the entire

OTroan.
With the exception of certain Fishes (eg. Cyclostomi and

many Teleostei) and Perennibranchiates (Siren and Proteus), a
pancreas is always present in Vertebrates. Varying much in form
and size, it early gives rise to a band-shaped or more or less
lobulated organ, usually lying in the fold of the duodenum. Tts
duct frequently becomes united with that of the liver (Fig. 197, %,
Det, De2), or there may be several independent ducts opening into
the intestine (e.g. Birds, Crocodilia, Emyda®, and some Mammalia).
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there may be every means for its contained

absorbed, leaf-like or thread-like vascular: prgﬂgﬁir; stﬂnrbeznlril:
l_:uecr.}me developed in the region of each gill-cleft. 'f['hesg ;11-,5:
internal or external according to their position!

‘.ﬂ_’h:le Fishes possess gills throughout life, this is only the
case In a small section of the Amphibia, viz. in the Perenni
branchiata; all the others simply pass through a gilled stage
a.n_d later come to breathe by means of lungs, so that the studygﬁ%
this one group of animals furnishes us with an excellent representa-
tion of the course of phylogenetic development through which all
the higher Vertebrates must have passed.

The best proof of this, as well as of the important meaning of
the branchial apparatus of animals in general, lies in the appear-
ance of gill-clefts and gill-arches throughout the entire series
of the Amniota up to Man, that is, in forms in which they no
longer possess a respiratory function. They are thus repeated
ontogenetically, but have undergone a change of function
coming into relation with the auditory organ and tongue, as
already described in connection with the skull and ﬂudit.c-r; organ
(see pp. 78, 80, 84, and 198).

Amphioxus.—The numerous (80, 100, or more) gill-clefts of
Amphioxus, which are supported by elastic rods, extend back-
wards nearly to the middle of the body. At first they open freely
to the exterior, but in a later period of development they become
covered by two lateral folds of the skin.

The water passing through the gill-slits is conducted backwards
by means of the peribranchial chamber thus formed, and passes
out throngh an aperture, the atrial pore, which lies somewhat
behind the middle of the body (Fig. 199, ¢).

This extension of the branchial apparatus over such a large
section of the body, which points back to a very primitive condition,
becomes considerably limited even in the Cyclostomi.

Cyclostomi.—In Ammoceetes the cesophagus is continued
directly backwards from the branchial cavity (Fig. 200, A), and at
the entrance of the latter there is a muscular fold covered by the
mucous membrane, the velum (Fig. 201, V).

The seven® gill-sacs provided with leaf-like folds of mucous
membrane which are present in Ammoceetes, persist in Petro-
myzon; but, with the formation of a suctorial mouth, the portion
of the cesophagus into which they open (respiratory tube) be-
comes closed posteriorly, and the cesophagus apparently grows

1 Txternal gills persist after hatching as funetional respiratory organs only in
Protopterus emg the Amphibia, and even in the latter they are often soon replaced
by internal branchim (comp. pp. 250 and 251). y i _

2 In Ammoccetes there are primitively eight gill-clefts ; but the first pair, which
give rise in most Elasmobranchs and many Ganoids to the spiracle, and in Amniota
to the tympano-Eustachian passage, does not perforate the skin,
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In Petromyzon the individual branchi '
, : J al branchial sacs open freely to the
extertor; but in Myxine this original condition h:ﬁ:enmes IT{G{liﬁE{]

THRNRNRR

Fic. 200.—DiacraM oF A LONGITUDINAL SECTION THROUGH THE Heap op
Ammocetes (A) AND Petromyzon (B).

Ff T nf}'ll'ﬂ;;% f ﬁ I

]
st
I

RS T N
1

" i L]
' Y ]

7
Fig. 201, —LoXGITUDINAL SECTION THROUGH THE HEAD oF Adnunoceles.

¥, velum ; P, papille of mucous membrane ; K, K, K, three anterior gills ; Th, thyroid
gland (hypobranchial furrow); N, nasal sac ; *, communication between the
ventricle of the olfactory lobe and that of the prnsmweghalnn ; Ep, epiphysis ;

Juf, infundibulum ; HH, metencephalon ; ML, medulla oblongata; &, e,
ventricles of the mid- and hind-brain ; o, subdural cavity; Ch, notochord ;

R, spinal cord,

by the external gill-passages growing out into long tubes, which
unite to form a common duct on either side; this opens far behind
the branchial apparatus on the veutral side of the body.

Fishes.—From the Elasmobranchii onwards the gills come
into close relation with the skeletal part of the visceral arches, and
in these Fishes they consist of closely-approximated transverse
lamina (Fig. 202), which are firmly attached to both sides of the
septa which separate the individ_ual gill-sacs f'mm one another, so
that each septum bears gill-laminz on both its anterior and pos-
terior surface. The gill-sacs, of which there are usually five rf_slx
or seven in Notidanus), usually open separately to the exterior.
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In the Holocephali, however, an opercualar membrane 1s present,
and traces of a similar structure are seen 1n (Chlamydoselache.

Hi il

Fic. 202, —HORIZONTAL SECTION THROUGH THE VENTRAL SIDE oF THE HEAD OF
A SeracHIAN. (Semidiagrammatic.) The floor of the mouth is exposed.

KM, muscles of jaw ; 2, tongue ; Hy, hyoid arch cut through, behind which are
seen the five branchial arches, also cut through ; BM, mucous membrane of the
month ; ¢, esophagus ; S, S, pectoral arch, cut through ; LH, body-cavity ; K1,
body-walls : the arrows indicate the external apertures of the five branchial sacs.

I'16. 203.—HonizoNTAL {:‘.}:{;’1'105: THROUGH THE VENTRAL SIDE oF THE HEAD OF
Silwris glanis. (Semidingrammatie, )

T, ?'}lli-'ﬂtﬂ-ﬂifﬂi <p, £p', teeth of the lower jaw : BM, mucous membrane of the
_niqrﬁl' the mouth ; Os, esophagus ; KM, musecles of jaw ; KD, gill-cover, behind
which (at the arrow) the common branchial cavity opens.

e,
In Ganoids and Teleosteans there are no longer chambered gill-
sacs, The septa on which the gill-lamin are borne become great] i
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reduced, so that the apices of the latter extend freely outwards ; the
whole branchial region is moreover covered ‘over by the operculum
and branchiostegal membrane (comp. pp. 66 and 69), and thus
the gill-slits open into a common branchial chamber, which com-

municates with the exterior by a single slit-like aperture on eith
side (Fig. 203). 4 : ; B

As a tule, the Teleostei possess only four gill-bearing visceral arches.!
and this holds good for all Ganoids. A rutiimer%mr}' gill or psendobran ch
1s present on both mandibular and hyoid arches of most Elasmobranchs, on the
mandibular arch of all Cartilaginous Ganoids (spiracular gills), and on the
hyoid of Teleostei, and a more complete hyoidean gill is seen in Acipenser and
Lepidostens: this indicates that all these Fishes formerly possessed a more
extensive branchial apparatus than at present,

In many Teleostei certain accessory structures are developed in the region
of the branchial chamber by a modification of the branchial arehes or cavity.
These serve to retain the water, and thus the Fish is able to live for some time
out of the water (Anabas, Saccobranchus, Heterobranchus, Clarias, &e.).

External gills are met with in young stages of Elasmobranchii, Holo-
cephali, Polypterus, and Cobitis ; these possibly have a nutritive function
in connection with the absorption of the yolk.

Fishes breathe by taking in water through the mouth, and, by
the contraction of the latter, forcing it out again through the gill-
slits.® In this process the gill-arches rise and fall, separating
from one another during inspiration, and approximating during
expiration.

Dipnoi.—These, as their name implies, breathe both by gills
and lungs.
The branchial apparatus deserves particular attention, inas-
much as, in Protopterus (Fig. 54, K), besides the internal
ills situated on the branchial arches, there are also three ex-
ternal gills. These are situated on the posterior and upper
border of the pectoral arch, to which they are fixed by connective-
tissue and vessels, which latter pass to them from the third and
fourth arterial arches.
As in Ganoids and Teleosteans there is only a single external

branchial opening on either side, covered by a somewhat rudimentary
operculum.

Amphibia.—In all Urodele larvee as well as in the Perenni-
branchiata there are three gill-tufts, lying one over the other, and
decreasing in size from the %nrsal to the ?entml side ; these extend
backwards, projecting freely to the exterior, and are composed of
connective-tissue, unsupported by cartilage. They either have
the form of tufts, or they may be delicately branched, showing the
most varied arrangements for increasing the respiratory surface.

1 They may be reduced to three, or to two, and even these may become more or

rudimentary. ; ! ik :
lcssi In Petmml;.-'mn, when holding on by its suctorial mouth, inspiration as well

as expiration takes place through the gill-apertures.
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These external gills are acted on by a complicated system of
muscles, and are covered by ciliated eplthel_mm, wlfmh serves to
keep up a continual current in the surrounding medium.

In the Axolotl and in the larve of Salamanders there are four, and in
Menobranchus and Proteus only two gill-clefts perforating the pharynx, The
former thus show a more primitive condition, while in the latter these
structures have become reduced. There is always only a single external

opening covered over by an opercular-like fold of skin. :
IMﬂ:]n Ethe Derotremata the gills disappear entirely, but the gill-aperture

between the third and fourth branchial arches persists.

The external gills present at first in Anura soon disappear,
and their place is taken by internal gills, By the growth of the
opercular folds, the external respiratory aperture of either side
becomes gradually reduced in size, and the two branchial chambers
come eventually to open by a single aperture, which is situated
either in the median ventral line, or laterally.

In the larve of Notodelphys and of Cacilia compressicauda bran-
chial vesicles are developed, covered over by a vascular mEPimtur:,r network ;
in the former these are bell-shaped, and in the latter they have an irregular
sac-like form. In the embryo of Epicrium glutinosum, a feather-like and
highly-vascular gill-tuft arises on either side; these are of unequal length, and
they move continually backwards and forwards in the egg-albumen. In cerfain
Batrachia, the hrﬂar{ and richly vascular swimming-tail lying against the
egg-membrane may serve as a larval respiratory organ,

Thus we arrive at the result that the gills of Vertebrates may
be divided into four groups, which show no direct connection with
one another. The first kind is seen in Amphioxus, the second
in Cyclostomes, the third in the adults of other Fishes, and
the fourth in Amphibians,

II. AIR-BLADDER AND LUNGS.

1. THE AIR-BLADDER,

As has already been mentioned, the lungs and air-bladder are
developed in a similar manner, and differ only from one another in
the fact that the lungs always arise from the ventral side of the
primary esophagus, while this is an exceptional case as regards
the air-bladder (Polypterus, Erythrina); that organ is usually
formed on the dorsal side. The exact point of origin of the
air-bladder from the csophagus varies, and its duct (ductus
pneumaticus) may either remain open throughout life, as in
all Ganoids and some Teleosteans (Physostomi), or it may
later become reduced to a solid fibrous cord, or even entirel
obliterated, as in other Teleostel (Physoclisti). In the latter
case there is no communication between the air bladder and the
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external air, and it is probable that the contained gas is given off
from the walls of the air-bladder itself,

The air-bladder always lies above thie peritoneum on the dorsal
side of the body-cavity, between the vertebral column, aorta, and
kidneys on the one hand, and the alimentary canal on the other:
it is invested by the peritoneum on the ventral side only. Tt is
more or less sac-shaped in form, and is only exceptionally paired
(Polypterus); it usually extends along the whole length of the
body-cavity, and has walls composed of connective, elastic, and
muscular tissue. In some Teleostei it is transversely constricted
so as to form several successive divisions; in other cases it may
give rise to a more or less numerous series of cmcal processes.
Its internal surface may be either smooth or spongy, owing to
the formation of a meshwork of trabecul®, the structure of which
reminds one of the lungs of Dipnoi and Amphibia.

Attention has already been directed to the relations which often
exist between the air-bladder and the auditory organ (see p. 207).

2. Tae LuNGs.

The further development of the primitive lung-sacs is essen-
tially similar to that of a branched gland. They %mdua.lijr increase
in size, and the part which connects them with the cesophagus
becomes drawn out into a tube, the windpipe or trachea; this
bifurcates to form two bronchi, one of which goes to either lung

2D 2h

| )

Fic. 204.—A, B, C, DiacrRAMs sHOWING THE MoDE oF DEVELOPMENT OF THE
LuxNGs,

PD, primitive alimentary tube ; 8, 5%, the lung-sacs, which are at first unpaired ;
t, trachea ; &, bronchus.

(Fig. 204, 8, 5%, ¢, b). In their further growth, the bronchi branch
out into finer and finer tubes, and finally end in small vesicles or
infundibula, which are made up of a number of alveoli, and
are surrounded by blood eapillaries, through the thin wa.llg of w]ﬂuch
the interchange of respiratory gases takes place (comp. Fig. 205).
In the course of further development, annular cartilages become
developed in this system of tubes: the most anterior of these, that
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' ig or entr hea (which
is, those 1 round the glottis or entrance to the trac

f;zl;sl?j'{::;geneticaliygthe oldest cartilages of the whole
apparatus), become differentiated to form a special apparatus, the
larynx ; this is regulated by muscles, and has to do with the

production of the voice.

iﬁ. !I‘. I,!
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F1o. 205.—DiAGRAM ILLUSTRATING THE PHYLOGENETIC DEVELOFMENT OF THE
Luxcs; A GRADUAL INCREASE OF THE RESPIRATORY SURFACE I8 SEEN IN
passiNGg Froam A To D,

The trachea, bronchi, and larynx thus constitute a kind of
hollow skeleton for the whole respiratory apparatus, and, as they
are formed secondarily, we should naturally expeet them to be most
developed in the higher types.

Air-Passages.

Amphibia.—The first traces of cartilaginous supports to the
glottis are seen in Urodeles, there being no skeletal elements in
this region in Dipnoans (Protopterus). At the same time, dilator
and constrictor muscles agpear round the glottis.

In Dipnoi, Salamandride, and Anura, there is no proper
trachea, but only a short laryngo-tracheal chamber leading
from the larynx to the lungs; in the two last-mentioned groups
this is supported by cartilages. A definite trachea is, however,
present in Siren, Amphiuma, and the Gymnophiona; it
reaches a length of 4 to 5 or more centimetres, and its wall is
strengthened by a series of small irregular cartilages, which usually
tend to unite into bands: only in the Gymnophiona, however, do
these bands begin to take on the form of half-rings, and to surround
the trachea more or less completely.

In Anura a considerable advance is noticeable, as a highly
differentiated larynx is present in them. This is regulated by a
well-developed series of museles, and is provided with vocal cords,
the sound produced by which is often intensified by the presence
of vocal sacs developed from the floor of the mouth. The laryngo-
tracheal chamber of Rana esculenta lies between the posterior
cornua of the hyoid (thyro-hyals), and is supported by a thin car-
tilage on either side of the glottis (Fig. 206, Ca), as well as by a
ring-shaped cartilage, from which delicate processes pass backwards
to the roots of the lungs (Fig. 206, C1*—C7*). The former correspond
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to the arytenoids, and the latter to the ericoid cart]
) P : : tilage of
higher Vertebrates. These are all firmly united to one mmthgr by

Fie. 206, —CARTILAGINOUS SKELETON OF THE LARYNGO-TRACHEAL CHAMBEE OF
Linnaesculenta. (A, from above ; B, from the side.)

Ca, Ca, arytenoid cartilage ; C.0.} to C.L4, cricoid cartilage; Sp, process of the
latter ; P, plate-like broadening out of the ventral part of the cricoid : SR,
glottis ; ***, three tooth-like prominences of the arytenoids.

connective-tissue, the vocal cords being situated on the inner surfaces
of the arytenoids.

Reptiles.—The larynx of Reptiles is supported by cartilaginous
elements comparable to those of Anura, there being two sets of

A
l_’.?:e

Fic. 207.—LAanrysx oF Phyllodactylus europens, (A, skeleton, and B, musculature

of larynx.)
Ar, arytenocids: ¢, cricoid ; S, anterior median process of ericeid ; S, sphincter ;
¥ D, dilator ; T, trachea ; O, basi-hyal.

cartilages, a paired arytenoid, and a ring-shaped cricoid (Fig.
207, Ar, C¢).



ATR-PASSAGES. 255

No considerable advance in structure is, however, seen ; there is
even a reduction noticeable as regards the musculature, for as a
rule, only a single dilator and constrictor are present (Fig. 207,
D, SY), instead of several, as in the Frog. _ :

One point, however, must be specially noticed, viz., the close
connection which obtains between the larynx and the hyoidean
apparatus—more particularly the dorsal surface of the basi-hyal.
In Crocodiles and Chelonians, for instance, the larynx 1s
firmly embedded in a shallow depression of the latter, and it seems
probable that the thyroid cartilage of Mammals has been
derived from a part of the body of the hyoid. ‘

A well-developed trachea, always supported by enclosing
cartilages, is present in all Reptiles, but the cartilages are not in
all cases fused together to form complete rings. The walls of the
bronchi are also usually provided with cartilaginous supports.

Birds.—In Birds there are two larynges, an upper and a
lower. The former lies in the usual position behind the tongue on
the floor of the pharynx, and is plainly homologous with that of
other Vertebrates, though it is incapable of producing sound.
This is owing to the fact that both its skeleton and muscles are
obviously undergoing a retrogressive metamorphosis.

The lower larynx, or syrinx, is of much greater interest ; it is
usually situated at the junction of the trachea and bronchi, or more
seldom at the lower end of the trachea alone or on the bronchi
alone. It functions as the organ of voice, and appears first in,
and is restricted to, Birds, no traces of a syrinx, which might be
expected, being found in Reptiles. In the most usual form, or
broncho-tracheal syrinx, there is a moveable connection
between the most anterior bronchial rings, with which a compli-
cated system of muscles is connected ; these, by their contraction,
canse a stretching or relaxing of certain vibratory membranes
(membrana tympaniformis interna and externa). The
lower specially modified end of the trachea also plays an impor-
tant part as a “tympanum,” which attains a relatively enormous
development in some Water-Birds (e.g., the male Duck), where it
gives rise to a bony vesicle which serves as a resonance cavity.

_ The length of the trachea in Birds varies greatly, and ite complete cartila-
nous rings show a great tendency to become ossified. In some cases (e.g.
the Swan and Crane) 1t extends into the hollow keel of the sternum, where it
becomes more or less coiled, and then again passes out close to its point of
entrance, and enters the body-cavity. In certain representatives of the family

of Sturnid it extends between the skin and the muscles of the thorax, and
there gives rise to numerous spiral coils,

Mammals.—The larynx of Mammals is distinguished from
that of all other Vertebrates by the following characters: there is
always a very marked differentiation of the muscles, the
constrictors always exceeding the dilators in number; and an
epiglottis and a thyroid cartilage are constantly present.
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Fig. 208.—LARYNGES oF VARIOUS MaMmMALe,
A, larynx of Deer, seen from the left side ; B, ln}z‘llgitudinnl section through the
0

larynx of the Fox ; C, larynx of the Howling Monkey (Mycetes ursinus), from
tk:ie left side ; D, larynx of Chimpanzee (Simia troglodytes), from the ventral
side.

trachea ; Cfr, cartilaginous rings of the trachea; S, mucons membrane of the
trachea and tongue ; C'r, ventral, and C'r!, dorsal plate of the cricoid ; C¥, Ct',
thyroid cartilage ; of, uh, anterior and ufosterior cornua of the latter ; Ca, ary-
tenoid cartilage ; pm, processus muscularis of the latter ; Ep, epiglottis; H.
body of hyoid ; F, lesser, 1Y, greater cornuaof the hyoid ; Lt, erico-thyroid
ligament ; Mth, thyro-hyoid ligament; M, laryngeal }much, which shows an
enlargement att; 7, 2, 3, the three resonance-cavities of Simia lroglodytes ; mii,
submueous tissne with muscles ; M.gs, genioglossus musele ; Z, tonguc.

. ea—
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The epiglottis serves as a protection to the aperture of the
olottis, and its form varies much; occasionally 16 may undergo
degeneration. The thyroid cartilage, which, as already mentioned
(see p. 255), is probably to be derived from the visceral skeleton,
is originally paired (Monotremes). In higher types, 1t forms a
cartilaginous capsule which encloses the cricoid and arytenoids *
on the ventral side. The thyroid serves as a point of m;rdgm and
insertion for important muscles which stretch the vocal cords.

The vocal cords extend between the thyroid and the ary-
tenoids, and the mucous membrane above them becomes in-
voluted to form the laryngeal pouches. In Anthropoids,and
certain other Monkeys, these may reach such a large size that they
serve as resonance cavities, and come to lie partially within
the body of the hyoid, which is swollen to form a large bony
chamber (Fig. 208, D, 7, 2, 3).2

The folds of mucous membrane bounding the pouches of the
larynx anteriorly are spoken of as false vocal cords; these are not

present in all Mammals.

An interesting adaptation for the method of lactation is seen in the larynx
of Marsupial embryos, in which it becomes elongated so as to extend up-
wards into the internal nostrils, where it is firmly embraced by the soft palate.
Thus respiration can go on freely while the milk passes down the esophagus on
eitherside of the larynx. In Cetacea (e.g. Phocoena) a similar arrangement is
observable, and is here adapted for the aquatic life of the animal. In many
other Mammals the epiglottis is embraced by the soft palate, so that feeding and
respiration ean go on without interfering with one another.

The Lungs in a more Restricted Sense.

Dipnoi.—In Ceratodus, the lungs form a wide unpaired
sac, without any trace of a dividing septum, while in other Dipnoi
they are distinctly paired posteriorly, though single anteriorly.

They extend through the whale length of the body-cavity, and
are covered by the peritoneum only on the wventral surface : the
mucous membrane lining them forms bands and networks similar
to those seen in the air-bladders of many Fishes (e.g. Lepidosteus).?

Amphibia.—The lungs of Menobranchus and Proteus
remain at a lower stage of development than those of the Dipnoi,

! The cricoid may be complete or incomplete ventrally, and its dorsal portion
nsually becomes raised to form a broad plate which articulates with the arytenoids
(Fig. 208, Cr, Cvl, Oa), Each of the latter often gives rise to an outgrowth an-
teriorly, which, beecoming separated from it, forms a cartilage of Santorini.
A further independent cartilage (cartilage of Wrisberg) is sometimes present
in the arjrepiglu!:hdean fold.

2 In the Gorilla the resonance vesicle extends above the sterno-cleido-mastoidens,
and reaches backwards as far as the shoulder and pectoralis major.

3 It is worthy of remark that Lepidosteus, like many other Fishes, comes to
the surface and appears toswallow air, but it eannot be stated whether itsair-bladder
‘]:ms any important respiratory function until the relations of the blood-vessels are
IO I

S
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inasmuch as their internal surface is perfectly smooth, and has
therefore, a much smaller superficial extent. They consist of two
delicate elongated sacs, of unequal length, and constricted in their
middle ; in Proteus they extend much further backwards than in
Menobranchus. A difference in length between the two lungs is
seen also in other Amphibia, such as Amphiuma and Siren
lacertina, in which the two eylindrical lungs lie near together,
close to the aorta. Their internal surface is raised into a net-
work, corresponding with the distribution of the blood-vessels, the
meshes of which are much finer in Amphiuma, and still more so in
Menopoma, than in Siren.

In Salamanders the lungs as a rule are equal in size, and have
the form of cylindrical tubes extending backwards as far as
the end of the stomach; their internal surface is more or less
smooth. The lungs of Gymnophiona are similar to those of Sala-
manders, but the right alone is fully developed, and this shows in
its interior a complicated trabecular network : the left is only a few
millimetres long. A similar abortion of one lung is also seen in
Snakes, and in both cases has to do with the elongated form of the
body (ep. the note below). The wide, elliptical lungs of Anura
are quite symmetrical. Their internal surface, which is partly
lined by ciliated epithelium, is raised up into a rich respiratory
network of trabecula, and numerous smooth muscular fibres are
present in their walls.

Reptiles.—In Reptiles, as in all other air-breathing Verte-
brates, the form of the lungs is to a great extent regulated by that
of the body. In the higher types, such as the Chelonia and
(C'rocodilia, their structure is much more complicated than in
Amphibia; this complication finds expression in a very con-
siderable enlargement of the respiratory surface. With the ex-
ception of the thin-walled lungs of Lizards, which retain a very
primitive condition, we no longer meet with a large central cavity,
but the organ becomes penetrated by a branched system of
bronchi, giving it the character of a tubular and sponge-like mesh-
work? Thus the phylogenetic stages of development are here
again repeated ontogenetically.

The lungs of the Chameleon present a very curious modification. The
anterior portion is much more compact and spongy than the posterior, which
grows oub into numerous sac-like processes, some of which reach as far back
as the pelvic region ; their form is very variable, being spindle-shaped, club-
shaped, or lobulated, and their walls are very thin ; they extend in amongst the
viscera wherever there isroom. If these processes have any respiratory function,
it is at most only a very slight one. An indication of a similar arrangement

1 The lung of Snakes exhibits an intermediate form, for, in spite of the finely-
meshed tissue arising from the %eripheqr, it still retains a narrow central cavity. As
already mentioned, only the right lung is as a rule fully developed in Snakes and
Amphisbmnians, owing to the elongated form of the body, while the left remains

in a rudimentary condition, or even disappears entirely.
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is seen in the lungs of Testudo, in which a single thin-walled process extends
backwards to the pelvie region. These processes seem Lo foreshadow a con-
dition which reaches its highest development in Birds.

A uniform ground-plan is to be observed in the arrangement
of the intra-pulmonary bronchial system through the whole series
of the Amniota, from Crocodiles onwards. A continuation of

the bronchus, which is almost straight, always passes through the
lung to its posterior end. This may be called the main bronchus;
from it a series of lateral bronchi arise. The important and
typical relations of the latter to the main trunk of the pulmonary
artery and vein in Mammals, will be described later (p. 263): 1t is
not vet known whether a similar arrangement obtains in Chelonians,

Cirocodiles, and Birds. _
Birds.—The respiratory apparatus of Birds presents so many
remarkable peculiarities, both in the structure of the lungs and the

presence of air-sacs, that it must be considered in some detail.*

LUNGS AND AIR-EACE OF BIRDE,

When the ventral body-wallz of a Bird are removed, the heart, stomach,
liver, and intestines, are seen pressed towards the mid-line, and on either side
of them a tightly-stretched fascia, the obligue septum, is observable, which
shuts them off f{um a paired lateral sub-pulmonary chamber (Fig. 209,
D.th.a). Other chambers are situated in the anteror thoracic region, ventral
to the lungs, which latter lie close against the vertebral column and the heads
of the ribs, by which they are impressed : others, again, are seen in the region
of the heart and in the posterior part of the abdominal cavity.

These chambers are uccllﬁied by the air-sacs, the development and
physiological function of which will be described later on.

The most posterior chamber on either side encloses an abdominal
(posteridr) air-sac (Fig. 209, r.Abd.S, 1.4bd.S). In Apteryx, this is
completely closed in by the oblique septum, but in other Birds it gives rise to
a large divertienlum which extends between the corresponding ki(ﬁm_}r and the
body-walls, and even into the latter, as well as between the pelvic muscles.
Its volume is naturally dependent upon the state of distension of the viscera
at the time.

In front of this there are two air-sacs lying above and externally to the
oblique septum, and constituting the main part of the sub-pulmonary chamber ;
these may be called the anterior Rﬂdﬁﬂﬁf—ﬂ]‘iﬂl‘ intermediate sacs (Fig.
209, 1, Jﬂ. A transverse dividing-wall (s') lies between these two, at the
level of the ceeliac artery, and a second septum (s) shuts off the anterior
intermediate sac from the one lying in front of it, to be described presently,
The posterior intermediate air-sac presents the simplest and most constant
relations, and never communicates with any of the neighbouring chambers, as
is often the case with the anterior intermediate.

A pair of prebronchial air sacs lies on either side of the eso hagus
above the bronchus, anterior to the hilum of the lung (Fig. 209, C, ), and
below this a aiuh-hrm] chial sac is situated, which is separated behind from
the anterior intermediate sac by a septum (Fig. 209, s). This is usually

! For Figs. 209 and 210, as well as for many of the details in the above
description, we are indebted to Professor H. Strasser of Freiburg in Baden, who has
kindly allowed us to make use of the manuseript of a paper which is not yet
published, The terms nsed are those of Professor Tuxley, :

5 2
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Fig. 209,—ABDOMINAL VISCERA AND Arr-Sacs oF A DUCKE AFTER THE REMOVAL
OF THE VENTRAL Bopy-WarL. (From an original drawing by H. Strasser. )

T, trachea ; H, heart, enclosed within the pericardinm ; #Z, LL, right and left lobes
of liver ; Ish, suspensory (faleiform) ligament, and fed, les, right and left coronary
ligament of the liver ; D), intestine ; P, pectoralis major ; pa, pv, pectoral artery
and vein ; S, subclavius muscle ; O, coracoid ; F, furcula ; Ifed, coraco-furcular
lignment ; Ly, Lg', lung ; r. Abd. 5, 1. Abd. 8, right and left abdominal (posterior)
air-sac ; D.th.e, the fibrous obliyue septum ; T+, posterior intermediate air-sac ;
+, anterior intermediate air-sac; !, s', partition-walls between these sacs;
s, 5, partition-walls between the anterior intermediate air-sacs and the unpnimd
sub-bronchial sae, lying in the anterior part of the body-cavity ; v, portion of
anterior wall of latter ; p, axillary sac lying between the coracoid, seapula, and
the anterior ribs, and communicating with the sub-bronchial air-sae ; o O,
prebronchial sacs; *, point of entrance of the bronchi into the lung; Ap,
pulmonary artery ; Aa and Fa, innominate artery and vein with their branches.
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Fic, 210.—Lerr LuNe oF THE DUcK, #n sifu. (From an original drawing by
H. Strasser.)

The main bronchus is cut open; internally to it lies the pulmonary vein, and
externally the pulmonary artery.

Oe, esophagus; m.le, muse. longus colli; Br#s, thoracic vertebra ; v, v, ends of
free wvertebral ribs; ste, stv, sections of ribs which are connected with the
sternum ; N, kidney ; T, trachea; 7, first entobronchium, and e, its aperture
of communication (ostium) with the prebronchial air-sac; 4, @, e, its internal,
anterior, and external branches ; [fi, [Ife, internal and external branch of the
second entobfonchium : the end of ffe opens into the sub-bronchial sac at d ;
L1, third entobronchinm, with the aperture ¢ for the anterior intermediate air-
sac ; J¥, fourth entobronchium ; au, opening of the main bronchus into the
abdominal sac; &, opening of the onter lateral branch of the mesobronchinm
into the posterior intermediate sac; %, second ostium of the latter, more
towards tEn middle line (present in Passeres). The boundary of the pulmonary
aponeurosis is seen along the outer edge of the lung, and the costo-pulmonary
muscles are shown extending to it from the ribs.

unpaired, the sac of either side fusing with its fellow to form an interclavi-
cular chamber, bounded by the furcula ;1 it communicates with neighbouring

1 In some Birds (e.g. Rhea, Vulture, Adjutant) a median septum is present
separating the two sub-bronchial sacs,
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alr-cavities which lie between the pericardium and sternum
outside the body-cavity (axillary sac) (Fig.'209, p, »).

The lower surface of each lung 1s closely invested by a thin fibrous
membrane, the pulmonary aponeurosis! into which are inserted a variable
number of muscular hands (costo-pulmonary muscles). These arise from
the vertebral ribs, and are supplied by the intercostal nerves (Fig. 210).

The main bronchus E)masabrunuhium} runs close to the wentral
surface of the lung surrounded by the lung-parenchyma, and extends to its
posterior end, where, as a rule, it opens directly into the abdominal air-sac
(Fig. 210, au). From it a large lateral bronechus branches off, which opens
into the bpasﬁermriutﬁrmediate sac by one or two (e.g. in Passeres) apertures (Fig,
210, b, ¥). Besides this there are from four to six other lateral bronchi (Fig.
210, I to 1V), all of which become broadened out in a fan-like manner on the
ventral surface of the lung. These may be called entobronchia (bronchi
divergentes, Sappey): they all arise from the anterior portion of the meso-
bronchium. The first of these radiates out anteriorly to the hilum of the lung,
and gives off internal, external, and anterior branches, one of which opens
into the prebronchial sac (Fig. 210, ¢). The other entobronchia give rise to
two series of branches, one of which extends inwards and backwards between
the factors of the pulmonary vein, and the other outwards between the
arterial branches. Almost without exception a large aperture or ostium is
present on the wall on the third entobronchium, communicating with the
anterior intermediate air-sac (Fig. 210, e). A branch of the second ento-
bronchium opens externally to the hilum of the lung into the sub-bronchial
sac (Fig, 210, 11, d).

The lateral bronchi considered as yet have to do with the ventral surface
of the lung only ; but besides these there are a variable number of ecto-
bronchia, arising from the dorsal side of the main bronchus posteriorly to
the entobronchia (see Fig. 210). These come off in a double longitudinal row,
those of the outer row being larger than those of the inner. The pass
dorsally to the eostal face of the lung. Both ecto- and entobronchia give off
numerous bronchi of a third order, or lpnrabmnchia. : the walls of these are
raised into numerous transverse net-like folds, into which the pulmonary
capillaries extend.

, and in the axilla,

The following points must be noticed as regards the genesis
and function of the air-sacs.

Early in the embryonic period, delicate-walled hollow pro-
cesses, lined by pavement epithelium, arise from the pulmonary
vesicles: these grow rapidly, and socon exceed the lung proper in
size, so that they extend amongst the viscera. Their form and
extent depend entirely upon their surroundings, and they simply
consist of interstitial cavities lined by the membrane of the air-
sacs. Moreover, they are not confined to the body-cavity, but in
numerous places extend beyond it, passing in between the muscles,
beneath the skin, and even into most of the bones. The ]a,t_t.er
are thus rendered pneumatic?® and consequently the specific
gra.ﬁtj of the body 1s lessened, and the power of flight increased.
The pneumaticity of the bones is not, however, an essential pecu-
liarity connected with flight, for in many Birds which are extremely

1 The pulmeonary aponeurosis, as well as the oblique septum, is often spoken of
“di * (comp. p. 122).
G T?ﬂpn;:ﬁﬁ ﬂf{ Eguuprsﬂptake place until the marrow of the bones has performed
the greater part of its bone-forming function,
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' ; : t pneumatic.! In
ood fliers (¢.g. Larus, Sterna) the bones are no :
lghese cases, however, a compensation 1s eﬁe::_ted by a more m_:.trked
development of the muscles, and the abdominal (Paste_rmr) air-sac,
which in no Birds appears to be entirely wanting, 18 here well
developed.

The air-sacs must be looked upon as integral parts of the respivatory
apparatus : a greater amount of air can, by their means, pass In and out :ilurmg
inspiration and expiration, especially through the larger bronchi, and con-
sequently there 1s ]le*.as necessity for the expansion of the lung-parenchyma.
The function of the prolongations of the air-sacs lying towards the outer surface
of the body consists in the giving off of watery vapour and in regulating the
heat of the body. Those which extend in between the muscles, and supplant
the connective and fatty tissue in these regions, have a further importance 1n
causing less power to be lost in friction. : :

But by far the greatest importance of the air-sacs lying towards the
periphery consists in the enlargement of the anterior thoracic region, princi-
pally that surrounded by the pectoral arch. A larger development of the
skeleton can thus take place, giving an increase of gurface for muscular
attachment without any considerable increase in weight. Everything, i fact,
combines to establish an organ of flight with a large wing-surlace and an
increased strength of the muscles

Mammals. — As already mentioned, main and lateral
bronchi cau be distinguished in Mammals. The pulmonary artery
crosses the main bronchus at its anterior end, and this point may
be taken as dividing the lateral bronchi into two systems—an
eparterial lying anterior (above) and a hyparterial - lying
posterior to (below) the artery. ‘

The hyparterial series is always well developed, and consists of
a double row ? of lateral bronchi; the eparterial system, on the
other hand, gradually becomes of much less importance, and in
certain cases is represented only by a single lateral bronchus on
either side (Fig. 211, ¢, b, @), and, as a rule, even the left of these
disappears, only the right remaining. This eparterial bronchus,
whether developed on one or on both sides, may change its position
on the main bronchus so as to arise from the trachea.® _

In by far the greater number of Mammals then, the left epar-
terial bronchus has disappeared, while the right is retained ; this

1 The pneumaticity of the bones is not a special peculiarity of Birds: amongst
Mammals, frontal, maxillary, and sphenoidal sinuses are present in Anthropeids,
Elephants, and Marsupials for instance ; the skull of Crocodiles is also strongly
pneumatic. All these sinuses communicate with one another, and also with the tym-
panic cavity. They are in many cases developed in order to give a greater surface for
t%e aﬁmﬁhmmt of muscles, and also to effect a saving of material and a lightening of
the skull,

* The pulmonary artery passes backwards between the roots of the hyparterial
bronehi, while the corresponding vein runs along the ventral side of the main
bronchus (Fig, 211, 4, 7).

8 The left eparterial bronchus may also disappear (Hystrix), and thus the ter-
minal stage of nlpmceas begun in Birds is reached. It is difficult to find an explana-
tion for these facts; they may possibly have something to do with the gradual

disappearance of the cervical and lumbar ribs, in connection with the shortening of
the thorax (comp. p. 51).
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1s the case, for instance, in Man. It leads to the following
conclusions, ; :
As the anterior lobe of the ri

ht lufig bel to tl !
and that of the left lung g g belongs 1€ eparterial

to the first hyparterial bronchus, these lobes
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Fi6. 211.—DIAGRAM OF THE ARRANGEMENT OF THE BRONGHI IN Manaans,
(From the ventral side. )

@, a, eparterial bronchus of either side ; b, series of ventral, and &, of dorsal
hyparterial bronchi ; 4 and 7, pulmonary artery and vein,

are evidently not homologous, the middle right lobe corresponding
much more nearly to the anterior lobe of the left side. Thus
there is a want of symmetry between the right and left
sides, the right lung retaining one element more than
the left. ;

The formation of lobes, which always begins at the anterior
end of the lung, is of less fundamental importance as regards the
structure of the lung than is the arrangement of the bronchial
system, as a single lateral bronchus is present to each lobe. Thus it
follows that what has hitherto been known in human anatomy as
the inferior (posterior) lobe does not correspond toa true lobe, but
represents the main axis of the lung, enclosing the main bronchus,

In the description of the peritoneum (p. 208), attention has
already been directed to the fact that the thoracic cavity is
lined by a serous membrane, the pleura. As in the case of the
peritoneum, a parietal and a visceral layer may be distinguished



ABDOMINAL PORES. 265

i : k] f as the pulmonary
Fig. 212, P, PY): the latter 1s spoken o ‘ _
;i}lfagu ra, the i‘nrm:]er as the costal pleura. Towards the mlfifldlﬂ
line, the pulmonary pleura of either side is reflected so as to form
a serptum between the right and left thoracic cavities. This septumn

nrs

Fic, 212.—DIAGRAM OF THE PLEURAL AND PERICARDIAL CAVITIES oF MAMMALS,
FOUNDED ON THE RELATIONS OF THESE PARTS IN Max. (A, horizontal
section ; B, transverse section. )

T, trachea ; Br, bronchi ; I, L, lungs ; H, heart; I¥, vertebral column ; P, parietal,
and P, visceral layer of the pleura; t t, points at which these pass into one
another at the hilum pulmonalis (H7%) ; m, mediastinum ; Pe, Ps!, parietal and
visceral layers of the pericardium ; &, ribs (wall of thorax); &, sternum.

18 called the mediastinum (Fig. 212, m), and the space between
its two layers the mediastinal space: through this, the aorta,
eesophagus, and posteaval vein run, and i the region of the heart,
the mediastinum is reflected over the parietal layer of the peri-
cardium (see p. 268, and Fig. 212, Pe),

There is a lymphatic fluid between the two layers of the pleura,
which renders the movements of the lungs smooth and easy.

ABDOMINAL PORES.

By the term abdominal pores is understood a perforation
—almost always paired—of the posterior end of the peritoneal
cavity, which puts the ccelome into direet communication with the
exterior.! These pores are present in Cyclostomi, Elasmo-
branchii, certain Teleostei, Dipnoi, Chelonia, and Croco-
dilia. The perforations always take place through the ectoderm,
close to the apertures of the urinogenital organs and intestine; each
15 either situated on a papilla, or in the walls of the cloaca.

It can only be stated positively as regards the funetion of the
abdominal pores, that in Cyclostomes and a few other Fishes they
serve to conduet the generative products to the exterior. As in the
rest of the Vertebrata special ducts are present for this purpose,

! Other connections of the ccelome with the exterior {nephrostomes of Anamni
and oviduets of all Vertebrata) will be mentioned later on {seg pp. 287, 300, and 30%‘;“
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Fic. 218.—AppoMixAL Pores oF Vanrlovs VERTEBRATES. (A, Cyclostome ;
B, Elasmobranch ; C, Protopterus ; D, Spatularia.)

A, anus ; Pa, Ra, PC, abdominal pores ; Pp, papilla; AT, cloacal pockets ; UG and
@, urinogenital apertures; ., L, lip-like margin of cloacal aperture; CR,
cloaea ; DED, longitudinal folds of the rectum, which end sharply at RF;
t, point at which the reetal gland opens; BF, pelvic fin; +, claspers. The
arrow in A points towards the hend, and all the figures are placed similarly to A.
In Fig. C, €l indicates the blind sac of the cloaca, the dorsal wall of which is
visible at 2} : t, the unpaired aperture of the generative ducts ; ED, ED',
the rectum, cut open. The arrow indicates the aperture of the ureters.
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the persistence of the abdominal pores is difficult to account for;
they must have undergone a change of function. It is as difficult
to say what this function is as to explain the fact that they have
disappeared in the Amphibia, which are certainly a very ancient
group, while they are again met with amongst Reptiles. _

In Protopterus the abdominal pores open in front of, and in
(leratodus behind the cloaca. In Ceratodus their arrangement 1s
similar to that seen in Elasmobranchs, and they are always paired :
in Protopterus, on the contrary, they undergo numerous individual
variations; as a rule ouly one is developed, and this lies on the
same side as the vent—sometimes to the right, sometimes to the
left of the middle line, and opens either within or without the
sphincter of the cloaca. If both ]qores are present, they always
open within the cloaca, on its dorsal wall, behind the aperture of
the rectum. :

Gegenbaur considers that the abdominal pores are not homolo-
gous throughout the series of the Vertebrata, and that they must
be considered in relation with other structures—more particularly
the generative organs. Rathke and Huxley have pointed out
that in the series of the Salmonide a gradual disappearance of
the oviducts is observable, their function being undertaken by
abdominal pores. This would seem to indicate that the abdominal
pores present in female Salmonidee are not homologous with those
of other Fishes (e.g. Cyclostomi, Elasmobranchii, Dipnoti).

BIBLIOGRATHTY.

AERY, CH.—Der Bronchialbaum der Sidugethiere und des Menschen. Leipzig, 1880.
Avers, H.—Untersuchungen diber die Pori abdvminales. Morphol. Jahrb. Bd. IX.
1884.

BRID‘F?EE' '}l%n';i_\r.—f'r:rri Abdominales of Vertebrata. Journ. of Anaf, and Physiol.
0l. 0 L

FiscHER, J. G.—dnatom. Abkandlungen dber die Perennibranchiaten und Derotremen.
Hamburg, 1864,

FURBRINGER, M.—Beitrdge zur Kenniniss der Kehlhopfmushulafur. Jena, 1875,
(Contains also a copious bibliography of the larynx in general.)

GEGENBAUR, O.—Bemerk. ib. die Pori abdominales. Morphol. Jahrb. Bd. X. 1885.

HENLE, J.—Vergl. anatom. Beschreibung des Kehlkopfes. Leipzig, 1829.

Huxrey, T. H.—On the Respiratory Organs of Apteryz.  Proc. Zool. Sec. 1882, On
the Oviducls of Osmerus, with ranarks on the relations of the Teleostean to the
Glanoid Fishes. Ihid. 1883.

KGLLIEER, A.—Zur Kenntniss des Bawss der Lungen des Menschen. Verhandl, der
med. Gesellsch. z. Wilrzburg. N. F. Bd. XVL. (Compare also the text-books of
Anatomy of Quain, Aeby, Henle, Krause, &e.)

MULLER, J.—On Certain Variations in the Voeal Organs of Passeres. Kindg, Akad.
d. Wiss. zu Berlin, 1846, 1848, Eng. trans, (Bell), Oxford, 1878.

Parker, T. J.—On some Embryos of Callorhynchus antarcticus, New Zealand
Journ. of Science, 1883, and Nafwrs, Vol. XXIX, p. 46.

RaTHRE, H.—Zur Anatomic der Fische. Arch. f. Anat. wnd Physiol, 1838.
SAGEMEHL, M.—Beitrige zur vergl. Anat. der Fische. Morphol. Jahrb. Bd, X. 1884.
(This includes an account of the anatomy and physiology of the air-bladder, )

STRASSER, H.—Die Lufisicke der Vigel, Morphol. Jakrb, Bd. 111, 1877,

Wmngnsﬂum, R.—Das Respivations-system der Chameleoniden. Berichte der
Naturforsch. Gesellschaft zu Fretburg i/B.  Bd. I. Heft 111, 1886,



H. ORGANS OF CIRCULATION.
(VASCULAR SYSTEM.)

THE organs of circulation consist of a central organ, the heart,
peripheral organs, the vessels, and nutritive fluids, composed of
plasma and structural elements (cells)! the blood and
lymph. The latter, which occurs partly within closed canals,
partly in various spaces and cavities of the body, and which
penetrates all the tissues, will be spoken of later, and the blood-
vascular system in its more restricted sense will be treated of
first. This consists of a series of completely closed tubes (vessels),
which, according as they contain oxygenated or impure blood, are
spoken of as arteries or weins. This, however, is not an abso-
lute rule, for setting aside the chemical condition of the blood, all
vessels which empty their contents into the heart are called veins,
while those which arise from the heart are spoken of as arteries.

The heart, which is enclosed within the pericardium,® serves as
the central organ of the circulation, and acts both as a suction-
pump and a force-pump. It arises, like the entire vﬂsm_;lar
system, from the mesoblast, either as a single or as a paired
tubular cavity ; it originatesin the splanchnic layer along the ventral

1 Tha blood- and lymph-corpuscles are the last results of segmentation in the
mesoblast, The first to be fnrmeﬁ are white corpuscles, which are nueleated and
ameeboid (these are the only kind present in Amphioxus) ; the red aIIlmg.r secondarily ;
whether they originate from the white corpuscles or independently is not known,
though the former mode of development seems the most probable. Both primitive
red and primitive white corpuscles possess a nucleus, which in the case of the
latter persists thronghout life, though it is often only visible by means of reagents.
In the case of the red corpuscles the nucleus persists, and the whole cell is biconvex
in all Vertebrates below h?ammnls, and, even in these, nucleated red cells may be
seen in the marrow of the bones, in the blood of the spleen, and often in that of the
ctal vein. In all other parts of the body of Mammals they lose their nuclei and
ecome biconcave. In all Mammmals, except the Camelidie, the red corpuscles have
the form of cireular disks ; in the last-mentioned group and in all other Vertebrates
except Cyelostomes they are oval. Siren possesses the lar 5t red carpuﬁclga, then
comes Proteus, and then Salamandra ; the smallest are hl'num in the Tragulide.
2 The pericardium consists of a parietal and a 1’13(‘.&?&1 layer: the former 1s
invested by the mediastinum (see p. 260), and the latter is closely applied to the

heart.
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= 'i[‘his mrzltl_ii_:iunruf things persists throughout life in many
1shes, and 18 at anvy rate passed 1 indivi
development of all Verlﬁabmtﬂs,l ¢ et ke il

With the appearance of pulmonary respiration, important
changes take place in the primitively simple heart, which finall
result in the formation of a septum in batE atrium and *are.n1:1;*1-:-,h=5~'lrr
and thus lead to the presence of two atria or auricles and two
ventricles : the conus arteriosus and sinus venosus become even-
tually incorporated in the ventricles and right auricle respectively
Thus a right (venous) and a left (arterial) half can be distin-
guished, and a new vessel, the pulmonary artery, arises from
the right ventricle ; this conveys venous blood to the lungs, while
special vessels (pulmonary veins) return the ﬂx}rrrenatzd blood
from the lungs to the left side of the heart, from which it passes
into the general circulation of the body.

The gradually increasing complications which oceur in passing from the
lower to the higher Vertebrates will be more easily understood after the
condition of the circulation in the embryo has been considered,

THE FETAL CIRCULATION.

In an early stage, the bulbus arteriosus (Fig. 215, B) is
continued forwards towards the head by a long unpaired vessel
(branchial artery), which gives off right and left a series of
symmetrical transverse branches or arches (45b), each of which
runs between two consecutive gill-clefts (KL). After the first pair
has given off branches to the head (carotids), they all unite
above the clefts to form a longitudinal trunk on either side (.S, S?).
These branchial veins give rise further back to the right and
left roots of the aorta (£d, £4).

In all Vertebrates the aorta (4)is throughout life the most
important artery of the body; it extends backwards along the
ventral side of the vertebral axis as a large unpaired trunk, which
gives off numerous branches, and forms the caudal artery in the
tail (Aecd).

The witelline or omphalo-mesenteric arteries (Iig. 215,
Am, and Fig. 216, R.Of.A, L.0f.A4), which are very important
up to a certain stage in development, arise from the aorta, and
carry blood to the surface of the yolk, whence it is returned by
means of the vitelline or omphalo-mesenteric veins (Iig. 216,
R.Of, L.Of). In embryos of Fishes these open into a subintes-
tinal vein, lying on the ventral side of the alimentary tract, and
opening into the heart: in the higher forms this vein is repre-
sented by the caudal vein and the ductus venosus (Figs. 217
and 218, D¥); the latter passes through the liver on its way to ‘the
heart, but disappears on the formation of the portal circulation.
Before passing into the sinus venosus the blood becomes mixed
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head, mesonephros (see p. 296), and bodv-walls (Fie 91x |
and Fig. 216, 8.Ca.V, V. Ca). ) and body-walls (Fig. 215, V0, #C

The anterior cardinal veins, which return the blo
anterior P{urtiun of the body pef-sist-, and give rise to thziufézni]ug:fl.]:: Tﬁ:{i
of the adult (comp. Figs, 217 to 219) ; the posterior cardinals soon become
largely obliterated, and are replaced by the azygos and vertebral veins
and more especially by the postcaval (vena cava posterior s inf{:riori
(see Figs, 217 to 219). For further details as to the venous cireulation. o the
portal system (which becomes established in Fishes by the Etlhill.!t-l.';lig;in 1
vein), the reader is referred to Figs, 217 to 219. E

Fig. 216.—DracrAM oF THE CIRCULATION OF THE YOLE-SAC AT THE END OF
THE THIRD DAY oF INcupATiON IN THE CHICK, (After Balfour)

H, heart ; 4.4, the second, third, and fourth aortic arches: the first has become
obliterated in its median portion, but is continued at its proximal end as the
external carotid, and at its distal end as the internal carotid ; Ao, dorsal norta ;
L. 0. 4, left vitelline artery ; £.0F 4, right vitelline artery ; 5.7, sinus termi-
nalis ; L. 0F, left vitelline vein ; &. 0F, right vitelline vein ; S. V, sinus venosus ;
D. (% ductus Cuvieri ; 8. Ca. F, anterior eardinal or jugnlar vein ; F.Cg, posterior
cardinal vein. The wveins are marked in outline, and the arteries are made
black. The whole blastoderm has been removed from the egg, and is supposed
to be viewed from below., Hence the left is seen on the right, and vice versd.

To return once more to the arterial system :—We must consider
next the two branches of the dorsal aorta known as the allantoic
arteries (Fig. 215, All). As their name implies, these arteries
branch out over the allantois, which arises as an outgrowth from

i —— i
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definitive urinary bladder and urethra
point of exit of the allantois and vita] :
cord) from the body-cavity ecan be
or umbilicus, which re
body-walls become united.

] Indications of the
lo-intestinal duet (umbilical
seen in the adult at the navel
presents the last point at which the

Fra. 220,—DIAGREAMMATIC SECTION THROUGH THE Humax Gravip Urerus.

U, uterus ;3 I'%, T'b, Fallopian tubes ; UU'H, uterine cavity ; P, decidua vera, which
at Pu passes into the uterine portion of the placenta ; Dy, decidua reflexa ; Pr,
feetal portion of the placenta (chorion frondosum, Chf) ; Chl, chorion leve ; A, A,
the cavity of the amnion filled with fluid : in the interior of the amnion is seen
the embryo suspended by the twisted umbilical cord ; H, heart; 4, aorta ;
8, }wnnn\':ll: ot 1Iﬂ.ﬂfi';t\';II; I8 itc:|1'|::|,'| vein ; Al allantoic (wmbilical) arteries :
t, the liver, perforated by the umbilical .vein ; P, the remains of the yolk-sac
(umbilical vesicle).

The branchial vessels never become functional ags suekh, in any
period of development either in Mammalia or Sauropsida, but those
which persist give rise to important vascular trunks of the neck,
head (carotids), upper extremity (subclavian), and lungs (pulmonary
artery), and also to the roots of the aorta, one or both of which may
remain (comp. Fig. 221, A to D).



Fia. 221.—DIAGRAM SHOWING THE TRANSFORMATIONS OF THE AORTIC ARCHES—-
A, 1N A Lizaup ; B, 18 A SNARE; C, 15 A Birp; axp D, 1N A MAMMAL.
(After Rathke.) (Seen from below. )

A.—a, internal, and b, external carotid ;e, common carotid ; d, ductus Botalli between
the third and fourtharches ; e, right aortic arch ; f, subclavian ; g, dorsal aorta ;
R, left aortic arch ; 7, pulmonary artery ; &, rudiment of the ductus Botalli
between the pulmonary artery and the aorta. : .

B.—, internal, and b, external carotid ; ¢, common carotid ; d, right aortic arch ;
¢, vertebral artery ; f, left aortic arch ; &, pulmoenary artery ; 4, ductus Botalli
of the latter.

C.—a, internal, and b, external carotid ; ¢, common carotid ; d, base of the aorta ; ¢,
fourth arch of the right side {root of the aorta) ; f, right subelavian ; g, dorsal
aorta : b, left subclavian (fourth arch of the left side); ¢, pulmonary artery ; &
and Z, right and left duetus Botalli of the pulmonary arteries.

D.—a, internal, and &, external carotid ; ¢, common carotid ; d, base of the aorta ; e,
fourth arch of the left side (aortic root) ; f, dorsal aorta ; g, left vertebral artery ;
&, left subelavian ; ¢, right subelavian (fourth arvch of the right side) ; k, right
vertebral artery ; I, continuation of the left subeclavian; m, pulmonary artery ;
n, duetus Botalli of the latter.

Tue HEART AND ITS VESSELS.

Fishes.—While the heart of Amphioxus is not specially
differentiated, as it is in the Vertebrata, that of Fishes is well
developed, and is situated in the anterior part of the body-cavity,
close behind the head. Tt is always formed on the same type
as that described on p. 269! 1In it may be distinguished a

! There is no truncus arteriosus in Cyclostomi,
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Fia. 222.—Hearts oF Varilous Fisues— A, oF tHE HAMMER-HEADED SHARK
(Zygena mallews) ; B, oF Silwrus glanis ; C, OF A SELACHIAN, CUT OPEN,
In A and B, A, A, atria ; @, e (in A}, auricular appendages ; ¥, ventricle ; Ba, bulbus

arteriosus ; fr, ventral aorta.
In C, @, @, indicate the atrio-ventricular valves, and &, the valves in the conus

arteriosus (Ce) ; A, atrium ; F, ventricle,

ventricle (Fig. 222, 7) and an atrium (4), the latter receiving
its blood from a sinus venosus, and being laterally expanded
to form the appendices auricule (4, a, a).
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of the gills (&), where it becomes ox
; . ) omes oxygenated, to pass th
mto the branchial veins (Fig, 228, ?J).G The m.mngr in w?ﬁgﬁ

the aortic roots become formed from the latter | :
deseribed, r has already been

Dipnoi.—In the Dipnoi, as in Fishes proper, the heart lies far
forwards, near the head, In correspondence with the double mode
of respiration, by lungs as well as by gills, it reaches a stage of
development mid-way between that seen in Fishes and in J‘U:Ephi—
bians, The atrium becomes divided into two chambers by a septum
as does also the ventricle to some extent. The conus arteriosus is

Frg. 224. —Dracraym oF THE HEART AND BrANCHIAL VESSELS oF (CERATODUS.
(Mainly after J. E. V. Boas.)

¥, ventricle ; 4, 4, atria ; Co, conns arteriosus ; €z and C'p, anterior and posterior
cardinal veins ; D, ductus Cuvieri ; I to 77, branchial arteries ; 7 to 4, branchial
veins ; C'z, carotid ; 4p, pulmonary artery ; RE, capillaries of lung ; Fp, pul-
monary vein ; &4, roots of the aorta, beginning at T ; o, dorsal aorta.

twisted spirally on itself (Fig. 224, %) : in Ceratodus it is pro-
vided with eight transverse rows of valves, and begins to be divided
into two chambers, In Protopterus this division is complete, so
that two eurrents of blood, an arterial and a venous, pass out
from the heart side by side (Fig. 225, a,b). The former comes
from the pulmonary vein, from which it passes into the left
atrium, thence into the left ventricle, and so to the two anterior
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-anchial arteries (Fig, 225, I, II), The venous current, on the
E;.;:ez? hand, passes fE-ar.:? the right vgmtricle into the third and fourth
branchial arteries and thence to the corresponding gills, wherellt
becomes purified ; it reaches the aortic arches by means nﬂf tle
branchial veins (IIZ IV, 3, 4, £4). The pulmonary ar t:elal}
(Ap) arises from the fourth branchial vein, so that the blood is thus

Fig. 225, —DIAGRAM OF THE BrANOHIAL CIRCULATION OF PROTOPTERUS.

o, conus arteriosns, which consists of two divisions, @ and & : through b pure arterial
blood passes to the two anterior branchial avteries (I and I7); through o
venous blood passes to the two posterior branchial avteries (£ and I'F); 5 and
4 indicate the branchial veins and capillaries of the gills ; 4p, the pulmonary
artery, present only on the left side (f); R, arch of the aorta; Ao, aorta ;
e, earotid.

once more purified before it passes by means of the pulmonary
vein into the left ventricle. In Ceratodus the lung is supplied
with blood from the ceeliac artery, and owing to the fact that the
longitudinal valve of the conus is incomplete, the blood passing to

the two anterior branchial arteries is of a mixed nature (comp.
Fig. 224, I, I1),

Amphibia.—With the exception of the Gymnophiona, in
which it 1s situated some distance back, the heart in all Amphi-
bians lies far forwards, below the anterior vertebrse. As in the
Dipnoi, there is a more or less complete septum atriorum (that
s, the septum 1s either entire or fenestrated). There are always
two fibrous pocket-like atrio-ventricular valves, which are con-
nected with the walls of the ventricle by cords.

The cavity of the ventricle is unpaired, and neither in Urodela
nor Anura shows any trace of a septum, so that the blood passin
out from it must have a mixed character (Fig. 226). The
ventricle is usually of a short and compressed form, but is more
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elongated in Amphiuma, Proteus, and the Gymnophiona. It
Is continued anteriorly into a conus arteriosus, asin Elasmo-
ln:anehg, Ganoids, and Dipnoans;“ this has usually a slicht
spiral twist, and possesses a transverse row of valves at either end
as well as a spiral fold extending into its lumen! This holds gau-:la
for the Axolotl, Amblystoma, Salamandra, Amphiuma
and Siren. In others (¢.9. Menobranchus, Proteus G;,rmno:
phiona), retrogression 1s seen in a lengthening of the conus the
disappearance ot the spiral fold, and the presence of only a si:ngte
row of valves.

In Anura, the fold lying within the conus extends so far
back that no undivided portion of the cavity is left. The conse-
quence of this is that the blood in one section of the branchial

it

Fiz, 226.—Di1scRAM sHowiye THE Covrsk oF THE Broop TERoUcH THE HEART
1% Urodela (A) axn Anuwra (B).

A, right atrium ; AY, left atvium ; V, ventricle; #r, conus arteriosus, divided in
Anura (B) into two portions, fr, ér': through fr venous blood passes into the
pulmonary arteries, Ap', Ap', while through tr' mixed blood goes to the carotids,
ei—ee, and to the roots of the aorta, K4 ; Ir, lv, pulmonary wveins; v, v,
pre- and posteavals (only one precaval is indicated) opening into the right
atrinm,

vessels—that from which the pulmonary artery arvises—is mainly
venous, while the others contain mixed blood (Fig. 226, B); for,
owing to the spongy nature of the ventricle, there is no time for
its contained blood to get thoroughly mixed hefore it is forced into
the conus. _
As in the Dipnoi, four branchial arteries arise on either side
from the short conus in the Amphibia, which—taking as a good
type the larva of Salamandra—have the following relations.
The three anterior branchial arteries pass to numerous external
oill-tufts, where they break up into capillaries (Fig. 227, 1, 2, 5).
From the latter three branchial veins (£ to [11) arise, which pass to
the dorsal side, and there unite on either side to form the aortic roots.
The fourth branchial artery, which is smaller than the others (4),
does not pass to a gill, but to the pulmonary artery, which arises

1 This spiral fold is to be looked nupon as derived from a series of fused valves.
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from the third branchial vein (Fig. 227, 4, 4p). The pulmonary
artery therefore contains far more arterial than venous blood, amiﬁ
thus the lungs of the Salamander larva, like the air-bladder o
Fishes, can have no important respiratory function. ] ‘

The internal carotid (i) arises from the first branchial vein,
towards the middle line, the external carotid (eg) coming oft
further outwards. _

The latter, as it passes forwards, becomes connected with the first
branchial arch (1) by net-like anastomoses (1), and these give rise
later to the so-called carotid gland? of the adult, which functions
as an accessory heart. Direct connections exist between the second
and third branchial arteries and the corresponding veins (see Fig.
227, a, a).

Fic. 227.—THE ARTERIAL ARCHES OF THE LARVA OF A SALAMANDER. (Slightly
diagrammatic.) (After J, E. V. Boas.)

tr, conus arteriosus ; 7 to J, the three branchial arteries; 1 to I77, the corresponding
branchial veins ; 4, the fourth arterial arch, which becomes connected with the
pulmonary artery (Ap) ; @, a, direct anastomoses between the second and third
Lranchial arteries and branchial veins: ee, external carotid ; ¢, internal carotid ;
+, net-like anastomoses between the external carotid and the first branchial
artery, which give rise later to the carotid gland ; R, aortic roots ; Ao, dorsal
nortn.  The arrows show the course which the hlood talkes.

Towards the end of the larval period, the second branchial vein
increases considerably in relative size, and the fourth arterial arch
also becomes larger. By a reduction of the anastomosis with the
third branchial vein, the fourth arterial arch furnishes the main
amount of blood for the pulmonary artery, and the latter thus
contains far more arterial than venous blood. When branchial
respiration ceases, the anastomoses between the branchial arteries
and veins no longer consist of capillaries, but a direct connection
between them becomes established (Fig. 228, 2, 3, 4). Finally, the
connection between the first and second branchial arches disappears,

" The *“earotid gland " loses its character as a rete mirabile (comp. p. 202),
and in the adnlt consists simply of a museular vesicle with septa in its interior,
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the former giving rise to the carotids and the latter forming the
large aortic root (Fig. 228, ee, ci, BRA); an anastomosis remains
throughout life, however, between the Tourth arch, which forms
the pulmonary artery, and the second and third (Fig. 228). This

Wl

is the ductus Botalli.
The third arch varies greatly in its development ; it may he
present on one side only, or even may be entirely wanting.

F1c. 228, —ARTERIAL ARCHES OF AN Apvrt Selamandra mtculose, SHOWN SFREAD
our. (Afler J. E. V. Boas.)

c9, &r, conus (truncus) arteriosus ; 7 to 4, the four arterial arches: ce, external caro-
tid ; od, cavotid gland ; ¢f, internal carotid ; the fourth arterial arch, which
gives rise to the pulmonary artery (Ap), has increased considerably in size rela-
tively, and is only connected by a delicate ductus Botalli (t) with the second and
third arches ; R, root of the aorta; e, msophageal vessels,

In the larve of Anura there are also four branchial arteries
present on either side, but these are connected with the correspond-
ing veins by capillaries only, there being no direct anastomoses
(compare Fig, 227, a, @). The consequence of this is that all the
blood becomes oxygenated.

In the adult Frog the third arterial arch becomes entirely
obliterated, and the first is completely separated from the second.
In other points the arrangement is similar to that seen in the
Salamander,

Reptiles.—As in all Amniota, the heart of Reptiles arises far
forwards in the neighbourhood of the gill-clefts, but on the forma-
tion of a neck it comes to lie much further back than is the case in
the Anamnia! The vagus nerve, which supplies the heart, is
thus correspondingly elongated, and the carotid arteries and jugular
veins also become increased in length.

The principal advance in structure as compared with the

1 Tt lies furthest forwards in most Lizards and in Chelonians, while in Amphis-
beenians, Snakes, and Crocodiles it is situated much further back.
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Amphibian heart is seen in the appearance of a ?cntrlculai'
septum, which may be incomplete, as 1n L_mm‘lcl s, Snakes, anc
Chelonians, or complete, as in Crocodiles. 1 .

A right and left aortic root or arch (Fig. 229, C, T anc 1}
are always present, and unite to form the dorsal aorta. Kach

B

fﬁa\k /‘Tz §

o

Frg. 220,—A, HEART oF Lacerta muralis, AXD B,
OF A LARGE Faranus, sHOWN cUT OFEN; C,
Diacram oF THE REpriniax HEART.

¥, 7Y, ventricles ; 4, A%, atria ; ¢r, Trea, innomi-
nate trunk ; 7, 2, first and second arterial arch ;
Ap, A, Lllmlmmmry artery ; Fp, pulmonary
vein ; t and *, right and left aortic arch ; %A,

root of aorfa; Ao, dorsal aorta ; e, C'al, carotids ; Ase, 43, subclavian arteries ; J,

jugular vein ; F3, subclavian vein ; €4, posteaval, These three veins open into the

sinus venosus, which lies on the dorsal side of the heart, above the point indicated

by the letter 5. Inthe diagram C the pre- and postcavals are indicated by P,

Ve, only one precaval being represented,

aortic root may be made up at its origin of two arches, anas-
tomosing with one another (Lacerta) (Fig. 229, A, 7, 2), or of one
only (certain Lizards, Snakes, Chelonians, and Crocodiles)
(Fig. 229, B, B4, E4). The most posterior arterial arch gives
rise to the pulmonary artery (4p) (comp. also Fig. 221, A, B).

' A small aperture of communication between the ventricles, the foramen

Panizzw, exists in Crocodiles. Near it, between the origin of the left aorta and the
pulmonary artery, there is a small cartilage, as in Chelonians.



286 COMPARATIVE ANATOMY,

‘The blood from the right ventricle Passes into the latter as well
as into the left aortic arch, and, according as the septum ventrien-
lorum is complete or incomplete, is either entirel y venous (Croco-
diles) or mixed (other Reptiles, Fig. 229, ).

The valves of the heart have undergone a considerable
reduction in Reptiles: at the origin both of the aorta and of the
pulmonary artery there is only a single row ; this is also the case
in all other Amniota.

Birds and Mammals.—In these, the atrial and ventricular
septa are always complete, and there is no longer any mixture of
the arterial and venous blood. The ventricles are much larger than

.-";)

Frg, 280A.—HEART OF THE SWAN, WITH THE Ricnt VENIEICLE CUT OPEN
Fap, ventral wall of right ventricle turned on one side, thus putting the atrio-ven-
trieular wvalve—which arises by two muscular folds, @ and b—on the streteh :
+, point of insertion of these folds on the ventral wall of the ventricle : above ¢
is the atrio-ventricular aperture ; S, septum ventriculorum ; *, *, *, the three
semilunar valves of the pulmenary artery ; F, left ventricle,

Fig. 2305, —TRANSVERSE SECrIoN THROUGH THE Ricnr (Fd) axn Lerr (Fy)
VENTRICLE OF (frus cinerca.

S, septum ventriculorum.

the atria, and their muscular walls are strongly developed and very
compact. This is particularly the case in the left ventricle, on the
inner wall of which the papillary muscles are well developed :
the left ventricle is partially surrounded by the right, the cavity
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of the latter having a semilunar transverse section, and its walls
being much thinner than those of the other (Fig. 2308, Vd, Vg).

1n both Mammals and Birds the blood from the head and
body passes by means of the precavals and postcaval into the right
atrium, as does also that from the walls of the heart through the
coronary vein: the right atrium is separated from the right
ventricle by means of a well-developed valve. In Birds, the latter
(Fig. 2304, a, b, ¢, T) is very large and entirely muscular, while m
most Mammals it consists of three membranous lappets (tricuspid
valve), to which are attached tendinous cords (chordaz ten-
dinew), arising from muscular processes (musculi papillares)
of the walls of the heart.

In both Birds and Mammals the left atrio-ventricular aperture
is provided with a valve consisting of two membranous folds, called
the bicuspid or mitral valve: three semilunar pocket-like
valves are also present at the origins of both pulmonary artery
and aorta (Fig. 2304, *, *.,¥).

As regards the origin of the great vessels, Birds are distinguished
from Mammals by the fact that in them the right (fourth) arterial
arch persists, while in Mammals the left remains as the aortic
arch ; the corresponding arch of the other side in both cases gives
rise to part of the subelavian artery. Thus in both Birds
and Mammals there is only a single aortic arch. Asin
Amphibians, the posterior arterial arch gives rise in both cases
to the pulmonary artery (comp. Fig. 221, C, D).

Amongst the more important points in the development of the
heart may be mentioned the fact that at first the two atria freely
communicate with one another by means of the foramen ovale,
through which the blood from the postecaval passes into the left
ventricle.

K

Fig. 231.—FiveE DIirFERENT MoDES 0F ORIGIN OF THE GREAT VESSELS FROM
THE ARCH OF THE AorTA 1N MaMaArs.

Ao, nortic arch ; &6, brachiocephalic trunk ; ¢, carotids ; s, subelavians.

Great variations are seen in the mode of origin of the carotids
and subclavians from the arch of the aorta in Mammals, Thus
there may be a brachiocephalic trunk on either side (Fig.
231, A), or an unpaired common brachiocephalie, from which
the carofid and subclavian of one or both sides arise (B, €, E), or
finally, a common trunk of erigin for the carotids, the subclavians
arising independently on either side of it (D).
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1
ARTERIAL SYSTEM.

_ It has already been mentioned that in all Vertebrates there
is a large sub-vertebral vessel running in the longitudinal axis
of the body, called the aorta (Figs. 215 and 223, A}, and that
this is formed by the union of the branchial vessels. From the
latter are also formed the earotids, which go to the head and
neck: of these, the internal carotid passes mainly into the
crapial cavity, and supplies the brain with blood, while the ex-
ternal carotid goes to the external parts of the head (face,
tongue, and muscles of mastication).

The origin of the subelavian artery, which supplies the
anterior extremity, 1s very inconstant, being sometimes symme-
trical, sometimes asymmetrical. It arises either in the region
of the branchial vessels, or from the roots or main trunk of the
aorta (Fig. 215, Sb, and Figs. 232 and 233, S¢). Extending
outwards towards the free extremity, the subclavian passes into
the axillary artery, and, on reaching the upper arm, becomes
the brachial artery. This finally divides into two branches
for the fore-arm—the radial and ulnar arteries; in the hand
these give rise respectively to the deep and superficial palmar
arches, as well as to the digital arteries.

In the dorsal aorta a thoracic and an abdominal portion
can be distinguished, and from them arise intercostal, lumbar,
and intestinal arteries, supplying the bady-walls as well as
the thoracic and abdominal viscera. The intestinal arteries may
again be divided into two principal groups, namely, those which
supply the intestinal tract with its appendages (liver and pancreas)
and the spleen, and those which go to the urinogenital organs.
The branches of all these wvary greatly both in number and
relative size; thus, for instance, there 1s sometimes a single
celiaco-mesenteric artery (Fig. 232, Cm), sometimes a
separate ceeliac, and one or more mesenteric arteries. The renal
and genital arteries also vary in number and arrangement.

The abdominal aorta is continued posteriorly into the caudal
aorta, which usually lies within a canal formed by the ven-
tral arches of the vertebrse (Fig. 232, 4oc, and Fig. 233, ();
the degree of its development naturally corresponds to the size of
the tail. In cases where the latter is rudimentary, as in Anthro-
poids and Man for instance, the caudal aorta is spoken of as the
median sacral artery, and the aorta here appears to be dlf&ﬂ:t-ly
continued, not by it, but by the common iliac arteries, which
pass outwards into the pelvic region (Fig. 232, Zic). )

Each common iliac artery becomes divided into an internal
iliaec, or hypogastric, supplying the viscera of the pelvis, which
is derived from the embryonic allantoic artery, and an exter-
nal iliae which is continued into the crural, and supplies the
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ARTERIAL SYSTEM.

Fig. 232 —THE ARTERIAL SYSTEM OF Selamandre maculose.

R4, roots of the aorta ; Ao, Ao, dorsal aorta ; Se, subelavian artery, from which the
cutaneous artery (Cu) arises: the latter anastomoses posteriorly with the epigastiic
artery E; Ov, ovarian arteries ; C'm, coeliaco-mesenteric ; i, hepatic artery ; £, I, 1,
intestinal arteries passing to the small intestine ; Af, M, rectal (hmemorrhoidal)
arteries ; B, R, !'u-lmll arteries ; fle, common iliac ; €7, crural artery ; Hy, hypo-
gastric artery ; A, 4, vesical (allantoic) arteries ; «os, caudal aorta ; P, pharynx
and msophagus ; m, stomach ; p, pancreas ; I, liver ; d, d, smmll intestine ; e,
rectum ; B, wrinary bladder ; €7, cloaca.

U
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F1G. 2838.—THE ARTERIAL SYSTEM OF Emys europac.

1'r, trachea ; Br, Br, the two bronchi ; m, stomach ; d, d, small intestine ; e, large
intestine ; .4p, pulmonary artery ; Cae, common carotids; 7, Os, tracheal
and esophageal branches ; Se, subelavian artery ; Fer, vertebral artery ; RA,
roots of the aorta ; Ao, dorsal aorta; Co, Co', and Me, celiaco-mesenteric artery,
which here arises as a bundle of separate vessels ; UG, urinogenital arteries ; Cry
crural artery; E, epigastric artery ; H, hypogastric artery ; fs, sciatic artery ;
ME, rectal arteries ; !f-% caudal nortn.
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hinder extremity (Fig. 282, Ile, Hy, C7). In some cases the mtetrnal
and external iliacs come off separately from the aorta. The
function of the external iliac may be largely taken by a sciatic
artery arising separately from the aorta or iliac artery 1n the
pelvic region (Birds, and to a less extent in Reptiles) (comp.
Fig. 233, Is). . ' .

The main vessels branch out in the limb in a manner
essentially similar to that already described for the anterior

extremity.

VENOUS SYSTEM

The numerous phases of development through which the
venous system passes are very instructive. vl _

The cardinal veins,! which open into the ductus Cuvieri, hm:fe
been already described, and it is only necessary to add that in
Fishes there is a renal-portal system interposed between the
posterior cardinals and the candal vein, the latter dividing up mto
capillaries in the kidney. The vessels returning the venous blood
from the alimentary canal, the pancreas, and the spleen, also
divide up into capillaries in the liver (hepatic portal system).
The blood passes out from the latter by the hepatic veins into the
posteaval, whenee it is conducted into the right auricle.® ‘

From the Amphibia onwards the postcaval becomes of in-
creasing importance ; it receives the blood from the kidneys and
generative organs, as well as that from the posterior extremities,
pelvis, and body-walls, The posterior cardinals decrease propor-
tionately, and become to a certain extent lost.

The unpaired anterior abdominal (allantoic) vein plays
a great part in Reptiles and Amphibians : it arises mainly from
the crural vein of either side, and to a lesser degree also from
the veins of the urinary bladder; it then passes along the ventral
body-walls to the liver, where it anastomoses with the portal
system, a small branch sometimes (e.g. Frog) going to the heart.
In Birds and Mammals the allantoic vein has an important function
in the embryo, but becomes obliterated on the atrophy of the
allantois at the close of feetal life: it seems, however, to be retained
throughout life in Echidna (Beddard).

From Birds onwards a renal-portal system no longer appears;
but a hepatic portal system persists in all the higher Vertebrates.

1 Tt is interesting to mote the almost lacunar condition of the veins in many
Elasmobranchs : the two posterior cardinals, for instance, unite in the middle of
the body-cavity to form a large sinus, with which others bringing back the blood
from the generative organs are connected.

2 In the Skate a large lateral vein lies along the onter side of the bedy-cavity
on either side, and receives the blood from the pectoral fins, abdominal walls, and
ilinc region. A similar vein has been found in embryos of other Elasmobranchs
(.g. Seymnus, Acanthins, Mustelus), and it seems highly probable that it corresponds
to the vein of the primitive lateral fin-folds (T\ J. Parker) (comp. pp. 85 and 86).

U 2

-
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The two anterior cardinal veins give rise to the right and
left precavals and to the jugular'veins. In Monotremes and
Marsupials, as well as in many Rodents and Inscetivores, both
precavals persist throughout life; but in other Mammals the main
part of the left disappears, all the blood from the head and anterior
extremities passing into the right: this explains how it is that
the left azygos gives up its connection with the left precaval and
unites by means of transverse anastomoses with the right precaval.

Most of the veins are provided with valves, which are
adapted to prevent the reflux of the blood : they have the form
of semilunar folds of the internal coat, and each is usually made
up of two folds, placed opposite to one another,

RETIA MIRABILIA.

By this term is understood the sudden breaking-up of a venous
or arferial vessel into a cluster of fine branches, which, by anasto-
mosing with one another, give rise to a capillary network ; the
elements of this network may again unite to form a single vessel.
The earlier condition may be described as a unipolar, the later as
a bipolar rete mirabile. If it is made up of arteries or of veins
only, it is called a rete mirabile simplex; if of a combination
of both kinds of vessels, it is a rete mirabile duplex.

The retia mirabilia serve to retard the flow of blood, and thus
cause a change in the conditions of diffusion. They are extremely
numerous throughout the Vertebrate series, and are found in the
most varied regions of the body, as, for instance, in the kidneys
(glomeruli),—where their above-mentioned function is most clearly
seen ;—on the ophthalmic branches of the internal carotid; on
the pseudobranchia of Fishes; along the intercostal arteries of
Cetacea; on the mesentery of Man; on the portal vein; on the
vessels of the air-bladder of Fishes; and along the caudal portion
of the vertebral column in Lizards and Blindworms. In the last-
mentioned case they are relatively very large, and probably have
to do with the power these animals have of reproducing the tail
when it is lost (comp. p. 43). A well-developed bipolar rete
mirabile may also be seen on the dorsal wall of the pharynx in
the Frog.

LYMPHATIC SYSTEM.

In the Anamnia and Reptilia the lymphatic vessels
oceur mainly alongside the great blood-vessels, as well as on the
bulbus arteriosus and ventricle, and lie in the connective-tissue
surrounding these structures, Numerous independent lymphatic
vessels are also found in Fishes, arising from a capillary network
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under the skin, and extending into the intermuscular septa
and the bases of the fins. The intestinal fract and the viscera
generally, of Sharks and Skates, are especially well provided with
lymphatic vessels. BElasmobranchs, moreover, possess & large
number of small lymph-hearts communicating with delicate
venous networks, Lymph-hearts are also to be met with 1
Amphibians,* Reptiles, and Birds, but are fewer in number in the
two last-mentioned groups than in the first ; they are either con-
fined to the posterior end of the body (pelvic region), or, as 1n
the Frog, are present also between the transverse processes of the
third and fourth vertebrz. Their walls are capable of rhythmical
contraction, owing to the presence of muscular fibres. Bimilar
structures are not known to be present in Mammals.

Large lacunar lymph-sinuses are present under the skin of
tailless Amphibia, and the skin is thus only loosely attached to
the underlying museles. These subcutaneous lymph-sinuses are
connected with those of the peritoneal cavity. Awmongst the lattex
the subvertebral lymph-sinus is of great importance in
Fishes and Amphibia: it surrounds the aorta and is connected
with the (mesenteric) sinus lying amongst the viscera, into which
the lymphatic vessels of the intestine open. In Fishes there is also
a large longitudinal lymphatic trunk lying within the spinal ca nal.

The higher we get in the animal series the more commonly are
lymphatic trunks with independent walls to be met with ;
thus from Birds onwards a large longitudinal subvertebral trunk
(the thoracic duct) is always present. In Mammals this arises
in the lumbar region, where it is usually dilated to form the
cisterna or receptaculum chyli; it receives the lymph from
the posterior extremities, the pelvis, and the urinogenital organs,
as well as the lacteals or lymphatics of the intestines. In
Mammals it opens anteriorly into the left, and in Sauropsida into
both left and right brachiocephalic veins. The lymphaties of the
head, neck, and anterior extremities open into the same veins.

The lymphatic vessels of Birds and Mammals are, like the
veins, provided with valves, the arrangement of which allows the
lymph-stream to pass in one direction only, and that a forward
one.

The lymph, like the blood, consists of two elements, a fluid
(plasma) and cells (lymph-corpuscles, leucocytes). The latter
have been already mentioned and their important physiological
function indicated in the chapter on the alimentary canal. We
have seen that they migrate from the solitary follicles and Peyer’s
patches !;hmugh the mucosa into the lumen of the gut; and the
same thing oceurs with the lencocytes of the so-called tonsils.
I'hese appear to be present only in Mammals, and have the form

! In Salamandra maculosn and Siredon pisciformis, eight to twelve Iymph-hearts

are present under the skin along the sides of the body : i 1]
AL8 preear nder hady=mlisn1éﬁ.-~ 8 |. of the body aud tail, at the junction of the
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of a paired organ lying on either side of the fauces, that is, in the
region where the mouth passes into the pharynx : they consist of
a retiform (adenoid) connective-tissue ground-substance enclosin
& number of lymph-corpuscles, which are arranged in so-called
follicles.

Lymphoid tissue plays a very important part in the body-cavity
of Fishes and Amphibia. Apart from the alimentary canal, it is
present in considerable quantity in the region of the urinary and
%‘enitnl glands, which are often regularly embedded in it (e.g. Dipnot).

he mass of lymphoid tissue on the heart of the Sturgeon, and
possibly also the so-called “fat-bodies” of Amphibia and Rep-
tilia, and the “hibernating gland” of certain Rodents, may be
placed in this category.

The agglomeration of a number of these follicles gives rise to
those structures which are spoken of as ““lymphatic glands.”
These are always interposed along the course of a lymphatic
trunk so that an afferent and efferent vessel to each can be dis-
tinguished. They probably appear first in Birds, and are most
numerous in Mammals, where they are present in abundance in
various regions of the body; they differ greatly in size.

The spleen, which is present in almost all Vertebrates, is
closely related to these structures. It usually lies near the
stomach, though it is occasionally met with in other regions of
the intestinal tract, as, for instance, at the commencement of the
rectum (Anura, Chelonia). In some cases (e.g. Sharks) it is broken
up into a number of smaller constituents.

Both the lymphatic glands and the spleen have to do with the
formation of lymph-cells, but their complete physiological funetion
is as yet by no means clear.

Bisriocrarny.
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I. URINOGENITAL ORGANS.

THE urinogenital organs of all Vertebrates arise in the region
of the dorsal body-wall, right and left of the middle line,

The first part to be developed is an unsegmented and paired
duct, which arises from the somatic mesoblast, and runs parallel
to the long axis of the body. This duct opens anteriorly into
the body-cavity by means of one or more ciliated funnel-shaped
apertures, which communicate with it by means of convoluted
tubes. The latter constitute the pronephros or head-kidney:
they are formed as outgrowths of the tube itself, which opens
posteriorly into the cloaca, and which is known as the segmental
or pronephric duct.

The pronephros, as far as is known, is always present in types
with a larval development (.. all Fishes except Elasmobranchs, and
Amphibians), but 1t is usually only transitory, In other types
(Elasmobranchii and Amniota) it is practically absent, orat any rate
never has any physiological function! The segmental duct, how-
ever, persists, and serves to carry off the products of excretion from
a second series of glandular segmental tubules, which appear later,
and constitute the mesonephros or Wolffian body. This
also consists of a series of segmentally-arranged ciliated tubules
or nephridia, lying transversely to the longitudinal axis of the
body, which arise as buds from the peritoneal epithelium,

! Mikalovies has lately shown that the primitive excretory organ in the embryos
of the Lizard, Duck, and Fowl consists of two parts, an anterior and a posterior. The
former consists of a number of vesicles, the cavities of which in a certain stage of
development communicate on one hand, by means of funnels, with the celome, and
on the other with the cavities of the mesoblastic somites. The posterior portion of
the organ arises as a series of primitively solid structures in the mesoblastic tissue,
which do not communicate either with the ceelome or with the eavities of the somites,
The segmental duct arises on the outer and dorsal side of this apparatus, all the
constituent parts of which give riselater to hollow tubules, which come to open into
the segmental duct, and in each of which a glomerulus is formed, Mikalovies con-
siders that the anterior part of the organ corresponds to the pronephros of the
Anamnia, and the hinder part to the mesonephros. Sedgwick has also found traces
of a pronephros in chick embrycs. We may hope for confirmation of these views in
further researches.

e — kT A
a oy i—
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Thus the primitive urinary system, besides its main function of
excreting waste products by means of the epithelial cells, serves
also to conduet the peritoneal fluid from the body. ’

e Dhis secondary urinary system, or m esonephros, is of greatest
lmportance in the Anamnia: in most Fishes it serves exclusivel

as a urinary organ, but in others (most Elasmobranchs) it also
takes on certain relations to the generative apparatus, giving
rise to the parorchis, parovarium, and to other more or less

Fic. 234c.—TuE ExTiRe ExcrETORY SYSTEM 0F THE EMBRYO OF Hiylodes
martinicensis (3 millimetres long). (After E. Selenka.)

A, urinary bladder ; ¢, stalk of the latter which communicates with the inlestine ;
&1, glomeralus of the pronephros ; P, peritoneal epithelium ; 8, S-shaped con-
volutions of the segmental duct; Fg, segmental Euct; W, cilinted regions of
the peritoneal apitlmlium; zz, urinogenital cord (formative region of the
mesonephric vesicles; f, 2, 8, the three cmcal processes of the right and
left pronephros, with their branches; a, @, apertures of the pronephiic
duets into the bladder ; %, rudiments of the anterior urinary tubules, in the form
of solid cords ; %' to %%, urinary tubules ; =, , apertures of the urinary tubules
into the segmental duct (Fg', V'), which thus becomes the duct of the
mesonephros.

rudimentary organs of secondary importance. Nevertheless, it
may remain as the permanent urinary organ (Elasmobranchs,
Amphibians?), or may entirely disappear as such (Amniota) ; in the
latter case, a third series of tubules are formed, giving rise to the

! The glands formed by the posterior urinary tubules in Elasmobranchs and
Urodeles which give rise to the functional excretory ﬁl‘iﬂl‘lﬂ, and which may bhe
rovided with special ureters, are considered by Balfour to be the equivalents of the
£i(1nu'j’5 proper (metanephros) of Amniota (comp. Fig. 238).
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kidney proper (metanephros?), together with its special duct,
the ureter.? \

The generative cells, that is, the ova and seminal cells,
have a similar origin throughout Vertebrates. They become dif-
ferentiated from the peritoneal epithelium. This germinal
epithelium arises on the dorsal side of the body-cavity, on either

Fi1g. 285.—DIAcRAMMATIC TRANSVERSE SECTIONS OF tHE Bopy oF A LowEkn
VERTEBRATE, TO SHOW THE RELATIONS OF THE SEGMENTAL OnGaxs. (After
Hensen.) The right side of the figure represents a later stage than the left.

nt, spinal cord ; Sp, ganglion of a spinal nerve ; MP, muscle-plate ; I, wall of intes-
tine : Ch, notochord ; W, Wolffian duct ; 4, aorta ; K, germinal epithelium :
above K on the left side is seen the peritoneal aperlure of a segmental tubule :
(71, Malpighian capsule, shown on the left side arising as an expansion of a
urinary tubule, and on the right in a fully-formed condition, containing a
glomerulus, and communicating with the segmental duct by means of the convo-
luted tubule ; M, Millerian duct in process of formation ; X, cellular trabecula:
growing out from the Malpighian capsule into the generative gland (&).

side of the mesentery, and the adjacent mesoblastic stroma pene-
trates into it (comp. Fig. 235, K). The primitive germinal cells
are at first entirely undifferentiated, so that it is impossible to

I According to the researches of Mikalovies the mesonephros does not disappear,
as such, suddenly, but its rmaterrgart remains functional together with the
metanephros for some time: in Lizards, for instance, it only becomes reduced after
the first winter's sleep, that is, in the second year. Thus, to a certain extent, inter-
mediate stages exist between the condition of things seen in the Anmmnia and
Amniota respectively, At one time Amniota must have existed in which the meso-
nephros served as the main excretory organ throughout life, but on the appearance
of the metanephros it became no longer needed, and was gradually reduced.

* The metanephric duct arises in the form of a paired canal, which grows out from
the Wolffian dll{:t_at the point where the latter opens into the cloaca. Its anterior
end then comes into relation with a series of segmental tubules, provided with
glomeruli, and the posterior end loses its connection with the Wolffian duct, and
comes to communicate with the allanteis (urinary bladder).
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say which will give rise to spermatozoa, and which to ova., In
the course of further development, this, differentiation takes place,
and the germinal epithelium comes into relation with the meso.
nephros, as already mentioned. The final result is the formation
of a male or a female generative gland, i.c. a testis or an ovary.

The mode of development of the ova and spermatozon is briefly as follows :—

Ova—-The cells of the germinal upitllﬁliium grow inwards amongst the
stroma of the ovary in the form of clustered masses : some of these increase
in size more than the others, and give rise to the primitive ova, while the
smaller cells form an investment or folliele round them, and serve as a
nutritive material. The investing cells multiply, and in Mammals a cavity
containing a fluid is formed in the middle of Eﬂiﬁl follicle (Graafian follicle)
(see Fig. 254) : the main mass of the follicular cells which enclose the ovun
project, as the discus proligerus (Fig. 254, D), into the cavity of the
follicle. When ripe, the ovam, surrounded by its vitelline membrane, comes
to the surface of the ovary and breaks through its walls into the abdominal
cavity ; it then passes into the Fallopian tube by means of the cilin on the
fimbriated aperture of the latter. A certain amount of Llood is poured out
through the broken ends of the vessels in the stroma of the ovary into the
cavity of the Graafian follicle in which the ovum lay : this “ wound” then
closes up, and its contained blood undergoes fatty degeneration, and gives rise
to a body of a yellow colour, known as the corpus luteum,

Spermatozoa.—As in the case of the female, primitive germinal cells
can be at first distinguished in the development of the male generative elements.
The nucleus of the larger of these gives rise to the main part of the so-called
“head ” of the spermatozoon, while the surrounding protoplasm becomes
differentiated to form the motile “ tail,” which serves as an organ of propulsion.
Either each of the primitive germinal cells forms one spermatozoon only,
or a division of its nucleus into several porfions takes place, and the cell
divides up into several spermatozoa. ut there is no important difference
between these two modes of development, for in both cases we have to do with
a simple cell-division. Thus each spermatozoon is really the mor-
phological equivalent of an ovum, so that an absolutely similar
and equal portion from either parent is concerned in the
production of the embryo.!

In order to understand the general relations of the urinogenital
organs as a whole, we must now consider briefly the canals which
carry off the generative products. .

In Cyclostomi and a very few other Fishes the generative
products are simply shed from the ovary or testis into the body-
cavity, whence they pass to the exterior by means of the abdo-
minal pores (see p. 265). This is probably to be looked upon
as the most primitive condition.

In all other Vertebrates except bony Fishes, a canal, called the
Miillerian duct, is formed in the female. This either becomes
split off from the segmental duct (Elasmobranchs, Amiphibia), or
arises independently as an involution of the peritoneum near the
latter (Amniota).*

1 Tt must be remembered that the process of fertilisation has to 1’}0'. essentially
with the fusion of the nuelei nnI}"} of the male and female cells (Weismann and
Van Beneden). (Comp. pp. 3 and 4. oF. ! By

s ifnct:rrlil:ig té}fik[ﬂml:il“:s, the Miillerian duet arises in the Lizard, Duck, and Chick
as a solid mesodermal rod, and thus has originally no connection with the cozlome. .
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In the first case the other product of the segmental duct, or
so-called secondary mesonephric duct, serves primarily in the
male as the urinogenital duct (Leydig's (!uctj,‘} and mdt-lm
female simply as the urinary duct (Figs. 237, 258A and B,
wd, vd, and 240, A, B, lg, lg (Ur). - o

In the second case, the entire primary mesonephric d uct gives
vise in the male to the seminal duct (Fig. 236, C, Vi)

A

J)—€gl

Fic. 236.—DiAcrAM EXHIBITING THE RELATIONS OF THE FEMALE (A) AND OF THE
Mare (C) Berropverive ORGANS TO THE GENERAL Prax (B) or THESE
OReANS IN THE HIGHER VERTEERATA.

M@, Miillerian duet ; U, uterus; ¢, abdominal aperture of the Fallopian tube ;
Vg, vagina ; Fom, uterus masculinus ; @A, hydatid of Morgagni; W&, Wolffian
duct ; Gy, Giirtner’s duet ; Vi, vas deferens; De, ductus ejaculatorius; Vs,
vesicula seminalis ; Urn, mesonephros (Wolffian body) ; Po, parovarium ; Ep,
epididymis ; g, genital gland ; Ov, ovary ; Hop, testis; N, kidney ; Ur, ureter ;
B, urinary bladder ; Sw, urinogenital sinus ; €Y7, cloaca ; Ba, gland of Bartho-
lini ; G0, Cowper's gland ; Pr, Pr, prostate gland ; R, rectun ; Ggl, copulatory
organ. (In Fig. A the clitoris is indicated, but not lettered.)

(Wolffian duct! or vas deferens), while in the female it
usually becomes rudimentary, and is then spoken of as Giartner’s
duct (Fig. 236, A, Gg). The metanephric duct or ureter
(Fig. 236, Ur) (which is possibly confined to the Amniota)? serves
to carry off the products of urinary excretion in both sexes.

1 The term Wultﬁnp du_ct, is used to deseribe the duct of the mesonephros after
the formation of the Miillerian duct, whether the latter is developed independently
or not. 2 Comp. note on p. 208.
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The Miillerian duct (Fig. 236, B, M &) of the female gives rise
to the oviduct, and in Mammals bechmes distinctly differentiated
into three portions,—a Fallopian tube, a uterus, and a vagina
the latter of which opens to the exterior (Fig. 236, A, 0t, T Vg)!
The Fallopian end of the oviduct always opens into the abdominal
cavity by a ciliated funnel-shaped aperture. This abdominal aper-
ture represents the only connection between the body-cavity and
the exterior in the Amniota, where the nephrostomes no
longer appear in the course of development.!

In the male, the Millerian duct is always developed, but
plays no important part, coming into the category of rudiment-
ary organs. It will be further treated of together with the
generative organs in a later chapter,

URINARY ORGANS:2

. Fishes and Dipnoi.—The Myxinoids retain throughout
life a functional pronephros which is provided with numerous
peritoneal apertures and a limited number of glomeruli.

In Petromyzon slight rudiments of the pronephros of the
larva (Ammocceetes) alone persist, and the mesonephros with its
(segmental) duct becomes the functional urinary organ,

In the Teleostei the pronephros may possibly persist in
some cases, but further researches are necessary on this poinf, The
mesonephros constitutes the main, if not the entire, excretory
organ of the adult, and consists of a narrow band varying in size,
which lies on the dorsal side of the body-cavity, between the verte-
bral column and the air-bladder.® Secondary fusions between the
organ of either side often occur, and this is also true of Ganoids.
The urinary duct in both groups probably represents the primary
segmental duet, and may lie more or less freely, or be embedded in
the substance of the kidney. Posteriorly the two ducts usually fuse
together and become expanded to form a kind of urinary bladder,
which has evidently nothing to do with the similarly-named organ
(allantoic bladder) of Amphibia and Amniota (comp. p. 273). The
“bladder ” usually opens behind the anus,—either independently,
or together with the genital ducts—by a simple pore, or on the
summit of a urinogenital papilla.

The splitting of the segmental duct into a Wolffian and a
Miillerian duct is not known to occur in Teleostei; in Elasmo-
branchs this differentiation does take place, and at the same time a

1 For a different view see Mikalovics in the notes c:r‘: Ppi 296 and 300.
? Wo urinary organ is at present known to exist in Amphioxus, i
3 The delicate I!é'lis:'mning threads from which the nest of the Sea-Stickleback

(Spinachin vulgaris) is made are formed as a secretion of the urinary tubules, which
undergo a change of function at the breeding-season, The secretion is mucin, which
becomes hard in water (Mobius).
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1visi ' ior and a posterior section
division of the mesonephros into an anterior and a p
may be observed (comp. Figs. 237, pd, and 238, m.d, w.d, si). I

Fic. 287.—DiAGRAM oF THE PRIMITIVE CONDITION OF THE KIDKEY IN AN
ErassosraNcE Emsryo. (After Balfour.)

f tal duct : it opens at o into the body-cavity, and its other extremity com-
o S:ﬁlu?ﬁrntes with 1:]1:;l cloaca ; x, line along which the division appears which
separates the segmental duct into Leydig's (Wolffian) duct above, and the
Miillerian duct helow ; s.f, segmental tubes : they open at one end in the body-
cavity, and at the other into the segmental duct,

Fic. 2884, —DIAGRAM OF THE ARRANGEMENT OF THE URINOGENITAL ORGANS 1IN
AN Apvrr FEMaLE ErasmoBraNcH. (After Balfour.)
m.d, Millerian duet; w.d, Leydig's (Wolllian) duect; o, ureter; s.f, segmental
tubes: five of them are represented with openings into the body-cavity: the
posterior segmental tubes form the mesonephros ; ov, ovary.

Fig, 2388, —DIAGRAM OF THE ARRANGEMENT OF THE URINOGENITAL DRGANS 1IN
AN Apvrr MaLe EvasmoprancH., (After Balfour.)

m.d, rudiments of Miillerian duet; w.d, Leydig's (Wolffian) duet, marked w»d in

front, and serving as vas deferens; s.¢, sepmental tubes: two of them are

represented with openings into the body-cavity ; d, ureter; f, testis; né, canal

at the base of the testis; VE, vasa efferentin; lc, longitudinal canal of the
Wolffian body.

the male, the former comes into connection with the genital gland
(Fig. 2388, VE, nf, t), and its tubules open directly into the
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Wolffian duct; while the latter, which persists as the permanent
kidney (comp. note on p. 208), empties its secretion by means of
separate ducts into the Wolftian duct, which thus serves to conduect
both urinary and genital products. In the female (Fig. 2384)
the genital gland has no connection with the Wolffian duct zuu;Er
the ova pass to the exterior by means of the Miillerian duct,

A mnarrower anterior, and a broader middle 1 b :
usually be distinguished in the kidneys of ELnsnml?iELc g.stm’.[l‘ii 113::1: ?mrt]rg;
is usunally notched, and this, together with the arrangement of the nephro-
stomes in the embryo, points to the original segmental arransement of the
organ. The segmental character, however, disappears later on ; in the adult
the nephrostomes are without exception much less numerous than the vertebrm

of this region, but their number and size varies much in different genera and
even in individuals.

. The kidneys of Sturgeons appear to show many points of
similarity to those of Elasmobranchs; further investigations are,
however, necessary before their relations can be fully explained,
and the same may be said with regard to the kidneys of Dipnoans
and bony Ganoids. In the Dipnoi, the existence of nephrostomes,
although not proved, is very probable; the urinary organ of these
animals corresponds to the mesonephros. In Ceratodus, the duct
lies freely in a peritoneal fold, while in Protopterus it is embedded
in the substance of the kidney. In both forms the kidney
1s lobulated ; it is relatively much smaller in Ceratodus than in
Protopterus. The lobes do not correspond to the segmentation
of the vertebral column.

A close examination of the organ which has usually been spoken of as the
kidney in Teleostei and Ganoids shows that a larger or smaller portion of it
—more particularly the anterior part—consists of an adenoid or lymphoid
substance.

Amphibia.—In these, the most primitive condition is met
with in the Gymnophiona, in which the kidneys (Fig. 239,
N7) consist of long narrow varicose bands, usually extending from
the heart to the anterior part of the cloaca, which latter is often
much elongated. In the embryo they consist of definite masses,
which are arranged segmentally (that is, correspond with the
segmentation of the vertebral column), and in each of them a
aclomerulus, a nephrostome, and an excretory duct can be
distinguished (compare Fig. 2344).

This condition sometimes persists in the anterior portion of the
kidney, while, owing to secondary processes of growth, as many as
twenty nephrostomes are later on met with in a single body-
segment, The number of nephrostomes in the entire kidney may
amount to a thousand or more. .

As regards the urinary duct and the relations of the entire
renal apparatus to the generative organs, the Gymnophiona in all
essential points resemble other Amphibians.
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The kidneys of Urodela and Anura lie in the usual pﬂit;it.iuln
on the dorsal side of the body-cavity ; in the former tlteyﬁ are slu_zul |_
like and more extended longitudinally than in the latter, 1 which

Fre. 239.—TrE Exmire Viscura or Siphonops annulatus (9 ) in sitw, (The body-
wall is slit up along the median ventral line, and its two halves reflected.)
Intostinal tract.—Oes, msophagus; Mg, stomach; Dd, Dd', small intestine :
Dida, large intestine ; O7, clonca ; BI, BI', the anterior larger and posterior
smaller end of the urinary bladder; Leb, liver; Bls gall-bladder ; Pan, pan-

creas ; AL, spleen ; Per, peritonenm (gastro-hepatic omentum).

Urinogenital organs.—Ow, Ov, ovaries; My, My, Millerian ducts (oviduets) ;
Ni, N, kidneys ; Ur, ureter.

Respiratory organs.—FL, well-developed right lung ; Z', rudimentary left
Tra, traches.

Organs of circulation.—Ve, ventricle ; 4¢, atrium ; Be, conus arteriosus ; Ao,
aorta ascendens of left side : that of the right is not speeially indicated ; dod,
aorta descendens of left side ; Ap, Ap, pulmonary artery ; ¥, pulmonary vein ;
P, vein receiving blood from the urinogenital organs, the muscles of the back,
and the vertebral canal ; J, jugular vein; 4, posteaval ; D, ductus Cuvieri :
Fep, Vep, hepatic portal veins.

lung ;

they are shorter and more compact, and confined to the middle
portion of the ccelome,

In Urodeles they always consist of a narrow anterior, and a
X
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direct, or else open first into a longitudinal collecting duct (1), from
which fine canals pass to the urinary tubules. Thus the seminal
fluid passes through the nephridia as well as through the Wolffian
duct, which serves as a urinogenital duct (Fig. 240, A lg, a).

In Urodela and Anura of both sexes the Wolffian duct opens
separately on either side into the cloaca, receiving first, in Urodeles,
a number of ducts from the posterior part of the kidney."

The urinary bladder, which is usually bilobed, opens on the
ventral wall of the cloaca opposite to the urinogenital apertures.
The morphological signification of t}m bladder has already been
explained in the chapters on the alimentary canal and vascular
system (pp. 231 and 273).

Slight indications of a segmental arrangement are found only
in the anterior sexual portion of the kidney of Urodeles; in the
posterior part, and in the entire kidney of Anura, all traces of
segmentation have disappeared. In both cases, however, the
nephrostomes remain throughout life in great numbers on the
ventral surface of the kidney, which is covered over by the
peritoneum.

The nephrostomes are connected with the urinary tubules in larval Anura,
but later on they become separated from them, and open into the renal-portal
vein. In consequence of this change of function, for such it must be con-
sidered, the bﬂl}j-ﬂﬂ?it}' of adult Anura serves as a closed lymph-sinus,
as in the Amniota ; the peritoneal fluid, which in the larva was carried to the
exterior and lost, is in the adult poured into the general circulation, like the
rest of the lymph.

Reptiles and Birds.—In these, as in all other Amniota, the
mesonephros, so far as it is retained beyond the embryonic period,
is entirely separate from the functional excretory apparatus; this
consists of a metanephros, entirely wanting in nephro-
stomes (compare p. 298).

The metanephros never extends so far along the body-cavity as
does the mesonephros; as a rule it has the form of a small compact
or lobulated organ, usnally lying within the posterior half of the
body-cavity, or even entirely confined to the pelvic region; it has
the latter position, for instance, in most Reptiles (Fig. 241, N) and
all Birds (Fig. 242, N). The posterior end of the kidney, which is
generally narrower than the rest, may even extend under the root
of the tail, as in Lacerta, in which region there is a fusion of the
organ of either side.

__Thus, according to the position of the kidneys, the ureters
either do not extend any distance along the body-cavity, or they
may bave a longer or shorter free course. The latter is the case,
for instance, in Crocodiles, and more especially in Birds (Fig.
242, Ur): m the last-named the kidneys lie closely embedded

1 In Anura the Wolfian ducts i i

. in T pass some distance independently along the body-
cavity, in correspondence with the position of the kidneys ; in the male efuh is uftgu
provided with an enlargement, the vesicula seminalis.

X 9
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within the pelvis, and their ventral flattened surface is usuall
lobulated, and often penetrated by deép furrows and cleftsin whic
the veins lie embedded (Fig. 242, 77, V) ; their posterior ends may
fuse together in the middle line, as in Lizards,

. There is not always a perfect symmetry between the organ of
either side, and this is most marked in Snakes, in which the

Fic. 241, —ExXcRETORY APPARATUS oF Monilor indieus.

The right kidney is shown in its natural position, while the laft is turned on its
longitudinal axis, so that the ureter and the collecting tubes are visible, The
urinary bladder is not represented.

N, N, kidneys ; 5@, collecting tubes which open into the ureter (Ur, IH2); Ur
aperture of ureter into the cloaca.

greatly lobulated kidneys, like those of limbless Lizards, are
elongated, narrow, and band-like, in correspondence with the form
of the body.

A urinary bladder, arising from the ventral wall of the
cloaca, is present in Lizards and Chelonians; it is usually bilobed,
as in Amphibia, and so points to a primitively paired condition.
A bladder is wanting in Snakes, Crocodiles, and Birds,

Mammals.—The kidneys of Mammals are proportionately
small, and lie on the quadratus lumborum muscle and ribs. They
usually possess a convex outer, and a concave inner border; the
latter is called the hilum, and at this point the ureters arise and
the blood-vessels enter. The expanded proximal portion of the
ureter is divided up to form one or more calyces (Fig. 243, Ca),
into which small papilliform processes of the pyramids(see
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p. 310) project ; on the summits of these the urinary tubuiﬁ;flfig?:
in varying number (between L7 a_,ﬂd {3’3). 'il.:hc E:;,l{ﬁe: ;:;ter s
ith a large cavity in the widened portion ;

:}‘11: ;r:alvis (P%}_ and igum this the ureter (Ur) passes backwards to
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Fig. 242.—Mare URINOGENITAL APPARATUS OF HERON (drdea cinerea),

N, kidneys ; Ur, ureter, opening into the cloaca (%) at Sr; Ho, testis: Ep, epi-
didymis ; ¥d, vas deferens, which opens at Fd! on a papilla in the cloaca ;
¥, ¥, furrows on the ventral surface of the kidney in which veins lie embedded ;
Ao, aorta ; BF, bursa Fabricii, which opens into the cloaca at BFL

open into the bladder on its dorsal side, sometimes nearer the apex,
sometimes towards the fundus,

The urethra, arising from the bladder, is always short in the
female, while in the male it is drawn out into a long tube which
extends through the penis, and is lined by erectile tissue (eorpus
spongiosum) (comp. p. 329).

The definitive kidney (metanephros) is greatly lobulated in
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the embryo; this condition may remain throughout 1if

Cetacea, Pinnipedia, Ursus, Lutra.,yBﬂsf), or the Icrbges may lfen(ngg;a'
more or less completely united. Inthe latter case the original
division into lobes may still be recognised more or less plainl
iternally. A section of the kidney shows an inner layer, the

Fra. 243.—DiacraMMATIC LoNGITUDINAL SECTION THROUGH THE KIDNEY oF A
MAMMATL,

£, R, cortical substance ; Af, M, medullary substance arranged in pyramids (Pr) :
between the latter the cortical substance extends in the form of the columns of
Bertini (B, B); Ca, calyces; Ps, pelvis; Ur, ureter.

medullary substance, arranged in the form of wedges,—
the urinary pyramids—and an outer layer, or cortical
substance, extending as the columns of Bertini between the
pyramids (Fig, 243, B, B). The pyramids correspond roughly to
the embryonic lobes of the kidney, though several lobes may fuse
together in one pyramid.

The glomeruli as well as the coiled tubules, which are surrounded by a
network of blood-capillaries, lie in the cortical substance, while the so-called
straight tubules occur principally in the pyramids, where they gradunally
anastomose to form larger collecting tubes.

Concerning the morphological relations of the wvrinary bladder of
Mammalg, comp. p. 274

GENERATIVE ORGANS.

In Amphioxus the generative ““ glands” or gonads remain for
a long time in an undifferentiated condition as regards sex. They
have a marked segmental arrangement, and each portion opens
separately into the peribranchial cavity, whence the generative
products pass to the exterior through the atrial pore. _

Fishes.—Specially differentiated generative ducts are wanting
in Cyeclostomes, as well as in Eels, female Salmonida,
and Lemargus borealis (an Elasmobranch). In these cases,
both sperm and ova are shed directly into the body-cavity, whence
they pass out through the abdominal pores (see p. 265.)
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he oenerative gland of Cyclostomes consists of a long un-
pa.irzd m%ga.n suspengt.led tio thuajrr dorsal wall of the bmf_ly-{:a.wt:',f :;ny
a fold of peritoneum, the mesoarium or mesorchium, as tlue:
case may be. In other Fishes, the gonads are only exceptiona ly
unpaired, and even then, this 18 nnl_v_a,_ secnnda,r_y cﬂndrt}on. in
all other Vertebrates they are also originally paired. There 1s
usually a want of symmetry observable between the organ of the
right and left sides, and that of one side may even entirely disappear,
as in Ammodytes tobianus, Cobitis barbatula, and others.
Secondary fusions may also take place. i
The ovaries and testes of Teleostei closely correspond with
one another as regards position and the arrangement of their
ducts. The ovary usually forms an elongated sac, which 1s blind an-
teriorly, and on the inner walls of which the ova arise; this sac s
continued backwards to form the oviduct. The latter, whlc}_1 15
generally short, as a rule fuses with its fellow to form an unpaired
canal ; this opens either on a level with the integument or on
a papilla, which may become elongated to form a tube or
*“ gvipositor.” ! .
The testis of Teleosteans is elongated, and often lobulated in
form. Its duct, which is often intensely white, opens between the
rectum and the urinary aperture, after uniting with its fellow to

form an unpaired canal.

Tn cases where traces of copulatory organs or other accessory struetures—
which are spoken of as ©seminal vesicles,” or “ prostates,”—are present, they,
like the so-called urinary bladder, have nothing whatever to do with the
similarly-named structures of higher Vertebrates,

In the above description the terms “ Miillerian ™ and * Wolfhian
ducts” have been purposely avoided, for it is very doubtful
whether the generative ducts of Teleostei are in any way homo-
logous with them, and further investigations are necessary to decide
the question (comp. note on p. 313).

In by far the greater number of Elasmobranchs the ovaries
are paired, and this is always the case as regards the oviduets,
which, unlike those of Teleosteans, are always separate from the
ovaries, and correspond to the Mullerian duects. Their anterior
portion has a common opening into the body-cavity, and further
back each is provided with a so-called “oviducal gland.” The
anterior part of the oviduct is always narrower and more delicate
than the posterior, which dilates to form a kind of uterus, in
which (when the shark is viviparous) the embryo undergoes

1 In the genus Girardinus, which, like many other Fishes (numerous Elasmo-
branchs for instance), brings forth its young alive, the body-cavity of the female
is much longer than that of the male, and the ovary serves also for a uterus.
Contrary to the general rule, the ova do not become free from their place
of origin before fertilisation, so that the spermatozoa must bore their way

throngh the germinal and follicular epithelium, and thus even i
the parenchyma of the ovary. » bt pass into
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i ' ' ired and sym-
The testis of Elasmobranchs is always patred 1
metrical, and usually lies, supported by the mesorchium, towards

Fia. 245.—FEMALE URINOGENITAL APPARATUS OF Profoplerus anneclens.  (From
the ventral side, natural size.) (After H. Ayers.)

a, vent ; f.d, rectum ; Hy, apertures of ureters into cloaca; L, L, }ymphnid tissue ;
My, Miillerian duct ; Af ¢, abdominal aperture of latter ; N, kidney ; 0, ovary ;
p, lung ; V.c.a, postcaval vein ; P, urinary bladder.

the anterior portion of the bedy-cavity. The relations of the
vasa efferentia to the mesonephros have been already mentioned
(comp. pp. 298 and 303, and Fig. 2388), and a somewhat similar
arrangement is seen in Lepidosteus.

Amongst Ganoids, the female organs of Lepidosteus?! are formed on the
same type as those of the Teleostei, while in cartilaginous Ganoids a more
or less incomplete splitting of the segmental duet into a Miillerian and a

—_—

a superficial resemblance to the amnion and chorion of Mammals, but these are
both formed from the maternal tissucs (T, J. Parker).

1 The cavity within the ovary of Lepidostens is formed by a fold of peritonenm
on either border of the gland growing towards its fellow, and meeting in the middle
line ; into this cavity the ova are shed, and are carried to the exterior by an oviduct
whieh is probably formed by continnations of these peritoneal folds behind the

ovary. A similar mode of development of the oviduct possibly also obtains in
Teleostei.
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Wolffian duct takes place (Fig. 244, MG). The latter probably serves in
the male as & urinogenital duct, and in the female as & urinary ductonly
Should more complete histological examination confirm these statements, the
mode of clevelnlpmunt of the generative organs of cartilaginous Ganoids will be
seen to resemble closely those of Elasmobranchs and Amphibians,

Hermaphrodite structures have been observed in certain Fishes: in
the different species of Serranus, for instance, they are constantly present.
Hermaphroditism also occasionally oceurs in Sarg us, Gadus morrhua, and
many others.

In the Dipnoi, the gonads and their duets lie along the outer
border of the kidneys. During the breeding-season they become
greatly enlarged, and extend round the entire gut. The oviducts
are long and slightly coiled, reminding us in many points of those
of Amphibia : each communicates with the body-cavity by a funnel-
shaped aperture near the pericardium, and is provided with a well-
developed albumen gland. The ovaries undergo the greatest
variations according to age and the time of year. In the unripe
condition they have the form of long and narrow bands, which
extend along the whole body-cavity. In the young Ceratodus
they are distinetly lobulated, and in both Ceratodus and Proto-
pterus each ovary of the adult has the form of a thin-walled sae,
in the inner walls of which the ova are developed. The eggs are
shed into the body-eavity by the bursting of the walls of the sac,
and they pass thence into the oviduets.

In the male, the manner in which the sperm is conducted to
the exterior is not certainly known: it may possibly pass out
through the abdominal pores. The Miillerian ducts, although
less developed than in the female, are clearly present in the male.
The structure of the testis requires further investigation.

Amphibia.—The gonads of Amphibia are usually situated in
about the middle of the body-cavity: they are paired and symme-
trical, and lie right and left of the vertebral column ; their form is
usually modified by the shape of the body. Thus in the Gymno-
phiona (Fig. 239, Ov), the ovary has the form of a long and
narrow band, while the testis is made up of a long chain of small
bodies united together by a collecting duct (Fig. 246, Ho, Sg).
Each individual portion of the testis of Ceecilians is made up of a
double row of rounded capsules (Fig. 246, &), in which the sperm
is formed, and from which it is passed into a collecting duet (Sg),
which perforates each portion of the organ. A transverse canal
(@) is given off from the free portion of the collecting duct lying
between every pair of testis lobes; this passes towards the kidneys
(N, N), and opens into a longitudinal canal (Z). From the latter
the sperm passes through a second system of transverse canals
(@Y @Y to the Malpighian capsules, and thence throngh the urinary
tubules into the urmogenital duct (HS). ‘

The male generative apparatus of all Urodela and certain
Anura (Bufonidae), corresponds in the main with the arrange-
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Fig. 246.—IDIAGRAM 0OF A PorTioN oF THE MaLe GEXRERATIVE APPARATUS OF

THE GYMNOPHIONA.

Ho, Ho, testis ; Sg, collecting duct of testis ; K, K, testicqlm capsules ; ¢, ), transverse
""canals connecting the collecting duct with the longitudinal canal (Z, L) ; €', @
second series of transverse canals; A, Af, Malpighian capsules; X, &V, kidney ;
ST, nephrostome ; &, convoluted portion of urinary tubule ; A&, urinogenital

duct,

FiG. 247.—TEsTIS AXD ANTERIOR END oF KIDNEY oF Rane esculenia.
(Semidiagrammatic. )

Ho, testis ; ¢, g, transverse canals of the testicular network, which give rise to Llind
rocesses at tt; L, ]nmg[tudiunl canal of the testicular network, from which the
inter-renal network (€, €) arises ; , kidney ; Ur, urinogenital duet.
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ment which has already been described in the chapter on the
urinary organs (see p. 306). The ‘external form of the testis,
however, varies greatly, and ‘is either pointed at one or both ends
(Fig. 240, A, Hv), or more or less round or oval (Anura).

In Rana, Bombinator, and Alytes the vasa efferentia of the testis
become gradually separated from the kidney, that is, they either open directly
into the urinogenital duet, withont becoming connected with the
urinary tubules (Rana) (Fig, 247, ¢ Ur), or the greater number of the
posterior canals end blindly, while only the anterior ones are directly connected
with the urinogenital duct (Bombinator). In Alytes, those vasa efferentia
at the anterior end of the kidney which possess a lumen open into the
Miillerian duct : this is a very special condition, and is not known to occur
in any other animal, The urinary duct, which comes off from the posterior
end of the kidney also opens into the Miillerian duet, the portion of which
anterior to this point serves as a vas deferens, while its posterior part functions
asaurinogenital duct.

In all other Amphibians, Miillerian ducts are always present, but in
the male they always remain in a more or less rudimentary condition, and lie
along the outer border of the kidneys in a similar position to those of the
female. They may or may not be provided with a lumen and apertures of
communication with the body-cavity and cloaca.

Hermaphroditism oceasionally occurs amongst the Anura. In the males
of Rana temporaria * ova” are at times developed, embedded within the sub-
stance of the testis (Hermaphrodite gland, or ovotestis), and one testis
may even be replaced by a rudimentary ovary, In these cases, the Miillerian
duct may be as well developed as in the female. A body attached to the
anterior end of the testis in various species of Toads (“ Bidder's organ ) also
apparently represents a rudimentary ovary.

The ovaries of Urodela are always formed on a common
plan. Each consists of an elongated closed tube, with a con-
tinuous lumen. In Anura, on the contrary, the ovarian sac
(Fig. 248, Ov) is divided up into a longitudinal row of (3 to 20)
separate pockets or chambers. In both cases a mesoarium is
always well developed, and there is no direct connection between
the ovaries and oviducts. The latter open far forwards into the
body-cavity by funnel-shaped apertures (0d, Of), and at a con-
siderable distance from the anterior ends of the kidneys: they
take a tolerably straight course along the outer borders of the
kidneys to the cloaca in young animals, but become greatly
coiled and convoluted in the adult (Fig. 248, Od). A short dis-
tance from their termination each oviduct becomes dilated to
form a thin-walled sac, and, after becoming again narrowed, usually
opens separately on a papilla on the dorsal wall of the cloaca
(Fig. 248, Ut, P). In the genera Bufo and Alytes alone, the
two oviduects fuse together into a posterior unpaired canal,

After receiving a gelatinous coating from the glandsin the wall of the middle

rt of the oviduect, the eggs pass “ato the dilated portion of the duct, and
Egmme united together into irregular masses (Frog) or chains (Toad).!

! According to P. B. and C. F. Sarasin, Epicrium glutinosum (Gymnophiona)
is oviparous, “The eggs are very similar to those of Sauropsida: they are exception-
ally large (9 mm. long), of an oval shape, and possess a large yolk, which is light-
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Finally, the so-called fat-bodies (corpora adiposa) must be mentioned :
these are present in all Amphibia in connection with the generative glands,
and are formed of adenoid substance, fat, and lencoeytes, and contain numerous
blood-vessels. They are apparently formed by the degeneration of the anterior
part of the genital ridge, and * Bidder’s organ” (see p. 316) in the Toad seems
to represent a part of the ridge which has not become degenerated =o far.
The corpora adiposa probably have an important physivlogical (nutritive)
relation to the generative glands ; this giyes an exp anation of the fact that
Amphibians, after remaining for months, throughout their winter sleep, with-
out food, are able as soon as spring arrives to give rise to thousands of oifspring.
The curious lymphoid organs of many Fishes and Reptiles have probably a

similar function (comp. pp. 304 and 320, and Fig, 245).

o “;Fm. 248, —Unixocrx1TAL ORGANE OF A FEMALE Roana escrulenta.
, left ovary (that of the right side is removed); Od, oviduet; Cf 1
. : 5 § 1 L] L] il ﬂ-b
;chrt.n_‘re of oviduet ; 1".:.!‘-1 the dilated posterior end of the oviduct ; P, ulrs::m;lg}'
.umﬂ u-it? 1‘.‘110. clonca ; IV, kidneys ; 5, &', apertures of ureters into the cloaca, sur-
rounded by longitudinal folds (*), which are separated by a deep :lupl‘eﬁﬁim:l (t)-

: Z;leptiles and Eirds.—Ip these, as in other animals, the form
of the gonads becomes modified by that of the body. Thus in

E:.Llltlll:\; '::_]u:?]]iﬂ:llﬁ and consists of Loth yellow and white granules. They are coated

e Iﬁf mu;;meZIF‘l:-lt'lli mrlldunt, aud this becomes drawn out at the poles into

e D o hich the eggs are connected together like the beads of a
8. ey are laid in the earth, aud the mother coils hersell vound them.
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the pm_“ti-?n of the uvi_dunt lying more posteriorly, or vagina (Vg)
by a distinct os uteri. The vagina then curves sharply outwards,
and, passing backwards, opens close to its fellow into the elnng&teci
urinogenital sinus (Sug). The ureters, as in all other Marsupials
in which the vagin® have a similar arrangement, pass between the
curved portions of the vagin to the bladder (B).

From the condition of the female generative organs in Didel-
hys that seen in other Marsupials can be easily explained, In
halangista vulpina and Phascolomys wombat (Fig. 252

B and C) the anterior ends of the knee-shaped bends of the vaginm
(comp. Fig. 252, A, 1) come to lie closer and closer tngether,n and
begin to extend backwards towards the urinogenital sinus, the
septum befween them disappearing at the same time, A vaginal
caeum 18 thus formed (Fig. 252, B, C, V¢PB),and this may become
more elongated, and finally extend backwards so as to meet the
upper (anterior) wall of the urinogenital sinus, into which it may
open by the formation of a so-called third vagina. . This is
known to oceur in seven species of Halmaturus, two of Petrogale
and Osphranter respectively, and in Onychogalea freenata.

In all other Mammals the posterior portions of the Miillerian
ducts become fused together to form an unpaired vagina, and a
cloaca exists only in the embryo (comp. p. 236). A fusion may
also take place more anteriorly, and, according to its extent, the
most various forms of uteri result (uterus duplex, bicornis,
bipartitus,and simplex), as is shown in Fig. 253, A toD. The
Primates possess a simple uterus!(Fig. 253, B), and in this case
the primitively paired condition of the Miillerian ducts is seen only
in the Fallopian tubes. The latter vary much in form, and their
abdominal apertures are usually provided with fringe-like append-
ages (fimbrie). The ureters, unlike those of Marsupials, always
pass to the outer sides of the genital passage, the vagina being
single.

gThe ovaries are usually small, and rounded or oval in shape,
their surface being either smooth, irregular, or furrowed. The
point at which the nerves and vessels enter is not covered by
peritoneum, and is called the hilum.

The reader is referred to p. 300 and Fig. 254 for further details
as to the more minute histological structure of the ovary and the
formation of the ova.

Remains of the mesonephros, known as the parovarium, are
present in the neighbourhood of the ovary, oviduet, and uterus.
These usually consist of small cecal tubes, forming a network,
which are connected together by a collecting duct. In cases
where the Wolffian duet persists in the female, it passes from
the parovarium to the urinogenital sinus, and is spoken of as
Giirtner’s duct (Fig. 236, A, Gy), as already mentioned on p. 301.

1 The abnormalities which sometimes oceur in the human uterus and vagina can
be often explained as atavisms,
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o continuation of the fibres of the internal oblique and ftransver-
salis. When the inguinal canals become obliterated, the testes
remain throughout life in the scrotum. _

In many Mammals, however, the testes remain permanently
within the abdomen. Their size is not always proportionate to
that of the body ; they are smooth, and somewhat oval m form,
and are covered by a.fibrous investment (Fig. 255, 4), from which
processes (trabecule) usually extend inwards. In this way the
seminal tubes are separated mto definite bundles (L, L), and a sort
of lattice-work is also formed (corpus Highmori, T), by means of
which the elements of the rete Halleri (that is, the vasa
efferentia, V) pass to the epididymis (NH).

In the epididymis the seminal fubules become rounded off to
form the so-called coni vasculosi, and these are connected to-
gether by a_collecting duct, the vas epididymis (Fig. 255; Cv,
Ov, Vep). The vas deferens (Vd) arises from the last conus vas-
culosus, and gives rise towards its distal end, shortly before it
opens into the urinogenital sinus, to glandular outgrowths (vesi-
cul@ seminales), which may attain a relatively enormous size
i1 Rodents and Insectivores (Fig. 256, Sb). From this point to
its termination the seminal canal is spoken of as the ductus
ejaculatorius.

In many Mammals rudiments of the Miillerian ducts are pre-
sent, and open into the urinogenital sinus. In some (e.9. Man), only
the most posterior end of the latter remain, in the form of an un-
paired vesicle (uterus masculinus), which lies embedded within
an accessory genital gland, the prostate. This gland, which more
or less completely surrounds the urinogenital sinus, consists of
glandular tubules, connected together by means of fibrous and
muscular tissue : its secretion is poured into the urinogenital sinus
(compare Figs. 236, A to C, and 256).

COPULATORY ORGANS.

External organs of generation, such as are present in the higher
Vertebrates, are never found in Fishes, though in male Elasmo-
branchs a specially modified portion of the pelvic fin serves as
a copulatory organ (“clasper” or “pterygopodium™). It
consists of a series of cartilages which are moveable upon one
another, is covered by skin and muscles, and is provided with a
channel along the inner side. It must be looked upon as a deriva-
tive of the fin-rays,

These claspers are inserted, in a closed condition, into the
cloaca of the female, and thence into the oviducts; they are
then opened out by means of special muscles, and the seminal
fluid flows along their channels into the distended oviduets. In
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ﬂ{::nu‘ectinn with this apparatus —which looks like a series of
surgical instruments,—there is a gland, surrounded by muscular
fibres, which is formed as an involutien of the integument; in
its histological character this calls to mind the uropygial giaud
of Birds.

Amongst the Amphibia, male Gymnophiona alone possess
a true copulatory organ ; this simply consists of the eversible
cloaca, which reaches a length of five centimetres, and is regu-
lated by a well-developed musculature., In Urodeles there
1s merely a marked swelling of the lips of the cloaca and urino-
genital papilla during the breeding-season,

Two kinds of copulatory organs are found in Reptiles, the
one being seen in Lizards and Snakes, and the other in Chelonians
and Crocodiles,

In the former case, there are two erectile penes lying outside
the cloaca, under the skin at the root of the tail. By a compli-
cated muscular mechanism these can be drawn into the cloaca and
thence everted, the seminal fluid passing along a spiral furrow in
each. Similar organs are present—though much less developed—
in the female also.

Chelonians and Crocodiles possess a copulatory organ which is
united to the ventral wall of the cloaca : it consists of two fibrous
masses which are fused together in the middle line. Each half
encloses a large cavity, which contains a large number of blood-
vessels. The organ is regulated by well-developed muscles, and
possesses a groove along its free surface, which may divide up
mto a series of channels at its apex. A representative of this
organ is also present in the female.

In most Ratitae, as well as in some Carinats (e.g. in Water-
Birds), a copulatory organ is present, and consists of an eversible
tube, strengthened by two fibrous bodies; in a condition of rest it
lies coiled up in the left side of the cloaca. The everted organ is
retracted by means of an elastic band. The penis of the Ostrich
lies within a diverticulum of the cloaca, and somewhat resembles
that of Chelonians and Crocodiles,

The copulatory organs of Mammals may be divided into two.
groups,—viz., those of Monotremes, and those of Gt]:[&r Mammals :
the organs of Marsupials may be placed in a subdivision of the
latter. In all cases the female apparatus (clitoris)—although as
a rule less developed and usually not perforated by the urethral
canal,—is formed essentially on the same type as that of the male.

In Monotremes, the copulatory organ lies enclosed within a
sac situated on the boundary between the urinogenital sinus and
cloaca, and is fused with the ventral wall of the latter (Fig. 251,
Gp): in all other Mammals the organ arises in the embryo from
the “genital prominence’” on the ventral wall of the cloaca.
A channel passes along the side facing the cloaca to the opening of
the urinogenital sinus : this condition is usually retained through-
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out life in the case of the female, while in the m_alf. the groove
becomes closed to form a canal, apd the urethra 18 cunglr_lc-:yubly
lengthened. Three cylindrical bodies, composed of erectile tissue
(two lateral corpora cavernosa and a median c:crpqs.spho)n—
giosum), become developed in connection with the penis: these
are connected with one another by a network of fibrous tissue,
and are partially invested by muscles (Fig. 257, Cep, Ceu). Clorpora

Fic. 257.—SeMipracrAMMATIC FigUure oF THE Human Pexis. (A, transverse
section ; B, side view ; C, from below. )

A, albuginea penis; A', albuginea urethrse, which gives rise to a septum at Sp ;
S, suleus dorsalis penis; Cep, corpus cavernosum ; Cew, corpus spongiosum,
which gives rise to the glans penis at #p, and forms an oval enlargement (bulbus)
at B ; rd, rd*, crura of the corpora cavernosa.

cavernosa are also present in the clitoris, but a corpus spongiosum
is wanting. In Marsupials and the higher Mammals the corpora
cavernosa diverge at their proximal ends to form two crura (7d, rd')
which are almost always attached to the corresponding ischia.

In many Mammals a membrane bone (os penis) becomes
developed in the septum between the corpora cavernosa (e.g. many

Monkeys, Rodents, Bats, Carnivores). In the Seal there is an os
clitoridis in the female also.
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INDEX.

Diphyodonts, 213

Discosaurus, dermal skeleton, 32

Diverticulnm cecum, 234

Town-feathers, 23 :

Thuck :—eandal vertebrwe, 45; rudiment
of third finger, 107 ; lungs and air-sacs,
260, 261 ;

Duct :—Leydig’s, 301, 303 ; hepatic, 242 .
naso-lacrymal, 174 ; naso-palatine of
]rl]‘!tilmiﬁﬂ, 171 ; pancreatic, 243 ; pnet-
matie, 251 ; of Stemo, Wharton, and
Bartholini, 222

Ductus Botalli, 284

cochlearis, 199, 204
Cuvieri, 271
endolymphaticus, 202, 205
ejaculatorius, 327
perilymphaticus, 205
thyreoglossus, 225
sacenlo-utricularis, 177, 199
venosns, 270 :

Dugong, teeth, 220

TDuodenum, 209

Dura mater, 135

Ei

Ear :—internal, 195—206 ; external, 198

Echeneis, suctorial disk, Bh

Echidna :—mammary pouch, 27 ; pelvis,
97 ; anterior abdominal vein, 291 ; eggs,
320 ; urinogenital organs, 321

Ectobronchia, 262

Eetoderm, 6

Ectostosis, 62

Edentata, tecth, 213

Epg-cell, 2

Elastica limitans externa and interna, 33

Electric organs, 124—128

Electric plate, 127

Emys, tongue, 224

Enaliosaurus, abdominal ribs, 50

Enamel, 32, 212

End-bulbs, 166

Endoderm, 6

Endolymph, 196

Endostosis, 62

Ensiform process, 53

Enterocceles, 9

Entobronehia, 262

Entoglossal, 61

Ephippifer, exoskeleton, 32

Epiblast, 6, 151

Epicrium :—external gills, 251 ; eggs, 316

Epidermis, 16

Epididymis, 327

Epiglottis, 255

Epiphyses of vertebrm, 46

Kpiphysis cerebri, 132, 142

Epipubis, 93, 98, 117

Epit}mlium, 1 :—pigment of retina, 183 ; of
alimentary canal, 237 ; germinal, 200

Erinacens, teeth, 217

339

Frvthrina, air-bladder, 251

Fthmonasal septum, 58

Fustachian aperture, 73

Kustachian tube, 198

Fxoskeleton, 80—33

Extra-branchials, 63, 74 ;

Eye, 181—194 :—glands in connection
with, 192 ; muscles of, 181

Eyelids, 181

F.

Fallopian tube, 302, 322

Fat-bodies, 204, 317

Feathers, 20

Femur, 102 :

Fenestra :—rotunda, 80, 205 ; ovalis, 70,
80, 198, 205 ; vestibuli cartilaginei, 197

Fertilisation of ovum, 3

Fibres, 1:—connective-tissue, 16 ; nerve,
129

Fibula, 104

Fibulare, 104

Filum terminale, 131

Fimbrie of Fallopian tube, 322

Fin-rays, &5, 99

Fins, 85

Food-yolk, b

Foramen cordiforme, 95

Foramen ovale (of heart), 287

Foramen Panizze, 285

Fulernm of retina, 190

Fureula, 90

G

Gall-bladder, 242

Ganglia of sensory nerves, 151

Ganglion, ciliary, 156

Girtner's duct, 301, 322

Gastrula, 6

Generative cells, development of, 299, 300

Generative ans, 310—327

Germinal e;ﬁ%mlium, 209

Germinal membranes, §

Germinal spof, 2

Germinal vesicle, 2

Gill-arches, 50—61, 63—84, 68, T4, 80, 84

Gill-clefts, 54, 159, 198, 245

Gill-cover, 65

Gills, 245, 251

Gills, external, 246, 251

Gills, spiracular, 250

Girafle, horns of, 83

Gizzard, 233

Glands :—Bowman's, 177 ; of Bartholini,
330 ; ceruminous, 26 ; cervieal, of Cha-
mois, 27 ; of claspers, 827 ; Cowper's, 330 ;
digestive, 239; femoral, 20; genital, 310 —
320, 325—327 ; Harderian, 193 ; hibern-
ating, 204 ; integumentary, 18—20, 23—
28 ; mtermaxillary or internasal, 193 ;
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