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COMPARATIVE ANATOMY.

Fio. 60, —FPrororar Anen axn Fix oF Heplanchu
&H, §8Y pectoral arch, with a nerveaperture at NL; Pr, My, Mr, the thres
basaf elements of the ==4.H2r. meso-, and metapterygiom ; B, cartilaginons
finerays ; o, & the main fin.ray, lving i the axis of the meelapterygivm ;
+, single my on the other side of the axis (indieation of n hisersl 1ype) ; FS,
horny rays, cut throngh. -

!

Fio. 70.—LErT Preronar Anc axp Fix or Tue Trovr.  (From the suter side,)
bones of the peataral arch (claviel —.E!Whu—-.
E-ra__auﬂrio:wbwnm.tﬂi_‘ ”:..Ma-ﬂw

—m‘né.ﬂrﬁrr-avg.muﬁg in the cartilage
and 4, the _.u.h...ﬂﬁ unr!.__n-na__s »

-e.._ﬂ_.q-____..b.m..ru:mﬂ- on the border of the fin, which is con the
fourth hasal clement ; F, 5, bony fn-rays, shewn euf away frem their attachments,

ln.l!l.lil
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102 COMPARATIVE ANATOMY.

became bent downwards, and thus the angle between it and the
median e of the trunk was gradually E.m.«oom. until in Mammals
eventually, the longitudinal axis of the limb, when at rest, came to
lie parallel with median plane of the body. In the higher
types this is more particularly the case ns regards the posterior
extremities, the anterior ._—unﬁ.mﬁmbm the most varied adaptations
and modifications, and giving rise to tactile, prehensile, or flyi
OTgans, or, as in aquatic Mammals, becoming once more con

Into rowing organs.

Thus we may also reduce the limbs of all the higher Vertebrata
toa 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 cloar, In Fig. 88, a thick line (HS) is seen beginning
at M, and passing through ¥, i,e¢ 2, to I This iz the main

Fio. 87.—Duonassatic Flovuss 1o suow THE RELatioss oF Tie Fees
Exmnesiry 1o tae Tovsk 1% Fusues (A), axp Toe Hionee Veresnares (B).

&, ml areh ; A, metaple hich erres to the main nlmar
L (h; ams.u.z_.-&aiEﬂJ& b

axis, and from its proximal end (at Jf) a lateral my passes off
through T, ¢, to £ A second series of lateral arises from
the other side of the axis. Thus we have here also the primitive
biserial form, with a marked erance of one row of radii.
At the same time it must be e in mind that this arrmnge-
ment of radii on an axis is less plaioly seen in the enibryonie eon-
dition than in the adult limb, and we must therefore speak of
the relations of these parts as similar rather than as strictly
homologous.

.n__._wm..non? and hind-limbs show a great similarity as regands the
form nnd position of their various parts, A division inte four prinei-
pal sections can always be recognised @ in the case of the fore-limb
ihese are spoken of as upper arm m_“—.wcr.EEu_. fore-arm (anti-
brachium), wrist (carpus), and hand (manus); and in the
hind-limb as thigh ﬂ?B:a shank (erus), ankle (tarsus),
and foot (pes). maﬂ:_a the of the upper arm (humerus)
and of the thigh (femur), corresponding probably to the meta-
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162 COMPARATIVE ANATOMY.

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

BipLiocrarny,

Barrovg, Fo Mo—Elumobranch Fishes, London, 1578,

Beavs, M.—Ucber Baw und Eabwcickl. d. Nebennieren bei Reptilisn, Ak, d. ooel,
Insd, s IWarzburg, B, ¥,

Gorraaay, M.—Ueber Nebennicren der Sugethiere spec, fber die oes Wenschen,
Wiirzh. phys, wed, Goselloch, 1582, Strucur wnd embe,  Enbwicklung der
Nebemnieren bei Siiscgethieren,  Areh, f. Aunt, wnd Phystol. 1683,

u;zihﬂlgaﬁs @b, ddis Entecick, der Nebonnierem, Avehie f. mike, Auet.
14553,

MimsukurL—On fhe Dhovel ¢ 1 Bodics in M Tia,  Quart,

P b ..a.« b isehen )

woDt, A. I —Uber dia Enbwick. des : .Y 8 Archiv f, milr.
Annt Bd. XXVL Heft 1. e it it

Weinox, W. F, B.— 0w the Hend-Kidney of Bdell . writh @ Sugg o the
hrigin of the Bodics, Quart, Jowrn, of Wicros, Sevence, 1884, G
the Supraremal lies off Verlcbrata, Quart, Jowrn. of Micres, Sciencs, 1685,

III. SENSORY ORGANS,

The specific sensory end-organs originate, like the nervous

gvstem in general, from "Wa_u_&_r The peripheral terminations
"

of the sensory nerves are thus always to be found in cells of
epithelial origin, while blastic el ts (s inv ents, for
instance) are secondarily. added to them.

The individual sense-organs, e.g. those of sight, smell, taste, and
hearing, are to be .dmﬁ_mﬂa us secondary differentiations
of a diffused sense, as will be menti 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 sume conclusion.

the Cyclostomi onwards this differentiation has already
taken place, ﬂa ow_wm find in them and in all Vertobrates above
them, that f mctory, optie, and audi OTgnns are L_aﬁ.ma
closely connected with the head. ﬂ._.mws.ﬂ.d enclosed  withm
eertain cavities and hollows of the skull (sense-capsules), and
thue 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 sengory impressi Eeu___m..ﬁmu_.&. These,
for the greater part, extend over the whole surface of
the body, and thus have a diffused disiribution; more-
over, they remain throughout life near the ectoderm,
from which théy originate.

“In the higher organs of sense two kinds of cells are to be
distinguished, although they are genetically identical with one
another. The first of these are the proper rod-shaped sensory
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164 COMPARATIVE ANATOMY.

mass grouped around the former,  The central cells are in conneetion
with 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. 182, 0%). The others (MZ, MZ") function only as a supporting
mass (Fig. 185, a, b, ¢)

Fin, 132 —Traxsverse SEeTiox E.c.. FrepLy PROJECTING SEGMENTAL SENSE-
AN,
The coticular tube and the sarrounding epidermic colls are remaved. (7, eentral
(pensory) eells ; W2, MZY, periphoral cella.

Fri, 133, —DIsTRITUTION OF THE ._..H..ﬁ.na.:. SexpR.0Rcaxs 15 4 SALAMANDER
i ARVA,

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

While in aquatic Amphibia these organs retain throughout
life their peripheral free position, on a level with the epidermis,!
« n Fishes they may in post-embryonic time beeome 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
thns protected, and the hyaline tube i no longer seen.

._,_”.Gn sensory orgnns are distributed over the whole bedy, but as
a general rule they are most abundant along certain tracts, the
position of which is very constant. Thus in the head, their course
15 usnally similar to that shown in Fig. 134, From this point

1At Amphibian etam ves
!.._,_l.r bﬁhﬁ“ﬂ.ﬂhﬂauﬁ&-r momﬁwm?i _E&ﬁﬁm _Vv___cuﬂmﬂ

. : ut

u..usr uﬂ.;ﬂaﬁnﬂ“ﬂiﬂ.’.ﬂ h...,umqmﬂ____q m%ﬂﬁ ing 3!“_'3 authors,

howevor, they persist, and remain open, being connectad with the outer sarfues of tha
skin by a tube,
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166 COMPARATIVE ANATOMY,

The sensory sacs of Ganoids! which ame confined to the head, and the
sensory tubes of Elwsmobranchs represcnt peculiar modifieations of the
sensory organs in question.  The former are sac-like invaginations of tho

idermis, whilo the latter have the form of delicste tabes, hm_ru.r ive rse at

ir base to one or more swellings or “ampulle.” Both are lined by a
sensory epithelium of the same stracture as that described on p. 164,

As regards the function of these sensory organs, it can
ouly be affirmed that they must have to do with the porcep-
tion of mechanical jrritations from the surrounding water :
in what manner the impulses give rise to perception canmot 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 i known with regard ta the development of the laterl on-
tal organs, _—.m-“__-.%.“_o..uﬁw roots of the cranial nervea (7, VAT, w_.ﬁ._u.. .—N.-HM_.N-_.
are during a eertain embryonic period connected with the cells of the opiblast,
with which they become completely fussd. Each of these masses then grows
and proliferates. very rapidly, and the epiblastic thickenings thus resuliing
ropresent the rodiments of t an“mro__ e dorsal roots of the cranial nerves

[ 0

a8 well as the first indieatio the segmental eense-o Later, each
ﬁm__u: bocomes soparated from the skin, ¢ h it EE&ﬂhFannaﬁ with
t ing sense-organ by means of a delicate nerve-fibre. A simdlar
madde of development alse obtains in the ental sense-organs of the trunk.
It is n very interesting foet that in embryos of the sheep and cow, & ta
10 mm. long, the ganglia of the facial, glosso 1, nnd vagns are finsed
with the epiblast, and thus indieations of segmental sense-organs ars still
restnt, though they disppear or become modified lator. Beard has also
w:.uh rudiments of thoese organs in chicks of the third day.?

. End-Bulbs.

In the organs deseribed above (Fig. 132) great differences in
size and form between the central and peripheral cells may be
recognised @ similar organs, however, exist near them in which both
kinds of cells are quite similor fo one another in these respects.
These are the so-called end-bulbs.

In all Fishes they are scattered irregularly over the whole body,
but aam_ﬁ.mh.__._v_. over the head; from the ._P..n—uEEn_ onwards, .w_..ou_
are t in the mouth-cavity only, and are no longer seen
outside it.* In Amphibians they ocenr 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; m.._p here also they are moest constant and NUMErois on
the tongue, where they occur on the cireumvallate and fungiform
papille, as well as on the papilla foliata.

! Similar organs are present in Aminmus cattos,

* Beand proposes the mame of branchial sénse-organs for these strustures, ns

imitively the B of the fee.
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168 "COMPARATIVE ANATOMY.

and to the beak (cere), and lie much more closely together, form-
ing definite masses, or “tactile corpuscles.” Each of these
is surrounded by a wucleated connective-tissue investment, from
which septa extend into the interior, partially separating the
individual tactile cells from one another.

Fri. 138, —A Tacting ConpuscLs (Exp-BULE) ¥RoM THE CoXICSoTIVA OF 4
Masuar :
&, merve (the newrilemma of which at t beeames continnous with the investmont of
the tactilo corpusels ; K, K, nuelef in the Investment ; V, the coiled termbination
of tho nerve (axis Gbre) passing to the tactilo cells (T, T

Fio, 130.—& Pacisiax Conroseik veon ThE Beak or tae Dock.
{(After J. Carritre. )

eirenlar Jayera of the in-

1L v et aiaring tha ENMM__EEM.HE

= 1. i aiam, which Daoia et tnpas Wik Ty investment of the
corpuscls at 1,

.".._ Mammals the —g.mm"w_mamr_wm%s &.ﬂ.aﬂ&@?ﬁ? a8, _.ﬂﬂgﬂ.
on the hairless portions o » or they give rise to oval corpus-
cles, ench consisting of a many-lnyered and nucleated investment,
into which a nerve passes, bocomes twisted up, and ends in one or
more terminal ganglion cells (Fig. 138).
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COMPARATIVE ANATOMY.

OrracTort ORGAN,

The olfactory organ, in its simplest form, consists of a paired,
pit-like depression of the integument shove the eleft of the month,
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), he 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
morphologieal eategory as the taste-bulbs. At first (that is in
Fishes and Urodeles), they are only separated from one another by
interstitial epithelial tissue, but from the Anura onwards this tissaa
gradually disappears in order to allow of an increased surface for
the olfactory epithelinm. The ciliated cells lying amongst the
sensary cells serve tocontinually renew the outer medium—whether
that be water or air—by which the odoriferous particles are conveyed
(Fig. 140, R, ).

Fra, 140, —Errrueniva o THE Ouracrony Mucows Mesngase. A, of
Fetrompzon planeri ; B, of Selamandra alre,

R, olfackery eells ; B, interstitis] epithellal cells,

S.E_bas_ u—?o.oﬂﬂﬂ»ﬂ- n_.u____.owanﬂu__m.auz_mp:.a

above-described 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 uence of thig, anterior or external,
Euuu

ani posterior or in nostrils (choanm) can be distin-
guished, and as o 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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173 COMPARATIVE ANATOMY.
greatly, according to the width of the fold of skin which separates
them,

The olfactory organ of Polypteras is mone highly developed than that of
other ﬁ..m.ﬂ..... It iz mot & o —._m gac-like _.._mm_u_.uh.:_.&. r.ﬂ.ﬁ_pnnurf of six
“mﬂﬁu arranged compariments ! from one another fﬂhﬁ!ﬁ:ﬂn&
septa, and lying round a etntral dle. A transvirse section somewhut
rance of & cub crange. short and distinct oval sac lies against

the a
1he nwsanequ. organ towards the middle line, and is entirely shut off from the
rest of ke npparatus ; it receives o special branch of the olfactory nerve,

ay F

Fra. M2 —AxTenion Pontiox oF tue Hran or Polypdercs,

d, eye; AN, AN, unterior and posterior openings of the external nostril : 4, 1, 1,
aperturcs of thy sensory tubes

_ The mucons membrane of the nasl organ of Fishes is always
raiged up into & 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
D Dipust 8 Amphibla.—The clstary organ of D

—The n ipnoi
and Perennibranchiata is always g@iﬁﬂuﬂ-ﬂkﬂ " onEm—..umen
or perforated cartilaginous capsule lying without the cranium
proper (Figs. 54, 143, and bﬂ, and its mucous membrane
18 raised into folds like those of Fishes. In all the other Am-
.ﬂrm._..ww it becomes included within the cranial skeleton, and
ies directly in the longitudinal axis of the skull in front of the
eranial eavity.

In Amphibis, turbinals appear for the first time (Fig, 144,
0,8, E): they are ompmnﬂsgurb_mqum“ﬁ into
the nasal cavity, and thus giving rise to an extension of om.mugq.
surface. These structures, slight traces a.:% of which are present
in tailed Amphibians, attain to a very considerable development in
Anurn and m____....ﬂe—u_.ma..? especially in the latter, where the nasal
chamber is converted into o 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 Ei.m_un it lies in the maxi bane,
may be described as the maxillary cavity. In certain Gymno-
phiona this becomes entirely shut off feom the main eavity, and

1 Each compariment resembles in stracture the entire olfuctory s of other Fislies.
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174 COMPARATIVE ANATOMY. |
; o e

Finally, the naso-lacrymal duet of Amphibia must be sall
_u._..me:cm" it passes out from the anterior angle a_“.r“we orbit, goes e pr el
through the lateral wall of the nose, and opens into the nasal rnh
cavity on the side of the vpper jaw. It conducts the lacrymal ul
secretion from the conjunctival sac of the eye into the nasal himiny
cavity, and arises in all Vertebrates, from the Myetod era onwards, _..Erl
us an epithelial cord which is separated off from the epidermis, and, agladuin
growing down into the derma, becomes secondarily hollowed. ‘ j.t—ij_

Reptilia.—The Lacertilia and Ophidia possess the sim-
plest olfactory organs amongst Reptiles, w.ﬁx nasal eavity of the Hls“
formner up is divided into two portions, a smaller outer ol
(anterior), and a larger inner (posterior), or ol chamber duden L)
proper.  The latter only is Ed.._m%oﬁ with sensory the for- Bl e ol
mer being lined by ordinary stratified epithelinm continuous with ‘v |
the epidermis, and glands being entirely absent in it. il

A large turbinal, slightly rolled on itself, arises from the outer B s |
wall of the inner nasal chamber, and extends far into its lumen; Ted Ty el
this is also well developed in Ophidia, in which a distinet outer | which s sl |

+ |

L]

Fia, 145 —DuaoraM oF faie Onracmort Onaax o A Lizann, | Longitudinal -
vertical seotion. ) 1

meﬁm_..._ outer amd inmer “v-i_ .“ﬂ._xﬂ“ +, tube. like E.Mnt.ﬂuﬂ i&f '3
mterral mestrils ; P, of Jacobscn's organ aperture of oom-
Tanication of tho ateer with the soath § ATS, orel mausous maerabrade

nasal chamber is wanting; it may be derived from that of the
.EB_WE—_F

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

Hruﬁ?auae:rwneshn?.ur#qaaan-ﬂrw.

In marine Chelonians it s divided into two one of which lies

abeve E____..‘.ﬂr._q. but they are QE&EEEWH HE....&.._ of n eq-nu..- H.“-!_w"
N i R Ve pauielt o

ﬁ Snakes ?a!uwig. np.-_..nlﬂ_n .-_ m_ n__nuons&.ﬂ; o__.wn.”..au. the

masal organ of which is characterised by o great abundance of them. ;

From the Crocodilia onwards the ol organ, which il
up to this point lies entirely in front &F? gradually | ﬂ
a1

)
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176 COMPARATIVE ANATOMY.

ig 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
w,mw.m.en 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 eavity of
Mammals is proportionately mueh 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 Iabyrinth,
the cell-like compartments of which are lined by mucous membrane,
and thus variously sl projections, supported partly by ear-
tilage and partly by , ate scen extending into the” nasal
cavity. The normal number of these “olfactory serolls” is
five. In EE%»F they have a very typical arrangement ; they
are situated ol E...wm_.s slanting from the postero-dorsal 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 u primary
turbinals remain separate throughout life, so that in case there
ara two upper turbinals. The middle turbinal may also remain
partially or entirely separated into its two primitive component

While the superior and middle turbinals of Man, that is the
four primitive upper alfactory scrolls of Mammals, are to be regarded
as neomorphs, the inferior turbinal, below which the FBHEL
duct always opens, must be looked upon as derived genetically
from that of the lower Vertebrates, ﬂoaﬂam.._z..& to the single
true turbinal of Urodeles, Reptiles, and Birds, and in Mammals is
represented by an inde nt bone lying at the entrance of the
antrum maxillare 5. Highmori (Fig. 147, )2

.._m Man each n cavity is divided by the three torbinals
into three superim; ; of these the two upper alome
(Fig. 147, 8, ¢) B:m..ﬂwﬂ__.m“ air containing the mloriferons icles
to the sthmoidal labyrinth, that is to the proper olfactory
region of the nose, while the lower passage serves only as a
respiratory tract (Fig, 147, a).

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 ecavities arise in part
after birth, and ”woﬂ. do not attain their moximum development
till the body is fully grown.®

! InCetacen the tarbinals are pever more than redimentary,
* Comspare the chapter on nir-ascs of Birds, p. 250,
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178 COMPARATIVE ANATOMY,

.Hrm-._m.mq-:mou %@a u&piﬂn_wno;mgwgor-.::
ber of Ceeilians al ¢ mentioned, which is encloged within
the maxillary ecavity, and there can be no doubt that the latter
is_homologous with the maxillary sinus of all Vertebrates, In ne
other Vertebrates, however, does it retain the charseter of o kind
of separate nnsal ehamber, but on the contrary, the higher we pass
in the Vertebrate series, the more does the maxillary cavity become

Fio. 148.—Dissgcrion oF tie Hean or Epicriem glutinonem, | Dorsal view.)
Vi, cerebiral hemispheres, scpamted by & furmow (F) from the olfac lobes (Lal) 3
e et b dagl ol sl e e S
8 & o, septam F 0 BArvEs ;
first, second, and nw—:wa Lorsd

P
division of the trigeminal ; F= and =2, ateral branchos
of the first division, one of which gees to the olfsstory msucows mem
the other to the sheath of the * tentacle ™ { T4%) ¢ the constrictor
tentacular ghand {C9) s supplicd from a lateral branch of the seeond di
the trigeminad ; X, vagus ; ez, duct of the tentaeular gland, which is
by the sheath of the tentaclo ; Bae, globe of the i ks, sty the
portions of the masseter miscles ; Gk, anditory eapsule.

hysiologi

o ow_..w““mus. a
Sinus. E

In Lizards and Snakes an appamtus exists which is quite
uneonnected with the Jacobson's organ of Gymnophions, but which
nevertheless comes under the above definition. This (see Fig.
145, Fj lies between the floor of the nasal eavity and the roof of
the mouth, and may be deseribed as a small paired eavity lined by
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COMPARATIVE ANATOMY,

it the outer wall of the vesicle 50 s to form a double-walled cup,
the secondary optic vesicle (Fig. 151s),

Fro. 1514 —Diaomay snowiss mie Mong o ForMation or viE Privary
Orric Vesiores (AB7,

VH, fore-brain; ¥, V¥, vontricalar cavity of the brain, which eommuuioates Treely
with the cavitios of the primary eptis vesicles at .

w.n._.w_m_..rmh_:.:»aw.prt._aa—,.Eupn.iqnn Seooxpany Orrio VESIGLE, AXD
OF THE LENS BRCOMING SEPARATED OFF ¥ROM THE Erfspist.

IR, inmer layer of Si!!am.-...u.amas vesiale, from which the retina arises ; +, point
at Eaum the Inttor is continnous with the outer ruﬁﬁa_ from which the pig-
ment epithelinm arises ; M, remnins of the cavity of e veahcls ;

k

optic i

L, lenis which arises an & cup-shiaped involution of the e n_l- mumuu *, paint of

involution of spiblast to form the lens ; ATA, E!.._f&ﬂnﬁ which at Af1, A1

A grows in betwean the epidermis amd the lens s the latier becomes ST a”
anil which gives riso to the eorea ag well as ta the iris 3 O, vitreous chamnber

the eye, betweon the lans snid rotina, which becomos kater filled by tho vitreous

humsor,

The inner and outer walls of the eup then become fused
together, and from the former the sensory epithelium of the
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184 COMPARATIVE ANATOMY.

of light pass. The amount of light admitted is regulated by the
dilator and constrictor (sphincter) muscles of the iris, which are
able to increase or lessen the size of the pil ; the iris thus serves
08 A sereen to E.m.c_#s the amount of light which enters the oye,

Not only is the size of the pupil inconstant, but the lens is also
capable of undergoing aeﬂE.ﬁ_ﬂ.nr_ﬂ change in form, becoming wiore
flattened, or more convex, ns the case may be. The former con-
dition oceurs when distant, the latter when near objects are looked
at.  This delicate accommodating apparatus is regulated by a
muscle (the ciliary, or tensor choroides), which arises in a
circle all round the eve from the point of Junetion of the iris aod
sclerotic, and is inserted along the periphieral border of the jriz
n_..mm 152, Lz),

xternal to the vaseular layer of the choroid lies a lymph-sinus
(perichoroideal sinus) the walls of which are known under the
mame of lumina fusea (Fig. 152, Lf), and finally, externally
to this is a firm, fibrons, partly cartilaginous or even ossified
layer, the sclerotic (Fig. 152, S). While the Intter paszes inter-
nally into the sheath of the optic nerve (G8), and from thenes
into the dura mater, it becomes continuous externally with the
cornea, the outer surface of which is covered over by an epithe-
linl layer continuous with the epidermis, the conjunctiva (Fig.
152, Co, Cf). The sclerotic and cornen together form a firm outer
support for the eye, and thus, together with the gelatinous mass
of the witreous humour, guarantee the rigidity necessary for
the physiological activity of the nerve end-apparatus.  Betwoen
the cornea and iris there is a lange lymph-space, the so-called
anterior chamber of the eye (Fig, 132, F'K), its contained fiuid
being called the aqueons humour.

he deep orbit, formed by the skull, serves as a further pro-
tection for zﬂ.. cye, as do also certain nccessory structures, whicl
may be divided into three categories, viz. —

1. Eyelids (Palpebre).

2. Glandular organs.

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

The eycball then is formed of a series of concentric layers
which are ealled from within outwards retina, choroid (with the
iris) (vascular layer), and selorotic (with cornea) (skeletal layer),
The first 5 with the nervous substance of the brain, the
secontd with the pia mater, and the third with the dura mater.
The interior of the Muw containg refractive modia, the lens and
vitroous humour. To these, certain Aceessory structures are
added.

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

" Tm Anaphioxus the presence of & visual organ has not been certainly proved.,
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184 COMPARATIVE ANATOMY,

(Fig. 138, Pr, Op). The processus falciformis is never large in
Eumqgw;:nﬁ and Ganoids.

In the interior of this structure lie norves, vessols, and
smooth muscle-fibres, aml the latter possibly exert an
influence on the lens, and thus serve as an apparatas for ac-
commaodation.

External to the choroid proper, that is, between it and the
laming fusen s suprachoroiden, lies a silvery or greenish-gold
iridescent membrane, the so-called argentea. ~ It extends nmmnﬂ
over the whole interior of the eye (Teleostei), or is limited to the
iris (Elasmobranchs).

A second . layer with a metallic lustre, the tapetum
cellulogum 5. lucidum, lics 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 ed chorold gland, present only in Telcostei and
Amia, consists of a rete mirabile (comp, p. 202), SB._.,E& of
arteries and veins, which has the form of a cushion, 1 ng 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 extensi homdrified Stu
and ubﬂ n:j:ﬁﬂoﬂﬁﬁugﬂw m“nh-lrﬂmw.m.“ﬂ oasificd Eﬁ?ﬂ.ﬁnﬁion th the
earnen : this also holds good for Teleosteans,

The eychall is almost always surrounded o gelatinoas tiseue, pene-
trated by simple and elastic connoctive-tisue Mﬂ.ﬁ and in E!E_w.ub_&u
it is curiously articolated on its inner cireumference with a rod of cartilage
nlz..wmhu—mss the lateral wall of the skull.

eyes are reduced or abartive in DEE.w- is spelous, & Fish living in
the caves of Kentucky : a similar abortion o eyes takes place in many
Invortebrates which in caverns or in the deep sen (Vermes, Mollusca,
Crustaces, Inseeta).

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 true,
for instance, of the more or less stron. ly chondrified sclerotic, the
slight convexity of the cornea, and the globular lens. In other
miwﬁﬂ” points, however, the Amphibian eye is simpler than that
of Fi ; thus it is wanting in an argentea, a tapetum, a choroid

gland, and a processus falciformis and E..__wss&w leri. A proper

ciliary musecle is present in the whole series of animals from

this point onwards.

‘Th of Prote d of the Gymnophionn always lie oF less
&Siu.n_vﬂup”—v the n_._n_nu.q“n_.rnu lh VErY n.:-__n._u_-lE_ are Eﬁr?
m.—atx._.—mr_wi, and 148, A). In Protess the crystalline lens vilroons

amour are both wanting,

Reptiles and Birds.—In these also, the selerotic is in great
%_inﬁ and in Lizards it is provided with a ring of

i bony plates around the external portion, Very many
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183 COMPARATIVE ANATOMY.

mw w"!.“_qm _am_,.?E_S—&...,?Emr__o._Sz.gn..nxgim;ﬁuoa-u
in Birds,

In Reptiles (Lizards, for instance) a tapetum may be developed,
but an argentea and choroid gland are never present ; all
struetures are wanting in Birds A structare which is homologous
with the processus faleiformis of the eye of Fishes is, however,
present in Reptiles and Birds. Absent in Hatteria and Chelonia,
this so-called pecten is _-._.mm_ﬁmmqm_sv& in other Reptiles and
in Birds (Fig. 155, ). 1In the latter it may extend from the point
of entrance of the aptic nerve to the capsule of the lens, but as
rule it does not reach so far. In Birdz it is always more or less
folded and consists mainly of a closely-felted network of eapillaries,
and appears in both wam_u&ﬁ.w and Birds to have an important
relation to the nutrition of the eontents of the eyeball and of the
retinn. Tt has nothing to do with accommodation.

The iris, which is regulated by strinted muzele, by means of which it is
alle to respond very quickly to visnal impressions, is often bri ﬁwﬁfi
nnd this colour is due 10 the presence not only of pigmen also of
eolonned fatglobules,

The pupil isasa role rounded, bot it have the form of a vertical slit, as
in many Reptiles and in Owls. In %E_"umw_.u__ﬂﬁkaaa.sa annd 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 tapetam (tapetum collulosum vl fibrosum), eo ing either of
tells or fibires, exists in the chomid of numerous Mammals, amd gives riss by
interference to a glistening appearnco when seen in the dark (Carnivers,
Birenia, Ruminants, Perissodnetyla, £e.).

Certain structures homaol to the fulciformis and pecten are

nt in Mammals in the embryo only, but details of these struetures cannot
e dleseribed here,

The ciliar E..:mn“_._ consiats of ._a—iu_m. .FBB“mbnnpu.r.-ﬁ.m Eﬂﬁ-ﬂ“
mocommodate the eve for seoing near objects (compare the e Fishes)
Iens of Mammals mwsp.ﬁ position of }i—m_. accommednted nﬂﬁm..lrn?

The external surface of the lens is less convex than the internal, which
Intter lies in the so-called fosss patellaris of the vitreons hamour,

The pupil is not al round, but may be transversely oval (Ungulates,
Kangaroos, Uetacea), or have the form of a vertical slit {eg. Cat).
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190 COMPARATIVE ANATOMY.

interna and externa), is quite transparent in the fresh con-
dition, and consists of two structures which are histelogically
amd physiologieally quite different: they are, a supporting part
and a nervous part. The former, or so-called fulcrum, which
is gtretched as on a frame between the limitans interna and externa,
is shown in N__m‘ 156 as a light filigree-like tissue, tho nervous
."_Ez,u_bs being indicated by a darker and more granular shade. The
atter consists of seven concentric Inyers, viz :—

1. Layer of nerve-fibres.
v omw  colls

» o inner granular or molecular layer.
. i0ner nuclei,

w intermediate nuclei or outer molecular Iyer,
w  wouter nuclei :

- »  urodsand cones with the pigment epithelinm.

Only the two last-mentioned layers (6 and 7) correspond to
the proper nenro-epithelium.
hese lnyers are so arranged that the nerve-fibres lic 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 _E_mwmwﬁaa the retina, and the rays
must therefore pass through all the other layers before they reach
the rods and cones.

Fishes Amplibians the thickest a0 that in the
lIntier there ﬁﬂﬂ%ﬂg _%- 1._-5 millimetre, l.—m_.w_.u Man thore
are from S50,000 to 1,000,000, .

In Fishes the rods far exeeed the eones in number, while in iles amd
Binls the reverse is the cass.  The cones of many Reptiles and all ire
listinguished _”w the of brightly colonred oil-globules, which are
also present in those of Marsupials

In the retina of all Vortehrates thers is a specially modified region of most
ncute vision. This is ealled the yellow-spot (fovea centralis or macula
—ﬂ”m_. and lies in the innor
L]

i - i, _.._ﬂ_— E......_Hrm:i-t“ﬂm.

This becomes pated ing npon -!.FJ we may thus
compare the latter to o photogmphi to o whole
apparatis, in which the photographer, represented by the g
by continually Iaying on new sensitive material ( visual ce
renews the plate, removing the old picture. E_Hms&.!m-mi-ml
be Inoked upon as a photo-chemizal process, The rods only
—-._._._u_o.n__ngivnmwwi._.._weﬁw. in animals the reting of which possesses
0 Touds (2, .Easﬁn_tu.tJow!F?uaEﬂ.J!—&g#Ea ;
?Enﬂ-;.i o is mot present in these Repiiles as well as
.W_ul._..-n u“—un-m._.uml& —— _..rB. .—..ﬂ..—!&aﬁhnﬁ-_ __Es ﬂh—h

and Pigoone, proves, ‘
thoroughly nmlerstood,
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192 COMPARATIVE ANATOMY,

of development, They are lined on the surface loaking towands
the eyeball by the conjunctiva, and in the Iehthyopsids and
Sauropsida are usually not sharply marked off from the rest of the
skin, being capable of no, or of nﬁ_.“.... very slight movement,!

The ease is quite different in Mammals, in which the eyelids,
more particularly the npper one, are extremely moveable, and
are provided s.mn.ﬁ hairs (eyelashes) on their free margin, They

are closed by a eirenlar muscle which surrounds the whole slit
between the lids; a levator is also present in the w eyelid.
In Snuropsida and many Mammalia (o4, Ungulates) there is also

a de r of the lower lid.
__—.m want of or slight devel ut of upper and lower eyelids

in all Vertebrates below the Mammalia is compensated for, at
any mate to o certain extent, by the presence of a nictitating
Sasrﬁm.ﬁ This “third nwn:_._u. &nﬁ.ﬂ from the others in
hiawi ing to do with the true outer skin, consisting sim
of auh!mnv_ws_.:a of the conjunctiva, and _Hm__mbﬂmﬂiammu%
special muscles (p. 191).

The nictitating membrane, which is present in rudiment in man
Elasmobranchs, and which encloses a eartilage, is situated beneat
the lower eyelid, or it may lie more towards the anterior angle of
the eye. The former Ed%.:.m&p is seen in Anura and Reptilia, for
instance, in which a third eyelid is so largely mm_s_ﬁn a8 to be
capable of covering the whole freely exposed portion of the eyehall.
In Birds and Mammals it always lics in the anterior angle of the
eye; in Primates it 1 reduced to a small half-moon-shaped
fold (plica semilunaris), and so comes into the eategory of rudi-
mentary organs.?

(¢) GLANDS.

The glands mhsu.a“ﬂnmn:as with the cye may be &q.—;lm.”ﬂ
three gections : (1) the lacrymal, (2) the Harderian, or
of the nictitating membrane, and (3) the Meaibomian glands.
The secretions of all these three serve to the free surface
of the eyeball moist, and to wash away foreign ) '
In 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. 3 :
Thus in Urcdeles o glandular organ is developed from the
conjunctival epithelium .Pmunh the whole length of the lower eyelid ;

LT Reptiles and Birds the in by & membrane-bone
or - curiog cbd Foma 1eepotl AL S ac s s 0o vloped A
tiemee of the In Geckos and Snakes the two eyelids grow together to form a
transparent memnbrane uﬂiﬁ“ﬂuﬂ eye, and this comes away with the rest of the
._n.w_.:__wu_m-._psshs tha __“..s mflunaris isonly 1§ to 2 millimeires broad,

n race &
while in the Malayan Orng-Sakai mee it roaches o breadth of 5 to 5§ millisetres,
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194 COMPARATIVE ANATOMY,

A well-differentinted Harderian gland is present in the whole
serics of animals from the tailless Amphibis to the Mammalia,
Amongst the latter it is wanting in the Cetacen and Primates only.

Fro. 160, —Diacess oF THE LAcRyMAL APFARATUR 0F Max.
n, rhm_u-_ gland, divided up into several portions; **, ducts of the lacrymal
"iland ; ++, punts lsorymalin; T#, T4, upgper and ‘lower laerymal canale ;
&, lscrymal g ) 0, naso-lnerymal diet.

The Meibomian glands, belonging to the group of sebaceous
glands, are confined to the Mammalia, and lie embedded in the
substance of the eyelids in the form of branched tree-like tubes
or elustered masses. They open on the free edge of the lid, and
produce a falty secretion.
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Avprrory ORGAN,

It is very probable that the auditory organ, like those of
smell and taste, liae been derived primitively from a modified
intogumentary eense-organ (organ of the lateral line). The
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196 COMPARATIVE ANATOMY.

get & membranous and o bony labyrinth, and between them
acavity (cavum perilymphaticum) filled with a lymph-like fluid
(perilympl). The eavity within the membranous labyrinth,
which also containg a fluid (endolymph), is spoken of as the
cavum endolymphaticum.

With the exception of the Cyclostomi, three semicireular canals
are always present, and these lie in planes at right angles to one
another. They are distingnizhed as the anterior vertical, the

osterior vertical, and the horizomtal {external) canals.
he first and lost-named (Fig. 161, S, H.B) arise from the
portion of the utriculus known as recessus utrieuli (Kest), and
each has a vesicle-like swelling or ampulla (S.4., #.4) at its

Fi, 101, — Seniviacasnaric Fioune or THE Avorrony OEGAX oF A
TruwosTeas. (Modified from o figere of that of Murana angwills by Hasse.)
Uk, atricalss ; Fe.ut., rocessus utricali ; IR, comnocting-tube of the |
(F.A.); *%, wide Snuﬂa_u_w..ua between Eriﬁﬁ.?!?.._o.. -%?T«?-l—-.
5, waceulus ; €, cochlen ; 8.8, F.B,, H.B., suterior and postarior vertieal pral}
hortzontal oavals ; Cn,, canal commissure, with iis apex; & .., H.4., Fd.,
© ampaulle of the anterior, harizental, and posterior canals ; fle, ductus endo-
Iymphaticus, which arises from the point where the two tubes of the pars
!—...:n_..»_“...oﬂ the labyrinth aed the opening of the herizantal esnal (= ) join one
0| .

origin.  The posterior canal (F.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 fanuel-shaped
enlargement (Fig. 161, x) into the utriculus, while those of the
posterior and anterior canals fuse together to form a eommon
tube, the so-called canal commissure (sinus superior) (o),
which also opens into the utriculus

The a?ﬁsﬁmaﬁ of the branches of the auditory nerve and the

vﬁ:g%egnoasqwa—msq::iEp_.nmow_ol? Tﬂui_
the membranous labyrinth must now be Eﬁm_n_ha%_. (1) the

! Concrotions composod mainly of carbemate of Hime ame & in the 5

of tho various perve emd-plates of the wud organ in all Vertebef s
in many Tavorichoten. ..o_.own.w-—s:u.—__ni nﬂa n-_li q_.dﬂ_ulg f.
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198 COMPARATIVE ANATOMY.

however, the auditory organ gradually sinks further and further
inwards from the surlace.  Thus a new method for conducting the
sound-waves is pecessitated, and the following structures hecome
developed :—a canal passing inwards from the surface, the external
auditory passage or meatus; this opens into a spacious eham-
ber, the tympanic cawity, in which are situnted ura-;e..ﬂ
ossicles, and which is connected by the Eustachian tube wit
the plarynx. The whele of this canal, which is divided into an
outer and an inner portion at the junction of the external auditory
passage and tympauic eavity by a vibratory membrane, (he tym-
panic membrane, lies in the position of the first n_..._u..m_..uamn
visceral (hyomandibular) cleft, or, what comes to the same thing,
in the position of the spiracle present in many Fishes. From

tiles and Birds onwards the first indications of a uE-ﬂ.m.run is, the
part of the external ear which projects from the b ) 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 »a._ma.nan in the
region of the mandible and __w.nam__.n...— soom fuse together to a sort of
ring, from which are formed later those chameteristic protuberances of the
pinna which s known as tragus, antitragus, antihelix, dee.

Fighes.—Apart from Cyclostomes, the peculinrities of whose
auditory organ it is difficult to explain, that of all other Fighes
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 remaing essentially much in the
condition already described, and 8 pars inferior,—eonstituted
by the sacculus and cochles—which gradually becomes mora
differentiated, and attains to a highor and higher of develop-
ment and functional perfeetion (Fig. 161). In Fislies the cochlen

consists simply of & small knob-like ”wwan._nma (“lagena”) of the

sacculus, which opens freely into main eavity of the latter
by means of the saceula-eochlear eanal (Fig. 161, £). The niriculus
and saceulus also communicate with one another by the sacculo-
utricular canal, .
voe.PEuEPI._ Here all .._Srw?nwor_mEqM“.im" ﬂ,.na__ as aiﬁm—ﬂ.
above, with the exception of t which, especially in
Anura, points to a higher s of development, in :.-wﬂ. shows
an indication of a pars basilaris with another patch of nerve-
endings, the papilla acustica basilaris: it becomes farther
constricted o%qaa the lumen of the sacculus, with which it is
connected only by a very minute eanal.

A further advance in structure wwoME smﬁ with m.ﬂ.m_.ﬂ is the
appearance of a cortilaginons plate which fits into the fenestrn
ovalis of the auditory eapsula, and corresponds to the base of the
stivrup-bone (stapes) of the higher Vertebrata (Figs. 56 and 38,
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200 COMPARATIVE ANATOMY.

in Crocodiles an intermediate condition between Birds and
Lizards is seen. The membranous labyrinth of Birds, however, is
always specinlly characterised by the peculiar arrangement of the

BINTH 0F THE Crocopiie.  (Both from the outer

wide.)  (After . Husse.)

&, msceulus ; of, utricalus; Reod, recessus utrismb; PR, connecting-duct of tha
posterioe ampulls ; SF, FB, HE, anterior and posterior vertical, and herizontal
canals, with their !.-.—i__na (S, Fd, and HA}; Co, commissare of the vertical
camnls; ph, pars basilaris eochlew : pi, macula scustion neglectn ; fing, Ingona ;
N, anditory nerve.

anterior and posterior canals, which are greatly arched, and the
position of the openings of which into the sinus superior (canal
commissure) is reve

In lower types (Swimming Birds) this peculinrity is loss marked than in the
higher forms, and it would be very interesting to ascertnin the condition of
these parts in the m_ﬂ.a_pr:.r_ﬂn a3 one would expect to find in them important
points of connection with Reptiles,

In spite of this higher stage of development of the auditory
organ in Crocodiles and Birds, we eannot speak of the presence
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203 COMPARATIVE ANATOMY.

Reptilia and other Mammals ; and their auditory organ is similar
in many points to that of Crocodiles. At the same time nothing is
yet certainly known of the phylogeny of the Mammalian anditory

organ, concerning which further and more extended researches are
necessary.  The cochlea here reaches its highest development, for
it 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 (Cetacen) up to as many as four or more! In this
spiral form of the enchles, as well as in its more highly specialised
histologieal structure, lics the characteristic peculiarity of the
anditory organ of Mammals, The auditery nerve forms the axis
of the spiral (Fig. 166).

In consequence of the large development of the cochlea, the
papilla acustica, or, asit is ealled in Mammals, the organ of Corti,
18 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. 160 and 170, B, E). These parts will be refarred
to again later on,

The aperture of communication between the pars superior and
pars inferior of the membranous labyrinth, that is, between the
sncculus 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 heing con-
nected with the utriculus and the other with the saceulus (Fig.
167, at 2).

The tympanic membrane is situated deep down in the exterual
auditory meatus, and separates the latter from the tympanic cavity.
In place of the single bony columelln of the Sauropsida there is in
Mammals o chain of three auditory ossicles, articulated with
one another, and extending between "ﬂo tympanic membrane and
the fenestra ovalie. These are, the malleuns, the incus, with its
orbicular apophysis, aud the stapes, besides which there is often
a bony mFSa__uL__ rudiment in the tendon of the stapedius muscle,
The malleus corresponds to the articnlar element of the mandible
of lower Vertebrates? and the incus to the quadrate, the former
arising by a constriction of the proximal end of Meckel's eartilage,
which extends through the so-called Glaserian fissure into t
tympanic cavity. As in the Sauropsida, the stapes corresponds to
* the u element of the hyoid arch (pharyngohyal or hyo-
mandibular of Fishes). The fact that in some cases the stapes

¥ In the Rabbit thers are two and a kalf, in the Ox thres and o half, in the Fig
almost fous, andl In the Cat threc cofls in the cochlen. In other ithe cochlea, &8
sl an the ancoulus sl all parts of the pars superior of the membranous lnbyrinth.
vary eonsidernbly both ju form and k. i
Cp. the chapter on the skull, and “_._H 67, In which the mods of devalopment of
thess parts is shown.
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204 COMPARATIVE ANATOMY.

opposite wall (Figs. 168, Lo, Lscd, and 169, Zo, Lol). This is
continued outwards by two laterally-diverging lamells (Fig. 169, B,
&), mentioned above as the membrana basilaris -dm mem-
brana Reissneri; these lie at an angle to one another and
correspond to the inner walls of the membranous eochles, The outer
wall of the latter is completed by a portion of the peripheral part
of the bony cochlea (the region between fs and the peripheral end
of R in Fig. 160). The membranous cochlea, which thus appears

Fio. 108, —Boxy Cocuma or Max, (Afer A. Eeker.)

A, nxis; Leo, Leo?, lamina spiralis osses, the fres of which, perforated by the
= "Hbres of the aniitory nerve, is ..EE.,.H.“—_.W«“ H, hamulus,

iz, 100, —Diacnasmaro Teaxsvnnss SEcTion oF Tie Coomiea OF A
Mammar.

K8, g*ﬂne._l + Loy, Lo?, the two layers of the limbna spimlis cssen, betwean which
st N the auditory nerve (together with the gang Eelt of L} is seen ; I,
limbuzs Jamine .W..L—. i M, membrana basilaris, on which the u._i._?a_.._v.m-._p
Niew; B, Rl = membrane; S, scala westibula ; scala tympani ; S,
szala media (membrancas Sp.rrlu“ 7, membrane of i La,
apirale.

approximately trisngular in transverse section, is ealled the ductus
cochlearis or scala media, It is apparent that the seala 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, 8o, 8.
Both of these are continuous with the cavum perilymphaticum,
and, following the direction of the sealn media, open into one another
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COMPARATIVE ANATOMY,

HISTOLOOY OF THE MAMMALIAN COCHLEA,

The fibres of the auditory nerve rinning along the axis of the bany coelilea
extend _._.s _“rn_; conrse _-_r_-qzu ot wards, Jz— em.c.n wﬂ‘_,z between the -i\!a

tes of the lamina spiralis ossea , Figs. 168, 17
ﬂu.&&. Lo and Lo, m... the _,u.wa Eﬁ_.% :uw.mm .w:ﬁ.. tlhese _Iuw.g.w.-.:m

break up into terminal fibrille on the inner surfice of the basilar membrane
(Fig. 170, &, A, N7,

Fro, 170.—Tue Oxcax or Conty. (After Lavdowsky,)

& two plates of the lamin spiralis ossen ; N, nuditory nerve with
v N%, the nerve brauching up into fibeillm and passing to the andi
) Ha, bacilli, or sap amr..k_mﬁanq_dup?n,«ﬂ—a:-walql.
of Corti ; La, __..nln-u_n! spirale, passing into the basilar .l._lrr_a:
, seals media ; B, imembrane of er ; B, B, basilar membrans,

. From the sarface of the bacilli o resistant net-like mem.
brane (membrana reticularts) extends laterally, and through the meshes of the
Iatter the hairs of the nuditory eolls project (Fig. 170, Mz).  The number of
the oater hair-colls may be estimated at abont 12,000, The auditory cells
are covered by a thick and firm membrane—the mensbmns tectoria &

H

(Fig. 170, Slnrmnw_._.ﬁufi.ﬂ acts ns n damper, and which arises
Inbium vestibulare of the lamina spiralis ceses, & Whale extent of
membrane consists of clear thread-like and elastic fibres, of w
16,000 to 20,000 can be made out in Man,
Treely, nnd, as their length varies definitely in d
they might be looked npon {were it
forming a port of keyboard ar harp,
eapable of analvsing the different waves of sonml, the vibrations of
ﬂEBEEEE__ _x.nF to the anditory cells, and th
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COMPARATIVE ANATOMY,

Fia, 171.—Diaaeams o 7ok Onar Caviries oF A Fi=a (A), Asurmisas (18,
Rerrine o Bikp (C), axp Max (D). .
W, external nostrils ; O%, internal mostrils : B, alimentary canal; K, gill-alits; L,
Iung ; T, trackes ; ¢, csophages: the arrow marked A indicates the
passage, that marked & the nulritive passage; t, the point where tws
Passages cross one another,
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212 COMPARATIVE ANATOMY.

any rafe they are formed on the same type as glands (lungs, th |
thymus). Mesoblastic elements are &%M_ Swﬁ_.mE mﬂomy%

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

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

(2) Mucous glands.

(3) The thyroid gland (GLtk).

(#) The thymus gland B_E_ﬂwru_

(5) The lungs (pulmones) (nir-bladder) (Zg).
(6) The liver (L&)

(7). The pancreas (Pa).

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

L 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 __Hsﬁmmn_ with jaws.

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

The organs of the oral cavity may be divided into three
gronps, 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 s a8 to give
rise to the so-called enamel-organ, which meets with dome-
shaped elevations of the underlying conneetive-tissue, the tooth-
germs or E.:.r-_uwwm:.s. oth these tissucs 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 eated by a fine system of canals,
and cement (Fig. 178, £8, &8, Z0).

! The mouth of the Lamprey serves as s suetorial organ for a the aminsl
ﬁano:_h_seﬁar The larve of Lepidostons and Anurm are fe provided
e L s wea, in Diipeol, th# lipe f which ars prwvkied with

n @ el TWEVET, W ane '
_#-__..f.nwnn%-“m mscles. : i X
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14 COMPARATIVE ANATOMY.

become differentiated into incisors, canines, and grinders
(premolars and molars).

Fishes and Amphibia. —The dermal denticles already de-
scribed in the chapter on the skeleton are structures homalogous
with teeth, for both are developed in a similar manner. In
Teleostei all the bones bounding the mouth may bear teeth, as
may also the ___v.cwn_ and branchial arches (pharyngeal bones). On
the latter, and also on the parasphencid, they are arranged in a
single series, or in mnsses ; numerous teeth are also met with on
the parasphencid in certain Urodeles (Fig, 174). In general,
however, there is in Amphibia a Emgﬁmp diminution in the
number of teeth as eompared with those of Fishes ; and at the
same time a much more uniform chareter is noticeable in their
form throughout.! 3

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 o double (Myetoders, Anura), or a single

r.. e
Foo 174 —8xtLL aF gnnﬂionaﬂs_otﬁsn n.m..a.!u—rn woniral side, showing the
apex (Perennibranchiata, Derotremata, ﬂuSso._u.&mn...._“_.. the latter
is the more primitive condition. The tecth lie decply embedded
in the mucous membrane, and are ut, as a rule, on the pre-
maxilla, maxilla, and mandible, as well as on the vomer and o,
but rarely on the lienoid ; in the larvee of Salama and
in Proteus the mﬂﬂ_ﬂu of the lower jaw is also toothed. Horny
jaws and herny teeth are present in larval Anura®

' In Fishes the teeth be eylindrical, conical, or hooked ; or in some cases
(Bearus, and the Sargine] may bo chislshaped, resembd
Mamimals, and ___aqr"g .3.«35 like seimors ; in others they give
__lu.s:n-—oﬂawi_an in o and serve to crush the food. .—ﬂprr_.rn.q!rw—.-

elicato and bristleshapod (Chatodon), or sabre-shaped (Chauliodus).
" The horny stractures on the © w in of T terus, in the

mouth of Cyclostomi, on the jaws of gi.ﬂu?& prof, belong
o the sume eatogory as these.
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216 LOMPARATIVE ANATOMY.

at a shart distance from the apex of the tooth (see the course of
the arrow in Fig, 176, A).

Betwoon the ordinary teeth of Snakes and the poi -fangs with closed
canals, there are numerous intermediate forms in which eertain of the teath are
simply grooved along their anterior side, A similar condition is also seen in
»MM teeth of the lower jaw of o poisonous Mexican Lizard {Helodermu).
{Comp. p. 222.)

h___ﬂ,_susbv. like Birds, are provided with horny sheaths to the juws in-
#ead of teeth.  The presence of teeth in embryas oqqzczwun woa.m__ns.“-ﬁnaﬁ
that this is only a secondary condition,

The teoth of the foesil Birds of America (Odontornithes) were either
situated in definite alveoli (Ichthyornis), or simply m._m?oeﬂ*w—a-_ut..n._._ﬂ...ﬂ_
The premaxills were toothless, and seem to have posscssed a ho 3
The single-pointed smooth teeth uq._—a_ﬁa_.%aﬁ were 1 mm. Jo all of
similar sive and form. Most probably oy were situated in alvecll Al
ea_..w?m Birds, as well as thuse of the Tertiary and Post-Tertiary strata, are
toothleas,

Fra, 176, —Frovnes or THE Potsox-Faxos oF o Viepuse Sxage.

A, skull of Rattlesmake ; B, transverse section through about ihe middle of the
o fan Vi medyies ; 0, transverse section th the poison
of v.iam-u.ql -!thha_z&-.m.w!—, (B and © after i) ]

s, poison-fang ; Rz, reserve fangs ; 60, poison-canal ;| PIY, pulp-cavity.

Mammals.—The differentiation of the dentition here reachos
its extreme limit, corresponding with the manner in which the food
is taken in and masticated.  As already mentioned, incisor,

canine, and m_l.:mmum ._.@w_.._un_wu.caa ars and molars) ean

These are all embedded in

as a general role be distinguish
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COMPARATIVE ANATOMY.

Fro 178, —Desvirions oF Tiue Dos (Cowis femiliari)
i, incisors § ¢, canines ; pw, promolars ; m, molus

Fii, 179, —Destirios oF Tar Porcorise { Hysiriz hivedinoeis),
Baoforonces as before,
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220 COMPARATIVE ANATOMY,

glance. Thus the dental formmla of those animals fhe testh of which are
represented in Figs, 177 to 181, would be—

7. Hedgehng, . §, & 8 pow. 8, m.,
mﬂ. _r.n.n‘. & *.mu!.m? m, &, =i
78, Poreupine, . §, ¢, §, m. §,
180, Sheep, i §, o §, pm. §, m. J.

» 181, Catarrhine ﬁ”..m__n fpa 8w g

The variations in the dentition of the different groups of Mammals are so
excoedingly numerous that it is impossible to describe them in detail here,
and only the following points will be briefly remarked npon.!

The easential armngement of the teeth is such that ihers is an alternation
botween thoss 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 ._.sxau-ﬂ-
between thew.

A ileration of the rudi ¥, funetionless tecth which are commonly
present ronders it probiable that in the course of genealogical development the
teeth have nnd & & decrense in number®  An ineresss in number, on the
other hamld, must be always considered as an stavism,

Finally, attention must be called to the commonly-existing sexual differ-
ences in dentition, as, for instance, in the Wild Boar, in the Narwhal
(Monodon), in the Dn ong (Hulicore), and in the Musk-deer. In the males
of these animals & modification of eertain of the testh (nsually the canines) to
farm tusks ocenrs, and thess serve us -.a..u.n.._.ww weapons.  In the Elephant and
Walrns tusks are nt in both sexes: in the former they correspond to
inclsors, and in the lotter to canines,

Glands of the Mouth.

The glands of the mouth, like those of the orbit and integument,
appear first in terrestrinl animals, that is, from Amphibians on-
wards. They have the function of rgaﬁ?m maoist the mucons
“....ua_u..p..m which comes into gsnﬁ_a.E. __.._n outer air. m.ﬁ
heing at first almost entirely unspecialised, and giving rise sim|
to wm_mﬁ.... fluid, mrswvﬁqaw&m.masapsn_ later mw..._b structures the
secretions of which take on a very important relation to digestion ;
they may also, as in the ¢ase o i us Sonkes and Lizards,
constitute dangerous weapons of nm...E..a

With their gradually increasing physiological importance a
greater morphological complication both in number and armnge-
ment takes place,  Their _.mm_b_ﬁm._m.ﬁ_ character also hecomes
changed in snch a manner that the three ordinary forms of glands,
ire. tubular, compound-tubular, and acinous, may be

ised.
n the lower Vertebrata the two first forms preponderate, and

' Thess varintions ot only consist in the varions positions and forms of the
teeth, but also in the ﬂﬁ.ﬁn wrrapgement of the enamel on the crowns,  Thus in the
non-Ruminant Bunodontin the molsrs are toberoular, while in the Ruminant
Belenodontia the surfaco of the grinders is made up of eresonn t-shngiod elaovations.

¥ The lnst molar of Man, or so-called ** wisdoan-tooth,” seems to be gmdandly dis-
-—,w.-lhym_ It appears lust and is lost first, and often doss not reach the
MEEface,
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223 QOMPARATIVE ANATOMY.

by powerful muscles, so that its secretion can be poured with
great force into the duct (Fig. 182, Ge), and thence into the
Poison-fang (4).

The sublingual gland of & Mexican Lizard, Heloderma, hasa somewhat
aimilar pobsonous nature. Tts secretion passes out through four ducts, which
perforate the bones of the lower juw in front of the grooved tecth,

In marine Cheloninns and Crocodilos there are o large glands anited
into groups eonnoeted with the mouth,

Birds.—In Birds, and more especially in climbing Birds
(Seansores), well-developed lingual glands are present, i
ﬂw the floor uﬂ_p.rﬂ Esoww_ rm..aWE no doubt that .hwmﬁ

omologons with these of Lizards, and they probal
with the ﬂ&g upper labial gland which o.—_wmuu mnﬂﬂ:o angle of
«wmuug*._.orh:w.sawimﬁgumguﬁm% The ting
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, ing to their

ition : (1) parotid, (2) submaxillary, and (3) sublingual

ewmw.._qm.y ,ﬂw_..ﬁbn_.ouaa_vw??i of a well-defined duct (ducts

arton, and Bartholini respectively) into the
mouth, The former corresponds to the opening into the
angle of the mouth in Birds, and consequently also n_wawﬂw%&uﬂ‘
gland of Snakes. As the last-mentioned is to be upon
as a differentintion of labial glands, the same origin must be
Mh_iue&. for the parotid,—and this is confirmed by a study of its
evelopment.

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

Concerning the tonsils of Mammals, which lie at the Jjumetion of the
month and pharyns, eompare pp, 239 and 203,

Tongue.

In Fishes and Dipnoi the tongue is, s a rule, radimentary,
usually consisting simply of a covering of mucous membrane ex-
tending over the of the hyoid, which in all the higher
Vertebrates serves as the main point of origin for the tongue-
mmscles. The tongue is not capable of movement apart. from the
visceral skeloton in Fishes, and, except in Cyclostomes (where it has
to do with the suctorial apparatus), is wanting in a proper museula-

it i i —unﬁ.,_m?samuﬂﬂno:@ﬂpﬂnc—nsuﬁn
or, when covered with .3hm3_$.=&_a.ﬁwsnn_u9 .

In the Perennibranchista 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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Faa, 184.—A, Toxove, Hyomn AFFARATER, AND Broxent or a Grexo (Phyils:
drctylios ewropaus) ; B, Towore or Laceeta ; ©, ov Mowitor indicus D, ox
Erwys europo,

&, ¢ K, tody of hyold ; P2 and HI, antarior and pestirior cornma of yeid ;
2 Intrm s T »_ﬁ_ﬁ_ gland ; 7, trachen; B, bronehi; Ly, lang s A, jaan:
dible § X, glottis ; 28, sheath of tongue.
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236 COMPARATIVE ANATOMY.

constricied off from the pharynx in the course of ._.o%r
and the communication between them is once for all ished.
(Comp. also small print on p. 225) As a rule it shows a paired
arrangement, and lies right and left of the median line, Internally
it consists of closed glandular vesicles, surrounded by a capillary
network, or cylindrical branched tubes may be M_EaE (Mammals).

The whole is lobulated in structure, and is nrwuuuum—.mL
particularly in Mammals, by a great wealth of blood-vessels, It
seems very probable that this organ, which is in many respects
rudime » has un a gradual change of function in the

i phylogenetic development, but as yet.
explainin what its function consists, As regards position, it either
remaing throughout life in its focus nascendi on the floor of the
mouth, as in Fishes and Amphibis, or it extends a varying
distance backwards. In Birds, for instance, it lies on the origin
of the carotid artery (Fig. 185, T¥).1

ﬂsﬂ—qiwwaﬁgq the thyroid has been studied sﬂn!a_mtm._ﬂw 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 ually separate from one another
until eventually they reach the position oceupy in the adult,

Amongst Mammals the development of this ergan is best known in the
Here the socalled middle lobe or isthuwus ariscs as an outgrowth of
mucons membrane of the foor of the mowth on the level of the second
branchial arch, The latoral lobes arise in the region of the third branchial
cleft. ‘The different lobes become united later on (comp, also small 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-clefis. It is impossible to state with certanty 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,
them the organ has a segmental armngement, ing to the
number of gill-clefts, and in Gymnophiona indicati
similar arrangement are to be seen,

According to His, the thymus of Man does not arise from the inner

hypoblastic epithelium of the pharynx, that i, of the visseral
:w%uogq-lﬂ‘_.wroﬂﬂ_ fepiblastic) covering of the nu......._r. third,

1A to A, Dehrn the arch
the miﬂiﬁuunl o F-Hll-n._ bular, llanaﬂ_._uu!r
and the “ Teprisents tof a loat gill-e
and byold. [habrn supparts this ol
systems ; the thyroid artery arises like
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28 COMPARATIVE ANATOMY,

In nic time the always shows a lymphoid
nu.nﬁ._:woﬂ?:wawma aceount of its 1%&55 in %ﬂms ESL.SQ.....S_?
certainly has important physiological relations 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-
ﬂw&u mﬂ_...ns_a ion of the Jarynx above the sternum as far as

diaphragm. ter it undergoes a ret ive metamorphosis,
and finally becomes more or less completely obiiterated, though it

rsists for a considerable time in Man, often for many years after
mw.nu. In all other Vertebrates it persists thronghout _wmr and lies
as a lobulated or eord-like o in the anterior or lateral region
of the neck; thus in .re:wﬁwa. for instance, it is situated
behind the gills in the neighbourhood of the fibrous band which
conneets the gill-cover with the pectoral arch, and in Amphibians
it liea behind and above the articulation of the lower jaw (comp.
also Fig. 185, Tm).

II. (ESOPHAGUS, STOMACH, AND IXNTESTINE.

Fishes and Amphibia.—While in Amphioxus a widened
section of the alimentary canal is probably to be looked upon as
sort of stomach, in Cyclostomi, Dipnoi, Chimmrw, 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 course. Tn this ease the only externally
visible boundary between the stomach and intestine is, as already
mentioned, the point where the bile-duct (duetns choledochns)
perforates the wall of the Intter. In other Fishes, as, for instance,
i Squalides, all Gancidei, numerous Teleostei, as well as in
ursmmqo“;iw»r Myectodera, and Anura, thestomach appears
more or less dilated and sac-like; it may also be curved on itself,

80 that one can distinguish between a part Euﬂﬁw backwards

(descending portion) (Fig. 186, M), and another ext forwards
(nscending portion), the two lying parallel to one another (PR). In
general, it beeomes adapted to the form of the body ;—thus Rays and
Anurans possess s far wider stomach than do most other Fishes and
Amphibians (ep. Figs. 189 and 190)—and this rule holds also for
Reptiles. The stomach of Teleosteans varies eonsiderably in form,

The wsophagus is short, and usually ot distinctly marked
off from the stomach, though exceptions to this often occur, as,
for instance, in many Teleostei, and in Siren lacertina amongst
the Amphibis (Fig. 189, Ge). ot

A longitudinal fold extending inte the lumen of the intestine,
the first traces of which are Bﬁ in hﬂ!oam”_-.r to _«ofiﬂ“n
i a3 & structure designed increasing digestive su i
Dﬂnﬂm-nro present in Elasmobranchs, Dipnoi, and Ganoidei,
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230 COMPARATIVE ANATOMY,

to & certain extent, the more one is developed, the less important
is the other,

Fio. 187 —ALIMENTARY ViscERA A%p Am-BLanoss or Lepidostens, in sitie,
{(After Balfour and Parker.)
@ anus; a.b, sir-bladder; obY, its aperture into the throat ; 5.1, aperture of bile-
duct into intestine ; ¢, pyloric cmca ; wb Qm..rEm.Z»ﬂ.&.!ﬁﬁh—.E“ I,
liver ; py, pylorie + & wpleen ; ap.v, apiral valve ; o, sto

In the narrow-bodied Gymuophions, the intestine is only
slightly coiled, while in Anura it becomes Séﬁg
on itself. Its form in Salamanders is about mid-way between
these two extremes.
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33 COMPARATIVE ANATOMY,

food, which are swallowed whole, it is capable of great distension,
In these forms the intestine is only slightly coiled; in Lizards the

Fie, 159,
Fia, 180, —INTESTINAL TRACT OF Siren lacerting,

ntur.....aewn_ E..ssaz. nstriction, t; 7, pylorie
. Em—n-m%.ﬂ_..-”—-:go._ ﬁ.ﬁ“#——i

Fro. 180, —IsresTivar Tiact or .an.-a_“!..ra&.
?iﬁﬁrhﬁiﬁu?..m_switﬂhﬂ.ia-fu.nia;
between the I the large i : A, opening of the
rectum thta the elesea (G7) 5 5, wobnare e 3 A% i «
coils are more marked, and in the other forms, with broad bodies,
the folding is carried still further. .
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254 COMPARATIVE ANATOMY.

in direet 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 ually less marked, and
the division of labour is less noticeable, Thus in the serics of
existing Birds we can see the line along which the differentiation

of the organ has taken place ?m-ﬂp:an__w.

.g“_.m.s__._.c dilatation of pﬁ,wu.mn let of Birds, which is known
as the crop (ingluvies), must be mentioned (Fig. 191, Ip. A
false crop serving only as a food reservoir, and entirely wanfi
in glands, and a true crop, rich in glands, which have a chemi
function, can be distinguished. The former is seen, e.g., in many
Ducks, in the Cassowary, Halimus, and Otis, and the latter in
Rasores, Columbidm, and others. The small intestine is
usually of wuw.r..&mm..sza length, Emogﬁmﬂnmﬂw_n& on itself to
A greater or degree ; it varies, however, in form, length,
and diameter. At about the middle of its extent there is a small
ceeum-like structure, the remains of the vitello-intestinal duct,
or diverticulum emeum.

The straight large intestine opens into a cloaca, and varies
as to its relative Mﬂgsﬁ The ceeum is usually paired, and
may reach an enormous length (Lamellirostres, Rasores,
Ratitm). All kinds of intermediate stages between this and an
entire absence of o cecum are to be met with, -

In those cases where the omeum 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 cmeum being provided with a ‘spiral fold
consisting of numerous turns, as in the Ostrieh.

The so-called bursa Fabricii is a structure poculiar to Birds,
It arises as a small solid epithelial structure, which later becomes
excavated to form a icle, 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, m._ESiSu_w.« to the urinogenital ducts. It is

bably t in all Birds, but becomes atrophied more or
ﬁ“ Sﬂmﬁwmﬁerapmivmmﬂagiqcnungrﬂ%.

unknown.

Mammals.—The @sophagus, like that of Birds, is
marked off from the stomach, and is differentisted at its i
end to form a pharynx, which is regulated by strong musel

Under the influence of the food the stomach Eﬁ
much more numerous modifications than are met with in any
Vertebrate class. As a rule it takes o more or less transverse
position and has a sac-like form, the portion into which the wse-
phagus opens being called the cardine, and the part between
thiz and the duodenum the pyloric portion,
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236 "COMPARATIVE ANATOMY.

Herbivorous Mammals, as a rule, possess a larger and mare
complicated stomach than do Carnivorous Mammals {comp. Fig.
192, A to 3),'and it :.—.um« become divided into two or more chambers,

- Thus in Ruminants (Fig. 192, E) there are four chambers, which
are called respectively, rumen (paunch), reticulum, psal-
terium,® and abomasum, The two first simply serve as storage
ﬂwq#um.mp the food retarnin QM,E them into the mouth, once more
to u mastication. It then passes into the pealterium, and
finally w...-.mwnra abomasum, the latter alone being maq.io&ﬂu_l.mnr
rennet (gastric) glands, and serving as the true digestive stomach.
Sﬁ%w .wb-s_._ arrow in Fig. 192, E, shows the course which the food

i :

The small intestine WE&WWE?:E varies more as to length
and diameter in domesticated than in wild forms. Commonly, as
in the human subject, the relative length of the small intestine
is less in the feetus than in the adult.

The large intestine, which is made u %b-ﬁﬁﬁﬁ_ﬂvﬁﬂ.
coils, usually reaches a t 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 ome another, and the
distinction between iz rendercd still more marked by the
sacculations of the anterier part of the large intestine, the .
“.anm_uﬂon portion of the _w_._wmu. or ﬂaa._n_.... which __xﬂ_.nn into

e pelvic cavity, corresponds to the large intestine lower

ining and far larger must be looked

upon as a neomorph, and is called the colon. In this, further
subdivisions may : %@&Mﬁm&%&. g, in Man,

The c¢mcum, which is ot present, undergoes the
Eﬁﬁmﬂs!;&mﬁmﬁagﬂﬂ%ﬁg and size, accordin
to the kind of nutriment. Thus in Carnivora, O.woﬂ..n.novm
Insectivora, and Cheiropters, it is very small or even entirely
wanting, while in Herbivors, it may exceed the whole body in
length. An inverse development in size is usually noticeable
between it and the rest of the Fua iutestine. In many cases
many Monkeys, Rodents, and Man) an arrest of a portion of
-the emeum takes place in the course of individual development
(Fig. 172, Py), giving rise to a processus vermiformis. In
Lepus, the enormous emecum is provided with a spiral valve, and
in Hyrax, besides a large sacculated ceum at the junction of the
amnall a0 Inie Inboetiine, thrse 1 & patr-of Auige Sl sl
emea further back.

Monotremes only amongst Mammals possess a proper clonea,
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240 CCOMPARATIVE ANATOMY.

wall of the gut (#to B). By a further de nt these

become more tube-like and elongated, and ﬁ_%%ﬁhwa to the M—Hﬁt_-n._?

mentioned mnningh H...Sanriwu.
ik ).

i glands (peptic glands and glands

Fra, 195.—SeminisoraMMaTIc Ficvnes or tme Mucovs Mesmsraxe oF ™HE
LevesTinNg or Frsies, sRowise INTERMEDIATE Fonas EETWEES LOSGITUDINAL
Forps axp Hovsn Cryprs.

A.g_mﬁﬂw_ﬂfni?a_ ._E._:ﬂ.!.wu!u—of.-:n.r“ﬁ.r._ﬂ.
various Ien

The finger-like outgrowths of the mucosa (villi intestinales)
(Fig. 194, A, Zo, Zs) 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 throngh numerons
intermediate forms from ordinary folds, and appear as distinet

pille from the Sauropsida onwanls, reaching their greatest
evelopment 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 Vertobmte
{Amphioxus 7). It is united to the _Bw_ﬂ.q-: a fold of the

ritoneum, and varies considerably in the number of its lobes,

@ Eww nevertheless fix upon a ground-form consistin
of two lobes (Myxinoids) as the of the n in
Vertehrates. Tt always arises from the commencement of the small
intestine, and develops into a large vaseular and glandular organ,
(Figs. 106 to 108) which gives rise to bile, and remains in com-
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242 COMPARATIVE ANATOMY.

munication with the intestine by means of one or more ducts
(ductas choledochus) ! (Fig. 197, .wn

A gall-bladder (vesica fellea) may or may not be present, and
in the former case it is connected with the system of hepatie
ducts by means of a eystic duct (comp. Fig. 197, &, Dey, Dh)

5

P

2

1y
f
gjf

i
i

i
i
I

:

I
fif
i}

Fue, 108.—Viscera oF Eacerta agitis, in situ.

9. .Einﬁgiiguhu. glﬂ-n“h.u—.l“
[ -biadder ; P, pancreas ; 5, urinary bladdar ; L', the two lungs,
M&ﬁi&iﬂnhkﬂuﬁ.mﬁﬂﬂ: " tmchea,

i
i

The liver of the Anamnia (rg. Ganoids and Perennibranchi-
ates) is, as o rule, relatively larger than that of the Amniota.
Carnivorous (fat-eating) animals generally possess o larger liver
than Herbivores,

4
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.ds._uufsa_,qa._ns Lamprey aadergoes o histologieal imgrdon
rﬁﬂaﬂﬂnﬁﬁv-ﬁaﬂ. gall-bladder Enﬂ.r..k_r!mnﬁat;..!_ -
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M8 COMPARATIVE ANATOMY.

InPetromyzon the individual branchial snes open frecly to the
exterior; but in Myxine this original condition becomes modified

Fro, 200 —Diacrast o¥ & LoxoiTupisar Seorios THRMUGH THE HEAD oF

Ammscates (A} AND Petromyzon (B)

@ n

Fio, 201.—LoxamupisaL Secrios Tigoves THE Heap oF Awmwsontes,

¥, welum ; F, papill of mucous membrane ; K, &, K, thiee antorior gills ; Th, thyroid
gland ﬁu : HE...;H E..EE_WM ...___ .Fu-l.&inn 5 Siln..f?ﬂ@.f&. the
ventricle o an tof the s 51
ar, u..a_.num_T._u_nE" A, metinoephalon ; h,.'ﬁh“wﬂor{ﬂrﬂ.
m.,ﬂw_mh._._r mid- and hind-braln ; o, ‘subdural cavity; O, motochord;
5

¢ the external gill-passages growing out into tubes, which
._Ha.!t.. to form a emn.uﬁu duct on E,m__.m.. side ; z.WFo..WE.- far behind
the branchial npparatus on the ventral side of the body.

Fishes.—From the Elasmobranchii onwands the gills come
into close relation with the skeletal part of the visceral arches, and
in these Fishes they consist of closely-approximated transverse
Inming: (Fig. 202), which are firmly attached to both sides of the
septa which separate the individual gill-sacs from one another, so
that each septum bears gill-lamine on both its anterior and pos-
terior surface. The gill-sacs, of which there are usnally five (six
oF seven in Notidanus), usually open separately to the ex i
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238 COMPARATIVE ANATOMY,

inasmuch as their internal surface is u.q«_.ﬂzm smooth, and has,
therefore, a much smaller superficial extent, hey consist of two
delicate elongated sues, of unequal length, and constricted in their
middle ; in Protcus they extend much further hackwards than in
Menobranchus, A différence in length between the two lungs is
seen also in other Amphibia, such as Amphinma and Siren
lacertina, in which the two cylindrical lungs lie near together,
close to the aorta. Their internal surface is raised into a net-
worl, ding 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, L

" In Salamanders the lungs as a rule are equal in size, and have
the form of eylindrical 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 trabeenlar network : the left is only a few
millimetres long. A similar abortion of ene lung is also seen in
Snakes, and in Egrbas.woi—rprmm_hsmvi form of the
body (ep. the note below), The wide, elliptical nngs of Anura
are quite symmetrical. Their internal surface, which is partly
lined by eili Wwﬂ_ummg.ﬂ. is raised up into a rich res
network of trabecula,

prezent in their walls.

Reptiles.—TIn Reptiles, a5 in all other air-breathing Verte-
brates, the form of the lungs is to a great extont _-nﬁru:.sn
of the bady, In the Eh..ﬂuﬁ types, such as the Chelonia and
Wu_aemm:? their structure is much more complicated than in

phibia; this complication i i

and numerous smooth muscular fil are

t - the becomes trated a branched system of
,_asda_._ hi, m“_w“mp the agwgw of a Ec.ru.__u—. and gﬂﬂ;
work.! ug the phylogenetic stages of development are here
again repeated ontegenetically. :

* Thal of the Chameleon present a ve
Es%ﬂ.ﬁsr;?ﬁgﬁa Bn.—.ﬁqmw l
grows out into numerans sac-like procosses, some of w 3
vie region ; their form is very variable, being
wherever there is room. B [ITORES0A
ﬂﬁﬂieﬁ.ﬁn!ﬂgﬁpﬂr An indication .pwq

of
! The lung of Snskes exhibits an intermediste form, for, § 5
Eﬂhﬁggi oh .F-—E;h-!min_ln

. Eul.-.? -uurhum._
v St el UL e b
_naas_wxn?wu_ condition, or even entiraly.
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‘COMPARATIVE ANATOMY.
T ol

Fro. 208, —Aznpoxrsas Viscena axp »..-h.s._ oF A Doek Arren Tiie REMoVAL
or TuE Vevreas Bovy.Wart. (From an original dmwing by H. Stramser.)

T, trach H, heart, ‘tosed within the perieardiom ; v, IL, right and left lobes
ﬁ_“:.n._.“:__.m_.p- . nwgm_ﬂn_z .iiﬂ._n. smr_..s.l..q

Ms- “W. T % pestoral artary
Imi-"a_.!rnrbﬁﬂh«r.oﬂ.;__uﬁ.bﬂnf“ ool coract.furcular
Ugnment; L, Lq', Yang ; r. AKd.S, T, Abd. 5, right aud u%ﬁ!
; D.th.a, the Abrous a—.z.—-a-__.-__g_-_ i Th

¢ ﬂi-_rrliﬁ:uﬁr




with

(e.g. Rhes, Vulture, Adjutant) s median septam is present

{From an original drawing by

fuging with its fellow to form an qu.stslnri.

cular chamber, bounded by the furculs ;1it

! In some Birds
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2062 (COMPARATIVE ANATOMY,

air-cavitien which lis botween
outside the body.cavity

The lower surface o

u OnATY ApOTIG

number of muscnlar bands {costo- ulmonary muscles), Thess arise from
the vertebral ribs, and are sn u:&.w_.._. the intercostal nerves (Fig. 210).

The main bronchus esobronehium) rans close to the ventral
surface of the lung surrounded by the lung: mi, and extonds to

rior en Iy fiito the abdami i

25 E'a.ls.éﬂ
M

]
'

B
F

bronchinm opens
e (Fig. Ea.m.m.?ﬁ!s:q
hie lateral bronehi co

E.!-..&EN!.
dorslly to the costal face of the Iung.
numeroas bronehi of a thind ozw.-.__.u.mﬂu brame
raised inlo numerous transverse net-

capillaries extend.

Bath

.?u—.a:aiumﬂss_.unguh&n&ﬂ regards the genesis
gﬁ%ﬂ—&mg aﬂ.m—zﬁﬁmq‘aw; . i 3
.. Barly in the embryonic period, delicate-walled hollow pro-
cesses, m:.x_ by pavement, A_mmuo_EE._ arise from the EE.WW
¥esicles : these grow rapidly, and soon exceed the Inng Weﬂﬂﬂnh
size, so that they extend amongst the viscern. Their form an
extent depend entirely upon their surronndings, and ﬁw.&ﬂm_w
eonsist of interstitial cavities lined Ew the membrane of the air-
it by to #__wm E&.Bﬁﬁ.!; in
numerous ex wyond it, ing in between e muscles,
i mos! M*__o bones, The latter
are thus rendered poeumatic? and consequently the specific
ﬁo&.ﬁ of the body is lessenod, and the power of flight increased.
pueumaticity of the bones is not, however, an stsontial Pecu-
liarity connected with flight, for in many Birds which are extremely

A : eften .ﬂ
Rl sy o 2l e e e, st s o

* Thia cannat of oaato taka ylsce until the marrow of the bones hus performed
?%Ef!:p%_riwa_ﬁﬂuﬁﬂ. i .

sacs, Moreover, they are not confi

beneath the skin, and even into







264 COMPARATIVE ANATOMY.

is the case, for instance, in Man, Hegﬁggg

.P-E—wﬁw lobe of th lung bel he eparterinl
anterior lol the right lung belongs to tl i

and that of the left lung to the first hyparterial bronchus, these lobes

Fio. 21.—Duacnax or e ANRANGEMENT oF THE Browemr iy Mammais,
(From tho ventral side. )

-, _En-nru-&&#ﬂ&mu"v_u&.hz&!i.-uhnii
R _..__.aar_..ai:_._ bronehi ; 4 and F, pulmonary artery and vein,

are evidently not homologous, the middle right lobe corresponding
mrich ES.MHEEHS the anterior lobe of the left side, Thus
there is a want of symmetry between the right and left
uwmm.__. ..E; right lung retaining one element more than
the left.

The formation of lobes, which al ins at the anterior
eud of the luog, n of Les fendamental npories oy Lo oolerise
structure of the lung than is the arrangement of the ial
Nﬂmﬂ.. as a gingle la i

llows that what has hitherto heen
the inferior (posterior) lobe does not
represents the main axis of the lung, enclosing the main bronchus.

In the description of the peritoneum (p. 208), attention has
al been directed to the fact that the thorasie cavity is
lined by a serous membrane, the pleura. As in the case &wzs.
peritonéum, a parietal and a visceral layer may be disti :
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H. ORGANS OF CIRCULATION.
(VASCULAR SYSTEM,)

THE organs of circulation consist of a central « the heart,
peripheral organs, the wvessels, and nutritive m:.mu. composed of
plasma and structural elements cells)! the blood and
lymph. The latter, which occurs within closed canals,
partly in various spaces and cavities o_uma body, and which
penetrates all the tissues, will be spoken of later, and the bload-
vascular system in its more restricted sense will be treated of
first. This consists of a series of completely closed tubes veasels),
which, according as they contain ea"..umnﬂﬂbi or impure are
spoken of as arteries or veins. is, 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 ealled veins,
while those ir..nw. arise from the heart are spoken of ag arteries.

The heart, which is enclosed within the pericardium,? serves as
the central organ of the circulation, and acts both as a suctione

mmoqg-ﬂ:.u? It arises, like the entire vascular
gystem, from the mesoblast, either as a single or as a paired

tubular cavity ; it originates in the splanchnic layer along the ventral

1 The blood- and 1 % the last rosults of segmentation in the
mesoblast, Tho first ?-.ﬂn ane 1-#4-5 corpuseles, which Br-lt“u ‘
smeeboid (theso amo the enly kind present in Amphicxus) ; the red secondarily;

o i e white qs.._qe._nir." or 3
lnua
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270 COMPARATIVE ANATOMY,

This condition of things porsists thronghout life in many
Fishes, and is at any rate passed through in the individual
ne_._.q_ouﬁpna of all Vertebrates,

With the appearnnee of pulmonary respiration, important
changes take place in the primitively simple heart, which finally
result in the formation of a septum in _..o..__.. atrium and ventricls,
and thus lead to the presence of two atrip or auricles, and two
qﬁ.H..__ﬁ_mw_. the conns arteriosus _“:n_ sinus venosus become even-
tually incorporated in the ventricles and right auricle respectively.
Thus & right (venous) and a left (arterial) half can be mr.__....a.
guished, and a new vessel, the pulmonary artery, arises from
the mqw__ ventricle; this conveys venous blood te the lungs, while
special vessels (pulmonary veins) return the oxygenated blood
from the lungs to the left side of the heart, from which it passes
into the general eirenlation of the body.

The gradually increasin complications which occur in passing from the
emtond

lower to the higher Vertebrates will be more easily und afier the

condition of the circulation in the émbryo has been considared.

Tie Feran Cimeviatios,

In an early siage, the bulbus arteriosus (Fig. 215, is
continued ?wﬂwahbm”sﬁa. the head by a long unpai ﬁi
(branchial artery), which gives off right an o series of
symmetrical transverse branches or arches (A¥), each of which
runs between two consecutive gill-clofts (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 sither side (8, .8Y).
These branchial veins give rise further back to the right and
left roats of the aorta (24, BA),

In all Vertebrates the aorta (A) is throughout life the mast
important artery of the body; it extends backwards along the
ventral side of the vertebral axis as a_me unpaired trunk, which
gives off numerous branches, and forms the candal artery in the
tail (4

.Hwﬁzﬁouﬁ_h_n or omphalo-mesenteric arteries {Fig. 215,
Am, and Fig. 216, ROfA, £.0f. A), which are very important
up to a certain stage in development, arise from the aorta, and

earry blood to the surface of the volk, whenee it is returned by

means of the vitelline or omphalo-mesenteric veins a«._m. 2186,
£.0f, LOF). In embryos of Fishes these open inte a subintes-
tinal vein, lying on the veniral side of the alimentary tract, and
opening into the heart: in the higher forms this vein is Eﬂ?
sented by the eandal vein and the ductus venosus (Figs. 217
and 218, D7) ; the latter passes through the liver on mn_..duwnuz:_
Lieart, but disappears on the formation of the portal cireulution,
Before passing into the sinus venosus the blood becomes mixed

Aol
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EFE] COMPARATIVE ANATOMY.

head, mesonephros (see p. 296), and body-walls (Fig, 215, ¥C, HC
and Fig. 216, 8.0 7, «u.unau_ 4 5

The anterior cardinal veins, which return the blood from the head and
anterior portion of the body persist, nnd give rise to the lurge jugular veins
of the adult (comp. Figs. 217 to £19); the posterior eard soon become
Hﬂ"&. obliterated, and are replaced by the nzygos and vertebral vein

miore ially by the posteaval (vena cuva posterior a. _auaw_au
(see Figs. 217 10 210).* For Farther details as to the vinous circulation, eg. the
portal aystem (which becomes established in Fishes by the subintestinal
vein), the reader is referred to Figs. 217 to 219,

Fia, 210.—Disoian oF mHE Cikevrarion or TR ToLE-Sic AT THE BND oF
THE THIRD Dax oF INconarox 1% THE Criex, {After Balfour.)

I, heart ; AA, the second, third, and fourth sortic archea: the first has bocome
obliterated in its median portion, but Is continued at its
Mx-uﬂﬂﬂniv"ﬂwﬂfmﬂhﬂ.m!nsnn_tﬁt 3

4 witellino artery ; A, Ti
:-_ﬂw_ W.Gn Beft witelline vein ;
DG, dactas Cavierd ; 5.0, F, shf

To return once more to the arterial system :—We must consider
next the two branches of the dersal 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
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474 COMPARATIVE ANATOMY,

embryo undergoes a longer intra-utering existence, the allantois
coming into elose connection with the walls of the uterus by menns
of its villi; the allantoic vessels extend into the wall of the uterus
and come into more or less close relations with the matorual
vesscls, thus serving for the respiration and nutrition of the fubus.

Fio. 218 —Duaceas oF tue Vesous CIRcULATION 1N THE CHICK DUKING TiE
2 Laten Davs ow Ixcusariox, (After Balfour.)

H, least; PSR, right procaval ; FELE, left val ; 8.1, sinus venosns : the
two precavals are tho original **duetus Cavieri " : they open inte the sluus
venowms ; o, lar wvein ; &U.F, anterior vertobrl vedn; W, subelaving ;

Ll i HF, hepatie velns ; DF, dustis venosus ; PV, portal vein ;
M, mesonteric veln ; O, vitelline vein; I, allantole vein, o thiee laste
mentioned voing unite together to form tho portal voin,

In this way arise a placenta and « placental circulation (comp.
pp- 10-12).  The embryos of all Mammals exeept Monotremos
and Marsupials reach this high stage of specialisation,

The allantois then no longer has a simple sac-like form, but
becomes solid.  The part outside the body of the fetus disappears
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a76 COMPARATIVE ANATOMY,

definitive urinary bladder and urethra. Indications of the
point of exit bf the allantois and vitello-intestinal duct (umbilical
cord) from the _u..x_w.nsqu can be scen in the adult at the navel,

or umbilicus, which represents the last point at which the
body-walls become united,

Fio, 220.—Diacrassiaric Seorion Tinoven ik Husax Guavin Urssus.

U, uterns ; %, T4, Fallopian tubes ; U, uterine cavit 3 D, docidua vers, which
.naﬂ!._u.: u-h.ﬂ.q_ws nr—”_”.ﬂ..:.-_u portion of the __?389“" ey decidiea reflexa ; Py,
futal portion of the placenta (chorlan frondasam, CAf) § 4, chorian lwve; A, A,
the cavity of the amaion flled with fuid : in the interior of the ammion is seen
the o i lnm...!ruw __..._ :_o-s,ri.h..nr:._ﬂ-_-_g__w .W_.“ rﬂ_ﬂr_ﬂ_. marta ;

H val ; p, portal vein ; Al allantoio (um arteries |

by E._J—rl.. _.ﬂ_.__ﬁ"”--wq»ru umbilieal wein ; 77, the remains of the yolk-sac

*
{umbilical vesicle).

The branchial vessels never become functional ds such, in any
poriod of development either in Mammalia or Bauropsida, but those
which persist give rise to important vascular trunks of the neck,
head i...o:a%_.__.?w extromity (subelavian), and lungs (pulmonary
artery), ani also Lo the roots of the aorta, one or both of which may
rewain (eomp, Fig. 221, A to D),
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COMPARATIVE ANATOMY,

Fio. 222 —HEAwT aF Vartovs Fisngs— A, or vie HaMuen-ngapen Siank
[ Zipgeenas saelens) ; B, oF Hilwrus planis ; ©, 0F A BELACHIAY, CUT OFRN,

?.:!:__.L.L_Rmb“?nza.__r—gr:-.?!fal._.iz&ﬁ balbus
._.aa.rni.“ au. veniral norts. g o

In C, #, a, indicate the atrio-ventriculat valves, and B, the valves in the conus
nrtoricsns (Ca) ; A, atrion ; F, ventricle.

ventricle (Fig. 222, ¥) and an atrium (4), the Iatter recei
its blood from a sinus venosns, and being laterlly Esﬁ__ﬁ
to form the appendices auriculw (4, a, o).
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280 JCOMPARATIVE ANATOMY.

of the gills (B), where it becomes oxygenated, to pass thence
into the branchial veins (Fig, 223, 5).  The manner in which
the woq_uwu“ roots beeome formed from the latter has already been
deseribed,

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 mi sﬁ.ﬂmwo«ion: that seen in Fishes and in Amphi-
bians. The atrium becomes divided into two chambers by a septum,
as does also the ventricle to some extent, The conus arteriosus is

Fio, 224.—Diacrax oF THE HEART A%p Braxeman VrssELs oF CERATODUS
(Mainly after J. E, V. Boas.)

w-.____nn&.Eo“L.A_...__Epnﬂa 8!!5“:...5:9-.5"_0\. gnuiﬁiﬁﬁ
eardinal veins ; D, ductus Cuvierd : Ttadr, branchial arteries ; 1 to 4,
veina ; Ca, earotid ; Ap, palmonary artery § RE, capillaries of lung ; Fp, pul.
manary vein ; B4, roots of the aorin, heginning at +; Ao, dorsal anrta,

twisted spirally on itself (Fig, 224, Quw.. in Ceratodus it is pro-
vided with eight transverse rows of valves, and beging to be divided
into two chambers, In Protopterus this division is complete, so
that two currents of blood, an arterial and s venous, pass out
from the heart side by side (Fig. 225, a,8). The former comes
from the pulmonary vein, from which it psses into the left
atrium, thenee into the left ventricle, and so to the two anterior
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282 COMPARATIVE ANATOMY.

clongated in bEm._.r_ ma, Protens, and the Gymnophiona, Tt
i continued anteriorly into a conns arteriosus, as in Elagmo-
branchs, Ganoids, and Dipnoans; this has usually a slight
spiral twist, and possesses a transverse row of valves at either end,
as well as a spiral fold extending into its lumen! This holds good
for the Axolotl, Amblystoma, Salamandra, Amphiuma,
and Siren. In others (eg. Menobranchus, Proteus, Gymno-
phiona), rotrogression is seen in lengthening of the conus, the
disappearance of the spiral fold, and the presence of only a single
row of valves. .,

In Anura, the fold lying within the conus extends 80 far
back that no undivided ion of the cavity is left. The conse.
fence of this is that the blood in ene scetion of the branchial

i

Fro, 230, —[iaonhas snowise The Covsse or Tk Buoon TRRoven tae Heanr
1% Uredela (A} AxD Ansra (B,

A, Tight atdum; A, left abrium ; F, ventriclo; #r, vonms arteriosus, divided in
ﬂm_ﬂi (B) into two pertions, dr, il through tr venous hlood padses into the
Pulinanary artesios, Apt, Apf, whilo {hrough #r mixed blood goese the et
ei—ce, and to the roots of the worls, K Iy, Ir, pulinonasy veins; v,
pre- and posteavals (only one preeaval s indicaged) apening inta the rght
atrium,

vesscls—that from which the pulmonary artery arises—is mainly
venous, while the others contain mized bl (Fig. 226, B); for,
owing to the g nature of the ventricle, thore is no time for
its contained blood to get thoroughly mixed before it is forced into
the conus.

Az 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 arterics Pass to numerons external
gill-tufts, where they break :ni into capillaries (Fig, 227, 1, £ 8.
From the latter three branchial veins (£'to ITT) arise, which pass to
the dorsal side, and there unite on gither side to form the aortic roots.
The fourth branchial o Which is smaller than the others 4,
docs not pass to a gill, bt to the pulmonary artery, which arises

.E%?ﬁr??._ﬂgnvantmiqi? 8 serdes of fased valves,

-
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284 COMPARATIVE ANATOMY,

the former giving rise to the carotids and the latter forming the
Inrge aortic root (Fig. 298, e, o, RA); an anastomosis remnins
throughout life, however, v_o_agﬂ ._____“uw _....._—._ﬂ._w@pmsm_._. dm__wﬂw_ m_wu_-ﬂh
the pulmonary artery, and the second and thi ig. : is
is the ductus Botalli,

The third arch varies greatly in its development ; it may be
present on one side only, or even may be entirely wanting,

-

Fro. 208.—ARTERIAL Ancmes oF ax Apvur Salnmandee sk, AIEWE SPREAD
our. (After ], E. V. Boas.)

3, {r, donus {truncus) arteriosts ; I to §, the four arterial arches ; ee, external carn.

il ; od, carotid gland; ef, Internal carotid : the fourth srierial arch, which

Teas ncreased eonsiderably in afze rela-

licate duotus Botalli (1) with pﬂ._-oﬂﬂpbu__

ved rise Lo the pulinonary artery {4,
vily, Sirﬂ.mw.hessunﬂ_ui p...q_._w e
-%ﬂhk.gaama-ai“ﬂ.a!urii

In the larvm aﬂ bu_:_m there are also four _Eﬁn_u_ inl arteries
present on either side, but these are connected with i correspond-
m_.n ___.&_..mm.vk capillaries oﬁ , there being no m.ﬁﬁ BESESR_.
(T ig. 227, a, ), uence of this is that all the
Eoo.huuﬁﬂ.sma 0X] ; e 5

In the aduli Frog the thind arterial arch becomes entirely
obliterated, and the first is completely separted from the 333%
In other poiits the arrangement is similar to that seen in the
Balam r,

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 mueh fi r back than is the case in
—“.n Anamnia.! B.Ma vagus smu_.._mu.”__mnw ”__._u.m.ﬁou .__._“”_m_.i.—.r is
thus correspondingly clonguted, and the carotid arteries jugular
veins also gnﬂ#ﬂmﬂmﬁ_ in length. e

E?ﬂ&ﬁhig?gﬂeaigiﬁﬁu

' 1t lies farthest forwards in most Limnds sl fn Chelonians, while In Amphis-
beenians, Snakes, and Crocodiles it is sitnated much farthor back.
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286 COMPARATIVE ANATOMY,

The bloed from the right ventricle passes into the latter as well
a8 into the left aortic arch, amd, acconding as the septum ventricu-
lorum is complote or incomplete, is either entirely venous (Croco-
diles) or mixed (other Reptiles, Fig, 220, (),

The valves of the heart have undergone a considerabls
reduction in Reptiles : at the origin both of the aorta and of the
pulmonary artery there is only o single row ; this is also the case
i 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 venons blood. The ventricles are m larger than

~L

P

Fio. #80n, —HEART oF tue Swax, wire vur Kionr VesTeicie CUT OFEN.
Fie, ventral wall of right ventricls turned oo one side, thue patting the atris-ven-
tricular valve—which arises by two muscular folds, @ amd b—on the streich ;
t. point of inscrtion of these folds on the ventral wall of the ventricl : above ¢
F?u-_.m?..qsn":_nn_.-a aperture ; 8, soptam ventriculoram ; ®, *, *, the three
smilnnar valves of the pulmonary artery 3 P left ventricle,

Fea 2300 —Traxsvense Skeriox rarovos Tae Rionr (V) axp Lerr (Fy)
VENTRICLR 0F Grus cinercr.
&, saptum ventrienlorum,

the atrin, and their muscular walls are -.Esw_._mamaqa_i and very

compact. This is larly the case in the left ventricle, on the

inner wall of which the papillary muscles are well developed :
the left ventricle is ?zw_u_w. surrounded by the right, the cavity

the madrivag i 1|
tnggectn] wil fiaw f e |
the sabrarteind boma



; So[oEniE-poq [RIiaA e [essop
B Jo motismnl ogy 3u ‘e puv Apoq e g0 sapas agy Suolw apye e span jessd arv
Ivu-o_n.—m.._..n___.— safemy o gy ‘suojpesd sopeag PN TSR SR uy
TR ) A poe ‘spriepg i Sjuo juesaad o] g avalde asf ],
‘STISUO] papE-o8 oy Jo sl DI M w000 Surgy owes
BIf) puw :Wa 91 J0 USUWN] S} UL RO any .nu...n.nﬁ_ 3:35_.
BAaAd g pue saprp Areyjos oy woay syefnn Loy ey uses sawy
ap e Lmupaurge iy uo asmdegs sy ur pajeotpul uonsung
pndoosdnd quwodmy neqp pus panonuam Speae uasq sy
oy oqy, “(sndooona) ‘sapendiop-ydud)) sqjee mn: (woswyd)
Pin} ¥ ‘wusmas osy Jo sysisacs ‘poopy ey oy ‘qdud] ey
a0

pavazo) @ g pue 'duo nonaanp auo ut ssed oy wvans-ydmd]
oI} BAMO[IE THM Jo juamaduue o) ‘sosjua s papracad ‘suma
oy oI ‘oI sEWmNY pue spug jo sessaa onugdui] oy
‘SUIBA SIIUE Y o301 uado SANIAIXD J0LIYE P “Yoou ‘pear
L L &o:..w__...m__..h— S, Emaa ....aw__"m...oo.:_n:..ﬂ aﬁwm._ pus ya] yiog
oy wprsdomug ur pue o) a3 ojur Auoueus susdo 91 spumRRg
U] CsSumEMml o) Jo sy 10 E[a30%] oy U [[om =W
suefito pamafounn o puv sapd o ‘sanmienxa soumeod ey
woy qdod] gy saamoer 31 f1pdgs mnnowidesal 10 wuisisie
Ny wuoj o pageip Aensn g g asaga ‘uoiies Jequiup any ut
soguw supy sprmmely up  ussaad seape st (3omp o1vI0qy o)
yuny Eqousaqns Eopniiuo] o ¢ spaeaue spag moay sugg
fipn qam oq of B|jEa juapuadapur qim syunn onueqdod)
oae A[uowos agou My sates pwuiue ey ut 3o am sanSg ey
oo pennds sy wops Sud] yuns otpeydurd] peurpnyFuo ]
os[n S1aday sagEy] up  usdo sunsaqur s jo spEesaa svegdm] agy
O 03T ‘wreosta oy geduoue Surd] snms (DuMuLsaw) S It
PranRed §1 pUY V0B O] spunoeding u., ﬂ_ua_-_-_ﬁnﬂq —...H.‘ E.HW.H-W
ur somvodun qeadd jo st snus-qdm ) [Riq@aldaaqns )
Laypey @y jERuowy .._wp.".-eu [eanoytaad sy jo 080y} qIA PajOATTIGD
aa %w...._._i;w. 16 snoamenoqne seany, Ceapsnm Jumdpapun e
03 paravie Ajasoo] Aquo s s1 urgs oy puw “emqngduy ssajng
Jo uiys oy aapun juesasd am sesnus-gdwi] monaw afiey
ey ul jussaad aq ) LAOUY J0U 01T EMMANDE
mpuntg  Ceaqy Jenasnm o eoaessad sy 03 Smime ‘monswnuos
et jo opqudes e sjua sy, Cauqaes Yunop pus paup
ai jo sassaooud ssspasue) 9y uddMia ospE jussaad ane gy
ur su 4o ‘(uaifas omapad) dpoq ez g0 pua doumsod egy 03 pauy
-moa Zangie ase fowy {qsig engy ur uvi ednoud panonuon-jee] sy
MY T JBQUING WL IAma) e gng Spag pa sappday] (sueiqupduny
uL it 3R O 01 ofje ade suesp-gdmiy  ER0misn Bnomaa
oenap s Suneomnmmes syrest-ydmi] Ems jo squnn
afae] v esassod “seacsuom ‘syowwqowsuyy  CEpessaa onwdmd
e popracad [om Apuwaedse oau sy pus syueqg jo Aecen
BIDGSIA B3 PUN NI [RULESUL SO, CEQy 0Ny o soweq aq) pue
vidos Iumosnwzoyur oy ojur Surpuaj¥a pue ‘uryE Q3 Japum

£67 WAISAS OILVHAIWA'T

__l-.....u_
B - |
-
o e Y
meay g e

1 i ey =

ill';
F o e v
i"lj

0
41.'-‘.-"1
TR 1 gy



a4 COMPARATIVE ANATOMY,

of & 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 enclosi

ﬂ h:_EsemH of lymph-corpuseles, which are arranged in wo.ﬂw:.nm
ollicles.

Lymphoid tissue plays a very important part in the body-cavity
of Fishes and b:.wrm.zur Apart from the alimentary EM&. it is
present in considerable quantity in the region of the urinary and
m‘miri glands, which are often regularly embedded in it (e.g. Dipnoi).

he mass of lymphoid tissue on the heart of the Sturgeon, and
possibly also the so-called *fat-bodies” of Amphibia and Re
tilia, and the “hibernating gland " of certain Rodents, may
placed in this category.

The agglomeration of a number of these follicles gives rise to
those structures which are n of as “lymphatic glands.”
These are always inte 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 tly in size,

The spleen, which is present in almost all Vertebrates, is
closely related to these structures. Tt usually lics 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, Chelonin). In some eases (e.g. Sharks) it is broken
up into a number of smaller constituents.

Bath the lymphatic glands and the spleen have to do with the
formation of lymph-eells, but their complete physiological funetion
is a8 yet by no means clear,

LanLioaiarny.

Avens, H-—Beifr. sur dmofomis und P e der Dipocer.  Jena'sche Zaitsehrifl
Siar Noturicisscischafien, Bd, XVILL N, Folge. Bd. X1. 1885,

Benbakn, F. E.—Nots on the Presewes of an Anterior Abisminal Fein i Bekidwa,
Proc. Zool, Soe, 1884, On the Hoart of Apteryr.  Thid, 1885,

Hnsz, . V.—Se numerons On the Fascular Syatem of Fishes and

Anat. wnd Phyriologie (Ph
mnstarly deseription of the
Laxgester, E. Rav.—0n the Falees in

i

Meren, J.—Ueer die Lymphhersen der Amphibion, Areh. 1. dmak. . Physiol
1854,
MULLER, W.—Ueber den feincren Baw der Mils.  Leipslg, 1865,
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1. URINOGENITAL ORGANS.

THE urinogenital organs of all Vertebrates arise in the region
of the doreal body-wall, right and left of the middle ling,

The first part to be developed is an unsegmented and paired
duct, which arises from the ssmatic mesoblast, and runs
to the long axis of the body. This duct nﬁanm anteriorly into
the body-cavity by means of one or more cilisted funnel
apertures, which communicate with it by means of convoluted
tubes. The latter constituto 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 pronephrie duct.

The pronephros, as far as is known, is _—._.thu present in types

with a larval « evelopment (iic. all Fishes except Elasmobranchs: and
Amphibians), but it is usually only nau_.m_sﬂﬂﬁ._..n.. other types
(Elasmobranchii and Amniota) it is practienlly absent, or at any rate
never has any physiologieal function! The segmental duct, how-
ever, persists, and serves to earry off the products of excretion from
a second series of glandular segmental tubules, which a later,
and constitute the mesonephros or Wolffian reu . This
also consists of a series of segmentally-armnged om_h.u.ew tubules
or nephridia, lying travsversely 1o the longitudinal axis of the
bady, which arise as buds from the peritoneal epithelium,

! Mikalovics has latoly shown that the primitive sxcreto ergan In the
of the Lizand, Duck, i_.van._ Enn__so_....t_:n._mﬂ_n. an -.-.N..-n_ * pesterior, ﬂﬂ
former consiats of & mumber of veaicles, tho cavition of which In a oirtain stage of
dovelopmient communicate on one hand, by monns of fianels, with the aml
on the other with the cavitics of the i
the crgan arises as & serbes of
which do not

iders that the amterior part of th s I
u__uuiar. and E-Eu___“u-.ﬂ.i tor _L Eﬂaﬁ.oiﬂ.—.ﬂ!iir! aleo Found
of & pronephros in chick embryos. We may heope for confirmation of these views in
Turther rosearches,
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208 COMPARATIVE ANATOMY,

Thus the primitive urinary system, besides its main function of
exeroting waste products by means of the epithelinl cells, serves
also to conduet the peritoneal floid from the body.

This secondary urinary system, or :E-o_.:w.—..._uqau. is of test
Importance in the Anamnia: in most Fishes it serves aunﬂuwﬂ—w

a8 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

Fia. 2840 —Tug Exviee Excurrory Srstad o ie EMnnyo oF Hiludes
sartiniocsia (3 millimetres long). (After B Helenkn.)

A, urinaj e_!-_ﬂ:... “.——_-—-:n of the u-:mn which ; -_ with ovhr.-—l_ ine ;
ol us of the propephros ; P, peritomeal epitholivm ; 5, § oot
volutions of the tal dluct ; P, segiental duct: IF: eilintel regionn of
the peritoneal epithelinm ; =2, :Eﬂ:.r._. cord {formative regien of the
mesonophric vesicles; I, 2, &, the three emeal Processes of the right aml
left proneplivos, with their branches ; a, a, apertutes of the pronephrie
disets into the badder ; i, rudiments of the anterior urinary tububes, in the form
of solid conds ; ¥ o w, urinary tubnles: », 7, apertures of the urinary tubales
into the segmental duct (P, Fp'), which thus becomes the duct of the
mosonephros,

rudimentary organs of secondary importance, Nevertheless, it
may remain as the permancnt urinary organ (Elssmobranchs,
Amphibians'), or may entirely disappear as such (Amuiota) ; in' the
Iatter case, a third series of tubules are formed, giving rise to the

“r._—.._h- Jnﬂw.. formod by ﬁ -Eh___._q_g tabules in __'.ri._h l—_.si_ur -Jr—_

L ise o i axeretory an

W.ﬂ_.-ﬂ& .Mz. L n-#.,-?ﬁ. aro .__E_I-Ma.an by Balfour to ﬂ E&E%ﬂh«i
idueys proper {motanophros) of Amniota (comp. Fig. 238).
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302 COMPARATIVE ANATOMY.

The Millerian duct (Fig. 236, B, M&) of the female gives rise
to the oviduct, and in Mammnls becomes distinetly differentinted
into three portions,—a Fallopinn tube, a uterus, anda vagina,
the Iatter of which opens to the exterior (Fig. 256, A, 0t, UF, V).
The Fallopian end of the oviduct always opens into the abdeminal
cavity by a cilinted funncl-shaped aperture. This abdominal aper-
ture represents the only connection between the bedy-cavity and
the exterior in the Amniota, where the nephrostomes no
longer appear in the course of development!

n the male, the Miillerian 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:

Fighes and Dipnoi.—The Myxinoids retain throughout
life a functional 13&_:3 which is provided with numerous

peritoneal apertures a limited number of glomerali.

In Petromyzon slight rudiments of the prounephros of the
larva (Ammocwmtes) alone persist, and the mesonepliros with its
(segmental) duct becomes the funetional urinary organ,

In the Teleostei the promephros may’ possibly persist in
some cases, but further researches are necessary on this point.  The
mesonephros constitutes the main, if not the entire, excrotory
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 botween the
m...mﬂb of either side often oceur, and nﬂwm_um_.:wwoo true oqubmpuemn—ﬂ.

e urinary duct in both groups probably represents i
segmental duct, and way lie m»_.so_d or less freely, or be E_xmﬁ-u_m
the substance of the kidney. Posteriorly the two ducts usually fuse

ther and become expanded to form a kind of urinary bladder,
which has evidently nothing to do with the similarly-named S%H_
(allantoic bladder) of hamw.u. ia 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
summit of a urinogenital papilla. :

The splitting of the segmental duct into a Wolffian and a
Miillerian duct is not known to oceur in Teleostei ; in Elasmo-
branchs this differentiation does take place, and at the same timea

“ For a dilferent view seo E_.r..xh._n_ in nihﬂnnag anil 360,
Ko uri organ s al prosont known Go exist Tk
% The auﬁfiga threads frome which the nest of the Sea-Bifeklelmck
(Epinnchin vul is madle are formed a8 & sceration of the wrinsry tulules, whick
undergn a change of fusction at the brevding season.  Thie secretion is mueln, which
beoomes hard in water (Mibius),
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08 COMPARATIVE ANATOMY.

within the pelvis, and their ventral flattened surfuce is u-aﬁ_.wn
whi

lobulated, and often “5...:.35& by deep furrows and cleftzin
the veins lie embedded (Fig. 242, ¥, 1) ; their posterior ends may
fuse together in the middle line, as in Lizards,

There is not always a perfect symmotry between the of
either side, and this is most Baqwm_._ in Snakes, in which the

Fio, 241.—ExcuETony Arranates or Monder indics.

The right kiduey is shown in its maturl positian, while the Joft is turned on its
longitudinal mxis, so that the ureter and the collecting tubes are visible, The
urinary bladder is not ropresented.

N, N, kidneys ; 56, eollecting tubes which open into the ureter (I, U¥); ek
apertare of ureter into the eloen,

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 uv.mnm_.mHa__WE" it is usually bilobed,
as in Amphibis, and so points to a uiﬂma___.e..__ﬁ ired condition.
A bladder is wanting in Snakes, Croendiles, an %Mw.

Mammals.—The kidneys of Mammals are proportionately
small, and lie on the a:ii_ﬁ lumborum muscle and ribs. They
usually possess o convex outer, and a coneave inner border; the
latter is called the hilum, and at this point the ureters arise and
the blood-vessels enter. The expand proximal portion of the
ureter is divided up to form one or more ealyces (Fig. 243, Ca),
into which small papilliforin processes of the pyramids (see







310 COMPARATIVE ANATOMY.

the embryo; this condition may remain throughout life (eg.
Cetacea, Pinnipedia, Ursus, Lutra, Bos), or the lobes may become
more or less completely united. In the latter case the original
division into lobes may still be recognised more or less plainly
internally. A section of the kidney shows an inner layer, the

Fig. 243.—Draonaxuatic Loxeironoyas Ssoriox Tanovsn e Kioxer or A
MAMMAL,

Iy B, eortical substance ; A, N, medullary subatance s in (PA s
between the Iatter the cortical sabstance extends in the of the calumus of
Bertini (&, &) ; G, calyecs; Py, palvis; U, uotor.

medullary substance, 1 in the form of wedges,—
the urinary m..._:.nEEu..iwsm an outer layer, or cortical
su _ua.z..._”.mm.. E.E.::M as w_.mag_.__ __.Eﬂ%um Bertini between the
rami ig. 243, . The pyrami rou to
nawﬂﬁuﬁ _u?w..q_”_ﬂue Eﬂn.._:umrocwr ﬁﬁ.—nﬂ Em.._w usa
together in one pyramid.
The glomeruli as well as the cofled tubules, which are surrennded a

network of blood-capillarics, lie in the cortical substance, while the 1

straight tubules occur principally in the pyramids, w they gradually

N manin s mla e vinary bladder of
! L e LLLY w

Fﬂﬂnﬂ_«ﬂao_mﬁ. P uqa,.o._ﬁ

GENERATIVE ORGANS,

In Amphioxus the rative “glands ” or gonads remain for
a long time in an __E_maoﬁn“rsf_ condition as regards sex. They
have a marked segmental ment, and each portion opens
separately into the vaa_:.ng_.mm cavity, whenes generative
products pass to the exterior through the atrial pore.

Fishes,—Specially differentiated generative ducts are wanting
in Cyclostomes, as well as in Eels, female Salmonidm,
and Lwmargus borealis (an Elasmobranch). In these cases,
both sperm and eva are shed directly into the body-cavity, whence
they pass out through the abdomi pores (sea p. 265.)
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COMPARATIVE ANATOMY,
B

-~ .
¥ro, Hd.—Mary URIXOGEXITAL APPANATUS OF THE BTiRoEoy. :
&N, N, N7, the different portions of the kidnoys ; 867, S, 507, fhe diffirent parts
"7of tha ducts of the Kidneys: i, Vi, Fih, vun dofarens ; H..,..E.
Fe, Fe, network of the vasa cfferentin ;: MG, Malletian dust, which unjtes with.
the duct of the kiduays at M7 ; %, point at which the two collecting.
..ER.E..E.G:-E_. 3 g T % s

development.! Posteriorly, the oviducts open into the cloaca.
somewhat behind the apertures of the uretors—either separately,
or by a common canal, 5 e
. ! Tho greater number of Sharks ars viviparous,  (Coneerning the umbilical
placents in Mustelus leris amd Carchariss, ARy i iiny :
_H._u:w-vﬂ.r a__m_.hs_n._-. ”.!«naoh-a!q “.w- .w.ﬂ.:!l which bear
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a14 COMFARATIVE ANATOMY.

Wolffian duct takes place (Fix 244, MG). The latter probably serves in
the male as & urinogenital duet, and in the female as a urinary ductonly,
Shonld more complete listological examination eonfirm thess En«ﬁ.ﬁ_—
mode o?_n.a_..__ua.au.. of the generative ormns of cartilaginons Ganaids will bo
#een to resemble eloaely those of El branclys and Amphibi
._.fm-._n:_.pm__uﬁ._mnﬁm.,.a—=nau _—._:3 been Esﬂ:.!_ in ecrtain Fishes: in

ifferent species erranus, for instance, they are RBE.E_m—.g
E%ﬁﬁmﬁﬁas oggmua-:_—m.ooﬂn! in Sargus, Gadns morrhug, and
mony ot

In the Dipnoi, the ds and their ducts lie along the outer
border of the kidneys. ring the breeding-season they become
greatly enlarged, and extend round the cntire gut. The oviducts
are _anm and slightly coiled, reminding us in many points of those
of Amphibin : cach communicates with the body-cavity by a funnel-
shaped aperture near the pericardium, and is provided with a well-
noé_ows%mi_ﬁﬂﬂu u_.E%.a The ovaries undergo the greatest
variations nceording 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 sac,

m the inner walls of which the ova are moq,mﬂw“m, The cggs are
wall

shed into the body-cavity by the bursting of Is of the sac,
and they pass thence into the oviducts.

In the male, the manner in which the sperm is conducted to
the exterior is mot certainly known: it may possibly pass out
t] h the abdominal pores. The Millerian duets,
less developed than in the female, are clearly present in the
The structure of the testis requires further investigation.

Ezzumwwnrhgb%w of Lw.._.._...__._“._.._mm_ u_..o._u..._s.”n:“um—.ﬂhg in
about the mid the body-cavity : they are pai me-
trical, and lie right and _an_aw. the mﬂfcﬂ_ column ; a—iuﬂﬂﬁr
nsually modifi the shape of the body. Thus in the Gymno-
phiona (Fig. , Ot), 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 collectin duct (Fig. 246, Hp,
Each individual portion of the testis of Cmcilians is made up of a
double row of rounded ﬁﬂﬁmﬂ (Fig. 246, K); in ._.wmor the sperm
is formed, and from which it is passed into a collesting duct h.wuw
which perforates each tion of the organ. A transverse car
(@) is given off from the free portion of the collecting duct lying
between every pair of testis lobes; this passes towands the kidneys
(N, N}, and opens into & longitudinal canal From the latter

the nﬂﬂ through a second m of transverse canals

e, m_ﬂ:a Malpighian eapsules, and the nary

tubules into the E.E_nmm.._pﬁ— duct (H8). .
The male gencrative apparatus of all Urodels and certain

Anura (Bufonide), corresponds in the main with the armange.
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16 COMPARATIVE ANATOMY,

ment which has already been %aﬂz.?_ in the chapter on the
urinary organs (see p. 306). The extornal form the testis,
however, varies tly, and is either pointed at one or both ends
(Fig. 240, A, Ha), or more or less round or eval (Anura).

In Rana, Bombinator, and .t.nﬂ_...- the vas efferentin of the testis

become gradually separated from the k dney, that s, they either open dirvetly

into the ....?.43::. duct, without beécoming vonnected with the

urinary tubules hm_.wupw (Fig. 247, C, %), or _Ms greator number of the

posterior canale end blindly, while only the anterior ones are directly connected

with the urinogenital duct (Bombinatn In Alytes, those vasa efforentia

ot the anterior end of the kidnoy which

Miillerian “duet ; i i

in any other anfmal. The urinary n.x_...,

end of the kidney also opens into the

anterior to this point serves us a vas deferens, while its Posterior part functions

Bnm_...mne enital .“_au...”ur i . S
n all other Amphilians, Millerian ducts are always present, hut

the male they u_-.._.._w Temain ina more or less rudimentary condition, and lie

h__.__s.m ihe outer border of the kidneys in a similar position to those of the

They or may not be provided with a lumen and apertures of
SEQ..&E-..E.-.ﬂwm. nﬁ._w;wrﬂi...ﬂ%-.a cloaea.
Hermaphroditism innally ceears gt the Anura.  In the males

of Rana temporaria  ova ™ are at times doveloped, smbedded within the
atance of ﬁo Eﬂﬂ—nwaauh_w“senmz gland, S.— ovotestis), a.u%.m Pﬁhw testin
éven be roplace o rudimenta . In these cases, illerian
MJ-M. niay be as wall mwg_n—a..m (] m.HH_Wq.onN.E-F A attached to the
aniterior end of the testis in varions specios of Taads (4 Bi argan ™) also

apparently réprosonts a rudimentary ovary,

The ovaries of Urodela are Law%mﬁmnwﬁﬂ_ O A common
plan. Each consists of an elongated 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 (8 to 20)
S._.E.-_Sl.mmnwﬂu or chambers. In both cases a mesoarinm is
always developed, and there is no direct conneetion between
the ovaries and oviduets. The latier open far forwands into the
body-cavity by funnel-shaped apertures (0d, 0), and at & con-
siderable distance from the amterior of the kidneys: they
thvsgzwﬂnahrngzﬂmﬁaﬁpﬁ?&ﬁemgw
kidneys to the cloaca in young animals, but become greatly
gm._&u.:ﬂ.m convoluted in the adult (Fig. 248, 0d). A short di
tance from their K.Em__pﬂwwa.osﬁ_?oe uct becomes dilated
form o thin-walled sac, and, ming again narrowed, y

s separtel Spﬂv&_mgﬁm%iuﬂ:&m!

Mﬁw. 248, e, In genera Bufo and Alytes alone,
two oviducts fuse together into a posterior unpaired canal,
Al e gt ottt
o the ol
¥ Aceonding to P. B, and C. F, Sarasin, E ierium glutinosum (Gymnophiona)
are L B ane
!ﬂr—uﬁ&.hﬁhﬂf}?-ﬂ&.‘i& -—Iu_.uu? is light-
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518 COMPARATIVE ANATOMY.

Chelonians they are broad, while in Snakes and snake-like Lizards
they are more elongated. 1In the latter cases, as well as in other
Lizards, they are asymmetrical, so that the organ of one side comes

Fra, 240.—FEMALE URINe0ESITAL APPARATOR 0F Lacsris suralis,

N, kidneys : I, aperture of the tireters into the eloaen (C7) ; B, urinary bladder ;
E.s!m...— the latter (eut open) ; &, rectum ; £, opening of rectum fnto the
elodca ; ?oifn“iuugagii"?gn?t&gg
the eloaen at Ot ; Or, abdominal epenings of ovidusts.

to lie in front of that of the other, More room is thus obtained
for the development of the ovaries, and, in cases where the 5
quﬂﬁﬂ?soaﬂgangﬁnsua.g.&rﬁn in Bi
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Ja2 COMPARATIVE ANATOMY,

the portion of the oviduet lying more iorly, or vagina (75
by uva_s.._wtf.no.. o8 uteri. %ru_”._mﬁm:r then curves .__Em_w auty e
and, passing backwards, opens close to its fellow into the elongated
urinogenital sinus (Swug), The urcters, as in all other Marsupials
in which the vaginme have a similar ment, pass between the
curved portions of the vaginm to the bladder (%),

From the condition of the fumale generative organs in Didel-
hys that seen in other Marsupials can be eagily explained, In
halangista vulpina and Phascolomys wombat (Fig. 253,

B and C) the anterior ends of the knee-shaped bends of the vagins
(comp. Fig. 252 A, .—wao.ﬂu to lie eloser and closer together, and
begin to extend backwards towards the urinogenital sinus, the
septum between them ,__.uwvvmw..rﬁ at the same fime. A vaginal
emcum is thus formed (Fig, 252, B, C, Fgk), and this may become
more elongated, and finally extend backwands 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 framata.

In all other Mammals the posterior portions of the Miillerian
ducts become fused together to form an unpaired vagina, and o
cloaca exists only in the embryo (comp. p. 286). A fusion may
also take place more antariorly, and, acconding to its extent, the
most various forms of uteri result (wterus duplex, bicornis,
ﬁ_upnzpp-.ﬁ.n simplex), as is shown in Fig. 253, Ato D. The
Primates possess a simple ..:_a:..w:“ﬂ. 253, B), and in this cose
the primitively paired condition of the Millerian duets is seen only
in the Fallopian tubes. The latter vary much in form, and their
abdominal apertures are usually ided with fringe-like append-
ages (fimbrim). The ureters, unlike those of Marsupinls,
m»B_»o the outer sides of the gemital passage, the vaging being

o

m?a ovaries are usually small, and rounded or oval in
their surface being either smooth, irregular, or furrowed. @
point at which the merves and vessols enter is mot covered by
peritoneum, and is called the hilum, :

The reader is referred to p. 300 and Fig. 254 for further details
a3 to the more minute histological structure of the ovary and the
formation p_.wwa oV, o s

Remains of the mesonephros, known as parovarium, are

nt in the neighbourhood of the ovary, oviduet, and uterus.
ﬁ usually consist of small cweal tubes, forming o network,
which are connceted together by a collecting duct. In cases
where the Wolffian duct persists in the female, it passes from
the parovarium to the urinogenital sinus, and is spoken of as
Gurtner’s duct (Fig. 236, A, Gg), a5 already mentioned on p. 801,

! The abnornsalities which sometimes occur in the kuman aters anil vagina ean

bo often explained as atavisams,
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324 COMPARATIVE ANATOMY.

.>nq..ququ-m3..__.2._.?om."_Swqus:.m.fa.uuSnﬂi!qali
in Marsupinls and in Echidna. This pouch or marsupium serves to ﬁ
the young, which are born in & very unripe condition, and thus renders possillo

. —.
Fio, 253, —Vamwovs Forss or Urent, A, B, C, Il diagrmms showing the
different stages in the fusfon of the .___%l:...vﬂ! A Sqa.zni_m" B,
uterss simplex ; 0, wtorns duplex ; I, uterus tus. E, female
-.ﬁul.—._- of Musteling, with embryos (%, *) inthe uterns,  F, dittoof ¥
{ Erimmerus),

Od, Fallopian tabe ; %, uterns ; P, vagina ; €%, corvix uterd; O, abdominal

turo of Fallopian tube ; 4, t woxual ghands ; v, metam
genital Pkl Kidnay ; M, adraeal 3 U, Bretars 5, urinary .

a longer connection betwoen the mother and embryo during lactation. The aper-
tare of the marsnpial pouch anteriorly or pesteriorly, acconding to the
mode of 1ife of the animal, and is provided with a muscle capable in?ﬂ.
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326 COMPARATIVE ANATOMY,

The ovaries, however, never move in the course of development
further backwards than the pelvis; but each testis may pass out
of the abdomen through a space in its wall, the inguinal canal;
it thus comes to lie within a purse-like appendage of the hypo-
gastric region called the serotal sac, The two serotal sacs may

Fio, 206, —Mane URINocENITAL Arraratis of THE HEDGEIOG (Erinnetu),
N, kiduey ; Ur, uretors ; B, urioary bladder ; P, mesnbranoss of wripo-
tuba; ©Carplis eavernosum ; Fe i wis ; P,
e oy Cowper's prvel L el o
H

ial H
_ﬂrﬂr“ﬂ o b o, testis ; Ey, opldidymis'; P, o, vas

remain separate, or unite to form & serotum. In passing out,
the &Bﬁn_us_.”.a with them a portion of the peritoneum—the
tuniea vaginalis: if the inguinal canals remain open, they
may be at times in withdrawn into the abdemen (og. in

entin) ; this is effected by means of the cremaster musele,
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328 COMPARATIVE ANATOMY.

connection with this appartus —which looks like a series of
surgical instruments—there is bﬂm\_.auh. surrounded by muscular
fibres, which is formed as an involution of the integument ; in
ita histological character this calls to mind the uropygial gland

Birds.

Amongst the Amphibia, male Gymunophiona alone prssess
a true .x.w_.?.aa. organ ; this simply consists of the eversible
cleaca, which reaches a length of five centimetres, and iz regu-
lated by a well-developed musculature. In Urodeles there
iz 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 aud Snakes, and the other in Chelonians
and Crocodiles.

In the former case, there are two erectile penes lying ontside
the cloaca, under the skin at the oot of the tail. m.q a compli-
cated muscular mechanism these ean be drawn into the cloaca and
thence everted, the seminal fluid passing along a spiral forrow in
each. Similar organs are present—though much less developed—
in the female also.

Chelonians and Crocodiles a copulatory which is
united to the ventral wall of the cloaca : it consists of two fibrous
masses which are fused ther in the middle line. Each half
encloses o large eavity, which contains a large number of blood-

vessels, The organ is regulated by well-developed muscles, and

POSSeSsEE A groove m_E.m its free surface, which may divide u
to a serics of channels at its apex. A representative of ﬁ_:.w
organ is also present in the ?ELH
In Euaww._w:ea__ as well as in Sapwmomluaenomaﬁ. in Water-
Birds), a atory organ is present, consists of an eversible
EE.WEMA%:F:E ranwaa fibrous bodies ; in a condition of rest it
lies coiled up in the left side of the cloaca. The everted oﬁ-ﬂﬁ, ]
retructed by means of an elastic band. The penis of the i
lies within a diverticulum of the cloaca, and somewhat resembles
that of Chelonians and Crocodiles,
The eopulatory us of Mammals may be divided into two
roups,—viz., those of Monotremes, and those of other Mammals +
m_.a organs of Marsupials may be placed in a subdivision of the
latter. In all cases _m”mqﬁ..s_u apparatus %Mn—wgww[-_&b:nv as
a ule less developed and :n:-__._awa..i perforated by the urethral
canal,—is formed essentially on the game Gﬂo as that of the male,
In Monotremes, the copulatory oﬁs ies enclosed within
sac situnted on the boundary between urinogenital sinus
cloaca, and is fused with the ventral wall of the latter (Fig.
)¢ in all other Mammals the organ arises in the embryo fror
“genital prominence” on the ventral wall of the cloaca.
A channel passes along the side facing the eloaea to the ing of
the urinogenital sinus : this condition is nsually retained igh-
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830 COMPARATIVE ANATOMY.

The apex of the organ is spoken of s the lans (glans penis
el a_.._...aﬁmmmuf this varies uﬂﬂﬂr in form, and lies annm_oaam w.aerE
a fold of the skin, which in the male is called the foreskin or
prepuce. The glans is provided with o special kind of tactile
corpuscle, i 1

inally, the aceessory ongans, which are known in the male as
wuqsc tial and Cowper’s glands, and the representatives of the
atter in the female (glands of Bartholini), must be mentioned
(Fig. 256, Cd). Al theso, as well as the prostate (P0),—which
belongs to the same category,—open at various points inte the
urethra, and have always a paired arrangement,
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H-"‘.tl:I eranial
af the in’ -
. 1727 Tpm
alimentary ecanal,

294 ; alimentary epithelium, 259 ; gills,

244, 250; lu

pml.zn! arch, &7 ;
pelvic arch, 92 ; fres limbs, 99 ; muscles
of the trunk, 118 ; muscles of tho
argal

-oTgAns

ment, 183 ; olfsctory
mgo-tracheal chamber,

, 288 ;
‘f?'. abdominal pores, 265 ;
.

neTves, 153 ; sense

pendages, 121 ;  brain,

l
4
4

213 ;

0 pectaral arch,

free limbs, 104 :

, 823
of the trunk, 113 ; museles of

19, 32 ; vertebiral columm, 38 ; riba, 48 ;
Ivie

sternum, 51 ; skull, T

b ; integuament, 17, 15 ; dermal skeleton,

BT
i

i AMPHIBIANE :—ng:uenmbo'nd‘lhmm.

“ dia-
al eord, 131 ; brain,

12 ;

the visceral skeleton and head, 119 ;

1
H lp[ﬂﬁ'm 152 ; eranial

Hle

34,

16 ; dermal skelaton,

Franes :—|

muscles
the eve,

’

of

; suprarenal bedies, 181 :
tina, 159 ; &

sense-organs of the infegument, 183;

tactile cells, 167 ; olfactary mgan.__liz;

m;m 158 ; o

; vertebral column, 34 ; rite, 45 ;
2 ; pall merves, 153
5 .

Handa

ayelids, 191 ;

192; anditery organ, 198, 205; teeth,

5 tomgae,

24

thymus, 226 sl

&J"(‘hle;lim,Ell;

; glands of the mouth, 221
menta
M3

293 ; thyroid, 225;

al-

ta vemsels, 281 ;

ancross,

mTaiulw. 08 ;

246, 250 ; air-passmges, 253 ;
blowd-pul

wystem, 258 ; vepoms mystem,

Y N?a
1 ; Iymp

hatie system, 302 ; spleen,
204 ; urinary ergans, 296, 304 ; genern-

273 ; heart

lung'lv_. 257 ;

,E;
231

42;
Tres

20; dermal
pelvie arch, B4; T
bruim, 1;:..

of,

vurtebmal eolumn,

tegmme
ribw, 48 ; sternum, 51 ; skall, 74 3

105 ; muoscles of trunk, 114;

s of the viscersl skeleton and

head, 120 ; muscles of the

tive organs, 310 ; copulatory ofgans, 398

ke
toral arch,

and i HEFTILES s=in

Dirxoass :—intagumen

“disphragm,” 122

154, 144 ; spinal nerves, 152 ; emanial

i ;

17; dermal

i

akebeton, 30 ; vertebral column, 35, 35 ;
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