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1v Preface.

increasing its bulk proportionally; and as I have
aimed at conciseness and precision, I have endea-
voured, both in this volume and its predecessor,
to define every term carefully, and having de-
fined 1t, to use that term, in place of a peri-
phrasis. As I have, in the Index, referred to the
most of these terms, and the places where they
are defined, the need of a glossary is obviated.

My calling these volumes  Introduction” has
been animadverted on, but I think the word
appropriate. I remember, when a student, that
I found the gap between most manuals then ex-
isting and the monographic literature of zoology
to be so great, that passing from the first to the
second was practically entering an unknown
region ; and hence in this work I have tried to
make each part sufficiently comprehensive to
enable the student, who wishes for additional
knowledge of any forms, to pass from a general
study of Morphology into the region of detail,
without any great intermediate gap.

This work was written i 1874, but I have
added to it notices of new discoveries while
going through the press as to bring it up to the
present-day state of knowledge.

In a descriptive classification it is not casy to
give in linear series an adequate 1dea of relation-
ships: thus among the Mammals, the sequence of
the orders adopted in the text affords little idea





















INTRODUCTION
0 THE

MORPHOLOGY OF VERTEBRATE ANIMALS.

CHAPTER I
SUB-KINGDOM VIIL—VERTEBRATA (Cuvier).

A vERTEBRATE animal is made up of a series of successive
externally-unjointed metameres, each consisting of two sym-
metrical antimeres. There are two parallel longitudinal
body-cavities: a dorsal (fig. 1, ¢) containing the central

Fig. 1.

Section through the peristome of 2 Worm, an Amphioxus, and a Craniote Vertebrate,

organs of the nervous system, and a ventral (k) in which lie
the proctuchouns digestive tube (g), heart, and sympathetic

nerves. These cavities are separated from each other by
R



2 General Characters of Vertebrates.

a longitudinal horizontal partition, in whose middle line is
a cartilaginous cellular axis, the notochord (7), which either
persists or becomes surrounded and replaced by a jointed
axis, the vertebral column. The limbs may be none, two,
or four; when present, they have an endo-skeleton to which
muscles are attached. The vascular system has closed
capillaries. The blood is corpusculated, and the impure
blood from the intestines is conveyed by a vessel (vena
porte) to the liver.

The ova may be totally or partly cleft in development;
in either case a bilaminar blastoderm is formed, between
the outer (epiblastic) and the inner (hypoblastic) layers of
which, a third, or mesoblastic, layer is developed. The
corneal, or surface layer of the epiblast, forms the epider-
mis, the deeper layer develops into the nervous system,
while the hypoblast forms the epithelial lining of the
alimentary canal and its diverticula.

On the surface of the blastoderm, in the egg of a bird
or mammal, there appears early a primitive longitudinal
streak, along which a groove forms (the
primitive groove) (fig. 2). A little in
front of this, a second longitudinal groove
appears, whose hinder extremity embraces
the fore-end of the primitive groove. This
second furrow is the medullary groove,
which deepens; its lips (laminse dorsales)
rise and approximate, making the groove
into a longitudinal tube, the neural canal, I
whose lining epithelium forms the central Surface of the blasto-

derm of a hen's egg

L 1 showing #, primitive
nervous system. On the floor of this canal S i

the notochord appears, around, or on each @ ampiotic fold;

2, medullary

side of which the mesoblast becomes seg- oove; 4, blasto-
mented into a row of quadrate disks, arranged in a series

Fig. 2.
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from before backwards, which are called the proto-
vertebree. In lower vertebrates the medullary groove
alone appears.

In mammals and sauropsids a deep sulcus appears in
front of the head of the embryo, and its anterior lip rises
as a precephalic fold (fig. 2, a). The mesoblast, behind
the head and outside the proto-vertebrse, splits into two

Fig. 3.

Transverse vertical section through embryo of a vertebrate animal: a, chorion;
8, lateral fold of amnion; £, cavity of amnion ; o, dotted line limitingembryo ; e, epi-
blast ; /, mesoblast of somatopleure ; g, ceeloma; 4, mesoblast of splanchnopleure ;
f, duct of umbilical vesicle ; &, cavity of umbilical vesicle ; £, hypoblast lining vesicle;
=, Wolffian duct ; =, notochord ; o, protovertebra; #, medullary canal ; », laminae
dorzales.

layers, the outer of which joins the epiblast and forms the
body-wall, or somatopleure (fig. 3, 1), while the inner joins
the hypoblast, and with it forms the visceral wall, or
splanchnopleure (k). Between these lies the ceeloma, or
pleuro-peritoneal cavity (g).

Along each side of the epiblast, inferior (ventrad) to the
plane of the notochord, a lateral furrow appears, beginning
from the head-fold, which, deepening, separates the em-
bryo from the rest of the ovum. The embryonic sides of

B2



4 Formation of the Amnion.

this (the laminse ventrales) bend inwards, approximating
below the body, of which they form the lower walls. In
so doing they constrict the mesoblast peripherally, shutting
out from the body cavity (which they bound) the food-
yolk and part of the hypoblast related thereto, which
forms a sac (umbilical vesicle), whose communigation with
the hypoblastic intestinal tube becomes narrow (the um-
bilical pedicle), and finally shrivels.

The outer surface of the ventral lamins consists of the
somatopleure, and the point of approximation of these
layers on the ventral side of the embryo is called the
umbilicus.

Continuous with the precephalic fold in higher verte-
brates are two lateral ridges, which rise along the sides of
the somatopleure, separated from the body of the embryo
by deep grooves; these continue backwards, and become
confluent behind the embryonie tail, and, rising upwards
and converging, they completely surround the embryo, and
when the margins of the folds meet medio-dorsally they coa-
lesce. The inner layer, or true amnion (fig. 3, 4), is thus a
membrane swrrounding the entire ovum, except the um-
bilical vesicle, and containing a clear fluid, the liquor
amnii. The outer layer, or false ammion, thus shut off
from the former, either disappears or unites with the vitel-
ine membrane to form the chorion, a membrane smooth
within but shaggy with villi outside. The space between
these is at first continuous with the pleuro-peritoneal
cavity, but eventually the ventral lamina of the somato-
pleure close at the umbilicus, shutting off this external
cavity from the true cceloma of the feetus.

Vertebrates are person® in individuality (see vol. 1. p. 11), and are, as a
rule, dicccious. The characteristic primitive axis, or notochord, in some
sharks appears to be hypoblastic in origin (Balfowr).
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The degree of cleavage of the volk depends on the amount of nutri-
ment present in the egg for the embryo, as during segmentation that part of
the egg which is rich in food-yolk is slower to cleave, and forms larger
masses (Balfour).

The inner lamella of the blastoderm is formed, in many vertebrates, by
invagination ; and in those forms in which its origin does not appear elearly
to be due to this process, we have reason to believe that it is only because
the act occurs simultaneously with or before the completion of cleavage, as
suggested by Mr. Balfour,

The primitive groove of the embryo, which is well marked in the bird's
egg, rapidly vanishes, and leaves no trace; it is, probably, an heirloom of
some lost condition, perhaps a trace of the change in position of the embry-
onic blastoderm, which in birds and mammals has been shifted inwards.

The cceloma is in parts lined at first by columnar (germinal) epithelium,
afterwards replaced by tessellated cells, except over the sex-glands and
Walffian bodies.

Behind the umbilical vesicle, in all but the lowest Ichthyopsids and
Acrania, an outgrowth of mesoblast projects between the splanchno- and
somato-plenre, towards and often through the umbilicus. This is at first
solid, but soon becomes hollow and lined by a diverticulum from the hinder
end of the hypoblast. This allanteis, as it is named, in higher forms extends
between the true and false amnion, and at its embryonic end receives the
ducts of the Wolffian bodies. In Amphibia the allantoid remains small, as a
urinary bladder ; in higher vertebrates it is sometimes expanded around the
whole embryo external to the true amnion. In higher mammals it applies
itself to the deep surface of the chorion, at a space opposite the umbilicus ;
and here its two arteries (hypogastrie branches of the aorta) communicate with
the villi of the chorion and through these with the uterine blood-vessels,
thus forming a placenta, or medium for the nutrition of the feetus.

At or before birth or hatching, the pedicle of the umbilical vesicle and its
vessels (omphalo-meseraic arteries and veins) waste and disappear, or become
faint streaks. The communication between the extra- and intra-somatio
part of the allantoid becomes a cord (urachus), while the latter becomes
the urinary bladder. The amnion and the chorion are cast off at birth as the
membranes of the foetus.

Vertebrata consist of two primary divisions, Acrania and Craniota. Some
zoologists, and with reason, regard the Tunicates as the first division of this
sub-kingdom. Lankester thus divides vertebrates into Urochorda (= Tuni-
cata), Cephalochorda (= Aerania) and Craniata.

»



¥ Aerania.

CHAPTER II.
Division I. Acrania* (Haeckel).

Tris includes but one existing form, the Amphioxus lan-
ceolatus, a widely distributed, fish-like, marine animal
about 27 long, }” broad, pointed at each end, and later-
ally compressed, found chiefly in the coralline or inter-
mediate zones.  Its tough skin is thin, scaleless, covered
by a monoderie columnar epithelium, and having a homo-
geneous non-nucleated cutis, over a richly canalated hypo-
dermie layer ; medio-dorsally behind, it is raised into alow
vertical fold or fin, without fin-rays, which extends round
the tail and for a little way forward along the under edge,
even in front of the anus (fig. 4, 0). The notochord (/) is
pointed at each end, and extends forward even anterior to
the mouth ; it consists of a row of obscurely separate disks,
contained in a bilaminar sheath, with lateral perforations,
and surrounded by stellate cells, which are most numerous
above the disks. There is no heart, skull, brain, ear,
kidney, spleen, sympathetic nerve, lymphatic system,
mandible nor hyoid arch. The mouth (a) is longitudinal,
placed below the anterior end, surrounded by a symmetri-
cal labial cartilage of about 12 pieces on each side, each of
which usually bears a stiff ciliated cirrus, and is composed
of cartilage like that of the chorda. The mouth cavity
18 a pouch, opening posteriorly into the pharynx by a fun-
nel-shaped canal surrounded by a sphincter; its lining
presents a series of rounded ciliated lobes with non-ciliated
intervals. The pharynx (f) extends for nearly half the
length of the body, and is surrounded for the most part by

—t

* Leptocardia (Miiller), Cephalochorda (Lankester).




Structure of Amphioxus. ;

a cavity, the atrium, which communicates with the outer
world by a median aperture, the abdominal pore (7), placed
two-fifths of the length of the body from the tail, on a
papillary elevation of the abdominal muscles ; behind this
the atrium narrows. The wall of the pharynx is pierced
by numerous (60-100) lateral vertical slits, through which
the water which enters the mouth escapes into the atrium,
from whence it passes through the abdominal pore. The
pharyngeal wall is strengthened laterally by a number of
stiff (chitinous?) rods between the slits, which are thickened
folds of cutis, connected above (dorsally) together, and to the
outer notochordal sheath, and ventrally alternately simple

Laongitudinal section of Amphioxus lanceolatus, showing the mouth, notochord,
liver, branchial clefts, and portal heart,

or forking. A process of the ewloma extends dorsally
along each side of the pharynx, and processes stretch into
the lateral atrio-pharyngeal folds or arcades (which are
half as many as the gill slits), and keep the pharynx sus-
pended in the atrium ; one extends along its ventral surface.
The pharynx ends posteriorly in a narrow aperture which
leads into the alimentary canal (%), which is straight, simple,
lined with a ciliated, dark, glandular epithelium, and ends
1n an anus (p) which opens a little to the left side. A simple
hepatic caeum, whose apex points forward (d), opens into
the intestine a very short distance behind the cardiac orifice,
and at its opening there is a small glandular follicle (the
gland of Rolph) of unknown nature. In the floor of the
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atrial chamber, in front of the pore, is a long mass of lobu-
lated epithelium consisting of club-like and thread-like
cells, which is possibly a renal organ.

The muscle bundles are laterally symmetrical, attached
to intermuscular septa which are processes from the exter-
nal sheath of the chorda. The dorsal series of septa are
inclined in a direction upwards Fig. 5.
and backwards; the ventral septa
are longer and point downwards
and backwards. A set of ab-
dominal muscles extend in the
wall of the atrium from the gills
to the abdominal pore. All the
muscles are striped, except some
fine fibres attached to the bran-
chial skeleton, the intestinal mus-
cles, and those in the covering
of the sex-organs. The nerve axis
(m) lies above the notochord in
a neural canal, whose walls are
continuous with the outer chordal " epposite. level of the sbdominal

i pore : a,dorsal fin ; 8, elastic appa-
Ehﬂﬂ.ﬂ]. 3 lt ﬂ{)rr@ﬂpl'}ndﬂ to the ratus; &, muscular masses ; o, late-

ralnerve; £, elastic body over nerve

grey axis of the chord of Crani- cord;/, spinal cord; g, notochord;

] 3 A, atnal cavity ; 7, intestine ; 4, cce-
ﬁtEE, and ends 1 fI'-OIIt 1M a nar- loma; m, outer division of atrium ;

n, lateral canals ; o, is placed in the
row roundish point, ‘06” from gabe he linesom it points to
the fore end of the body. The =bdominalis.
nerves (55-60 pairs) are single-rooted naked bundles of axis
cylinders, and they pierce the membranous wall of the neu-
ral eanal dorso-laterally (fig. 5, ). Each nerve gives off a
lower (larger) and an upper (smaller) branch ; one of the
anterior nerves supplies a median ciliated (olfactory) pit at
the fore end, over the spinal cord ; a second branch near it

supplies some pigment specks (eyes?), and a more anterior
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branch supplies the mouth. The rest of the nerves termi-
nate either in the muscles or under the epithelium of the
surface.

Over the neural canal, in a longitudinal space formed by
the splitting of the outer chordal sheath, isa band of tissue
pierced by canals like the material of the hypodermis (5, ¢) ;
over this, in the medio-dorsal fin, is a longitudinal row of
spaces, quadrate in horizontal, pyriform in transverse section
(5, b), filled with elastic endothelium-clad bodies. Similar
spaces lie laterally and medio-ventrally, extending between
the abdominal pore and the anus; the true fin is that
which stretches behind the anus.

Two blind lateral canals stretch in the side-folds from
the side of the mouth-cavity to behind the abdominal pore
(their existence has been denied, but the careful dissections
of Rolph have shown their presence). There is a contrac-
tile vessel or vena porte beneath the liver (4, ¢), whose blood
enters the hypopharyngeal heart (¢) with the rest of the
systemic venous blood. From the simple cavity which is
called the heart, laterally arched branchial arteries spring,
each having a contractile swelling at its base, and passing
in the wall of the pharynx between the gill slits, to end in
branchial veins which terminate in a dorsal aorta. The
two most anterior branchial arches () are large, like aortic
arches. In the dorsal trunk (%) the blood flows tailwards,
m the heart mouthwards. The blood corpuscles are amoe-
boid, nuecleated, colourless.

On each side, under the floor of the atrium in the ccelo-
ma, are quadrate or bean-shaped masses, arising probably
from the atrial epithelium ; these may contain either eggs
or spermatozoa, and in both sexes they empty their contents
into the atrium by dehiscence, and these escape through
the gill slits, or more rarely through the abdominal pore,
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The ova are holoblastic, and the blastoderm is a primary
vesicle of one layer, which, by invagination, becomes bila-
minar, the aperture of invagination or blastopore soon
closing. In this spheroidal now bilaminar ciliated embryo
a dorsal groove forms, which by closure becomes the neural
canal, in whose floor the notochord appears. The invagi-
nated layer or hypoblast adheres in front to the outer
layer, and, at the places of meeting, the mouth and pha-
ryngeal clefts form. At the site of the blastopore, or near
it, the anus forms. The cavity of invagination remains as
the alimentary canal. Two lateral folds, each containing
a process of the body cavity, springing above the pharynx
and behind the mouth, grow downwards and approximate,
uniting except at the atrial pore, thus forming the walls
of the atrium.

There is much yet to be known of this * next to man the most import-
ant vertebrate ;" its fore end is especially interesting as illustrating a stage
of vertebrate development in which the front end of the nerve axis and
its appendages is composed of segments comparable with those of the rest
of the body. When we reach the next division, we find the metameres at
the fore end of the skeletal axis confluent, having lost their separate char-
acter; and then, as hard tissues originate in them to protect the anterior
end of the neural axis, now growing in importance, there is in them no
trace of the primary metameric division, and so no trace of the **cranial
vertebre,” so often fancied to exist: all such divisions are secondary, de-
pending on the relations of the skull-structures to neighbouring organs.
Much of the anatomy of Amphioxus is yet obseure : thus, there is sometimes
one eye, sometimes two (Marcusen); sometimes accessory pigment spots
( Hasse).

CHAPTER III.
Division II. Crantora (Haeckel).

VERTEBRATES possessing a skull, a muscular heart, and a
brain. The front end of the neural canal formed by the
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closure of the dorsal platesdilates into three vesicles (anterior,
middle, and posterior cerebral) ; under the second of these
is the end of the notochord, around which a horizontal
investing mass or basilar cartilaginous plate forms, below
the middle and hinder vesicles. In front of the notochord
and basilar plate there are two lateral processes of carti-
lage arising independently (Trabecule of Rathke), sepa-
rated by a median space (pituitary fossa), but joining in
front to form a flat bifid ethmo-vomerine lamella, on each
side of which the dermal ocular sac becomes more or less
surrounded by cartilage to form the orbit. Two lateral
processes of the basilar plate surround the junction of the
posterior vesicle with the spinal canal, bounding on all
sides the foramen magnum. Farther forward the side of
the basilar plate surrounds the lateral dermal sac which
forms the ear labyrinth. In higher forms the sides of the
ethmo-vomerine plate expand and cover the nasal sacs,
while a central process separates one of these from the
other. The internal epithelium of the cerebral vesicles
forms the brain, and from it extend processes to these
sacs, becoming the auditory, optic, and olfactory nerves,
respectively; one also projects through the cartilage behind
the periotic capsule, and passing to the lungs and sto-
mach becomes the vagus nerve, and in front of this cap-
sule another extends, called the inferior maxillary (branch
of the fifth pair of nerves). The skull may remain in this
form, or it may ossify from certain points, which are either
single, mesial, or else double or lateral. The mesial are,
1st, around the notochord (basi-occipital); 2nd, in front
of the notochord in the floor of the pituitary space (basi-
sphenoid) ; 3rd, in front of the pituitary fossa (presphe-
noid) ; 4th, in the middle line of the ethmo-vomerine plate
(mesethmoid). The lateral are, 1st, at each side of the
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foramen magnum, behind the tenth nerve (exoccipital) ;
2nd, between the tenth nerve and the posterior vertical
semicircular canal of the ear (opisthotic) ; 9rd, above the
posterior vertical canal (epiotic); 4th, between the an-
terior vertical canal and the inferior maxillary nerve (pro-
otic) ; Sth, sometimes one external to this (pterotic)—the
2nd, 8rd, 4th, and 5th may unite to form a periotic or
petrous bone ; 6th, between the inferior maxillary branch
of the fifth nerve and the second, a bone may extend out-
ward (alisphenoid) ; 7th, between the second and first nerves
1s another process—the orbito-sphenoid ; 8th, on each
side of the nasal sac and in the lateral part of the ethmo-
vomerine plate is the pre-frontal. These may remain
separate, or may unite in various ways. Over the fora-
men magnum, in the cartilage, one, two, or four centres of
ossification unite to form one bone, the supra-occipital.
The roof of the skull is rarely completed by cartilage,
but the fibrous membrane which surrounds the cartilage
closes the cavity by extending above the vesicles. In this
membrane the following bones are formed by parostosis ;
1st. The parasphenoid, situated medially under the basi-
sphenoid. 2nd. The vomer, below the mesethmoid. 3rd.
The squamosals, in front of the exoccipital, and outside
the periotic. 4th. The parietals, farther forward on each
side, over the middle cerebral vesicles. Hth. The frontal,
over the anterior vesicles. 6th. The accessory, or post-
frontal bones, may be between the 4th and 5th on each
side: and 7th. The nasal bones, over the olfactory cap-
sules. There may be thus in the skull five single and
eight double cartilage ossifications, and two medial and
four pair of lateral membrane ossifications. Oceasionally
a third, single, inter-parietal bone exists, above the supra-
occipital. These bound the brain case, which is easily
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divisible into these segments: a posterior, or occipital; a
middle, basispheno-parietal ; and an anterior, pre-spheno-
frontal.

Below the skull on each side, and at right angles to the
long axis of the body, are from three to nine bands, meet-
ing symmetrically in the upper mesial line, each containing
a cartilage rod (visceral arch), separated from each other
by slits (visceral clefts). The membrane in front of the
anterior cerebral vesicle forms a median (nasal), and two
lateral (pre-orbital) processes, between which, on each side,
are the nasal sacs, and external to which are the eyes.
Below and in front of the eye on each side, a process
named the maxillary lobe extends forwards to the mesial
line, beneath the nasal sacs, and separated from the pre-
orbital lobe by a groove, which may close or may persist
as a duct from the eye to the nasal sac. The pair of max-
illary lobes usually unite in the middle line, leaving behind
them openings into the nasal cavities (choane). Below the
united maxillary lobes is a deep cleft, the mouth, or first
visceral slit leading into the digestive canal, and bounded
below by the first post-oral visceral arch, whose eartilage
rod is called Meckel’s cartilage. The proximal end of this
cartilage, touching the periotie, often ossifies ; and around
its distant end is developed a group of membrane-bones,
forming the lower jaw, or mandible. The second visceral
arch also touches the periotic proximally, and its distal
part, below this bone, is frequently segmented from above
downwards, into tympano-, stylo-, epi-, and cerato-hyal ;
the last joins mesially a vertical bone, the basi-hyal. The
other visceral arches are very variable.

In the maxillary lobe is a rod of cartilage (pterygo-
palatine), whose anterior part, below the presphenoid,
ossifies as the palatine, and its hinder part, below the
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alisphenoid, as the pterygoid bone; this part generally
touches the proximal end of Meckel’s cartilage. In the
membrane of the face, over the cartilage, are found on each
side: 1st, a pre-maxillary splint bone, in the fronto-nasal
process; 2nd, a maxillary bone, in the surface of the maxil-
lary lobe; 3rd, a lachrymal bone, around the preorbito-
maxillary groove ; 4th, a jugal or malar bone, in the base
of the maxillary process, behind the orbit ; 5th, the qua-
drato-jugal bone, farther back, and touching the outside
of the proximal end of Meckel’s cartilage. Some of these
bones may be absent.

The epithelium of the neural canal, as in Acrania, forms
the spinal marrow; that on the sides and floor of the
hinder cerebral vesicle thickens into a pear-shaped mass, the
medulla oblongata, or myelencephalon (fig. 6, ), whose cen-
tral cavity is called the fourth ventricle. Its roof behind
thickens, and forms a special lobe, or eerebellum (¢); but the
part in front remains thin and membranous (the valve of
Vieussens). In the front of its floor transverse fibres pass
from one side of the cerebellum to the other, forming the
pons Varolii. The cavity («) of the middle cerebral vesicle
narrows into a canal [ Sylvian aqueduct), on whose floor are
two lateral rounded masses of longitudinal fibres, con-
tinued up from the medulla oblongata (the erura cerebri),
which are joined by a thin intercrural lamina. The roof
of the vesicle becomes divided into two or four bodies, the
optic lobes, or corpora bi-, quadri-gemina ().

The cavity of the anterior vesicle (3) becomes the third
ventricle, and its sides thicken, forming the optic thala-
mi (p). Anteriorly it sends off on each side a pouch (%)
which dilates into a space (lateral ventricle) that may be-
come larger than the original middle cavity.
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The walls of these lateral ventricles form the cerebral hemispheres, of
which an internal thickening forms the grey mass, or corpus striatum (s). The
front wall, or lamina terminalis, of the third ventricle (f) often develops not
only a transverse band (anterior commissure), but two longitudinal vertical
bands (pillars of the fornix), which form prominent upper lips for the opening
from the third into the lateral ventricles (foramen of Monre). A flat band
(taenia semicireularis), passing from the optic thalamus forward, forms a
lower lip for the opening, and ends by joining with the anterior pillar of the
fornix to form a central white knob in the middle of the base of the brain,
the corpus mammillare, which lies close to its fellow in the mesial line. A
funnel-like elongation of ‘the third ventricle, downwards to the pituitary
space, expands therein over the hypophysis, or pituitary body. At the
upper part of the third ventricle, and in front of the optic lobes, lies a
rounded mass, the epiphysis, or pineal gland (¢). The rest of the roof of the
cavity remains as a thin vascular membrane (the velum interpositum), over
which the fornix may stretch backward. In mammals, a layer of trans-
verse fibres lies above the fornix, from one hemisphere to its neighbour,
forming the corpus callosum; heneath it
the inner walls of the hemisphere are thin,
forming a wvertical partition (septum lueci-
dum) between the lateral ventricles, which
igolates a small part of the median fissure
of the brain, the fifth ventricle.

The brain thus consists of five sets of gan-
glionic masses, which from before back-
wards are—1st. Corpora striata. 2nd. Optic
thalami. 3rd. The grey nuclei of the erura
cerebri and bi- or quadri-geminal bodies.
4th. The central ganglia of the eerebellum :
and 5th. Those of the medulla oblongata.
The peripheric grey matter of the central

Fig. 6.

Diagram of the brain of a Cra-

hemispheres forms the organ of conscious-
ness, to which communications are brought
from without. The other grey ganglia inter-
posed between this perceptive centre and the
sources of the impressions serve as means
whereby the diverging fibres may be re-
duced in number, and thus are known as
interruption masses.— M:ynert.

The spinal cord consists of two lateral
columns joined by a median commissure,

each column being grey within and white outside.

niote : @, cavity of middle cere-
bral vesicle, or agueductus Syl-
wiE; 3, cavity of anterior vesicle
or rd ventricle; 4, cavity of
hinder vesicle, or 4th ventricle :
&, wall of medulla oblongata;
¢, cerchellum or roof of 4th ven-
tricle; a», mesencephalon; e,
pmca.f gland; =, optic nerve;
£ optic thalamus; 5, corpus
striatum ; A, lateral ventricle, or
cavity of cerebral hemisphere;
o, olfactory nerve: £ lamina
terminalis,

On {ransverse section,
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the grey nerve matter looks somewhat like the letter H, the crossbar
being the commissure.

The medulla oblongata exhibits: 1st. Two anterior longitudinal eleva-
tions, the pyramids; 2nd. Two lateral eminences, the olivary bodies, or, in
place of these, a thick transverse band, corpus trapezoides, which rarely
coexists with olivary bodies (as in monkeys), but usually supersedes them
(Lemurs); 3rd. Two posterior peduncles of the cerebellum. The corpus
trapezoides is only a continuation of the transverse fibres of the pons Varolii;
hence, when that part of the brain is large, as in man, the transverse fibres
are entirely included in it, and no separate e. ¢rapezoides appears, while,
when the pons is emall, these fibres being uncovered appear as a part of the
medulla oblongata.

A hollow process from the front of the lateral ventricle forms the olfactory
nerve (o) (1st pair, the bulb of which corresponds to the retina, Luys) ; one from
the third ventricle, originally separate from the optic lobes, forms the optie
nerve (2nd (»)); one from the posterior vesicle, the auditory (8th) ; at the side
of the medulla oblongata arise the remaining pairs of nerves, including the
great trigeminal (5th), which divides into three branches, an ophthalmie sup-
plying the space between the trabeculee and the maxillary process, a superior
maxillary for this process, and an inferior maxillary for the mandible, emitted
between the alisphenoid and prootic bones. Parallel with each seneory nerve
is a motor branch ; that along with the ophthalmie (3rd pair) from the crus
cerebri supplies most of the orbital muscles, and a detached thread (4th) beside
it arising in front of the Sylvian aqueduct, though emerging behind it, sup-
plies the superior oblique muscle of the eye. The second motor nerve is
the 6th, supplying the external rectus, choanoid, and the muscles of the third
eyelid ; the third is the motor root of the mandibular nerve supplying the
muscles of mastication. In connexion with this 5th pair there may be
six separate ganglia: 1st, Casserian, at its root, formed of its sensitive part
alone; 2nd, the ciliary, on the ophthalmie, supplying parts of the eye;
3rd, Meckel's, on branches of the maxillary; 4th, druold’s, on branches of
the mandibular; 5th, Cloguet’s, on the Jacobsonian organ, formed by branches
from Meekel's ; 6th, the lingunal, on branches of the mandibular, seventh and
sympathetic. The 7th nerve or facial arises in front of the 8th, supplies
the superficial museles of the face and over the hycidean arch; the 9th
or glossopharyngeal supplies the lining of the second visceral cleft; the
10th is a long nerve (vagus or pneumogastric), passing to the lungs, stomach,
&ec. ; the 11th or spinal accessory has a spinal origin, but joins the 10th,
and supplies the superficial protractor muscles of the shoulder-girdle; the
12th or hypoglossal is the motor nerve of the muscles of the tongue, and is
often a true spinal nerve.
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sclerotic (white of the eye) is cartilaginous in sharks, but is in others fibrous
or fibrocartilaginous, having bony plates in birds and reptiles. Where the
sclerotic joins the cornea, its rounded interlaced bundles of connective tissue
become flattened and ribbon-like, and the corpuscles arrange themselves in
layers. The cornea consists of—1st, polyderic, often differentiated, epithe-
lium, derived from the epiblast; 2nd, a foundation lamina, the anterior
elastic lamina, present in the sheep, pig, and man, doubtful or absent in the
horse, dog, goat, or calf; 3rd, the proper mesoblastic cornea of dense lami-
nated connective tissue, with ramifying corpuscles and soft gelatinous tissue
between its layers. In these, wandering white corpuscles are often found,
and through the layers wide anastomotic canals pass, lined only on their
deep surface by epithelium (Schweigger Seidel); 4th, a deep elastic layer,
separated in the seal from the last by a layer of nucleated fibrillar tissue.

While the eye sac is thus being modified, the skin on the surface sinks
in around the margin of the eyeball, and an upper and lower fold of skin
become eyelids, whose lining dermis is called conjunctiva; and its altered
dermal glands are called Meibomian along the lid edges, lachrymal at the
outer angle, or Harderian (internally), while the outer part of the fissure
between the fronto-nasal process and the maxillary becomes the nasal duct.
The crystalline lens consists of a structureless capsule and an interior of
elongated often serrulated epithelial cells. The lens is globular in fishes,
flattened in mammals. The iris or colored part of the eye is perforated by
the central pupil,* and hangs in contact with the front of the lens.+ The
choroid consists of a vascular lamina with vorticose veins and looped arteries.
The outer lamina in most fishes is white and glistening (lamina argenteq) ;
in mammals it is loose, dark and connective (lamina fusca). The inner
layer is made up of pigment cells, to which is added either a delicate layer
of clear cells, or a bluish or green metallie-looking lamina, the tapetum,
whose finely-ribbed surface produces the coloration as an interference pheno-
menon. There are two forms of tapetum—1st, cellular, found in fishes,
and carnivora, whose cells contain lime-crystals in the former, seldom in
the latter ; 2nd, fibrous, found in many other mammals ( Bricke).

The retina or percipient element consists of—1st, an outer or bacillary
layer of rods and cones, like the erystal cones of invertebrate eyes. The

* The pupil may be round, vertically or transversely elliptical, linear,
triangular (some Amphibia), square (Galeus), &e.

t The iris consists of an epithelial surface-layer, a vascular parenchyma,
and two sets of muscle fibres, a radial set of fibres (dilatores pupilie), and a
eircular sphincter (supplied by the sympathetie, independently of the eili-
ary ganglion, Hensen and Vilekers). These fibres, like those of the
ciliary musele, are smooth in most animals, striped in birds.
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cones consist of two elements—an outer conical (reflecting apparatus, very
long in nocturnal animals), and an inner ventricose composed of axis-cylinder
material (this same division is seen in the rods of many arthropods). Cones
predominate in birds' retina (except owls), and in the macula of the human eye.
Between the two elements of the cones are often highly refracting * lenticular
bodies' (Sehultze). No cones exist in eels, bats, moles, and hedgehogs; no
rods in most reptiles, Elasmobranchs, Ganoid and Marsipobranchs. The ba-
cillary layer is undeveloped at birth in rabbits and kittens ; but rods appearin
four days, followed by the other elements ; 2nd, an external limiting mem-
brane, followed by a series of layers of nuclei and granules, with a middle
connective intergranular lamina, separating them into inner and outer series;
3rd, a molecular layer; 4th, a layer of multipolar nerve cells ; 5th, fibres of
the optic nerve. The whole is supported by a net-work of radiating connective
bands, which superficially expand, forming outside the bacilli an external,
and inside the nerve fibres an internal, limiting membrane. The retina ends
behind the iris in a margin (ere serrate). The front of the choroid behind
the iris is plicated into sixty or seventy vascular folds (ciliary processes).
The outer layer of the connective tissue forming the vitreous humour is
called the hyaloid membrane, and it sends a process in front of the lens,
which bounds around it a space, the canal of Petit. From the junction of the
sclerotic and cornea to the ciliary processes, a ciliary muscle passes, which
can draw forward these processes, and alter the convexity of the lens, thus
altering the focus of the eye; a separate part of it is called the tensor ehoroi-
deee, and a circular band is described as *f compressor lentis” (H. Miller).

In the eye of fishes the pedicle of the mesoblast projecting in through the
choroid fissure remains as a fold (processus faleiformis), from the lower and
outer part of the eyeball to the back of the lens. This in birds consists of
two parts, one membranous and one vascular, which becomes a folded pro-
jection—the peeten, pouch-like in the ostrich, and hence named marsupium.

In all Craniota, except Myxinoids, several sets of muscles exist for the
eye. From the bottom of the orbit arise four recti—superior, inferior,
external, and internal—which move the eye in the four cardinal directions.
Two others, arising from the upper and lower parts of the inner and an-
terior edge of the orbit (or connected thereto by a pulley), pass to the outside
of the eye and move it obliquely. These are the superior and inferior
obliques. Still deeper is a four-cleft muscular sheath round the optic nerve
(ehoanoid), and occasionally, in addition, there is a levafor palpebre su-
perioris. An inner cutancous fold, or third eyelid, may exist between and
within the other two; for it, two musecles are often developed. These last,
the choanoid and the outer rectus, are supplied by the sixth pair of nerves,
the superior obligue by the fourth, and the rest by the third,

2
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surface to the vestibule, asin some fishes, or it may close externally (lizards),
or remain as a pouch of the vestibule (recessus labyrinthi of birds), or it may
be utilized for the passage of a vein, as the agueductus vestibuli of mammals.
The membranous vestibule early divides into two parts : an upper, connected
to the semicircular canals (utriculus®*), and a lower, or sacculus. In some
fishes the sacculus is lengthened downwards and forwards. This process,
in sauropsida and mammals, becomes slightly club-ghaped, or coiled, forming
the seala media cochlew. The periotic capsule does not lie close to these
structures, as the liquefied hypodermis of the tegumental sac (perilymph, or
liguor Cotunnii) intervenes; but, outside this, the ossified capsule is moulded
to these structures, forming bony semicircular canals, a bony vestibule with
two fovem (fovewm hemispherica and semielliptica) for the sacculus and utricle,
and a bony tube for the scala media cochlem. In the straight or lageniform
cochlea of the bird the membranous tube runs along one side of the bony
space for it, and a partition stretches from it to the opposite wall of the
space, dividing the bony cochlea into two parallel tubes, an upper opening
into the bony vestibule (scala vestibuli), and a lower (scala tympani) open-
ing into the visceral slit by the fenestra rotunda. In higher mammals the
cochlea elongates and coils on itself,t making a whorl and a half in Cetacea
and hedgehogs, 2 in the seal, 2} in ruminants, horse, and elephant, and 24 in
kangaroos, bats, and Primates; 3 in carnivores ; nearly 4 in pigs; 4 in the cavy,
opossum, and agouti; 5 in the paca. The central axis (modiolus) around
which it coils transmits the acoustic nerve, and the two scale, tympani and
vestibuli, are separated by a bony layer, lamina spiralis, projecting for §rds
across the tube of the cochlea.i The scala media completes thedivision, and
consists of an upper wall (membrane of Reissner) and a lower (lamina basi-
laris). These unite externally with the endosteal lining of the bony laby-
rinth, internally with the free edge of the spiral lamina. Nerves pass through
this lamina to the upper surface of the membrana basilaris, and end in two
sorts of cells, conieal cells of Corti, with elongated apices, continuous with
the nerves, their bases free under the superficial connective lamina reficularis.
These are arranged on central ascending and descending rod-like supports;

¢ On the utriculus is an opaque spot, macwla acustica, with three kinds
of epithelium : 1st, cylinder; 2nd, basal cells ; 3rd, spindle cells ; like those of
Deiters in the cochlea. The ends of these cells project as short stiff lines
on the surface. In these the vestibular nerves terminate (Odenins). Reich
showed a similar nerve-ending in spindle cells in the ear of Petromyzon.

t Spirally, the result of growth under pressure.

¥ The two seale communicate at the top of the cochlea by an opening
(helicotrema).
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between these cells are narrower hair-like cells of Deiters with dilatations, like
the nasal cells of Schwléze. Lying on the reticular lamina is the membrana
tectoria. The seala media is continued out of the bony cochlea into the ves-
tibule by a rounded cmeal or cochlear duct, into which the delicate canalis
rewniens of Hensen opens from the sacculus. Within the membranous
labyrinth is a fluid (Liguor Searpe, or endolymph).

The organ hitherto described is the internal ear. As an appendage to this,
the upper end of the first post-oral visceral slit in higher vertebrates is modi-
fied ; its outer end narrows, becomes hounded by fibrocartilage, forming the
external anditory meatus, and a fibrocartilaginous flap becomes the external
ear, with a reflected rim or Aeliz, and an anterior free projection, ¢ragus. The
inner end of the slit becomes tubular (Eustachian tube). The walls internal
to the meatus close, by the ingrowth of the membrana tympani, cutting off
the passage from within outwards, leaving as traces of the original passage the
minute foramen Rivinii, and, perhaps, the pouch of Traltsch.® The central
part of the canal thus eut off from without dilates into the cavity of the tym-
panum, into which the two fenestree open; a disk of bone, to which a rod
(Columella) or arch (Stapes) is attached, blocks np the fenestra ovalis, and its
outer end either joins the membrana tympani, the base of the hyoid arch, or
is embedded in muscles.

As an organ of taste the tongue is developed in vertebrates, attached to
the basihyal, and often with sensory papilla of four types on its surface—1st.
Filiform, simple or branched, epithelinm-clad, recurved, for prehension.
2nd. Fungiform, conical, beset with points, sensitive, supplied by the gus-
tatory branch of the fifth nerve. 3rd. Circumvallate papille, a few in a
row, posteriorly supplied by the glossopharyngeal nerve, flat-topped, and
surrounded by a shallow groove. 4th. Foliated, or lateral lamellar organs
as in the tongues of many mammals. In these papillse, nerves end in spindle
cells (Azel Hey). There is sometimes a central foramen e®cum in the
tongue, often communicating with a branched gland. In mammals the tongue
is beset with glands at the tip (Nufin's) and in front of the insertion of the
styloglossus muscle (Blandin's); postero-laterally are the absorbent or lym-
phatie follicles of Salter and Henle. In the middle of the tongue there may
be a bony or cartilaginous axis (entoglossal bone).

In connexion with the visceral arch system there may be other arches
which are only present in rudiment; thus, the labial eartilages of selachians,
and even the eranial trabeculae, may be pre-oral visceral arches.+

S—_—
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* A little pocket seen from within the tympanum, bounded by the liga-
ments of the handle of the malleus.

t Possibly the maxilla and premaxilla may be the splints replacing the
arches, of which the selachian labial cartilages ave the rudiments, as the
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autogenous,* lateral lamine (neurapophyses), joined to the body on each side
by a neuro-central suture. Over the medio-dorsal union of these lamin® is
an autogenous wnewral spine. A process, usually exogenous,t jutting from
each lamina is the upper transverse process (diapophysis) ; aspur, generally
autogenous, from each side of the body is the inferior transverse process
(parapophysis). The front of each lamina sends forward a little exogenous
spur (pre-zygapophysis), articulating with a corresponding pair of spurs on
the back of the preceding lamin® (post-zygapophysis). Some vertebrme have
additional exogenous mammillary processes (metapophyses), behind each
pre-zygapophysis, and another between the transverse process and pre-
zygapophysis (anapophysis).

The single or bifid ends of the separately ossified ribs, which surround
the visceral cavity, are attached to the ends of the upper and lower trans-
verse processes. The central region of the body where they are developed
is the dorsal region ; the vertebrae between the dorsal and head, correspond-
ing to the region where the mesoblast does not divide into splanchmo- and
somato-pleure, are called cervical. Where a hind limb exists, its basal girdle
abuts on one or more vertebre, which are called saeral ; those between the
sacral and dorsal are called Jumbar, and the post-sacral are caudals, or, if
few, coceygeal. The part of the rib joined to the upper transverse process
is the twbereulum ; that to the lower, eapitulum. A single vertebral segment
has thus a body mesially, a neural arch (bounded by the lamins) behind,
and a hemal arch (bounded by the ribs) in front; while two lateral canals
are formed by the junetion of the bifid rib-end and the two transverse pro-
cesses. In any animal the number of vertebre is expressed by a vertebral
formula, the initial of each group preceding its number; thus, in men, the
vertebral formula is C, 7; D, 12; L, 5; 8,5;C, 4. The first cervical (atlus)
articulates with the basi- or ex-occipitals, by particular processes called
condyles ; the second vertebra is called axis.

‘Within the neural canal the epithelium of the dorsal groove forms the
spinal cord, as a hollow tube, whose sides thicken to form the lateral column,
while its cavity remains, and becomes divided into a ventral and a dorsal part.
The former remains as the central canal of 8tilling, while the latter becomes
slit-like, and by absorption loses its epithelial roof, hence forming the pos-
terior fissure of the cord. The anterior fissure is morphologically different,
being only an infolding of the surface from rapid growth.

Between each pair of vertebre the spinal cord emits lateral nerves, each
with two roots, an upper sensitive, and a lower motor. Below each ver-

* Ossified from a separate centre.
t Ossified as an outgrowth from a pre-existing centre.
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tebral body the sympathetic ganglia form, and are connected by commis-
sures into a chain supplying the viscera, and communicating with all the
cerebrospinal nerves,

CHAPTER V.

ViscEra oF (UraxNiora.

IN the visceral cavity the hypoblast forms a eylindrieal
tube, at first blind at each end, but soon a mouth forms in
front, as a dermal involution, between the maxillary lobe
and Meckel's cartilage. A somewhat similar opening forms
behind as the anus. The mouth is bordered by dermal
folds, or lips, within which are usually calcified papillse
(teeth), and below, the tongue, which is often fleshy and
protrusible, attached to the basihyal.

The region of the visceral clefts (pharynx) has a
wall of striped muscles, which are the muscles of the
viseeral arches, or their modification. The thoracie ex-
tension of the hypoblast is a muscular tube, the ceso-
phagus ; the abdominal part is differentiated into a
stomach and intestine ; the former may be tubular,
saccular, siphonal, double, or complex; it has two open-
ings: one cesophageal or cardiac, and one intestinal or
pyloric. The splanchnopleure forms several (usually three)
layers of muscle in the wall of the canal —longitudinal,
circular, and oblique. The mucous epithelium is eylindri-
cal, and its surface is covered with glands, which often at
the pylorus form glandular lamelle (plice villose). The
glands of the stomach have cacal or branched ends, lined

with epithelial cells, which may be either large ““invest-
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ing” cells, or small, pale, gastric cells. A layer of un-
striped musele (muscularis mucose) underlies the mucous
layer, and is joined to the proper muscular layer by con-
nective tissue. The stomach receives branches from the
vagus and from the sympathetic nerves.

The intestine may be straight or coiled, 2-20 times the length of the body ;
its first part, or duodenum, is separated from the stomach by a sphincter
muscle (pyloric valve), and receives the ducts of the liver and pancreas, often
looping round the latter. It has racemose (Brinner's) glands in its wall,
and has no oblique muscular stratum ; some of the longitudinal fibres often
stretch into the suspensory fold of the peritoneum, and are attached to the
hinder part of the somatopleure, forming a suspensorius duodeni muscle  Treitz).
The succeeding part of the intestine is eylindroid, with no large appended
glands, lined by a single layer of sub-conical or cylindrical epithelium, and
possessing mucouns glands, villi, and absorbents. The mucons membrane may
form a continuous spiral valve, or numerous projecting folds (valvwle con-
niventes, or Kerekringii). In the muscular layer, between the longitudinal
and transverse fibres, the sympathetic nerve forms a gangliated plexus myen-
tericus (Auerbach), and another plexus (Meissner’s) lies in the sub-mucous
tissue. This part often ends by a valvular opening, in a dilated portion of
the canal, the large intestine or colon, which may begin by a blind dilatation
{e@ewm), from which a narrow blind tube, the vermiform appendix, in a few
cases projects. The colon may be {4 or 1} the length of the small intestine,
and is often sacculated ; when long it is curved, and arches over the origin
of the small intestines, which thus appears to pierce the root of its peritoneal
investment. The descending part of the large intestine (rectum) ends in a
common cloaca, or a separate anus. Lymphatic follicles are abundantly
distributed under the mucous membrane of the small intestine, forming
Peyer's glands.

At an early embryonic stage, a longitudinal shallow groove appears within
the hypoblastic tube, on its ventral side. This becomes divided into anterior
and posterior parts by a wide transverse ridge ; the hinder of these deepens,
closes preaxially by the union of its lateral lips, thus forming a emeal pouch
like the liverin Acrania ; its fundus bifurcates, or as the groove may be double
from its beginning, each branch lengthens, becomes solid by cell growth,
and again divides, forming a tree-like arrangement of solid branches, united
by a connective parenchyma. Ultimately the union of the intercellular pas-
sages forms a single or multiple bile duct, opening into the intestine below
the pylorus. The epithelium increases within, and distends the branching
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ceca, forming a solid organ, the liver, whose ultimate follicles have no
connective wall, being simple excavations between the gland cells
(Hering).
In its growth the liver extends to the

vena cava inferior, below its dilated sinus Fig. 7.

venosus (see p. 32) ; it also surrounds the root
of the omphalo-meseraic vein (Fig. 7, o),
which returns the blood from the intestine
(here called the vena port®), where it joins
the allantoic vein (af). These vessels here
break up into a venous net-work, whose
meshes interlace with the tubular system of
the gland, and make an important compo-
nent of the organ. The liver may be sim-
ple, or the allantoie vein and its serous sheath
(falciform ligament) may divide it into two
lobes, right and left (Fig. 8, #); each of
these may be again divided into two lobes,
a lateral and a central (re and e, iand ).

: - Diagram of the Vessels in the Liver:
lfﬂﬂhtaxmll‘j'a;:l;t:een the ﬂgi‘!h:h]ﬂ.ter&l and al, allantoic vein, or umbilical vein;
right central lobes a part o ¢ primitive ¢, omphalo-meseraic vein, or vein

e Pﬁ : v from I’f.'l:a: hypoblast ; #, portal-
tubular system often dilates into a gall blad=  plexus of veins in J, the liver ; Z, in-
B e o : . i AVL: Wy i0r vena

der (g), which is either imbedded in the JTE ™8 FHE v:nxﬁf_‘u: s
gland or pendent from it, or may appear tinued trunk of the allantoic vein to

. join the vena cava close to its di-
remote from it by the obsolescence of the latation or sinus venosus; », right

right lateral lobe. This bladder is usually ﬁ“;;ﬁ‘;h;’ iﬁf,':f;ﬁf;;“;;hﬂ'nmﬂ
at the end of a primary branch of a pri- fi_fi‘m-iﬂilﬁﬂsthc omphalo-meseraic
mordial hepatic caeum ; hence it communi-
cates with the hepatic duct only, by its neck being united thereto ; rarely
it is a dilatation of the middle of a duct whose gland radicles form a lobe
beyond it, communicating with it by hepato-cystic ducts. The two central
lobes often unite, forming a tri-lobed liver, with right, central, and lefe
lobes; postaxially, two accessory lobes may be formed, a right and a left ;
behind these, the liver substance between the venma cava and the right
branch of the v. porte forms a lobe inclining to the right (lebulus cau-
datus) (¢) ; and another lobe(s) connected to this intervenes between the
vena cava and the ductus venosus (I, Spigeliij. There may be eight lobes
in the liver; but sometimes the organ is still further broken up into lobules,
as in Capromys, camel, and seal, or some of them are absent.

The pancreas is a follicular or racemose gland, beginning as a diverticulum
from the intestine, and remaining in this form wholly or partly, as in fishes;
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its duct ( Wirsungian) is generally the remains of the original tubular out-
growth.

Fig. 8.

Diiagram of the lobes of the Liver: #f, right lateral lobe; £, left lateral lobe; Jc, lef
central ; e, right central ; x, umbilical vein; oo, ductus venosus ; ©e, véna cava ;
rlf, right lateral fissure; 2/, left lateral fissure; ¢f, cystic fissure; g, gall bladder;
¢, lobulus candatus ; 5, lobulus Spigelii; #, vena portae.

Teeth may be of two kinds—First, epidermal, secreted
by separate dermal papille, as in Myxine, Petromyzon, and
amphibia. The horny sheaths of the jaw arches in tortoises,
birds, true whales, &e., are of a different nature, being a
general hardening of the whole epithelium, a supplemental
contrivance following the vanishing of true teeth, as shown
by the embryonic appearing and vanishing of teeth, in
cases where ultimately such sheaths appear {Trionyx, Psit-
tacus, Ara, some whales). Probably of this nature are the
concentric heaps of epithelium, like minute points of horn,
found by Kolliker and Serres in the human gums, and by
myself in many other mammals.

The second kind of teeth are calcified papille, and may
form on the surface of the membrane, or in pits. In mam-
mals the papille are often seated each at the bottom of a
compartment of a primary dental groove, whose sides rise
into ridges, and finally unite above, to inclose each in a
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separate sac. In other vertebrates there is neither a primary
dental groove nor a papillary stage in growth.

As the papilla grows, and the matrix of its connective tissue caleifies
from the surface inwards, the outgoing processes of its central cells (or
odontoblasts) traverse the caleifying substance, becoming dentine fibres,
which are numerous (five or six from each cell), wavy, closely set, some-
what parallel, and branched. These are included in dentine tubuli, or canals,
lined by a resisting dentinal sheath, not easily acted om by reagents.
Around them is the caleified matrix, making up the dentine, which
exhibits wavy lines due to flexures of its tubes. The central mass of the
papilla (in which lies mucous tissue, plexiform vessels, silky non-medul-
lated nerve fibres, and externally the odontoblasts, whose processes pro-
ject into the dentine) remains soft as the pulp, and the space within the
calcified body occupied by it is the puip-cavity. Each odontoblast not
only sends off dentinal processes, but shorter processes to the deeper cells,
and lateral processes to its neighbour cells. Dentine (ivory) makes up
the body of most teeth, but it is usually coated with enamel. The primi-
tive dental groove, or the tooth papilla, is clad with a thickened epithe-
lium, and when the tooth sac closes, the space around the papilla is filled
with this material (the enamel organ). The epithelial cells on the surface
of the dentine lengthen into rods, calcify, and are called enamel fibres.
Calcification takes place in lamin® often with layers of pigment spots
( Hertz), producing brown parallel striee (Refzins). Transverse markings in
these enamel prisms may be due to intermittent ealcification. The rest of
the material over the enamel changes into stellate gelatinous tissue (stratum
intermedium of Hannever), which, as the tooth in growth passes upward, is
absorbed, as also is the roof of the sac; then the tooth becomes *‘cut,” or
projects on the surface. Over the enamel is a membrane deseribed by
Huxley, with minutely processed cells. Sometimes the dentine tubuli pro-
jeet into the enamel surface, as in some rodent and marsupial mammals.
The horny cuticle over the enamel in young teeth is called the persistent
capsule of Nasmyth.

The basal connective tissue of the surface of the tooth papilla below its
neck is changed into true bone (cement) ; it rarely covers the crown (asinsome
ungulates) ; its outer layer is sometimes non-lacunar, but between the
cement and the dentine lies a lacunated layer (the interglobular substance of
Cgermak) ; the cement often exhibits Sharpey’s perforating fibres, as in the
dog, and its osteoblasts are in clusters, surrounded by dense connective cap-

sules ( Gerber).
Teeth may be simple, with a simple pulp eavity, corupound, or folded ;
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compound teeth may be of two kinds, either with a single pulp stem, giving
off many branches, produced by the dentinization of a branched papilla
(Galeopithecus), or numerous separate pulp eavities may exist in the one
tooth, formed of a number of contiguous small papille (Orycteropus). In a
folded tooth there is a single irregular pulp cavity, and the materials of the
tooth may be variously plicated. Teeth usually sink through the mucous
membrane to the bone, and may be attached toit by ligament, or be ankylosed
by a special development of bone by their side (pleurodont) or base (acro-
dont), or may be sunk into sockets (thecodont), and then the pulps may be
large and permanent with permanently growing teeth; or the neck of the
pulp cavity in the root of the tooth may narrow, and the tooth reach a defi-
nite limit of size. The bones to which the teeth are attached are usually
the maxillee, pre-maxille, and mandibles ; often the vomers, palatines, ptery-
goids; and in fishes, parts of the hyoid and branchial arches, rarely the para-
sphenoid (Plethodontide), basi-oceipital (carp), or cervical vertebree (Rachi-
odon). All the teeth may be similar (homodont), or some may be altered in
shape, and arranged in sets (heterodont). In some animals the first-formed
teeth are shed, and replaced by a second growth, formed in offshoots from
the original tooth sacs (these animals have been called diphyedonts) ; in others,
the first set have no successors (monophyodonts). In the former case,
when the tooth sac closes, a small diverticulum projects from it, and is shut
off beneath the primary sac, as a secondary sac, in which a secondary
papilla grows for the permanent tooth ; on its development the growth is
attended with absorption of the root of the first, or milk tooth, which falls
out, to be replaced by the second. The top or free part of a tooth is its
crown, the middle is its body, and the inserted part its fang. The crown
may be marked with pointed eminences (cusps) or ridges.

A longitudinal vertical double layer of the lining® of the ceeloma (the
mesogastric fold) fixes the intestine to the spine, extending from one end to
the other, partly attached to the front wall of the abdomen, anterior to the
allantoic veins, partly to the posterior, or it may disappear in part by
absorption, the intestine hanging free, as in the lamprey. In the anterior
layer, passing to the stomach, the liver is developed. The elongation of the
small intestine stretches the fold going thereto, which becomes plaited (the
mesentery). When the large intestine is short, its serous envelope is also
short, but on elongation and extension it carries upward and forward with
it a fold of the serous membrane, which crosses over the root of the mesen-
tery, and descends on the right side ; this fold is the transverse mesocolon,

- _— .

* This consists of a monoderic epithelinm (sometimes called endothelinm)
and a connective basement ; between the epithelial cells are lymph-spaces or
pores communicating with the lymphatic vessels.
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and it erosses the medio-dorsal line between the mesentery (behind) and the
duodenum (in front). In mammals, from the convexity of the stomach, two
layers of serdus membrane descend, and then turn up behind the organ to
return to the spine, separating finally into an ascending and descending
layer, thelatter of which is continuous with the mesocolon—often inseparably
adherent to its surface, as in man. In the mesentery of lizards, amphibia,
and tortoises, muscular fibres from the splanchnopleure are continued to the
somatopleure.

The blood contains red as well as white corpuscles,* and
may be as hot as, or hotter than, the external medium, the
heat varying with the activity of respiration and the degree
of separation of the arterial and venous blood. The heart
has a striped muscular wall, and is developed below the
middle cerebral vesicle in the mesoblastic space, whose
lining serous membrane closing round it generally forms
a shut pericardium. The heart appears first as a solid
cellular mass of the splanchnopleural mesoblast; below the
anterior end of the hypoblast it becomes tubular, loops on
itself, then a partial septum divides it into a hinder thin-
walled receptive cavity or auricle, and anterior thicker
ventricle, hanging freely in the pericardium, and by its
contraction driving the blood through the body. The
veins generally unite, and form a sinus venosus before enter-
ing the auricle, and the tube leaving the ventricle likewise
often dilates into a bulbus aorte, usually with a striped mus-

cnlar coat.

On the development of the lungs the auricle divides into right or venous,
and left or arterial chambers, by the growth of a septum. The ventricle
may alzo become divided into a right cavin venosum, communicating with
the right auricle and pulmonary artery, and a left cavum arteriosum, open-
ing from the left auricle and into the aorta. The interauricular septum may
be slow in being completed, and the two sides communicate permanently in
some reptiles, and until birth in mammals and birds, by a foramen ovale.

—

# In adults. Leptocephalus, the larva of the conger, has no red corpuscles.
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The heart may be thus bi-, tri-, or quadri-locular.  In higher Craniotes, as
growth advances, the heart moves backwards as far as the middle of the
thorax.

Fig. 9.

Diagram ofhearts: A, of Reptile ; B, of Bird ; C, of Didelphian; D, of Mammal ; a, auricle,
right; &', auricle, left ; ©, ventricle; ¢, coronary vein ; 7, inferior vena cava; s, su-
perior right vena cava ; /, superior left vena cava.

The muscle of the heart wall is poor in kreatin, and its fibres are made of
united cells. The bundles of fibres are partly common to several cavities,
partly proper to each. Some of the former project into the cavity of the
ventricle as bundles (carnes columne), and may be arranged as pilasters or
trabecule, or attached by their free ends by tendinous cords to the auriculo-
ventricular valve. Some of the largest of these corde tendinee have fleshy
fibres in their substance ((E4{). The lining membrane of the cavities (endo-
cardium) consists of—1st, internally polygonal epithelium ; 2nd, close elastie
fibres, with scattered smooth muscle cells; 3rd, connective tissue, outside
which iz a double layer of gelatinous striped muscle fibres, broader and
shorter than those of the heart proper (Purkinje’s fibres). Thus the endo-
cardium is, in the ventricles, the equivalent of the coats of the blood vessels.
Around the chief openings in the heart fibrous, sometimes bony, zones form,
and parts of the lining membrane are inflected as valves at each of these.
In the right auricle valvular folds form at the opening of the sinus venosus,
or at those of the inferior ( Eustachian valve) and left superior vena cava
{ Thebesian valve). At the right auriculo-ventricular opening there is a valve
of 1-4 flaps; at the left, one of two lamine—the mitral valve. At the open-
ings of the arteries from the ventricles there are semilunar valves, at first
developed as thickenings of the wall ( Tonge), then becoming hollow. The
auriculo-ventricular valves have the tendons of the columnar muscles inserted
into them ; the valves at the mouths of the arteries are passive, each moved
by the current of the blood alone. Each consists of an epithelial, a fibrous
(from the zona tendinosa), and an elastic layer (from the endocardium). The

I
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heart is the best nourished muscle in the body, and is permeated with vessels
from the root of the aorta, or intermuscular spaces from the cavity of the ven-
tricle. Through the muscle are fine lymphatic interspaces (fissures of Henle).
The distention of the heart wall with blood in the higher vertebrates is an
important cause of ventricular diastole (Garrod). The heart has a double
nervous supply : one inhibitory, from the vagus; and the other excitory, from
the sympathetic; filaments of the first end in the spiral fibres of bipolar gan-
glion cells, scattered through the heart-subsiance (Bidder) ; the latter, in the
nerve tissue. Irritation of the cardiaec branch of the vagus, below the
origin of the superior laryngeal nerve, depresses the heart's action, and
lowers the intravascular blood-pressure. Stimulation of the cardiac branch
of the last cervical sympathetic ganglion accelerates action.

From the primary bulb a pair of aortic arches arises, left and right, which
unite above the hypoblast into a single dorsal aorta. Asthe heart recedes in
development, second, third, fourth, fifth, and rarely sixth and seventh, even
to a ninth pair of arches, arise parallel to the visceral arches, all passing to
the dorsal trunk. These may become modified by obliteration, by the
breaking up of the middle of an arch into a rete mirabile, or by the sending
off of branches. The first arch supplies the head ; often the fourth supplies
the fore-limbs. The dorsal trunk gives off intercostal, omphalo-meseraic,

Fig. 10.

A. Diagram of Aortic Arches : a, cardiac aorta; 1, 15t arch supplying the head, 2-5
arches ; r, right arch ; /, left arch; a', dorsal aorta ; B, modification of arches.

gastric, hepatic, mesenteric, and after giving off renals, usually divides into
two allantoic and one middle caudal artery. These arteries are tubes with five
coats—1st, an inner, of flat fusiform lining cells; 2nd, a fenestrated network
of fine elastic fibres; 3rd, a layer of longitudinal and transverse fibres in a
granular matrix (rarely with muscle cells, as in man's popliteal artery—
Eberth) ; 4th, muscular fibre cells in a connective basis with elastic fibrils,
or merely the connective tissue with no muscle, as in the ascending aorta of
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primates (in general the elastie element increases with the calibre of the
vessel). The muscle cells are cireularly placed, with some interrupted longi-
tudinal bands, strongest in movable arteries like the mesenteric and gastric.
Sth, an outer elastic and connective tunica adventitia, containing minute
nutrient arteries (vase vasorum), which do not pierce the deeper coats.
Arteries end in minute capillaries, with homogeneous contractile walls, or
fusiform cellular lining, and sometimes a tunica adventitia (Chrzonszezew-
sky), sometimes black dots on the wall, likeé stomata (Cohnheim). The nutrient
elements transude these vessels to the tissues, and the capillaries end in veins
which return the blood to the heart. Veins are rarely rhythmically contrae-
tile, usually possess valves (of finely fibrillated connective tissue with stellate
cells, and occasionally smooth muscle cells— Wahkigren). The tunica adven-
titia in the vein is stronger than that in the arteries; the muscular coat is
also well marked (except in the right superior v. cava of primates and car-
nivora). Most veins have circular fibres alone; some few have an inner
and outer longitudinal set as well (iliac, femoral, mesenterie in man) ; some
only an outer of longitudinal fibres (inferior v. cava and azygos, &e.)

The primitive venous system of Craniotes consists of symmetrical hyp-
axial longitudinal trunks in the mesoblast, one from each side of the head
passing backward (jugulars), and one from each post-axial part of the trunk
passing forwards (cardinals). These meet and unite, forming short trunks on
each side (ducts of Curier), which pass inwards to the sinus venosus. When
thefore-limbs develop, their veins, the subelavians, join the jugulars, and the
two symmetrical brachio-cephalics thus formed pass to the Cuvierian ducts,
and form with them the right and left superior ven® cavee. In higher

Fig. 11.

A. Generalized diagram of the Venous system of Vertebrates : 77, right and left jugu-
lar veins; 55, subclavian veins, or veins from the fore-limbs ; 4 ¢, ducts of Cuvier ;
a, auricle; ¢, inferior vena cava ; 2"z, cardinal veins or venx azyga; B. Specialized
form, with a communicating branch from one cardinal vein to the other {(vena dnno-
mnafa) ; C. Arrangement found in man.

D 2
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animals a transverse branch of communication (Fig. 11, #) forms between
these trunks opposite the junction of the left jugular vein and the left
subclavian vessel (the left vena innominata); the left trunk below it
diminishes, so that the main part of the blood of both sides flows through
the right superior vena cava). The left may even be quite obliterated,
leaving as its only rudiments a crescentic vestigial fold of pericardium
(Marshall) (C, d'c), and the muscular coronary sinus of Reid, which
now serves only to admit the blood of the coronary vein into the right au-
ricle. The cardinal veins, passing the primordial kidneys, send some branches
thereto (Fig. 12, C, r), which form a capillary reno-portal plexus. These
branches reuniting form renal veins, which pass inwards, join their fellows of
the opposite side medially, and form an ascending trunk, the inferior vena
cava passing to the sinus venosus (Fig. 11, ¢; Fig. 11,5). The veins of
the lower limbs (Fig. 12, f) may either pass into the reno-portal system

Fig. 12.

Diagram of the veins of the posterior extremity of the vertebrate body: A, venous
arrangement in a bird ; B, veins of alligator; C, veins of frog ; ¢, caudal vein; 7, iliac
vein ; r, renal advehens ; 7, inferior vena cava; &, kidney; u, 1, hypogastric veins ; f,
crural vein,

or directly into the inferior vena cava, and coincidently the eardinal veins

diminish in size, and form the vene azyga. In higher forms the reno-

portal system disappears, and all the blood of the kidneys, lower limbs,
and hinder vertebral region ascends to the inferior vena cava directly.

The veins from the hypoblast (intestinal, and in the fwmtus omphalo-

meseraic from the umbilical vesicle) unite in a trunk, the vena ports,

which ascends to the liver, and there breaks up into a hepato-portal plexus,
which, re-consolidating, ends in the sinus venosus (see Fig. 7). The
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veins from the allantois in the embryo (umbilical veins) ascend on the
abdominal wall, and unite with the vena portm before its division, often
sending a branch directly onward to the inferior vena cava (ductus venosus).
An epigastric vein, a branch of the caudo-ischiatic vein, ascending on each
gide of the wall of the abdomen, dips in near the liver to join the allantoic
vein. :

Lymphatic vessels exist in Craniota, to return into the ecirculation the
superfluous plasma exuded in the process of tissue-nutrition ; these begin as
wall-less lacung. On serous membranes inter-epithelial spaces exist, leading
directly into the lymphatics (Dybkowsky, &e.) Lymph vessels are either
loose connective spaces around the blood vessels, with a wall of flattish
endothelium (perivascular canals as in the brain or liver—His. Macgillavry),
or as vessels with valves and coats, like veins. These unite into large
trunks, and pour their fluid into the jugular and caudal veins, or, forming a
lymph sheath around the acrta, may end in the superior vena cava. This
aortic sheath may divide into two lateral thoracic ducts, or one of these
alone may persist (on the right side). These at their endings may have
dilatations with striped muscular coats (lymph hearts). The lymphatics
from the intestines carry chyle (and are called lacteals).

Here and there in lymph sheaths or vessels, stellate connective corpuscles
collect, interrupting the flow of the fluid, which then passes in the intervals
between the branched processes of the connective cells, and in these nets
lymph corpuscles are entangled. Such little swellings are called lymphatic
follicles, and around each is a network of fine lymphatic vessels. Of this
nature are the follicles of the pharyngeal and faueial tonsils, or of Peyer's
patches in the small intestines. When placed at the confluence of large
lymphatics, they are called lymphatie glands, and have an outer connective
wall sending in trabecule, and fine fibres crossing the lymph path (where
the lymph corpuscles are delayed and multiply), which unite centrally to
form a mass of club-shaped processes. Such glands may form a mass at the
root of the mesentery (the pancreas of Aseili, as in seals and whales).
Another mesoblastic lymphatic organ is the spleen, developed in the meso-
or diaphragmato-gastric peritoneal fold. Here in the embryo formative cells
accumulate in intercellular meshes, and blood vessels shoot thereinto.
In reptiles the spleen is a lymphatic gland, whose trabecule are blood
capillaries. In higher vertebrates this organ has a connective capsule
covered feetally with columnar, in the adult with scaly, epithelium, sending
in processes containing smooth muscle cells. These sheathe the veins
closely, the arteries loosely. The small arteries have no companion veins,
and their adventitious coats, entangling lymph cells here and there in connee-
tive meshes, form solid rounded minute ontgrowths, called Malpighian
hodies. The spleen pulp comsists of cells in a lacunary intercellular tissue ;
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the walls of the capillaries, becoming finely granular, and diminishing into
mere threads with attached cells, allow the blood to escape into the lacunw,
wherein the veins begin by cribriform canals, whose walls are lymph cells
and intercellular tissue (Peremeschko). Thus the lymph and blood spaces
are continuous,

In front of the pericardium in Craniotes lies a vascular lobate body, the
thymus, made of a loose capsule and fibrillar trabecule entangling solid
lymphatic follicles and coarsely granular polynuclear cells, and spheroidals
often compound, concentrically striated bodies (Hassall's concentric cor-
puscles). In hybernating animals this organ becomes distended with fat
before the period of sleep; in others it disappears as development pro-
ceeds.

The thyroid body is a similar vascular body in the neck, single or
double, and inclosed in a capsule which divides it into primary and
secondary segments, each made of vesicular acini, which consist of a hyaline
membrane and a layer of gland-epithelium. Between these vessels are
networks of lymphatics; it originates as a process from the neck end of the
hypoblast (W. Miilier).

In Craniota the respiratory organs are connected to the preaxial end of
the digestive tube, and consist of vascular networks exposed to water (gills)
or air (lungs). Gills may be filamentous or lamellar, attached to the visceral
arches, receiving blood from the aortic arches, and carrying it to the dorsal
aorta. The gills may be external, their vessels being networks on loops
from the arches, or else internal, with the aortic arches themselves breaking
into retia. They are bathed by water entering by the mouth, and escaping
through the visceral clefts, and are often covered by a dermal fold (opercu-
lum) from the second gill arch.

Lungs are air sacs, with smooth or sacculated walls formed as lateral off-
shoots from the preaxial end of the hypoblastic groove (before mentioned in
connexion with the liver). They open into the pharynx by a tube, the
trachea, composed of a ciliated epithelial lining, a glandular basement
strengthened by an elastic and muscular layer, and a connective sheath
containing cartilage rings. At its top is a cartilaginous box or larynx, sus-
pended below the basi-hyal, and containing folds of mucous membranes
whose vibrations produce voice. In its simplest form the larynx consists of
two lateral cartilaginous strips, united above and below by connective
tissue. These may be segmented into an upper free part (arytencid), and a
lower ring-like section (ericoid), with a shield-like cartilage in front
(thyroid).*

* From the thyroid to the arytenoid cartilage stretch horizontal antero-
posterior folds of fibrillar tissue and mucous membrane, the vocal chords, an
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The lungs lie one on either side of the heart, and receive blood from the
branchial arch, which is returned aerated, entirely or partly (Proteus) to the
left auricle. The trachea divides into two bronchial tubes, which pass, one
into each lung, and break up into fine air passages. In pulmonary breath-
ing the air enters the lungs either by being forced in from the mouth (as in
frogs), or it rushes in to fill the vacuum produced by the dilatation of the
cavity wherein they are placed. Expiration is produced by the contraction
of the cavity wall and the elasticity and muscularity of the lung.

&

CHAPTER VI.
Reprobverion, Erc.,, oF CRANIOTA.

TrE urinary and reproductive organs are closely united in
Craniotes. Very early in the embryo a cellular tube, the
Wolffian duct, forms in the post-axial intermediate cell mass
of mesoblast external to the protovertebra, passing back-
wards into the two horns, prolonged at the upper and back
part of the cloaca (infra). Internal to its origin, a lateral
glandular mass appears on each side, the Wolffian body, con-
sisting of small transverse tubuli, whose camcal dilated ends
contain vascular tufts. In ichthyopsids this remains through
life as the functional kidney, but in others there is formed
a secondary duct, the ureter (arising as an outgrowth from
the lowest part of the Wolffian duct, and growing forwards
—Kupffer),followed by asecondary glandular formation, the
kidney, of the same type as the Wolffian body (of which it
1s a later developed portion).

upper, false, and a lower true; between these on each side is the ventricle
of the larynx. Between the two true vocal chords is a chink, the rima
glotéidis. At the top of the larynx in mammals is a trigonal opening, the
glottis, with a leaf-like elastic cartilage in front of it (epiglottis), and a
mucous lip on either side, passing from it to the apex of the arytenoid—the
aryteno-epiglottidean fold.
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Internal to the Wolffian body the sexual glands form,
having at first no connected ducts; they are primarily in-
different, then become either male or female, but are never
functionally hermaphrodite, except as an anomaly. A
tube, the Millerian duct, forms parallel to the Wolffian
duet (of an involution of the germinal epithelium of the
pleuro-peritoneal cavity—Bornhaupt).  This, growing
from before backward, passes from behind this gland to the
cloaca. In the female these ducts dilate, become the ovi-
ducts or Fallopian tubes, their fore-end remaining open as
the ostium abdominale, while their hinder ends may thicken
and form uteri, or may unite. The Wolffian body in the
female wastes, forming a rudimentary organ, the Epo-
ophoron (organ of Roesenmiiller), beside the ovary. Its
duct may remain below as the canal of Gdréner; above, as
the hydatid of Morgagni. In the male the Wolffian body
becomes partly appended to the testis, its tubes shooting
into the sex-gland, as the vasa efferentia, while its upper
part may remain separate above as the organ of Giraldés;
and below, a separate tubule forms the vas aberrans of
Haller. Its duct becomes coiled, as the epididymis and
vas deferens, or excretory seminal duct. The Millerian
duct aborts in the male, leaving only its lower end, which
forms the wvesicula prostatica.

The primitive vertebrate type seems to have been the possessor of a her-
maphrodite gland, with a double derivative apparatus, one half of which
thus becomes aborted in either sex. The Wolffian tubuli correspond one to
each protovertebra, and represent the segmental tubes of worms (Fig. 1, dd).
They arise from the deepest part of the side of the band of fusion of the epi-
and meso-blast (axis band of His), and its lining may be directly related to
the epiblast. According to Waldeyer and others, the Wolffian tubuli arise
as diverticula from the Wolffian duct. The primitive duct (segmental duct
of Balfour) divides longitudinally into the ducts of Miller and Leydig (or

Wolffian). JBalfour suggests that it is the most anterior segmental duct
modified. The vas deferens 18 & muscular tube, the male modification of the
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Wolffian duet, with glandular ampulle in its walls in its lower part in
mammals ; none in Sauropsids ( Leydig).

The kidney is surrounded by a fibrous or connective capsule; its outer
layer consists of tortuous uriniferous tubes, each beginning in a flask-like
dilatation, into which passes an artery which within forms a glomerulus,
out of which passes a slightly smaller vein. The tortuous tubes unite into
straighter omes, ending in the ureter, often arranged in one or more
pyramids.

The ovary is generally loose in texture, pedunculated, often attached to
the spine by a single or folded serous mesovarium ; it discharges its ova by dehis-
cence. This organ is eovered by germinal epithelium, which lines its primary
involutions ; within this is a connective mesoblastic moss of fusiform cells,
forming the stroma, whose centre may be vascular, the bulb of Rouget. In
the stroma are imbedded small sacs, formed from the surface pits, the
Graafian vesicles, each of which is lined by glandular yelk-secreting cells,
some of which are larger, more specialized, passing into ova. The mouth
of the oviduct is open, plain, or fringed; the tube is narrow at first, then
widens as it approaches its fellow, with which it may coalesce in different
degrees, or they may remain separate.

The testis consists of convoluted tubuli (except in marsipobranchs), whose
epithelium becomes modified into spermathecs, within which spermatozoa
form. The head of the spermatozoon may be the altered nucleus of the
sperm-cell, whose contained protoplasm forms the second part or inter-
mediate piece, from which the flagellum is the outgrowth (Groke describes
the investment of each spermatozoon as structureless, and its contents as
contractile). The tubuli of the Wolfian body extending into the testis
form a tubular system of comi vascwlosi and vasa recta, opening into the
Wolffian duet or vas deferens. An outgrowth from the end of the Wolffian
duct forms the vesicula seminalis. The glandular epithelium of the testis
may be derived from the lining of the Wolffian tubules, and, according to
Sernoff, has nothing to do with the germinal epithelium.

Early in the embryo a post-axial involution of dermis (primary cloaca)
communicates with the cavities of the allantois and hypoblast; into this open
the ureters, the Wolffian, and the Miillerian ducts. In many animals this
arrangement is permanent; in others the cloaca divides into two parts,
genito-urinary and anal, each surrounded by its own muscular sphincter,
often separated by a bridge of skin, the perineum. Into the former, behind
the Miillerian duet, there open frequently the ducts of small accessory
glands (Cowper's glands in the male: Huguier's and Bartholin's, in the
female). The sides of the cloaca in males from the perinenm forwards tend
to elose medially and to elongate, the sphincter becoming a museular enve-
Jope. Vascular comnective tissue develops as an erectile sheath on the
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When the cloaca closes post-penially, the corpus spongiosum posteriorly
develops into a bulbus wrethre. The testes may remain in their original
place, or (as in the higher mammals) they descend. From the fundus of
each in this case a cord, with a muscular wall and lax tissue (gubernacuium
testis), passes downwards to an area of loose skin on each side of the closed
post-penial eloacal outlet (serofum); by this cord asa guide the testis descends,
pulling along with it a serous fold (mesorchium), which forms a coat for the
gland (tunica vaginalis). The testes then may either lie sub-abdominally,
or enter the serotum, traversing completely the abdominal wall by an
inguinal canal. In its course the testis carries with it its vessels and nerves
forming the spermatie cord, the Wolflian body and duet, and the gubernacu-
lum, which last, with some reflected fibres from the second muscular layer
of the abdominal wall (the internal oblique), makes a muscular investment
or cremaster for the organ. An anterior skin fold around the end of the
penis is called the preputitm.

In the female the urogenital cloaca remains open ; the scrotal folds form
outer, the preputial form inmer, marginal processes (labic majora and
minora); the precloacal erectile tissue forms a rarely perforate papilla
{elitoris) ; and the urogenital openings remain patent posteriorly, the genital
canal being named vagina.

The supra-renal capsules are vascular and nervous mesoblastic organs
above the Wolffian bodies, consisting of cortical and medullary layers. The
first of these is of three strata—1st, one of connective vascular tissue; 2nd,
one of connective fascicles; and 3rd, one of netted capillaries and stellate
cells. The medullary matter is loose, soft, possibly a highly vascular sym-
pathetic ganglion (Leydig and Kalliker).

In most Craniota a longitudinal lateral ridge rises along the sides of the
embryo, on which two pair (rarely by abortion one pair) of symmetric:l
processes bud from the epiblast as limbs. Each limb has a cartilaginous
axis, on which it is built, consisting of a basal girdle imbedded in the side of
the embryo, and a projecting ray. The first pair of limbs spring behind the
visceral clefts; the second generally still more post-axially., Asthe two pair
are formed under similar eonditions, and have more or less community
of function, they exhibit a parallelism of structure even in minute par-
ticulars, but this can only be homonomy, as there are no true homoplastic
relations between them. The fure limb- or shoulder-girdle consists of a
single or double cartilage, whose dorsal (scapular) and ventral (coracoid)
parts are primarily rod-like. Where they meet. laterally, the limb ray
projects.  Over the coracoid rod the integument behind the last visceral slit
is often attached, and its deep layer ossifies as a splint bone, the clavicle.
The scapula may remain single or may divide; the coracoid usually divides
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the fore). To it articulate two radial bones (4 and 5)—a pre-axial (radiusin the
fore limb, tibia in the hind) and a post-axial (ulna in the fore limb, fibula in
the hind), between which at the lower end may be intercalated a short bone,
the osintermedium (6) (os lunare in the fore, head of astragalus in the hind
limb), usually displaced downwards to the level of the next row. A series of
three cartilage bones follows—one (seaphoid in the fore, astragalus in the
hind limb) below the pre-axial radius or tibia; one (cuneiform in the fore,
calcaneum in the hind limb) below the post-axial ulna or fibula ; and a third
{centrale in the fore, scaphoid in the hind limb) below the intermediom. A
series of five cartilaginous or bony nodules succeeds these, numbered from
the pre- to the post-axial side. The first is called in the fore limb trapezium,
in the hind entocuneiform ; the second in the fore limb is the trapezoid, in
the hind mesocuneiform; the third is the os magnum in the fore limb, the
ectocuneiform in the hind ; the fourth and fifth often eoalesce, forming the
unciform bone in the fore limb, the cuboid in the hind limb. These two
rows of bones, taken together, make up the carpus in the manus, or tarsus in
the pes or hind foot, and are usually arranged in two rows—the scaphoid,
intermedium and cuneiform, forming the first in the manus; the centrale,
lying in the middle, and the five others, forming a second series. To these
succeed five longer cartilage rods— Fig. 15.
the metacarpals in the manus, the %
metatarsals in the pes, each of which e ot —
bears a series of one to five, rarely EKJ 'KJ ;
more, phalanges. Thenumber of par-
allel rows rarely exceeds five; rarely, B
a8 in ichthyosaurus, the number gra- 5’5: /Ef _—.\
dually increases downwards. _____5 C

The limb-ray is at first horizontal ;
then the pterygio-radial joint bends *
downwards, in the transversely verti-
cal plane; then the whole ray becomes
rotated through the arc of a circle, of
which its girdle joint is the centre.
In higher forms the fore limbis usu-
lyrottdackvsds,hlind i PHESE! o 515 ke b Vi
forwards. girdle ; 4, coracoid region ; ¢, pelvic girdle;

5 , limb ray ; B. outline of Amphibian, show-
Craniota possess two muscular 8ys- ir:g: the subdivision of arm, forearm, and

fi
tems, both mesoblastic in origin, an hand, and their relations: C. Heptile : D,

Mammal,
exo-and an endo-skeletal. The first, best marked in the higher forms, consists

of the erector museles of the hair and feathers, and the panniculus, or hypo-
dermal layer, chiefly composed of fibres radiating from each limb-ray, or a
longitudinal medio-dorsal, or medio-ventral band, and sphincters for the
orifices. These are formed from the superficial mesoblast of the somatopleure.
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The endoskeletal system is formed principally from the surface of the pro-
tovertebree ; and at first it consists of two longitudinal lateral segmented
masses, stretching from head to tail, each made up of as many segments as there
are protovertebree, The myotomes or segments are separated by intermuscular
laminae. The development of transverse processes divides this mass into a
dorsal and a ventrolateral part, and in this form the muscular system exists
in the tail of a fish. The dilation of some regions, the contractions of others,
and the formation of more complex vertebral processes, disturb the straight
course of the fibres, and incline them to divide into parts which differ in obli-
quity. The development of the limb-girdles introduces another element of va-
riety, the superficial layers being attached to these, while the deeper remain
purely axial. The parts of the dorso-lateral mass retaining its normal sim-
plicity in higher animals becomes divided into ilio-costalis (from ilium to
rib, and from rib to rib), longissimus dorsi (from the transverse processes of
the lower to the transverse processes and ribs of the anterior vertebrae), spi-
nalis dorsi (from the hinder to the fore dorsal spines), multifidus spine (from
transverse processes to spines), interspinales, intertransversales, rotatores spine
(spines to laminm), levatores caude. The extension of this series to the head
forms the splemius (spinous processes to head), complerus (transverse pro-
cesses to head), recti capitiz major and minor, and obligui eapitis. The mus-
cles of this group are the least variable throughout the whole division.

From the mesoblast of theWolffian ridge, or from the protovertebre, arise the
limbmuscles, which may be divided into intrinsic and extrinsic, the latter being
those which have an axial origin, but an appendicular insertion (this group
may arise from the muscle-plate of the protovertebrs, but seems rather to be
derived from the somatopleure). The extrinsie muscles consist of— 1st, a dorso-
lateral group in superficial and deep strata ; the former consisting of muscu-
lar fibres from the medio-dorsal line to the metapterygium, divided into two
parts by the development of the seapular spine and claviele; its parts are—
1st, adaxially eleido- and sterno-mastoid, and eleido- and sterno-oceipital,
trapesius (from the vertebral spines to the scapular spine); 2nd, abaxially
deltoid (from spine of scapula to the metapterygium), and feres minor; the
deeper sheet consists of latissimus dorsi (spines to the pterygium), rhomboideus
(spines to vertebral edge of scapula), and dorsi-epitrochicaris, cecipito-scapu-
laris, and trachelo-acromialis. Around the pelviec girdle the same group is
simpler, forming the glutens externus, caudo-femoralis, coccygeus, tensor
vaginae femoris, and sartorius. 2nd, The ventro-lateral muscles consist of two
sets : one derived from ventral extensions of the protovertebral muscle plates
(Kélliker) ; its middle part retains its longitudinal direction and tendinous
intersections (rectus abdominis, sterno-Ayoid, sterno-thyroid, genio-hyoid,
depressor eaude); its lateral part forms the outer and inner oblique muscles
of the abdomen, and the intercostals. Superficially, the mesoblast of the
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Wolffian ridge forms two lamine : a superficial, consisting in the fore limb
of the costal, sternal and elaviewlar peetorals, subelavins, and sterno-seapularis
muscles, and a deeper, the emohyoid, levator scapule and servatus magnus.
Corresponding parts posteriorly are the adductors, pectineus, and obturators.
A series of ventro-lateral museles lie beneath the vertebral column—the hypo-
skeletal muscles of Huxley (hypaxial of Stennins). These may be derived
from separate muscle-plates (Killiker), or from the intermediate cell-masses,
and the group consists of the following parts: psoas, quadratus lumborum,
longus colli. pyriformis (?), femori-caudalis, and laterally the infra-costales,
triangularis sterni, and fransversus abdominis.

The intrinsie limb-muscles are, primarily, continued bands from the body
muscles on each side of the axial cartilage. The zono-pterygial joint is
usually capable of moving in all directions, and the muscular lamina which
gurrounds it becomes segmented into four sets of museles, protractors (supra-
spinatus, in the fore limb, ilizcus in the hind, from the pre-scapula and pre-
ilium), retractors (infraspinatus inthe fore limb, from the post-seapula ; gluteus
medius in the hind limb, from the back of the ilium}, adductors (corace-
brachialis in the fore limb, quadratus fe-
moris and pectinéns in the hind limb,
and others attached to the ventrolateral
series) ; and abductors (fused with the
dorso-lateral series). The relations of
these partsin the two limbs is an indefi-
nite homonomy, . ¢., they are segmenta-
tions of similar muscle-sheets and may
or may not correspond. The pterygio-
radial joint is movable only in one plane
(flexion and extension), and the muscles
are disposed accordingly. There are
usually three extensors: one scapular or
iliac (aneoneus longus in the fore limb,
réctus femoris in the hind), one from the
pre-axial side of the pterygium (anconeus
externus in the fore, vastus internus in 598
the hind limb), and one from the post- 7
axial side {mmu.l wnternus, vastus ex- Diagram of pterygrium of Selachian : 1,
ternus). The flexors are also three or  propterygium; 2, L giumgl 3
four (coraco-radial, or ischio-fbular; veloped into radiss and uln i higher
gleno-radio-ulnar, or fschio-tibial; hu- T3] % Sspermedium: 7 Sscer-
marﬂ—'l.l].llﬂ.l‘, or femoro-fibular: there may phalanges; a, &, €, 4, ¢, digits which
ba s Bdditional Aesnr tn wther ].imh}. are developed in other vertebrates.

The digital muscles vary with the function of the limbs; when most per-

Fig. 16.
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CHAPTER VIL

Province I.—Icuruvorsina (Huaxley).

Craxtora with no ammion and a rudimental allantoid, a
thin epidermis or none, breathing by gills at some period
of life, having not less than two aortic arches, cold blood,
with some of its corpuscles red, nucleated, and a bi- or
tri-locular heart. The notochord often persists, and when
bony vertebrae form, their bodies have no epiphyses. The
skull has usually a large para-, and a small basi-sphenoid,
and the occipital condyles may be none, one, or two
(which are then exoccipital, with a cartilaginous basi-
occipital). The mandible may be absent, cartilaginous, or
of membrane hones, attached to the skull by a cartilage
plate, or by a suspensory apparatus. The Wolffian bodies
persist, and their ducts open either into a cloaca or behind
the rectum. This province includes two classes.

Crass J. Pisces, Fishes. Permanently branchiate
aquatic ichthyopsids, with oval blood corpuscles, and no
distinet ventral allantoie bladder. The limbs are fins; the
fore limbs forming pectoral fins, the hinder, ventral. There
is a median single post-anal fin supported on fin rays, and a
medio-dorsal fin sometimes in two parts. The fail is
margined by a fin supported on rays, and this may be an
equally distributed fringe with the straight vertebral axis
in the centre (diphycercal), or the vertebral axis may be
bent up and prolonged into the upper lobe of the bilobed
tail, and margined by shorter rays, while the lower lobe
consists ‘of long fin rays (heterocercal tail), or the axis
may be bent up and may end abruptly, while the arch-

bones on the hemal side (hypural bones) being widely
E
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dilated may support two equal lobes, one above and one
below (homocercal). The shape of a fish is that best
suited for aquatic locomotion; there is no neck, and to
allow of free motion of the tail (the propelling organ), all
the viscera are pressed forwards. The epidermis is thin.
The surface of the cutis is generally raised and ossified into
scales of various forms, of which the chief varieties are—
1st. Placoid, dentine-like ossifications of dermal papille, as
granules, tubercles, or spiny scales (Elasmobranchii). 2nd.
Ganoid, laminated, rarely imbricating scales or shields,
having a bony basis covered with a layer of enamel-like,
hard, polished ganoine. 3rd. Cycloid, thin, easily detached,

Fig. 17.

Cyeloid and Ctenoid Scales.

flexible, imbricating scales, with a smooth hinder edge,
and marked with concentric striee. 4th. Ctenoid, with a
spiny or pectinated edge, imbricating, and having their
striee angulated posteriorly.

Fin rays are also dermal ossifications, in united sym-
metrical pairs. Along the side of most fishes exists a series
of sense organs, at the bottom of a row of pores forming a
lateral line from head to tail. There is no dermal muscu-
lar system. The brain is small, often less than l;th the
weight of the body, larger proportionally in the young,
only filling the cranial cavity in embryonic life.

The blood corpuscles are round in lampreys, largest in sharks. No
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sternum nor sternal ribs are present in fishes. The cells of the epidermis
are easily detached along with the slimy coating of the surface. Single
secreting cells in eels and other fishes resemble the unicellular glands of
Vermes. In Marsipobranchs the cuticle is continuous, and is traversed by
pore-canals. The remarkable spiral mucous cells deseribed by Leydig in
Myxinoids probably belong to the system of the lateral line. The cutis may
be very thick (four inches on the head of Orthagoriscus {Lsyaﬁ;{] ), and is
often traversed by slime canals, which frequently sink into the subjacent
bones. The cutis may be ossified into a continuous bony case of united
shields (pipe fishes, &c.). These, in some places, touch the cartilaginous
skeleton, and form splint-bones, which are instructive as they often repre-
sent the deeper splints in forms where, from the larger development of the
dermis, these membrane bones appear as deeper formations. According to
the researches of Hertwig, the various forms of dermal ossification in fishes
can be reduced to one type, all being modifications of teeth, with osseous
plates around their bases.

Intermediate forms often exist between the typical forms of seales. Thus,
scales with striee like those of ctenoid scales may possess an entire hinder
edge ; they are then called sparoid (Troschel). Some fin rays in Chimera
are concentrically laminated chitinous threads. Fins without rays, like the
hinder dorsal of the trout, are called adipose fins.

Each pore of the lateral line series leads into a simple or branched tube
(filled with a gelatinous matter), whose emcal, ampullated, or rosette-like
end eontains a nerve bulb. When the tube is branched the nerve runs along
its side, and sends twigs into every branch of the eanal. In sharks there
are bundles of unbranched tubes on the surface of the head, and branched
canals along the side of the body. The forms of these canals are character-
istic in many genera. The head tubes, supra and infra-ocular, receive their
nervous supply from the lateral branch of the fifth nerve ; those of the lateral
line, from the lateral branch of the vagus. It is probable that these are
generalized sense organs, capable of appreciating to some extent all forms
of vibration. Sometimes elosed follicles of similar structure exist, and in
Cyprinoids there are allied beaker-like organs, comsisting of a peripheric
layer of long cylindrical cells, around a central, softer, cellular mass, end
between these are papillary nerve endings,

In Orthagoriscus there is a dermal orbicular sphincter for the eyelids, and
a similar muscle is present in some Selachians.

In the adult fish, between the outer connective membrane of the brain
(dura mater) and the inner vaseular membrane ( péia mater), there is a thick
gelatinous connective tissue and fat, in place of the araechnoid of higher
animals. The lobes of the brain are arranged nearly in a line in tbe hori-

E 2
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zontal plane. The olfactory lobes are large in lampreys, separated and
stalked in sharks-—the stalks arising from the middle of the side of the cere-
brum, whose lobes are united (separate in some sharks). The cerebrum, forthe
most part, corresponds to the lamina terminalis of the third ventricle. The
lobes are solid and distinet in teleosts, united to the olfactory nerves in the
Dipnoi. The thalamencephalon around the third ventricle is hidden by the
optie lobes in teleosts, large and distinet in sharks, small in lampreys. At
the sides of the median process from its floor (infundibulum) are often two late-
ral lobi inferiores, which areunited into one in lampreys. The optic lobes are
nearly confluent in sturgeons, rudimental in Amblyopsis, large in lampreys,
hollow in most teleosts. The hinder wall is thin, and a deep fold (the
fornix of Gettsche) extends forwards, separating the ventricle of the optic
lobes from the cavity of the middle cerebral vesicle below, on each side of
which the floor of the optie ventricle is raised into gangliform swellings.

The cerebellum is small in Myxinoids, larger and lamellar in others (by
some considered to be a double organ, a small part only being truly cere-
bellar). The fourth ventricle has smaller margins in Chimsra, or a lateral
trigeminal lobe for the origin of the fifth nerve, convoluted in S8eymnus. In
some electric fishes there is a lobe on the hinder peduncle of the cerebellum
for the origin of the vagus. The spinal cord in Trigla and the suufish is
dilated at the root of each nerve, contracted between each pair.

The nasal sac is single, central, opening behind into the pharynx in Myxi-
noids, ceecal behind in the lamprey. In other fishes the smell-organs are
double, symmetrical, in the form of a pair of grooves lined by radially (stur-
geon) or biserially folded ciliated mucous membrane, sometimes with secondary
plicee. The nerves end in cells with hair-like processes. The organ is stalked in
Antennarius, bell-shaped in Lophius ; in some it is open, in others crossed by
a bridge separating an anterior from a posterior opening, to which in sharks
there may be an upper (lateral) and a lower (alar) marginal cartilaginous
strip. The two openings may be widely separated. In Symbranchus the
hinder opening is over the eye ; in some eels one opening is in the border of
the lip; in Polypterus there are in each nasal sac five radiating canals, with
a folded lining. In Dipnoi one opening traverses the thickness of the lip,
the other is external.

The optic nerves may cross each other with no uniting fibres, as in
teleosts, or with a few such fibres, as in Cyclostomata. Rarely one nerve
pierces the other (some Clupeoids), or a commissure and decussation may
exist (Elasmobranchs). The eye 18 flattened ® in front, with a small anterior

e —

* In Apterichthys cmcus it is under the skin ; in Amblyopsis, reduced to a
ragmentary rudiment; in Lepidosiren it is also under the transparent skin.
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chamber, a thin flat cornea forming a large part of the surface of the eyeball.
The sclerotic consists of cartilage (sharks, &e.), bone (Xiphias), cartiluge
with a bony ray (sturgeon), or fibrous tissue with two cartilages (Teleostei),
rarely fibrous alone. Within it is a shining, connective funica argentea.
The choreid is vascular, with (in Ganoidei) or without eiliary processes. In
it, around the entrance of the optic nerve, in all fishes with an opercular gill
the ophthalmic artery forms a plexus (the choroid gland). The pupil is
oval, round, or quadrate, and the erystalline lens is spheroidal ; a* faleiform
process of the choroid projects from the fundus of the eyeball, to be attached
to the capsule of the back of the lens, where its end is sometimes dilated and
covered by a layer of smooth muscle (campanuia Halleri). ‘The lining layer
of the choroid is a tapetum cellulosum, with caleareous bodies in its cells
(Chimsera and many teleosts). In sharks a pillar-like stalk of cartilage
springing from the hottom of the orbit articulates with the back of the
sclerotic. This iz represented in teleosts by a fibrous band. There is no
lachrymal apparatus nor choanoid muscle, and the eyelids may be none, or one
circular fold, or more commonly two immoveable vertical folds (one anterior
and one posterior). Some sharks have horizontal lids and a moveable third
evelid, Crystal cones and nerves of a gelatinous consistence, enveloped in
pigment, exist between the gill-rays, on the head, or in four rows on the
belly in some Scopelide, Chauliodes, and Stomias. Some of these are in
series with the lateral line organs, of which they seem to be modifica-
tions.

The inferior maxillary iz the largest branch of the fifth nerve, and sends a
lateral branch to the surface sense-organs; and this in Cyprineids joins the
first spinal and the vagus nerves. The superior maxillary emits a large buccal
branch; the seventh gives off opercular, hyomandibular, mandibular, and
hyoid motor branches. The vagus early divides into—1st, a branchio-
intestinal, which gives off a superior laryngeal branch to the gills and their
museles ; then gastric filaments, which supply the swimming bladder ; 2nd,
ramus lateralis, which runs under the lateral line in the inter-muscular
space, supplying the sensory organs ; this gives off a supra-opercular branch
over the shoulder-girdle, and within the cranium may join the fifth. In
Myxine there is a lateral nerve, and the branches of the vagus stretch to the
anus. Intothe beard-feelers of some fishes (cod, &e.) branches of the inferior
maxillary or superior maxillary (sturgeon) nerves may be continued, which
end in bulbous extremities. Some fish have detached fin rays (pectorals of
Polynemus, &ec.), which may be similarly sensory.

The tongue in fishes consists of mucous membrane spread over the basi-
hyal, and is scarcely gustatory but; the soft palatine folds, somewhat erectile
in Cyprinoids, with their branches from the vagus, and with an epithelium of
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beaker cells, are sensitive. The taste organs are minute cup-shaped bodies,
each consisting of investing and gustatory cells. Similar organs exist in the
mouthof the tadpole. The ear in Myxinoids consists of one semicircular canal,
in lampreys of a vestibule and two canals, each with a separate ampullated and
a united undilated end, but no otoliths. In other fishes there are three canals,
not completely surrounded by cartilage in Chimeera, but inclosed in the peri-
otic in other fishes. In rays the anterior and posterior canals are circular,
opening by distinet tubes into the vestibule, whose upper part communicates
with the surface by a fine tube, opening valvularly. In Cyprinoids a trans-
verse canal (sinus impar) unites the posterior processes of the vestibule of each
side, from which a central mucous atrium extends backwards in the basi-occi-
pital to an opening into two canals on the body of the first vertebra. Behind
this a chain of three bones extends to the swimming bladder. From the fore
part of the sinus a forked canal extends forwards into the alisphenoid. The
front end of the bifid swimming bladder of Clupeoids is directly related to the
vestibule ; in Siluroids, Sparoids, and Percoids the vestibule and the swim-
ming bladder are also connected. In the pike, a membranous sac opens into
the vestibule behind the semicireular canals. In the embryo of the lamprey the
labyrinth begins as a single vesicle containing a rounded otolith, which is
lost at a later stage.

The peritoneal cavity of fishes is ciliated, and has often a single (Cyeclos-
tomes, some Ganoids), ordouble (sharks, eels, sturgeons, &c. ), porus abdominalis,
postaxial in Ceratodus. Its pericardiac segment is not shut off in lampreys,
sturgeons, nor sharks. The mouth never has a sphincter; the lips may be
thick (wrasses), transversely folded (Mugil, Lalrus), or conical (Mormy-
rus). There are no salivary glands, but sometimes sublingual follicles
(lampreys) or papillary glandular folds exist.

Teeth* exist in most fishes, epidermal in the oral disc of the lamprey,
dermal, but with no enamel, in others. These may be enlargements of
the dermal placoid scales (sharks, &c.), where sometimes the series can
be traced from without inwards, gradually becoming more tooth-like
and less scale-like. As no individual tooth grows beyond a definite
size, there is generally a succession in rows from within outwards. In
bony fishes the teeth may be villiform (perch), isolated, ankylosed to the
bone, or moveable and fastened only by ligament (Lophius, Anableps, Poe-
cilin), rarely in sockets, and replaced vertically (Sargus and hypopharyngeal
teeth of wrasse), or deeply embedded in bone (hypopharyngeal of Scarus).
(oalescing teeth, developed from separate papille, form a beak in the last genus,

* ()wenenumerates six forms oftissue in fish-teeth, called osteo-dentine, vaso-
dentine. vitvo-dentine, plici-dentine, labyrintho-dentine, and dendro-deniine.
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not to be confounded with the calcified horizontal dentine laminge in Gym-
nodonts secreted by a continuous pulp. Teeth are placed on the premaxilla
and dentary bone of the mandible, rarely on the maxille (Clupeide and Sal-
monide), commonly on the vomer, &c.: one broad, thick, basi-occipital
tooth exists in carps and tench. The opening into the esophagus has often
a sphincter, and in Lepidosiren a valyular fold at its commencement. The
wsophagus is short, longitudinally folded. In Caesio, sturgeon, &c., its mu-
cous lining is covered with papille (jagged processes in Spinax). In the tor-
pedo there is a grey submucous layer. In Cottus scorpius it is suspended to
the spine by a muscular band. The stomach has a wide cardiac and a narrow
pyloric opening; it may be a cmeal or siphonal pouch (Pleuronectes and
sharks), globular in Mormyrus, in two sacs suddenly bending forwards in
Lophius. It is sometimes gizzard-like { Mugil, Johnius, Gillaroo trout), with
an envelope of striped muscle (tench), and often with a reticulated mucous
membrane (Gymnotus). At the narrow pylorus in sharks is a small sae,
(bwrsa Entiana), receiving the bile and pancreatic duets, and feetally the vitel-
line duct. In sturgeons it is marked outside by many fulds, and is saccular
within. In Lepidosiren its segments are more sharply defined as cascal pouches
which, in teleosts, are developed as pyloric appendages, absent in the carp,
gobivs, wrasses, Chromidem, Murenoids, Cyprinodonts, sole, some Siluroids,
Lophobranchs, Plectognaths: 1 in Polypterus and Ammodytes; 2 in Anabas,
turbot, Lophius; 3 in perch and Diploprion ;;4-9 in Cottus ; 5-9, Trigla ; 6,
Scorpena; 9, Clupea; most numerous in Salmonoids, Ganoids and Scomber-
oids. Each tube may be single or branched ; thus there may be 50 appendages
with 30 openings (pilchard), or 50with6 (Cyclopterus), or 120 with 4 (whiting
or sword-fish), or with one duct (Spatularia); in the latter cases the ceca are
united by connective tissue into a gland. In some genera they are variable,
present in one species, and absent in its allies, &c. : when numerous, they may
be in a longitudinal, transverse, or annular series, or in several fascicles.
In Hemitripterus the large stomach can be filled with air, and may act as
a swimming bladder. The intestine is straight ( Exoccetus, Myxinoids) or
slightly coiled, with a spiral fold in Cyclostomes and Chimera (which, in the
former, contains an intestinal vein). Thisin Elasmobranchs becomes a spiral
valve,* extending from below the bursa Entiana to near the anus. It exists
also in Dipnoi and Ganoids (except Lepidosteus).+ There is rarely a sepa-

—*2is inthe extinet reptile Ichthyosaurus and the larvie of some exotic
amphibia.

T In some sharks a small blind cecal tube, with glandular walls, opens
into the lowest part of the intestine. In Chimera a small gland exists in
the intestinal wall, at the same spot, but no pouch.
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column and the intestine, in front of the kidney, covered below by perito-
neum,* and usually single, consisting of an outer contractile layer and an inner
venous, often with vascular plexuses (air glands, as in the eel, cod, &e.); it
often communicates with the back (rarely with the ventral side, as in Polyp-
terus Lepidosiren) of the cesophagus (Physostomi), or with the fundus of the
siphonal stomach (Clupea), by a pneumatic duet, which may have a sphincter
musele round it. It may have no duct (Physoklisti), or it may be divided
by trabecul® (Lepidosteus), or by an incomplete (Characinide, Cyprinide),
rarely by a complete transverse partition (Bagrus), or by a longitudinal one
(Arius, Gagora, Lepidosiren). Itrarely extendsto theend of thetail in the mus-
cles (Ophiocephalus, Squamipinnes),in aspecial part of the hemal canal (Gym-
notus), and may have four compartments, with three transverse septa. Rarely
it is complexly sacculated (Sciwnide, Sphyrena, Pimelodus, Trigla, Lethrinus,
Dules), Corvina trispinosa has four symmetrical emea, Johnius and Pogonias
havebranched cca. The wall is alveolated in Amia, Bagrus, and Gymnarchus
(in which it may be a functional lung, Hyrtl), Lepidosteus, Ceratodus and
Lepidosiren. The air contained in it may have 19-25 per cent. of oxygen, or
in marine fishes even up to 80 per cent. Branches of the vagus and sympa-
thetic are distributed on its walls. Its function is hydrostatic, but fish can
alter their bathymetriec position even without its aid, after puncture or abla-
tion (Gourief). Voice, present in few fishes, may be produced in trigloids by
the susurrus of the muscles of the air bladder.t The swimming bladder
never receives direct vessels from the heart in teleosts nor Ganoids.

The gills in Cyelostomata are usually seven or six (right side of Bdellostoma
heterotrema, or both of B. hexatrema) lateral dilated pouches or tubes, with
a vascular, often folded, lining ; each opens internally either into the pha-
rynx (Myxine, Bdellostoma), or into a pharyngo-branchial tube, lying ventrad
of the intestine (lamprey), blind behind, but opening into the pharynx in
front. Their separate outer openings iu lampreys are in a lateral longitudi-
nal line. In Myxine they unite externally, and open by one porus bran-
chialis, on the level of the heart, behind the hinder gill; there are seven gills
on the right, but on the left the hindmost tube has no gill folds, and
remains as a wide esophago-cutaneous duet, dipping into the cesophagus from
the branchial pore. In other fishes the gills fringe the visceral arches, and
are bathed by water admitted by the mouth, and emitted throngh the visce-
ral slits. Even the first arch may have a degenerated gill as an arterial

* Absent in Cyelostomes, rudimental or absent in Elasmobranchs, Pleuro-
nects, Blennioids, Lophius, Gymnetrus, Symbranchus, Loricaria, &e.

t Irregular sounds are produced also by flapping of the opercula (Mriller),
or regular friction of the pharyngeal bones (Dufosse).
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branchial arch). The sub-opercular gill of teleosts® (B8%) is distinct from the
accessory gill of selachians (8'), and is connected with the hyo-opercular
artery. To both g and 8¢ the name psewdo-branchia has been given, but it
is generally confined to the latter.

Accessory respiratory organs are often present, such as the spiral append-
age to the 4th arch in Heterotis, the tree-like appendages of the upper end of
some of the branchial arches in Synodontis, Heterobranchus, Clarias, &ec.; or
an accessory gill may form in a curved cmcal pouch or pouches, from the
branchial chamber (Meletta, Lutodeira). In Saccobranchus, processes of the
gill cavity extend among the lateral muscles, in Amphipnous, behind the
head, and these receive branches from the cardiac, and return them to the
dorsal. aorta. Thegills areoverlapped in most fishes (except Elasmobranchsand
Marsipobranchs) by dermal flaps from the 2nd post-oral visceral arch (oper-
cula), leaving large lateral openings ; these slits are close together in Sphage-
branchus, confluent as a median fissure in Symbranchus. External gills
exist in Lepidosiren, young Polypteri, and embryonic sharks.

The heart is behind the gills, in front of the pectoral fins, within a pericar-
dium (to which it is tied by bands in the wolf-fish, &ec.) It consists of a
thin auricle and a ventricle; the first receives the blood from the venous
sinus, which may have two valves at its mouth (Lophius, Selache), and is
larger proportionally than in any other class of vertebrates. In Scorpmna
and Myxine it is behind, in the sturgeon in front, and in the eel, perch, and
carp above and to the left of the ventricle. There are two (4 in sturgeon,
and globe-fish) semilunar auriculo-ventricular valves, with (sturgeon) or
without corde tendinee attached. In the sunfish two smaller valves are
intercalated between the larger. The ventricleis pyramidal, cavernous within,
ending in a muscular conus arteriosus, the valves at whose mouth may be in
two rows of three in each (Galeus, Carcharias, Seyllium, Chimsra, Mustelus),
three rows of four (Amia), three rows (Lamna, Zygmna), three rows of four
valves and one of five (sturgeon), four rows (Acanthias, Hexanchus, Raia,
Trygon, &c. ; Stikr describes five), five rows (Rhinobatus, Scymnus, Squa-
tina; Stahr denmhea six), six rows (Pristis, Myliobatis), three rows of nine
or ten, alternately large and small (Polypterus), or eight rows of subequal
valves(Lepidosteus). Of these valves, those of the anterior row alone are large,
the others are often mere tongues, often rudimentary. The foremost row
represent the single row of valves at the mouth of the aorta in Teleostei.
Albula (a Clupeoid) exhibits an intermediate condition, having two rows,
each of two valves (Stannius). Xiphias and the sunfish possess one row of
four valves at the mouth of the aorta. The bulbus aorte of bony fishes is t]m

* This may have cartllage mds in it, _and sometimes it appears as a vas-
cular lobate gland, as in Esox. In Antennarius the gill cavity is prolonged
into a pore above the pectoral fin.
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two lie in the spinal canal. Where these join the caudal vein there is a
small pulsating lymph heart. The vena portm in Myxine is also eontract-
ile. The heart in fishes beats 20-30 times per minute. Beside the choroid
gland there may be other retia, such as the red body of the eel’s swimming
bladder, or that on the liver of the tunny.

Myxinoids have lateral Wolffian ducts with rows of short transverse cacal
branches, each containing an arterial tuft. These canals either end sepa-
rately at the ventral pore, or, as in the lamprey, they unite mesially fora
short distance. The duet is developed separately from the gland. In other
fishes the branches are more complex, and the gland more compact. Some-
times it stretches along the whole spine, or only a small part; sometimes it
extends into the caudal canal, as in some Gadoids. In many this gland is
lobate (Salmonoids). Both ducts may unite in teleosts, opening behind the
genital orifice, or with it behind the anus. Each ureter may have a dilatation
at its end (sharks), or at their union ; rarely there is a post-rectal sac, apart
from the ureters. The suprarenal capsules are yellow streaks in front of
and within the edges of the Wolfian bodies (Elasmobranchs), or whitish yel-
low masses above the kidneys (Teleostei) ; they consist of rounded heaps of
irregular or stellate cells, in one or many rows, often around a central cavity.

The reproductive organs of Cyclostomata are solid, subvertebral masses,
lying in a free serous fold, or close to the dorsal wall, shedding their con-
tents into the abdominal cavity, from which they escape by the porus geni-
talis. In Elasmobranchs the ovarics are round, symmetrical, usually two,
rarely one central (Spinax, Notidanus) ; the oviduets have trumpet-shaped
inner openings, and dilate into a uterus before they open into the cloaca;
within this duct is either a compact heart-shaped gland (Elasmobranchii) or
scattered follicles (Dipnoi). The males have small paired testes with an epi-
didymis and vas deferens which, after many windiogs, dilates gradually,
forminga vesicula seminalis in Squatina, and ends in the cloaca. A long gland
may accompany it in some. In Ganoids and some teleosts there is no union
between the oviduct or vas and the sex gland, in others there are ducts leading
definitely from the glands to the surface. Insome Serrani a crescentic testis
frequently receives an ovary within it; in carp and eels hermaphroditism
has also been more rarely found (Ereolani). Sometimes only one sex gland,
right or left, may be present. When the sex organs are functionally active
the colour may change, or wart-like growths may p-oject. In the female of
Rhodeus amarus along tube projects from the genital duct whereby the eggs
are laid. In many teleosts the ovaries and testes can only be distinguished
when full of their sexual products. In teleosts and Cyclostomes the ovary
is not apparently covered with germinal epithelium. In most fishes the ova
are impregnated in the water, after emission, but in Plagiostomi the ventral
fins in the males are modified into copulatory claspers.
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processes(p), which anteriorly are continued into the palato-pterygoid cartilage.
In the middle of the roof of the skull, anterior to the fontanelle, is the single
nasal sae, whose fundus iz continued downwards and backwards, in front of
and below the brain eavity. Anterior to this is a cartilaginous roof-plate for
the mouth (¢}, overlapping by its front edge a second roof-plate still further
forward, under whose edge lies a erescentic cartilage, with lateral rib-like
appendages. There is no mandible, but under the first roof-plate is a*palato-
pterygoid cartilage. The mouth is eircular or crescentic, suctorial, and a
cartilaginous style lies in the axiz of the tongue. There is a median fin
around the tail. Two Orders are included, each containing one family.

Order 1. Hyperaotreta (Miller), including the family Myxinide, which
consists of ecto-parasitic fishes, boring into the bodies of other fishes, charae-
terized by having rudimental facial cartilages, no air bladder, one long jagged
epidermal tooth on the palate, and two series of lingual teeth. The nasal
tube opens into the palate by a valve-protected orifice, and its tube is
encircled by cartilage rings. The functionless eyes are covered with skin.
The bulbus aorte has two valves and no muscular layer. Myxine has six
pair of gill pouches, with a common lateral opening far back, so as not to be
covered when the head is immersed in the body of its prey. Bdellostoma has
6-7 outer gill openings.

Order 11. Hyperoartia (Muller), including one family, Petromyzonida,
lampreys, with a cecal nasal pouch; mouth beardless, with fleshy lip;
teeth many, larger on the labial cartilage, a palatine row of two-pointed
teeth, and a crescentic, many-pointed, lower-jaw-like plate ; gill framework
moveable by muscles; gill pouches, seven on each side; marginal fin
divided, vertebral axis with rudimental arches, of which the hemal bound a
tail-canal. Immature forms (Ammoceetes) differ from the adult in having
small covered eves, fine beard-filaments, a crescentic toothless mouth, no
genital pore, a continuous marginal fin, and the gills opening in a longi-
tudinal lateral furrow.

Sus-Crass IT. Evasmosrancuin (Huxley).—Sharks and
rays, with a cartilaginous skeleton, no swimming bladder,
naked skin or a surface of placoid scales, an intestine with
a bursa Entiana, and an elongated membranous valve, at-
tached either spirally or longitudinally * within its canal.

* In this case, as in Carcharias and Galeocerdo, the fold is rolled into a
eylindrical spiral.
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plug in amphibians (which see), evidently a trace of ances-
tral derivation by invagination. The notochord is derived
from the hypoblast. The embryology of selachians has
" been lately studied by Mr. Balfour, whose papers on the
subject are among the most valuable recent contributions
to morphological literature.

Two orders are included.

Order 1. Holocephali, Chimemras.—These fishes have a
membranous operculum over the four gill clefts, a persistent
notochord, in whose sheath are numerous fine calcified rings,
four or five of which belong to each vertebral segment, as
indicated by the cartilaginous neural and hemal arches, of
which the most anterior are united into a continuous mass.
The skull has an anterior triangular process stretching
from each side of its base, representing the palato-quadrate
and suspensorial cartilages, but showing no trace of seg-
mentation (transition forms between this and the arrange-
ment found in other sharks have been met with). There
are four teeth in the upper and two in the lower jaw,
which are not replaced. The ear is not completely inclosed
in the skull-cartilage. The naked skin has well-marked
mucous canals. The single family Chimeeride contains
two genera, one boreal (Chimera), one austral (Callorhyn-
chus), both with large heads, small sub-terminal mouth,
large lidless eyes, no spiracles, pectoral fins one-third the
length of the body, elongated filiform tails, and the anterior
dorsal fin having its first ray as a strong serrated spine.*

Order 11. Plagiostomi (Miiller), or Selachia.—Sharks and
rays proper, having wide mouths on the under side of the
head, dermal placoid scales, notochord with intervertebral

r—

* On account of their eranial and appendicular peculiarities Prof. Huxley
r:ﬁ:-:r'_ﬂ: the Hnlm-r'phuli to the rank of a sub-clpss,

r.
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Order N. Acanthopteri (Miller).—Physoklistous fishes,
usually with ctenoid scales, more rarely with sparoid or
eyeloid, or with bony plates, or naked and scaleless. The
hypopharyngeal bones are usually separate, and the fin-
rays of the anterior dorsal and of most of the other fins are
spiny. The ventral fins also are usually placed far forward,
either under or in front of the pectorals. This order
includes about 4000 known species, most of which are
marine, which are arranged in forty families. The swim-
ming bladder is absent in some, and when present is
sometimes prolonged into the eavity bordered by the
heemal arches of the hindmost trunk vertebre.

1. Awlostomide.—Elongated fishes, with naked skin or ctenoid seales; in
Amphisile, with thin bony shields, forming a regular dorsal shell ; the faeial
bones are prolonged into a pipe-fish-like tubular snout, at whose extremity
is the narrow mouth, which is toothless (Centriscus), or armed with weak
teeth. Centriscus and Amphisile have no pyloric appendages, and the anterior
vertebree are fused together; the azygous fins are weak or absent. Ex.
Centriscus, the sea snipe; Fistularia, the tobacco-pipe fish; and Aulostoma,
the trumpet-fish.

2. Gobiesocide.—Elongated, flattened anteriorly, naked; ventral fins far
apart, with a sucking dise between them, supported on a broad coracoid.
The swimming-bladder is absent, and there are only 3 or 3} gill-pairs. Ex.
Lepadogaster, Gobiesox.

3. Ophiocephalide.—Indian freshwater fishes. Elongated, with shielded
head, no spiny fin-rays, and an accessory hollow space above the gill-cavity.
The abdominal cavity is prolonged into the tail. '

4, Labyrinthici.—Air-breathing, paleotropical fishes, with interrupted or
no lateral line, a narrow gill-opening, and over the gill there is a labyrin-
thine supra-branchial organ in a space above the pharyngo-branchials. In
this space water is retained, and moistens the gills. Anabas, the climbing
perch of India, travels on land by means of the spines of the operculum and
pre-operculum ; it can remain for six days on land. Osphromenus olfax of
China is said to be in flavour the most delicious of fishes. In Luciocephalus
there are two dilated membranous organs in a supra-branchial, post-ocular
sac.
5. Trachypteride.—Elongated, ribbon-like, scaleless fishes, with narrow
mouths, with a divided and elongated dorsal fin, the forepart of flexible
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glandular ; stomach with no ceecum; hypo-pharyngeal bones united; pylorie
appendages rudimentary, Ex. Gerres.

35. Embiotocide or Holeonoti.—Viviparous, compressed, oblong fishes,
with cycloid scales, a dorsal row being differentiated as in the last. There
is a conical genital papilla behind the anus, upon which the sex-organ
opens. This acts as a copulatory organ in the male. There is at the hinder
end of the ovary a brood-pouch, within which the young are retained and
nourished until they become one-third the size of the parent. Ex. Ditrema.

36. Sguamipinnes.—High, compressed fishes, whose median fins are scale-
clad with finely ctenulated scales, a simple swimming-bladder, and a
pseudobranchia. Chelmo has a long protrusible mouth. Toxotes is said to
eject water so as to strike insects.

37. Mullide.—FElongated fishes, with large scales and unarmed opercula,
two hyoidean barbules, and pseudobranchia, They have four branchiostegal
rays. Ex. Mullus, the mullet.

38. Nandide.—Oblong, compressed, palmotropical fishes, with an inter-
rupted lateral line, five or six branchiostegal rays, a swimming-bladder,
and pseudobranchia.

39. Etheostomata.—N. American river fishes, with no swimming-bladder,
with only the anterior sub-orbital bone, no pseudobranchia, and with the
opercular membrane often united at the ventral edge.

40. Pristipomatide.—Elongated, compressed fishes, with the gill-mem-
brane eleft to the middle of the inter-operculum; teeth weak, none in
Macquaria ; a swimming-bladder and pseudobranchia are present.

41. Percoidew.—Highly specialized bony fishes, with ctenoid scales, a
spiny or toothed pre-operculum and operculum. The swimming-bladder is
simple, the stomach has a ceeum, the infra-orbital bones are free and small,
and the branchiostegal rays are seven. Serranus has a large swimming-
bladder and many pyloric appendages. 8. seriba and cabrilla are herma-
phrodites. Ferca is the common perch. Labrax, the basse of our seas, has
teeth on its tongue. Acerina has deep cephalic slime-canals., Pomotes has
united pharyngeal bones.

Order V1. Pharyngognathi.—The most highly special-
ized of the Physoklistous fishes, with the hypo-pharyngeals
coalescent, either with or without a median suture, and
with short teeth. This is a small order, and includes four
families.

1. Scomberesocide.—Cycloid-scaled, pike-like fishes, with soft fin-rays

only, a glandular pseudobranchia, and an obscurely marked pylorus, with
*



02 Pharyngognathi.  Dipnoi.

no appendages. There is a row of keeled scales along the ventral aspect, and
the dorsal fin is far back. The maxilla laterally forms part of the upper jaw-
margin. This includes Exoceetus, the flying fish, whose large pectoral fins
enable it to take long leaps out of the water. Belone is the gar-pike or green-
bone. Hemirhamphus is the under swordfish, so called from its long sword-
like lower jaw. Scomberesox is the SBaury pike.

2. Chromide.—Spiny-finned, ctencid-scaled fishes, with interrupted
lateral line, a median suture in the hypo-pharyngeal, ventral fins placed on
the thorax, no pseudobranchia, few or no pyloric appendages, and a cmeal
sac appended to the stomach. The fourth gill is bilaminar, but short, and
the fourth slit is very small. Chwtobranchus forms nests for its eggs.
Geophagus has a labyrinthiform organ, richly supplied with nerves, and
which acts as a brood-pouch for the eggs.

3. Labride.—Wrasses : oblong, spiny-finned fishes, with eyeloid scales ;
strong jaw teeth, but none on the palate ; pseudobranchia and swimming-
bladder both developed. These are the common rock fishes of our shores,
which are known by their fleshy lips and long spinose dorsal fins. The teeth
of both jaws are united into a broad cutting plate in Scarus. The teeth on
the pharyngeal plate are flat and grinding. There are no gastric caca, and
the fourth gill-arch has but a single branchial lamina, the slit between this
and the hypo-pharyngeal being closed. Ex. Labrus, Crenilabrus, Novacula.

4. Pomacentride.—Wrasse-like fishes, with ctenoid scales, weak teeth,
a toothless palate, pseudobranchie and a swimming-bladder. The lips are
not fleshy, and the stomach has a cmeum and pyloric appendages. The
fourth gill-arch bears unequal lamine. Ex. Amphiprion, Pomacentrus.

Sus-crass V. Dipxor (Midler).—Tropical fishes of an
extremely generalized type living in mud, with broad
heads, wide gape, small eyes, no spiracle, and long com-
pressed bodies, clad with imbricated cycloid scales, and
provided with many lateral and cephalic slime-canals.
The tail is pointed, diphycercal, and the limbs are four,
filiform, whose many-jointed gristly axis supports nu-
merous lateral cartilaginous rays, and exhibits an inte-
resting archaic type of limb-ray.* The median fin-rays
are unjointed ; the notochord 1s thick.

* T append to this chapter some notes on the nature of limbs, and on the
structural relations of fishes from Professor Huxley’'s Paper on Ceratodus.
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bones, each bearing a condyle, for articulating with the
first vertebra; an immovable suspensorium is attached to
the fixed palato-pterygoid cartilage, which is attached to
the periotic behind and to the ethmoidal in front, and
whose quadrate end is the most constantly ossified. There
is no inter-orbital septum, and no ossified supra- nor basi-
oceipitals, basi-, pre-, nor ali-sphenoids; the pro-otic and
the columella are constant, but the epi- and opisth-otic
may or may not exist. The ear capsule, which completely
includes the ‘labyrinth, has a fenestra ovalis, rarely a
rotunda. Parasphenoid, double vomers, parietal, nasal,
maxillary, and premaxillary bones usually exist, and there
is often a temporo-mastoid splint, T-shaped in Anura,
which represents the pre-operculum (squamosal). The
proximal end of Meckel’s cartilage never ossifies, the distal
rarely. Amphibians have prehensile teeth (not masti-
catory) always in more rows than one; they have oral, but
no salivary glands, a short intestine, with no spiral valve,
a gall-bladder, and no cecum. The blood is cold, with
large, oval, nucleated corpuscles. The heart has a rhythmi-
cally contractile sinus venosus, two auricles, one ventricle,
and a bulbous aorte, with striped muscles in its wall and
an incomplete septum. There are never fewer than two
pairs of aortic arches, and both reno- and hepato-portal
veins exist. The larve breathe by gills, which may persist
or vanish, but the adults possess lungs.

Rudimental fin-rays exist in the feet-webs of some salamandroids (Leydig) ;
claws only exist in one salamander and in Xenopus Boiei, and an exo-
skeleton in Cewmcilia and Labyrinthodonts, in the dorsal bony plate of
Ceratophrys and Brachycephalus. There is usually one sacral vertebra, to
which the ilium is attached ; rarely the right and left ilia abut on different
vertebrm. In the development of the vertebre the formation of the body is
for the most part perichordal, but in Pipa, Pelobates, &e., it is epichordal.
The pubis, when present, is usually eartilaginons. The candal vertebrme
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continued into the hind limb by four bands, which are caudo-ischial, caudo-
crural, caudo-femoral, and cando-pedal ; the sixth nerve, as in Menopoma,
is a branch of the trigeminus. The glenoid cavity is fenestrated, and the
sternum is developed. This is the largest living Urodele, exceeding four
feet in length. The fossil Andrias, from (Eningen, is closely related.

Sub-order I111. Caducibranchiata (Latreille).—Large-eyed Urodeles, with
deciduous gills, closed visceral slits in the adult, opisthocelous vertebra,
eyelids in the adult condition, ossified carpals and tarsals (except in Pletho-
don, &c.), double vertebral transverse processes and fibrous quadrato-jugals.
The prepubie bone may exist, and the large ex-occipitals join the opisthotics;
the tooth-bearing palatines coalesce with the vomers; thers is a choanoid
muscle ; a great ventral pubo-hyoid ; atlanto- and oceipito-mandibulars for
depressing the lower jaw ; one adductor and one gluteus muscle. Palatine
teeth, a nonplicated olfactory sae, and a posterior pair of lymph-hearts exist.
The tongue is broad, rarely free laterally and behind. The spermatozoa may
have an undulating membrane instead of a flagellum.

The larvee have a transitory lateral line, with rudimental sense-organs ;
four pairs of aortic arches, of which the fourth becomes pulmonary ; its
continued trunk, returning from the lungs, joining the aorta, which is
formed of the second and third ; the first closes for its upper half; its base
dilates and breaks up into a network of dense branches (the carotid gland),
from which the carotid and hyoidean arteries arise. There is sometimes a
papillary penis and a bilobed prostate. The abdominal veins are surrounded
by lacunar lymph spaces. Elongated fat masses lie beside the lobulated
supra-renal capsules. The larvee may have sphenoidal teeth, which some-
times, as in Amblystoma, vanish in the adult.

This sub-order includes about thirty species from the eastern and about
sixty from the western hemisphere, mostly 8. European and N, E.
American. They constitute two families: —

1. Mecodontia.—Palatine teeth in two long rows, diverging behind on the
inner edge of two processes of the palatine ; no sphenoidal teeth. This in-
cludes Salamandra, mostly terrestrial, with a row of dorsal and large parotid
glands (dermal glands behind the ear); immovable ribs; 14-16 trumk,
1 sacral, and 25-40 caudal vertebre, some of which are opisthocwmlian; they
have vomerine teeth in the larvee. Pleurodeles is described as having
fourteen pairs of ribs piercing the skin, and capped by herny tubercles
(denied by Leydig). Triton is mostly aquatic, with flattened tail, lateral
pores, and an oblong tongue, with free sides. The fronto-temporal arch
may be ligamentous or bony. Desmognathus has a ligament passing from
the spine of the atlas to the mandible, which limits the motion of the latter,
and the occipital condyles are cylindroidal.
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amphiceelian, traversed by the persistent notochord, which
is divided by a transverse septum in each vertebra, and
with no spinous processes. The first and the last alone
have no ribs. In all but Rhinatrema thereis a tentacle lying
in a canal between the eye and the point of the snout. The
larvee has five cartilaginous visceral arches and one pair of
gill-slits, which, with the gills, vanish in the adult.

There is no tympanic cavity, and the columella has a bony style and
operculum. There is no supra-oceipital bone, two frontals and parietals
forming a complete bony roof, covering an unpaired ethmoid. The opisth-
otics unite with the ex-occipitals; the nasals join the premaxille, except
in Epicrium, in which there are also prenasals. The choanw perforate the
hard palate, their outer side being formed by the vomers, which, as well as
the jaws, bear sharp recurved teeth usually (especially on the mandible), in
two rows. The two dentary bones form a median chin-suture. There are
two hyoidean — -shaped cornua, united together medially and to the front of
the middle of the first visceral arch. In Cwmecilia the temporal fossa is
covered by an expansion of the quadrato-jugal and sometimes a post-orbital,
and the eye is also covered by an outgrowth from the upper jaw and a
supra-orbital bone, pierced by a small hole. The eye is hypodermal, except
in Rhinatrema. There is a trachea, and the right lung is smaller than the
left, or vice versa. The short digestive canal ends in a round sub-terminal
anus. The liver consists of successive flattened lobes, with the gall-bladder
to its left side. The tongue is fixed, fleshy, with two round bosses corre-
sponding with the inmer nostrils. Cmcilia compressicauda, according to
Gervais, produces living young, with no traces of gill-openings. Siphonops
(Brazil) has no embedded scales, and 80-100 broad tegumental rings. One
species of Epicrium has a copulatory organ, consisting of four bilobed pro-
trusible prominences acted on by a tape-like muscle.

These animals are regarded by Ginther as amongst the highest of living
Amphibians, and the closest to the Sauropsida. The carboniferous form
Ophiderpeton possibly links these to the next order.

Order 111. Labyrinthodonta.—Paleozoic and Mesozoic, tailed, limb-
bearing, rarely limbless, Amphibians, with clavicles and inter-clavicle,
forming a sculptured plastron, together with oval, ventral, dermal plates
(and gular scales in Micropholis). The vertebre are not numerous (thirty in
some), amphicelous or opisthoewlous. The sknll-roof is bony, sculptured
externally, with grooves, probably for slime-canals, but smooth within.
The palatine bounds the choanw posteriorly and externally: the teeth are
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The skull in the tadpole has the palatopterygoid process fused with the
antorbital process. In the adult frog the quadrato-jugal is comma-shaped ;
bony ; the premaxillee and maxille often carry teeth—the vomers mostly,
the palatine never, are dentigerous. There is an A-shaped pterygoid bohe
partly growing by ectostosis, partly by endostosis; nasal bones rarely exist,
and the pterygoid muscle is single. In Dactylethra the nasal bone is single.

Behind the sacrum the sheath of the notochord ossifies into a urostyle, to
which the arches of the two caudal vertebrse, which have no centra, become
ankylosed. (These vertebrm have centra, and are separate in the tertiary
Paleobatrachus.) The saerum is generally proceelian, with a double con-
vexity for the urostyle behind, which has two corresponding anterior eon-
cavities (one in Bombinator).

The shoulder-girdle (fig. 14) has in some (Acrodytes, Calamites, Megalo-
phrys, Rana, &e.) a perfect omosternum medio-ventrally. This is rudimental
in Pipa and Pseudis; absent in others. Behind it the epicoracoids meet in the
middle line, and still farther back are the usually ossified meso- and the
cartilaginous xiphi-sternum. In some, like toads, there is very little ossifi-
cation in the sternum; others (Acrodytes) have no ectosteal bone, while
Rana, Pleuroderma, Plectropus, have an ectosteal sheath for the mesoster-
num. The coracoid is separated by a fontanelle from the precoracoid, on
which a membrane splint or clavicle is developed : rarely is the coracoid
uncleft, as in Hyledactylus. In Daectylethra the precoracoid is as large as
the coracoid ; in most others they are unequal. Above the shoulder-joins
is a scapula and a superscapula, rarely, as in Microps, uncleft, or, as in
Hylmdactylus, partly cleft. The scapula may itself be divided : the supra-
scapula is largest in Pipa and Bombinator.

The pelvic girdle consists of a sacral rib, usually ankylosed; an ilium
and an ischio-pubis, united mesially to its fellow : a central prepubic bone
exists in Dactylethra. There are nine carpal bones, the first very small ;
the scaphoid and cubeid unite in the tarsus, but the cuneiforms are sepa-
rate.

The dermis is soft, pigmentary, glandular, often warty with clusters of
glands on the arms (Pelobates), on the back (Kalophrynus, Hylarana), or
legs (Bufo); sometimes flat bony scutes exist, as on the back of Ceratophrys,
where they are separate from the vertebrs, or Brachycephalus, where a
wide scute is attached to the spines of the 4-8 vertebrm, and two smaller
ones to the 3rd and to the 1st and 2nd.

The mouth is lined by ciliated and goblet epithelium, and the tongue,
absent in Pipa and Dactylethra, is usually attached in front and free behind,
or peltate (Heteroglossus). The weophagus is dilatable, longitudinally pli-
cated, sheathed atits lower end by musele-bundles (a rudimental diaphragm),
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pus callosum in the brain is rudimental or absent. Two
classes are included :—

1. Reprinia (Cuvier).—Cold-blooded Sauropsids, with
a horny exoskeleton of scales or scutes, but into which
processes of the eutis are continued ; sometimes forming sur-
face spines (Moloch, T'hrynosoma) ; not formed in follicles.
The dermis may ossify, forming bony seutes. The verte-
bral bodies have spheroidal, never cylindroidal faces, and
are usually differentiated into cervieal, dorsal, lumbar,
sacral, and caudal. The sacral vertebre are usually two,
with large ribs to support the ilia. The sternum may be
absent, or rhomboidal : never ossified from two or more
points, nor replaced by membrane bone; often with a single
or double median extension backwards, supporting dermal
ribs. The interclavicle is separate or none. The meta-
tarsals do not ankylose together nor to the distal tarsals.
The ilia extend farther behind the acetabula than in front,
and the floor of the acetabulum is completely ossified or
- nearly so. The pubes are directed downwards, and form
a symphysis, as do the ischia. The mandible bears teeth,
or a horny sheath. The cerebral vesicles do not remain
on the same plane, but the anterior and posterior bend
downwards. The optic lobes are on the upper surface of the
brain, and there are twelve pairs of cerebral nerves. 'When
limbs exist, the manus and pes have at least three clawed
digits. The ventricle of the heart has a (rarely perfect)
septum dividing it into a right (cavum venosum) and a left (e.
arteriosum) portion. The aorta and pulmonary vessels have
two or three semilunar valves. There are two sortic arches
which unite below the heart, forming a dorsal aorta; the
right arch is the stronger, and gives off carotid and sub-
clavian arteries; the left, before their union, gives off a
large cweliaco-mesenteric artery, and is much diminished
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ampullee on the three semicircular canals. The fleshy, smooth (Chelone),
or papillose tongue is probably sentient, as is the fwberculum palatinum, a
hollow organ in front of the choange, perhaps a Jacobsonian organ. Fleshy
lips exist in river tortoises, but there are no teeth, except as rudiments in
some Trionyces. The two jaws are sheathed with a sharp-edged horny
beak, and there is a sub-lingual mucous gland, whose ducts pierce the
tongue. The msophagus is short, straight, lined with soft or hard papille
the stomach is oblique or tramsverse, with a thick muscular coat and a
pyloric valve. The vertical mesentery contains smooth muscular fibres.
In land tortoises the long intestine has a short colon, a cecum, and an
ilio-ciecal valve, and the cloaca opens by a longitudinal or round
aperture,

The bilobed liver has the gall-bladder in its right lobe; the large lobed
pancreas has one duct. The lungs are large spongy sacs fixed under the
carapace, and extending to the pelvis. They are expanded by the forcing
in of air, and compressed by diaphragmatic muscular bands arising from the
vertebra, which also constrict the cesophagus. The trachea is long, with
incomplete cartilages in front. In Kinixys it is bent several times on itself ;
in Sphargis it is divided by an incomplete ventral septum. There is a
ring-like crico-thyroid cartilage in the larynx, with two lateral arytenoids,
no vocal chords, and a membranous epiglottis, The inter-auricular septum
in the heart is sometimes perforate, and the two auricles are not synchronous
in action; the left receives one pulmonary vein; the right receives venous
blood from a muscular sinus venosus. The long ventricle is divided by an
imperfect muscular or cartilaginous septum into a longer or left, and a
smaller or right end, the cavwm pulmonale, giving off the pulmonary artery.
The larger portion receives the blood of the left auricle at its left end,
which is called the eavum arteriosum, and into its right end, close to the
origin of the aortic arches (cavum venssum), opens the right auricle; when
the ventricle fills, the direction of the auriculo-ventricular valves keeps the
arterial and venous blood to some extent apart, and its contraction drives
the latter, as it flows from the right auricle partly into the cavum pulmonale,
partly into the aorta. By the time the arterial blood reaches the right end of
the ventricle the contraction of the cavum pulmonale has brought the free
edge of the septum nearly in contact with the opposite (dorsal) wall, and
this prevents its entrance thereinto, and drives it into the aortic arches,
especially into the right, which is higher up. The aortic arches cross at
their origin, the right arising to the left, and ». ». Their openings are
guarded by two valves. A common muscular sheath incloses the aorta and the
pulmonary artery. The caundal vein bifurcatesin the pelvis, and each branch
again forks (fig. 28 B¢); the outer branch, receiving the ischiadic and erural
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veins (i-f'), forms on the abdominal wall the epigastrie vein (1), which, enter-
ing the liver, joins the vena ports, their blood thus reaching the inferior vena
cava. The inner branches, united by a median communicating vessel, enter
the kidney (vene renales advehentes), where they break up into a reno-portal
plexus, from which arise the ven® renales revehentes, that by uniting form
the inferior vena cava. The large pre-cloacal allantois forms a urinary
bladder, and has two veins. The pre-cloacal penis consists of two lateral
eorpora eavernosa, and a central grooved corpus spongiosum, whose extremity
is quadrifid in Trionyx. The kidneys are small, compact, placed near the

Fig. 28.

Diagram of the abdominal veins—A, in the Bird; B, in the Reptile; C, in the Frog:
¢, caudal vein; 1, ischiadic vein; #, advehent renal vein; f, femoral vein; £, kidney;
7, inferior vena cava; =, end of the epigastric vein in the liver.

cloaca, and two small cloacal glands open beside the anus. The testes have

eonvoluted vasa deferentia. The ovarian eggs project like grapes, and have

parchment-like shells; 3-50 are laid at once. The young in Trionyx has a pre-
maxillary, tooth-like prominence (egg-tooth), to cut its way out of the shell.

About 200 species exist, none common to the eastern and western hemi-
gpheres. They are divided into four families :—

1. Testudinide.—Jaws horny, naked, with sharp edges; eyes lateral;
membrana tympani exposed; carapace completely bony; pieces of the
plastron united by suture not joined to the pelvis, and with 11-12
shields; the head and the thick limbs retractile ; manus with 5-4 united
toes ; pes with four, rarely five or three, nails, hoof-like. This includes two
sub-families :—1. Chersine.—Terrestrial, with a convex carapace, and the
last phalanges immovably united into a rounded foot ; tail-plate single,
rarely double (Manouria). Testudo has an immovable carapace aud
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to the tibia; the distal are 2-5, and the toe phalanges of the five toes (from
within outwards) are in general 2, 3, 4, 5, 4. The last phalanges of the hand
and foot are usually claw-bearing. The pelvis consists of short ilia, mov-
ably jointed to the sacral ribs by cartilage; the pubis (os ileopectineum of
Gorsky, pubo-ischium of Fiirbringer) meets its fellow in a symphysis; behind
this is an ischium, from whose symphysis an os eloace, or central bony rod,
extends backward, supporting the front wall of the cloaca, and completing
the obturator foramen internally. The pelvie girdle is absent in some limb-
less forms.

The gkull has a lateral squamosal arcade and a wide os
transversum, passing from the fixed palates and pterygoids

to the maxilla; this is sometimes called ecto-pterygoid,
but has no relation to the plate of that name in mammals.

Fig. 30.

Skull of Lizard, showing—e, columella; o, post-frontal arcade; &, quadrate bone.

The pterygoids articulate behind with the inner face of
the quadrate externally, and with lateral or basi-pterygoid
processes of the basi-sphenoid internally. In most lizards
a separately ossified membrane bone (columella) stretches
from the parietal to the pterygoid, like the descending
lamina of the parietal of tortoises, replacing the unossified
sphenoidal elements of the cranium. Three temporal fossm
are obvious on each side of the skull, bounded by bony or
ligamentous bridges; a post-temporal between the parietal,
occipital, and parotic; a lateral between the quadrate,
jugal, squamosal, and post-frontal, and the quadrato-
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jugal ; lastly, a supra-temporal between the parietal, post-
frontal, and squamosal. The premaxillee (which are often
ankylosed), maxillee, and sometimes the palatines, are
dentigerous. The mandible consists on each side of a
cartilage-bone (articulare), touching the quadrate, two
dentaries medially united by suture (except in Hatteria),
and splenial, angular, coronoid, and often supra-angular
splints; some of these may be absent. Several mental
foramina usually co-exist in the dentaries.

There is a single or double frontal bone, one or two parietals, perforated
with a medial parietal foramen, and artieulating with the top of the parotic
process. They join the pro-otie and oceipital by fibrous tissue, not by suture.
A bony inter-orbital septum only exists in Amphisbena; the quadrato-jugal
is ligamentous, except in Hatteria. The palato-maxillary apparatus may be
slightly moveable, as is the quadrate, except in Hatteria, where it joins the
pterygoid and squamosals by suture. The choanw are usunally elongated,
and lie between the double vomers medially, and the palatines laterally.
The nasal bones are often absent, and the lachrymals are variable. The
postero-external parts of the opisthotie, pro-otie, and ex-oceipitals, are pro-
longed as parotic processes, with the outer end of which the quadrate arti-
culates, and an additional pterotic bone may form here. The hyoid has a
median eopula and two lateral cornua which join the parotic process in Hat-
teria, or are continued nearly to the skull (Scincoide), or end in the neck.

The teeth are conical, incisive, serrated or flat-crowned, either =olid ( ple-
odont), or with a pulp cavity (celedont), placed along the edge of the jaw
(aerodont), or along the inner edge of the margin of the jaw ( plenrodont) ;
rarely in sockets (thecodont). The number is rarely constant, and they may
undergo frequent and irregular change, new teeth growing at the bases of
the clder.

The tongue may be fleshy, not protrusible, or long,
worm-like ; and, when long, it is usually bifid, and lies in
a sheath at the base of the glottis; it is often papillose dr
scaly, and has horny epithelium on its tip. The stomach
is longitudinal, divided into a wide cardiac and a narrow
pyloric end. There are no poison-, nor salivary glands,
but a row of labial follicles. The intestine is short, and

.
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the cloaca opens transversely. The lungs are saccular;
the liver often marginally lobulated, with the gall-bladder
close to its surface; the mesentery contains muscular bands
passing to the intestine; the heart 1s like that of the
turtle, with persistent third and fourth aortic arches giving
off the carotids and subclavians. The eye has usually two
lids and a membrana nictitans, to which is attached the
tendon of a muscle (named bursalis) which arises from the
inner wall of the orbit, and draws the lid over the eye.
There is a choanoid muscle, which is sometimes double,
co-existing with eyelids, and a ring of bony plates in the
selerotie, and a pecten, except in Hatteria. The Eustachian
tubes are wide; the ear columella has a basal operculum.
The urinary bladder is present and large, and copulatory
organs are present in the males, as a pair of long eversible
sacs, with erectile walls and grooved side, placed on the
hinder wall of the cloaca, often extending into the tail.
The oviduct has a wide, abdominal muscular opening, a
middle glandular area, and a narrow lower end ; the eggs
are numerous, with leathery shells,

From the base of the sheath of the tongue, processes arise in Phrynosoma
which encircle the faucial opening. In many, a thread-like glosso-hyal
cartilage is continuous into the tongue. The msophagus is longitudinally
folded. The lungs often have spongy lobes or pointed air-sacs, as in Cha-
meeleons.  Anguis and Bipes have the left lung only half the length of the
right, but in Pseudopus they are equal. The larynx has vocal chords at-
tached to the arytenoid ecartilages in many, and in Chammleons an air-sac
lies between the larynx and the first ring of the trachea. Some have an
epiglottic cartilage. Special hepato-gastric muscular bands exist in Gram-
matophora and others. The olfactory nerves are large, the nasal membrane
plicated, often with a nasal gland on either side of the frontal bone. The eyes
are covered by skin in Geckos, &c., or have circular lids, as in Chamasleons,
but in the majority have two lids. The ovaries and testes are symmetrical ;
the vasa deferentia have frequently vesicular dilatations at their lowermost

end.
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early as in the carinate birds; the upper end of the quad-
rate is undivided ; the hinder ends of the palatines and the
front ends of the pterygoids imperfectly articulate with
the basisphenoid rostrum, and are supported by the broad
cleft hinder end of the vomer. There are strong basi-
sphenoid processes from the body, not from the rostrum,
of the sphenoid. The coracoid has no clavicular process;
the long axis of the adjacent parts of the scapula and
coracoid are parallel or identical, and the scapula has no
acromion. The clavicles are rudimental or none. The
metacarpals are ankylosed. The sternum has no keel, is
wide and flat, and in general the femur alone is pneumatie.

The feet have papillose soles and flat nails on the toes; the legs are
usually shielded with wide half rings in front and small shields behind.
There is no inferior larynx, and the diaphragm is strong and muscular.
The pelvis is long, the tongue rudimental, with a cartilaginous entoglossal.
They possess a fourth glutens, an iliacus muscle, and an enormous biceps
femoris. They are the only birds that void their urine separately. About
fourteen species survive, divided into five families: —

1. Struthionide (ostriches).—African and Arabian, reaching to seven
feet in height. Feathers with no after-shafts; head nearly naked,
with short feathers; ear-opening directed forwards; nostrils oval; tail
coverts long, forming an apparent tail. There is no clavicle, a longer
humerus than scapula, and three digits, of which two are clawed; the pubes
unite in a ventral symphysis; the ischia are free. There are two patelle,
one above the other. The sternum has two shallow notches in its hinder
border. The precaudal vertebre are thirty-five. The foot has two toes,
the third with four, and the fourth, which is smaller and clawless, with five
phalanges. The oceipital condyle has three facets; the maxillary processes
of the palatines are prolonged under the maxillo-palatines, the inner edges
of which are thick, and articulate with facets on the side of the vomer,
which is large, short, and does not touch either the pterygoid or the pala-
tines. The prefrontal is slightly cssified. The gizzard is strong; there is
no crop, nor gall-bladder; the large intestine is longer than the small, and
there are two long ceeca, with a spiral valve within. The abduetor muscles
of the wing exceed the adductors. The rectus femoris is large, as is the
ilincus, but the obturators are smaller than in Rhea. The eggs are up to
3 1bs. in weight.

M









164 Penguins.

whose vomer is broad, truncated in front, cleft behind, and embracing the
sphenoidal rostrum between its forks, while the maxillo-palatines do not
unite medially. These are the small birds, songsters, humming-birds, wood-
peckers, &e.

These characters, though natural, are scarcely in themselves sufficient
to be made the entire basis of a classification.

Professor Garrod has made many and valuable additions to our knowledge
of the agatomy of birds, and has constructed a classification based upon
certain muscular arrangements, which is interesting, as showing forth in a
tabular form these morphological peculiarities. He divides the Carinate into
those with and those without a rectus femoris (which he calls the ambiens
muscle); the former he calls Homalogonati, the latter Anomalogonati; the
former are the Ratidwe, poultry, cuckoos, geese, storks, doves, and plovers;
the latter the woodpeckers, passerines, and swifts. The numerous exceptions,
which must always occur in artificial classifications like these, founded on
single characters, detract from their utility, while they are valuable as
simple means of giving a synoptic view of structural peculiarities. The
primary divisions which I have adopted are those of Carus slightly
modified.

Order 1. Pygopodes (Nitzseh).—Mostly marine birds,
with hard, compressed, and pointed beaks, and schizo-
gnathous palates; short, often inefficient wings, scarcely
reaching to the base of the tail ; legs placed very far back,
with the tibia included in the body nearly to its tarsal
end : in consequence of this position the birds stand nearly
upright. The toes are webbed ; the hinder is free, and
directed inwards, or absent. This order includes two sub-
orders.

Sub-order 1. Spheniscomorphe (Huxley).— Penguins,
having an uninterrupted pterylosis, a straight compressed
beak, almost slightly bent at its apex, with linear nostrils.
There are no free phalanges in the pollex. The remiges
are not distinet from the other feathers, all of which are flat
and scale-like, with after-shafts.

There are no basi-pterygoid processesand flattened pterygoids; the maxillo-
palatines are cleft; most of the cervical vertebre have spheroidal facets;
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4. Hemiglottides.—Smaller, with closely-feathered neck and naked lores;
tongue small, short; toes long. The bill may be long, arcuated, and slender
{1bis), or flat and spoon-shaped (Platalea, the spoonbill).

Order VII. Gralle (Bonaparte).—Carinate birds, with
long legs, fitted for running, and with feet usually fitted
for wading. The vomer tapers to a point in front, and
the maxillo-palatines are lamellar, free internally. The
bill is clearly marked off from the head, and often has a
distinct cere; the lores are closely feathered ; the neck
moderate, or long; the tarso-metatarsus is shielded in
front and behind ; the hind toe is small in general, rarely
with a long claw. There are ten primary remiges, and
all the feathers have after-shafts (except in Podoa). The
skull shows often a post-periotic fontanelle, and there are
two carotids and a gall-bladder. The eggs are usually
uniformly eoloured, or spotted on a dark ground.

The following families are included :—

1. Seolopacide.—S8nipe, with long slender bills, which are flexible and
sensitive ; narrow prominent basipterygoid processes ; maxillo-palatines not
swollen; mandible shorter than the upper jaw, with the angle prolonged
into a recurved process, and with a fontanelle in its ramus; maxille late-
rally grooved, the small nostrils being at the base; tongue long and
slender; stomach muscular. The legs are usually, the toes always, short,
colligate, semi-palmate or lobate, the hinder toe short or absent. The
wings reach or extend beyond the end of the tail, the outer remiges being
the longest. Feathers cease above the suffrago, and the tail is short.
Mostly small, round-bodied birds, which are divisible into five sub-fami-
lies: Scolopacine—with a sensitive, soft-pointed beak, colligate toes, and
strong, thick feet. The bill may be longer than the head, or than the naked
parts of the foot, and the outer ear under the eye, as in Scolopax, the
snipes and woodcocks, and Rhyncheea ; or there may be a shorter bill, with
a broader point and no groove, and the outer ear behind the eye, asin
Tringa, the sandpipers. The hind toe is absent in Calidris, the sanderling,
and Limicola, Machetes, the ruff, has a denticulated palate. Totaninx
consists of slight-bodied birds, with hard, horny tips to their beaks, long
necks and feet, and colligate toes. Some, like Numenius, the curlews and
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have soft-pointed tongues, with an indented hinder edge,
and a long entoglossal cartilage. The cesophagus has in its
middle a laterally double crop, whose walls secrete a milky
juice in the parent, a few days after the young are hatched,
for their nutrition. The gizzard is muscular (weak in
Carpophaga, ossified in Coleenas) ; the intestine is long, the
ceeca absent, or short; the gall-bladder absent (except in
Lopholemus, Ptilonopus, Pteroclide, and Carpophaga).
The syrinx has one pair of muscles, and there are two
carotids. The pterylosis is remarkable for the absence of
after-shafts (except in Pteroclide), and for the width of
the feather tracts, in which there is no down between the
contour feathers (except in Pteroclidse). The oil-gland is
absent in Didunculus, Goura, Treron and Starncenas, but
is present and naked in the others. The neck pteryle
are almost uninterrupted, and the young have no down
lamina.

The leg has an ambiens, and is clothed with short transverse scales in
front, but is reticulate behind. The skull has large orbits, with a septum
perforated by 1-3 holes. The maxillo-palatines are spongy and prolonged
backwards, and the vomer is absent. The posterior external angle of the
palatine is rounded. The basipterygoids are narrow, long processes (absent
in Didus). The pterygoids are curved. The articular head of the quad-
rate for the mandible is transverse (in Didunculus elongated from before
backwards, and the cranial end is bifurcated). The mandibular angle iz
not prolonged nor incurved. The sternum has two pairs of hinder notches
(the inner of which may be foramina); the outer xiphoid processes are
sharter, and directed forwards, and there is no hypocleidium nor manu-
brial rostrum. The wings are long and pointed. There are 11-13 cervical,
5-6 dorsal, 12-13 pseundo-sacral, G-7 free caudal vertebrw, The hallux is
on the level of the other toes, and has a twisted metatarsal. The toes are
usually free ; rarely the outer and middle are semi-colligate. On the head
of the humerus the second pectorals have an independent place of inser-
tion at some distance from the pectoral ridge (Garrod), and the pectoral
ridge ends in a point. There is no deep ischiatic fossa in the pelvis. The
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are rounded ; the tail large ; the clavicles with no symphysis, cach one tied
by ligament separately to the breast-bone. They have a perfect eranio-
facial hinge and a median septo-maxillary bone. The three terminal caudal
vertebre are ankylosed, the six anterior being free, with synovial surfaces ;
there is no rectus femoris.

9. Coliide.—Palmotropical, with all the four toes directed forwards; bill
short, stout, with nostrils in a membranous groove at each side of its ele-
vated base.

8. Capitonide.—Barbets. Bills stout, conical, laterally swollen, bristled
at base ; tails round, broad ; the first and fourth toes turned backwards.

4. Galbulide.—Jacamars, neotropical, with long strong straight bills,
bristled at base ; wings moderate, with the fourth quill longest ; the rectus
and semitendinosus accessorius are usually absent.

5. Trogonide.—Trogons, with strong, short, broad, triangular bills, with
an arched toothed edge to the upper bill, except in Calurus; the rictus of the
mouth is wide and bristled at the angle; the wings are short, rounded ; the
tail and its coverts are long ; the weak feet have the inner and second toes
turned backwards, and the third and fourth turned forwards; the rectus
femoris and semitendinosus are absent.

6. Musophagide.—Plaintain-eaters, African; bill strong, hard, high,
broad at base, which sometimes expands into a frontal plate, as in Muso-
phaga ; the upper bill is toothed, strongly notched at the tip; the tail has
ten rectrices. Turacus, the touracou, has a head-crest ; Schizornis has the
three outer toes turned forwards ; they all have the rectus femoris.

7. Bucconide.—Neotropical ; bills stout, conical ; nostrils hidden under
the bristles of the forehead; tails moderate. Megalaima has a median
septo-maxillary bone between the maxillo-palatines.

8. Cwenlide.—Cuckoos. Palmotropical for the most part ; bills moderate,
strong or slender, compressed, often with a wide gape reaching under the
eye; the nostrils are in a membranous groove, and the tails are long,
with 10-12 rectrices ; there is a rectus femoris, but no accessory eaudo-
femoralis. They mostly lay their eggs in strange nests. Cuculus, the
cuckoo, can turn the outer toe forward or backward at pleasure, and in it
the fifth primary is the largest ; in Coccyzus the third; in Eudynamys the
fourth. Seythrops, the channel bill of Australia, has a lateral groove in each
side of the long hooked upper mandible. Coceygus (American) has a feathered
lore and short round wings. In Saurothera the tip of the bill is suddenly
hooked. Indicator, the honey-guide (African), has a short bill, nine pri-
maries, and twelve rectrices. Leptosomus (Madagascar) has a short bill, with
the nostrils in the middle of its length, and it has legs with two rows of shields
in front; tail with twelve rectrices. Phenicophmus has a longer beak, linear
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gall-bladder; often no bursa Fabricii; the brain is large,
and the membrana nictitans often absent.

The noteal pteryla bifurcates at the level of the scapula, and there is
sometimes a double humeral pteryla, often an apterium around each eye;
the alula has 4 feathers ; the tail 12 rectrices.

The syrinx has three pairs of broncho-tracheal muscles, and a very weak
sterno-trachealis; there is no epiglottis, and the carotids are either two,
close together, or the left is superficial, and the right on the vertebre, or the
right is absent, as in Cacatua. The tongue in Trichoglossus is beset with
numerous thread-like horny papille. The penis is absent.

Parrots are the most intelligent of birds, and are capable of being taught ;
they are divisible into five families : —

1. Cacatwide.—Cockatoos. Head with an erectile crest; beak strong:
wings long, pointed ; tail broad, even. This includes Cacatua, the cockatoo,
whose sternum has no fontanelles. Calopsittacus has slender clavieles and
large sternal foramina. Nasiterna has no clavicles and lateral sternal holes.
Calyptorhynchus, the black cockatoos, and the large beaked Microglossus,
are also examples, Melopsittacus has a bony ring in the ali-nasal cartilage.

2. Platyeercidee.—Macaws, with long tails; strong beaks, with long,
down-curved, upper mandibles and pointed wings. Ara, the macaw, has
¢lavicles, and nosternal foramina, while Platycercus has the former rudi-
mental, and Pezoporus has no clavieles.

3. Psittacide.—Parrots. Brightly-coloured birds, with short, broad, or
rounded tails; the cheeks, and usunally the lores, are feathered; the beak is
more moderate in size than in the other families ; the feet long, with pointed
claws. This includes the common parrot, Psittacus erythacus, and others.
Psittacula Galbula has no clavicles.

4. Trichoglosside.—Lories. Bill moderately curved and compressed
tongue, with long, horny papillze,

5. Strigopide.—Kakapos. Beak short, thick ; wings short, almost func-
tionless, not reaching to the root of the tail; clavicles absent, keel on the
sternum obsolete. New Zealand burrowing or ground parrots.*

® A remarkable series of birds have been described from the American
upper Cretaceons rocks, which bear distinet enamel-coated teeth. Professor
Marsh has described two series of these, forming two distinct orders—
1. Odontotorme, Carinate birds, with amphicelous vertebre, large wings,
teeth in sockets, and the metacarpals ossified, example Ichthyornis. 2.
Odonteleee, Ratide birds, with vertebre as in recent birds, rudimental wings,
and teeth in grooves, not in sockets,  Hesperornis was about six feet high.
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the separate supra-stapedial part of the hyoid arch
(incus); B8rd, an ossicle (orbicular), representing the
proximal end of the symplectic; and 4th, the stapes.
The mandible articulates with the squamosal by a convex
or flat condyle, and consists of two rami, joined by a
median symphysis. The brain-case has ossified walls,
whose elements are united by suture. The oceipital
bone has two condyles. The parasphenoid,* post-frontal,
and quadrato-jugal bones are absent. The elements of the
periotic early coalesce; the cartilaginous pre-frontals or
ect-ethmoids join the mesethmoid, and form the lateral
masses and ossa plana of the ethmoid. The single vomer
is bi-laminar, and may form part of the roof of the
mouth.

The cervical vertebrse are seven, except in the Manatee
(six), Choleepus Hoffmanni (six), Bradypus torquatus
(eight), and B. tridactylus (nine). They have a lateral arte-
rial canal, closed by the ankylosed cervical ribs. The atlas is
ring-like, with its cavity divided by a transverse ligament.
The os odontoideum is ankylosed to the second vertebra (axis
or epistropheus). The dorsal vertebrae vary from ten (Dasy-
pus niger) to twenty-four (Choleepus) ; the lumbars are two
(Ornithorhynchus) to nine (Stenops). Usually the number
of trunk vertebre is constant in each group. The sacral ver-
tebre range from one (Perameles, Halicore) to ten (Prio-
donta). The tail vertebree may be from two (Anura) to
forty-six (Manis).

One dorsal vertebra (8th to 14th) has generally a straight spine; in front

* Tts rudimental representative may be the lamellar membrane ossifica-
tion forming the surface of the sphenoidal rostrum.

t+ This may be represented by the intercalary or Wormian bone, often
present in the spheno-parietal suture in man.
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of this the spines slope backwards, behind it they slope forwards ; this is the
anticlinal vertebra, and Giebel regards it as the true division of the dorsal
and lumbar areas. Such vertebrm only are truly sacral as support the
ilium ; those ankylosed to these, but not touching the ilium, are pseudo-
eacral. Below and between the caudal vertebrse are V-shaped chevron
bones, ossifying from lateral centres, to protect the caudal artery. The
vertebral bodies have usually plane surfaces, but in the necks of Ungulates
the faces are opisthoccelous; in some Primates they ave spuriously pro-
ceelous. The vertebral bodies are united by ligamentous inter-vertebral
disks, in the soft centres of which remain traces of the notochord. Mammals
with heavy heads have a bilaminar, elastie, supra-spinous ligament (liga-
mentum nuchae) attached to the oceiput and to the long anterior dorsal and
lower cervical spines (withers). The spine of the axis extends upwards as
a flat plate.

Each dorsal vertebra bears a pair of ectosteally-ossifying ribs, whose
vertebral end has usually a head and a tubercle, but the hinder ribs lose one
or the other. To each in front is articulated a cartilaginous sternal rib,
partly ossifying by endostosis. The sternum consists of pre-, meso-, and
xiphi-sternum ; when a clavicle exists the pre-sternum is wide and flat,
otherwise it is narrow. Clavicles are absent in mammals that use their fore-
limhs for support only. The pubes unite in a symphysis. The movable
ankle-joint is between the leg-bones and the first row of tarsal bones, which
never ankylose to the tibia. The outer toe of the pes has never more than
three phalanges. The last phalanx of each digit may be completely enve-
loped in a horny epidermal sheath, which may be dilated and flattened
(angula, hoof), or compressed and sharp-pointed (faleula, claw), or the
sheath may be on one (dorsal) side alone, as a flat (unguis laminaris), or a
swollen nail (unguis tegularis). Some mammals walk on the entire sole
(plantigrada), others on the fingers (digitigrada), others on the last phalanx
only (unguligrada), others on the backs of the digits (dorsigrada). The long
bones of the limbs contain marrow.

A supra-spinatus muscle clothes the pre-seapula. There is generally a
trachelo-acromial musele, a cephalic extension of the trapezius, and often of
the rhomboid. The serratus magnus has a cervical portion, which may be
separate (levator anguli scapul®). There is a large ilio-psoas muscle; the
rectus femoris is always present, and attached to the patella. The long
peroneal musele seldom joins any of the digital flexors.

When the adult is naked, as in whales, hair has existed in the embryo.
According to the shape and size of the secreting papilla (see p. 146, fig. 32),
hairs may be simple (pili), curled and rough-edged (wool), spines (as hedge-
hog), horn (as in the rhinoceros), plates (as in armadillo), imbricating scales
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and a cecum is usually present. The Wolffian bodies
remain only as rudiments. The compact kidneys consist
of cortical and medullary parts, and have no reno-portal
system.*

There is no syrinx, and the bronchi never open on the
surface of the lung, nor are there thoracic air-sacs. The
diaphragm is a complete, infra-cardiac, thoracico-abdomi-
nal septum, with a central tendon (which is small in Orca
and Delphinus).

All but Manis, Myrmecophaga, and Echidna have teeth
in sockets—horny in Ornithorhynchus and Rhytina, den-
tinal in others; these are confined to the maxille, pre-
maxillee, and mandible, and are usually heterodont (some
having two or more fangs), rarely homodont and numerous,
as in Cetaceans. Most mammals are diphyodontal; and as
the milk teeth are fewer than the permanent, the latter may
be successional or primary, according as they have had pre-
decessors or not. The premaxillary teeth are named inci-
sors, and haveusually chisel-like crowns. The first maxillary
tooth next the premaxillo-maxillary suture (the canine) is
usually strong, conical, and one-fanged, and the successional
maxillary teeth behind it are called pre-molars; the pri-
mary teeth still farther back are called molars. The man-
dibular teeth corresponding to these are similarly named.
Gaps often occur in the line of teeth, and are called
diastemata. Professor Owen formulates the teeth of a
mammal by placing the numbers of mandibular teeth
below, of upper jaw teeth above, a horizontal line, and
prefixing to the numbers the initials of the sorts of teeth,

—_——— = — .

* Unless minute anastomosing branches in the capsule of the kidney may
represent it.
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The male has a cloacal penis, free from the ischium, and
the penial urethra is separate from the eystic. The female
has no vagina, but the two uteri (whose Fallopian tubes
are not fimbricated at the free end) open separately into
the cloaca. The mammary glands are
placed far back on the abdomen, and
resemble the pre-anal glands of lizards.
Each consists of many cmcal tubes
opening on a bare spot, not on a nip-
ple, and is surrounded by pauniculus.
There is no placenta developed.

This sub-class includes one order,
Monotremata (Geoffioy) containing two
Australian genera, which possess long
supra-pubie ossifications in the tendon
of the external oblique muscle of the
abdomen, called marsupial bones. The
vertebral centra have no epiphyses, and
some of them unite by synovial joints.
The odontoid bone long remains sepa-
rate from the axis, as do the cervieal
ribs, of which the sixth and seventh ‘
are the smallest. The ribs touch the Marupialjones ofkan.

garoo, shown in ils

vertebral bodies with their nearly un-  Bominatem: s, creos

n?igit_inatum: si, crest
PR L] H . ste
divided heads chiefly below the neuro-  ‘urface of iim: s,
= gluteal surface; s,
central suture, and the dorsal spinal  iliac fossa; p#, pectin-

cal tubercle ; a, aceta-

nerves pierce the neural arches. Be-  bulum; :fﬂ F;I; roid
tween the sternal ribs and the ver- D
tebral (which, except the first, ossify

ectosteally) are intermediate ribs, which ossify by en-
dostosis. The cranial bones early ankylose, and the
eribriform plate of the ethmoid is nearly horizontal. The

tapes is imperforate. The scapula has its meso-seapular
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L1

(only absent in Cheeropus and Perameles) has a pre-
coracoid segment at its scapular, a meso-scapular at its
sternal end, which is separated from the sternum by an
omo-sternum, but there is no epi-coracoid nor inter-clavicle.
The skull has persistent sutures and large nasal cavities at
its most anterior part, the zygoma is complete, the orbit
incomplete behind, and the ascending process of the pre-
maxilla never touches the frontal. The mandible has an
inflected angle (except in Tarsipes). The teeth are nume-
rous, heterodont; the only deciduous tooth is a molar
placed over the hindmost pre-molar, and this may be
functionless (Thylacinus, absent in Koala and Dasyurus).
The upper incisors are usually more numerous than the
lower; the molars are never complex. There is an ex- -
ternal ear, a coiled cochlea, a circular pupil, a pre-penial
scrotum, with the funica vaginalis communicating perma-~
nently with the peritoneum. The female has a pre-cloacal
abdominal pouch (rudimental or none in opossums and
Sarcophilus), in which the young, born in an imperfect
state of development (39 days in kangaroos, 17 days in
opossums), are placed by the mother, who uses her mouth
for this purpose. The mamme are on the abdominal wall
in the pouch, covered by muscular fibres (representing the
cremaster of the male?). The mouth of the fewtus re-
ceives the nipple, and remains persistently attached there
for a time, while the mother injects the milk, which the
feeble embryo would be unable to suck (Owen). At this
period the larynx is elongated, and the glottis is embraced
by the levatores palati muscles, so that respiration through
the nostrils continues unimpeded. The cerebral hemi-
spheres are smooth, and leave the cerebellum and often the
optic lobes uncovered ; the corpus callosum 1s very small.
The valves of the heart are membranous. There is no
P
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inferior mesenteric artery, and the internal iliacs arise
separately from the aorta. There are two venw azyga and
two precaval veins, as well as two thoracie duets, begin-
ning in a plexus, not in a sac, and coalescent above. They
form one polymorphic order, Marsupialia (I/iger), and,
except the American opossums, are confined to Australia,
Tasmania, and the Australian Islands.

The rudimental cervical ribs early ankvlose; those of the axis remain
separate in Perameles. The odontoid early unites to the axis. In wombat
and Koala there is no bony nucleus in the fibro-cartilaginous anterior half-
arch of the atlas, or it may become ossified by an inward extension from the
lateral masses (Hypsiprymnus, Macropus); rarely a central detached ossicle
cxists, joined to the lateral masses by ligament (Thylacinus), or by suture
afterwards uniting (Didelphys, Perameles). The dorso-lumbar vertebra are
19, of which the last may be ankylosed to the sacrum; 13 are usually rib-
hearing (11 in Koala, 15 in the common wombat, 12 in Petaurus). The
anticlinal vertebra may be the 9th (Dasyurus), 11th (Perameles), 12th
(kangarco), or 13th (Petaurus). The arterial canal in the 7th cervical
vertebra iz incomplete in Dasyurus. The sacral vertebre vary from 7 (3
true and 4 false) in the wombat to 4 (Myrmecobius, 2 + 2), 3 (Petaurus,
1 + 2), or 2, as in Dasyurus (1 + 1). The caudals vary from 6 in Koala to
25 in Macropus, 35 in Didelphys, or 31 in Phalangista ; the last-named forms
have prehensile tails. Chevron bones are only absent in wombat and Koala.
The meso-sternum has four sternebers ; the xiphi-sternum is long, and early
ogsified, with an expanded cartilage. The sternal ribs join the sternum by
synovial joints, and have no intermediate ribs.

The procoracoid joins the acromion by ligament, except in the wombat ;
the humerus has a supra-condyloid foramen, except in Hepoona and Dasy-
urus; the radius and ulna are distinct, mobile; the earpus has no os centrale,
and has separate scaphoid and lunar bones (the lunar is absent in the kan-
garoo, variable in wombat). The fore-limb digits are nsually five, except
in Cheeropus, which has no pollex, a rudimental trapezium, large second and
third digits, and a rudimental fourth finger, with no fifth; Perameles has
very small first and fifth, a very large third, and a small second, with a still
smaller fourth. The ungual phalanges are often eplit, as in Perameles;
sometimes the pisiform is long, like a sixth finger (Chironectes).

The ilium is laterally compressed, with a narrow fossa (Dasyurus), or flat-
tened, with the iliae P“I gluteal fossm uniting at a erest (wombat) (zee fig. 36).
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lacoleo, & large fossil form, was either a carnivorous form (Owen) or, having
no lower canine and m. }, was allied to Belideus (Krefft).

Sub-order IN. Pocphaga (Owen).—i. 3 (lower horizontal,
chisel-shaped), ¢. § or }, p. }, m. 4. The stomach is =ac-
culated, long ; the ceecum long ; the eyelids with marginal
cilia ; the fore-limbs are smaller than the hinder; the
nipples, four in number, are within the pouch. The one
family, Macropodidee, or kangaroos, are grass-eaters.

Macropus has no upper canine, or a functionless one. The second and
third toes of the pes are syndactylous, and the fourth and fifth alone are
functional. The tail is large, used as an organ of support, with a very large
caudal artery. There is a subclavius muscle, the supra- equals the infra-
spinatus (being larger in the other genera). The short eoraco-brachialis
only is present. The biceps is double, coraco-radial, and gleno-ulnar, The
pronator teres is weak ; the p. quadratus oceupies four-fifths of the inter-
osseous gpace. The supinator longus is inserted into the trapezium and first
metacarpal. The extensor minimi digiti supplies the third, fourth, and fifth
digits. The tensor vagine femoris, pyriformis, and quadratus femoris are
large. There is no obturator internus, but the gemellus extends for a short
distance into the pelvis. The psoas parvus is seven times the size of the
psoas magnus, and twice that of the whole ilio-psoas. The popliteus arises
from a sesamoid bone ; the semi-membranosus is closely connected to the
adductor magnus and to the semi-tendinosus ; there is no biceps accessorius;
the tibialis anticus has a double tendon, and there are four peronei, longus,
brevis, quinti, and quarti. The arboreal Dendrolagus, from New Guinea,
has its nasal bones medially narrowed, and an upper canine. Dorcopsis has
also a canine, a broad pre-molar, and a long skull. Hypsiprymnus, the
kangaroo rat, has the pre-molar larger than the molars, and large inflated
tympanie and alisphenoid bones.

The oldest fossil mammals known are the Triassie forms, Microlestes, and
Dromatherium, which were allied to Myrmecobius. Other generalized extinet
forms have been met with, which unite the characters of several of the sub-
orders, such as Procoptodon, Phascolotherium, Some of these were of
enormous size, as Diprotodon, Dinotherium.
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The cervicals are eight or nine, the eighth and ninth having small movable
ribs, and the ninth has no arterial canal. The pre-sternum is wide, and
there are eight meso-sternebers. The small clavicle joins the coracoid ex-
ternally, and a slender omo-sternum internally. The acromion is cartilagi-
nous, the supra-condyloid foramen absent, the olecranon small. The
anterior sternal and vertebral ribs become ankylosed, and the posterior are
separated by intermediate ribs, as in Monotremes. The trachea is convo-
luted in the thorax in front of the right lung., The carotid, axillary, and
femoral arteries form retia mirabilia. The laryngeal ventricles are shallow,
with no upper vocal chords. The penis is cleft, so that the urethra opens at
its root. The deltoid is not divided, and a short coraco-brachialis, a humero-
scapular biceps inserted into the radius and ulna, and a radio-carpeus, are
present, as are two long supinators, a pyriformis, an obturator internus, a
double obturator externus, a wide sartorius, an enormous gracilis, an ischio-
femoral biceps, a femoral extensor longus digitorum, a three-headed tibialis
anticus. The plantaris is very large, as also is the flexor of the toes. Some
forms have inflated pterygoids (Arctopithecus of Gray).

The gigantic American tertiary Megatherium, Mylodon, Megalonyx,
form a family, Gravigrada, intermediate between the Tardigrades and the
Glyptodons ; they have sloth-like skulls, with closed jugal arch; strong
claviculate limbs, with a 4—5 toed manus and a 3—4 toed pes; a strong tail,
capable of acting as an organ of support ; teeth mostly m§.

CHAPTER XXXII.
LEMURs.

Order II1. Prosimii (Brisson).—Lemurs. Arboreal, small,
claviculate, claw-bearing mammals, chiefly limited to
Madagascar and the vicinity of the Indian Ocean ; having
a coating of loose fur, with the fourth digit of the pes
and manus the longest, the last joint of each digit with
a nail, the claw-bearing hallux being often opposable.
The placentee are dome-like, diffused, indeciduate; the
mamms pectoral or ventral. The face is hair-clad ; the
nostrils kidney-shaped, convex outwards; the ears and
eyes large. The fore-limbs are shorter than the hind,
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and the humerus has a supra-condyloid foramen. They
never have cheek pouches, nor gluteal callosities, and the
main limb arteries form retia mirabilia. The teeth are
heterodontal, enamel-coated, and successional.

The mamms are pectoral or ventral; the penis often with a bone; the
clitoris perforated for the urethra, except in Chiromys; the uterus bicor-
nate, with two mouths in Stenops. The brain is smooth, with pointed
frontal lobes; the hinder lobe short, and the cerebellum uncovered; the
Sylvian fissure is large, with a trace of the insula ; there is a calcarine
sulcus, large olfactory lobes, a small pons, and a large flocculus. The ver-
tebree are ¢. 7, d. 12-16, /. 6-8, 5. 2-5, ¢. 5-29 (never prehensile). The
cervical transverse processes have large lower lamellee. The orbital process
of the palatine may join the frontal in the orbit, which is in its cavity con-
tinuous with the temporal fossa, as the union of the malar and post-orbital
process of the frontal is only superficial. The foramen rotundum merges into
the sphenoidal fissure ; the nasal duct opens outside the orbit ; the nasal bones
are elongated, the malars often perforated by large holes. The os planum
does not extend into the inner wall of the orbit. The tympanic is bullate ; the
mandibular rami are ununited. The hyoid arch has stylo-, epi-, and
cerato-hyals, with very short thyro-hyals. The carpus has an os centrale
{except in Indrisidee and Nycteromorpha), sometimes a radial sesamoid
(Perodicticus). The pelvis is wide, except in Loris, Potto and Tarsius, with
narrow ilia, and the ento-cuneiform has often a spur. The second digit is
claw-bearing. The brain-case equals in length the basi-cranial axis, The
hard palate is long and thick posteriorly. The sublingual fringes are often
large, pectinate, like a second tongue. The stomach is simple, the intestine
moderate, the ceecum long, with no appendix, and the subclavius is small.
The deltoid is single in Nycticebus, two-cleft in Tarsius, trifid in Lemur and
Chiromys. There is a small teres minor; a two-headed biceps in Lemur,
Potto, Tarsius, and Chiromys ; one-headed in Nycticebus and Loris. There
are long and short coraco-brac iales, except in Galeopithecus. The semiten-
dinosus has a caudal head and the tibialis anticus is doublein Chiromys. The
tendons of the flexor digitorum sublimis in the manus are distributed to the
third, fourth, and fifth fingers, while of the deep tendons, those to the first,
second, and third come from the flexor pollicis, which is closely united to the
flexor profundus.  Otolicnus and Tarsius have a depressor scapule muscle,
and the occipital trapezius only exists in Chiromys, though an oceipital rhom-
boid is present in all. The trachelo-acromial is usually attached to the meta-
eromion, but in Nycticebus is inserted into the clavicle, while it is absent in
Potto. There are no laryngeal air-sacs, but well-marked ventricles. The
lemurs are divisible into four families : —

Q2
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The mucous membrane of the mouth is papillated, the abdominal cavity
is large, and the intestine long. The masseter muscle exceeds the temporal;
the condyle of the mandible is flat-crowned, and often somewhat guadrate,
and capable of free lateral motion. The cerebrum is convoluted, and the
cerebellum is uncovered.

Two Sub-orders are included :—

Sub-order 1. Perissodactyla (Owen).—Ungulates, with
an odd number of toes on . the hind foot (five, three, or
one). The third toe on the fore-foot always consists of
symmetrical halves. There are at least twenty-two
dorso-lumbar vertebre, a third trochanter on the thigh-
bone, a large astragalo-scaphoid, and a small astragalo-
cuboid joint. The os magnum, third metacarpal, and
third metatarsal are large. There is a simple stomach; a
large, often sacculated csweum; inguinal mammsm; no
gall-bladder, and a bicornate uterus. The tympanic bone
is small, and there is an ali-sphenoid canal for the external
carotid at the base of the pterygoid plate.

The posterior nares are usually opposite the penultimate molar, and the
palate is not notched behind; the facial part of the skull enormously exceeds
the cerebral. The par-occipital processes are large; the canines usually
emall or none ; the premolars often as large as the molars. The medullary
artery of the thigh-bone is at the middle or inferior third of the bone.

There are five extinet families, and three which ineclude
living forms; the latter are as follows: —

1. Tapiride—~Somewhat pig-like animals, with a short,
movable proboseis ; soft, hairy, thick skin ; short tail, and
two inguinal mamms. The skull has wide, incomplete,
up-directed anterior nostrils, extending above the orbits.
- The fore-foot has four toes, the pollex being absent ; the
second secarcely funetional ; the third is the largest, unsym-
metrical with the others, but its lateral halves are sym-
metrical. The teeth are i. 4, c. |, p. 4, m. §; the molars
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the pectineus is separate, as are the three adductors ; the gluteus maximus
is large, inserted into the third trochanter, and the popliteus is inserted into
balf the tibia; the plantaris into the plantar pad, and forms perforated
sheaths for the tendons of the single flexor digitorum. There is a tibialis
anticus, but no t. posticus, an extensor digitorum sending a slip to the ento-
cuneiform and annular ligament, a peroneus longus ascending to the femur,
and inserted into the ento-cuneiform ; a p. quinti to the first phalanx of the
fourth toe, and an extensor brevis for the middle toe. There isalarge, thick
panniculus, which in the speeies with folded skin is attached along the folds;
the abdomino-femoral muscle being very strong in all. The dentition is i. ¢
or §, ¢. 8§, p. §, m. §. The milk teeth are i. §, m. §. The early developed
first permanent pre-molar has no milk predecessor. The manus and pes have
inter-digital glands, whose ducts open above the sole, on the dorsal surface.
The stomach is large, lined with a white, hard epithelium. The small in-
testine has a shaggy lining of villiform processes; the whole canal is 65-95
feet long. The emcum is large, and the colon wide, and the anus very
dilatable. The kidney is lobed. The trachea has about thirty rings, and
the larynx has a large sacculus. The nose is simple, and the upper lip pre-
hensile. The thyroid body has no isthmus. The testes lie below the
abdominal rings in the groin, but there is no serotum ; a single prostate, a
long Weberian organ, vesicule seminales, and Cowper's glands exist. The
arteries of the head and fore-limbs arise from a common innominate, which
first gives off the left sub-clavian. There are several species of living rhine-
ceros, which have been made types of sub-genera—Rhinoceros with folded
skin, incisors in the adult, and one horn, Asiatic ; Ceratorhinus, with two horns
and folded skin, Sumatran; Atelodus with two horns, and skin not folded, and
no ineisors in the adult, African. Acerotherium, from the middle tertiary»
has no horn, and two incisors above and below ; it and Rh. tetradactylus,
from the later tertiary, had a trace of a fifth toe. Diceratherium, also ex-
tinct, had two transversely placed horns, In the one-horned forms the post-
glenoid and post-tympanic processes unite below the ear-meatus: in the
two-horned forms they do not.

3. Equide.—Horses. Maned, hair-clad, mostly graceful
and active, with one toe (the third) alone functional.

The skull is elongated, with complete orbits, the zygomatic process of the
squamosal articulating with the post-orbital process of the frontal. There is
a quadrate inter-parietal, which consolidates in the adults with the parietals,
and a ‘short maso-premaxillary suture. The symphysis menti is consoli-
dated ; the hyoid arch complete, with long stylo- and nodular epi-hyals, and
a glosso-hyal spur from the front of the basi-hyal. The lachrymal is large,
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and the sphenoidal foramen ovale is merged in the foramen lacerum medium.
The surface of the glenoid cavity is convex from before backwards; the
tympanic is not ankylosed. The antrum maxille is large, and the Jacobsonian
organ well developed, with no duct of Stenson. The mastoid is short; the
teeth i. 4, e. + (often concealed in mares and young horses), p. §, m. §. The
ineisors have a superficial transverse median cavity, lined by an inflection of
enamel, causing the central * mark" on the tooth. The first premolar falls
out early, has no predecessor, and hence might be taken for a milk tooth,
but it is permanent in Hipparion. The molar crowns have four enamel
folds. The vertebrem are ¢. 7 (opisthoceelous, with feeble neural spines), d. 18
(19 in the quagga), I. 5-6, 5. 5, e. 17-21. The cervicals have hypapophyses,
and a bilaminar ligamentum nuchee ; the sixteenth dorsal is the anticlinal ;
the fifth dorsal spine is the longest. The two lowest lumbar and first sacral
have accessory articular facets on their transverse processes, and some
spinal nerves perforate the pedicle. The longscapula hasa Retzian tubercle,
no acromion, and a small coracoid. The ulna is imperfect below, and at-
tached to the radius. The carpals are seven, there being no trapezium. The
scapho-lunar joint is opposite the middle of the lower end of the radius.
The cuter half of the large (third) metacarpal is narrower than the inner;
along its =ide are the rudiments of the second and fourth metacarpals as
splints. The single (third) finger has three phalanges—1st, pastern; 2nd,
coronary; Srd, coffin or hoof bone—between the second and third is a na-
vieular sesamoid, and at the metacarpo-phalangeal joint are two others.
The bones of the pes correspond to those of the manus. The upper end of
the fibula is only present as a rudiment ankylosed to the tibia, which is
longer than the femur; the latter has a fossa above the outer condyle, and a
pit for the lignmentum teres. There are seven tarsals, but the ento- and
meso-cuneiforms early ankylose. There is a large omo-hyoid muscle, a
cleido-vertebral from the transverse processes of the 1-4 cervical vertebrm
ingerted into the cephalo-humeral (or conjoint oceipital trapezius and clavi-
cular deltoid). The cleido-mastoid is attached to the mandible. The coraco-
brachialis medius and brevis co-exist; there is a large dorsi-epitrochlear, a
palmaris longus inserted into the tendon of the flexor profundus, two carpal
flexors, and two extensors (radial and ulnar) ; the flexor pollicis has a separate
belly from the flexor digitorum profundus, but their tendons unite, and an ex-
tensor ossis metacarpi pollicis is inserted into the inner side of the proximal
end of the eannon bone; a single lumbricalis and an undivided adductor femo-
ris exist. The hinder portion of gluteus maximus arises from the tuber ischii.
There is a gluteus quintus; and there are vertebral origins for the very large
semi-membranosus and semi-tendinosus ; a peroneus tertii (in the ass), in-
serted into the proximal end of the first phalanx, but there is no p. longus;
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cotherium took its place, and spread vid Japan, China, and India, to
Europe.

8. Dinocerata.—An Eocene group of Ungulates, probably deserving of
being made the types of a separate order. They were large-sized, long-
faced mammals, with three transverse pairs of bony horn cores on the skull,
varying in size with age—one pair was placed near the end of the nasals;
a second, like the horn of Brontotherium, on the maxillaries, in front of the
orbits; a third, and largest pair, on the parietal bones, supported by a crest
which surrounds the cranium posteriorly. There is also a transverse pos-
terior crest on the supra-occipital, and an alisphenoid canal. The nasals are
half the length of the skull; the orbits and temporal fosse are confluent, and
there is a post-glenoid process. The post-tympanic process, which bounds
the auditory meatus posteriorly, unites with the par-occipital, thus ex-
cluding the mastoid from the surface as in rhinoceros. The lachrymal
bone is perforated, and the premaxille were long and without teeth, but
they were covered with a pad, as in ruminants. The brain-case was ex-
tremely small ; the teeth were i. §, ¢. , p. §, m. §, the canines being small
in the female. The mandible has a back-directed condyle, an ossified
symphysis, and a descending process below the diastema, possibly to protect
the tusk. The ulna articulates with the lunar as in the elephant, and the
other fore-limb bomes are elephant-like, but the radius and ulna were not
crossed. The manus had eight carpal bones and five digits. There was no
ligamentum teres, nor third femoral trochanter, a perfect fibula and an
astragalus articulating with the cuboid, as well as with the scaphoid ; there
were seven tarsal bones, and five toes on the pes.

Sub-order I1. Artiodactyla (Owen).—Ungulates, in which
the third and fourth toes are symmetrical, and bearing
the weight of the body. Sometimes the second and fifth
toes form a second pair, or one of them may be deficient.
The dorso-lumbar vertebrze rarely exceed nineteen, and
never are as many as twenty-two (the smallest number
found in living Perissodactyls). There is never an azy-
gous horn, nor a third trochanter. The stomach is never
quite simple, and the cecum is small or none.

Horns are paired when present, and are outgrowths from the frontal
bones ; the last milk molar is trifid, and the hindmost premolar differs from
the molars in pattern and size. There is no alisphenoid canal; a large
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They are slender, straight, or [-shaped bones, sixteen inches in length in a
Balmna of sixty-four feet long, largest in the males, and often bilaterally
unsymmetrical. To these are attached some fibres of the rectus abdominis
musele, and the erura penis or clitoridis, as well as
the ischio-cavernosus and retractor penis muscles
(Fan Beneden), hence these bones are ischia, and
they are developed from single ossific centres.
Sometimes a small pyriform bone (fig. 39 f) isat-
tached to the middle of the ischium by a ligament,
and represents the femur ; this is most distinet in Hughgirhﬁnfnﬁz}ahﬂg
Bal®na, rudimental in Megaptera and Balenoptera iy, ischium; f, femur;
musculus, absent in Balmnoptera rostrata. Pro- % tibia.

fessors Reinhardt and Struthers describe a second terminal conical bone ap-
pended to the extremityof this in Balena, representing a tibia (f). No
femur nor tibia exists in the toothed whales.

The muscular system in whales presents a well-marked panniculus, often
both over- and underlaid by the layers of blubber, wide pectoral and latis-
simus dorsi muscles; a eombined occipital trapegius, cleido-mastoid, and
clavicular deltoid fused into a humero-mastoid musecle, and deriving its
innervation from the spinal accessory nerve ; a one-bellied omohyoid (some-
times absent); an acromio-trachelian; a single rhomboid, not stretching to
the occiput, and two sets of enormous eandal muscles; levatores cauds
superiorly or dorsally, and depressores cauda ventrally, nearly equal to each
other, and inserted by strong rope-like tendons into the tranaverse processes
of the caudal vertebrm ; these enormous muscles are the active agents in
locomotion.

The head has at its posterior part a series of muscles to move it, even
though the neck is obsolete ; these are splenii, complexi, trachelo-mastoids
and small recti. The rudimental fore-limb has also a museular system ; the
shoulder-joint, which has a capsular ligament and synovial membrane, is
moved by several muscles; a rudimental supraspinatns, an infraspinatus,
subscapularis, teres major, and coraco-brachialis brevis surround the shoul-
der; the latter has been once found with a split insertion in Balmnoptera
rostrata (Perrin). There is a triceps extensor of the forearm, but no biceps
flexor, although there are rudiments even of digital muscles present in
the Mystacocetes. In Balenoptera rostrata the flexor carpi radialis, flexor
digitorum communis, palmaris longus (flexor sublimis digitorum of Perrin),
flexor carpi ulnaris, and extensor digitorum are present. In Odontocetes
finger muscles have only been deseribed in Hypercodon (Struthers).

The brain in whales is round, short, richly convoluted, but with shallow
silei, the cerebrum overlapping most of the cexebellum. There ix a small
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Fig. 39.
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The uses of these baleen plates can be easily understood in the light of
the nature of food and mode of feeding of these whales. Most of the larger
whales feed on Clione and other pelagic molluscs, medusm, cuttlefishes,
smelts, &c. ; these are taken into the mouth by the whale, and then, on
closing the jaws, closing also the opening into the pharynx (which is
narrow, bounded by a long thick velum with no uvula, and provided witha
very strong sphincter muscle), and foreibly elevating the tongue to the
palate, the entire contents of the mouth are pressed against the inner
bristly border of the baleen plates, every particle of solid matter is retained,
while the water is driven out, and the food matters thus collected are sub-
sequently swallowed. The tongue is wide, scarcely at all free, covered by a
thick epithelium, and with the whole floor of the mouth capable of consider-
able elevation and depression,

The salivary glands are rudimental or small, but in Baleenoptera, Globio-
cephalus, Orca, and Lagenorhynchus there exist both parotid and sub-
maxillary glands. The lower lip is very large and movable. The stomach
is compound, and consists of three cavities (Hurley) in the porpoise, or four
( Murie¢), as in Globiocephalus, or five (Bal®noptera), or even seven, as in
Hyperoodon ; these are not arranged as in ruminants, nor is there any
evidence of any ruminating process. The first stomach is a paunch, and has
a thick epithelium; the digestive canal is about eight times the length of
the body, and has no cecum or a small simple one; there are many patches
of glands, and the liver has no gall-bladder (Williams says a small one
exists in Globiocephalus Chinensis). The kidneys are lobulated, and the
testes are abdominal, with no seminal vesicles. The penis has no bone, and
the uterus is bicornate, and the placente diffuse, with a large saccular
allantoid. In a Balenoptera Sibbaldii, seventy-eight feet long, was found
a mature feetus nineteen feet six inches in length, Whales are usually uni-
parous, and the mammary glands in the specimen above referred to were
over seven feet long, eight inches in breadth, and covered with a muscular
expansion, which enabled the mother to ejaculate the milk into the infant's
mouth. ’

The eye in whales is small, with only two lids, and a rudimentary lachry-
mal apparatus, no derivative nasal canal system, a sclerotic of enormous
thickness posteriorly, a nearly spherical lens, a flat eornea, and a perfect set
of muscles; there is a wide Eustachian tube, a large air-chamber, with
membranous walls opening thereinto, and a cochlea of two coils.

Most whales are marine, but some are fluviatile. Inia and Pontoporia
inhabit the 8. American rivers, while Platanista lives in the Ganges.

Cetacea may be grouped in three sub-orders :—

Sub-order 1. Zeuglodontia.—Extinct, Miocene, mostly American whales,
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claw is also a likeness), and this bone has also foramina ovalia and rotunda.
The nasals are wide behind, the pterygoids slender, and the palatines large,
ending opposite the front of the last molars. There are pre- and post-
tympanic processes, the latter shorter than the par-occipitals. The pre-
maxille are large, and join the nasals. The tympanic is bullate; the
periotic has a shallow floccular groove. The mandible has a solid symphysis,
a small recurved coronoid, a transversely elongated condyle, a large vertical
ramus, and a round angle. There is an inter-parietal bone ; the tympanie
and periotic are ankylosed, but separate from the squamosal. The basihyal
is oval, with & median eminence and a hinder notch ; the cerato-hyals have
long internal processes meeting in the middle line ; there are no epi- nor tym-
pano-hyals, butsmall stylo-hyals and cartilaginous thyro-hyals, and the stylo-
pharyngeus muscle arises from the paramastoid. The rectus abdominis has
no lines transverse; the clavicular deltoid and occipital trapezius are con-
tinuous, and inserted into the ulna. There is a sterno-scapular, a four-
headed biceps, a coraco-brachialis (?), a dorsi-epitrochlear, and oeccipital
rhomboid. The palmaris longus has a dise of cartilage in its insertion, from
which a flexor brevis digitorum arises. There are pronators and supinators,
but no indicator nor extensor longus pollicis, The part of obturator externus
which arises within the obturator foramen, so common in ungulates, is here
more distinctly separated ; there is a long pubo-coceygeus and an ischio-
coccygeus. The semi-membranosus and the condyloid part of the adductor
magnus are inseparable, the origin of the common muscle being caudal as
well as ischiatie. Tibialis anticus goes to the second metatarsal. The
extensor digitorum longus arises from the femur, the peroneus longus passes
outside (not below) the outer malleolus, the tendo Achillis passes into the
plantar fascia, and there is a fibular soleus. The dentition is ¢. % or § (the
outer upper early falls out), e. £, p. 4, m. §. The lower incisors have long
sockets, and are horizontal, pectinated, but more coarsely than those of
Galeopithecus or Artibeus. There is a hard boss of fibro-cartilage under
the mucous membrane, behind the upper incisors, on which the lower ones
bite. The upper inner incisors are three-sided, prismatie, curved, with a
layer of enamel anteriorly, and growing from a permanent pulp. The
stomach has a median contraction, a large cardiac end, with a hard and
thick epithelial lining and a smaller pyloric pouch. The intestine has one
central csmcum, and two lateral blind pouches, the latter being the lowest
down. The Eustachian tube has a saccular dilatation on the inner side of
the bulla tympani. The bladder seems bicornate, as the ureters open at its
fundus, not at its neck. There are vesicul® seminales. The many-lobed
liver has no gall-bladder. The aorta gives off an innominate (dividing into
right subclavian and both carotids) and a left subclavian. There are two
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genera—Hyrax, of 8. Africa and Syria, the coney or Shaphan, and Pseudo-
hyrax, of W. Africa.

Order 1X. Proboscidea (Illiger).—Elephants, the largest
of living land animals, are non-claviculate ungulates, with
deciduate zonary placentation, short massive bodies, short
necks, high heads, with the nostrils at the end of a long
movable proboscis, which has medio-terminally a finger-
like, prehensile tip. The skin is thick, in living forms
sparsely hair-clad, with a large temporal gland between
the eye and ear; the five toes are short, united, hoofed,
placed in front of a flat palmar callosity, on which the
weight of the body is supported. The legs are pillar-like,
having the femur vertical when the animal stands. The
tail is bristle-tipped, short. The dentition is 4. 4, ¢. §,
m. &, the incisors being developed as tusks, which have
had milk predecessors. These tusks are rootless, made
of dentine and cement, sometimes (in a few fossil
forms) with a strip of enamel, rodent-like. They may
reach large sizes, seventy pounds weight each, and even
more. There are no milk molars, and the adult molars
each consist of a series of separate transverse enamel
folds, arranged parallel to each other, having their cen-
tral cavities filled with dentine, and their interspaces
with cement; when the teeth wear with use, the sum-
mit of the fold rubs off, leaving the free edge of the
folds to appear on the surface of the crown as a closed
loop of enamel, with a centre of dentine, joined to its
fellow-loops by cement. There are never more than three
of the molars present on one side of the jaw at one time,
and these succeed each other from behind forwards, and
all but the penultimate are lost before the last ents the
gum.
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shaped enamel folds, having shallow interspaces. The extinct forms are:—
Elephas primigenius, with a thick woolly covering ; Mastodon, with ineisors
in the mandible in young animals ; molars with mammillary transverse ridges
ununited with cement.

Dinotherium has large mandibular tusks, and is possibly a link binding
these to the Sirenia, though considered by some as a marsupial (see p. 216).
The internal ear is similar to that of Proboseideans (Claudius).

CHAPTER XXXVIII.

GNAWING ANIMALS.

Order X1I. Rodentia (Vicq D’ Azyr).—Prolifie, unguicu-
late vegetable-feeders, mostly of small size, and with teeth
fitted for gnawing. Their placentation is discoidal, de-
ciduate. The incisor teeth are } or 3, arcuated, concave
backwards, like those of wombats; rootless and perma-
nently growing, with a layer of enamel in front, backed
by a column of dentine, so arranged that the more rapid
wearing of the latter than of the former keeps the edge of
the tooth permanently sharp and chisel-shaped. There
are no canine teeth, and a long rounded diastema, along
which the palatine and facial surfaces of the maxillee are
confluent. The long intestine has a cecum (except in
Myoxus). There are two superior venm cavem, right and
left, always present, and vesicul® seminales, large prostate
and Cowper’s glands, a long Weberian organ, and some-
times preputial glands, as in the beaver. The brain (fig. 39)
is small, smooth or slightly convoluted ; the cerebellum
has small lateral lobes, and is usually uncovered. The
orbits are incomplete, and the zygomatic arches are wide;
the temporal fosse small. The glenoid cavity is antero-
posteriorly extended, and the condyle of the mandible is
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Order XIV. Chiroptera (Blumenbach).*—These, the only
truly flying mammals, are hot-blooded disco-placentalians,
which have the bones of the fore-limb elongated, and sup-
porting expansions of the integument which are capable
of acting as perfect wings, not mere parachutes, like the
so-called wings of Galeopithecus, Pteromys, Anomalurus,
and Petaurus. The arm, forearm, and hand are all long;
the humerus, always the strongest bone in the skeleton,
may be as long as the whole body ; the forearm consists of
a strongly developed radius and a rudimental ulna, with
no olecranon; the digits of the manus and their meta-
carpal bones are especially elongated and slender, united
to their tips by the wing membrane, the thumb alone being
free, and always claw-bearing, consisting of one or two
phalanges. The fourth and fifth fingers have never more
than two phalanges, and the middle finger is the longest.
The clavicles are proportionally stronger than in any other
animals, and the presternum is very wide, and it, as well
as the meso-sternebers, usually develops a thin median
ecrest on the ventral surface, for the attachment of the
pectoral museles. The symphysis pubis is narrow or open.
The thigh-bone has no third trochanter, and the outer and
inner trochanters are usually nearly equal. The legshave
undergone an outward rotation through a large are, so
that the extensor aspeet of the knee looks backwards and
outwards, and the fibula is brought to the inner side of
the leg, its upper extremity being in general deficient, or

* Since the printing of this chapter a Monograph on Bats has been
published by Dr. Dobson, in which 400 species are described. In this work
the insectivorous bats (Microcheiroptera) are divided into five families :—
1. Rhinolophidae ; 2. Nycteridee; 3. Vespertilionide; 4. Emballonurids,
including Nodiliones, Dicliduri, Molossine ; 5. Phyllostomide.
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represented by a fibrous band. The plantar surface of the
foot is also directed forwards, and there is a spur (calcar)
from the calcaneum to support the wing membrane, which
stretches from the fore- to the hind-limb, and from thence
to the tail.

The skullsare elongated, the mandible has an ankylosed
symphysis, the brain is smooth, or nearly so, and the cere-
bellum uncovered. The dentition is variable, and singu-
larly inconstant, but all the kinds of teeth are present, and
the teeth are never more than i. %, ¢. 1, p. 4, m. 4. The
digestive canal is simple, with no emcum, and there are
two precaval veins; abdominal or inguinal testes, some-
times periodically descending into a perineal scrotum ; a
simple or bicornate uterus; vesicula seminales ; a pendu-
lous, often bone-bearing, penis, and two pectoral mammea.
The young are of large size at birth, and there is rarely
more than one at a birth.

Bats have a fluttering, irregular, circling mode of
flight, with a rapid beat of wing. They rarely fly high or
rapidly. 'When at rest they hang, head downwards, sus-
pended by the hook-like claws of the feet, or by the
thumbs, and in this position they feed and suckle their
young. On a plane surface they move awkwardly, with
the wings folded against the side of the body, the pollex
advanced and hooked into the floor by its claw, for the
purpose of dragging on the body, while the hind-legs are
directed backwards, with the knees bent backwards and
upwards.

The hairs of bats are soft, and marked on the surface by imbricating
whorls of variously-shaped scales, which are constant in their pattern and
arrangement in each species. The scales may be in transverse series (Phyl-
lostomidee, Noctilionide, Molosside), or in oblique lines (Vespertilionide,
Rhinolophidee). The epidermis is dark-coloured, especially on the dorsal
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nucha, filling up the suprascapular hollow, where there is no ligamentum
nuche. The lungs are large, few-lobed ; the heart large, usually giving off
from its aortic arch a right innominate artery, a left carotid and left sub-
clavian arteries, and the main limb arteries in the wing are sometimes
broken up into longitudinal bundles of parallel vessels. The liver is few-
lobed, with a gall-bladder ; the stomach is simple, pyriform, or eylindroidal ;
in suctorial forms, like Desmodus, with a very long, narrow, cylindrical,
and saceulated cardiac pouch, and a very short interval between the esopha-
geal and pyloric orifices. The intestine is short, longest in the fruit-eaters.
The cerebrum has a superficial Sylvian and Rolandian fissure in Artibeus,
and the pineal gland and quadrigeminal bodies are uncovered, as well as the
cerebellum. The sense-organs, with the exception of the eyes, which are
feeble, are well-marked, but vary in the different families.

Bats are widely distributed, but each species has, as a
rule, a limited range. They are almost all nocturnal, and
those that inhabit temperate climates hybernate, as do
many of the other small mammals of such countries, such
as the rodents and insectivores.

Chiroptera may be divided into two sub-orders :—

Sub-order 1. Frugivora ( Wagner), Macrochiroptera (Dob-
son).—Moderate or large-sized bats, for the most part with
pointed snouts; small external ears, whose sides form a
complete ring at the base; no nose appendages; molar
teeth, each with a median longitudinal groove, a flat
smooth erown, and a slightly-raised hinder point; pre-
maxilla distinct, usually united to its fellow, as well as to
the maxilla (except in Hypoderma, in which it is carti-
laginous); frontal bones, with sharp post-orbital processes ;
lachrymal foramen always distinet, and the hony palate is
continued behind the last molar, narrowing gradually.
There is often an external ali-sphenoid canal, and an ex-
ternal pterygoid tubercle. The mandible has a very small
post-angular process, or none; the paroceipital and mas-
toid processes are separate and small. The index finger
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nasi, the other from the forehead to the ala nasi). The
symphysis of the lower jaw early ankyloses. The carpus
has an os centrale (except in man, gorilla, and chimpan-
zee), the scaphoid and lunar are always separate, and the
trapezium is always present and well marked. The femur
has no third trochanter, but has a round ligament, and
does not give origin to the extensor muscles of the toes.
The tibia and fibula are always separate. The uterus is
single, simple; the mammse two, pectoral ; the aorta gives
off a right brachio-cephalic, a left carotid, and a left sub-
clavian artery. There is only one (right) superior vena
cava, a simple stomach (except in Semnopithecus), a
moderate intestine, and a small cecum.

The basi-cranial axis is much shorter than the cranial cavity, and the
foramen magnum is on the under surface of the skull, so that a portion of
the weight is behind the eranio-spinal joint ; hence the ligamentum nuchs
is weak. The radius and ulna are fully developed, eapable of free prona-
tion and supination, and always provided with a long and short supinator,
and a round and a square pronator. The cerebrum has an opercular lobe, a
calearine sulcus, and a posterior horn to the lateral ventricle ; it overlaps the
cerebellum completely. There is an imperforate clitoris, a very small um-
bilical vesicle and allantois ; the testes are in a scrotum, and have an epi-
didymis ; there is a small vesicula prostatica, and there is one pair of
Cowper's glands and of vesicula seminales. The soft palate has usually a
uvula, the larynx has vocal chords, and the right lung never has a lobus
azygos. The left superior vena cava is represented by a vestigial fold of
the pericardium (Marshall), and there is a crescentic valve (greater Eus-
tachian) guarding the opening of the inferior vena cava into the right auricle.

They all have a flexor biceps cubiti muscle, and a middle form of the
coraco-brachialis,. The rectus femoris iz partly separate from the rest of
the quadriceps extensor, and the biceps femoris has often a femoral head.

The liver has rarely more than five lobes, and always possesses a gall-
bladder. The right and left lungs have three or four and two lobes re-
spectively.

Four sub-orders are herein included :—
Sub-order 1. Avetopitheei (Geoffiroy).—The Oustitis, or
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Marmosets, are squirrel-like, gregarious, arboreal, South
American monkeys, with long, furred, but not prehensile
tails, large hair-clad ears, and broad septum between the
wide nostrils. The fur is silky and thick; the skull small,
smooth, elongated, with the foramen magnum placed farther
back than in the true monkeys; the frontal bone is flat
and broad, the brain-case is rounded, and the orbits are
not closely approximated. ' The pollex is not opposable.
The foot has a long sole, short toes, and the hallux is
small, and all the digits, except the last-named, are armed
with hooked eclaws or claw-like nails, The fore-limbs are
shorter than the hinder. The dentition is i. %, ¢. }, p. 3,
m. %, and the grinders have sharp cusps.

The skull has feeble supra-orbital ridges, long styloid processes, and an
auditory bulla ; the spheno-maxillary fissure is nearly elosed by bone, and
the squamn oceipitis is horizontal. The vertebree aree. 7, 4. 12,17 7, 5. 3,
¢. 80, with the tenth as an anticlinal vertebra. The humerus has no supra-
condyloid foramen.

There is an occipital rhomboid ; a dorsi-epitrochlearis; a two-headed
bicepe ; a middle coraco-brachialis; a common flexor muscle for all the
digits, that for the pollex being placed on the radial side; an extensor
pollicis et indicis ; an extensor minimi digiti sending off slips to the third,
fourth, and fifth fingers. There are proper short muscles of the pollex and
index, and a complete set of interossei. The semitendinosus has a
tendinous inscription, and the gluteus maximus is small. The soleus
has no tibial head ; the flexor longus digitorum and flexor hallucis ten-
dons are slightly united—the former supplies the second and fifth toes,
while the latter only supplies the third and fourth. The hallux is flexed
by the musculus accessorius, aided by a small elip from the flexor
digitornm longus. There are four peronei, longus, brevis, quinti digiti,
and quarti digiti, and the flexor brevis digitorum supplies perforated
tendons to the four outer toes, those of the three outermost ariging from
the deep tendons, along with the lumbricales, while the innermost comes
from the calcaneum. The hallux has a feeble adductor, a flexor brevis, and
an abductor. In visceral anatomy they show few peculiarities. The brain
has long smooth hemispheres, marked only with Sylvian, calcarine, and

v
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Rolandian (absent, according to Bischof) fissures (fig. 41), the internal
perpendicular fissure being absent ; a posterior cornu of the lateral ventricle,
a thick septum lueidum, and a hippocampus minor (this projection into the
posterior cornua, of which the importance has been greatly overrated, is
nothing but the internal projection of the calearine suleus). The floceulus
is large, as is the middle lobe of the cerebellum.

The larynx is provided with a median pouch in Midas rosalia. The um-
bilical vesicle is distinguishable at a late period of gestation, and there are
two umbilical veins, which unite below the liver.

There is one family and one genus included, Hapale, in some of whose
species (Sub-genus Midas) the incisors are in a straight line, and project
forwards, like the incisors of lemurs. Some of them have pencils of hairs
projecting from the ears.

Sub-order I1. Platyrvhini (Geoffroy).—American mon-
keys, with p. 4 and m. 4. The cusps of the molars are
joined by ridges, and there is a diastema in the upper
series for the lower canines. The nostrils are lateral in
the snout, on account of the breadth of the nasal septum.
The tympanic bone is annular, with a wide mouth and no
bony meatus. The external ears are rounded and bare.
The fingers all bear flat nails, and the hallux is opposable.
They have usually small pollices, which are like the other
fingers, and in progression they are quadrupedal, and
plantigrade when on a flat surface. The tails are long,
often prehensile, and the skulls generally high, rounded,
and smooth. There are never cheek-pouches nor gluteal
callosities present.

The vertebr® are variable, the atlas has often a prominent hypapophysis,
and the spines have often back-directed hypapophyses, as in Mycetes. The
dorsal vertebre are twelve to fifteen ; the lumbars three to six. Theyhave a
slight lumbar straightening of the dorsal curve, The sacrals are three true,
and the caudal vertebrie are twenty-four to thirty-three, with chevron bones
in Ateles and in a few others. The ribs are twelve to fifteen pairs, and the
breast-bone has often two epi-coracoid processes bearing the clavicles, The
scapula iz transversely elongate, ridged below. The clavicle is arched,
The humerus has often a supra-condyloid foramen (except in Mycetes and
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Ateles), and its head looks backwards. The thumb has one small phalanx in
Ateles, two in all others, and the hallux is much shorter than the other toes.
The tubera ischii are everted, small, and smooth. The femur has a sesa-
moid on each condyle. The tibia is platyenemic. The hind-limb is longer
than the fore-limb, except in Ateles.

The skull is variable in the different genera. The supra-occipital is
sometimes thrown very far back, soas to lie horizontally (Chrysothrix) ; the
floccular fossa is well marked ; the tentorium iz ossified, and a short spheno-
parietal suture is usually present; the mastoid process is absent. The
frontals early coalesce in Pithecia, and have a median crest. The orbits are
enormous in Nyctipithecus, and sometimes the septum between them is mem-
branous (Chrysothrix) ; the outer wall is often nearly complete ; the spheno-
maxillary fissure is either obliterated, or converted into a foramen. The
stvlo-hyal is not ossified, and the basi-hyal is wide, concave behind. The
rami of the mandibles are wide and deep at the angles, and the incisor
teeth are sometimes approximated and lemur-like. The premaxillo-maxil-
lary suture early disappears. The muscular system of the tail in Ateles and
the other prehensile-tailed genera is complex, and the long tendons of
the extensor and flexor muscles of the tail are inserted into the developed
processes of all the caudal vertebree. The pectoral muscles are often com-
plex.

The rudimental thumb of Ateles has its four short muscles, but the flexor
digitorom sends no tendon to it. In Cebus, Chrysothrix, and Lagothrix the
polliceal flexor tendon arises from the common flexor and from its radial
side, as in lower forms. The flexor hallucis supplies the second, third, and
fourth toes, and partly the first, while the flexor digitorum longus supplies
the first and fifth. In all, the short muscles of the hallux are well de-
veloped.

The stomach is rounded, simple; the intestine moderate; the caeum
large, but with no appendix. The liver with a large caudate lobe (Pithecia),
and with a prominent Spigelian. The lungs are two- or three- (left), or four-
lobed (right). The laryngeal ventricles are sometimes very large, as in My-
cetes, in which there are also additional sacculi between the arytencids and
the glottis. In other genera these cavities are small, but there is a large
median laryngeal pouch. In Ateles this is developed between the first ring of
the trachea and the ericoid cartilage, while in Mycetes the body of the os
hyoides is dilated into a large, thin-walled, bony sae, which is lined by mucous
membrane, and opens into the larynx below the epiglottis, which isvery large ;
the thyro- and cerato-hyals are very small, and the thyroid cartilage is much
larger proportionally than in man; the cricoid is elliptical. The arytenoids
are small, with a fibro-cartilaginous prominence replacing the cunciform
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cartilages, and above them is a fibro-cartilaginous mass, in which are com-
bined the cuneiform and cornicular cartilages: this narrows the glottis,
The kidneys have generally one papilla each; the bladder is pyriform.
The tunica vaginalis is a short diverticulum from the abdominal cavity, not
shut off from the peritoneum ; the penis has a button-like glans, and there
is an elongated clitoris, wide Fallopian tubes, and an elongated uterus.

In the development of the teeth the canines appear before the last molars,
The brain is nearly smooth in Nyectipithecus, having only the primary
fissures developed. In Pithecia the Rolandian fissure appears, though
feebly. In Mycetes there are also developed the parallel fissures, anterior
and posterior. In Cebus the brain is well convolufed, and has a trace of the
anterior lateral fissure and of the outer frontal econvolution, both of which
are absent in Chrysothrix. In Ateles the external perpendicular fissure is
nearly closed, owing to the development of annectent gyri. The cerebral
hemispheres always overlap the cerebellum, either barely, as in Mycetes, or
else they may project so far back as to extend for one-sixth behind the hinder
edge of the latter, asin Chrysothrix. Inall the corpus callosum is short, the
posterior cornu of the ventricle is well marked, and the lateral lobes of the
cerebellum are small, overlapped by the large middle lobe, while the flocculi
are large, and corpora trapezoidea are well marked.

The Platyrrhines form one family, whose component genera may be
divided into three sub-families : —

1. Aneture.—Monkeys with long, but not prehensile tails, which are
fully hair-clad, the vertebre tapering to the end. This includes Pithecia,
whose males bear long beards, and whose incisors often converge, and are
directed forwards.

Nyctipithecus is remarkable for the enormous eyes, wide orbits, slender
malars, thin nasal septum, and earnivorous habit. Callithrix have small
canine teeth, pyramidal skulls, high mandibular rami, and compressed verti-
cal incisors. Chrysothrix, the squirrel monkey, has the peenliar backward
elongation of the occiput already referred to, and has its tentorial plane
horizontal ; its tail is scarcely prehensile, and the glans penis is rounded.

2. (lebine.—Monkeys with prehensile tails, completely hair-clad, whose
terminal vertebre are expanded laterally. These are the Capuchins of
Brazil.

3. Gymnure.—Monkeys with prehensile tails, which are naked on their
under surface and sensitive ; the terminal caudal vertebre expanded. These
are the spider monkeys and howling apes. The former, Ateles, have rudi-
mental thumbs, with one small (Ateles) or two phalanges,* often not visibly

* To the form with two phalanges Spiz gives the name Brachyteles!
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projecting as separate digits; the nails are convex, thick, and the tail very
long. The tentorium is ossified, and there is an oblique ridge on the
erowns of the upper molars from the antero-external to the postero-internal
cusp. Lagothrix has a distinet thumb, a round beardless head, but has no
dilatation of the hyoid bone.

Mycetes, the howling monkey, whose voice can be heard at enormous
distances, has the peculiar arrangement of larynx before described, and has
mandibular angles of unusual depth, in order to protect the organ of voice.
The pollex is slender, and reaches to the second joint of the index.

The fossil Protopithecus, from Brazil, is a synthetic Platyrrhine
tyde.

Sub-order III. Catarrhine.—0ld World monkeys and
apes, with p. 4, m. 4. The canines are large, and the
anterior lower premolar has a pointed crown and a sharp
front edge, which works against the hinder edge of the
upper canine. The cusps of the molars are united by
ridges, and there is a diastema between the upper outer
incisors and the upper canines. The nostrils are close
together, the septum being narrowed, and the nasal bones
early coalesce. The tympanic bone has a long tubular
meatus and no bulla. The tail may be rudimental, short
or long, but is never prehensile, and the proportions of
the limbs alter little after birth. The brain has usually
four annectent gyri, a lesser hippocampus, and collateral
€minences.

The catarrhine monkeys make one family, which may
be divided into two sub-families, as proposed by Geoffroy
St. Hilaire. .

1. Cynopitheci.—Quadrupedal forms, with prominent
muzzles, cheek-pouches, and with large naked callosities on
the flattened tubera ischii. The larynx has usually a
median sac expanding over the front of the throat, at least
in males. The extremities are moderate, the hind-limbs
larger than the fore, and the progression is plantigrade
and quadrupedal on a plane surface.
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The inner lower incisors are equal to or larger than the outer, and the
cusps of the molars are united by transverse ridges. The permanent canine
is cut before the last molar, and the wisdom tooth, orlast molar, is usually a
large tooth. The middle cervical vertebra have short and simple spines ;
and the atlas has narrow transverse processes. The dorso-lumbar vertebra
are usually nineteen, of which eleven to thirteen bear ribs, and the tenth is
the anticlinal. The mammillary and accessory processes are large, and may
articulate on the lower dorsal and upper lumbar vertebre. The lumbar
transverse processes are lower than in man, and their tips usually point
forwards. The spinal column has a single dorso-lumbar concavity directed for-
wards, and the lumbo-sacral angle is very obtuse. The sacrum is elongated,
of three or four vertebre ; the eaundals are three to thirty-one ; when nume-
rous, the foremost have chevron bones. The pre-sternum is broad ; the meso-
sternum long, compressed, of three to five separate sternebers, and the xiphi-
sternum is small, narrow. The scapula is wider and shorter than in man;
its pre-axial edge equalling its glenoid margin, but the post-scapula exceeds
the pre-scapula ; the claviele is slender; the humeral head is about one-
fourth of a sphere; its shaft is convex forwards, and the bicipital groove
looks inward. The olecranon process is elongated above the sigmoid notch.
The radial head is in advance of the ulna, and the neck lies close to the
ulna. There is never a supra-comdyloid, rarely an inter-condyloid foramen.
The manus is long and narrow, the os centrale constant, the pisiform elon-
gated, and a radial sesamoid is present. The ulna articulates with the
cuneiform, and sometimes with the pisiform, and the pollex is short, oppos-
able, or rudimentary (Colobus).

The ilia are long, narrow, and hollowed externally ; their sacral surface
riging above the sacro-iliac synchondroeis, and their crests advanced to the
transverse process of the sixth lumbar vertebra. The ischia are elongated
backwards in the line of the axis of the ilium, and the tuberosities are
widely everted, having flat rough surfaces for the dermal callosities. The
ramus of the pubis is at right angles to the isehio-iliac axis, and the sym-
physis pubis is long, the arch small, and the cavity of the pelvis deep and
narrow. The long bones of the hind-limb exceed those of the fore-limb ;
the femur has a ligamentum teres and a narrow trochlea, usually a fabella
on its outer condyle; the tibia has a flat skin, and the fibula is strong; the
tarsus is less than half the length of the foot, and the plantar surface does
not form an arched sole ; the heel is flattened transversely, and the upper
articular face of the astragalus is directed inwards; the ento-cuneiform has
a vertically concave facet for the navicular, and articulates by a saddle-
shaped surface with the metatarsal of the hallux. The hallux is thus diver-

. gent and powerfully apposable ; its tip reaches usually to the middle of the
first phalanx of the second toe.
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The skull has supra-orbital, temporal, and occipital crests in adult males;
a minute bony tympano-hyal, a cartilaginous stylo-hyal, a rudimental par-
oceipital, and no mastoid process, no ali-sphenoid canal, nor spheno-parietal
suture. There is a post-glenoid process, often a glenoid foramen. The
olfactory fossa is narrow and deep; the floccular, hollow on the periotie,
is also large; the orbital plates of the frontal unite mesially between the
mesethmoid and the presphencid. The foramen magnum looks downwards,
and sometimes backwards, and the basi-cranial axis forms more than five-
eighths of the length of the cranial cavity. The palate is long, narrow,
and its sides are parallel. The nasal bones are flat, and early ankylose.
The pre-maxilla is always conspicuous on the face, and bounds the anterior
nares; its suture with the maxilla, as well as the pre-basi-sphenoid suture,
remains distinet until the period of the second dentition. The foramen
ovale is a notch, and is completed by the periotic bone.

They possess a trachelo-acromial muscle, a gluteus quartus, a dorsi-
epitrochlearis, an abductor of the fifth metatarsal, a psoas parvus, peroneus
quinti digiti, no extensor of the first phalanx of the pollex nor peroneus
terting, no femoral head for the biceps, nor tibial head of soleus. The
tibialis anticus is usually eplit, and sends a slip to the ento-cuneiform, as
well as to the first metatarsal. There i a flexor accessorius, and the flexor
brevis digitornm partly arises from the faseial extension of the plantaris
tendon ; the pedal interossei are arranged as in the hand, acting around the
middle digit as an axis. The transversalis pedis has two heads only (from
the second and third metatarsals). The extensor minimi digiti in the hand
sends tendons to the fourth and fifth fingers, and the extensor indicis to the
second and third. The extensor ossis metacarpi pollicis is split, and sends
tendons to the trapezium and to the first phalanx of the pollex. The
flexor pollicis tendon is an offshoot from the common flaxor, and sometimes
is absent. The great pectoral muscle is bilaminar; the lesser is inserted
into the semi-vagina of the shoulder-joint. There is always an oceipital
rhomboid, often a short coraco-brachialis; the levator anguli scapule and
serratus magnus are fused, and the brachialis anticus is chiefly external to
the deltoid. The platysma resembles that of man. The compressor nasi in
all is represented by loose cellular tissue. The sterno-mastoid is much
smaller than the cleido-mastoid, and the omo-hyoid is feeble. The anterior
belly of the digastric is usually split, and the lower part is prolonged fron
gide to side medially. y

The stomach has a wide cardiac and a narrow pyloric end. In Semno-
pithecus and Colobus it has three compartments, a smooth-walled cardiac
pouch ; a wide sacculated middle part, into which a groove leads from the
wsophagus, and a narrow pyloric portion, at first sacculated, but becoming
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tubular towards the duodenum. The eseum is small, with indistinet valves,
except among the baboons and Semnopitheci, and no vermiform appendix ;
the valvulm conniventes in the jejunum are feeble or none. The liver may
have no lateral lobe (Semmnopithecus), or this portion may be small (Colobus)
or moderate. The caudate lobe is sometimes large and prominent.
The kidney is smooth, with one papilla; there is a penial fibro-cartilage
or bone and two retractores penis muscles. The placenta is often bi-
lobed or oval. The heart is rounded, with short annular tips; the
aortic arch gives off a common innominate artery (from which the carotids
and right subclavians arise) and a left subelavian. The larynx has a median
air-sac, larger in males than in females, which in Semnopithecus extends
even to the arm-pits, in Cynocephalus to the top of the sternum ; this is
absent in Macacus radiatus and Cercopithecus mona. The laryngeal ven-
tricles are small ; the left lung has two, the right four lobes.

The brain has an external perpendicular fissure. The corpora mammil-
laria are usually fused, and the occipital lobes of the cerebrum always
overlap the cerebellum.

The Cynoid Catarrhine monkeys inhabit the tropical and sub-tropical
regions of Asia and Africa and the Malayan Islands.

The most elongated muzzles are to be found among the baboons (Cyno-
cephalus), which are for the most part short-tailed, and have very large
canines. An allied form, with a rudimental tail of three vertebree Cyno-
pithecus, is found in Celebes.

Papio, the mandrill, from W. Africa, has a peculiarly-grooved blue face,
red nostrils, and a white beard.

Inuus, the Barbary ape, has no projecting tail, and only four caudal
vertebree, the two foremost of whieh represent the psendo-sacrals of man.
Macacus, with a short tail and short nasal bones, is entirely Asiatic in
distribution. These, like all the long-muzzled forms, have strong anterior
tubercles to the cervical transverse processes.

All the foregoing forms have an additional (fifth) cusp on the lower hind-
most molar tooth. Cercocebus, the mangabey, from Africa, which has a
long tail and a much less prominent muzzle, has also five tubercles on its
last lower molar.

Cercopithecus, the long-tailed African monkeys, have the first molar teeth
directed backwards. They have usnally a very thin inter-orbital septum.

Colobus, also African, is characterised by the rudimental condition of
the thumb, which has only a very small first phalanx (or none in C. verus),
and, like the Asiatic genus Semnopithecus, they have compound stomacha.
Semmopithecus has also large approximated orbits, small but functional
thumbs, no cheek-pouches, a small laryngeal sac, and a fifth tubercle on
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the last molar. Presbytes has also a compound stomach, but has no cheek-
pouches, nor has it a fifth tubercle on its last molar. Nasalis has also no
cheek-pouches, a fifth tuberele, and a very prominent nose; in both these
the thumb is much stronger and more actively functional than in any of the
foregoing.

Many fossil Quadrumana have been met with. The Miocene Dryopith-
ecus combines the characters of a Cynomorph with those of a Gibbon, while
its canine is Anthropoid in position. Mesopithecus had the limbs of a
Macaque and the teeth of Semnopithecus. FPliopithecus, from the Miocene,
was allied to Colobus. Eopithecus, from the Suffolk Eocene, was probably
more closely allied to the Macaques.

2. Anthropomorpha (Linneus).—This sub-family consists
of climbing, semi-erect animals, which use their fore-limbs
(which are larger than the hinder) partly in progression;
having a completely hair-clad body, no cheek-pouches,
and a rudimental tail of four or five small vertebree, which
have only traces of the candal muscles. They have smaller
median than lateral incisors in the lower jaw, and the
middle molars are provided with four cusps and an oblique

ridge.

The dorso-lumbar vertebree do not exceed eighteen, and there is no anti-
clinal vertebra. The lumbar mammillary processes are small, not inter-
locking nor articulating together. The humeral head is more than one-fourth
of a sphere, and is not directed backwards, but upwards and inwards. The
oleeranon process iz not prolonged beyond the trochlear fossa, and the
forearm bones are capable of complete pronation and supination, There are
five sacral and pseudo-sacral vertebr® ankylosed. The cranial cavity is
more than once and a-half the length of the basi-cranial axis, and there is
no alisphenoid canal. The placenta is rounded, and the funis is lateral ;
there is an os penis and a vermiform appendix to the cecum, rudimental in
Gibbons. They have all a facial premaxilla and a post-glenoid process. In
muscular characters they for the most part resemble the Cynomorphs. The
pedal flexors have a musculus accessorius from the os caleis, into which bone
the plantaris is inserted. The front of the ento-cuneiform bone is convex, and
the first metatarsal is inclined inwards, and the entire foot is directed
inwards when the animal stands erect. There is a comparatively straight
spine, with a very slight or no lumbar convexity forwards.

Hylobates, the Gibbons, are natives of the Malay Archipelago, and have
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callosities on the buttocks, like the Cynomorphs, They have flat nails on
the pollex and hallux, and also on the other digits. The arms are very long
in Hylobates—longer than the vertebral column. The hands exceed the
foot, and the forearm the arm in length. The squama occipitis iz nearly
vertical, and there is a spheno-parietal suture. The frontals separate the
ethmoid from the presphenoid by a median bridge of union within the
cranium. The sternum is broad; the ribs twelve (H. leuciscus), thirteen
(H. agilis), or fourteen (H. Lar. and syndactylus). The last lumbar trans-
verse process is not broad, and is free from the ilium, and the dorso-lumbars
are eighteen. The carpus has an os centrale, as in the Cynomorphs, and the
trapezium has a globular facet for the well-marked pollex. The permanent
canine is cut after the last molar. The chin sometimes projects (H. syndac-
tyla). There is a small weak flexor accessorius pedis, eombined adductor
hallucis and transversalis pedis, digital extensors as in Cynomorphs, and a
gluteus quartus. In H. leuciscus the short head of the biceps is attached to
the great pectoral (Frolik), and in all the kidney has one papilla. The eyes
are large, in lateral orbits, and the skull issmall and round. H.syndactylus,
the Siamang, has a large laryngeal sac, a uvula, and the second and third
toes are united. The hallux is very long. There are eight species.

Pithecus, the orang utang of Sumatra and Borneo, averages about four feet
five inches to five feet two inches in height, has arms considerably longer than
the vertebral column, and the lower limbs are 2° 10" long. The shoulders
are about two feet six inches in breadth. The forearm is to the humerus as
97 : 100 ; the wrist is opposite the knee-joint; the pollex and hallux are
short, the latter with no nail, and often with but one phalanx; the other
phalanges are often curved. The dorsal vertebre are twelve, the lumbars
five; the sternum has twin centres of ossification in each sterneber; the
basi-hyal is small, not much hollowed, and the stylo-hyal is sometimes
ossified ; there is a prespheno-ethmoid suture, the frontals not being medi-
ally coalescent, and there is a spheno-parietal suture. The supra-orbital
ridges are not prominent. The nasals early ankylose. The scapula is not
unlike that of man, the clavicle is straight, the carpus has an os centrale,
and the femur has no ligamentum teres binding it to the acetabulum ; the
pelvis is long. The tarsus is to the whole length of the foot as 10 : 35, and
the hallux as 1 : 4. The clavicular and sternal great pectorals are separate
(Sandifort). The flexor accessorius is weak, and the transversalis pedis is
absent; the pollex and hallux have no long flexor tendons, and the flexor
hallucis arises from the outer condyle of the femur. The great pectoral is
tripartite, and the flexor digitorum longus pedis supplies the seeond and fifth
toes, while the flexor hallucis supplies the third and fourth toes; there is a
separate opponens hallucis muscle.












SRE The Anatomy of Man.

CHAPTER XLI.
Maxw.

Sub-order IV. Anthropide (Huaxley).—This subdivision
includes man, who, although distinguished from the
foregoing by characters of psychical endowment, dif-
fering in kind, as well as in degree, from anything
exhibited in the rest of the animal kingdom, yet structu-
rally is closely related to the organisms of the last order,
differing therefrom chiefly in adaptive characters. His
fore-limbs are suited solely for prehension, and the hinder
solely for progression, the hallux and its metatarsal being
nearly parallel to the other toes. The surface is only
covered with a rudimental hair-elothing, except in tracts
such as the head, supercilia, axilla, pubes, and in the male
over the mandible and upper lip.

The vertebrm are ¢. 7, d. 12, 1. 5, 5. 5, ¢. 4, and their
surface epiphyses are mere marginal rings. The adult
spine has four curves, cervical and lumbar eonvex for-
wards, dorsal and sacral concave forwards. The sacrum is
at least as broad as long. The shaft of the humerus is
longer than either of the forearm bones,* and the wide
short manns has no radial sesamoid, nor separate os cen-
trale; the phalanges are straight, not more than six times
as long as their median breadth, and the end of the thumb
reaches to the middle of the first phalanx of theindex. The
ilia are wide, concave inwards, with a marginal S-shaped
crest; the symphysis is pubic, short; the ischiatic tuber-

* Tt is said to be shorter or equal among the Aymaras (F)
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osities are everted, and the pelvie cavity is broader than
long; so is its anterior outlet. The femur is the longest
bone in the body, and has a keel posteriorly, the linea
aspera. The ankles are large; the inner descends lower
behind than in front, but the outer is lower than the
inner. The tibia is long, with a sharp anterior crest. The
tarsus is longer than the metatarsus, and this than the
phalanges, but the whole foot is very short in comparison
with the length of the leg. The calcaneum is thick at its
tuberosity, and has two plantar tubercles; the pre-ento-
cuneiform facet 1s flat, and the tibial surface of the astra-
galus looks upwards. There is a perfectly separate flexor
pollicis longus muscle. The gluteus maximus is in man
at least one and a-half times the size of the gluteus
medius, and the hip adductors are larger, while the hip
extensors are proportionally smaller than in any other of
the Primates.

The skull has enormous anterior and middle fosswe,
which mask the development of the brow ridges; its
capacity is over forty cubic inches, and its cavity more than
two and a-quarter times the length of the basi-cranial
axis. The teeth are as in the Catarrhinse, but there is no
diastema, and the small permanent canine is cut before the
second true molar. The mandible has a true chin process.
The brain is very large, the cerebellum being about one-
eighth .of the cerebrum, and the whole weighs normally
over forty ounces. The gyri are complex, a little unsym-
metrical, and the occipito-temporal fissure is filled up by
bridging convolutions, of which there are five,

The skin ranges in colour from white to jet black, but in infants of the
darkest races it is always much lighter at birth. The colour depends on
pigment granules in the deepest cells of the cuticle. The fwtus about its
sixth month is clothed with a rudimental coating of short deciduous hairs,
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- which in direction agree with those of Catarrhines. In the adult the beard
 hairs are the strongest, and average about 0°135 mm. in diameter ; the fine
. body hairs are often only “005 mm. Asa rule, fair hair is more slender than
- dark, in the proportion of *05 to *07. In general the only regions perfectly

free from hairs are the surface of the eyelids, prolabia, glans penis and
prepuce, the palms of the hands, and soles of the feet. In the same arca the
usual proportional number of hairs in Europeans are :—occiput, 225 ; fore-
head, 211; chin, 39 ; leg, 26 ; forearm, 23; back of hand, 19; thigh, 13.
Among other races the development of hair varies. Thus beards are rare
among most of the Turanian and American races, and some negroes have
very scanty body hairs. The Ainos, of the Japanese Archipelago, the
Mallicolese, and the natives of Tanna, are supposed to be the most hirsute
race in the world. In some races, as in Negroes, from the curved direction
of the mouths of the hair follicles, the hair is closely curled, and appears
to grow in tufts.

The middle cervical vertebree have usually short bifid spines, but the last
has a very long spine : the last lumbar is a transition or lumbo-sacral verte-
bra, with a thick epine. In the fwtus the dorso-lumbar region has very
little curvature, but the adult curves begin to show themselves at a very
early age in the child, and the sacro-vertebral angle is prominent, even at an
early period of childhood. The costo-vertebral joint in man is above the
neuro-central suture; the first rib has flat surfaces directed vertically up-
wards and downwards. The axis of the ilium is vertical, and anterior to the
line of the centre of gravity. The adult hind-limb is five times the length of
the feetal. The thigh-bone is much longer and larger than any bone in the
body, or proportionally than it is in any other animal ; it has an elongated
and oblique neck, whose angle varies with age and sex. The linea aspera, or
rough muscular ridge, is narrower and sharper than in other animals, and
the axis of the bone can be brought into and even behind the axis of the
vertebral column ; similarly the leg can be absolutely brought to a right
line with the thigh. The foot is plantigrade, and rests on three portions—
the ball of the great toe, the fifth metatarsal, and the calcaneum ; the axis
of the first being the main axis of the foot.

The occipital condyles are placed farther forward on the base of the skull
than in the Anthropoids, and the cranio-facial angle ranges from 90° to 120°.

" The eranium at birth is half the size it attains in the adult, and is two-

ninths the length of the body. The face is deeper and shorter than in any
of the Catarrhines. The temporal and oceipital erests are faint lines on the
general convexity of the skull, and the paroccipital is a small jugular
process. The complexly toothed sutures often contain detached (Wormian)
ossicles, and the mastoid processes are large and pneumatie, communicating
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The middle point of the body in the foetus is at the umbilicus; in the
adult male it is at the lower one-tenth of the abdominal linea alba.

The brain is very large. That of the European male averages about

| 468 ounces; of the Mongol, 46'6; of the Negro, 44'0; of the American

Indian, 44-7 ; of the Australian, 41; of Bushman, $8; of the Tasmanian

i| (now extinct), 42 ; of the Malay, 44 ounces. There is, however, a consider-

able variety observable in these weights: thus of a small series of Chinese

brains the males averaged 50-45, the females 45'55, and in a number of

I Pelew Islanders the average was 4937, while in one set of English brains
the weight was 48-146.

The gvri are complex, and a little unsymmetrical. The occipito-temporal
fissure is filled. The convolutions of the temporal and frontal lobe are
proportionally large, and the Sylvian fissure is interrupted behind. The

- #pinal cord in the adult ends at the second lumbar vertebra.

The penis has no bone and a triangularly ovate glans. There is a some-
what flask-like vesicula prostatica, and the prostate gland surrounds the
urethra.

There is one species of man, including several races, varyving in com-
plexion, form, and many other respects. Some of the most important of
these race-characters are derived from the shapes of the skull. If the length
of the cranium be taken as a unit, the breadth may vary proportionally from
099 to 062, this proportion being called the cephalic index. Bkulls above
-80 are brachycephalie, those below it are dolichocephalie.

To intermediate forms the following names are given :—Brachistocephalie
(index from -85 upwards), Eurycephalic (from -85 to -83), Mecocephalie
(from ‘74 to °T1), Mecistocephalic (from ‘71 downwards). The observed
limits have been 97 and -62.

Other skull forms, though scarcely ever constant as race characters, are
the following : —Cymbocephalic, elongated and laterally compressed, often
keeled above, as among the Eskimos; when exaggerated this is called
Scaphocephalus, and is medially carinate, exceedingly long and beaked fore
and aft, co-existing often with a closed sagittal suture. Klinoeephalic
skulls are saddle-shaped, with a median transverse depression. Cylindro-
cephalic and trigomocephalic skulls are of the shapes indicated by their
names. Plagiocephalic crania are laterally unsymmetrical or oblique.
Microcephalic skulls may have a capacity as low as 65'6 e. i., while
Macrocephalic erania may rise to a capacity of 121'6 ¢. i. Acrocephalic or
Hypselocephalic skulls are those where the altitudinal index (height :
length) exceeds the latitudinal (breadth : length), while Tapeinocephalie,
including those of the lowest races, are the reverse.

When the cranio-facial angle (or that between the facial axis and the
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lobe, 414 per cent.; parietal, 13°7 per cent.; opercular, 7-2 per cent.;

temporal, 20-4 per cent.; occipital, 17-3 per cent. The circumference of

the head at birth is 14} inches, at twenty months is 19} inches, at 14 years

20% inches, and at adult age 22 inches. The frontal sinuses develop at

thirteen, the maxillary antrum has commenced to develop at birth. The

clavicle begins to ossify at the fifth week of feetal life, the lower jaw at the
I beginning of the sixth, the shaft of the thigh-bone a few days later.

The elements of the temporal bone unite at two years of age. The four
vecipital segments unite at six. Ossification is completed in the thigh-bone
at twenty-one, when the lower epiphysis joins the shaft, and the sphenoid
joins the ocecipital a little later.

Male and female skeletons may be differentiated thus:—The skulls of
females are lower proportionally, smaller in capacity, rounder, smoother,
with weaker crests and with small air-spaces, like the frontal sinuses or
mastoid cells. The forearm forms a more oblique lateral angle with the
humerus at the elbow, salient inwards, the lumbar curve is proportionally
greater in the female, and the pelvis is wider.

When from compression and curvature of the hair follicle the hair
appears elliptical or irregular in section, and crisp and woolly, the condition
is called Ulotrichism, as in Negroes. The opposite, or straight-haired
condition, is called Leiotrichism. The condition of the hair is said to vary
in persons of the same race, but of different complexion; thus Pruner Bey
found that the hair of Irish blondes was oval, that of Irish brunettes was
round in section; but this is liable to great variety. As a rule, the hair of
] aboriginal races is irregular in section.

The development of superficial hair is very variable—thus some races are
quite or nearly hairless ; others, like the Mallicolese and natives of Tanna,
are hairy all over.

Ulotrichous races vary from olive to black in colour. They are mostly
prognathous, with dark brown or black irides, with a longer forearm
and leg proportionally than in the Leiotrichs, and the females have pro-
jecting nymphe, and are often steatopygous. The mental process of the
mandible is small, the cervical spines often non-bifurcate. The nasal bones
are early confluent, and very little arched, and the skulls are mostly doli-
chocephalic. These woolly-haired races have very little facial hair.

The races herein included are the Negroes, Bushmen, Hottentots, of
Africa; the Negritos, of the Melanesian Archipelago; the Semangs, of
Malaya; the Andamanese (who are brachycephalic).

In these races there is often a considerable disproportion in size between
the sexes—thus the male Andamanese average about 64 inches in height,
the females 59. "This is noticeable in other races—thus the male Javanese
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