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146 INTERNAL ANATOMY OF SELACHI{

L—-INTRODUCTION

It is well known that the elasmobranchs represent an important group of fishes,
as they are among the earliest representatives of the class and have succeeded in
retaining many primitive characters, which they inherited from remote ancestors.
Such characters, retained for so long, must be particularly adapted for their marine
life. While some elasmobranchs have systems so generalized as to represent a
general plan on which vertebrate life is built,others—though simple in some systems—
are characterized by great specializatioh in some respects. Some elasmobranchs
are small, others attain large sizes, and in fact the largest fish known are among
the elasmobranchs. Some are oviparous, others are ovi-viparo'ﬁs and others still
are viviparous, but in allcases the eggs are large and fully cdarged with
yolk, and the young hatch from their eggs fully equipped to earn their living
vand find for themselves. Some are active swimmers, have predaceous habit and
: gfaceful fqrm, others are ungainly, clumsy and slow in motion.

For these reasons, this group attracted the attention of a great many authors
from early times, and numerous works, dealing with representatives of this group
in different parts of the world, have been published. Among these, mention may
‘be made of Owen (1866), Balfour (1976-78), Parker (1979), Haswell (1884),- Goodrich
(1909), Allis (1914 and 1923), Daniel (1915-34), Boulenger (1923), De Beer
(1926-37), and others. o

The elasmobranchs of the Red Sea, however, have not received any attention
from the points of view of their anatomy, ecology or physiology. We, therefore,
give here an account of the anatomy of some representative members of our area.
Such an account may serve as a useful basis for further work and has alregdy proved
of value in solving some of the points of confusion in the taxonomy of the group,

dealt with in our previous paper.

Special attention has been given to a comparison: of the different systems in
the selachoids and batoids as well as the transitional forms, and the place these

occupy between the two groups.
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II.—MATERIAL AND METHODS

The Oceanographic Institute, with its laboratories at Al-Ghardaga and ‘Ataqa
(Suez), was the maijn centre of collection.

" Bight main species, belonging to the itwo orders Selachii and Batoidei have
been selected for this comparative anatomical study, and representing six families
having different h;ibits and habitats. . Four sepecies belong to the Selachii, namely
Galeocerdo cuvier (Peron and Lesueur), Aprionodon brevipinna (Miiller ard Henle),
Carcharhinus melanopterus (Quoy and Gaimard), family Carcharhinidae ; and
Nebrius concolor - Riippell, family Orectolobidae.

The Batoidei are represented by (Wo species viz :

Twniyra  lymma (Forskal), family Dasyatidae : and Aétobatus  narinari
(Buphrasen), family- Aétobatidae.

Rhinobatos halavi (Fo,rskil), family‘Rhinobatidae and Rhynchobatus djiddensis
(Forskal) Family Rhynchobatidae are two intermediate forms.

. The arrangement of the internal viscera in sifu, sex, condition of maturity of
the gonads and the number and size of embryos, when present, etc. were noted.

In all specimens obtained, the stomachic and intestinal contents were collected
for the investigation of the nature of the food, the stomachs and intestines were
cut open and the valvular intestine examined.

The viscera ‘were injected with 10% formaline, and then preserved in a 5%
formaline solution for further study. In fresh specimens, the ventral aorta was
injected with warm coloured gelatin mass for the study of the heart with its vessels
while in situ, and the whole was preserved, for the study of the valves and the coron-

ary vessels.

. The skull was'injected with 40 % formaldehyde solution, the brain was studied
in situ before being taken out of the chondrocranium for detailed investigation.
The head skeleton of several adult specimens was prepared.

Some advanced foeti, in which the skeletal parts were completely developed
were stained with methylene blue according to van Wijhe’s method (1902) for
studying the head skeleton. They were left for about a week in methylene blue,

then differentiated in several changes of acid-alcohol. Stained specimens, dissected
under the binocular microscope, as well as hand-sectioned in different directions

were of great value in showing details not clear in skulls of adult specimens.
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III.—INTERNAL ANATOMY OF REPRESENTATIVE SPECIES

1. Digestive System

Elasmobranchs, as far as we know, are completely carnivorous, even the few
genera.such as Manta and Cetorhinus which are plankton feeders subsist on animal
plankton ; and we do not know so far of any herbivorous elasmobranch. The
type of food is reflected on the structure and extent of development of the teeth,
thus the molar type of teeth, present in bony fishes, is not represented in
elasmobranchs.

In the free swimming sharks the teeth are prehensile; provided with one or
more cusps to grasp the food. Rays, in contrast to sharks, are mainly slow movers
and can only get hold of either sedentary or slow moving animals, thus they fecd
mostly on molluscs, crustaceans etc .... For this reason the teeith are of the
pavement type throughout, serving for crushing. - Rays, such as Teniuwra hmma,
feeding on slippery animals like annelids, dead or slow moving bottem fish, may
have pavement teeth provided with sharp points or cusps.

In contradistinction with teleosts, in which the general form of the alimeniary
tract in relation to nutrition has often been considered to irdicate a taxoncmic
integrity (Hubbs and Turner, 1939), the elasmobranchs are characterized by a fair
degree of uniformity in the structure of the alimentary iract. Thus, in all ofthem,
it is generally short in comparison with the bedy lergih, ard there is always a well
developed stomach and no stcmachless elasmobranch has, as far as we know,
been recorded. Tbhey also all possess a valvular intestine though the type of the
valve may differ. The spifal valve is a special edaptational contrivance for increasing
the absorptive surface of the intestine, not met with in other categories of fish.

Mouth and Bucco-pharyngeal Cavity.

In Galeocerdo .cuvier, the large crescent-shaped ventral mouth (Pl 1, Fig. 1)
leads into a spacious buccal cavitly, the floor of which is raised up 1o form the so-
called tongue. The mucous lining is thrown anteriorly into thick folds which cover
the non-functional overlapping teeth. The buccal cavity continues insensibly into
the pharynx which is characterized by a small spiracular pouch, followed by
five branchial pouches, extending from the pharyngeal walls on either side. The
bucco-pharyngeal cavity is lined by a mucous membrane perforated by the
sto modaeal denticles (described before, Gohar and Mazhar, 1964) which correspond
to the large real teeth, with siezing sharp-pointed tips and cutting edges, in the
region of the jaws.

.
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In Nebrius concolor, the mouth is much smaller than that of Galeocerdo cuvier
and leads directly to the bucco-pharyngeal cavity, being in turn smaller and
more dorsoventrally depressed, - The teeth are small and adapted for snapping the
corals and small sand-living invertebrates.

Teeniura lymma, which is a bottom living 1ay,. still possesses a markedly smaller
mouth than the two described sharks. The very small teeth (PL. II, Figs. 2 and 3)
with cusps pointing posteriorly are suitable for securing the slippery bottom worms,
mainly polycheates, which proved to form most of their diet. The mouth leads
into a dorsoventrally depressed buccopharyngeal cavity, which is markedly lower
than in sharks. The mucous lining of the roof is thrown anteriorly into a thick fold,
covering the non-functional posterior teeth which occupy the hind third of the tooth-
plate. From the inner margin of the fold, a valve hangs down in the buccal cavity.
Its free posterior margin is incurved and fringed as is the case in most rays (Owen,
1866). This valve is homologous to the maxillary breathing valve described in
teleosts and some elasmobranchs by Gudger (1936 & 1946). Posterior to the upper
valve, the lining of the buccal cavity is thrown into three elevated ridges, one median
and two lateral. The median ridge is higher and straight, while the laterals are
antero-posteriorly and outwardly oblique. All the three ridges end posteriorly at the
beginning of the pharyngeal cavity. Inward to each internal spiracular opening,
the pharyngeal lining is thrown into an oblique ridge which begins at the base of
the buccal median ridge and becomes oblique outwards towards the internal spira-
cular opening. Another ridge extends in the middle of the pharyngeal roof from
between the second pair of internal branchial openings rearwards to the end of
the pharynx.

The lining of the floor of the buccal cavity extends anteriorly forming the lower
valve «mandibular valve» which is smaller than the upper, has a smooth anterior
margin and is directed upwards. At the middle part of this valve, arise two fleshy
oral papillae directed dorso-posteriorly. In between these, and in a somewhat
anterior level to them is a minute third papilla. Three elevated ridges extend in
the floor from a distance somewhat posterior to the oral papillac backwards till
the level of the third internal branchial opening. Following these are another
two oblique folds on each side of the posteriormost part of the pharynx. On the
margins of the branchial arches are 10-12 small knobule-like projections which
resemble incipient gill-rakers.

In Aétobatus narinari, both of the upper and lower valves are well developed.
The upper valve (Gohar and Mazhar, 1964, pl. XV, Fig. 5) is nearly rectangular
and its free margin is coarsely fringed, but the anterior portion covering the
posterior part of the tooth-band has two transverse rows of mamillae, the upper

10



150 INTERNAL ANATOMY OF SELACHII

with seven mamillae and the posterior row with only four. The lower valve (Gohar
and Mazhar, 1964 pl.XV, Fig. 4) has.some mamillae, ranging from 6 to 8, beside
these are 6.-7 knobules of different size.and other fringed extensions, all surrounding
the valve on its posterior attached surfaces. without order. The roof and floor of
the bucco-pharyngeal cavity are fleshy, smooth and devoid of any denticle. As in
T. lymma, small knobule-like projections ranging from 12 to 15 are found on the
margins of the branchial arches. :

In the transitional forms Rhynchobatus djiddensis and Rhinobatos halavi, the
relatively small mouth, carries small ‘numerous teeth which form a mosaic-like
pavement, and are -adapted for bottom food, mostly of crustaceans. The mouth
is followed —as is- the usual case in rays— by the depressed bucco-pharyggeal cavity,
which is much lower than that of sharks. - Still, the upper and lower valves are
well developed. The upper valve has- its free- postenor margin straight near the
corners of the mouth then it is provided with two convex protrusions one'on either
side, and the middie-part, in between these, is concave. The upper edge of the lower
valve is emarginate, with the middle fourth nearly straight and the sides concave.
As in Taeniura lymma and Aetobatus narinari, the branch1a1 arches have about-14
small prOJectlng knobules. SEE -

“In the bat01ds described “above, where thc «mandtbular» and «maxillary»
valves are well-developed, the water current for resplratlon enters through the large
spiracles into the buccal caV1ty, the splracles then, close while the mouth remains
partly open, but the well-developed buccal valves prevent —except a little— the water
current from gomg out through the mouth the water being forced to pass over
the gills on its way outwards through the gill-slits which lie on the ventral side
of the head.

Oesophagus :

Posteriorly, the pharynx narrows into a short thig:k-wailed tube, the oesophagus,
which lies dorsal to the liver and curves towards the left side leading into the wide
stomach (Text-figs. 1, 3 &4 and PL. II, Fig. 4). Externally, the oesophagus can be
demarcated posteriorly from the stomach by a slight constriction between the two
regions. As usual in fishes, the muscular coat of the oesophagus is formed of
striated muscles, an outer longitudinal layer and an inner circular one. This coat
reaches its maximum thickness in Nebrius concolor (Pl I, Fig. 4).

Internally, the oesophageal lining is thrown into a wrinkled surface in Galeocerdo
cuvier (P1. 1, Fig. 2), butin N. concolor it is thrown into thick high parallel longitudinal
folds ranging from 10 to 14 in number. These are slightly wavy with smooth surfaces
but tend to be papillated only at their posterior-most portions. The lining forms
a wrinkled belt at the junction between the oesophagus and the stcmach.
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: Galeocerdo cuvier, ventral view of alimentary tract of an adult
specimen, a portion of the mesentery removed to show the
underlying organs.
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intestine opened lengthwise from ventral

pyloric stomach and proximal part of
side.

Text-fig. 2 : Galeocerdo cuvier, posterior portion of

cut off

intestine is

Valvular

to

transversely from posterior side

show nature of wvalve.

: Nebrius concolor, ventral view of alimenfary tract of adult,

Text-fig. 3
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In Teniura lymma; the lining is thrown into small papillae (Text-fig. 6) arranged
in.about 16 transverse bands. These are in turn, arranged successively in two
longitudinal rows. The anterior transverse bands are larger, decreasing in breadth
towards the stomach and disappearing -at the junction with the stomach, where
they are replaced by a slightly folded area.

" Mobula_ kiihlii has the oesophageal lining thrown into small papillae (PL. ITI,
Fig. 3) arranged in numerous transverse parallel rows (about 160), which are in
turn, arranged in four longitudinal parallel series. The anteriormost papillae
are larger than the posterior ones. Rearwards, towards the stomach, the lining
forms a transverse band of short, thick, longitudinal parallel folds.

About 10 longitudinal folds, of irregular thickness and with the upper surfaces
irregularly divided into finger-like papillae, extend along the oesophagus in Aétobatus
narinari

In Rhynchobatus djiddensis (P1. IV, Fig. 2) the anterior third of the oesophagus
is lined by frilled villi, and about 11 longitudinal irregular thick folds, with small
frilled villi in between, extend posteriorly to the rear end.

In Rhinobatos halavi (P1. IV, Fig. 4), the whole length of the oesophagus is
lined with longitudinal folds (about 12), between which the spaces are occupied
with frilled villi.

Stomach

As is the case in most sharks, the stomach in Galeocerdo cuvier (Text-fig. 1) is
a more or less U-shaped tube, of which the right limb, the cardiac region, is wide
and ends posteriorly in a small caecum. The pyloric region is narrow, thick-walled
and ends posteriorly in a small bulb. The mucous lining of the stomach is a
continuation of that of the oesophagus and is thrown into irregularly corrugated walls.

The cardiac stomach is capable of distension according to the quantity of
food. Half a human partly digested body was found in the stomach of one of these
sharks, and the anterior half of a large ray was found in another. Longitudinal thin
folds line the caecal part. Thicker folds extend along the whole length of the pyloric
wall and so the lumen becomes very narrow. The lining becomes more or less
smooth in the posterior bulge which ends by the pyloric valve leading to the intestine.

The passage of large pieces of partly digested food into the intestine is effeciently
guarded against by the narrow lumen of the pyloric limb, the thickness and
indistensibility of its wall as well as by the action of the pyloric sphincter.

The stomach of Nebrius concolor (Text-fig. 3) is J-shaped, the cardiac portion
forms the longer right limb and is about double the pyloric imb. The former is
dilated and slopes into the latter which is much narrower, but no caecum exists
at the end of the cardiac portion. The walls are more highly muscular than those
of G. cuvier. The internal mucous lining is thrown into many longitudinal parallel
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folds (about 40) which pass along the cardiac stomach (Pl. I, Fig. 4) and decrease
greatly in number in the pyloric portion (Pl. II, Fig. 1) until a - middle clear high
ridge is left which passes posteriorly along the constricted bulb and ends finally
in the pyloric valve. The latter projects as a well-defined circular band into the
anterior part of the duodenum. A

In the ray, Teniura lymma, the cardiac stomach is somewhat longer than the
pyloric division, (Text-fig. 4) and extends as a distended bag ending with a slightly
protruded left part, I_riarking the place of the blind sac in sharks. The. thick-walled
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Text-fig, 4 : Taenfura Iymma, ventral view of alimentary tract of adult.
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Text-fig. 5 : Taeniura lymma, Dorsal view of alimentary tract of adult.

slender pyloric limb has a highly muscular hind bulb leading at the end to a smaller
one. Internally (Texp;ﬁg. 6), the stori_lach;wall is lésé muscular than the oesophageal
wall but it thickens gradually posteriorly in the pyloric stomach towards the posterior
two bulges. - The lining of the stomach is throWn into pronounced longitudinal
highly convoluted folds. These pass backward giving rise to numerous irregular
smaller ones which abut against the bulging wall representing the blindsac. Towards
the pyloric stomach, the folds gradually become less convoluted and then straight
passing towards the middle where they unite forming a thick elevated knob forming
the first bulb. As a continuation to this knob, a middle high fold extends along the
dorsal wall of the second bulge, and ends posteriorly at the end of the circular
pyloric sphincter valve.
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Text-fig. 6 : Taeniyra lymma, hind part of oesophagus,. stomach and proximal

. portion of spiral intestine opened lengthwise ventrally to sh_ow internal lining.

Text-fig. 7: Taenivra lymma, posterior part of spiral intestine together with colon
and rectum opened lengthwise from ventral side to show internal structure.

i o rm——
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The stomach of Aétobatus narinari resembles morphologically that of Tweniura
Iymma and differs only in having a single posterior bulb. Internally the mucous
lining is thrown into papillae (P1. IIL, Fig. 1), which are thin, broad and high at the
anterior half of the cardiac stomach, gradually becoming thicker, shorter and
finger-like rearwards along the rest of the cardiac surface and extending on the
pyloric surface to a relatively small distance before the end is reached. The lining
is then thrown into thick foldé (P1. 111, Fig: 2) ocdupying the region of the bulb,
obliquely extending from the sidss towards the middle, where they are replaced by a
very thick v-shaped high pyloric fold ending by the pyloric valve.

Mobula Kiihlii has also a J-shaped stomach (Text-fig. 8) which ends posteriorly
by a marked bulge, constricted anteriorly as well as posteriorly. Internally, the
lining of the cardiac stomach is throwni into many oblique, wavy ridges (about
15-19) passing with the curvature of the stomach towards the middle, and becoming
narrower backwards and extend as V-shaped to the anterior pyloric region (PL

III, figs. 3 and 4).

In the following region extending to the beginning of the bulb, the ridges lose
their arrangement. Here, the lining is raised to an egg-ﬁke bulge on the inner middle
portion of the dorsal wall. Longitudinal wavy ridges extend from the apex back-
wards covering the surface of this bulge. On both dorso-lateral sides of the latter,
the lining is thrown into an oblique band, striped by a row of parallel short wavy
ridges beginning just close to the middle of the bulge and passing outwards. The
pyloric imb ends then in the constricted pyloric valve, leading to the proximal part

of the intestine.

- The transitional species, Rhynchobatus djiddensis, has a highly muscular stomach .
(PL IV, Fig. 2), in which the cardiac and pyloric limbs are equal. Internally, the
mucous lining is thrown into about 40 high flattened parallel longitudinal ridges
esch of - which is transversély divided, and thus, the upper edges are coarsely
friinged.. In the pyloric region, the ridges are much lowered into “irregular,
zigzagged striated folds. These end at the pyloric valve.
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Pa. low.

Text- fig. 8 : Mobula kiihlii, ventral view of alimentary tract of an adult.

The stomach of Rhinobatos halavi resembles morpholdgiéally that of R. djiddensis.
Internally, 18-20 longitudinal parallel high ridges, as con_tinuations to those lining
the oesophagus, pass rearwards lining the cardiac stomach: At the posterior part
leading to the pyloric stomach, the ridges are reduced.in number and each is divided
into small pads by means of transverse, or by transverse as well as longitudinal,
constrictions. - - There are about eight ridges along the pyloric limb, which are
much narrower and higher than those of the cardiac portion. They are straight
and extend posteriorly to the pyloric valve, which is well-developed and projects
rearwards into the duodenum.

3

i e
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Intestine .

A.—Duodenum 3

The stomach leads into the intestine by means of the pyloric valve. The
anteriormost portion of the intestine which receives the bile and pancreatic ducts
is the duodenum or middle intestine.

Daniel (1934) stated that «the duodenum is variable in different elasmobranchs.
In a type like Spinax niger, the valve-free portion is long. This segment is present
in Rhinobatis, but of all the rays, it is best developed in Trygon. In the great
majority of types, however, the valve has so encroached upon the pylorus that
no free portion exists e. g. Galeus, Carcharias; Lamnidae, Notidanidae, Scyllidae,
Rhinidae, and some of the Rajidae».

Galeocerdo cuvier, Nebrius concolor, Teniura lymma, Rhynchobatus djiddensis
and Rhinobatos halavi (Text-fig. 2, Pl. II, Fig. 1, Text-fig. 6, PL IV, Fig. 3 and
PL IV, Fig. 5 respectively), resemble the majority of elasmobranchs in having the
intestinal valve touching the pyloric valve and accordingly no valvular-free portion
is left.

Aétobatus narinari differs from the above-mentioned species in possessing a
valve-free duodenum (PL III, Fig. 2) which is rounded, and highly muscular. In-
ternally, its mucous lining is thrown into very low papillae covering the corrugated
internal surface. At the anteriormost portion of the duodenum, and just posterior
to the pyloric valve, the lining is thrown into a small papillated oblique ridge,
protruding from the right dorsal wall and perforated by the bile duct. A little
distance posterior to this protruding ridge, arises a larger one extending from the
right side to the left and covered by small papiilae. This ridge protrudes into the
cavity of the duodenum forming a narrow lumen in between it and the pylroic end.
This duodenal part leads postetiorly to the valvular portion of the intestine. -

In Mobula kiihlii (Text-figs. 8 and 9) the duodenum is preceded by a rounded
bulge, the bursa entiana. This occurs just posterior to the constriction of the
pyloric valve, and leads posteriorly (at its left dorso-lateral wall) to the duodenum.

Redeke (1900) described the bursa entiana in Eugaleus galeus, and mentioned that
the true bursa entiana is a separate chamber of the.gut on the.proximal side of the
pylorus, and is thus a specialized part of the pyloriclimb of the stomach. Matthews
and_Parker (1950) referred to the bursa entiana in Ceforhinus, as. follows :
«Cetorhmus like Eugaleus possesses a very distinct bursa entiana but unlike that
species it also possesses a distinct duodenum which forms a well-marked chamber
proximal to the beginning of the spiral valve, though it is not constricted off from it
as a separate region visible externally»,
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Text-fig. 9 : Mobula kiiklii, part of alimentary canal from behind stomach to
anterior pqrﬁon ~of valvular intestine cut lengthwise along
. ventral side.

In Mobula, the bursa entiana shows, internally, the same structure as . the

duodenpm‘ (Text-fig. 7). Both are thin-walled and have the mucous lining thrown
into very thin anastomosing folds, forming a net-like internal wall. Accordingly,
the bursa entiana is considered as a part of the intestine and not of the pyloric
stomach as considered by Redeke (1900). It is clear here that the thin-walled
bprsa entiana functions as a receptacle for the food emptied by the pylorus, before
it is allowed to pass gradually into the duodenum, ' '

Mobula is probably the sole genus of the elasmobranchs which has an excessiizely
long duodenum, formed of a narrow convoluted tube, longer than both the stomach
and the spiral intestine together. Posteriorly, the duodenum ends in a bulge,
?v,ider than the rest of the tube and constricted at jts rear end leading to the spiral
intestine. |

This portion of the intestine was given different names by different authors;
Thus Mazza (1891) referred to it in" Cephaloptera giornae as the «primary portion
of the mid-intestine», while whitley (1936) described it as «the narrow. post-pyloric
portion (median intestine)». Gohar and Bayoumi (1959) used the term duodenum
in their description to this part being rather long in Manta ehrenbergi.
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All the above described species — except Mobula kihlii agree with the general
rule in elasmobranchs where the bile.duct as well as the pancreatic duct opens not
far from one another, into the dorsal side of the anterior portion of the duodenum.
Mobula diabolus, on the other hand, shows a different state of affairs (Text-fig. 9),
as the bile duct opens on the dorsal surface at the end of the bursa entiana leading
to the first portion of the duodenum, while the pancreatic duct opens on the dorsal
wall at the end of the long convoluted duodenum just before the valvular intestine.

B.—Valvular intestine.

This is the portion that follows the duodenum and leads posteriorly to the
colon and forms the largest part of the intestine. Within the lumen of the
valvular intestine lies a fold or valve which is characteristic to the elasmobranchs,
and grows from the lining of the intestine. )

A number of valuable contributions have been made by several authors
regarding the valvular intestine in elasmobranchs. . Of these may be.mentioned
Parker (1879), Garman (1913), White (1936) and Ishiyama (1958). White (1936)
classified the valves of elasmobranchs into three types according to their form.
These are : the scroll, the spiral and the ring types. To these types we add a
fourth, the spiro-annular type.

In members of the Carcharhinidae as examplified by Galeocerdo .cuvier the
valve is-a single fold, rolled up into a scroll (Text-fig. 2). ~One side of the fold is
attached dorsally to the internal wall along the entire length, and the free edge of
the fold is rolled up longitudinally on its axis and parallel to the axis of the intestine
(dextrally). forming four turns. The internal surface of the valve is thrown into
multitudinous tiny villi.

In Nebrius concolor, Teniura lymma, and Rhinobatos halavi (Pl. II, Fig 1, Text-
fig. 6 and PL. IV, Fig. 5, respectively) the valvular fold originates as a thick column
at the beginning of the duodenum, extending along its whole length attached to the
dorsal side, and passing posteriorly along the valvular intestine. The column winds
spirally around a central axis free from the intestinal wall, forming successive
valves, the outer edges of which are attached to the walls of the intestine and
each valve is continuous with the adjacent one and with the axis. C

The number of turns is fixed for any one species but varies from one to another.
Thus, in N. concolor the number of valvular turns is 24, of which the anterior three
are widely spaced. So that they appear as concentric cones pointing anteriorly,
the succeeding 12 turns are very close together and appear as rings, and the last
turns appear as backwardly directed cones.. The whole surface of the valve is
covered by small papillae. -
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Teniura lymma has only 19 turns of the valve, the anterior 10 are cone-like
and point forwards, the rest (Text-fig. 7) are disc-like succeeding one another
so. closely that the central axis is not clear and can only be seen by careful examin-
ation. The free central edge of the valve is thrown into high processes, which vary
in number. The surface of the valve appears smooth but, when examined with
a magnifying lens, multitudes of tiny villi are seen covering the whole surface.

The number of turns of the valve is greatly reduced in Rhinobatos halavi, where
there are only 10, and thus the conical shape of the valves is very clear owing to
the long spaces in between the turns. The anterior five cones point anteriorly,
while the posterior point backward. ‘

The number of valvular turns is increased in Aétobatus narinari to 40 turns,
but reaches its maximum in Mobula kiihlii, where there are 54 very thin turns.
In these two species, the turns of the valve are not rolled to a central axis,
but are in the form of separate rings (Text-ﬁg 9) beginning just posterior to the end
of the duodenum and. attached to the walls of the intestine all the way round. The
central free edge of the rings in both species is produced into clear processes, while
the whole surface is covered by small papillae in A. narinari and by microscopic
villi in M. kiihlii.

The valvular fold in Rhynchobatus djiddensis (Pl. IV, Fig. 3) has a special
shape which differs from that of all the above-described species. In this-species a
thick fold originates just posterior to the pyloric valve and forms an axis which
winds spirally posteriorly forming 16 turns. The distance between succeeding
turns decreases gradually posteriorly, and accordingly the axis is more clearly seen
between the anterior turns. In addition to this valve, independent transverse folds
project from the wall of the intestine and are arranged as follows : In the anterior-
most part where the central axis orxgmates anterior to the first turn, and on either
“side, . five mcompletc nng—hke rldges prOJect from the ventrolateral walls of the
intestine perpendlcularly to the long axis,. These 1ncomp1ete rmgs are folloWed by
complete. ‘annular rings of which the ﬁrst thlrteen or fourteen occur antenor to the
ﬁrst turn of the spiral fold, the rest occur between the successive turns.’ " These
rings project from the walls of the intestine and gradually decrease in width and
number reawards. Thus 13-11, 10-8, 8, 7, 7, 7-6, 6, 5, 4, 3,2 and 1 have been counted
between the anterior 13 {urns of the spiral valves respectwe]y " No such rings
occur between the last turns of the spiral valve. The whole surface of the sp1ra1
valve as well as the rmgs is covered with minute villi.,

So far as we are aware no description has, as yet been given of such a type of
intestinal valve, and it is proposed to call it the spiro-annular type.
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Rhina ancylostoma is the only other batoid which was found to possess such
a type of spiro-annular valve but the number of the valve $piral turns as-well as the
separate rings is somewhat reduced as compared with Rhynchobatus. Thus, the
spiral valve has only 10 turns as compared with 16 in Rhynchobatus, and the
annular rings are distributed as such : 17 rings occur anterjor to the first turn of
the spiral fold, and 12, 12, 12, 10, 8, 6, 5, 5, 3 were counted between the ten turns
of the spiral valve respectively.

In the elasmobranchs examined, in this work, the scroll type of intestine was
met with in the Carcharhinidae and the Sphyrnidae. - The spiral type was found
in the Alopiidae, Orectolobidae, Isuridae, Triakidae, Rhinobatidae, Torpedinidae
and Dasyatidae. The Aétobatidae and Mobulidae have the ring type. The fourth
spiro-annular type is met with only in the Rhynchobatidae.

C.—Colon and rectum :

The valvular intestine narrows down posteriorly, ‘and becomes slightly constrict-
ed, leading into a short muscular colon which externally appears somewhat bulbous
(Text-fig. 4). Internally (Text-fig. 7), the lining is thrown into longitudinal irregular
folds of various thicknesses.

Following the colon is the last part of the intestine which is the short thin
rectum, In both non-valvular portions, colon and rectum, the villi covering the
valvular intestine are absent and the lining is smooth. Internally, the opening of
the rectal gland forms a line of demarcation between the colon and the rectum.

Rectal gland :

The rectum carries the rectal gland characteristic of elasmobranchs. The gland
(Text-figs. 1, 3, 4 and 8) is generally finger-shaped and possesses a central canal-like
cavity, and is attached to the dorsal body wall by means of the posterior mesentery.
It ties on the left side of the rectum with the apex pointing towards the axis of the
body, and the stalk towards the rectum where it extends usually antenorly on its
left side to open between it and the colon. The gland varies in size from a small
structure to a long one. Among the species examined, the rectal gland reaches its
maximum length in G. cuvier where it has a rounded apex and posteriorly towards
the rectum by means of a short stalk passes shortly anteriorly to open mternally on
the left dorsal wall proximal to the markedly short colon. Nebrius concolor has a
characteristically short, wide and thick muscular rectal gland that passes dlrectly to
open between the colon and the rectum. Rhinobatos halavi possesses a relatively
long and slender rectal gland, in contradistinction with Rhyncobatus djiddensis
where the gland is relatively thick and short. Teniura, Mobula, and Aétobatus
possess slender small rectal glands. ’ =
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‘Externally, the rectal gland is covered by a whitish muscular coat, below which
isa pmkxsh glandular tissue, which incloses a lumen that starts. anteriorly and passes
caudally, becoming narrower at the. same time until it reaches the dorsal wall of
the rectum where it curves anteriorly to open between the rectum and the colon. .

.Although the rectal gland has 'been studied in a great number of elasmobranchs,
(e.g. Howes, 1890, Hoskins, 1917, and Doris 1925), yet its function is still not clear.

D.—Cloaca

" This is a conical chamber (Pl. II, Fig. 4) lymg posterior to the pelvic girdle
between the bases of pelvic fins, with the apex towards the tail. Into this chamber,
which leads to the outside by the cloacal aperture, empty the digestive tract and
the urinogenital system. On the latero-posterior sides of the cloaca two papillae
are usually found, one on each side, and these are perforated by the abdominal
pores which put the abdominal cavity into connection with the outside.

Glands of the Digestive Tract.

Assocxated with the dlgesuve tract are the liver, the pancreas and the rectal
gland which shed their secretions into the alimentary canal by means of their ducts.
The spleen is a ductless organ also connected with the digestive system, but its
origin is not clear.

The liver :

The liver is a brownish organ which extends along the abdominal cavity
just posterior to the transverse septum and covers the greater part of the viscera.
It hangs anteriorly by means of the falciform ligament. It differs in general
form in sharks and rays.

In Galeocerdo cuvier (Text-fig. 1) as well as most sharks (PL. I, Fig. 3) it is well
developed consisting of two long lobes connected anteriorly by a narrow mesenteric
ligament. Both lobes extend backwards along the entire length of the abdominal
cavity, completely enclosing the alimentary canal between them. A thin-walled
rounded gall-bladder -is embedded in the anterior portion of the left lobe. and
drains by a tubular slender ductus choledochus which passes to the dorsal proximal
part of the intestine (the duodenum) to the right side of the origin of the intestinal
valvular fold (Text-fig. 2) . Of all the examined species, the liver of the tiger-shark
vielded relatively the largest quantity of oil, the liver weight was about 179 of the
body weight, and each kilogram gave 444 gm. of oil (of clear fatly nature and
yellowish colour).

. Nebrius concolor has a massive liver, the two lobes of which are connected in
the middle, nearly from their anterior end backwards to about half their length
and only two deep incisions one dorsal and the other veniral are left to indicate
the double nature of this part. The left lobe is more voluminous than the right
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and is broader anteriorly. The weight of the liver is about 18 % of the body weight,
but has a relatively low oil content as each kilogram of liver gave 350 gm. of oil, of
reddish colour. The gall-bladder is embedded in the inner angle of the left lobé
as a spherical sac drained by the ductus choledochus which passes backwards to
the dorsal side of the duodenum where it opens, at the anteriormost portion hidden
below the anterior origin of the valvular fold.

In Teniura lymma, the liver (Text-fig. 4) differs in shape from the above-
described sharks, being shorter and broader. It consists of two lobes of nearly
equal length, but the left is broader and more voluminous than the right. " Both
lobes are moulded to the shape of the short abdominal cavity and the viscera, of
which they enclose the largest part. The two lobes are connected anterioﬂy,
the connection being direct along the vertebral side, where only a short‘supérﬁcial
fission can be seer, and irdirect dorsally through a small connecting isthmus. “The
gall-bladder is rounded and completely hidden in the isthmus somewhat nearer
to the right lobe. From the posterior portion of the gall-bladder, originates a
comparatively wide cystic duct which soon receives 2 main hepatic duct from the
right liver lobe, and then extends leftwards receiving a number of hepatic ductules
from the right lobe and, after a little, the cystic duct receives a left hepatic duct
from the left liver lobe. Now the ductus choledochus passes caudally below the left
branches of the hepatic portal vien -—which enters the left liver lobe at this region—
then swings rightwards crossing the hepatic vein ventrally, and then backwards
to the duodenum, extending a little in its wall and then penetrates its latero-dorsal
wall and opens near the right side of the valvular fold (Text-fig. 6) .  The liver
weighs 5% of the body weight.

The liver of Aétobatus narinari and Mobula kiihlii resembles that of T. lymma,
but it is relatively largest in A. narinari where its average weight is 5.29; of the
body weight. The gall-bladder is markedly large in 4. narinari, ranging from 5 to
10 cm. in diameter and is embedded in the right lobe. The bile duct passes to the
most anterior part of the duodenum where it opens internally on the edge of the
small protruding ridge on the right dorsal corner (PL TII, Fig. 2). '

The bile duct in Mobula (Text-figs. 8 and 9), passes directly to open posteriorly
below the bursa entiana on the dorsal side of the duodenum, at the middle of its
anteriormost portion. '

In the transitional forms, Rhynchobatus djiddensis and Rhinobatos halavi,
the liver consists of three lobes of which the middle is shorter than the equal lateral
lobes. All are connected anteriorly and each forms a nearly triangular mass. The
gall-bladder is rounded and inserted in the angle of the right lobe.. The liver is
relatively smaller than in other species described here, as in R. djiddensis it is 3.7%,
of the body weight and in R. halavi it is only 2%.

In R. djiddensis and. R. halavi, the bile-duct opens, as in most of the described
species, into the duodenum at the right dorsal side of the valvular fold.

11
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The gall-bladder in Alopias vulpinus, is unique among all the above described
species being long and slender. It attains a length of 10 cm. and is only 2.5 cm.
in diameter in a 3 metres long specimen.

The pancreas .

Although the pancreas differs slightly in general form, from one species to
another, yet in all the examined species —as is usual for elasmobranchs— it is a
cream-coloured organ formed of two well-developed lobes ; a clear compact
ventral lobe, resting terminally on the ventral surface of the proximal part of the
valvular intestine ; and a dorsal lobe attached to the former by a short limb, and
hidden in a pocket formed by the junction of the suspensory ligament of the spiral
intestine and the gastro-choledochtic omentum (Text-fig. 5). Both lobes empty
by a single common duct which emerges from the ventral lobe and passes to open
in the dorsal wall of the proximal part of the duodenum..

In Galeocerdo cuvier (Text-fig. 1), both lobes of the pancreas are long and
narrowly flattened, but the ventral is broader at its terminal portion. The pancreatic
duct opens on the dorsal side of the duodenum slightly posterior to the bile duct,
on the left side (Text-fig. 2).

Nebrius concolor has nearly triangular and equal pancreatic lobes. The
pancreatic duct opens in the middle dorsal side of the duodenum just below the
origin of the valvular fold. _

Taniura lymma (Text-figs. 4 and 5) possesses a relatively small pancreas, its
ventral lobe is kidney-shaped while the dorsal is nearly oval and thicker.

The pancreatic duct opens on the dorsal side of the duodenum at the same
level as the opening of the bile duct, but is hidden under the valvular fold.

The largest pancreas is found in Aétobatus narinari, in which the dorsal lobe
is oblong and the ventral is discoid and massive (PL. I, Fig. 4) . The pancreatic duct
opens dorsally in the middle of the narrow lumen preceding the duodenum.

Mobula kiihlii has a bulky and nearly triangular dorsal lobe and a larger flattened
irregular ventral one. The pancreatic duct opens dorsally at the end of the
duodenum, far away from the ductus oholed'ochus' as described before (Text- fig. 9).

_The smaflest pancreas, relative to the size of the body, is that of R. halavi which
possesses two small triangular lobes with irregular margins. The pancreatic ducts
opsn dorsally on the left side of the bile duct.

R. djiddensis has a massive V-shaped pancreas, with its duct opening on the
dorsal side below the tip of the valvular fold of the intestine.

The Spleen . ¢

In Galeocerdo cuvier, the spleen (Text. fig. 1) is formed of a long reddish lobe,
broader and strongly curved at-the Iower part which lies on.the right side of the
caecum and continuing as a gradually narrowing lobe parallel to the pyloric limb
of the stomach and ending a short distance before the end of the latter.
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In Nebrius concolor, the spleen (Text-fig. 3) is broader and thicker than in
G. cuvier, and tends to divide into two lobes, a shorter thicker and broader lobe,
with irregulat margins lying at the  outer curvature of the stomach and a long
narrower irregular lobe which extends parallel to the pyloric limb and reaches the
proximal portion of the duodenum.

In the examined batoids, Tawniura lymma (Text-fig. 4), Aétobatus narinari,
Mobula -~ kiihlii (Text-fig. 8), Rhinobatos halavi.and Rhynchobatus djiddensis, the
spleen, as in most rays, occurs in the region of the lesser curvature of the stomach
as a compact oval or rounded organ, sometimes with highly lobate margins.

Meserteries-and Topography of the Digestive Viscera :

When the abdomen is opened, the liver is seen to occupy the greater- part
of the space and agrees in general shape with that of the abdominal cavity ; thus
in sharks (PL 1, Fig. 3) where the abdominal cavity is long, the liver lobes
are long and extend from the transverse septum anteriorly to the posterior end of
the abdominal cavity. In rays, where the abdominal cavity is nearly rounded and
shorter, the liver is moulded accordingly and is thus plumpy and short.

When the liver is removed (PL II, Fig. 4), the alimentary canal is disclosed and
the oesophagus which follows the pharynx, is seen leading to the left side to the
stomach. This is mostly J-shaped, (U-shaped, in Galeocerdo cuvier) and its longer
left limb curves with the left side of the abdomen then leads rightwards and upwards
to the shorter pyloric limb. This extends to the middle of the abdominal cavity
(or somewhat beyond in G. cuvier) and is followed by the short duodenum (or
long and convoluted, only in Mobula kiihlii) which in turn, leads to the valvular
intestine that occupies the right posterior two thirds of the abdominal cavity, uniting
at its end with the rectum which ends in the cloaca.

The dlﬁ'erent organs of the digestive tract are held together as well as to the
dorsal abdominal wall by the mesenteries, which are more complicated in G. cuvier
than in the shark N. concolor and the batoids 7. lymma A. narinari, M. kiihlii,

Rhynchobatus djiddensis and Rhinobatos halavi.

In G.:cuvier (Text-fig. 1) as in most sharks, the dorsal mesenteries arise in
two sections, from the dorsal body wall, an anterior and a posterior. The anterior
mesentery is rather complicated and forms a sort of envelop to the digestive tract.
A right fold of this mesentery passes along the mid-dorsal line from below the liver
backwards to suspend the spiral intestine, i. e: forming the suspensory ligament.
A'left fold of the mesentery originates opposite to the right fold (and firmly attached
to it along the dorsal line of origin) and extends from ‘the mid-dorsal. line to the
dorsal side of the oesophagus and stomach. Parts of this fold extend between the
pyloric stomach and spleen, forming the gastro-splenic omentum ; another ligament
extends between the pyloric limb, and the two pancreatic lobes, representing the
gastro-pancreatic ‘'omentum.



168 INTERNAL ANATOMY OF SELACHII

A third median fold of mesentery extends from the mid-dorsal line—just at
the origin of the right mesenteric. part—across .to. the oesophagus and down the
lesser curvature of the stomach to the proximal portion-of the duodenum..

The posterior mesentery is simple and extehds from the mid-dorsal line to
the rectal gland, constituting the meso-rectum..

The mesentery in Teniura lymma, as well as-in other batoids described here,
is formed of a thick dorsal fold arising from the dorsal midline below the oesophagus
(Text-fig. 5) and extending to the right side to suspend the intestine and is known
as the suspensory ligament. From the original fold extends another ligament
to the ventral left side to suspend the stomach at its lesser curvature forming the
mesogastrium. This continues upwards with the part of mesentery which suspends
the hepatic portal vein and the ductus choledochus and the two form a gastro-
choledochtic omentum (Text-figs. 4 and 5) which extends rightwards to unite with
the suspensory ligament of the intestine. The dorsal lobe of the pancreas is enclosed
at the junction between the suspensory ligament of the spiral intestine and the gastro-
choledochtic omentum. From the dorsal midline below the oesophagus, arises
another thick mesenteric fold which suspends the oesophagus and extends rightwards
to join the gastro-choledochtic omentum. A gastro-splenic ligament extends
between the spleen and the cardiac limb. Another part of the mesentery extends
from the spleen rightwards and upwards to the ventral side to the proidmal’ portion
of the duodenum. This ligament coats the ventral lobe of the pancreas and is
thus called the spleno-pancreatic ligament.” Along the greater curvature of the
stomach, passes a thick mesenteric fold, which proceeds cephalad to the duodenum
as a gastro-duodenal omentum, and joins the spleno-pancreatic ligament.
Posteriorly, the rectal gland is attached to the dorsal body wall by the mesorectum.

2. Circulatory System

It is suggested to deal here only with the heart, the coronary circulation and
the major vessels.

A.—The heart :

This is a purplish-red organ which lies in the pericardial cavity, in the posterior
interbranchial region, in front. of the sternal symphysis of the pectoral arch. As
in all elasmobranchs, the heart is formed of the usual four chambers viz. the sinus
venosus, the auricle, the ventricle and the conus arteriosus.

The sinus venosus : o
This lies dorsal to the ventricle, as a triangular thin-walled sac with the apex
leading to the auricle and the base directed posteriorly. Dorsally, the sinus venosus
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is fused to the posterior part of the roof of the pericardial cavity and laterally,
each angle of the base of the triangle extends to one side (one right and the other
left) as the Cuvierian duct. The internal surface of the sinus venosus is smooth,
and its cavity is connected to that of the auricle (at the apex of the triangle) by a
sinu-auricular aperture, which is guarded by two sinu-auricular valves. These
are smooth, oblique flaps projecting from the auricle to the sinus venosus and allow
the blood to flow from the sinus venosus to the auricle ; while preventing the back-
flow from the auricle (Pl. V, Fig. 3).

The auricle :

In all the examined species, the auricle is a large sac-like structure which lies
dorsal to the ventricle ; and is attached at its base to the antero-dorsal left surface
of the latter (Text-figs. 10, 13, 17, 20 and 23). The auricle extends upwards to lie
dorsal to the proximal basal portion of the conus arteriosus. When full of blood,
the aaricle appears as a distended bag with the left side larger than the right.

The auricle is thin and differs in relative thickness from one species to another.
It is formed internally of anastomosing thin cardiac muscles, which give the wall
a spongy appearance (Pl. V, Fig. 3). An oval opening, the auriculo-ventricular
opening, leads from the left side of the base of the auricle to the ventricle. This
opening is guarded by an auriculo-ventricular valve. Daniel (1934, p. 171) stated
that this valve consists, in elasmobranchs, of two pocket-like flaps. However, in
all the sharks and batoids examined here, viz. Galeocerdo cuvier, Nebrius concolor,
Carcharhinus melanopterus, C. maculipinnis and C. sorrah, Teeniura lymma, Aétobatus
narinari, Dasyatis uarnak, Rhinobatos halavi and Rhynchobatus djiddensis,the auriculo-
ventricular valve was found to consist of four pocket-like fiaps (e. g. PL V, Fig. 3).
Of these, the dorsal and ventral flaps are larger than the two lateral. Such a condition
was discovered in Cephaloptera giornae by Mazza (1891) who considered the small
lateral cusps as accessory ones, as well as in Manta ehrenbergi by Gohar and Bayoumi
(1959). The concavities of the auriculo-ventricular valves are directed towards
the ventricle, so that they allow the blood to pass only from the auricle to the ventricle
but not in the opposite direction. )

The ventricle :

This is a thick-walled structure occupying the posterior portion of the peri-
cardial cavity.

In Galeocerdo cuvier, the ventricle (Text-fig. 10) is somewhat pyramidal with
a convex base, while in N. concolor it is relatively small and pyramidal, the posterior
face being fairly straight (Text-fig. 13). In T. Lymma and A. narinari (Text-figs. 17
and 20), the ventricle is globular, but in R. kalavi (Text-fig. 23) and Rhynchobatus
djiddensis, it is somewhat flattened and broader.
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Text-fig. 18 : Taeniura lymma, dorsal view of heart with coronay blood vessels.

2 gt Col.p.
D £Ff. Col.a.
tor. Ar 1 E
tbr’.Ar.Z
0 L
~—PAor. d.
Ebr. Ar. 3
0] | Ebr. Ar. 4
\ Pptg.Ar:
J /" - DslAra.
,\ Y Cod.Al‘.fB"j'_A"'
YA Ovd.Ar. Osl. Ar. .
Sbe. Ar, o \
Coe. Mes.Ar. N\ YR

Text-fig. 19 : Taeniura lymma, efferent branchial arteries together
with dorsal aorta and some of its branches.
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Text-fig. 20 : Aétobatus narinari, ventral view of heart with coronary blood
vessels, ventral aorta, afferent arteries, efferent loops and hypo-
branchial arteries. N o h

The ventricle, in contrast to the thin-walled atrium, has very thick walls and a
narrow cavity. The myocardial coat is thick and is formed of a single layer .of-
muscles, which attains its maximum thickness in the shark G. cuvier (PL.V, fig. 1),
where in a specimen 321 cm. long it reached 3 cm. all over the posterior walls getting
thinner near the base of the conus arteriosus. The myocardium is also relatively
markedly thick inN. concolor (P1.V,Fig. 2), maximum th_ickneés..Z.S cm; in a specimen.
224 cm. long ; but somewhat less thick in A. 'narmqri.(Bl_;.Y, Fig. 4). In T. lymma,
R. halavi and R. djiddensis (Text-fig. 16, PL VI, Figs. 2 and 1 respectively) this
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myocardial layer is relatively thinner. The muscular wall of the ventricle is thrown
into numerous irregular trabeculae, giving the inside of the ventricle a coarse
spongy appearance. The valves are also supported by chordae tendinae, stretched
from the walls of the ventricle to the auriculo-ventricular valves (PL. V1, Fig. 2).

Cr.Ar. l.br.

cr.Vn.r.

Text-ﬁg. 21 .: Aétobatus narinari, dorsal view of heart with coronary
blood vessels.

The conus"' h_rteriosﬁs :

This is an elongated tube-hke ‘muscuiar organ which follows the ventricle,
and leads to the ventral aorta: Tt is short in many Selachii such as G. cuvier and
N. concolor (Pl. V, Figs., 1 & 2) ; while relatively long in batoids such as T, lymma
A: narinari, Rhinobatos halavi and Rhynchobatus djiddensis (Text-ﬁg 16, P1. V, Fig. 4
and PL VI, Figs. 2 and 1 respectively).
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Internally, the muscular wall of the conus arteriosus is differentiated into two
layers : an outer myocardial layer, which extends as a continuation of the same
layer in the ventricle, and ends anteriorly at, or slightly before,. the. beginning .of
the ventral aorta, and an inner myocardial layer which is thin and extends from the
base of the conus arteriosus upwards along and continues. -anteriorly with the walls
of the ventral aorta. Such muscular walls of the conus serve to keep the blood
flowing from the conus to the aorta at a more constant pressure. .

~ “The endocardiac lining of the conus arteriosus extends inwards to form the
semilunar valves which are arranged in three longitudinal rows, one-dorsal and two
latero-ventral. These form a triangle around the internal circumference of the walls,
and so the lumen of the conus arteriosus is narrowed into a conical cavity. These
valves, prevent the back-flow of blood into the ventricle ; and they are characteristic
for elasmobranchs, and had been previously deseribed in many species by certain
authors among whom may be mentioned Garman (1885 & 1913), Parson (1930),
Day (1934), White (1936, 37 ), Ishiyama (1958) and Gohar and Bayoumi (1959).

In G. cuvier (Pl. V, Fig. 1) each of the three longitudinal rows consists of three
cusps (in all the examined specimens). The anteriormost set is of much larger
cusps than those of the following two series. Each cust of the first set is a deep,
pocket-like membraneous fold, which has most of the anterior part related to the
ventral aorta rather than to the conus arteriosus. The middle part of the valve is
somewhat thickened and points anteriorly ; while the lateral sides are thin membranes
connected to the other two cusps. Each of these cusps is attached internally at
the base to the wall of the conus arteriosus by short thin chordae tendinae, and
externally at theé postérior base to the internal side of the following cusp of the
same row by numerous chordae tendinae.

The valves of the second set are much sma]lcr but of relatively thicker
membranes than the preceding. The pocket of the valve is directed anteriorly,
and each valve is connected at its lateral walls to the conus arteriosus by short
chordae tendinae. Also the posterior margin of the valves is connected by similar
chordac—though longer and more numerous—to the internal walls of the following
posterior _cusp.

The valves of the third, (last) set are similar to those of the second set.

A pair of very small accessory valves occurs posteriorly between each two
succeeding longitudinal rows (the dorsal and ventro-lateral). These small valves
are of the same pocket-shape as the neighbouring large ones ; and each is attached
by short chordae tendinae to the walls of the conus.
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" Nebrius concolor possesses a smaller number of valves ; as only two cusps are
found in each longitudinal row (PL V, Fig. 2) the valves have only the antero-lateral
portions membraneous, and-the rest is greatly thickened especially posteriorly.
A small accessory valve occurs posteriorly between each two main valves. In.a
single specimen an accessory row, formed of two cusps, was met . with parallel to,
and in between, two main rows ; and the accessory valves were only slightly smaller
than those of the main rows. - e

White (1937, p. 91 ; Fig. 63, after Garman) stated that Aétobatus narinari
had only five valves in each row.which she clearly 111ustrated In our.specimens,
however, the number is increased as there are eight valves in each row (PL V, Fig. 4).

~ As usual, the first casp of each row is the largest, and is here greatly thickened,
as the membraneous portion is restricted to small lateral parts, while the rest of
the pocket projects as a thick ridge. This is followed. posteriorly by seven valves
which are completely membraneous and much smaller. Two or three accessory
rows (each 2-3 very small cusps) occur rearwards between the main rows. The wall
of the conus is marked by numerous thin cord-like ridges between the longitudinal
TOWS. :

Tewniura lymma (Text-fig. 16) possesses five cusps in each main fow and two
or three accessory rows, each of three cusps. The valves are very small and
membraneous. '

Both Rhynchobatus djiddensis (Pl. V1., Fig. 1) and Rhinobatos halavi (P1: VI,
Fig. 2) possess a similar number of valves, five in each row. . The lumen of the conluis
is much reduced, and the lining is thrown into three high elevated ridges extending
end to end, and each ridge is free, only anteriorly, to form the pocket of the first
large valve. The following cusps are membraneous and attached to the ridge,
and they become gradually smaller posteriorly. Accessory valves are arranged in
one or two rows (of 2-3 cusps), but are sometimes d13persed s1ng1y betWeen the
main rows

“The number of the valves of the conus arteriosus was also examined in certain
Selachii as well as batoids, besides the above described species. There are
only two in the sharks Carcharhinus melanopterus, C. maculipinnis, C. sorrah,
C. albimargingtus (all from the Carcharhinidae); and in Stegostoma fasciatum
(Orectolobidae).

“In Carcharhinus longimanus, Scoliodon walbeehmi, S. palasorrah, Triaenodon
obesus, Heterogaleus ghardagensis. (all ‘from. the Carcharhm1dae) ‘and Mustelus
canis (Triakidae) three valves occur in’each row. :
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The transitional form of bato1ds Rhina squatina (Rhynchobatldae), possesses
five valves. : o

" The rays Dasyatis uarnak and D. sephen (Dasyatidae) each has’ six valves in
a row ; while Torpedo panthera (Torpedinidae) possesses only four cusps.

B.—Ventral Aorta and Afferent Branchial “‘Arteries :

As in all elasmobranchs, the ventral aorta in the species examined (Text-figs.
10, 13, 17, 20 and 23) continues from the conus arteriosus. anteriorly as a tube
which passes along the floor of the pharynx ; giving off paired branches, the afferent:
arteries, which distribute the blood to the gills for oxygenation. -

The ventral aorta ends forward at the region of the mandibular symphysis,
where it divides into two trunks, a right and a left, Each of these divides in turn
into two arteries, the first supplies the hyoid arch and is known as the hyoid ; and
the second supplies the first gill-arch as a first afferent branchial artery.

The second, third and fourth afferent branchial arteries arise separately from
the ventral aorta in G. cuvier (Text-fig. 10) as well as in the rays T. lymma (Text-
fig. 17) A. narinari, Dasyatis uarnak and D. sephen. This is not in agreement with
Daniel’s statement (1934, p. 172-73) that in rays in general, only two stems leave
the ventral aorta, the first divides to supply the hyoid and the first gill-arch ; while
the second gives branches to the second, third and fourth gill-arches.

In the shark Nebrius concolor (Text-fig. 14), the second afferent vessel arises
separately, while the last two (third and fourth) arise from a short common trunk.
Daniel (1934) described a similar case in Dasyatis dipterura.

In the batoids, Rhinobatos halavi (Text-fig. 23), Rhync}zobatus djiddensis and
Rhina ancylostoma, the ventral aorta gives rise to a common trunk which divides
into the second, third and fourth afferent branchial arteries. Each afferent artery
continues around the base of the cartilaginous gill-arch in front of the branchial
rays, where it gives rise to smaller afferent arterioles both to-the anterior and the
posterior filaments of every holobranch.

C.—Efferent Branchial Arteries :

The oxygenated blood. is sent. down the gill filaments. into efferent collectors
(branchial arteries) lying at ‘the- bases, and corresponding to the number, of
the demibranchs. Thus, nine efferent collectors are present.
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‘In G. cuvier, N. concolor, T. lymma,  A. narinari, R. halavi, Rhynchobatus
djiddensis and Rhina ancylostoma, conditions in this respect agree with the general
rule for elasmobranchs, thus four complete loops are formed from eight efferent
collectors, and surround the first four gill-clefts. The efferent collector ‘which
forms the anterior part of the loop, however, is a posterior efferent collector, as
it drains the posterior demibranch of a whole gill ; and the efferent collector,
posterior to the cleft, is the anterior efferent collector of the following gill. -The
last gill-cleft (having only an anterior demibranch) has an efferent artery on its
anterior side only (Text-figs. 12, 15, 19, 22 & 25). All the above-mentioned species,
except N. concolor, agree with the general plan of elasmobranchs having the last
posterior efferent collector separated dorsally from the anterior collector, in front,
to which blood flows by means of cross trunks.

£FF.Col. p.

E£Ff.Cotl. a~=

Coe. Mes, Ar.

Text-fig. 22 : Aétobatus narinari, efferent branchial arteries together with
dorsal aorta and some of its branches,
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Text-fig. 23 : Rhinobatos halavi, ventral view of heart with coronary blood
vessels, ventral aorta, afferent arteries, efferent loops and
hypobranchial arteries.
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————
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Text-fig. 24 3 Rhinobatos halavi, dorsal view of heart with coronary blood vessels.
12
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In N. concolor, the last posterior efferent collector joins the anterior, of the
same holobranch, at the base and both form a loop (Text-fig. 15), the efferent loops
of both sides empty through four pairs of epibranchial arteries which drain into the

median dorsal aorta.

EF.Col. 0.

Eor.Ar 1 Eff. Col.a.

gor. Ar. 2

€br. Ar. 3

tbr Ar. 4

Ppig.Ar:

Brc.Ar.
Dsi.Ar.a.

Mplg. Ar.

Y\ for. d.

Coe. Mes. Ar.

Text-fig. 25 : Rhinobatos halavi, efferent branchial arteries together with
dorsal aorta and some of its branches.

D—The Dorsal Aorta and its Main Branches :

In elasmobranchs, the epibranchial arteries carry the oxygenated blood from
the branchial efferents to the dorsal aorta, which lies along the ventral surface of the
vertebral column and gives rise to the arteries which supply the different regions
of the body. It extends along the body to continue into the tail as the caudal aorta.

i
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~In G. cuvier (Text-fig. 12), the four epibranchial arteries join the dorsal aorta
at its lateral sides singly and at nearly equal distances. On each side and at the
base of the third epibranchial artery, arises the subclavian artery, which passes
obliquely postero-laterally towards the pectoral region, then joins the coracoid
artery. The latter passes to the ventral body-wall to meet the coracoid of the other
side and form together a large main coracoid artery, which passes forwards on
the dorsal surface of the pericardial cavity (adhering to the middle dorsal side of the
ventral aorta) and unites with the median hypobranchials (Text-fig. 11). A short
distance after the subclavian joins the coracoid, two dorso-lateral arteries arise
from the subclavian, an anterior which passes antero-laterally to supply the anterior
muscles of the body and a posterior which supplies the posterior muscles.
A short distance posterior to these two arteries, the brachial leaves the subclavian
and enters the foramen of the pectoral girdle to supply the pectoral fin, where
it divides into two branches, a median pterygial and a lateral pterygial, and
the latter soon divides into two branches. An unpaired coeliaco-mesenteric
artery arises from the ventral wall of the dorsal aorta just posterior to the
union of the fourth pair of epibranchial arteries to supply the viscera.

The dorsal aorta then c-oyntinués posteriorly, g’iving_ the two iliac’branches which
supply the pelvic fins, before it enters the tail as a small caudal artery. -

Nebrius concolor differs-from G. cuvier in the origin of the subclavians which
in the former (Text-fig-15) originate from the aorta a considerable distance posterior
to the place of origin of the fourth pair of eipibranchial arteries. The coeliaco-
mesenteric axis arises from the ventral side of the dorsal aorta, between the origin
of the subclavians, and at its own origin gives a branch to supply the gonads.

The subclavian in 7. lymma (Text-fig. 19) originates from the side of the dorsal
aorta just before the origin of the fourth epibranchial artery. The brachial here
differs from the two sharks described above as in supplying the pectoral fin, it divides
into two branches : a propterygium which passes anteriorly and divides shortly
after its origin giving rise to two branches to supply the anterior and middle muscles
of the fin, and a metapterygium which supplies the- posterior muscles of the fin by
means of numerous smaller branches. An- oviducal artery passes from the sub-
clavian, shortly after its origin, to supply the oviduct (this was a mature female
specimen). .

Aétobatus narinari (Text-fig. 22) has a particularly strong and well marked
subclavian artery which originates laterally from the dorsal aorta, a considerable
distance antérior to-the bases of the fourth pair of epibranchial arteries. The
brachial divides into its two branches (propterygium and metapterygium), as in
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T. lymma, though both. branches are here well developed, to supply the larger
pectorals ; and the metapterygium is very strong and gives rise to two branches,
one passing transversely to supply the middle muscles of the fin and the other
posteriorly to supply the posterior muscles of the fin.

In contradistinction with the above, in the transitional batoid, Rhinobatos
halavi (Text-fig. 25), a single trunk carries the supply of the first, second, and third
epibranchial arteries, to the dorsal ; and the fourth epibranchial artery alone leads
shortly to the aorta, somewhat posterior to the former trunk. The subclavian
emanates from the dorsal aorta just at the base of the fourth epibranchial artery.
The brachial divides, as in the rays described above into an anterior propterygium
and a posterior metapterygium ; but neither the transverse branch given from the
propterygium in T. [ymma nor that given from the metapterygium in A. narinari
is developed in R. halavi.

E.—Hypobranchial arteries :

In elasmobranchs, the hypobranchial arteries form the most complex system
of vessels in the ventral wall and floor of the pharyngeal region. This system is
formed by the small vessels which connect the ventral ends of the efferent branchial

loops.

In G. cuvier (Text-fig. 10) the first and second loops are connected by a lateral
hypobranchial artery, and similarly are the third and fourth loops. A commissural
artery passes transversely from the first loop and connects with that of the other
side (in the pharyngeal wall, dorsal to the ventral aorta) (Text-fig. 11). Four
commissural arteries extend on each side respectively from the second, third and
fourth loops, as well as the last efferent collector ; and all join the corresponding
hypobranchial artery. On the dorsal wall of the ventral aorta, the commissural
arteries continue to connect the two median hypobranchials. Each of the latter
extends along the latero-dorsal wall of the ventral aorta (Text-fig. 11) from just
anterior to the second afferent rearwards to a distance before the fourth afferent
artery, where each median hypobranchial gives from its ventral wall a pericardial
artery. This passes posteriorly to supply the dorsal wall of the pericardial cavity,
then continues towards the middle side of the dorsal wall of the ventral aorta ;
where the two median hypobranchial arteries -unite, just opposite to the origin of
the fourth pair of afferent arteries, and form a large main coracoid artery.  This
continues posteriorly on the dorsal wall of the ventral aorta and adheres to the dorsal
wall of the conus arteriosus. ..

- Nebrius concolor possesses a relatively simple hypobranchial system. A lateral
hypobranchial attaches thefirst and second loops (Text-fig. 14). A short median
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hypobranchial extends on each of the lateral sides of the ventral aorta, in the region
between the third and fourth afferent arteries. The last posterior efferent collector
joins a common artery of the fourth loop, and a commissural artery from each of
the second, third and fourth loops joins the corresponding median hypobranchial.
Two small commissural arteries pass transversely on the dorsal side of the ventral
aorta at the bases of the second and third loops, and connect the two median
hypobranchials. The pericardial artery arises from the median hypobranchial
at a level between the bases of the third and fourth commissurals (Text-fig. 13).
The coracoid artery arises at the right side from the base of the right median
hypobranchial artery and passes obliquely adhering to the dorsal wall of the conus
arteriosus (Text-fig. 14).

A rather different case is found in 7. lymma (Text-fig. 17), where lateral
hypobranchials are missing, resembling the case described by Daniel (1934) in
Dasyatis dipterura. - The first loop is not connected to the second one ; and the
two median hypobranchials extend from a distance somewhat anterior to the second
afferent artery and pass latero-ventrally towards the middle of the ventral side of
the ventral aorta, and unite ventrally nearly between the fourth pair of afferent
arteries ; as well as dorsally (at the same level) where a main coracoid artery passes
dorso-laterally close to the conus. A commissural artery from each of the second,
third and fourth loops joins the median hypobranchial of its-side. The last efferent
collector joins the median hypobranchial directly. The pericardial artery arises
at the base of each median hypobranchial just before its union dorsally with its
fellow. :

Aétobatus narinari (Text-fig. 20) hés two long median hypobranchials passing
on the lateral sides of the ventral aorta, alongAthe.distance between the first and
second loops ; and continue latero-ventrally along the ventral aorta ; and are thenv
joined dorsally posterior to the fourth pair of afferent arteries to give the main
coracoid artery (Text-fig. 21). Commissural arteries from the bases of all the four
loops as well as from the last efferent collector join the median hypobranchials.
The latter are connected transversely by two commissural arteries on the dorsal
side of the ventral aorta (at the bases of the first and second loops) as well as by
a third ventral one, passing at the bases of the third loops. The pericardials originate
asymmetrically ; the left arising from the base of the left median hypobranchial,
just anterior to the conus arteriosus ; while the right is given at the same level, but
from the coronary artery (which branches from the left median hypobranchiél).
A main coracoid artery originates from the base of the last dorsal commissural
artery (Pl. V, Fig. 3 and Text-fig. 21).
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The two median hypobranchials in R. Aalavi pass lateral to the ventral aorta,
from opposite the second loop rearwards till the second afferent trunk, where they
turn to pass ventral to it. As usual, commissural arteries are present and pass
from the first ; second and third loops only. A commissural artery from the last
efferent collector as well as from the fourth loop joins that of the third loop. The
two median hypobranchials are connected dorsally by three transverse commissural
arteries (Text-figs. 23 and 24). o

F.—Coronary vessels :

The coronary arteries arise from the hypobranchial arteries. The coronary
veins pour directly into the sinus venosus.

In G. cuvier, two well developed coronary arteries arise, one on gither side,
from the base of the last commissural (Text-fig. 10) and then bend upwards toward
the ventral side of the ventral aorta ; both arteries are short and pass obliquely
towards the middle where they unite (nearly between the fourth pair of afferent
arterjes) to form a strong middle artery. This continues posteriorly along the
middle side of the ventral aorta, reaching the origin of the corius arteriosus where
it gives rise to two well-developed coronary arteries : a lateral right and a ventral
median.  The lateral right. coronary artery extends latero-dorsally (Text-figs.
10 and 11) and supplies the ventro-lateral, as well as the latero-dorsal wall of the
conus ; and then divides at the base of the latter, on the right to give rise to two
branches which pass to the ventricle as a well-developed dorsal median branch,
which supplies the dorsal surface of the ventricle ; and a lateral right branch which
supplies the right wall of the ventricle, ventrally and dorsally. The ventral
median coronary artery (Text-fig. 10) extends "along the conus arteriosus and
passes shortly to the ventricle, where it divides into three branches, a median and
two laterals ; all of which supply 't_he ventral wall of ‘the ventricle, and in addition
the median branch gives numerous others which turn over the apex to supply the
posterior dorsal wall of the ventricle. Dorsally, at the beginning of the conus,
another coronary branch arises from the main coracoid artery ; and after a short
distance divides into twb, one to supply the dorsal wall of the conus, and the other
passes to the auricle.

" In G. cuvier blood is colected from the wall of the conus arteriosus by numerous
vessels which pour into a right coronary vein (Text-fig. 10) that extends ventrally
along the right side of the conus arteriosus and parallel to the right coronary artery.
After receiving several vessels collecting from' the ventral part of the right wall
of the ventricle, the right coronary vein turns—at the end of the conus—to the dorsal
wall and passes parallel to the base of the conus, then extends to the sinus venosus
where it opens near the right side -of the right sinu-auricular valve, by a large
opening (which reaches 15 cm. in a specimen 321 cm. long).
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A large left coronary vein, passing parallel to the base of the auricle (Text-figs.
10 and 11), receives branches collecting from the ventral part of the left wall of the
ventricle, a branch from the auricle and several branches from the dorsal part of
the left wall of the ventricle ; then turns dorsally to open into the left side of the
base of the left sinu-auricular valve by an opening similar to that of the right coronary
vein.

Many collecting branches carry the blood from the dorsal walls of the ventricle
and pour into a median coronary vein that opens just posterior to the opening
of the right vein. Other cardinal veins (small branches), as described by Daniel
(1934) in some elasmobranchs, are not present here.

Ventrally, in N. concolor (Text-fig. 13) a well-developed left coronary artery
arises from the left median hypobranchial at the base of the third loop and passes
along the ventral left side of the conus till the base, where it gives rise to the several
branches which supply the ventricle. Another two smaller coronary arteries pass
from the ventral base of the right median hypobranchial (between the third and
fourth loops) and extend posteriorly to supply the ventral wall of the conus and
join the left coronary artery at its base.

The dorsal wall of the conus (Text-fig. 14) and the antero-dorsal wall of the
ventricle are supplied by certain branches from two coronary arteries arising from
the base of the left median hypobranchial. From the coracoid artery, a dorsal
coronary artery is given at the base of the conus to supply the dorsal, latero-dorsal
and postero-ventral wall of the ventricle. Similarly, a branch arises from the
coracoid to supply. the auricle.

A large coronary vein which passes at the ventral base of the conus parallel
to the coronary artery, receives certain venioles collecting from the ventral walls
of the conus and ventricle, turns to the dorsal side where it receives other collecting
vessels from the dorsal side of the conus, and then passes posteriorly to open at
the base of the right sinu-auricular valve.

On the dorsal side of the ventricle (Text-fig. 14) a collecting vein passes
parallel to the lateral coronary branch and collects from the right latero-dorsal
wall, then joins other branches collecting from the posterior ventral wall, to form a
median coronary vein which opens in the sinus venosus at the left side of the base
of the sinu-auricular. valve. Collecting veins from the left latero-ventral walls
together with one from the auricle join a left latero-ventral vein which turns dorsally
to receive collecting branches from the posterior left corner of the ventricle and
together form a left dorsal coronary vein. This opens together with the median
coronary vein by a common opening (4 mm. in diameter in a specimen 224 cm.
long). Numerous small veins (cardinal veins of Daniel. 1934) that collect the blood
from the median dorsal walls of the ventricle have numerous openings directly
to the posterior margins of the sinus. .



188 INTERNAL ANATOMY OF SELACHII

T. lymma has a single main coronary artery which arises from the base of union
of the two median hypobranchials on the ventral side (Text-fig. 17). This artery
passes along the median ventral side of the conus arteriosus—or may be ‘slightly
to the left—and continues posteriorly giving branches to the left wall of the ventricle,

as well as a branch to the auricle. Dorsally (Text-fig. 18), a coronary branch is

given from the coracoid at the right side of the base, to supply the dorsal and the
ventral right walls of the ventricle.

Blood is collected from the ventral walls of the conus by several venioles which
pour into one vein (Text-fig. 17) that turns- dorsally to unite with another draining
the left wall of the dorsal, as well as with a branch collecting from the auricle. The
so-formed main coronary vein opens at the base of the sinu-auricular valve by a
middle small opening (Text-fig. 18). Another coronary vein passes parallel to the
right side of the coracoid and receives certain venioles, then extends parallel to
the base of the conus receiving branches collecting from the anterior dorsal wall
of the ventricle, and finally passes to open at the right side of the base of the sinu-
auricular valve. Blood collected from the posterior ventral wall of the ventricle,
as well as from the dorsal left wall, is drained into a left coronary dorsal vein which
opens by a left opening to the sinu-auricular valve.

The conus arteriosus in A. narinari has a large left coronary artery (Text-fig. 20)
which arises from the base of the left median hypobranchial and extends laterally
reaching the ventricle giving rise to branches which supply the wall of the ventricle
and auricle. This artery differs slightly in position from one specimen to another,
as it lies completely ventral in some cases while ventro-lateral in others. Another
coronary branch, extending (ventrally) from the left base of the transverse ventral
commissural, supplies the ventral wall of the conus.

Dorsally, a small median branch arises from: the last transverse commissural
artery, and supplies the dorsal wall of the conus, and a left coronary branch is
given from the coracoid artery at the base of the conus.

Small branches collecting from the ventral and dorsal wall of the conus, the
auricle and the antero-ventral wall-of the ventricle drain into a main coronary vein
which opens on the right side at the base of the sinus. A left coronary vein collects
blood from the posterior and left ventral walls of the ventricle as well as from the
dorsal wall. Few dorsal branches pour into the middle coronary vein.

The arrangement of the coronary arteries and veins of R. halavi (Text-figs.
23 and 24) resembles much that in A. narinari ; though in R. halavi, the cardinal
veins are numerous and dispersed on the dorsal side of the ventricle.

.
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Urinogenital System

The mesonephroi lie dorsally on each side of the spinal column. In the sharks,
where the body is elongate, the mesonephroi extend as two bands, narrow anteriorly
near the base of the liver and somewhat wider posteriorly near the cloacal region.
In rays, where the trunk is short, the mesonephroi are short and thickened poteriorly.

Female Urinary System :

In Galeocerdo cuvier (Text-fig. 26) , the kidneys appear as the general case
above-described in sharks. As a whole, the kidney consists of multitudes of small
lobules, which give evidence to its segmentation.

The excretion of each kidney (as is the general case in elasmobranchs) is collected
by fine collecting tubules. In the anterior half of the mesonephros, these tubules
(about 6) join a fine Wolffian duct, that passes posteriorly on the ventro-lateral
surface of the mesonephros to join the corresponding ureter. This extends along
the posterior half of the ventral surface of the mesonephros as a thin-walled tube,
which gradually increases in width rearwards, and along its course it receives the
collecting tubules (6-8) from the posterior mesonephros. Posteriorly, both ureters
pass close to one another towards the cloaca, where they become narrower, and
open into the dorsal wall of a sac-like structure, the urinary-sinus ; this in turn
opens by a urinary opening at the tip of a papilla.

In the nurse-shark Nebrius concolor (Text-fig. 28), the structure of the urinary
system is similar to that of G. cuvier, though the mesonephroi are here less lobulated.

In the ray Teniura lymma (Text-fig. 31), the kidneys are shorter than those
described above. The anterior mesonephros is a narrow thin irregular, ribbon-like
lobe, with faint transverse partitions. It begins anteriorly a considerable distance
posterior to the oviduct on both sides of, and very close to, the vertebral column;
and extends posteriorly for a length slightly less than half the total length of the
kidney. The posterior mesonephros is a thick lobe which broadens posteriorly,
and is formed of a great number of nearly hexagonal lobules. The Wolffian duct
is here very fine, extending on the ventro-lateral side of the anterior mesonephros
facing the vertebral column, and receives about 8 collecting tubules. Posteriorly,
the Wolffian duct joins the ureter which is markedly wide, and increases gradually
in width posteriorly. This extends on the latero-ventral surface of the posterior
mesonephros very close to the vertebral column. The ureter receives singly the
collecting tubules (about 11) of the posterior mesonephros. The two ureters pass
close to one another and unite at their entrance to the urinary sinus, where they
open by a single opening. o

The urinary system of the ray Aétobatus narinari. resembles that of Teniura
Iymma in all respects. :
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| Text-fig, 27 : Galeocerdo cuvier, urinogenital system of an -adult male,
Text-ﬁg. 26_ : Galeocerdo cuvier, urinogenital system of an adult
" ‘fomale (left ovary and oviduct from shell-gland to [
posterior end are removed ). *
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Text-fig. 28 : Nebrius concolor, urino-
genital system of an adult
mature female (left ovary
and right oviduct from
shell-gland to posterior
end are removed).

Rhinobatos halavi (Text-fig. 36) and Rhynchobatus djiddensis have the same
type of urinary system. In these the mesonephroi are characterized by their posterior
extension to a distance somewhat posterior to the cloaca. The anterior mesonephros
is narrow, as usual, amounts to about one half of the total length of the kidney
and is divided into relatively longlobes. The posterior mesonephros is thick, widens
gradually posteriorly till opposite the urinary vesicle and then narrows down again.
It is markedly divided into large lobes which are in turn divided into numerous
rounded lobules. The Wolffian duct passes along the middle of the ventral side of the
anterior mesonephros, receiving the collecting tubules (10-11), then joins the ureter
which passes medially along -the ventral surface of the mesonephros. - The ureter
continues along the rear portion of the mesonephros which lies on the sides and
posterior to the cloaca; and several collecting tubules (about 13) open singly into
the ureter along its whole length. A little anterior to the level of the urinary sinus a
slender side-tube originates from the ureter passing medially and somewhat
posteriorly to join the sinus near the orifice of the tube of the other side.

s

ey — 4

e

PUBL. MAR. BIOL. STA., AL-GHARDAQA, EGYPT, NO. 13

193

(=]

2cm. Pv.Fn. |

Text-fig. 29 : Taeniura Iymma, ventral view of the urinogenital system of an
adult pregnant female (in situ).
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Text-fig. 30 :

Taeniura lymma,
right oviduct, uterus
and vagina opened
lengthwise ventrally
to show internal
structures.
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Text-fig. 31 : Taeniura Iymma,
urinary system o f
an adult female
(kidneys are some-
what stretched
outwards),
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Text-fig. 35 : Rhinobatos halavi, urinogenital system of an adult mature male ;
the right testis, vas deferens and sperm sac are removed.

PUBL. MAR. BIOL. STA., AL-GHARDAQA, EGYPT, NO. 13 199

Male Urinary System :

In Galeocerdo cuvier(Text-fig. 27) as well as in Nebrius concolor the mesonephroi,
especially their anterior portions, forming the so-called Leydig’s gland, are better
developed in malés than in females,and the kidneys begin anteriorlyand pass rearwards
gaining gradually in breadth and thickness. They have the same irregular lobulation
as those of the female. A The ventral surface of each mesonephros is thrown into
a convoluted tube (vas deferens to be described below with the genital system),
that represents the Wolffian duct of the female. The ureter is here confined to the
posterior mesonephros (about one third of the total length of the kidney) and
receives from it 10-11 collecting tubules. The two ureters then pass near one
another towards the cloaca, to open on the dorsal wall of the-urinogenital sinus.

In the rays Teniura lymma and Aétobatus narinari, the anterior mesonephros
is much broader in the male than that in the female and attains a greater length.
It appears as a separate irregular lobe which abuts on the ventral surface of the
anteriormost portion of the posterior mesonephros. This is, in turn, shorter and
broader than that of the female and is divided into many lobules. The vas deferens
is here much convoluted and complex ; and the ureter is shorter than that of the
female and lies on the ventro-lateral side of the posterior mesonephros (facing the
vertebral column). Each ureter receives nine collecting tubules and passes to
open in the urinogenital sinus (Text-fig. 33).

The male Rhinobatos halavi (Text-fig. 35) has the anterior mesonephros, as
usual, better developed than.the female; and still better than any other species here
described. It is a club-shaped unsegmented lobe, with an apex protruding towards
the vertebral column, and is relatively longer than the posterior mesonephros.
This is also well developed, and is divided into several, relatively large, lobules.
Ten collecting tubules open into the ureter which. passes along the middle of the
ventral side of the posterior mesonephros. The two ureters pass to the dorsal
side of the urino-genital sinus to open separately side by side.

The urinary system of Rhynchobatus djiddensis conforms with that of R. halavi,
but the mesonephroi are here larger.

Female Genital System :

In mature females of Galeocerda cuvier (Text-fig. 26) two large flattened
ovaries lie in the anterior part of the body cavity suspended by the mesovarium.
In the non-ovulating season, each ovary contains numerous minute ova embedded
in the tissues and not visible externally.
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Two oviducts extend along the entire length of the abdominal cavity.
Anteriorly, they are located just ventral to the base of the liver ; and are attached to
the peritoneal-pericardial septum by means of a thin layer of mesentery. Both
ducts open into the body cavity through a common median longitudinal slit, the
oviducal funnel. Each oviduct passes outwards from the funnel and then inwards
toward the anterior part of the kidney, where it enlarges to form the shell-gland.
It then, continues rearwards (ventral to the Wolffian duct) till it reaches the
mesonephros, where it swells into a long uterus. Each uterus passes posteriorly
towards the cloaca, to open separately into the vagina. This, in turn, opens into
the cloaca, ventral to and separately from the urinary sinus. -

The internal walls of the uteri were found highly vascular and thick.

The female genital system of Nebrius concolor (Text-fig. '28) resembles greatly
that of Galeocerdo cuvier except that each oviduct opens separately into the body
cavity.

In the specimen examined, the right ovary was larger than the left and markedly
thick and carried numerous ova bulging from its surface.

Internally (Pl. VII, Fig. 1), the lining of the oviduct anterior to the shell-gland
is thrown into longitudinal folds. The shell-gland is of relatively immense size
and provided with highly muscular walls and a smooth lining. At the end of the
shell-gland there is a well developed oviducal valve leading to the posterior oviduct,
which is lined with papillated longitudinal folds. This part leads to a distended
bag-like uterus (in which were found four thick brownish horny shells, empty in
March) and open along one half. The lining of this uterus is thrown into numerous
low transverse folds, crossed longitudinally by a great number of very thin villi
forming a reticular structure (Pl. VIII, Fig. 2).

In adult female Teniura lymma (Text-fig. 29) two ovaries are found, of which
the left is larger and carries numerous small eggs 1-3 cm. in diameter, which are
visible through the thin walls of the ovary. In contrast to the sharks described
above, the ovary of Teniura has a posterior irregular continuation of a heavy
mass of tissue, devoid of ova. This is the rudiment of the epigonal organ, found
in some elasmobranchs ; and is described to consist of a mass of lympho-myeloid
tissue, the centre of formation of erythrocytes as well as leucocytes (Matthews,
1950). The epigonal body of both ovaries extends posteriorly reaching the rectal
gland.

Each oviduct opens separately into the abdominal cavity. The oviducts are
relatively short, and the right is greatly reduced and leads posteriorly to a small
non-functional uterus. On the other hand, the left oviduct is developed, and the
shell-gland is large and leads by an oviducal valve to the uterus (Text-fig. 30). This
is much distended, and in contrast to the sharks, follows directly the shell-gland.
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In a pregnant female with two fully developed embroys, in June, the internal lining
of the left uterus was provided with numerous high papillae and at the end of this
uterus there was a constricted muscular area representing the os uteri which opened
into the vagina.

The genital system of Aétobatus narinari resembles in all respects —even in
internal structure of the uterus of the pregnant female— that of T. lymma.

Mature Rhinobatos halavi resembles Rhynchobatus djiddensis in the structure
of the genital system. They have well developed ovaries, which were full of
large eggs, 3-10 cm. in diameter, from April to October, in the pregnant individuals.
In both species the two oviducts are functional, and open into the body cavity
by a common oviducal opening. Between May and November, four to five fully
developed embryos with external yolk-sacs were found in each uterus of R. halavi.
In Rhychobatus, in June, a female was obtained which had, in each uterus, four
thin-walled egg-cases full of yolk, while another female delivered four young in
October, and had the internal lining of the uteri thrown into irregular folds. These
are higher and more numerous in Rhinobatos (Pl. VII, Fig. 4) than in Rhynchobatus
(PL. VII, Fig. 5).

In Pristis pectinatus six eggs weighing 4.5 kgm. were extracted from the uteri
of one female. The egg-capsule was divided into three compartments, each
containing a single egg (Text-fig. 37).

Male Genital System :

The genital organs of the adult male Galeocerdo cuvier are elongate flattened
cream organs, the testes (Text-fig. 27) lying on both sides of the kidneys and extending
posteriorly over about two thirds of the length of the abdominal cavity. They
are attached to the dorsal body wall by means of a stout mesorchium.

On the ventral surface of the anterior mesonephros (Leydig’s gland which
changes its function in adult males to the secretion of a kind of spermatic fluid),
lies a ‘mass of convoluted tubules, the vas deferens (corresponding to the Wolffian
duct of the female) known wholly as the epididymis. Each testis communicates
with the corresponding vas deferens, through four minute vasa efferentia, which
come out from the anterior end of the testis and pass into the mesorchium to join
the vas deferens. Along the anterior two thirds of the ventral surface of the meso-
nephros, the vas deferens is much convoluted and partly embedded in the superficial
mesonephric tissue. Along the posterior third of the mesonephros, the vas deferens
becomes less convoluted, and then gradually enlarges to form the vesicula seminalis
(ampulla ductus deferentis of Matthews, 1950). The ampullae of the two sides
pass posteriorly approaching one another, becoming narrower and then open
separately on the antero-dorsal surface of the urino-genital sinus, ventral and
lateral to the entrance of the ureters.
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: Three eggs inside an egg-case.

Right : Enlarged part of same.

Text-fig. 37 : Pristis pectinatus, Left

Text-fig. 36 : Rhinobatos halavi, urinary system of adult female
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In a mature male Nebrius concolor, the testes are much stouter than those of
Galeacerdo of equal size.. They are ripe and divided into lobules. The vesiculae
seminales are developed. A very characteristic organ is the urinogenital sinus which
is here conical, long and thick-walled. The urinogenital opening lies at the end
of a relatively long posterior portion of the sinus which protrudes freely out of the
cloaca.

In an adult male Teniura lymma (Text-fig. 32), the testes are constituted of two
long narrow lobes of which the left is longer. Each testis is divided transversely
into lobules which are larger in the left testis. Posteriorly, each testis is combined
with its corresponding irregular epigonal organ, which reaches posteriorly to the
end of the abdominal cavity, where both epigonal bodies attach together and to
the rectal gland. The epigonal bodies are not found in either of the two sharks
described above. The central canal of the testis is clear, and extends in the middle
nearer to the ventral surface. At the anteriormost portion of the testis a single vas
efferens comes out from the central canal and joins the vas deferens (Text-fig. 33)
which is markedly convoluted and complex and represents the anterior half of the
anterior mesonephros, then it becomes deeply embedded posteriorly in the tissues
of the mesonephros, and appears again to run straight along the posterior portion
of the antetior mesonephros ; then it bends rightwards to give the vesicula seminalis,
which is here a thick-walled, straight tube, extending along the latero-ventral side
of the posterior mesonephros, facing the vertebral column  and covering the ureter
below it.

"Anterior to the urinogenital sinus, and ventral to the end of the vesicula
seminalis, lies a blind sub-rounded sac, the sperm-sac. At first sight, it appears as
if it were connected to the vesicula seminalis ; but when carefully examined, it was
found separate. Each sperm-sac is embedded at its end in the antero-dorsal wall
of the urino-genital sinus, near and outer to the openings of the vesiculae seminales.
Thus, in the urinogenital sinus of the male T. Iymma open the ureters, the - vesiculae
seminales and the sperm-sacs (Text-fig. 34).

The male genital organs of Aétobatus narinari are similar in structure to those
of T. lymma.

. The genital system of male Rhynchobatus djiddensis resembles that of Rhinobatos
halavi (Text-fig. 35). It consists of kidneyfshaiped testes, divided up into a number
of irregular lobes provided. centrally with fine trabeculae. There is an epigonal
organ occupying about the rear third of the testis, and as usual attaches to the
rectal gland.
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As‘in T. lymma, a single vas efferens emerges from the central canal of the testis
and joins the vas deferens. The sperm-sacs are here well-developed elongated blind
structures which, as described in 7. lymma, open into the urino-genital sinus. Daniel
(1934, p. 302) stated that the sperm-sacs are of small size in Squalus and Raja and
are described as urinary bladder in some rays.

4. Nervous System

Although several anatomical works have been carried on the brain of different
elasmobranchs, e. g. Chlamydoselachus (Garman, 1885) ; Heterodontus, Heptanchus,
Scoliodon, Raja, Mpyliobatis, Scymnus and Squalus (Daniel, 1934) ; Cetorrhinus
(Matthews and Parker, 1950) and Manta (Gohar and Bayoumi, 1959) yet—as far
as we are aware —no work was done on the brain of Galeocerdo cuvier, Nebrius
concolor, Taniura Lymma, Aétobatus narinari, Rhinobatos halavi or Rhynchobatus
djiddensis. Therefore, the anatomy of the brain and the cranial nerves of the above-
mentioned species is here described.

The Brain :

For the study of the brain, the head was injected with 407, formaldehyde
solution and after allowing it sufficient time to harden, the brain was exposed and
studied in situ. It was then extracted from the neurocranium.

When examined in situ the brain is found to differ in size, relative to the brain-
case, from one species to another.

' In the adult shark N. concolor (P VII, Fig. 4) as well as in G. cuvier, the brain
is relatively small and occupies about the posterior half of the brain-case, to the
shape of which it is moulded. -Accordingly, the brain is elongated, and somewhat
compressed laterally. In a specimen of N. concolor, 215 cm. long and 50 kgm.
in body weight, the brain weighed 27 gm. ; while in one of G. cuvier, 305 cm. long
and 150 kegm. in body weight, the brain was only 50 gm.

The rays T. lymma (Pl. IX, Fig. 5) and 4. narinari (P1. IX, Fig. 4) have large
brains, compared with the above-described sharks. The brain occupies more than
two thirds of the cranium, and its general shape especially in A. narinari, is broader
than that of the previously described sharks. The weight of the brain of an adult
specimen of T. Iymma, 67 cm. long and 1.330 kegm. in body weight, was 18 gm,,
and in an adult 4. narinari, 218 cm. long and 70 kgm. in body weight it was

90 gm. .
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The transitional batoids, R. halavi, R. djiddensis and R. ancylostoma, have
comparatively smaller brains than those of the above described rays ; and the brain
resembles that of sharks in occupying the posterior, somewhat less than half, part
of the brain-case. The weight of the brain was 11 gm. in an adult individual of
Rhinobatos halavi (171 Cm. long and 15 Kgm. in body weight) and the brain of an
adult Rhynchobatus djiddensis (280 Cm. long and 110 Kgm. body weight) weighed

40 gm. .

As usual in all vertebrates, the brain in these species is made up of five divisions,
the telencephalon, the diencephalon, the mesencephalon, the metencephalon and
the myelencephalon.

The Telencephalon :

This is the largest part of the brain, and differs in shape from one species to
another. It is somewhat roundish in G. cuvier (Pl. VIII, Fig. 1) and N. concolor
(PL. IX, Fig. 1) ; but tends to be long and angled in 7. lymma (Text-fig. 38)
and A. narinari (Pl. X, Fig. 1), but in R. halavi (PL. X, Fig. 4) and R. djiddensis
(PL. XI, Fig. 4) it is short and broad.

Dorsally, the telencephalon appears as a compact mass ; and the bilobed nature
found in some elasmobranchs e. g. Heterodontus francisci (Daniel, 1934, p. 231),
is slightly indicated by a superficial longitudinal sulcus, at the middle of the anterior
portion of the brain better seen in N. concolor (PL. VIII, Fig. 4) and T lymma (PL. IX,
Fig. 5). The dorsal surface of the telencephalon is elevated to form the so-called
pallial eminences. ’

The median olfactory nucleus projects slightly as an anterior rounded ventrally
directed projection. It is somewhat more developed in G. cuvier, N. concolor
and T. lymma (Pl. VIII, Fig. 4, PL. IX, Fig. 2 and Text-fig. 38). The median
nucleus is separated dorsally from the pallial eminences by a transverse sulcus,
the pallial sulcus, which is best seen in Teniura Iymma and Nebrius concolor (Pl
IX, Fig. 1).

Ventrally, the telencephalon is divided by a median superficial septum, into
two massive corpora striata (PL. VIII, Fig. 3, PL. IX, Fig. 2, Text-fig. 39., PL, Fig. 2
and PL. XI, Fig. 1).

Two olfactory lobes bulge laterally, on either side of the telencephalon,
and are attached dorsally to the median olfactory nucleus and ventrally to the corpus.
striatum. The olfactory lobes join the olfactory bulbs posterior to the correspond-
ing olfactory organ by means of the olfactory tracts. These differ in the extent of
their development and extension, according to the position of the brain in the brain-
case as well as the situation of the nostrils and the degree of their separation.



206 INTERNAL ANATOMY OF SELACHII

In N. concolor and G. cuvier, where the brain occupies a posterior position in
the chondrocranium ; and the nostrils are relatively widely separated, the olfactory
tracts reach their maximum length and pass parallel to one another for a considerable
distance after which they diverge each towards its corresponding olfactory organ.

_A. narinari, where the brain occupies most of the brain-case and the nostrils
lie near together (separated by an isthmus) possesses short and thick olfactory tracts,
which pass parallel to one another and end in the bulbs which are —in contrast to
the above-described sharks— very near to one another.

. /
Teniura lymma possesses shorter and thicker olfactory tracts which are also
parallel and have bulbs situated nearer than in 4. narinari.

The olfactory tracts are widely divergent and particularly short in Rhiriobatos
halavi and Rhynchobatus djiddensis (Pl. XI, Figs. 1 &4). This is in agreement
with the position of the nostrils which are comparatively widely situated.

The Diencephalon

The telencephalon continues posteriorly into the diencephalon, the roof of which
is hidden by the anterior portion of the cerebellum. However, in G. cuvier (PL
VIII, Fig. 1) there is, near the end portion of the telencephalon, a median cavity
roofed by a thin layer, the anterior choroid plexus. This opening leads into the

cavity of the diencephalon; the third ventricle. In the middle of the thin roof of

the diencephalon and posterior to the anterior choroid plexus, there is a ganglionic
part the *habenular ganglion’, from which the pineal stalk had arisen.

The diencephalon continues posteriorly, gradually narrowing to the place
of the optic chiasma ; from the posterior “and ventral surface of which the in-
fundibulum hangs down (PL. VIII, Fig. 3, PL IX, Fig. 2, Text-fig. 39, Pl. X, Fig. 2
and PL. XI, Fig. 1) and backward; and at its sides, anteriorly, are the rounded inferior
lobes (lobi inferiores) and, posteriorly, the vascular sacs (sacci vasculosi) lie. The
pituitary organ lies along the middle portion in between the sacs of both sides.

In G. cuvier the inferior lobes are rounded and well developed ; and are partly
ventrally covered by the underlying pituitary body. The sacci vasculosi, on the
other hand, are much developed and pass to the dorsal side of the middle part of
the pituitary. These sacs are thin-walled and highly vascular. The pituitary body

is well-developed.and extends anteriorly reaching the optic lobes ; and thus the

infundibulum is hidden in G. cuvier by the well developed inferior lobes, the vascular
sacs and the pituitary organ. - The pituitary body is here externally divided into
four well defined divisions : a roundish anterior part, an elongated middle part
(largest part), and two lateral posterior portions, which are the smallest and are
partly hidden by the vascular sacs.

———— -
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The inferior lobes in N. concolor are relatively less developed than in the case
of G. cuvier, and the vascular sacs are much reduced. = The pituitary organ is simpler
and much smaller than that of G. cuvier, as it is here formed of a continuous mass,
faintly divided externally into an anterior elongated lobe, a middle nearly rounded
part and a posterior very small rounded third lobe, and the superficial longitudinal
sulcus passing along the middle line of practically the whole pituitary organ is deeper
and better detected than in G. cuvier.

In Teniura lymma the vascular sacs —in contrast with the above-described
species— have thick walls. The pituitary body of T. lymma has, besides the four lobes
found in that of Nebrius concolor, a pair of superior lobes which lie in between
the sides of, and dorsal to, the intermediate and posterior lobes.

A. narinari has well developed inferior lobes and vascular sacs, and the pituitary
forms a longitudinal continuous broad lobe which narrows only at the middle portion.

In R. halavi as well as in R. djiddensis the vascular sacs are small. The pituitary
is-also small, and is formed of two parts, a long thin stalk: which passes between
the inferior lobes and continues into a triangular small Iobe, that lies between the
anterior half of the vascular sacs. This is followed by the apex of the triangular
second portion ; which is highly vascular and extends posteriorly to a considerable
distance behind the vascular sacs. ’

The Mesencephalon :

The mesencephalon varies considerably in the different species. In some forms
it is relatively inconspicuous, being hidden dorsally, under the well-developed
cerebellum and ventrally by the infundibulum and associated structures, while in
others it is well-developed and clear.

The roof. of the mesencephalon is composed of a right and a left optic lobes,
which vary in the degree of development in the different species.

In G. cuvier, the optic lobes are of enormous size, form two rounded structures
lying close to each other and are highly elevated. Although they are partly covered
by the cerebellum, yet they can be:-seen dorsally (P1. VIII, Fig. 1) and better than
in-lateral view (Pl VIII, Fig. 2) : o

The optic lobes are very small and completely hidden by the cerebellum in
Nebrius concolor and Aétobatus narinari, though in the former they are visible
laterally (P1.IX, Fig. 3 and PL, X, Fig. 3). They are moderately developed in Teniura
lymma (Text-figs. 38 and 40) and Rhynchobatus djiddensis. (Pl XI, Fig. 4) where they.
are visible both dorsally and laterally

The ‘third cranial nerve (the’ oculomotor) passes through the ventral walls of
the mesencephalon, from which the fourth nerve (the trochlear) arises dorsally.
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The Metencephalon :

This segment of the brain is usually large in elasmobranchs, and especially
dorsally, where it is developed into the large cerebellum.

In G. cuvier, the cerebellum (Pl. VIIIL, Fig. 1) is rhomboid moderately developed
and its dorsal surface is divided by two transverse furrows into three divisions,
of which the anterior is the smallest and the posterior the largest, these do not extend
greatly posteriorly, and accordingly the proximal portion of the medulla oblongata
is clear.

The cerebellum in N. concolor (Pl IX, Fig. 1) is relatively longer than that of
G. cuvier, and has the dorsal surface, more or less, divided transversely into nearly
ten divisions, which decrease gradually in size posteriorly. The optic lobes and
the restiform bodies, lying ventral to the cerebellum, are completely hidden by the
latter.

In the two transitional batoids, Rhinobatos halavi (Pl. X, Fig. 4) and
Rhynchobatus djiddensis (P1. XI., Fig. 4) the cerebellum has become narrower and
longer than the forms described above. It has superficial longitudinal, and deep
transverse furrows dividing it into a number of lobes which are more numerous in
R. djiddensis. Owing to the laterally compressed character of the cerebellum in
both forms, the optic lobes as well as the restiform bodies are clear.

The divisions of the elongated cerebellum are increased in T. Iymma (Text-
fig. 38) and the lobules are more separated than in the species described above
and tend to be convoluted.

A. narinari possesses a complex cerebellum (Pl. X, Fig. 1) of immense size,
the surface of which .is thrown into numerous irregular folds, and in this respect
it is similar to Manta ehrenbergi as described: by Gohar and Bayoumi (1959).

The Mpyelencephalon :

This is the last segment of the brain formed of the medulla oblongata. As in
all elasmobranchs, it is a Y-shaped structure, the anterior limbts of the Y being the
restiform bodies (corpora restiforme).

In G. cuvier, owing to the relatively short cerebellum, the restiform bodies are
very clear dorsally (P1. VIII, Fig. 1) and are ear-like structures which form the lateral
boundaries of the fourth ventricle. The latter can be seen dorsally as a triangular
space through the thin translucent roof, the ‘tela choroidea’. The cranial nerves,
posterior to the fourth, arise from the medulla, which posteriorly tapers gradually
to the spinal cord.
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In N. concolor, the restiform bodies are markedly small resembling those of
G. cuvier in the ear-like structure, but are completely hidden dorsally under the
cerebellum and can be seen in lateral view (Pl IX, Fig. 3).

R. halavi and R. djiddensis resemble G. cuvier in the restiform bodies, being
visible dorsally, but these bodies are somewhat convoluted in R. halavi (Pl. X,
Fig. 4) and more so in R. djiddensis (Pl. XI, Fig. 4).

T. lymma, has small and convoluted restiform bodies, which are partly visible
dorsally (Text-fig. 38) but are clearer in lateral view (Text-fig. 40).

The large convoluted cerebellum of 4. narinari completely hides the
moderately developed restiform bodies lying below. These are, however, clear
laterally (P1. X, Fig. 3).

The Cranial Nerves :

L.—The Olfactory Nerve :

The olfactory nerve (in elasombranchs) extends from the clfactory bulb as a
double nerve forward to the epithelium of the olfactory capsule. The bulb joins the
olfactory lobes of the brain by means of olfactory tracts, which differ in the different
species, being long, thin and parallel in N. concolor (PL. III, Fig. 4) and G. cuvier,
but short and thick in A. rarinari (Pl. IX, Fig. 4) and more so in T. lymma (Pl. IX,
Fig. 5). R. halavi and R. djiddensis (Pl. IX, Fig. 4) have the shortest and most
widely divergent tracts.

The terminal nerve, characteristic for elasmobranchs, is found in all species,
though it is very thin and hardly differentiated. It is best seen in T. lymma (Text-
fig. 38). It starts from each side of the median olfactory nucleus, and passes dorsally
median to the olfactory tract, then divides at the base of the olfactory bulb into
two divisions which end in the olfactory capsule.

II.—The Optic Nerve :

This is a well-developed nerve which originates from the diencephalon ; then
the two nerves cross to form the optic chiasma (P1. VIII, Fig, 3, P1. IX, Fig. 2, PL X,
Fig. 2 and Pl. XI, Fig. 1). Each nerve passes longitudinally and upward, penetrates
the lateral side of .the chondrocranium through a large optic foramen, to reach
the retina of the eye. ‘ ‘

The optic nerve is markedly well developed in G. cuvier and A. narinari, modera-
tely developed in T. lymma, R. halavi and R. djiddensis and relatively slightly develo-
ped in N. concolor.
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HI.—The Oculomotor Nerve :

This nerve originates from the floor of the mesencephalon (PL VIII, Fig. 3,
Pl. 1X, Fig. 2, Text-fig. 39, PL. X, Fig. 2 and PL XI, Fig. 1) and passes under the
associated structures of the infundibulum toward the lateral side of the chondro-
cranium, penetrating it through the oculomotor foramen (situated posterior to and
somewhat upward of the optic foramenyand passing to the muscles of the eye where
it gives four branches ; three of which to the internal, superior and anterior rectus
muscles (respectively) and the fourth to the inferior oblique muscle of the eye.

This nerve is best developed in Galeocerdo cuvier (Pl. VIII, Fig. 3) while it is
particularly poorly developed in Nebrius concolor (Pl. IX, Fig. 2).

IV.—The Trochlear Nerve :

This arises from the roof of the mesencephalon, at the most posterior end of
the optic lobe, as a relatively thin nerve. The origin and posterior portion of the
nerve are hidden by the cerebellum dorsally, but are seen in lateral views (P1. VIII,
Figs. 1and 2, Pl IX, Fig. 1, Text-figs. 38 and 40, Pl. X, Fig. 4 and PL XI, Fig. 2).
This nerve passes. upwardé lateral to the optic lobes crossing the oculomotor nerve
and penetrates the chondrocranium, through a small trochlearis foramen, above
the optic foramen, and emerges to supply the superior oblique muscles of the eye.

V.—The Trigeminal Nerve .

This nerve is thick and arises from the ventral surface of the anteriormost
portion of the medulla oblongata just below the anterior tip of the restiform body
(P1. VIIL, Fig. 3, Pl IX, Fig. 2, Text-fig. 39, PL. X, Fig. 2 and Pl XI, Fig. 1). In all
the dissected species, except R. halavi and R. djiddensis, the trigeminal is directed
a short distance antero-laterally, and together with the buccalis branch of the facial,
passes through the trigeminal foramen. The trigeminal nerve then divides into
its three branches (the ophthalmicus, maxillaris and mandibularis). - On the other
hand, the trigeminal in R. halavi and R. djiddensis passes together with the buccalis
and the ophthalmicus branches of the facial, and the-abducens nerve, all directed
laterally, to penetrate the skull through a large foramen prooticum.

VI.—The Abducens Nerve :

In G. cuvier (P1. VIII, Fig. 3), N. concolor, R. halavi (Pl. X1, Fig. 1) and Rhynch-
obatus djiddensis, the abducens nerve arises from the ventral side of the medulla
oblongata, somewhat posterior to the facial VII, and towards the median line,
while in T. lymma (Text-fig: 40) and A. narinari (PL. X, Fig. 2) the abducens arises
from the latero-ventral side of the medulla oblongata, at a point just posterior to the
trigeminal.

e —— e — e p———
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In all cases —except R. halavi and R. djiddensis— the abducens nerve passes
outwardly and somewhat anteriorly ; and leaves the brain through its own abducens
foramen, somewhat posterior to the trigeminal foramen, and proceeds to supply
the external rectus muscle of the eye.

R. halavi and R. djiddensis, as mentioned before, have the abducens nerve
passing together with the trigeminal, and buccalis and ophthalmicus branches of the
facial through the large foramen prooticum.

VII.—The Facial Nerve :

This nerve arises, in all the species described here, in two roots. The first
root originates from the medulla oblongata posterior and inner to the corpora
restiforme (P1. VIII, Fig. 2, P1. IX, Fig. 3, Text-fig. 40, P1. X, Fig. 3 and P1. XI, Fig. 2)
and joins the second root which originates from the lateral side of the medulla, at
the same level as the trigeminal and slightly posterior to it. As described before,
the buccalis branch of the facial joins the trigeminal, while the other root passes
outwards for a short distance to come out through the facial foramen and gives
rise to its branches, the ophthalmicus, the hyomandibularis and the palatine.

VUII.—The Auditory Nerve :

This nerve always arises separately and, in all the described forms, it comes
out from the ventro-lateral side of the medulla oblongata. It originates nearly
below the last segment of the cerebellum as seen in N. concolor (Pl. VIII, Fig. 4 and
P1. IX, Fig. 3), T. lymma (Text-figs. 39 and 40), 4. narinari (Pl. X, Figs. 1and 2),
R. halavi (P1. X1, Figs. 1 and 2) and R. djiddensis (Pl. XI, Fig. 4).. Only in G. cuvier
(PL. VIII, Figs 2 and 3) does this nerve arise somewhat rearwards and dorsal to the
abducens. The auditory passes laterally penetrating its own foramen to supply
the auditory capsule of its side.

IX.—The Glossopharyngeal Nerve :

This comes out from the lateral side of the medulla oblongata, somewhat dorsal
and posterior to the auditory nerve very close to the origin of the vagus nerve (Pl.
VIII, Fig. 3, PL. IX, Fig. 3, Text-fig. 40, P1. X, Fig. 2, and PL XI, Fig. 1). It is then
directed, a little outwards posteriorly side by side with the vagus and then penetrates
the lateral wall of the neurocranium separately through the glossopharyngeal foramen
and then passes through a glossopharyngeal canal traversing the auditory capsule,
supplying the first gill.
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X.—The Vagus Nerve :

_9: - E ' This nerve arises from the lateral wall of the medulla oblongata, just posterior

P g. “;.; _3 S to tl}e Glossophar;tngeal ?ngm, as a thick nerve .with five maxillaries arising side
= e by side and extending a little outward and posteriorly beside the glossopharyngeal
€ = g o (PL. V1II, Fig. 3, P1. IX, Fig.3, Text-fig.40, Pl. X, Fig. 2, and PI. XI, Fig.1) to penetrate
o g > 2 the lateral wall of the neurocranium, through a large vagus foramen. The first
\i" ;. four branches of the vagus extend to supply the last four gills, while the fifth branch

is a visceral one and supplies the heart, stomach and other viscera.
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Text-fig. 39 : Taeniura Iymma, ventral view of brain and cranial

Text-fig. 40 : Taenlura lymma, lateral view of brain and cranial nerves.

5. Head Skeleton

The skull as usual is composed of two portions, the neurocranium and viscero-
cranium. To the neurocranium, the brain-case or cranium proper, are fused the
olfactory capsules in front and the auditory capsules behind. Between these capsules
on each side, are found the orbits in which the eye-balls are lodged. The optir
capsule, which is represented by the sclerotic cartilage, does not fuse with the brain-
case but is generally held away from the cranjal wall by the cartilaginous optic
4 stalk or pedicel which is fused with that wall.

The viscerocranium, on the other hand, consists of the visceral arches which
surround the buccal cavity and pharynx. The number of these arches is seven in
the majority of selachians. They may be divided into two groups, one comprising
the first and second visceral arches, the mandibular and hyoid arches, which are
closelyassociated with the neurocraniumforming the jaw apparatusand suspensorium,
the other consisting of the remaining five visceral branchial arches which support
| the walls of the pharynx.

: Taeniura lymma, dorsal view of brain and cranial
nerves (of a specimen 67 cm. long).

Text-fig, 38

14
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Typically the visceral arch in Selachii is 3-shaped consisting of four cartilagi-
nous bars. In the branchial arches the two intermediate bars, the epibranchial
dorsally and ceratobranchial ventrally, are well developed. Each of these segments,
except those of the last arch, bears a single row of cartilaginous branchial rays
radiating outwards in the gill septa. Attached to the epibranchial and cerato-
branchial are the pharyngobranchial and the less developed and backwardly
pointing hypobranchial, respectively. The hypobranchials of both sides are joined
together in the mid-ventral line by one or more unpaired basibranchials. In the
case of the mandibular and hyoid arches, as well as the last branchial arch, the
number of the component cartilaginous elements is subjected to reduction as a result
ofe th disappearance or fusion of some of these elements.

The first visceral or mandibular arch, which carries the teeth, bends over the
corner of the mouth and is composed of two segments on either side, an upper
palatoquadrate or pterygoquadrate and a lower mandibular segment or Meckel’s
cartilage. The palatoquadrates of both sides which form the upper jaw are attached
together anteriorly and free posteriorly. Similarly are the two Meckel’s cartilages
which form the lower jaw. The palatoquadrate is generally regarded as the
epimandibular element and Meckel’s cartilage as the ceratomandibular (Furbringer,

1903).

Following the mandibular arch are the spiracular cartilages, which support
the wall of the reduced spiracular pouch. These spiracular cartilages vary in number
and shape in different selachians, and views differ concerning théir morphological
significance. Some authors (Huxley, 1876 and Edgeworth, 1925) considered the
spiracular cartilage as a seperate otic process, others (Gegenbaur 1872, Holmgren
an Stensio 1936, El-Toubi 1947 and Hamdy 1955 a) considered the spiracular
cartilages as modified mandibular rays.

In most Selachii the hyoid arch is composed of a dorsal hyomandibular and

a ventral ceratohyal. Connecting the two ceratohyals of both sides in the mid-ventral

line is the unpaired basihyal. The hyomandibular articulates with the wall of
the auditory capsule by its dorsal end. It is generally considered as the epihyal,
which corresponds serially to the epibranchials of the visceral arches lying behind
it (Gegenbaur, 1872). In Selachoidei the ceratohyal lies below the hyomandibular,
the two elements being directly connected with each other. The cartilaginous
rays borne on these segments are the hyal rays. In Batoidei, on the other hand,
there is no cartilaginous element below the hyomandibular. But behind this latter
cartilage is a two-segmented cartilaginous rod carrying the hyal rays. This rod is con-
sidered by Gegenbaur (1872) as representing the ceratohyal which became disconnect-

ed from fts hyomandibular and extended upwards behind it, and by Krivetski (1927)

————
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as the fused bases of the hyal rays, and he terms it the pseudohyoid, in contradistinc-
tion to the ceratohyal of Selachoidei with which it is not homologous. Krivetski
bases his conclusion on the fact that the afferent pseudobranchial artery, on running
forwards from the efferent hyoxdean artery, is median to the pseudohyoid of Batoidei,
whereas it is lateral to the ce1_'atohya1 of Selachoidei. This view though rejected by
Edgeworth (1931) has been accepted by de Beer (1932) and Hamdy (1952 and 1956).

Lying outside the visceral arches are the extravisceral cartilages which form
dorsal and ventral regular series. They are differentiated into the labial, extrahyoid
and extrabranchial cartilages corresponding to the mandibular, hyoid and branchial
arches respectively. The shape and number of these extravisceral cartilages differ
in the different selachians. Their nature and origin have been for many years
the subject of discussion by many authors. Rathke (1832) homologizes them with
the outer branchial arches of cyclostomes, while Jackel (1895) considers them as
secondary structures in the skin. Gegenbaur (1872), Dohrn (1884), Haswell (1884),
Foote (1897), El-Toubi (1952), and Hamdy (1955 b) believe that the extrahyal and
extrabranchial cartilages are but modified hyal and branchial rays.

The head skeleton of some species of elasmobranchs from the Red Sea were
described by Hamdy (1952, & 59) and Melouk (1957) and thus, a detailed study of
thehead skeleton of only one species Aprionodon brevipinna (Selachoid) is given here.

A.—The Neurocranium of Aprionodon brevipinna -

As in all Selachii, the roof, sides and floor of the dorso-ventrally ccmpressed
brain-case of Aprionodon brevipinna are welded into a single piece of cartilage, 1o

which are fused the olfactory capsules (Text-fig. 41, N. Cp.) in front and auditory

capsules (Aud. Cp.) behind.

The rostrum is supported by a median rostral cartilage (Md. R. Ca.) representing
the anterior prolongation of the trabecular plate, and two lateral rostral cartilages
(L. R. Ca.) extending forwards from the roof of the nasal capsules and converging
to unite with the median element anteriorly to form a dorso-ventrally flattened
cartilaginous part which is markedly concave dorsally and convex ventrally. This
triradiate rostral skeleton is considered typical of the Galeoidei (White, 1937).

Anteriorly, the cranial roof connecting the orbital cartilages is remarkably
convex, and anterior to this roof lies a nearly triangular and relatively large supra-
cranial fontanelle (S. Cr. Fn.), which leads to the cranial cavily but extends anteriorly
over the cavum praecerbrale (Cv Pr.Cb.) enclosed between the three rostral cartilages.
Usually in Selachoidei, the anterior opening lying dorsally in the neurocranium
is nomenclated. collectively without reference to its nature, whether ‘supracranial,
precerebral or a combination of the two. It is called the prefrontal fontanelle

by Gegenbaur (1872) and the anterior fontanelle by Goodey (1910). Gegenbaur

(1872) considers this fontanelle as a perforation of the cranial roof, and defines it as
a median opening in the cranial roof.
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Scm.

Text-fig. 41 : Aprionodon brevipinna, Dorsal view of neurocraniium,

Parker (1879) considers that in sharks the roof of the cranium ceases close to
the nasal sacs and as a result the cranial cavity is open in front, but no fontanelle
exists. Allis (1913) looks on the anterior dorsal fontanelle of the selachoid neuro-
cranium as a perforation of the cranial roof. In 1923, he described the anterior
fontanelle in Chlamydoselachus to consist of two morphologically different parts ;
a perforation of the anterior wall of the cranial cavity, filled with a jelly-like connective
tissue, and which he called fenestrum praccerebralis, and a large open depression
immediately anterior to that perforation, which he called cavum praecerebrale.
Allis stated for convenience that the fenestrum praecerebralis and cavum praecerebrale
could be given the name «anterior cranial opening». In the same publicalion, Allis
stated that the fenestrum precerebralis in Acanthias was occluded by the morphological
anterior wall of the cranial cavity and thus considered the anterior fontanelle to be
precerebral in position, as it represents the dorsal opening of the cavumpraecerebrale.

Thus, the supracranial fontanelle is represented in some Selachoidei but is lacking
in others. In the latter case the cavum praecerebrale enclosed between thecartilaginous
support of the rostrum lies directly anterior to the cranial roof. Accordingly,
it is not correct to include the anterior cavity in the «anterior fontanellen,
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as it does not represent a parforation of the cranial roof which leads to the cranial
cavity. It also seems impropsr to nomsnclate this cavity without referring to its
nature and position in relation to the cranial and precerebral cavities.

As a matter of fact,in Aprionodon brevipinna the brain extends anteriorly in
front of the posterior edge of the dorsal opening lying anteriorly, i. e. the mor-
phological anterior wall of the cranial cavity begins before the hind end of this
opzning which, thus, lies partly above the cranial cavity and partly above the
precerebral region of the neurocranium. For this reason this opening could be
diffsrentiated into two morphologically different parts ; an anterior triangular
part, the cavum praecerebrale (Cv. Pr. Cb.), and a posterior supractanial part, the
supracranial fontanelle (S. Cr. Fn.). The precerebral cavity lies between the rostral
cartilages. The supracranial fontanelle, on the other hand, lies close to the nasal
capsules and distinctly posterior to the morphological anterior wall of the cranial
cavity.

The posterior region of the cranial roof, represents both the tectum synoticum,
connecting the auditory capsules and the tectum posterius, connecting the two
halves of the occipital arch fused together.

B:low the hind end of the lateral rostral cartilage is found the nasal capsule,
which is broader than long and relatively thin-walled especially at the ventral edge.
It opens ventrally to the exterior by a wide oval nasal aperture.

In the auditory capsules, the semicircular canals and the organs of hearing are
located. Bstween the auditory capsules is a moderate shallow depression, the
endolymphatic fossa (End. Fo.), which is nearly triangular and sliding backwards
and from it two pairs of foramina lead to the auditory capsules. The two anterior
foramina afford passage for the endolymphatic ducts and are known as the
endolymphatic foramina (End. F.). They are narrow and circular in shape. The
two posterior foramina are relatively much larger and neatly oval in shape, and
each leads directly into the perilymphatic cavity of an auditory organ and is known
as the perilymphatic foramen (per. F.).

The external prominences indicating the position and size of the semicircular
canals (A. Sm. Cn., L. Sm. Cn., Pt. Sm. Cn.) are not quite distinct, and the endo-
lymphatic fossa is shallow. This corroborates Daniel (1928) who notes that in
Selachii with deep endolymphatic fossa, the position of the semicircular canals is
evident, while in those having shallow endolymphatic fossa the external evidence of
these canals is less distinct.
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The posterior part of the lateral walls of the neurocranium. (Text-fig. 42) is
formsd by the auditory capsules which are vertically situated on either side. - The
posterior region of the auditory capsule is provided laterally with the well developed
articular surface for the dorsal end of the hyomandibular (Ar. Hm.). This surface
is in the form of a deep depression with a nearly triangular rim. Its ventral edge
is represented by that of the auditory capsule.

A."sm.CHO
Pt.0.Pec.

s.cr.rﬁ. Tr’..ra-F'

Ef.Ps,Br.F,
Int.0.PL.

5 cm.

Text-fig. 42 : Aprionodon brevipinna. Lateral view of neurocranium.

Anterjor to the auditory capsule, the side-wall of the brain-case is formed of
the orbital cartilage (0. Ca.). '

The supraorbital cartilage, extending lateral to the dorsal edge of the orbital
cartilage in most Selachii, is absent in Aprionadon brevipinna.

In front of the orbit and at the dorso-lateral edge of the hind wall of the nasal
capsule is a well developed preorbital process (Pr. O. Pc.) extending posteriorly,
and behind the orbit is a postorbital process (Pt. O. Pc.) extending nearly from the
middle of the lateral wall of the auditory capsule and arches forwards. - Generally
in Selachii, the preorbital and postorbital processes represent, the extension of

&
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th= supraorbital cartilage in front of and behind the orbit respectively. Thus, in
Aprionodon brevipinna only the aunteriormost and posteriormost parts of the
supraorbital cartilage are represented, forming the pre- and post-orbital processes.
The preorbital process has the normal relations and position, but the postorbital
process is remarkably shifted posteriorly towards the anterior end of the auditory
capsule. This region generally represents the posterior end of the orbit in Selachii.
Extending from the orbital cartilage (0. Ca.), nearly at the beginning of its posterior
third, is a slightly twisted, rod-shaped structure, the optic pedicel or stalk (Op. St.).
It is made up of softer cartilage than the rest of the neurocranium and its base is
completely fused with the adjacent orbital wall. This stalk projects antero-laterally
and is slender posteriorly and widens out to a terminal expansion which abuts
against the eye-ball.

Harrison (1931) considered the optic stalk as an outgrowth from the lateral
surface of ths chondrocranium while El-Toubi (1949) stated that, in Acanthias
vulgaris the optic stalk appeared as a separate structure and fused with the orbital
wall later on in development. Gegenbaur (1872) states that the base of the optic
stalk in Selachii is always composed of somewhat firmer tissue than the rest of the
stalk and is considered by him to belong to the chondrocranium rather than to
the eye-stalk. In Aprionodon brevipinna, there is no external distinction between
the proximal and distal ends of the optic stalk to favour the one view or the other.

The optic foramen (Op. F.) occupies a nearly central position in the orbit.
Posterior to this is the facial foramen (Fa. F.) which affords passage for the buccal,
palatine and hyomandibular branches of the facial nerve. Postero-dorsal to the
optic foramen is a wide foramen trigemino-facialis (Tr. Fa. F.), which gives exit
to the trigeminal nerve as well as the ophthalmicus branch of the facial nerve.

Auterior to the trigemino-facialis foramen, the orbital cartilage is penetrated
by a small foramen transmitting the oculomotor nerve (Ocu. F.), and below and
slightly anterior to it is the trochlear foramen (Tr. F.). Nearly at the middle of the
distance between the facial and optic foramina lies a4 small foramen transmitting
the abducens nerve (Ab. F.). Below the facial foramen is the pituitary vein foramen
(Pi. Vn. F.). Anterior to the latter and slightly ventrally is the efferent
pseudobranchial foramen (Ef. Ps. Br. F.) which lies in line below the abducens
foramen.

At the anteriormost end of the orbital cartilage lies the posterior opening of
the osbitonasal canal (O.N.Cn.) through which the anterior facial vein passes to
join the orbital sinus.
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Ventrally, the floor of the neurocranium (Text-fig. 43) is formed of the
trabecular plate (T. PL) anteriorly and the parachordal plate (Pa.Pl) posteriorly.
The position of the internal carotid foramina (I. C. F.) indicates the
limit between the two plates which is here not otherwise distinct. The trabecular
plate curves upwards toward the internasal region where it curves downwards
forming the subethmoidal depression. Anterior to this region, the prolongation
of the trabecular plate leads to the formation of the median rostral cartilage (Md.
R. Ca). The parachordal plate, slightly curving downards, extends laterally to
fuse with the auditory capsule. The ventral surface of the occipital arch lies in a
level somewhat dorsal to the ventral surface of the auditory capsules. The nasal
aperture (N. Ap.) is nearly oval in shape and lies on the ventral surface of the
neurocranium. At its postero-median edge is the wide olfactory foramen (Olf. F.)
through which the olfactory nerve passes to the nasal capsule. Nearly the anterior
three quarters of the nasal aperture are occupied by an arch-like nasal cartilage
(N.Ca.), the rest being covered with tight connective tissue. Both the cartilage and
the connective tissue are firmly attached to the inner edge of the nasal capsule. The
two limbs of the nasal cartilage meet each other medially, and from each limb
extends a tapering process which meets the process of the other, thus separating
the nasal aperture into two portions ; one for the inhalent and the other for the
exhalent currents.

The lateral edge of the posterior surface of the neurocranium (Text-fig. 44)
is formed by the well developed articular surface for the hyomandibular (Ar. Hm.),
at the dorso-median edge of which is found the external opening of the
glossopharyngeal foramen (Gl. F). Just lateral to the occipital condyles (Oc. Co),
lies a wide foramen transmitting the vagus nerve (Vg. F.). Aprionodon acutidens,
where the hyomandibular articular facet is largely developed, supplies further
corroboration to Allis’ view (1923) concerning the posterior position of the
glossopharyngeal and vagus foramina.

The occipital condyles are well developed and separated by a rounded concavity
which lies below the foramen magnum (F. Mg.) and shares in the occipito-vertebral
articulation.

The median wall of the neurocranium (Text-fig. 45) is provided with a somewhat
deep fossa, the acustico-trigemino-facialis recess (Ac. Tr. Fa. Rec.). This recess lies
posterior to the facial foramen and lodges the proximal portion of the trigeminal,
facial and auditory nerve ganglia. At the antero-dorsal edge of the acustico-
trigeminal-facialis recess is found a small foramen for the saccular division of the
auditory nerve (Sac. F.). In front of this foramen lies another small foramen
through which passes the vestibular division of the auditory nerve (Ves. F.).
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Text-fig. 43 : Aprionodon brevipinna. Ventral view of neurocranium.

Text-fig. 44 : Aprionodon brevipinna. Posterior view of neurocranium,
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Text-fig. 45 : Aprionedon brevipinna. Median view of neurocranium.

The inner glossopharyngeal foramen (Gl F.) lies a little posterior to the ventral
border of the acustico-trigemino-facialis recess. At a considerable distance from
this foramen is the much larger vagus foramsn . The glossopharyngeal and vagus
foramina lie nearer to each other in the lateral view than they are in the median,
due to the fact that the glossopharyngeal nerve does not go directly out of the
neurocranium, as does the vagus nerve, but passes within the glossopharyngeal
canal traversing the auditory capsule.

The occipital arch (Oc. Ar.) is pierced by one hypoglossal foramen (Hg. F.),
through which a cranial root of the hypoglossal nerve passes.

B.—The Viscerocranium of Aprionodon brevipinna :

The viscerocranium of Aprionodon brevipinna (Text-fig. 46) is composed: of the
mandibular, hyoid and five branchial arches.

The mandibular arch is relatively greatly developed and much larger than the
rest. The basimandibular is missing. The palatoquadrates are relatively much
more firmly united than Meckel’s cartilages, with which it articulates by two special
articulating parts. The articular part of the palatoquadrate is convex and forms
a peg which fits in the socket-like articulating surface of Meckel’s cartilage.

.
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Text-fig. 46 : Aprionodon brevipinna. Dorsal view of visceral skeleton.
{Hyomandibular, pharyngobranchials and epibranchials of
left side removed, hyal and branchial rays omitted from
arches).

The palatoquadrate is provided with a massive orbital process (0. Pc.) which
articulates with the lateroventral border of the neurocranium, somewhat posterior
to the hind wall of the nasal capsule (Text-fig. 47). This articulation is not a palato-
basal one, the otic process is missing, and the weight of the jaws is carried by the
hyomandibular cartilage, leading to a hyostylic type of jaw suspension.

The spiracular cartilages are completely missing in Aprionodon brevipinna.

The ceratohyal (Texi-fig. 48, Ce. Hy.) and hyomandibular (Text-fig. 49, Hm.)
are provided with cartilaginous hyal rays (Hy. Ra.). One or more of the inner
hyal rays are detached from their corresponding elements, while the outer ones are
generally fused near their bases, forming one main stalk carrying several branches.

All the five branchial arches, except the last, bear cartilaginous branchial rays
on their epi- and cerato-branchial elements.
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Text-fig. 47 : Aprionodon brevipinna, Lateral view of visceral skeleton.
i(Ventral elements pulled downwards. Hyal and branchial
rays omitted from arches).

Text-fig. 48 : Aprionodon brevipinna.
Ventral view of palato-
quadrates, Meckel’s
cartilage, ceratohyal
and ceratobranchials

of right side.
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Aprionodon brevipinna,
Dorsal view of hyomandi-
bular and epibranchials
of right side.

Scm. ' Ep.Br.5

The fourth and fifth pharyngobranchials are fused together forming a large,
flattened plate, the compound nature of which can be easily traced by the existence
of two points sepdrated by a ventral groove terminating in a notch. The anterior
tip of this plate corresponds to the fourth pharyngobranchial, while the posterior
corresponds to the fifth. With this compound plate, the fifth epibranchial (Ep. Br.5)
is completely fused.

Four pairs of hypobranchials are represented, and they are related to the first
(Hyp. Br. 1), second (Hyp. Br.2), third (Hyp. Br. 3) and fourth (Hyp. Br. 4) branchial
arches. Only the fifth hypobranchials are lacking. The articulation between
the hypobranchials and their corresponding ceratobranchials takes place by the
anterior processes of the inner edges of the latter elements, The first hypobranchial
is relatively much reduced and located between the first ceratobranchial (Ce. Br. 1)
and the latero-posterior border of the basihyal (B. Hy.).

The second hypobranchials extend medially from their ceratobranchials
approaching each other mor¢ closely due to the absence of a correspording
basibranchial. The third and fourth hypobranchials, on the other hand, extend
posteriorly to join the anterior border of the large, flattened basibranchial (B. Br.).

The three labial cartilages (Text-fig. 48) are present and have similar structure
and position.

The extrahyal cartilages are lacking, and the extrabranchials are represented by
five ventral and four dorsal elements (Text-figs. 48 and 49). The similarity of the
fifth ventral extrabranchial, in shape and position, to the ordinary branchial rays
supports Gegenbaur’s view (1872) considering the exirabranchial cartilages as
modified branchial rays.
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1V.~~CONCLUSION

Authors differ in considering whether sharks or rays-are more primitive, but
the studies of the development of elasmobranchs, such as Scyllium (Balfour, 1876-78,
Sedgwick. 1892, Goodrich, 1918), Acanthias (Scammon, 1911), Torpedo (Balfour
1876-78), Rhinobatus halavi and Rhynchobatus djiddensis (Melouk, 1949), and
Carcharinus melanopterus (Melouk, 1957) show that the selachoids and batoids
pass during their early development through a generalized stage having lateral gill-slits
and paired fins in the postbranchial regions. In the following stages, the gill-slits
remain lateral and the pectorals develop at the same position in selachoids. On
the other hand, batoids proceed to a transitional phase whose body approaches
that of Squatina (transitional shark), viz., the gill-slits have a lateroventral position
and the pectoral fins extend forward and backward encroaching on the branchial
region but not yet fused with the head through the branchial crests. Lastly, a more
specialized phase is reached in which the gill-slits are ccmpletely ventral and the
pectoral fin fuses with the sides of the head. This shows that sharks are more
primitive and rays have acquired secondary adaptation to bottcm-life.

The liver is relatively much larger and more oily in sharks than in rays. Thuys,
it weighed 18%, 17%, 8%, 6%, 4.5 % and 29, of the body weight respectively
in Galeocerdo cuvier, Nebrius concolor, Manta ehrenbergi, Aétobatus narinari,
Teniura lymma and Rhinobatos halavi. G. cuvier which' is most active, yielded 444
gm. oil per one kilogram of liver, while R. halavi, which is a bottcm living batoid
yielded 200 gm. oil per kilogram of liver. Such massive and oily livers in the
active pelagic sharks may aid in their flotation.

It is worth-mentioning here that in Mobula — in contrast to all other described
species— the duodenum is markedly elongate and the bile duct opens at the post-
eriormost portion of the bursa entiana preceding the narrow long ducdenum, while
the pancreatic duct opens at the end of the duodenum at its junction’wi(h the valvular

intestine.

The valvular intestine is characteristic for elasmobranchs, and three types of
valve have been described, viz. : the scroll, the spiral, and the ring types (White, 1937).
In Rhynchobatus djiddensis and Rhina ancylostoma (Fam. Rhynchobatidae) the valve
of the intestine follows two types of folding, the first is a spiral type extending along
the middle axis of the intestine ; while the second is of the ring type where annular
rings arise separately from the walls of the intestine arcund and in between the
successive turns of the spiral valve. Such a type of valve has not been described
before and it is proposed here to call it the spiro-annular type.

.
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The heart differs in size in the different species of the elasmobranchs, not only
according to the size of the animal, but also according to the mode of life and activity.
Thus, in the shark Mustelus canis as well as in the ray T. [ymma and the transitional

" form of batoid R. halavi the heart is relatively small and its size suits the limited

activity of these bottom inhabitants. On the other hand, the heart is large, greatly
developed and strongly muscular in the strong, free living shark G. cuvier and the
fast swimmer ray A. narinari. This is evidently an adaptation to the great activity
of these animals.

The auricle is a thin-walled distensible bag which receives the non-oxygenated
blood from the sinus venosus, the sinu-auricular valves project into the sinus venosus;
thus permitting the free passage of blood into the auricle and preventing its back-flow.
The auriculo-ventricular valve has four cusps in all the selachoids and batoids
examined here, though Daniel (1934, p. 171) stated that this valve consists in elasmo-
branchs of two pocket-like flaps. Usually and especially in sharks, which are
active swimmers, the ventricle is large, thick and highly muscular, with a spongy
internal surface and a narrow cavity, thus spelling immense power to push the
blood throughout the large active body.

In all elasmobranchs the conus arteriosus is muscular and functional. It is
short in the examined Selachii, but rather long in the batoids. The myocardial
layer ends opposite to the valves of the first series. The valves of the conus are
constructed on a common plan in all elasmobranchs, as they are arranged in three
well-developed longitudinal rows, one dorsal and two latero-ventral. The anterior-
most set of valves has the largest and strongest pockets reaching the base of the
ventral aorta and perfectly designed to prevent the back-flow of blood from the
aorta to the conus.

The number of valves in the conus arteriosus, has been subject of discussion
from time to time. Garman (1885) suggests that the large number of valves is a
primitive character and that reduction has occurred in the sharks with the increase
in specialization, and he adds that in the rays the rule does not hold so well. This
opinion has been generally accepted by Daniel (1928). In contrast to this view,
White (1937 stated that «In the Platosomae, the number, of tiers in each longitudinal
row is rather increased, reaching six and sometimes seven, but in some species they
are very few in number. The tendency in the elasmobranchs is for duplication of
valves rather than reduction, and this duplication may take place transversely as well
as longitudinally ».

The problem of the number of valves has been studied here in the different
species of elasmobranchs present in our locality. It has been found that in the
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sluggish sharks Nebrius concolor and Stegostoma fasciatum, the number of valves
in each row is two, and duplication occurs longitudinally, as a fourth row, though
accessory, has been found in N. concolor. Also, Carcharhinus melanopterus,
C. maculipinnis, C. sorrah, C. albimarginatus (all from the Carcharhinidae) have
only two valves in a row. Three valves are found in the sharks G. cuvier, C. longi-
manus, S. walbeehmi, S. palasorrah, T. obesus, Heterogaleus ghardagensis (Car-
charhinidae), and M. canis (Triakidae). The transitional selachoid, Squatina
squatina, has seven cusps (Marples, 1936).

The ray Torpedo panthera (Torpedinidae) possesses four valves ; while Teniura
Iymma, as well as the transitional botoids Rhinobatos, Rhyncobatus and Rhina possess
five cusps in a row. Six valves are found in the rays D. warnak, D. sephen and
Manta ehrenbergi. The number of valves increases to eight in the highly specialized
ray A. narinari, though White (1937) gave the number in this lestmentioned ray as

only five.

From this, it may be concluded that among batoids the number of valves is
small in sluggish and bottom living individuals, increasing with the advance of
specialization and the activity of swimming but concerning the selachoids no definite
statement can be made. However, it is clear that the number of valves increases
from the Selachoidei towards the Batoidei.

In G. cuvier, the four afferent branchial arteries arise separately frem the ventral
aorta, while N. concolor has a short posierior trunk which divides into the fourth
and third afferent arteries. The latter condition resembles those described in
D. dipterura by Daniel (1934) and in the transitional form of shark, Squatina
by Marples (1936). -The rays, T. lymma, A. narinari, D. uarank and D. sephen have
been found to be, in this respect, similar to G. cuvier, contrary to Daniel (1934)
who stated that in rays in general, iwo stems leave the ventral aorta {o give rise to
the afferent branches. Daniel’s description, however, applies to the transitional
batoids, R. halavi, R. djidden‘sis,:and Rhina ancylostoma in which {wo trunks arise
from the ventral aorta.

It can thus be concluded that the afferent arteries have no definite arrangement
in their mode of origin in sharks or rays.

. In all our species, except in R. halavi where a single trunk carries the supply
of the first, second and third epibranchial arteries to the dorsal aorta. the epibranchial
arteries open independently into the dorsal aorta. .

The coronary arteries are well-developed in all the species dealt with here and
especially in the strong pelagic shark G. cuvier, as well as the actively swimming
ray A. narinari, the demand of the heart muscles for oxygenated blocd being here
particularly high.
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The distribution of the coronary arteries differs, not only from one species to
another, but also sometimes in the different individuals of the same species ; and
this agrees with the view expressed by Grant and Regnier (1926). The blood for
these coronary arteries is derived from the hypobranchial arterial vessels. Foxon
(1950)) stated that «such blood may be drawn either : (1) from the more anterior
region of the ventral ends of the efferent loops or (2) from a more posterior origin
in the region of the subclavian arteries», all our species, however, agree with Foxon’s
first category as the coronary arteries reach the heart from the more anterjor region.

The point of origin of the subclavian from the dorsal aorta differs from one
species to another. It originates at the base of the third pair of epibranchials in
Galeocerdo cuvier ; while a considerable distance posterior to the fourth pair of
epibranchials in Nebrius concolor. In Teniura lymma, the subclavian originates
just anterior to the fourth epibranchial ; while in Aétobatus narinari it is given a
considerable distance anterior to the fourth epibranchial. In R. halavi, it arises
at the base of the fourth epibranchial.

The branching system of the brachial artery to supply the pectoral fins differs
in sharks from that in rays. Thus, in the sharks G. cuvier, and Nebrius concolor
the brachial artery divides into two relatively thin branches, 2 median pterygial artery
and a lateral artery. While in rays, e. g. 4. narinari and T. I[ymma, the brachial
artery is stronger and divides into an anterior well-developed propterygial artery
and a posterior strong metapterygial artery and either the former or the latter gives
rise to a strong third branch.

It is evident that in the above-described cases, the brachial supply is adapted
to the activity of the pectoral fins, which in the Selachoidei are not used for loco-
motion and show no special development of the muscles, and thus no special
provision for copious blood supply is required. In contrast, in the Batoidei where
the tail has almost completely lost the propulsive function, the propulsion of the body
having been taken over mainly by the pectoral fins which are greatly developed for
this purpose, their musculature has tremendously grown and accordingly requires
special provision for a copious blood supply.

The urinogenital system in both sexes is built up in the sharks and rays examined
on the same general plan, as in most other elasmobranchs. As usual in elasmo-
branchs, there is a marked sexual difference in the kidneys. Such a difference
appears in the reduction of the anterjor part of the kidney in the female, which in
the adult male, is developed for the service of the genital system into «Leydig’s
gland».

1In the case of G. cuvier, N. concolor, T. lymma, Aétobatus narinari, Rhinobatos
and Rhynchobatus females possess two ovaries. The left ovary is more developed than
the right in T. lymma ; while the right ovary is more developed than the left in
N: concolor. Both oviducts open into the body cavity by a single oviducal opening

15
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in G. cuvier, R. halavi, and R. djiddensis and by two independent oviducal openings
in N. concolor, T. lymma, and A. narinari. . In T. lymma and A. narinari—in con-
trast with the other four described species—only the left uterus is functional..

The shell-gland is relatively better developed in the ovo-viviparous, N. concolor
and R. djiddensis. In the uterus of an adult individual of the former shark four
thick brownish empty horny shells were found in March. The embryos pass
all their developmental stages in the egg-case within the mother, befo:e the young
are born. Also, four large thin-walled egg-cases (full of yolk) of golden ‘yellow
colour were found in each uterus of a pregnant fémale Rhynchobatus (on'10 June).
Another pregnant individual of the same species delivered four young in October
1959 while in the vivarium. -

In December, 44 embryos (ranging from 52 to 54 cm. in length) were found in
the two uteri of a pregnant individual of Galeacerdo cuvier, and each fdetus was
provided with a large external and a small internal yolk-sac, and the ducts of the
two sacs emptied into the duodenum. This number of embryos seems to be the
record for all elasmobranchs.

In August, one female Teniura lymma gave birth to a single ybung, and anqthel_‘
gave two in the aquarium.

Eight to ten embryos were usually found in the uteri of. pregnant R. halavi
(between -May and October) and each uterus had half the number of embryos.

No oviparous species has so far, been encountered in the Red Sea, but some
of the species are ovo-vivparous while others are vivparous. The lining of
the uterus in such types is not smooth, as'that of oviparous types, but is rather
comphca.ted by special development to help in the nutrition of the foetus. Thus,
the uterus is provided with low folds in the ovo-v1v1parous Rhinobatos halavz,
Rhynchobatus djiddensis and Nebrius concolor ; or thrown into highly v_ascu}ar leng
papillae as in T. [ymma and Aétobatus narin'ai'i ; or form longitudinal compartments
as is the case in the viviparous, Mustelus canis. In T. Iymma, the papillae of the
uteri were seen in the spiracles of the embryo ; and a creamy liquid, probably
secreted by the uterine lining, was found in the intestine of the latter. In other
spzcies (viviparous), which have long navel-cords such as M. canis,” Carcharhinus
maculipinnis and C. sorrah, the yolk sac is embedded in the wall of the uterus and
its surface-is much convoluted, and through this attachment nutrlment may be
secured by the embryo. S :

In the examined sharks, G. cuvier and N. concolor, where the cranium is greatly
calcified, hard, elongate and laterally compressed, the brain is elongate rather
laterally compressed and occupies the posterior half of the brain case; the anterior
half being filled with a thick gelatinous matter. On the other hand, in the- dorsoven-
trally depressed and rather broad skull of rays (e.g. A. narinari and T. lymma) the

.
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brain is also flattened and becomes larger, broader and heavier than that of sharks,
filling most of the cavity of the brain-case.

In A. narinari the brain is especially large and surrounded by a large mass of
hyphae-like connective tissue, this is probably a means of protection as the brain
lies, nearly wholly, under the large wide supracranial fontanelle.

The brain, in R. halavi and R. djiddensis, shows a transitional form between
those of sharks and rays, as in those forms it occupies a rather posterior position
in the brain-case as in sharks, but it is rather broad as in the case of rays.

The pituitary body is developed in the examined species, as is the usual case
in elasmobranchs, although it is especially highly developed in G. cuvier. The
saccus vasculosus which is believed to be particularly well developed in deep-sea
fish and is thought to be a pressure receptor (Dammerman, 1910) is better developed
in G. cuvier than in the shallow water benthic shark, N. concolor, and the shallow
water bottom-living rays. It may be remembered that G. cuvier is a pelagic shark
capable of descending to considerable depths.

The relative size and the gross shape and structure of the cerebellum vary
greatly in sharks and rays. It is poorly developed and fairly smooth in pelagic
sharks such as Galeocerdo, but tends to be lobulated in bottom-living sharks like
Nebrius. 1t is better developed in Rhynchobatus and Rhinobatos and reaches its
maximum size and complexity in the highly specialized rays like Aéfobatus and
Manta, where the flattening of the body reaches its maximum, and the sense of
equilibtium and posture becomes unportant The degree of development of the
optic and the oculomotor nerves agrees with the development of the eyes and
eye-sight. These nerves are best developed in strong swimmers, such as Galeocerdo
and Aétobatus, where sight is most needed. They are moderately developed in the
benthic T. lymma, Rhynchobatus and Rhinobatos and poorest in the sluggish and
nocturnal shark, Nebrius, which has small and poorly developed eyes,

V.—SUMMARY

1. The anatomy of the main systems of six representative species of the Red
Sea elasmobranchs :. Galeocerdo cuvier, Nebrius concolor, Rhinobatos halavi,
Rhynchobatus djiddensis, Taniura lymma and Aétobatus narinari together with the
previously studied Mobula kiihlii is given. The gut is expectedly short in all
species studied as they are all typically carnivorous. The only exception is
afforded by the family Mobulidae and particularly Mobula which are mainly
plankton-feeders ; both the bile duct and the pancreatic duct open into the short
segment preceding the valvular intestine. And where the gut is comparatively
long, the bile duct opens at the end of the bursa entiana at its junction with the
duodenum, while the pancreatic duct opens at the end of the duodenum where
the latter passes into the valvular intestine.
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2. A new type of intestinal valve, a spiro-annular type, has been met with in
Rhynchobatus djiddensis and Rhina ancylostoma and is described.

3. The heart and the main blood vessels are dealt with. The coronary arteries
are well developed in elasmobranchs especially in active swimmers like Galeocerdo
cuvier. ‘The conus valves increase in number from sharks towards specialized rays.

4. The urinogenital system of both sexes is decribed in the six species. The
number of embryos, size, season, etc., are recorded. " The maximum number met
with was 44 fully developed embryos in a female Galeocerdo cuvier. The relation
of embryos to the mother uteri is discussed.

5.  The brain has the general form of the brain-case being narrow and elongated
in sharks, broad and occupying a large part of the cranjum in rays. The cerebellum
is simpler in sharks than in rays, reaching maximum complexity in highly specialized
rays. The pituitary as well as the saccus vasculosus are highly developed in
Galeocerdo cuvier. o

6. A detailed study of both neurocranium and viscerocranium of Aprionodon
brevipinna (belonging to Selachoidei) is given. The relations of the hyoid and
branchial arches to their corresponding blood vessels is studied in " Carcharhinus
melanopterus (selachoid form), Teniura lymma (batoid form), and Rhynchobatus
djiddensis (transitional form). -

The hyoid arch of A. brevipinna is formed of two segments, a dorsal
hyomandibular and a ventral ceratohyal, while in Rhynchobatus djiddensis it is
formed of the hyomandibular, ceratohyal, dorsal pseudohyoid bar and ventral
pseudohyoid bar. In Teniura lymma the hyoid arch is similar to that of R. djiddensis,
but the ceratohyal is completely missing. The basihyal is present in all of these
selachians. '

In A. brevipinna there are five pharyngobranchials, the last two are fused together
but no connection between the pharyngobranchials and the vertebral column exists .

The four hypobranchials are present the fifth being missing. There are three
labial cartilages in A. brevipinna.

LIST OF ABBREVIATIONS

Ab. N. V1, Abducens nerve ; Abd. C., Abdominal cavity ; Abd. pr., Abdominal pore ; Af.
Ar. 1, 2, 3, 4, First, second, third and fourth’ afferent branchial arteries ; Af. Ir. 2, Second
afferent trunk ; Al Ve. Op., Auriculo-ventricular opening ; Al. Ve. Va., Auriculo-ventricular valve ;
Aor. d., Dorsal aorta ; Aor. V., Ventral aorta ; At., Atrium ; Aud. N. VIII, Auditory nerve ;
Be. F., Buccal fold ; Be. R., Buccal roof ; Br. A., Branchial arch; Br. Kb., Branchial knobules ;
Br. Op. in., Branchial internal opening; Brc. Ar., Brachial artery; Bs. En., Bursa entiana; C., Caecum;
Cad. Vn., Cardinal veins ; Cd. Rg., Cardiac ridges ; Cd. St., Cardiac stomach ; Cd. St. In., Lining
of cardiac stomach ; Ce. Cn., Central canal ; Cei., Cerebellum'; Ch. Pl a., Anterier choroid plexus ;
Cl., Cloaca ; CIs., Clasper ; Co., Colon ; Cod. Ar., Coracoid artery ; Cod. Ar. mm., Main coracoid
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artery ; Coe. Mes. Ar., Coeliaco-mesenteric attery ; Com. Ar., Commissural artery ; Com.
Ar. Eff. 9, Commissural artery of the last (ninth) efferent collector ; Con. Art., Conus arteriosus
Cop. Str., Corpus striatum ; Cord. Td., Chordae tendinae ; Corp. Res., Corpora restiforme ;
Cr. Ar. d., Dorsal cofonary artery ; Cr. Ar. d. br., Dorsal branch of coronary artery from coracoid ;
Cr. Ar. 1., Left coronary artery ; Cr. Ar. med., Median coronary artery ; Cr. Ar. 1. br., Coronary
artery left branch from coracoid ; Cr. Ar. 1¢. br., Lateral branch of left coronary artery ; Cr. Ar.
med., Median coronary artery ; Cr. Ar. med. br., Median branch of right coronary artery ; Cr, A4r.
mn., Main coronary artery ; Cr. Ar. r., Right coronary artery, Cr. Vn. 1., Left coronary vein ; Cr.
Vn. med, Median coronary vein ; Cr. Va. r., Right coronary vein ; Cr. V2. v., Ventral coronary
vein ; Ct. Tb., Collecting tubule ; D. ch., Ductus choledochus ; D. Ch. Op., Ductus choledochus
opening ; Din. Rf., Diencephalon roof ; Dsl. Ar. a., Anterior dorso-lateral artery ; Dsl. 4r. p.,
Posterior dorso-lateral artery ; Du., Duodenum ; Ebr. Ar. 1-4, First, second, third and fourth
epibranchial artery ; Eff. Col. 9, Ninth efferent collector; Eff. Col. a., Anterior efferent collectors
Ep., Epigonal bedy ; Ep. 1., Left epigonal body; Ep. r., Right epigonal body ; F., Folds ;
F. cr., Circular folds ; F. 1g., Longitudinal folds ; F. mid., Middle fold ; F. ob., Oblique fold ;
Fac. N. VII, Facial nerve ; Gd. Ar., Artery supplying gonad ; Glos. Ix., Glossopharyngeal ;
Gs. Ch. Om, Gastro-choledochtic omentum ; Gs. Du. Om., Gastro-duodenal omentum ; Gs.
Mes., Gastric mesentery ; Gs. Pa. Ms., Gastropancreatic mesentery ; Gs. Spl. Om.,
Gastro-splenic omentum. .

Hp. Pa. Vn., Hepato-pancreatic vein; Hy. Ar., Hyoidean artery; Hyp. Ar. 1¢., Lateral hypobran.
chial artery; Hyp. Ar. med., Median hypobranchial; In. Du. Op., Internal opening to duodenum ;
Inf. lo., Inferior Lobe ; Infm. Infundibulm ; Int., Intestine ; Int. Va. Valvular intestine ; Ko.,
Knobules ; Lp. 1., First loop ; Lv. 1o. 1. Liver left lobe ; Lv. 10. md., Liver middle lobe ; Lv-
lo. r., Liver right lobe; M., Mamilla ; Md. Va., Mandibular valve ; Mdl. 0b., Medulla oblongata ;
Mes, Ch., Choledochtic mesentery ; Mes. F. mid., Middle mesenteric fold ; Mes. F. 1., Left
mesenteric fold ; Mes. Rc., Mesorectal ; Mem., Membranous part of first set of valves ; Mn.,
Cod. Ar. Main coracoid artery ; Mptg. Ar., Metapterygial artery ; Msc., Mesorchium ; Msn.
Mesonephros ; Msn. a., Mesonephros anterior lobe ; Msn. P., Mesonephros posterior lobe ;
Msg., Mesogastrium ; Msov., Mesovarium ; My. 1., Inner myocardial layer ; My. o., Outer
myocardial layer ; My. Ve., Myocardial wall of ventricle ; Mx. Va., Maxillary valve ; N. C., Nasal
curtain ; N. §., Nasal septum ; Mr. R., Neuroporic recessus ; Ns., Nostril ; 0., Ova ; Oc. Sp. d.,
Dorsal root of occipito-spinales nerve ; ' '

Oc. Sp. V., Ventral root of occipito-spinales nerve ; Ocu. N. III, Oculomotor nerve ; Oes.,
Oesophagus ; Ces. In., Oesophageal lining ; Oes. Mes., Oesophageal mesentery; Oes. Ms., Muscular
wall of oesophagus ; Ol. b., Olfactory bulb ;0l. Io., Olfactory lobe ; Ol. N. med., Median olfactory
nucleus ; O Tr., Olfactory tract ; Opt. Chs., Optic chiasma ; Op. Cr. Vn. v., Opening of ventral
coronary vein ; Opt. Io., Optic lobe ; Opt. N. II, Optic nerve ; Or. pp., Oral papillae ; Os. Ut.,
Os uterus ; Ov, r., Right ovary ; Ovd., Oviduct ; Ovd. Ar., Oviducal artery ; Ovd. Op., Oviducal
opening ; Ovd. Va., Oviducal valve ; Pa. D., Pancreatic duct ; Pa. D. Op., Opening of pancreatic

duct ; Pa. Lo. d., Dorsal lobe of pancreas ; Pa. Lo. V., Ventral lobe of pancreas ; Pal. Em., Pallial
eminences ; Pal. Su., Pallial sulcus; Per. Ar., Pericardial artery ; Pit., Pituitary ; Pit. a. Lo., Pituitary

anterior lobe ;Pit. m. Lo., Pituitary middle lobe ; Pir. Pl Lo., Pituitary postero-lateral lobe ; Pit.
Sup. Lo., Pituitary superior lobe ; PL, Papillae ; P. pp., Posterior papillac ; ptg. Ar., Propterygial
artery ; Ps. H., Parasitic Hirudinea ; Ptg. Ar. It., Lateral pterygial artery ; Ptg. Ar. med., Median
pterygial artery ; Pv. Fn. 1., Left. pelvic fin; Py. F., Pyloric folds; Py. Bg., Pyloric bulge ; Py. Rg.,
Pyloric ridges ; Py. V. Rg., V-shaped pyloric ridge ;

. By. Va., Pyloric valve ;1_"y. St., Pyloric stomach ; R. Anl., Annular ring ; R. F. inc., Incomplete
ting fold ; Re., Rectum ; Re. G., Rectal gland ; Re. G. Op., Opening of ractal gland ; Rg. ir.,
Irregular ridges ; Rg. 1., Lateral ridge ; Rg. 1g., Longitudinal ridge ; Rg. mid., Middle ridge ;
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Rg. ob., Oblique ridge ; S. Lg., Suspensory ligament ; Sbe. Ar., Subclavian artery ; Se. Va., Scroll
valve ; Sep. t., Transverse septum ; Sh. GL., Shell-gland ; Sh. GI. Ms., Muscular wall of shell-gland;
Sm. Sc.; Sperm-sac ; Sm. Sc. Op., Sperm-sac opening ; Sn. Al. Op., Sinu-auricular opening ; Sn.
Al. Va., Sinu-auricular valve ; Sp. In., Spiral intestine ; Sp. Va., Spiral valve ; Sp. Va. 1-4, Spiral
turns of valve 1-4; Spl., Spleen; Spl. Pa. Om., Spleno-pancreatic omentum; Spn. C., Spinal cord;
Spe. Op.-in., Internal spiracular opening ; 7. Bd. Lw., Lower tooth-band; T. Bd. up.z Upper tooth-
band : T. up., Upper tooth ; Tg., Tongue ; Tr. Sep., Transverse septum ; Trig. V., Trlgemmfd nerv.e
Tro. N., Iv., Trochlear nerve ; Ts., Testis ; Ts. I Left testis ; Ts. r., Right testis; Ug. pp., Urinogeni.
tal papilla ; Ug. Sn., Urinogenital sinus ; Un. pp., Urinary papilla ; Un. Sn., Urinary sinus ;

Ur., Ureter ; Ur. D., Urinary duct ; Ur. Op. Opening of ureter ; Ut. In., Lining of uterus ;
Ut. Op., Opening of uterus ; Ut. r., Right uterus ; V. Def., Vas deferens ; V. Eff., Vas eﬁ'ererlls ;
Va., Valve ; Va. 1-8, First to eighth valve ; Va. II, Secondary valve ; Va. Int., Valvular intestine;
Va. an. T., Anterior turns of valve ; Va. Po. T., Posterior turns of valve ; Vg., Vagina ; Vag. X
Vagus nerve ; Vas. Sc., Vascular sac ; Ve., Ventricle ; Ve. Iv., Fourth ventricle ; Vi, Villi ; Va. Sm.
Op., Opening of vesicula seminalis ; W. D., Wolffian duct ;
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VIL—EXPLANATION OF THE PLATS

PLATE 1

(1) Galeocerdo cuvier, anterior view of an opened mouth showing bucco-pharyngeal cavity,
(2) Galeocerdo cuvier, hind part of oesophagus and cardiac stomach opened lengthwise
ventrally to show internal lining. (3) Carcharhinus melanoprerus, abdominal cavity
opened lengthwise to show alimentary tract iy siry (lobes of liver stretched to the sides).
(4 Nebrius concolor, oesophagus and proximal portion of stomach opened lengthwise
ventrally to show internal lining.

PLATE 11

(1) Nebrius concolor, posterior portion of pyloric stomach and proximal part of intestine, opened
lengthwise from ventral side. (2) Tueniurg Iymma, roof of bucco-pharyngeal cavity.
3) Taenivura lymma, floor . of bucco-pharyngeal cavity. (4) Aétobatus narinari, ventral
view of alimentary canal in siry (liver removed).

PLATE 11

(1) Aétobatus narinari, oesophagus and proximal portion of stomach opened lengthwise ventrally
to show internal lining. (2) Aérobatus narinari, posterior portion of pyloric stomach
and proximal part of intestine opened lengthwise from ventral side. (3) Mobula kiihlii,
oesophagus and proximal portion of stomach opened Iengthwise ventrally to show internal
lining. (4) Mobulg kiihlii, pyloric stomach and proximal part of intestine (duodenum)
opened lengthwise from left latero-ventral side.

PLATE 1V

(1) Rhynchobatus djiddensis, inner side of jaws  showing buccal valves and teeth.
(2 Rhynchobatus djiddensis, part of oesophagus, cardiac stomach and proximal
portion of pyloric stomach, opened lengthwise ventrally to show internal lining.
() Rhynchobarus djiddensis, posterior portion of pyloric stomach and intestine
opened lengthwise from ventral side. (4 Rkinobatos halavi, part of oesophagus and
stomach opened Iengthwise ventrally to show internal lining. (5) Rhinobatos
halavi, posterior portion of pyloric stomach and intestine opened longwise from
ventral side,

PLATE V

(1) Galeocerdo cuvier, conus arteriosous and ventricle opened from ventro-lateral side, walls
stretched to show three rows of valves of conus arteriosus (dorsal row of valves
is in middle, and ventro-lateral two rows are at sides) and internal structure of
ventricle.  (2) Nebrius concolor, conus arteriosus and ventricle opened from ventro-
lateral side. (3) Aétobarus narinari, dorsal view of heart with free margins of
auricle cut opened to show sinu-auricular opening with its valves, auriculo-ventricular
opening and 4-cuspid valve. (4) Aérobatus narinari, conus arteriosus and ventricle
opened from ventro-lateral side.
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PLATE VI

(1) Rhynchobatus djiddensis, conus arteriousus and ventricle, opened from ventro-lateral side,
(2) Rhinobatos halavi, conus arteriosus and ventricle opened from ventro-lateral side,

PLATE VII

(1) Nebrius concolor, part of oviduct and shell-gland opened longwise ventrally to show internal
structures. (2) Nebrius concolor, part of internal wall of uterus. (3) Mustelus canis, a
female with 10 embryos in the uteri. (4) Rhinobatos halavi, part from internal wall of
uterus of pregnant female, (5) Rhynchobatus djiddensis, part from internal wall of
uterus of pregnant female,

PLATE vl

(1) Galeocerdo cuvier, Dorsal view of brain and cranial nerves (specimen 305 cm. long). (2) Galeo.
cerdo cuvier, lateral view of brain and cranial nerves. (3) Galeocerdo cuvier,
ventral view of brain and cranial nerves. - (4) Nebrius concolor, dorsal view of brain
in situ. -

PLATE IX

(1) Nebrius concolor, dorsal view of brain and cranial nerves (specimen 215 cm. long). (2) Nebrius
concolor, ventral view of brain and cranial nerves (VI merve cut) () Nebrius
concolor, lateral view of brain and cranial nerves. 4 Aétobatus rarinari, dorsal view
of brain in sity. (5 Taeniura lymma, dorsal view of brain in situ.

PLATE X

(1) Aétobatus narinari, dorsal view of brain and cranial nerves (specimen 250 cm. long, IV
nerve cut). (2) Aétobatus narinari, ventral view of brain and cranial nerves,
() Aétobatus navinari, lateral view of brain and cranial nerves. (4) Rhinobatos halayi,
dorsal view of brain and cranial nerves (specimen 171 cm. long).

PLATE XI

(1) Rhinobatos halavi, ventral view of brain and cranial nerves, (2) Rhinobatos halavi, lateral
view of brain and cranial nerves. (3) Rhynchobatus djiddensis, dorsal view of brain
In situ. (4) Rhynchobatus djiddensis, dorsal view of brain and cranial nerves (specimen
280 cm. Iong).




PLATE 1

M.

Figs. 1 and 2 : Galeocerdo cuvier

5 Fig. 3 : Carcharhinus melanopterus :
Fig. 4 : Nebrius concolor.



PLATE 11 e

Fig. 1': Nebrius concolor Figs. 2 and 3 : Taeniura lymma ;
Fig. 4 % Aétobatus narinari :
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Figs. 1 and 2 ; Aétobatus narinari

: Figs. 3 and 4 : Mobula kiihlii,
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' Fig. 1 : Galeocerdo cuvier Fig. 2 : Nebruis concolor ; Figs. 3 aad 4 : Aétobatus narinari.
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Fig. 1 : Rhynchobatus djiddensis ; Fig. 2 : ‘Rhinbbatos halavi,

Figs. 1 and 2 : Nebrius concolor ; Fig. 3 ; Mustelus canis ;
Fig. 4 : Rhinobatos halavi ; Fig. 5 ; Bﬁynchobatus djiddensis,
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1-3 : Galeocerdo cuvier Fig. 4 : Nebrius concolor.

Figs. 1—3 : Nebrius concolor ;
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Fig. 4 : Aétobatus narinari ;

PLATE IX

Fig. 5 : Taeniura lymma.




PLATE X PLATE X1

Figs. 1—3 : Aétobatus narinari ; Fig. 4 : Rhinobatos halavi. . )
Figs. 1 & 2 : Rhinobatos halavi ; Figs. 2 & 4 : Rhynchobatus djiddensis.



