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; ABSTHACT

The parrot fishes of the family Labridae are brilliantly-
'ooloured, perch-like, elongate-oval, moderately compressed fishes of

emall to large size.

Essentially they live in tropical regions but some occur in
cooler Tasmanian waters. These hebivorous or carnivorous fishes hide
themself 1n coral reefs and among sea weeds. They have been called
tuskfish because the mouth 18 equipped with the protruding tusk-like
canines anteriorly in the jaw. Cheeks and operculum are scaled but
the serrated preoperculum flange is naked. The single dorsal fin has
1st part with 11-13 spines and 2nd part of soft rays. Anal fin has 3
spines. Pectoral fins are moderately large and ventral fins thoracioc.

Caudal fin 1s round or truncate.
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Two nostrils are on each side and the 4th gill arch is with a

single gill lamella. Its scales are large cycloid and mostly brightly
coloured and sometimes form the low basal sheaths of the dorsal and

anal fins and the covering of the base of the caudal fin,

The musculature on the head and trunk have no large difference
among the 3 species of the genus Pseudolabrus. The muscle of most
species is soft and not particular tasty.
16
The structure of the digestive tract of ihese 3 species are very
similar and can be divided into 6 parts: mouth cavity, pharynx, esophagus,
stomach, intestinal bulb and in{estine, which are lined with a soft

mucous membrane.



Because its colour markings, body proportions, development of
fins, distribution of scales and sex dimorphism change with age, many
of the species are difficult to be identified on external features and

internal structure. Those fishes of this family are not perfectly
classified yet.



IRTRODUCTION

There are 3 epecles of parrot fishos, P. %tetricus (RICEARDSON),
P. fucicola (RICHARDSON) ard P. mile (BLOCH & SCHNEIDER) of Genus
Pseudolabrus in Tasmania. I% 12 very hard to find the differencas

from the morphological study on the spacific characters based

upon the anatomy of the skeletal system, muscuiar syzitsm and the
digeative system. ' -

Sometimes, the differsnces between the aduli and juvenile of
the same spscies are much larger than those among the different
specics. Inbterbreeding beiveen two speciles maﬁ take place and then
the hywrida have ths intermediatg charactors of two spocies. This

fact iancrease the complications znéd confusions of the comparative
anatony.

Therafors, this ieaearch concentrates emphasis on the
detailed anatomy instead of comparative anatomy az in papers by
Aliie {1897) researched on the complex atructure and conmnection
between the cranlal and {irst spinal nexrves and cranisl muscles:
in Awig calva, which showed the most primery type of the teleost.
Chepman (1941, 1942, 1948) made a series of detailed reports on
the ostenlogy of the osmerid fishes, Argentinidae and round herring
Btrumeuz micropus, Curry (1939) desoribed the histeulogy of the

igestive tube of carp {Cyprinus carpio), I% showed that the

inteatine had a very thickensd anterior region. Intestinal {old

had a complex reticulate pattern with columnar epitheliur and
goblet cells present, Liver is a mtorage organ fo; 0il and glycogen.
Daves (1929) studied ths histology of the alimentary txact of the
plaice (Pleuronecitas platessa). Ee found that ihe eosinophils .




in the mucosa of the ssophagus changed from connective tissue
ceils.apd lyrmphooytes and neutrophils are existed. The lamina
propria is composed of s stratum granulosum, stratum comfactun,
blood vessels and loose arsolar tissue. The satratum compactum,
circular and longitudinal muscle layers snd serosa are preseanted.
Gosline (1955, 1961) had reported some osteological features of

gobioid fishes Kraemeria and Microdesmus and modern lower teleostean

‘fibhe; and made their classification based on skeletal system,.
Greene (1914) examined the skeletal musculature of the kiné salmon.
in detail anatomy. Gregory (1959) had a great work on the systematic
comparative study on fish skulls of different orders and the )

Aevolution of natural mechanisms. Hollister (1936, 1937) resoarched
on the caudal skeleton of Bermuda shallow water fishes Order
Isospondyli, Elopidae, Megalopidae, Albulidae, CIupeldho,

Dhssnmiariidae, Engraunlidae, Iniomi, Synodontidae stc. and emphasised

its importance on taxonomy. MoVay and Kaan (1940) stated the

morphology of -the digestive tract of the Carassius auratus wvas
studied from histological section. The stomach is between the !

8iphonal and caecal type and has well-developed glands compared té
other teleosts. Pear-shaped ce;ls with enzyme-producing are present
in the epithelium and glands of the ileum and pyloric caeca. '
Mujibd (1961) studied the cranial skeletone of four gadid fishes,
Gsdus morhua (Subfamily Gadinas), "Urophysis chuss (Lotinae), Lota

lota (lotinae) and Merlucocius bilinearis (Merluccinae) are described

in detail. The Merlucoinae probably give rise, on one hand, to the
Subfanily Lotinae, on the other, to.the Subfenily Gadinae.'both of
those subfamilies became further specialized. All three subfamilies
differ from each other in their cranial osteology, as well as in

, other characters. Hursall (1956) reported on the lateral musoulaturs
and swimming of the fish. Histological studies have concluded that
in addition to a superficial strip of muscle small dilamater fqd
fibres occur throughout the trout myotome. Parker (1886) made some

e



importani 8tudigs in New-Zealand ichthylogy on the skeleton of
Regalecus argenteus. Began (1907, 1910, 1911, 1912) had a series of
reports on the anatomy of the telesostean fishes of the Order
Allotriognathi, Zeomoxrphi, Iniocmi, Salmopercae, Opisthomi etc.
vhich had more descriptions than the former researchers. Ridewood .

(1904) researched on the comparative cranial osieology of the fishes
of Families Mormyridae, Notoptsridae and Eyodontidae. Rosen and
Mendelson (1960) examined the sensory canal of the head in )
poeciliid fishes (Cyprinodontiformes) with reference to dentitional
types and relation to lateral semsory system. Sarbahi (1951) studied
the digestive tracts and digestive enzymes of gold-fish, Carassius

auratus and the large mouth -black basa, Micropterus salmoides. Tﬁe
histology of the digestive tract of these fishes were examined that
their esophagu; both showed longitudinal folding, stratified
eplithelium, columnar epithelium and goblet calls. Many enzyme acti-
vities were known in the pharynx, midgut and caeca. These activities
indicated both’esecretory and absorptive abilities. Starks (1899,
1504, 1905, 1916, 1926, 1930) had the most abundant resesrch works
on the osteological charactars of the fishes of the suborder

" Percesoces, berycoid fishes and Caularchus maeandricus (GIRARD);

and the sesamoid articular, bones of the ethmoid region of the fish
skull, and the primary shoulder girdle of the bony fishes eto.
Suehiro (1942) worked on the digestive system and feeding habits of
fish, vhich had more careful comparative statement than former
research., Vickers (1962) studied the intestinal epithslimm of gold-

fish Carassius auratus, h; found striated muscle fibers formed the

thick muscular coat and columnar epithelium and gastric gland cells
were present, the latter being absent from the pyloric regiom.
Weinreb and Bilstad (1955) stated thae alimentary tract of the rain-
bow trout, Salmo gairdneri inideus is a carnivorous typelhave a
short esophagus, pouch-like stomaoh and a short intestine. Strati-

fied epithelium with columnar cells _and many goblet calls are
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present in the esophagus. Columnar epithelial cells are only in
the stomach. Both cells are in the intestine.

The samples of fish for this study were collected from Storm
Bay and Bruny Island of Southern Tasmania, Northern Tasmania
(through Queen Victoria Museum, Launceston) and Eastern Tasmania
(through Sea Fisheries Laboratory).

Por the work on histological study, the fresh special tissues
of the fish P. tetricus are fixed in Bouin's solution for 1 week
at first., Then these were washed in water for 2 hrs, dehydrated in
80-100% Alcohol for 6 hrs. Sections were cut at 3-5u thickness and
stained in Hematoxylin and Eosin =olution. Dehydration, clearing
and mount in balsam complete the staining procedures. The microscopic

- photopictures were taken for the histological research.
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Pseudolabrus tetricus ( RICHARDSON).

{
Labrus tetricus Richardson, Proc. Zool. Soc. Lond., Aug. 1840,
Ps 25+ Port Arthur, Tasmania.

Labriohthys tetrica var. fuscipinnis Klunzinger, Arch. Naturg.

-(Wiegmann)xxxviii, 1, 1872, p.37. Port Phillip, Victoria.

Labrichthys teirica(var. tigripinnis Klunzinger, Arch. Naturg.
(Wiegmann)xxxviii, 1, 1872, p. 37. Southern Australia.

Labrichthys richardsoni Castelnau, Proc. Zool. Acclim. Soc,.
Vict. i, July 15, 1872, p. 150, Melbourne Market. Type in Paris
Museum. Not Pseudolabrus richardsoni Steindachner, 1867.

Labrichthys vestita Castelnan, Proc. Zool. Acclim. Sol. Vict. i,
July 15, 1872, p. 151. Melbourne Market. Type in Paris Museum.

Labrichthys tetrica var. ocellata Klunzinger, Sitzb. Akad. Wiss.
Wien, lxxx, 1, 1879, p. 401l. Murray R., S. Australia.

Labrichthys cyanogenys Rameay and Ogilby, Proc. Linn. Soc. N.S.
Wales (2) ii, 2, Aug. 31, 1887, p. 242. Broken Bay, N.S. Wales.
Type (I. 1245) in Austr. Mus,

Labrichthys ceruleus Saville-Kent, Pap. Proc. Roy. Soc. Tasm.
1887 (1888), pp. xxx and 47. Ex Ogilby MS. Tasmania.
Tasmahia, Victoria, South Australia, New South Wales.



PART I
SKELETAL SYSTEM _
Pseudolabrus tetricus belongs to the family lLabridae and has a

very well ossified skeleton.

Group 1. skull | (Pig. 6 to 11)

The complete skeleton of the head of P. ietricus is wedge-shaped
presenting a triangular shape from the side view. The contour of the
headxggz:i} has a blunt point of the wedge anteriorly and a wide
posterior part, The length of the skull is almost equal to the width,

It is characteriged by a prominent supraoccipital crest, a strong
toothed premaxillary and dentary, a large lachrymel, a rugged frontal
and a set of well developsd opercular bones.

Two prominént ridges extend from the middle portion of the frontal

4o the epiotio and pterotic imndividually.

There are three grooves, the dilatator, temporal and supratemporal
groove on the skull., From the posterior lateral corner of the fromtal
there is a shallow groove, the dilatator groove which runs postero-
laterally over the dorsal part of thé sphenotio and pterotic and
terminates at the middle portion of the pterotic.

The temporal groove is median to the dilatator groove. Its anterior
portion traverses a part of the frontal, parietal and pterotic, and
posterior portiom is very deep and open out at the hind end of the
skull.

The paired supratemporal grogge is situated medially on the top of

{2
the skull, It is ahallower-than}other two grooves. The two supratemporal
L ,



grooves are separated by the median supertemporal crest in which the
trunk muscles extend.

Ethmoidal Region ﬁrig. 6 to 10 ]
The olfactory region is the anterior most part of the skull and
.on a lower level than the frontal. The vomer 18 a dermal bone and the
mesethmoid is a cartilage bone in origin but replaced by dermal bone

latterly.

The vomer has a lateral process on each side, a depressiomn into
vwhich the anterior arm of the palatine is situated dorsally to this
process. The antero-ventral part (head) of the vomer is stout broad
and bulbous and the posterior part is a shaft which has a very deep
keel ventrally. The posterior end of this shaft insert into a median

V-shaped depression on the antero-veniral portion of the parasphenoid




which extends anteriorly on both sides of the shaft to the head of

the vomer.

The vomer connects dorsal-medially with the mesethmoid by which its
posterior part 18 overlapped and is sutually united with the anterior

edge of the prefrontal on each side laterally.

There are no tooth on the vomer, showing an advanced characier of the

higher Teleost.

A smooth concave articular surface on either side of the anterior
portion of the head of the vomer gives an articulation to the posterior
surface of the inner arm of the maxillary through a pad of thin |

cartilages.

The mesethmoid which is convex antero-dorsally conneocts with the
medio~dorsal border of the vomer. There is a median ridge from the

dorsal portion of the vomer, ending on the mesethmoid.

The mesethmoid protrudes a process dorso-medially between two fromntals.
The portion of the mesethmoid posterior to the above process is tucked

in beneath the frontals,

The lateral portion of the mesethmoid is one part of the wall of
the olfactory fossa.

The rosiral certilage is elongated with a deep median ventral groove
attaching to the median ridge of the vomer and mesethmoid. The ascending
processes of the premaxillariers connect wiih the dorsal surface of this

cartilage which serves to bind these two processes together,



There is a cavity between the vomer, mesethmoid and prefrontals.
Parker(1873) stated it as the mes—ethmoidal fat cavity in Salmo.

Orbital Region (rig. 6 to 10)
The orbit is a large fossa which occupies almost half the length of
the skull. It is bounded dorsally by the frontal, anteriorly by the
lateral process of the prefrontal.

The prefrontal is on the latero-dorsal portion of the vomer. It
has a large broad wing laterally. The anterior arm of the palatine is
fixed in a concavity between the lateral wing of the prefrontal and
the lateral ridge of the vomer .

10
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The ventral surface of the base of iis lateral wing bears a.-flat
facet which glides forward and upward over the similar facet at the
postero-dorsal portion of the anterior arm of the palatine. The

articulation between these two facets is 111 defined.

The anterior surface of the prefrontal is one part of the posterior
wall of %the olfactory fossa. There is a deep anterior depression
which bears the foramen for the olfactory nerve. The mesethmoid

separates the paired prefrontals on each side.

The lateral wing of the prefrontal also forms one part of the anterior
border of the orbotal fossa. Actually it is the septum between the
orbital fossa and the olfactory fosaa.

The paired froﬁtals form a larée part of the roof of the craniﬁm and
the dorsal border of the orbital fossas In the orbital region the
lateral part of each frontal is arched upwards to accommodate the eye
ball. The frontal shows a convexity here. Its lateral margin is serrated.
The anterior portion of the frontal has a sharp process which is

inserted between the prefrontal and mesethmoid.

The supraorbital and the epiphyseal branch of the lateral sensory
canal system are contained in the fronial and they divide into many
sub-branches. Each of these sub-branches has a funnel-like opening

on the surface of this bons.

Below the frontal, the orbital fossa which is formed by the antero-
dorsal portion of the frontal and the posterior portion of the mesethmoid,

is concave dorsally.

The high frontal cresis of each side converge to medial-line



12

posteriorly and form the posterior border of the deep frontal fossa.
The posterior most part of the frontal contiribute partly to the
formation of the posterior part of the skull which is dome-shaped.

The anterior most part of the frontal lies over the posterior part
of the prefrontal and also proJjects slightly forward to from a small
roof to the posterior part of the nasal cavity (olfactory fossa).

The anterior end of the prefrontal unites with a doreal, beak-like
process from the vomer. Both the mesethmoid and prefrontal are not

tunneled by any lateral sensory canal,

On some fishes, such as Brycon megki, the two frontals do not unite
together. Weitzman(1955) stated that each frontel contacts the other
only through the ossified epiphyseal bar (=infrafromtal bar of Gregory
and Coamrad. 1938, P.333. fig.12) being separated, as ar;'tho parietals,
by the large dorso-median cranial fontanel, Eack half of the epiphyseal
bar continues in a lateral direoction, its widening base lying against
the median side of the ventral sheet of the frontal 'and the ptero-

sphenoid below.

The frontals of the P. tetrious unite together along the middle line
of the skull. The epiphyseal bar of the fromtal contacts its opposite
partner and forms an ossified s8pine at the middle point and just

anterior to the supraoccipital crest.

The frontal articulates with the supraoccipital parietal, pterotic,
and sphenotic by the suture connection.

The two epipbyseal branches of the lateral semsory canal system
which come from opposite sides, traverse the posterior portion of the
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frontal orest and unite into one at the middle line of the skull, and
then the single epiphyseal branch associates with the united two
supratemporal branches posteriorly. There is no bone covering the

lateral sensory canal system on this section,

There are two ridges on the posterior portion of the frontal. Ome
ridge comes from the parietal medially and another is the pterotio
ridge, through which passes the pterotio branch of the latero-semsory

canal system .

The frontal is concave ventrally. The veniral surface of the frontal
has a very high longitudinal ridge which is used as a septum separating
the brain case and the dorsal portion of the orbital fossa. There is
one of these iaired septae on each side. Additionally some small
tranverse septae are found on the ventral surface of the froatal,

The sphenotic of the P. teiricus aotually coneisis of two parts, the
dermal sphenotic(or posifrontal) is a small dermal bone. This bone
sometimes can be comsidered as the 7th infraorbital bone. The lateral
process of the sphenotic is on this part. The infraorbital branch of
the laterosensory oanal system connects with the supraorbital branch
through the foramen on the tip of this process.

The posterior part, autosphemotic, is a cartilage bone which forms
the larger part of the sphenotic, the fusion between these two bones

is rather complete, but traces still can be found.

The anterior margin of the sphenotic conjoins with the frontal and

the medio-posterior portion is overlapped by the pterotioc.

A process 1s on the antero-lateral portion of the sphenotic. This
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process which connects with the lateral margin of the frontal anteraorly,

forms the dorsal boundary of the orbital fossa.
The 6th infraorbital attaches to this process ventrally.

The sphenotic conjoins with the prootic ventrally. There 1s a large
socket, the 1lst hyomandibular fossa, between these two bones. This

socket articulates with the anterior head of the hyomandibular,

The ventral surface of the sphenotic is concave toward the ventral

direction. 4 transversa; bony septum protrudes from this surface.

‘There 18 no-orbitosphenoid, K1ngsléy(1925) stated that orbitosphenoids
are absent from trép;basic skulls, the Berycoids, Re aléous, Lampris
and Velifer excepted. In platybasic crania they arise. as paired bones
which often fuse in the middle line, the orbital foramen lying beiween
them and' the ‘ectethmoids.

The pterosphenoid 1s bounded posteriorly by the prbotic and postero-
laterally by the sphehoﬁic. the antero-dorsal portien of the pterosphenoid
1e overlian by the frontal 1aterally.l

Thé basisphenoid attaches to the postero;ventral portion of the paired

pterosphenoids, °

The antero-dorsal portion of the pterosphenoid is overlain by the
frontal laterally. The longitudinalvveﬁtrﬁl ridge ‘of ‘the frontal extends
posteriorly and connects with the ventral margin of the pterosphenoid.
It contributes as the border of the opening-from the orbital foesa into
the braincase and as the anterior wall of the cranium.

Kingsley(1925) described that the pterosphenoids are reduced in



tropibasic skulls, and in some cases e.g. Cyprinus they afford attachment
to a part of the hyomandibular.

The ventral margin of the pterosphenoid has a serrated process. This
Berrated proéeas i the vestige of the comnective process of the paired
pterosphencid. Liem(1963) stated that in Belontia the pterosphenocids of
the right and left sides are united by wing-like processes with run
transversely across the orbit, forming the orbital roof.

The basisphenoid is a Y-shped bone. Its two dorsal-lateral arms conjoin
individually with the pterosphenoid and the prootic of each side forming

~ the floor of the anierior portion of the brain-case.

The ventral pbrtion of the basisphenoid protrudes Qortioally and forms
& leaf-shaped bone lamella, the intsrorbital septum, which has & serrated
margine. Aocording the young specimens, it is not attached to the para~
sphenoid, but in the adult it 18 more ossified and combined with the
parasphenoid ventrally. It contributes as a median septﬁn:in ihe postero-

. ventral portion of the orbital fosea.

[

The rhinosphenoid is a double layered bony lamella, which extends
vertically on the posterior surface of the ethmoid. A cartilage, the
ofbital geptum, inserts its anterior portion into the slit of the two
bony lamellae. These three parts unite together and form the median
septum of the orbital fossa.

Weitzman(1962) stated that this bone projects forward to between the
median edges of the lateral ethmoids. In a very young specimen 32mm in
standard length, the rhinosphenoid consisted of two thin diacs‘ﬂet side
by side sandwiching a disc of cartilage. In large specimens the bone has

15



a crescent shape and the two lamellar halves of this bone are fused

along their dorsal edges.

Otic Region (Pig. 6 to 11)

The auditory capsule in Teleostei is commonly formed by the ossificatiom
of several cartilage bones. The sphenotic covers the anterior semicircular
canal and the prootic surround the facial foramen for the jugular vein.

The pteroti¢ overlies the horizontal canal and the epiotic to which
the posttemporal connects through the ligament forms the posterior border

of the auditory capsule.

The pterotic (supratemporal) is on the posterolateral cormer of the
skull. It is a curved bone and V-shaped in cross section. The dorsal
surface of the median half of this bone forms one part of the floor of

the posttemporal fossa and the lateral half protruding dorsally

o



‘contributes to the most part of the pterotic ridge.

. Goodrich(1930) described that the supratemporal(pterotic) invades the
posterior region of the auditory capsule as the prefrontal(sphenotio)

does in front.

The pterbtio has an anterior process which is overlian on the median-—
posterior portion of the sphenotioc. There are three other processes on
the pterotioc. The first is lateral process which has a opening on the
tip for the mandibular branch of the laterosemsory canal syetem. The
second is the postero-dorsal process., The opening om its tip is the
exit for the supratemporal branch or the iaterosensory canal system.
The third is the posterior process which has a very sharp posterior

end and projects postero-laterally.

The pterotic is borded antero-medially by the fromtal and the parietal,
medially by the epiotic, postero-medially by the exoccipital and ventrally
by the prootic,

There is aforamen(temporal foramen) between the pterotic and the

sphenotic,

Weitgman(1955) stated "A large formen is present between the sphénotic
and pterotic. This foramen may be seen in the lateral view of the cranium,
althrough in the 82mm specimen figured it ie partially covered by a
shelf of the bone of the pterotic that extends cutward and downward

'leaving an elongate fossa or groove beneath it."

. There also has a large cresCent foramen which exists even in the adult
specimens on the bottem of the posttemporal fossa among the bterotio,
parietal and epiotioc. A cartilage coveraléﬁg thies foremen.

17



The third foramenis on the floor of the subtemporal fossa, among the
pterotic, prootic and exoccipital. In the older specimen thie formen is

not oonspicuous.

Aovoid socket in which the posterior head of the hyomandibular is

fixed, is on the latero-veniral portion of the pterotic.

The parietal is one part‘of the roof of the skull, which contacts
anteriorly with the frontal,medially with the supraocoipital and
posteriorly with the epiotic. The anterior portion of its lateral
border contacts with the pterotic, but on its posterior portiom this
connection is separated by the large crescent foramenon the bottom of

the poattempéral.

The parietal ridge comes along the middle line of this bone and
extends forward to the posterior portion of the frontal and backward

to the epiotic.

In someégi other fishes, the parietal consists of two elementis. One
is the extrascapular element and another is the proper parietal

element.

Weitzman(1962) stated "In a specimen of Hydrocynus lineatus, the
parietal region of the left side consistes of two elements, one of whioh
might appear to correspond to an extrascaﬁular element and one to the
parietal., These two elements are separate and quite distinoct. The right
parietel in this fish is a structure similar to that in Brycon meeki
and other characids examined in that it is a single bone."

Lekander(1949) stated the parietal of some oyprinids to be of the

extrascapular and parietal elements,

18



West0l1(1944) considered that the degeneration of the posterior part
of the supraorbital canal (=parietal canal) is found in numous other
groups of fishes and is frequently associated with the loss of separated

parietal elements.

Weitzman(1955) believed in certain Teleostei(e.g. Macrodon(=Hoplias),

Hydrocyon(=Hydrocynus) and Carassius the parietals seem to have been
replaced by the anterior extension of the extirascapulars.

In P, tetricus the extrascapular I and II are on the parietal, meanwhile
these bones do not fuse together. The supratemporal branch of the
laterosensory canal system passes through the tubular extirascapular I and
IT but has no connection with the parietal.

Harrington(1955) described the tubular medial extrascapular as following
"Its medial two-thirde is fused to the lateral two-thirds of the parietal,
its lateral third is free and extends along the posterior edge of the
supratemporal(pterotic) bone above the dorso-anterior surface of the

epiotic."

Goodrich(1930) discussed the development of the frontals and parietals,
his opinion was that in most Teleosts the frontals and parietals sink
deeply below the soft tissues and prolongations of the anterior myomeres.
Ordinary scales may then secondarily extend over the greater part of the
head in higher Acanthoptergii. In these also the parietals usually become
separated by the supraoccipital.

Epiotic (rig. 7 to 11)
The epiotic is an anvil-shaped bone. Its upper portion protrudes dorso-

posteriorly. The lower portion of the bone conjoins medially with the
supraoccipital laterally with the pterotic and ventrally with the

19
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exoccipital. The parietal overlaps its antero-laterior portion and

extends the parietal ridge to the epiotic.

There is a fossa on the dorsal surface of the upper portion of this

bone. The dorsal process of the posttemporal is fixed in this fossa.
The epiotic forms the postero-medial border of the posttemporal fossa.

Marathe(1958)stated"The epiotic and pierotic bones are internally
excavated for the passage of the posterior vertical and horizontal

semicircular canals respictively."

(rig. 7, 95 10 & 11)

The supraoccipital which occupies almost half length of the skull

e ey

Supraoccipital

forms the postero-medial roof of the cranium,

Weitzman(1962) described the dorsal surface of the supraoccipital as
containing a groove, the supraoccipital sulcus, that passes back from
the posterior edge of the dorsal cranial fontanelle ~to near the posterior

edge of the supraoocipital spine.

Harrington(1955)stated its concave anterior border conforms to the

postero-medial margin of the posterior chondrocranial fontanelle.

The ossification of the skull of the P. tetricus is quite complete,

80 there 18 no cranial fontanelle nor a supraoccipital sulous.

The supraoccipirtal can be described as two parts, the antero-dorsal
part and the postero-vertical part. The former which tapers into an

anterior process, is a narrow and triangular bone.
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The latter which also is a triangular bone extends between two
exoccipitals but does not reach the foramen magnum. These iwo paris

fuse together at a right angle.

The high crest extends from the antero-dorsal part to the posterior

vertical part.

Harrington(1955)stated"The ococipital spine may possibly represent the
demosupraoccipitale It is composed of two thin plates overlying and .
fused to the postero-lateral surfaces of the supraoccipital. The plates
converge 1n the sagittal plane to form the spine, Which projects beyond

the hind edge of the supraococipital.™

Goodrich(1930) concluded that the history of the supraoccipital is
still obsoure, there is no good evidence that it has been derived from
the median dermal occipital of lower fish(Crossopterygii, Chondrostei).

It develops as an endochondral bone and may possibly correypond to the
neural spines further back. Recently, however, Watson has described a
supraoccipital in an Osteolepid, a Coelacanth and a Palaeoniscid, it may
after all be a primitive bone, perhaps homologous with that of Tetrapods.

-
Prootic L(Figf _8-&’ 11)_i

The anterior margin of the prootic forms the lateral border of the
myodome which extends forward from the posterior poriion of the para-
sphenoid and the medial side of the prootic to the orbital region; The
prootic conjions antero-dorsally with the sphenotic, postero-dorsally
with the pterotic, posteriorly with the exoccipital, antero-venirally
with the basioccipital.
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Li1en(1963) described the myodome in Anabantoidei as following" The
myodome expands dorso-laterally, reaching the ventral surface of the
trigemino-facial chamber, posteriorly the myodome narrows rapidly and

ends 1n the anterior quarter of the prootic.

A large round socket which articulates with the anterior head of the

hyomandibular exists between the prootic and the spﬁenoid.

The lateral detailed aspect of the prootic can be described as following
"There are two large recesses on the dorsal portion of the prootic. The
openings of these two recesses are separated by a bony bridge, but their
inner parts oonnéct each other under this bény bridge. Three foramen

exist on the bottom of these two recesses.

The large dorsal foramen is the facial foramen, the antero-ventral one
18 the trigeminal formen and the postero-ventral one is the auditory

foramen,

There are 4 small foramina on the dorsal portion of the prootic along
the horizontal bony lamella except the auditory, facial and trigeminal

foramen.

A prominent ridge starts from the ventral border of the posterior
recesses running postero-ventrally and extends to the basioccipital,
The posterior portion of the prootic is concave laterally, which forms

the anterior portion of the subtemporal fossa.

A horizontal bony lamella extends longitudinally from antero-dorsal
to_ posterior portion of the prootic. A prootic bridge 'is formed by ihe
Junction ot the horizontal lamellay processes of two prootic bones on
the midline of the skull. This prootic bridge is the floor of the cranial
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cavity in front of the parachordal plate and behind the infundibulum,
The ventral myodome exisis in the cavity beiween the basie cranii and

the parasphenoid in Teleostei,

As Harrington(1955) stated that the more extensive, dorsal lamellae
meet in the midline to form the prootio bridge over thé posterior eye-
muscle canal(myodome), which is also the floor of the braincavity.
These dorsal lamellae diverge anteriorly, leaving a gap between the
hyophyseal foramen through which the stalk of the hypophyeis passes,

y T T LR
Exoccipital f‘(rig. 9 &ilz\

The exoccipital conjoins dorsally with the supraocoipital, dorso-~
laterally with the epiotic, laterally with the pterotic, anteriorly
with the prootic and venirally with the basioccipital. The glosso-
pharyngeal nerve(1X) pierces the exoccipital and becomes two branches
in thebone, 80 it has two exiis on the postero-ventiral portion of the
exoccipital. In the same oondition, the vagus nerve has two small and
one large exit on the posterior portiomn of the exoocipital. The
posterior portion of the exoccipital forme the border of the foramem
magnum, The dorsal portion of the exoccipital has a lamella which
extends medially and meets its counter part in the midline ito form the

dorsal roof of the foramen magnum,

There are two ridges on the posterior portion of the exoccipital,
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one runs from the base of the occipitel condyle and extends dorsally,
to the dorsal portion of the exoocipital, another extends ventrally

closing but not fusing to the basiocoipital.

The exoccipital has two occipital condyles on the posteriormost
portion, Each artioculates with the anterior sockets of the lst precaudal

vertebra. This artioulation is almost immovable.

Goodrich(1930) belisved that the exoocipitals more or less completely
enclose the foramen magnum above and laterally as well as let through
the hypoglossal nerve and define the hinder limit of the vagal foramen.

In the higher Teleostei they may have a facet for the first vertebra.

On the middle portion of the inner surface of the exoccipital a beny
lamella extends ventrally and parallel to the exoccipital and attaches

to the basioccipital. The cavity between this lamella and the exoccipital

is the saccular ocavity.

Weitzman(1962)insisted that internally and externally the exoccipital
forms the dorsal portion of the bony lagenar, and from the ventral
surface of each of these lamella, another sheet of bone extends downward
to meet a similar structure extending upward froam the basioccipital.
Together these two lamellae of bone form the upper median wall of the

posterior portion of the saccular cavity.

The anterior vertical semicircular canal does not pass through any
otic bone but 18 held in place by a small cartilaginous septum connected
generally with the pterotic and sphenotic or pterotic and supraoccipital,

Karathe(1958)stated that this bone (exoccipital) exihibits a large,

rounded foramen, through which the daverticulum of the air-bladder
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enters the auditory capsule.

The P. tetricus does not have this foramen on the exoccipital.

Basicranial Region (rie‘ 8)

(Pig. 8 & 11)

The basioccipital conjoins anteriorly with the parasphenoid, dorsally

Basioccipital

with the exoccipital.

The basioccipital is externally excluded from contact with the prootic
by the exoccipital but the anteriormost border of the basioccipital
contacts the prootic internally.

The antero-dorsal portion of the basioccipital is a large square
process(four sided bar, tenon-like)which is H-shaped in cross-section
and fixed in a square furrow on the posteriormost portion of the

parasphenoid.



The upper part of the H-shaped process forms the lower floor of the
lagenar chamber and the posterior portion of the saccular cavity. The
lower part of 1t 1s a channel for the dorsal aorta which comes from
the branchial region through a foramen between the basioccipital and
the parasphenoid 1o the body cavity. Below the bony lamellae of the
prootic, between the basioccipital and above the parasphenocid, there

18 a long cavity for the posierior myodome for the orbital region.

The posterior portion of the basioccipital is a conical bone. The
point of thie bone is toward the anterior direction. A deep furrow
which forms the dorsal half of a foramen for the dorsal aorta, is on
the ventral surface of it. Just beside this furrow there has a small

Jo1ﬁt surface on each side for the posterior spines of the parasphenoid.

Marathe(1958) described the basioccipital as a small cylindrical

bone, enclosing the sacculus and lagena of the membranous labyrinth.

Parasphenoid /

Thé parasphenoid 1s an elongated bone which extende almost the same
length of the skull, the anterior portion connects with the postero-
dorsal portion of the prevomer. The posterior part conjoins with the

"prootic, basioccipital and exoécipital, and contributes as the floor
of the skull., The middle portion is the ventiral border of the orbital
fossa. The parasphenoid forms the posterior myodomal chamber along with

the prootics.

The posterior myodome of the orbital region and the dorsal aorta is
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in this chamber above the posterior portion of the parasphenoid.

The anterior portion of the parasphenoid is a spine whioh is a
inversed V-shaped in oross—section, There has a groove which ends
posteriorly to a cavaity on ventiral surface of this bone. The posterior

end of the shaft of the vomer inserts into this groove and cavity,

Harrington(1955)statéd"At 1ts anterior end, 1t overlaps and is
closely applied to the upper surface of the hind end of the prevomer,
and is overlian dorsally by the posterior end of the cartilaginous
planum ethmoidale, which separates it from the ventiromesial borders
of the lateral ethmoids and form the hind end of the ventral edge of
the ethmoid.” '

Goodrich(1930) described that Acipenser and the Teleostei are dis-
tinguished by the possession of a median prevomer. Since, however it
shows signs of paired origin in Salmo and 1s stated by Walther to arise
from paired rudiments in Esox, this bone probably represents the two

prevomers fused.

There has a strong carina(Keel) which is for the attachment of the
muscles of the branchial region on the ventral surface of the para-
sphenoid. It starts from the middle portiom of this bone under the

posterior border of the orbital fossa and extends posteriorly between

‘two pharyngeal condyles.

Between the mlddlé and posterior portion of the parasphenoid, there

has a large foramen for the carotic artery.

Goodrich(1930)etated"Primitively the parasphenoid closely adheres %o
the basis cranii, though allowing the internal carotids io reach the
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fenestra hypophysis by the parabasal canals, but in Teleosiei where
the veniral chamber of the myodome becomes much developed, it may become

widely separated from the floor of the brain cavity.™

The posterior poriion of the parasphenoid differentiated into two
pharyngeal condyles whioh artioulate with the socket on the posiero-~
dorsal portion of the upper pharyngeal teeth mi1lls on each side,

On the lateral surface of the posterior portion of the parasphenoid
there is a high ridge on each side, which comes from the prootic and
connects to the pharyngeal condyle. This ridge forms a reinforcement for

the pharyngeal condyle.

The posteriormost portion of the parasphenoid is a trough-shaped
bone whioh has two spines protruded posteriorly. The anterior portion
of the basioccipital, a Bguare process, is fixed in this trough. The
notch between these two spines forms the veptral half of the dorsal

aorta foramen.

Lien{1963)described the pharyngeal processes on the basiocoipital
and the parasphenoid as following: Posteriorly the parasphenoid is
differentiated into a stout pharyngeal process at an angle of about
e1ghty degree with the horizontal axis. The pharyngeal process bears
eight stout conical teeth and ventrally it is produced into a short
and stout bilobed pharyngeal process. The anterior border of the
pharyngeal process does not articulate wiih the posterior border of

the pharyngeal process of the parasphenoid.

P. tetricus has the parasphenolid process omnly, but the parasphenmoid
process differeniiates into iwo very sirong pharyngeal condyles for

+

the supension of the upper pharyngeal teeth mill.
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Group 2. Visceral Skeleion

The visceral skeleton is derived from seven visoeral arches which
originate from the splanchric mesoblast in enbryonio stage. In Teleosts
the firet or mandibular arch becomes two cartilage, the palatopterygo-
quadrate and the mandibular or Meckel's cartilage. The palato-pterygo-
quadrate cartilage of each side connects to the prefrontal process. Its
quadrate part support the Meckel's cartilage and pterygo~palatine part
with some dermal bones forms the wall of palate., The premaxillary,
‘maxillary, dentary, a.rtiéular, and angular eto. are secondary dermal
bones which replace or fuse with the cartilage bone laterally,

The second or the hyomandibular arch becomes the hyomandibular and
hyoid arch. The former serves as a suspension for the two ;jmni and the
hyoid arch to the skull, The remaining five visceral aréhe are branchial
arches. Each branchial arch is divided into paired phuyn;o-, Epi-,
Cerato-,Hypo- and single basibranchial from dorsael to medio-ventral part,

Upper Jaw ; ! (313. 16 to 19)7} ;

One pair of the premaxillai-y md:.tm_o;;{;‘ of the ;axillary form the
upper jaw which is attached to the otic region of the skull by the
intervention of the hyomendibula and symplectic. In front it connects
- with ethgoid region through the palatine, The premaxillary is L-shaped

and curved medially slightly., It has a ascending process which is
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almost equal to the length of the body of the premaxillary extends

postero-dorsally from antero-medial end of the premaxillary,

The two process are so long that they can attach upward to the
mesethmoid region through the rostal cartilage. The process of each
premaxillary conjoins with its counter—part of the opposite side and
bound to it by oonnective tissue on the middle line of the head. A
convoluted jointed is then formed.

The maxillary and premaxillary are stroggly bound together by fibrous
ligamentis and the premaxillary is similarly bound to its fellow of
opposite side. The four bones thus form a compact single piece with
a little bit of movement between one anotiher, Liem(1963) wtated ™ The
agoending processes from both sides are closely conjoined and fit
into & notch formed by the ethmoid and the prefrontal-lateral ethmoid
complex, The ascending process ie a8 long as the body of the premaxillary
in Belontia, one-half the length of the body‘in Betta. Trichopsis and ’
Macropodus oupanus twice the length of the body in Sphaeriohthys, and
‘more than twice the length of the body in Trichogaster and Colisa",
qurington(1955) desoribed" It expands dorsovenirally to form a
prominent ascending process., The ascending process of the two pre- . -
maxillaries are comnected by the sigmoid ligament to the "rostral®
bone and thenoce to the anterior end of the ethmoid®.

Bridge(1877)stated "Each premaxillar consistis of an expanded and
thiokened marginal portion in which the long and ocurved teeth fringing
the anterior margin of the gape are situated, and of an ascending
portion which passes backwarde beneath the nasals in contact with the
subnasal cartiihge and inter-nasal septum as far as the anterior edges
of the frontals", The ventral surface of the premaxillary bears 2 to 3
row conic teeth and forms the upper border of the gape. The number of



the teeth is indefinite because the replacement is happened. The teeth

on the outer row are larger and stouter than those on the inner rows.

The medial-most teeth of the outer row is largest tooth on the
premaxillary. The lateralmost tooth of the same row is the second
large one, All tlie teeth are conic, only one cusp, called monocuspid.
Sometimes thecodont lost tooth and becomes empty. In this condition
the most outside tooth of inner row will grow gradually outward for
replacing the tooth of outer row at last. So we perhaps may call the
teeth of inner row,replacement tooth. There is a notch beiween the
paired medial most teeth, in which the paired laégest teeth of the
dentary lie when .the mouth is closed,

The premaxilla is partly overlaped by the maxilla but the only
articulation is the inner surface of the base of the posterior end of
the premaxillary bend antero-venirally and an arm on which the second
large tooth of the premaxilla is beared ie formed on this portion.
Thip arm is situated on the corner of the mouth and attaches loosely
the dentary of the lower jaw.

Just as in some advanced Teleosts, the maxillary whioh is a quite
thick bone and convex on its outer surface does not contribute to the
border of the gape and has no teeth. From the dorsal view it is Y-
shaped, the medial end has two arm, the outer arm projeots forward,
which has a sharp anterior tip. The inmer surface of this tip attaches
to the premaxillary. The another arm, inner arm, is shorter and stronger
with a rather smooth knob on its tip. This knob articulate with the
postero-veniral surface of the ascending procees of the premaxillary ,

the articulation is ill definited.

The premaxillary rest on the fork between these two arms, and then 1%
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forms as sheath. When the fish opens mouth the ascending process of
premaxillary can be movable a little bit in this sheath, On the postero-
dorsal surface of the inner arm there rises up a facet with articulation
with the ventral surface of the lateral process of the vomer. The

median side of the inner arm attaches to the antero-lateral surface

of the vomer by connective tissue.

[ e N
Palato-Quadrate arch | (Figs 34 to 45)4{
The palatine, ecto-palatine;mesd-palatineand meta~palatine forms the

palato-quadrate arch which serves as the accessory apparatus of two

jaws and the roof of the oral cavity. The palatine is a inversed L:
shaped bone. It has a strong arm which is long and projected forward

and attached to the anterior part of a depression on the outer arm of
maxillary through the notch between the lateral proceass of the prefrontal

and the lateral process of the vomer.

The three bones, the quédrate, palatine and metapterygoid of the
palato-quadrate aroh are oesified from the cartilage, the palato-
pterygo- quadrate bar. Two dermal bones, the ectopterygoid and~meso-
pterygoid add on it latterly. These bones do not form the gape of the

mouth.



1ts ventral edge is smooth, but on the rlght angle of the 1nversed
L-ghaped palatine there is a small artxoulatory process dorsally. The
anterior surface of the proocess articulates with a depress;on on the
postero-veniral surface of the lateral prefrontal process. This
articulation whioch suggesis a connection between the palatine arch and
the skull through a ligament is slightly movable. This artioulation is
not the same as Harrington(1955) described the palatine of N. bifrenatus
a8 following * The anterior half of the bone is more complicated having
laterally a longitudinal ridge terminating anteriorly in a maxillary
process and medially a veniral and a dorsal wing which receive between
them the cartilage covered lateral surface of the preethmoid bone.
This is the type of artioulation termed discussed by Swinnerton(1902)
who also noted in other oyprinids that the mobility of the suspensory
apparatus is ensured by the‘autopalatine-endopterygoid articulation.”

The endopterygoid of the P. teirious 1s not attached to the prefrontal.
From the study of Dharmarajan(1936) Otolitus ruber " The process 18
directed downwards and outwards, and dorsally at ite base is a deep V-
shaped concavity into which the ventiral ball-like knob of the lateral
ethmoid fits., Anterior to this depression is a dorsal ill-defined facet

which glides under a similar one found dorsally on the lateral ethmoid

at the base of the lateral ethmoidal process. '

There is an ill-defined facet on the ventral surface of the arm, This
facet glides on the dorsal surface of the round lateral process of the
vomer. The posterior edgd of the palatine is a longitudinal depression
which lies over the anterior border of the eotopterygoid,

Liem(1963) stated that the palatine consists of two components, the
slender and curved ethmoid process directed antero-dorsally, articulates
with the prefrontal-lateral ethmoid complex, and the body articulates
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ventrally with the quadrate and posteriorly with the ectopterygoid.
The body of the palatine is somewhat variable in shape mostly it is

elliptical, but in Trichopsis it is triangular and in Betta irregular."

There are not any teeth on the palatine. The arrangement ies different
from Chapman(1944) described " The palatine is a short rod of bone
abutting againet the vomer anteriorly and against the palatine band of
cartilage posteriorly, The anterior end is ocupped, and the cup lined
with cartilage. The posierior end is flattened and broadened but is not
greatly thickened or in any other way differentiated for attachment to
the prefrontal as is customary in the Isospondylous fishes. A broad band
of oartilage extends down from the palatine along the mesopterygoid, send
& spur down along half of the anterior face of the quadrate, continues
around the dorsal side of the quadrate and then dorsally between the
symplectic and the metapterygoid. It sends a broad branch dorso-medially
between the mesopterygoid and metapterygoid, The latier, the quadrate and
the palatine are contined with the cartilage and undoubtedly derived from

* centers of ossification in it.

- Bridge(1877) stated about Amia calva " The palato-pterygoid apparatus

’ is consiructed on the normal Teleosteam type as regards the number and

mtual relations of its component bones. It consists of & thin axial core
of cartilage which posteriorly become continuous with a projeocting spur

of the quadrate, and anteriorly, in the prefrontal region, swells out into
a thiokened mass of cartilage and bone overlying the exosteal portion of
the palatine.Its connections withthis axial core, palatine, pterygoid and
mesopterygoid. elements are developed. He also desoribed the palatine

" It is composed of two distinot slements, an exosteal lamella which forms
the inferior part and iﬁteral margin of the bone, and an endosteal portion
by which the anterior part of the arcade is conneoted with the prefromtal

and apparently formed by the ossification of a mass of cartilage mimilar



to that which in the Salmon performs a like function. The exosteal

element is prolonged forwards in front of the prefrontal bone o as to
be ultimately connected with the premaxilla, vomer and wepto-maxillary.
The palatine of P. tetricus has not any conspicuous difference between

B

the exosteal and endosteal."

Marathe(1959)studied I. trichopterus and stated that the palatine is
generally formed of two bony elements the autopalatine and dermopalatine.
The former is a ocartilage bone and the latter a dermal one. In Trichopodus
the palatine is in the form of a bent rod-shaped bone with a broadened
posterior part, joining the anterior end of the ecto- and emdo—pterygoids.
The dermopalatine is absent in this fish.

Only the antopalatine is found in P, tetrious.

The ectopterygoid is a slender compressed bone. It tapers at both ends
with a dorsal sharp procese which wedges beiween the palatine and the
" mesopterygoid, There are iwo bony lamella folded on the postero-veairal
edge. The quadrate and mesopterygoid are fitted in the groove between these
two folds.

The posterior border of tke veniral process overlaps on the antero-
dorsal portion of the gquadrate ., Its anterior border is free,

The metapterygoid whiqh affords the wall for the orbit is a large thin -
bone. Ite anterior edge overlaps on the eotoptqrygoi&. The posterior edge
of metapterygoid joins and partly overlies the antero-veniral portion‘of
the hyomandibular and its postero-ventral border connects witn the
symplectic through a cartilage line. So the palato-quadrate aroh and hyoid
arch connect each other. Thie also serves as the suspensory mechanisms
of two jaws to the skull indirectly.



In P. tetricus ithere 1s not any conspicuous cartilage-tipped process,
even a small one on the dorsal portion of the metapterygoid as in
Amia calvaf‘The metapterygoid is far from the skull, A thin bony splint
protirudes from the anterior ventral portion of tlie-métapterygoid attached
to the i1nner surface of the quadrate. It is the hyostylic type of the
lower jaw suspension in P. ieiricus. The metapterygoid does not connect
or attach to the cranium. In Amia calva, the conspicuous cartilage tipped
process of the metapterygoid almost reaches the level of the cranial end
of the hyomandibular. This 1s the vestige of the amphistylic iype. The

metapterygoid of P. tetrious is far below this level,

Goodrich(1930) stated " It is the processus ascendeus typically
developed from the pterygoid region of the palato—qudrate bar near the
origin of fhe basal process as a dorsal cartilage passing vertically
upwards between the profundus nerve and the maxillary branch of the
trigeminal, and laterally to the vena capitis lateralis. Its ubper end
fuses with the orbital wall of’the_cranium in Dipnoi, It is found neither
in Chond¥ichthys nor in modern Teleostomi e&xcept possibly as a veatige.
Whether it occurred in early primitive Teleostomes is not yet certain

but Watson describes traces of 1t in an Osteolepid.*

The palatine, mesopterygoid and actopterygoid form the anterior border
of the optic cup. The dorso-posterior and ventro-anterior part of the
metapterygoid are thicker than ite middle part., Harrington(1955) stated
" Each bone (each metapterygoid) shows traces of its cartilaginous
orlgin in the retention of some calcification within its two thick,
bony struts. Cne strut extends in the dorpo-posterior angle of the bonse,
forming the chief point of articulation with the hyomandibular, the other
extends to the cartilage separating hyomandibular and sympleciic, opposite
the interhyal." The mesopterygoid is a very thin, dermal bone.It ia spade
~shaped and tapered dorsally. The medio-dorsal margin of it is free. The



rest margins of this bone are overlaped by the ectopterygoid antero—
ventrally, quadrate ventrally and metapterygoid postericrly, The
mesopterygoid, metapterygoid are both without any itooth. The quadrate is

a triangular bone. Ite anterior and ventral borders are thicker than

fhs central portion.-The posterior portion of the ventral margin rests

on the precpercle. There are itwo grooves on the median side of the.
ventral portion., The upper one embeds half of the length of the symplectic
in it; The lower one is in the protruded shovel—shabed process beyoﬁh

“the body oflthe quadrate, The antero-dorsal border of the preopercle is
fixed in this proocess and the lower grobve. There 18 a board smooth

ridge along ihe ventral border of the quadrate, It corresponds with the
lower groove on the inner surface. Nimoly it tucks into & groove along

the ventral border and on the inner surface. The posisro-ventral border

of the ectopterygoid contact with the guadrate. The postero-dorsal poriion
of the quadrate lies over the aniero-ventral portion of the mesopterygoid
and connects with the metapterygoid through a plate of thin cartilage,

There is & condyle on the antero-ventral corner of the gquadrate. This
condyle articulates with the posterior socket of the articular to form
a movable articulation for the lower jaw, On the ventral side of the
antero-ventral condyle there also has a small but vefy deep socket. The
hook on the ventral part of the posterior sockef of the articular is
fixed in this socket. So the strong connection between the articular
and quadrate is a very exiraordinary double articulation, A very

prominent cartilage line exisis on the posierior border of the guadrate,
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Lower Jaw (?180 20 to 21)}

The bones of the lower jaw, such as the dentary, articular and

angular etc. derive from a double origin. The Meckel's cartilage
exigts on the inner surface of the articular. A small endochondral
element of the dentary perhape represent the rudimentary Mento-

Meckelian.

The dentary i1s the foremost bone of the lower jaw. It has two large
backward extending arms which meet at an angle of about 45 degree. The
articular is fitted in the deep V-shaped indentation between these two
arms, There is a shallow longitudinal depression on each arm. The
depression on the veniral arm of the dentary is for the imsertion of
the intermandibularis muscle., The laterosensory canal system which comes

" from the artioular traverse the ventral arm of the dentary longitudinally.

Two rows of teeth are born on its dorsal surface except the posteriomost
vortiaon. The number of teeth is variable, all being conic and monocuspid,
The teeth of the outer row are larger than those of the imner row. The
,pedlal pair is the largest on the lower jaw and the teeth of the inner

' row can be replacement teeth as mentioned above for the premaxillary.

" Goodrich(1930) described " The dentary is also of compound origin,
being formed of a true dermal dentary and'a small anterior element
probably representing the Mento-Meckelian, The anterior portion of the
dentary bends mesially and conjoins with its counter part on the midline
of the lower jaw by a symphysis." Haines(1937) stated that the articular
of teleosts ie another bone called retroarticular. Lekander(1949) made
obgervation on the cyprinid "Phoxinus" and he agreed to this theor&.
Goodrach(1930) agreed to 1t too. He used "angular" instead of "articular"

and"retroarticular" instead of "angular“.AIi (Fng 44 to 45)

The articular is irregular in shape and concave on its medial surface.
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It has a slender process on 1ts dorsal portion. The anterior border

.. -~ of this process abuts against the posterior end of the dorsal arm of

the dentary. The anterior portion of the articular is & large triangular

process which insertis anteriorly inito the V-shaped indentation of the

dentary; This process is convex on the lateral surface and concave on

the medial surface for the attacﬂment of the sesamoid articular and

Meckel's cartilage. On the posterior end of the articular, there is a

stout socket. Thé ventral part of thie socket rises dorsally a hook.

The socket and hook.both artioculate with the correspounding condyle and

socket on the anterior end of the gquadrate. The laterosensory canal system

pierces this bone from the base of the posterior socket to the veniral

portion of the anterior process and connects with the dentary anieriorly .

On the medial surface of the artioular lies the ectosteal which
contributes to the large part of the articular is a flai bone, ouiside
of endosteal, sesamoid artiocular and Meckel's cartilage. Although endosteal
is one part of the articular, there is not any prominent ssparation.
The endosteal forms the articular socket in posterior end and projectis
forward in a process. This process abruptly ossifies to become the

endosteal process.

The angular(=Retroarticular) is a small bone. The dorsal portion of this
bone 18 fixed in a depression on the inner surface of the postero-
ventral corner of the articular, Its ventral border is free. There is a '
small depression on the postero-veniral edge of the bome, A tough
ligament attaches to ite end on thie depression and another end on the
inner surface of the interoperculum. No laterosensory 6§nal system passes
through the angular., The angular is a mixed ossified Dbone wh?ch has

a cors of endochondral bone and is overlain by dermal bone.

The sesamoid articular is a small bone attached on the inner surface of
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articular. The adduotor mandibular muscles is adhensive on it,

Cuvier(1827) called it the "operculaire". Owen (1846) used another
name "splenial® instead.of the operoculaire, but unfortunately he made
some mistakes. It appears that Owen's "splenial" is a bone that usually
bears the names in the Ganoids and is clearly a dental cement bone,

No homology exists be?veen this bone and the sesamoid articular

(Cuvier's operculaire),

Erd1(1847)called it “Coroncidea mandibulae™. Cope(1878) used the term
"Coronoid", and "sesamoid artioular" was used by Ridewood(1909) and
Starks(1916). :

But another name "Coronockelian" is adopted by de Beer(1937), Lekander
(1949), Harrington(1955) and Weitzman(1962),

The sesamoid articular of P. tetricus is a small triangular bone which
is just situated on the junction between the endosteal process and
Meckel's cartilage. Starks(1916) desoribed Dentex vulgaris as following
" The sesamoid artiocular is very much as in Lobotes et. al. (moderate

. in pize or small) but is on iop of the endosteal process and Meckel's

cartilage, and very little, if at all, h}dden behind them. In Archosargus
and Pagrue it is much more over the endosteal process than over Keckel's
cartilage. In Diplodus this condition is reversed. In the other it is
about equally over both, It is much more over ithe endosteal process than
over the Meckel's cartilage as in Archosargus and Pagrus.

According to Stark®s(1916) paper in which he stated"Typically as in the
perch-like fishes, 1t is rather small and more or less covered by Meckel's
cartilage. Sometimes, as in Albula, it is as large as the endosteal process,
or as in some of the Synentognathous fishes, it is so large that it projecte
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above its surrounding elements. So that it is visible from the outer
surface, Sometimes it is loosely atiached to the mandible and is

easily pulled away with its tendon. Sometimes it is attached to the
mandible by a dentate suture and 1s disarticulated with diffioculty.
Usually it is more or less broadly attached to the ectosteal plate

of the arficular, but sometimes only narrowly attached, and occasionally
scarcely, Jr not at all in contact. Sometimes it lies saddle-like

over the top of Meckel's cartilage, remote from any bone, It is variable
in its connection with the endosteal process, but as the attachment may
depend upon the extent of the ossification of Meckel's cartilage to

form the process. This is without significance."

Starks(1916) also stated" It is signifiocant that in every case the
sesamoi1d articular 18 in close relationship with Meckel's cartilage -
(or with the endosteal process whioh is on%ologically the same ).

Even in case where it has developed upwards towards the coronoid

region it still retains its connection with the primitive cartilage.

Goodrich(1930) etated the coronoids have dipappeared and even ihe
"angular" may vanish., The so—called artioular is made up of an '
endochondral articular fused to an outer dermal elemeni usually called:
"derm-articular'. The laiter correspoundes in position to the larée
angular of Amia and is probably its homologue, in that case the
‘M angular®, which develops from an endochondral and dermal element,
has been wrongly named. The Meckel's cartilage is a long slender
rod-like cartilage which conjoins with the endosteal process of the
articular and almost to the anterior end of thiw bone.
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I, ., .0
Hyomandibular Arch ((r13° 46 to 48) [

The hyomandibular arch consists of two half-loops united together

by & medial basihyal.

The .dorsal portion of each half-loop ossifies into epihyal, ceratohyal
and hypohyal eto., The hyoid cormm is included in the hyo-branchial
skeleton. Because it is 80 close connected with the branchial arches.

The hyomandibula is a long flat bime. The posterior portion of the
hydna.ndibula is thicker than its anterior portion. It has a very broad
thin wing on the anterior portion and a deep groové on the posterior
margin formed by the posterior edge of the hyomandibuler and & bony
lamella which 18 pérnllol to it. The wing forms the posterior wall of
orbital fossa and the groove is for fixing the anterior border of the

preopercle in it ,

The hyomandibular has a long broa.d' and thick process projecting venirally.

. At the %ip of this process is a cartilage, conneoting with the dorsal

end of the symplectic. There are two openings, one is on the inner

surface of the process for the anterior facet and another on the ventral.

end of the posterior groove. A canal conneois these two openings in

this bone., Both the canal .and the openings are for the passage of the

ramus hyoma.ndibﬁlaria facial nerve. The posterior edge of the metaptery-

goid overlies its thin border on the anterior portion of the hyomandibular.

Actually the end of the prooois i8 lodged in & depression on the midway

of the anterior border of the preoperculum. Then the median surface of

the preoperoulum connects with the ventiral process of the hyomandibular,
Goodrich stated" The hyomandibula of Teleosiomes articulates dorsally

with the lateral surface of ithe auditory oapsule, the broad facet for

its reception being usually share by the postfrontal (sphenetic) and
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supratemporal(pterotic)® and " The articular head of the hyomandibula

in meny of the higher Teleostei (Acanthopterygii) becomes .supdivided into
{two, the anterior abutting against the postfrontal and the posterior '
against the supratemporal. The posterior edge of the hyomandibula

acquires a knob for articulstion with the opercular®,

Edgeworth (1926) has shows that the hyomandibula of Teleostomes is
in early stages a cartilaginous rod situated entirely in front of the
hyomandibular nerve (except in Polypterus) and that later it may surround
the nerve by backward growth, maintains that this hyemandibula is
homologous ‘throughout the fishos.

Goodrich(1916) stated about the position on which the hyomandibular
attaches to the skull said " That the articular head dorsal to vein
and nerve in Teleostomes is an otic process is doubtful, but it is not
impossible that an articulation, originally ventral in Selachians nay
have moved up to a new position by passing over the bridge, forming the

_ outer wall of the jugular canal into which the vein apd nerve have

sunk in Teleostomes" and also stated, "But in the Teleostomi its
articulation with the auditory capsule shifts possibly over the jugular

canal, to a more dorsal position above the vein and nerve,"

Gregory (1933) adopted the view that the hyomandibula. of the ielecstomes
is truly homologous with that of the Selachii but that it has shifted
dorsally, passing over a groove and bri&ge containing the vena capitis
lateralis and part of the facial nerve. The hyomandibula is the posterior
suspensory mechanism for the opercular apparatus, two jaws, hyoid cormm
and branchial arches, This kind of suspensorium which exists ir all
Teleosteane and many Selaohii is called hyostylic.

There are two ball-like facete on the dorsal surface of the hyomandi-
bula. The anterior facet which is on the top of a process directing



antero~dorsally articulates with the lst hyomandibular soocket of the
cranium, a large ruond socket between tholsphenotio and prootic. The
posterior facet directing dorsally articulates with the 2nd hyimandibular
socket of the oranium which i@ an ovoid socket on the pterotic. All

these are capped with cartilage.

Gregory (1933) stated " When, a8 in some Teleostori, the hyomandibular
has two articular heads, this is due to the gradual development of the
primary single articular head into two heads, and is not due to the
fusion of any extra cartilage. The dorsal border of the hyomandibular
attaches tightly to the oranium beiween these two faceis.

On the postero-dorsal portion of the hyomandibular there has a oondyle
which is fixed in a socket an the antero-dorsal corner of the opercle.

The sympleotic is a slender bone lies between the metapterygoid,
éuadrute and hyomandibular., I1ts anterior portion is embeded in the upper
groove of the ventral portion of the guadrate. The dorsal part of it
lieas between the posterior edgs of the metapterygoid and the dorsal
border of the pre-operculum.

The dorgal end of the symplectic conjoins the hyomandibulaf through
a oartilage. On the interspace of thim cartilage is a depression into
which the dorsal head of the interhyal fits. Gregory(1933) acknowledged

that the symplectic of teleostomes appears to represent only the lower

part of the hyomandibular, which in Polypterus is not yet separated

off from the main part of the element,
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_Opercular Apparatus L (Fisi 22 %o 29)'

The opercular apparatus includes preopercle, opercle, subopercle

and interopercle, The preopercle ig a sickle-shaped bone with & concave
anterior edge and & convex posterior edge. Both the dorsal and the
ventral ends of the bone are pointed., It is thicker, bearimg no

conspicuous growth lines and is different from other opercular bones.

The dorsai part of its anterior border is partly fitted in the groove
on the posterior border of the hyemandibular. Its middle-dorsal border
connects with the hyomandibular and the symplectic. The postero-dorsal
border of the preoperole lies on the anterior border of the opercle and
the veniral border parallel to the dorsal border of the interoperocle,

The serrated posterior margin of the preopercle has an external flange,
The preopercle encloses the laterosensory canal system. The main canal

runs along the longitudinal axis through all the léngth of the bone
and subdivides into many ray-like branches in the serration of the
posterior margin., Each of the branches has a funnel-like opening-which
connects with the sensory receptors on the skin.

The dorsal portion of the interopercle is overlaid by the preopercle,
It has a skin-like fold between these iwo bones. Regan(1929) acknowledged
that the interopercular apparatus to be the separated lower end of the
snboperoular. In the oldest Actinopterans, it is repreaentad by the first
branchiostegal. The initeropercle is shaped like the shell of the clam.
Its dorsal edge is more or less siraight and thick, but iis ventral edge
is convex and thin, It has many growth lines along its veniral border.

A depression on the postero-dorsal portion of the interoperole joinms
it to the posterior end of the epihyal. The anterior end of the inter-
opercle is connected to the articular by a ligament.
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The opercle is a smooth and irregularly triangular bone. The antero-
dorsal portion is the apex of this bone which is thicker and has &
sooket on the medial surface. This socket artioculates with the postero—
.dorsal condyle of the hyomandibular, It has two strong ridges starting
from the base of the socket on the medial surface of iho operocular,
The large one runs to the middle portion of this bone and the small
one runs ventrally to the large one at an angle of 20 degree. A small
fossa which is dorso-posterior to the socket for the hyomandibuler
Berées as the insertion of the M. lavator operculii,

On its lateral surface the anterior border on which the prasopercle
attaches becomes very ihick. The veniral border of the opercular is
overlapped on the dorsal portion of the sub-operoular.



Nasal Region M
The nasal is an elongated flat bone and hollow inside. The laterosensory
-system traverses this bone longitudinally. Its mesial edge lies
parallel to the imner ascending process of the premaxilla.

One pair of the nasals is separated Kthe other. On each side of the
most anterior pertion of the cranium there iz an olfactory fessa formed
by the ascending processes of the premaxillary, palatine, prefrontal,
othmoid and a little part of the fromtal. The nasal covers on this fossa
is the olfaotory cavity.

There are two external openiﬁg@between the nasal and preorbital
through which the water may flow inward and out ward to the olfactory

cavity.
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Infraorbital and Antorbital | (Fige 51 to 54)|

These six dermal bones contribute to the formation of the orbital

ring. Because the dorsal supra-orbital is abpent the ring is completed
by the frontal and sphenotic partly. The inner edge of these bones are more

smooth than the the serrated outer edge.

The lachrymal is a large rhomboid bone covered on the maxillary, a
part of the palatine, premaxillary and prefrontal, It forms the antero-
ventral border of the orbit. Its inwardly directed dorsal process has
socket. The free end of the lateral process of the prefrontal articulates
with this socket by tiny ligament, and then the lachrymal attaches to
the skull. The upper portion of the lachrymal is thick and the lower
portion is thin just as the case with all the orbital ring bones, There
are two indentations on the lachrymal. The anterior one is for the two
nostrils and the posterior one fitting the sgcond infraorbitale

The .lachrymal associates with the laterosensory system. The main
cenal passes through the dorsal p&rtion of this bone and branches many
small tubes inside of it., Each tube has a opening on the terminal and
connect with the sensory receptor which i§ on the skin.

The 2nd, 3rd, 4th, infraorbital are irregularly shaped bone much
small than the lachrymal, the laterosensory system passes through their

dorsal border,

The 5th, 6th infraorbital are flat tube-shaped bones, the canal of

the laterosensory system also traverses them.

The 6th infraorbital contacts with the sphenotic process, therefore
the laterosensory system on the infraorbital bones connect with that °

on the cranium.
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All the infraorbital bones connect together and form the ventral

border of the orbital fossa.

Branchial Arches (rig. 12 to 15)

The first pharyngobranchial is a very small vestigal cartilage,
attached to the anterior end of the first epibranchial. The second
pharyngobranchial is a thin bone which is concave on the ventral
surface and attached on the anterior border of the upper pharyngeal
teeth mill, Its lateral end connects at about the middle of its length
to the second epibranchial. Both of these two bones neither become the
suspensory mechanism which suspends the branchial arches from the skull,
nor have any supporting function. Srinivasachar (1955) described
Ophicephalus striatus that the first and second pharyngeal branchial

bear teeth of uniform size on the ventral surface.

Marathe (1959) also stated that the second pharyngeal-branchial bears
dentigerous patches. These are different from the P.tetiricus. The 3rd
and 4th pharyngobranchial unite together and form a large upper
pharyngeal teeth mill. On the ventral surface of this mill the teeth
situated on the lateral portion are monocuspid with a sharp top, but
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those on the central portion having a blunt top after a long peried
of grinding are larger than the former. The upper pharyngeal teeth

mill can grow larger as the body grows.

The upper pharyngeal teeth mill is a triangular solid bone. There is
a large socket on the-medial portion of the dorsal surface., This socket
articulates with the condyle on the postero-ventral surface 5f the
parasphenoid. The two upper pharyngeal teeth mill of the opposite side
close togetiher, but do not fuse to each other, The dorsal half of the

masticatory apparatus is formed.

It also serves as the suspensory mechanism of the branchial arches
to the cranium. In many othsr fighes, such as 2.'52351, the lst, 2nd
and 3rd pharygobranchial become suspensory pharyngeal. See Weitzmans
(1955) statement ™ Each of the first three branchial arches has a
suspensory pharyngeal or modified pharyngobranch, These short bones
form the bony part of the suspensory mechanism of the-branohial arches."
But in Labrids the two upper pharyngeal teeth piils which are used for
grinding the hard food have a very strong oconjunction to the skull.
Therefore, it is not necessary to develop anofher éuapeﬂsoéy mechanism,
and the lat and 2nd pharyngobranchial have no use for the suspension

“at all.

Goodrich(1930) stated " The usual four paired lateral and median -
ventral elements are typically present in the Teleosiome branchial
arch, and generally ossified, But are subjeoct to considerable
modification and reduétion, especially in the posterior arches. The
5th arch, usually of one piece, frequently become congpicuously toothed
forming "The 0S pharyngeus inferior", While the pharyngobranchials
of the last three arches similarly form a toothed " 0S pharyngeus
superior' these often become powerful masticating plates armed with
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large teeth", Sometimes the pharyngobranchails have more modification
than other branchials.

Srinivasachar(1955)stated " But in the first branchial arch the
pharyngobranch of each side is fused with the epibranch of its side."and
"In the third and fouth branchial arches the pharyngobranches ef both
arches of either side have fused and bear a single dentigsrous plate
though a suture divides it apparently into two."

The 1lst, 2nd, and 3rd epibranchials all has & suprapharyngeal prooess
on its mesial end. The 18t and 2nd epibranchials are bifurcated thin
trianguloid bones. Iis lateral ends articulate with the posterior énd
of the ceratobranchial of its own arch. The fi§-t epibranchial is slight-
ly ocurved., The concavity is on the postero-medial surface, There is a
wild and shallow depression on its dorsal surface. A flatened triangular
process protrudes medially and connects with the small cartilage, the
first pharyngeal branchial. The posterior process conneot with the upper
pharyngeal teeth mill through a tendon., Ite lateral end unitea with the
firat ceratobranchial through a cartilage.

Theﬂaecohd epibranchial takes after the first, but smaller on size.
Its antero-medial portion connects with the second pharyngealbranchial,

and its medial and posterier processes atiach on the upper pharyngeal
teoth mill,

The third epibranchial is a rhomboid bone, Its medial smurface articulates
with the lateral surface of the uppsr pharyngeal teeth mill through a
strong articulation. The posterior process is very sharp and has a free
end. There is & round depression on the‘middle portion of it.

The 4th epibranchial ia a strong wing-shaped bone, Its medio~ wventral
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ond conjoins with the postero-lateral portion of the upper pharyngeal
teeth mill through a large articulation., Many musocles oconnect with
the upper pharyngeal teeth mill and the 4th epibranohitl; and operate
the grinding funotion. ,-

The first 3 ceratobranochials are elongated thin bones which are
‘concnvo dorsally slightly., Each forms a central broad groove on the
ventral surface. The medial portion of the first 3 oceratobranchials
are uncomplete ossificated. Both iwo ends of the ceratobranchial are
"connected by a piece of cartilage. Its anterior end conjoins with the
poeterior end of the hypobranchials and 1ts/pontorior end artioulates
with the epibranch of the same arch,

The 4th ceratobranchial whioch bents dorsally upwards is a slinder
stlok-like bone. Its central groove is more marrow and its medial

portion is more complete ossificated than the former three.

The anterior end of the 4th ceratobranchial connects with the cartilage
slip as the 4th hypobranchial. '

The paired 5th ceratobranchials fuse together and become a large
inversed T-shaped solid bone. This is the lower pharyngeal teeth mill,
<The anterior proceas of the lower pharyngeal teeth mill extends about
half lenght of its horizontal bar. The anterior half part of this proceas
protrudes bensath the 3rd basibranchial, and the posterior half is
dentulous. The ends of the horigontal bar of the lower pharyngeal teeth
mill attache to the cleithrum of the peotornl girdle on each side.

The lower pharyngeal teeth mill. connects with many muscles on the lower
jaw for the purpose of the grinding function. There are 4 to 6 row of
the teeth which are polyphyodont and monocuspid. It hams not definite
arrangement, Thece on the medial portion are large and more blunt than
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those on the border. The number of the teeth is indefinite.

The dorsal surface of lower pharyngeal teeth mill attaching againat
the ventral surface of the paired upper pharyngeal teeth mills forms
a very well masticatory apparatus for P. tetricus. The firet 2 pairs
of hypobranchials are short bones. The antero-dorsal portion of lst
hypobranchial is produced into a process whioch articulates with the
2nd basibranchial. It also has & ventral triangular process directed
nedially and protruded below the 2nd basibranchial. The anterior end
of this process almost touch the postero~veniral corner of the lst
basibranchial, There is an angle of 70 degree betwsen the 1lsti
hypobranchial and the midline of the head. Its dorsal surface is smooth
but its ventral surface ies concaved longitudinally for lodgeing the.
branchial blood vessel. The 2nd hypobranchial has two anterior processes
the dorsal one articulates with the lateral depression of the 3rd
basibranchial and the ventral one is free. The longitudinal groove of
the 2nd hypobranchial is deepsr than the first, it articulates with
the 2nd ceratobranchial through a cartilage.

The 3rd hypobranchial is & large triangular bone situated on the
veniral surface of the branchial axrches and extends vertically. Its
dorsal corner conjoins the cartilage between the 3rd ceratobranchial
and 3rd baaibranchiai, its ventiral corner projects postero-~venirally,
and its medz:l corner almost connecis with its ocounter part of the
other side. The trucnn urter;oauﬂ passes between two 3rd hypobranchials,
It is concave on medial surface. On its posterior portion there iz a '
depression for.the insertion of the muscle of the lower pharyngeal

teeth mill.

A small piece of cartilage among the 3rd, the 4th basibranchial and
the 3rd hypobranchisl. 411is(1903) coneidered it as the 4th hypobranchial.



The 5th hypobranchials lie in the mid-ventral line of the branchial
arches. They are comnected by synchondrosise. The first is & four-faced
bar situated between the bhypohyals and extends antero-ventrally joined
to the basihyal., Its veniral surface articulates with the urohyal.

The second has a small dspression on the middle portion of each side,
The 18t hypobranchial fixes its anterior process in this dapression.
Its dorsal surface is flat but the vemiral surface is rugged.

The 3rd basibranchial is a rhomboid bone and longer than the other
two basibranchial. The 2nd hypobranchial and the 3rd hypobranchial
articulate with its proximal end on each side of this bene individmally.
The anterior end of the 3rd-banibranohial is boarder but its posterior emd _
is @ narrow process whioh connecis with a cartilage. Otherwise the upper
portion of the 2nd hypobranchial conjoins to the postero~lateral corner
of the 2nd basibranchial.

Goodrich(1930) acknowledged" The copulae (basihyobranchial) are well
developed and usually along the base of all the arches., Amia_ has three
separate median elements apparently representing the five basibranchials,
while Teleosts have in addition a basihyal. A median urohyal, attached
in front below the hypohyals and passing back between the sterohyoid
muscles, ie peculiar to the Teleoatei. It is generally oonsidered to be
an opsifiocation of the median li‘alont.Sinilnr but paired bones occur
in Polypterus, possibly enlarged branchial ray." )

Both the 2nd basibranchial and the 3rd basibranchial have some uncomplete
ossified foramina on the ventiral surface. The bony 4tk basibranochial is
not exist but the cartilage which connects the 3rd and 4th ceratobranchial,
probably is the vestige of the 4th basibranchial. A11is(1903) stated there
is a unossified 4th basgibranoh in Scomber.
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Hyo-branchial Arches (ris' 12 to 15)

There have five well ossified branchial arches, the first four
support the pharyngeal cavity and form the frame-work for the gill.
The lost arch losser, the epibranchial and the phyngeal branchial.

Its rest parts fuse together and form the lower pharyngeal teeth mill.
Each branchial arch consists of two half parts, conjoined by the
basibranchial on the midline and each half part has four pieces of
bones, the pharyngeal branchial, epibranchial, ceratobranchial and
hypobranchial,

Some fishes have a supraphyngo-branchial bone, Dhamarajan (1936)
stated” The first arch contains all the pieces and in addition, a small
dorsal cartilaginous piece the supro-pharyngo branchiale. Allis(1903)
also stated " The first suprapharyngobranchial is a short cylindrical
rod of cartilage, that runs downward, farward and mesially from the
anterior end of the posterior-mesial process of the first epibranchial
to the small facet on the hind end of the anterior cartilaginous portioen
of the dorsal edge of the second infrapharyngobranchial." and " supra-
pharyngeal elements were found on the other arches.™

There is no suprapharyngobranchial in P. tetriocus.

Hyoid Cornu (rig. 12 ¢o 15)
The five elements that consititute each half of the hyoid cornu. are
the epihyal, ceratohyal, paired hypohyal and interhyal. Each half of
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the hyoid cormu is connected posteriorly to.the inner face of the
ventral end of the hyomandibular and anterioerly the two halves are
conjoined by the median basihyal. ‘

The interhyal or stylohyal is a small cylindrical bone, The dorsal head
of interhyal is conneoted to the hyomandibula through a cartilage just
at the region where the symplectic is alse attoahed with the ventral
end of the hyomandibular. So the hyoid cornu suspends on the hyomandibular
arch, Its ventral end is a knob articulated with the epihyal and its
lateral surface is connected to the inner surface of the pre-operculum

by a ligement.

Srinivasachar (1953) stated the development of the Chondrocranium of
Ophicephalus  that the dorsal half of the hyoid srch is the
hyesymplectic cartilage and the ventiral half is the segmented hyoid
cornu in the chondrooranium stasge. The former is ossified into the
hyomandibula and symplectic, and the latter differentiates the basihyal,
hypohyal, ceratohyal and interhyal.

The epihyal is a thick trianguloid bone. Its apex is directed

dorsolaterally toward ihe interhyal. It is a depression into which

fits the proximal end of the interhyal on the dorsal side of apex.

Its base is broadly artioculated with the posterior emd of the ceratohyal
through a large pisce of cartilage. There is a knob on its latero-
dorsal portion. It conjoins with the socket whioh is on postero-dorsal
portion of the interopercle. 411i8(1903) considered the epihyal amd the
ceraohyal &s one bone with two ossifications, a proximal and a distal,

The elongated ceratohyal is a very thick and broad bone. Its posterior
border comnects to the epihyal through a cartilgge, but there is a
ospified ridge extended longitudinally along dorsal border om the outer



snrfnoe of these tuo bones. This g1ves & reznfor%ement for the 5
eonneotion. Ita dorsal and ventral edges are. conoave. On 1ts ventral
edge there havo some notohes for the aooonodat;on ‘of lnt;rior tﬁi;emty
brsnohiontegal rays. In othor words the epihyal and ceratohyal are
connected by the cartilage ventrally aud a "%f!‘,f-%% coptapt forestiye .
The anterxor ond of the ceratohyal terninstes on tuo headn, the .
dorsal head nrt1oulatoa with the upper hypohyal, the ventrnl head with

the lower hypohyal.
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The upper hypobyal is a triangular bone which attaches to the

anterior dorsal border of the ceratohyal. .

It has a prooess whicn projects quially oonaoined to the ponterior
part of the basihyal and the 1st basibranchial of the branohlal arch.
The upper hypohyal articulates venirally with the lower hypohyal throngh
cartilage..

The anterior end of the lower hyﬁohyal is very thick, but the posterior
end is thin and scale~like bone. It articulates ulth tho cerutohyal
and the upper hypohyal on the dorsal border. Ita medzal border conjoins
with the counter part on the midline of the head. A splint of bone
connects the lower hypohyal and the ceratohyal roinforced the cartilago

artioculation beiween ecah other,

The basihyal is a thick bome, It is flat on the dorsal surrace and
has & keel on the ventral surface. This ‘bone lie- on the midline of /
the head and over the junction of the two lower hypohyaln. It extends
anteriorly to support the tongue and posteriorly comnected with the lst
basibranchial. Actually the basihyal does not close ;aterqliy to the '
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upper hypohyal, but there iwo bones are attached each other through the ' -
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conngetive tigsue,. e R L
Below ibe median junction of two lower hypobyals is.the.urohyal.-

The urohyal comes along the midline of the body and expands veriically.

The antero- veniral margin of the urohyal becomes. a.very. thick:border.

Thers are two artioulations on the antero-dorsal portion, the anterior

one articules with the paired lower hypobysl.from each side, the postero-

dorsal one articulates with the ventral surface of ithe 1st.basibranchial.

4 ob_ﬁdp.a ridge which starte from the anterior articulation postero-

venirally to the posterior margin runs acroas the middle portion of the

urobyale The urohyal (or parahyoid, basibranchiostegal). has not.any

cartilaginous predecessor in the.development of the chondrooranium,

This bone which perhaps is derived from & membrane bone, ghould be included

in the hyoid arch or mnot, is very dubious. "It is peculiar to the

Teleogtel and is generally considered to be an ossification of the median

ligament." stated by Goodrich (1930). A ligament whioh comnnects the -

urchyal and the cleithra has its insertion om the postero~ventiral end

of ithe urohyal., There also has a ligament on each side of the anterior

end of the urohyal. This ligement attached on the outer lower corner of

the lower hypohyale TS

The 6 latersl compreased branchiostegals which ;‘l:o covered by the
inter-opsrculum are flat, sickle-~like bone., It iapers to the posterier
end and have an ill formed wing along its anterior border and a flat
enla:iééd base., The posterior ome is longer but bends leswer dorsally than
the anterior one. The 1lst to 4th atteah themselves proximally by their
base to the lower lateral surface of the ceratohyal their disial end
are all free. The 5th and 6th branchiostegals are on the junotion of
the epihyal and ceratohyal. Gregory (1930) stated.that the interopercular
and branchiostegals of high fish are probably represented by so-called
" lateralgulars® of crossopterygians, R . '



59

) Laterosensory Canal System ![ (?180 25 ] o

The laterosensory canal system divides into many branches. M

. 1, Supraorbital branch

2+ Infraorbital branch
3. Mandibular branch

4. Supratemporal branch
5« Nasal branch

6. Epiphyseal branch

7. Pterotic branch

Goodrich(1930) described the origin of the laterosensory oanal system,
"Lastly, in the teleostei the thin covering of ganoine, still present in
the extinct Leptolepidas, soon disappears altogether, and the dermal
bones tend to sink more below the soft tissues. This lead:in higher
forms to the subdivision of these which harbour lateral-line canals
into deep plates and independent, more superficial, narrow grooved
" canal bone " The latiter remain near the surface forming more or less
complete chains of osgicles protecting the canals. '

‘ /

The pterotic branch which conneots with the supratemporal, mandibular
and supraorbital branoh of the laterosensory system, starts from the opening
on the top of the dorso-posteriorprooess of the pierotic and procceds
forward along the pterotic ridge to the frontal. Weitzman(1962) stated
" The laterosensory canal syestem pierces the pterotic in two places in
the region of the extrascapular. One of these, the posteriormest, connects
with the extrascapular canal, the other connects with the preopsroular

mandibular canal."

The supratemporal branch begins at the point between the opening of
the dorso-posterior prooess of the pterotio and supratemporal I, It divides
peveral branches in this bone, one of these branch pesses into the
posttemporal and the major branch passes into supratemporal II. two major
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branches of the opposite sides unit together and then connect with the
epiphyseal branch anteriorly. '

The mandibular branch is the longest branch of the laterosensory ocanal
system., It travers the preoperculum longitudinally and divides many
subbranches, postero-ventirally, in this bone. Each sub-branch terminates
& funnel-like opening on the posterior and veniral margin of the
preoperculum. The major branch passes through the quadrate and artiocular ,
and ends in the deniary. It connects with the pterotic branch through
thé opening on the tip of the lateral process of the pterotio.

The infraorbital branch surrounde the lower portion of the orbital
region, It dividee into many branches in the lst euborbital(lachrymal)
and penetrates the dorsal margin of other suborbital bones. Both two
ends of the infraorbital branch are’conneoted with the supraorbital
branch, Its anterior end comnects with the suprzorbital branch at the
anterior portion of the frontal and the posterior end at the lateral
' process of the gphenotio,

The single epiphyseal branch is right on the top of the skull. It
associates with two supraorbitals from the opposite side, and conneots
posteriorly with the united supratemporal branches.

The nasal branoh which connects with the anterior end of the supra-
temporal branch, traves the nasal longitudinally,

The pterotic branch passes forward into the frontal and connects with
the supraorbital branch which divides into one major branch and many
subbranches in this bone. The major supraorbital branch extends amteriorly
along the lateral margin of the frontal and meets the nasal branch and
the anterior end of the infrsorbital branch individullly, and conneats
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with the posterior end of the infraorbital branch posteriorly, through
the sphenotic, ’

Goodrich(1930) stated " The supraorhital line ia supplied by the
superior ophthalmic branoh of the facial nerve, the infraorbital by
its buccal branch, the hyomandibular and mandibular by the truncus
hyemandibularis of the facial, the jugal and oral by branches of the
lateral nerve, the transverse, occipital by the ramus supratemporalis
of the vagus Thie region is gemerally included in the "infra—
orbital " but since between the anterior ﬁart supplied by the otio
branch of the facial and the begining of the main canal (on trunk)
there is gegerally intercated a short region innervated by the supra-

temporal branch of the glossopharyngeal, it would seem better to name
these two horizontal regions the postorbital and temporal respectively".

' The paired frontals enolose the supra-orbital and commissural sensory
canals, The commissural canal 18 open dorsally at the junction of two

frontals,
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Group 3. The Pectoral Fin (rig. 56 to 57)
The various types of paired finskeleton found in the teleosts may
be derived from the archipterygium. It seems that the axis becomes
shortened and finally disappear, and the radials are reduced in number,

especially the postaxial radials are lost extremely.

Wiedersheim(1907) thought that the originally segmental separate and
parallel radiale of the paired longitudinal fin-folds become more or
less concentrated and fused at their base, giving rise to uniserial

type of skeleton.

In this type the concentration was greater at the anterior than at
the posterior end of the fin., The longitudinal axis withdraws into
the body wall and bears a single row of radials along its outer edge.
The basal elements of the radials fused, especially nntoriorly; to
form the large bones of the girdle,

The pectoral girdle of the teleostis is égﬁii;tod of dermal benes
forming the posterior boundary of the branchial chambers, and on to
which attach the opercular bones. This dermal secondary girdle comprises
some paired bones, such as the cleithra overlying the articular portion
and the posti-temporal (suprascapular) on dorsal portionm.

The dermal girdle in all teleosts is connected to the posterior
portion of the skull by means of the post-temporal, which is bifucated.
Each end attaches to the opisthotic or the pterotic and the epiotic.

The general tendency in teleosts is that the endoskeletal part of
girdles, Scapulo-coracoids become reduced and the dermal bones, cleithra
to serve more and more for the support of the fin and the attachment

of the muscles.



63

The primitive olaviclea bave been loat in most Actinopterygii, whore
their position bhas been taken by foﬁwd extensicons of the cleithra
which meet ventrally. Gegenbaur (1895) called the large bone, the clavicle
of the teleost which is a more dorsal slement, a new nuo,' o-lo:i.'thm.

The pesotoral girdle is situated just behind the operoular apparatus.
It ocomprises two symmetriocal part whioh comnect togetber at the ventral
end of the two ocleithra by a ligament.

The ol;ithm is & very large dermal bone. Its medial border is closed
to the hyoid cornu., It forms the posterior border of the €11l opening,
and comprises a broad, flat horizontal plate sibmounted by a vertical
Plate. The oleithrum conjoins it counter part on the middle line of the
body through a suture joint which is l:‘s_trmig— conneotion, The.iwo ends
of the horigontal bar of_ the lower pharyngeal teeth mill attach the
Aniddlo portion of the horisontal plate of the cleithrum on cach side,
'{‘he cleithrum algo serves as the posterior part of the floor of the
hyobranchial apparatus. There have many sirong musocles attash all over
the surface of the cleithrum. ' "

The horisontal plate of the ocleithrum has a broad lateral wing extending
posiero-ventrally which covers part of the lqapqlsr and the postoleithrum
I and its large dorso-posterior process which conjoins with the supra-
cleithrum laterally.

The scapula is & ring-shaped cartilage bone. Thoro has a largs foramen
on the middle portion for the passing of the dorso-medial muscles of
the fin.

The dorsal portion of the scapula over-lies on the medial surface of
the vertical plate of the ocleithrum and oconjoins with it. Its ventral
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border connects with the oleithrum thrbqgh a prominent cartilaginous
line which separates the bone from the adjaceni border of other bones.
The firat 3 radiale ariiculates with the posterior border of the

scapula.

The coracoid, a L-shaped flat thin bone, is derived from cartilage.
The dorsal portion of its shori sarm overlies on ithe medial surface of
the vertical plate of the cleithrum and its posterior margin artioulates
with the scapula and the 4th radial of the pectoral fia.

The long arm of the coracoid tapers to its end and exiends antero-
ventrally forming ihe precoracoid process. It conjoins with the ventral
end of the cleithrum dorsally through a cartilage.

4 very large oval coracoid foramen is surrounded by the ocoracoid
poateriorly and the cleithrum anteriorly., It aleso developes a post-
. coracoid process on the postermost end of the ocoracoid.

. The supracleithrum is a long bone and has a vane on the postero-
dorsal border. Its ventral end overlies laterally on the dorsal process
of the cleithrum and the dorsal end forms a socket articulates with the
veniral condyle of the posttemporal.

The posttemporal has two arme on the anterior portion. The long arm
is fixed in a groove on the dorsal surface of the epiotic and the end
of the short arm is fixed in a emall depression at the posterior emd of

the temporal‘foasa.

Lien(1963) described ™ The posttemporal comeists or a comewhat
rectangular body and two very distinot forks. The dorsal fork is attdched
by means of a ligameﬁt to the articular facet of the epiotic, just
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lateral to the epiotic process. The ventral: fork restis on the dorsal.;.
surface of the intercalary. The body of the pastiemporal overlaps ~
the dorsal tip of the supracleithrum,”

Its posterior portion is a sca.le-like‘thin bone.. There has & condyle
on the wentral portion of the posttemporal .which artioulates with the
dorsal socket of the supracleithrum. The 1atemsonq¢;ry canal system . ..
extends from the extrasocapular I and branches on. the posterior portion
on this bone. There also has a depression on the base of the long arm,
in which the posterior branch of. the extiragcspular I is lain. .

The extrascapulars are the dermal bones in éu-igip. Goodrich(1930).-
stated that in Polypterus, the supretemporal(exirascapular) appeared
to have fused with the parietal. In higher teleosts the frontals and
parietals sink deeply in the soft tissue and for the atiachment. of the
anterior myomeres of the trunk, so the parietal and the extrascapulars
.are separated again. .-

Allis(190;1)a.cknowlodgod that each of the parietalSof the charaocids
Alsstes nurse and Hydrocymus brevis%oonposef -of. two components, a fused
mesial extrasoapular unit and the paristal itself. Toae w0 wt

The extrascapular I is a branched tubular bone. It ‘has four branches
on the antero-dorsal portion. One branch on the veniral portiom and .one
branch on the postero-dorsal portion. The latercsensory ocasnal system,:
which comes from the lateral process of the pt_orotio,‘puaen thréu_gb the
opening on ihe tip of the ventral process into this bone. The openings
on the tip of the postero-dorsal and the most antero-dorsal branches are

also for the laterosensory canal system connecting to the posttomporal
and the extrasoapular II, individually. . T L

The extrascapular II is a long simple tubular bone which conjoins with
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the dorsal end of the extrascapular I. The laterosensory canal system
comes from the extrascapular I and traverses this bone. It connects with
its counter part of the opposite side on the top of the skull.

The postoleithrum I is a broad thin bone. Its anterior border becomes
thicker. The dorsal end of the postcleithrum I attaches to the medial
surface of the lateral wing of the cleithrum. Its veniral margin is
round and overlaps its antero-ventral portion on the postcleithrum II,

(Pig. 30 to 31)

The postcleithrum II which lies in the muscle is lance-head-shaped
bone. It tapes to ventral end and attaches to the postcleithrum I on
its postero-dorsal portion. Some of the teleosis have 3 postocleithra.

(Frig. 32 to 33)

Weitzman(1962) stated B. meeki "there are three postcleithra. The
upper posterior edge of the cleithrum bhas two flat postcleithra pressed
against its median surface. The upper, or firast, of these lies at the

- posterior junotion of the cleithrum and supracleithrum. Below this a
flat second postcleithrum lies along the posterior median surface of
the cleithrum. Applied to the anterior lower median surface of the
sceond postcleithrum is a 3rd spinelike postcleithrum.

In the teleosts the axis of the paired fin does not exist. Therefore
the radials articulate with the girdle directly, The number of the
radials is usually not over five. In P. tetricus here are 4 radials
which are hour-glass shaped. The ventral-most radial is the largest
one while the other three each small than the one below in orders. The
lst three radiasds on the dorsal portien connect with the scapular and
the ventral-most one lies between the scapular and the coracoid. The
13 fin rays are supported by these 4 radials. Each fin ray are segmented
and branched and consists of two lepidotrichia. Its proximal ends which
diverge and clasp the narrow cartilage, each has a artioular process



direoted downwards., This makes a sirong conneot beiween rays and
- radials- and-among the rayg, -- - - - ; ST

An additional spine-like fin ray which has a swallen projeoting
head, attaches to the dorsal margin of the first fin ray. It articulates
with a knob-like joint on the soapula directly. The distal ends of the
radials on whioh a narrow cartilage line exists for attachment of the
fin-rays, is more flat and broad than its proximal ends.

67
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Group 4. Pelvic girdle (r"‘. 58 to 59)

The paired pelvic girdles which ossify from the cartilaginous origin
lie horizontally on the body wall. Two pelvic bones (or basipterygia)
are paired straight, slender hones , which are elongated and tapered
into a spine anteriorly. A trough extends 6n the dorsal surface
longitudinally through all the length of this bone. The base of the
pelvic bones unite together along mid-ventral line and form a bilaterally
symmeterical pelvic girdle. These thickened posterior bases contribute
as attachment of the pelvic fin rays. Ventrally, there is a longitudinal
ridge which correspondents to the dorsal groove and being the attachment
of muscles. A small process directs backwards from the base of this

bone on each side of the mid-ventral line.

The united anterior spine of the two pelvic bones lies dorsally on
the sutural joint of the two cleithrum. A strong ligament which is
between the united anterior spine and this joint contributes as a

firm connection for pelvic girdle to the pectoral girdle.

The radials of the pelvic fin is fused with the pelvic bone. So one
spinous and the 5 dermal fin rays of each side articulate with the
pelvic bone directly. The outermost is on the spinous fin ray and the
rest are the branched and segmented dermal fin ray. Each is formed by
. two lepidotrichia and each has a inwardly direoted process and clasps
on the Pelvic bone just as the pectoral fin ray.
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Gruop 5. Veriebrae

i’z:;omdal vertobr;e ( -lat to 9th ) (Pig. 61 to 64)1’

The Teleostei usually have well-developed amphicoelous bony centra

strongly contricting the notochord and its sheatha.

Goodrioch stated " Special intervertebral articulation are formed by
anterior procesaes from the neural or haemal arohes which rest on
corresponding processes in front, and théso may be supplemented or
replaced by dorsal and veniral processes from the oentra themselves,
analogous to the pre- and post— zygapophyses’of Tetrapods, Basidorsal
and bagiventral cartilages rest on the notoohofdal sheath in the young,
but interbasals do not usually appear at all, though traces of inter-
ventrals oocasionally have been found." and "According to Schaninsland
the vertebra is really formed by the coalescence of an anterior half
(developed in relation to the basalia) and a posterior half (developed
in relation to the interbhsa;ia) derived from the Sclerotome of the
segnent behind. He claims that in Fistularia where the nerves issue
through the neural arches theee two helves develop similar arches ,
both dorsal and ventiral® and "ossification may extend from the cenirum
over the basalia, the neural and haemal arches being then continuous’
with the centrum as in most of the higher Teleostei and the tall region
of, even the lower forms" and " The latter in the form of an inter-
segmental biconcave bony ocylinder develops chiefly in the skeletogenocus
layer surrounding the notochordal sheaths, this in accordance with the
general tendency throughout the endoskeleton of these fishes, for the
cartilage to be reduced even in development and for the bone to be
formed and more directly precocicusly from skeletogenous tissue" and
® In the Teleostei, it is the basidorsal which together with the basi-
ventral is the important element. The interdorsal extending prinarilj 2
between the ventral and dorsal root of a spinal nerve are liable to be
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interrupted and hindered in development, hence the main element of
the neural arch is always the basidorsal,"

The vertebrae column of P. tetricus consistis of itwenty five vertebras.
The 1st through 9th veriebrae ﬁre the piscine amphicoelous type without
& haemal spine being called the precaudal vertebrae. 4 spherical space
is enclosed between two vertebrae and filled with notochordal tissue.
There also is a notochordal strand peneirates the ocenter of each centrum.

The strengthening ridges are exsisted on tﬂe lateral depressions of
the centrum. The prezygapophywes and the postzygapophyses are the
articqlat;_’ :surtace. The paired posisygapophyses of a vertebra conneot
with the prezygapophyses of the next vertebra. The sygapophynes of the
first two vertebrae are not well developed.

The parazygapopbyses exist in all nine precaudal vertebrae,

The anterior and posterior concavity on the centrum are connected by ‘
a narrow notochordal canal which is filled with notochord tissue, even
in the adult. The mediodorsal depression and the medio-veniral depression
are existed, and the lateral veniral depression is not so obvious as
the lateral dorsal depression. Two neural arcghes protrude dorsally, fuse
into a neural spine and enclose the neursl canal through which the
spinal cord passes. on the base of each neural arch, there is paired
foramina for the exits of the itwo roois of the epinal nerve.

The 1st vertebra divides into two parts, its veniral part is the
central disc (centrum) which is flat and connects anteriorly with the
round disc of the posterior portion of the basiocgipital. On the antero-
dorsal portion of this centruam, there are two large sooketis , Each .
articulates with the occipital condyle of the exoccipital. on the medig-
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. dorsal’ portion cf-this centrum there also are iwo deep mockets...The

paired veniral processes of the movable neural arch are fixed in these
sockets., A small depression presents on the laterasl surface for the
lodging of the first rib. The medio~dorsal :depression is narrow and .o, ..
deep and the medio-veniral depression ie absemte = ... ui-i-un G s
LR g I T T i I N e
The 1st and 2nd vertebra each has a hook-like process.of the haemal -
postsygapophysis on the"postoro-vontral portion of the:cemtrum, .to . -
strengthen its articulation with the next vertgbra. The oylimdrical
centrum of the 2nd vertebra has a:pair of the parapephysis for the
attachment of the pleural ribs to-its postero-lateral surface. From
anterier part to polterioi- part of -the body,. the centrums become . . .,

ey,

longér gradually. ' A R T vt Ny s
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- The dorsal part of the 1lst vertebra is the neural aroh which is
inversed Y-shaped bone. There are two pairs: of “t&aprooeana.;on the
veniral surface, It articulates with the centrum by its two ventral
process. The rib of the 1st vertebra- connecits with its parapophysis.
The neural spine of the lst vertebra is a broad-bone whioh .ig cimprunpd
laterally and conocaved mtorio.rly. It is shorter and-blunter: than - PR
other neural spine and pointes upwards. - ° St

From the 2nd, the neural spines are-thiner longer and slender .ihan the
1st one and poin‘tod'upva.rd, there is a groove on the. anterior. surfacs. ’
of each till the last one. The 2nd neural aspine: curves slightly Fforua.rds.

The parapophysis of the lat and 2nd vertebra ars small but they are .
very long from the 3rd to the 9th vertebrae. All are. situated at the

antero-ventral portion of the centra and bear movable ribs.

The 3rd through 7th vertebras are muoh alike, each has two prominent
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neural pregygapophysis, two neural postzygapophysis, a neursl arch
and a nsural spine. The parapophysis upichshgcqqu }arger and broader
gradually in the orders and have a groove on the postero-lgteral
surfage,conjoins immovably with the centrum. A pleural rib is fixed
in the postero-lateral groove of each parapophysis through ligaments.

The neural spines of these vertebra are inolined sliépglg posterior-
\wards. The first three neural spine are inorease in Lengtg gradually
but the fourth is shorter than the third. From 4th, it gradually
increase in 1o£gth again till the 14th vertsbra,

The 8ikh and 9th vertebrae are almost similer to the 7th,—yq$ each
bas a slinder bony bridge or trausverse bony bar beiween the bases
of the iwo parapophysis. This bridge is the origin of the haemal arch,
sometimes the bony bridge of the 8th vericbra is cartilage and not
ossified completely. It aleo has ong pair of the prezygapophysis.

41l the 3rd through 9th veftebraq have the pleural ribs apdquipiéuf@;.
intermuscular bones., The ribs is so long that it gometimes exceeds the

next two vertebrae.

'
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Caudal Vertebrae and Caudal Fin | (I‘ig. 65 to 68)

P. tetrious has 16 caudal vertebrae, the 10th through 25 are caudal
vertebras. There hae no much difference among -the veriebrae of the .,
caudal region than .among those of ithe.precaudal region. The neural .- -
and haemal spines, both become shorter gradually, from the ap;zt;ggigr
to posterior vertebrge. In the anterior portion the _gaglal spine is
longer than, the neural spine of the same vertebra but they become the
equal length and direct more backward on the ;;osterior portion.. The
dorso-~lateral depression is more deap and largs than the ventro-lateral
depression, The medie-dorsal depression ox;p;n,‘g.pgo_rz\' the &q_nvx':élﬁ::oh

and the medio-veniral depression under the haemal arch. ‘.I.:;x!o R!?O&, of
the neural arch extend the whole .length of the centrum, but those of
the haemal arch are only resiricted to the ante:iior third of it .

There . igy; & groove anteriorly and & ridge posteriorly on each of the
neural and haemal spine., This groove. and ridge- serve for the attachment
of. the ligaments which comnnect the adjacent spine..The presygapophysis
and the postaygapopbyeis of the neural part is well developed ithrough’
all the veriebrae, meanwhile, the prezygapophysis. of the haemal part

is not existed except the last 4 vertebrae, but the postsygaphysie is
very prominent and conneot directly witih the base of the haemal arches .,
of the next centrum. Paired two foramina for the exits of two reots

of the spinal nerves are on the base 'of the neural arch,

The 10th vertebra whioh coniributes of the supperting for the
posterior wall of the bodyocavitiy, has a very different shape to the
reat of the caudal vertebrae,

The large broad parapophysis of the 10th vertebrae unites with the
counter part of the other side along the middle line of the body, It
forms the haemal arch and the haemal spine., The haemal arch has a

expanded wing on ‘each mide.
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The haemal spine has a longitudinal slit and a groove, which show
the rudiment of the incomplete fussion of the two parapophyais{

- McMurrioh(1884) desoribed Amjurus catus as followings " The firet
tail vertebra has the haemal arches firmly united below, but somewhat
broadened so-as to separate, as it were, the trunk and tail regioms.
The remaining haemal arches are exactly similar in appearince to the
neural arches of their vertsbrae, possesing long spinous processes
certain of which asgist in supporting the interspinalis of the anal
fin. There is then in A. catus a gradual passage from the transverse
procesges of the trunk region to the haemal arches of the tail, and
thus a strong argument in oppoaition to- the view that the haemal arches
of the ftail represent the transverse processes plus the ribs of the
trunk",

" The centrums of these vértob;‘ae are the piscine amphicoelous type and
" has two depression on the laterel side 1 or 2 strong lomgitudinal '

ridges extend in these depression.

The centrum and the arches are oseified throughly, but the notochord
remaine in the centre oavity of the centrum,

The haemal spines of the 11th through 23rd vertebras are longer than
the’neural spines. Both are not completely vertical to the wvertebral
column. The more on the posterior portion, the vertebra is, the more

posteriorly, the spines direct.

The 11th through 23th vertebrae, each have a neural arch dorsally, a
neural spine, iwo neural presygapophyeis and two neural postzygapophysis,
and ventrally a haemal arch and a haemal spine. '

on the anterior portion of the body, the haemal arck of the vertebra
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is on the anterior border of the centrume. So the hasnal prezygapophysis
is not existed, but ihe haemal postzygapop@yais ie projeoted obviously.
The haemal arch which is posterior to the 21st vefteira moves to the
posterior part of the centrum. Therefore, the hasmal prezygapophysis
are more comspicuous than the haemal postzygapgphysie.

The neural and haemal spine of ;he 23th vertebra each annects with
a plece of cartilage and contribgten a8 éhe support of the o;udal fin.

The candal fin of P, tetriocus is typically is homocercal. The last
two csudal veriebrae (24-25) support the fin,

The 24th vertebra has a normal centrum, one pair neural prezygapophysis
and postsygepophysis but no hasmal zygapophysis (pre- and post~).

Goodrich(1930) stated (clupea) " The neursl arch of the pemultimate
centrum may become modified into a pair of bomes embracing the urostylar

_ region. A few dorsal radial may remain free bearing dermal rays in this

region , but tend to disappear in the more specialized tails. One of
these radials may fuse with a dorsal arch ito form a true "epural”.

The first epural is formed by the fusing of the radials and the neural
aroh of the 24th vertebra. It is a slender and flat bone. The antero-
ventr;l portion of this bone attaches io the neural spine of tﬁe 23rd
vertebra directly, but there is a 1argo apace between the dorsal portion
of the 1lst epural and the neural spine of the 23rd vertebra. A cartilage
exists in this space and connects these two bones. The 1lst epural and
this cartilage contribute as a supporting for the dorsal-most 4 pro-
current rays. On the antero-dorsal surface of the neural spine of the

23rd vertebra there. also has a small piece of cartilage which is probably

the extension of the former cartilage.
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The 2nd epural is also a slender bone which attaches to the lst
epural anteriorly, the 3rd epural postero-dorsally and the 4th hypural
postero~ventrally, It supports one proourrent csudal .fin ray.

&'he 3rd epural is a small bony plate which conjoins with the antero-
dorsal portion of the 4th hypural and supports the most inner procurrent
ray of the dorsal half of the caudal fin,

Goodrioh(1930) stated " In the most advanced or homooerca} type
occurring only in the Teleostei, the notochord is muoch shortened and
wi.thdrawn, though in some primitive forms (clupes) it wmay etill project

* wrounded by oartilage a little beyond the veriebral elements. The
‘ <y turned region of the notochord is enclosed in a urostyle, & process
2% the last vertebral centrum which may represent the fused centra of
this pomterior region., This urostyle at first independent (clupes)
become in more specialized forms fuesed with the last hypural and

reduced to a mere vestige".

Just as some of the percoid fishes, the urostyle is not olear in
-the caundal fin. There is only a veatige of the urostyle attached on
the dorsal surface of the oconic centrum of the 25th vertebra and almost
invisible, There is a tiny canal which seems to be a contiguation of
the preceding vertebra, extending in the urbstyle.

The centrum of the last ver:tebra fuses with the urostyle and the 4th
hypural. The borders among these bones are not obvious,.

There are four hypurals connected with the last 3 vertebrae.Goodrich
(1930) described the development of the hypural as following "More
numerous and free along the urostyle in primitive forms (clupeiformes)
fhoy tend to beoome reduced in number, increased in size, and the
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tails the hypurals are two in number, fused to the last centruam, and
symmetrically disposed above and below the longitudinal axis".

The 18t hypural is a long bone, the dorsal part of this bone becomes
a broad bony plate. There is a condyle on the postero-dorsal portionm,
- this oondyle articulates with the socket on the veniral surfﬁce of the
oentrum of the 24th vertebra. The haemal canal penetrates the lst
hypural longitudinally just below thie condyle.

The ventral part of the lst hypural which is & rod-like bons connects
with two inner-most proocurrent rays of the ventral half of the caudal

fin.

The dorsal part of the anterior border of the lst hypural atiachbes
to th; neural spine of the 23rd vertebra. A ocartilage ingerts into the
azuve betwoen the ventral part of the lat hypural and the hiemal spine
of the 23rd vertebra, this cartilage bears 6 outer-most proourrent rays
. of the ventral half of the caudal fin,

Goodrioh(1930) discussed about to the origin of the hypural "As in
the Selachians so in the Holostei, thby are typically formed by the
fusion of the radial with the spine of a haemal arch, Their structure
'in Amia spp. for instance, with a distal or terminal cartilage resembling
that of the radial, strongly suggests this origin. In Teleosts, also
\separate terminal ocartilagee may appear, but in the higher form tﬁey
no longer ocour, and possibly the hypural are.there formed entirely

from the haemal spine®.

The 2nd hypural which is fixed tightly between the 1lst and 3rd hypural
is much alike of the lst hypural. It bears the 13rd and 14th prinoipal

’

7
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rays. The haemal canal pass through the dorsal end of this hypural.

The 3fd and 4th hypural which are symmetrical on shap, support the
most prinocipal rays of the caudal fin,

The 3rd hypural is a trianguloid bopy plate which has an enlargement
on the anterior end and gradually broadens out towards ite distal end.
the dorsal surface of this enlargément ig an artioulation whioh conjoins
with the ventral surface of the conic centrum of the last vertebra,

A paired processes which are the vestige of the haemal arch project
Dbelow this enlargement, It connects anteriorly with the haemal canal.
There is a thin bony keel on the anterior border of the 3rd hypural.
The 3rd hypural bears the 8th to 12th principal rays.

The 4th hypural which fuses with the centrum of the 25th vertebra
completely, The anterior part of the 4th hypural is thiocker than other
part of this bone. On each mide, a bony ridge extends from the ceptrum
"of the 25th vertebra to the antero-vemtral portion of it for the
reinforcement of the fusing of this two bones.

Another bony ridge whioch is the vestige of the urostyle exists on the
antero-dorpal margin of this bone.

The 4th hypural is the largest hypural in these 4 hypurals. It
contributes as the support for the 1lst to 7th principal ray of the
caudal fin,

Dharmarajan(1936) described that the hypurals of Otolithus ruber, he
stated that the 2nd and 3rd hypurals are compound hypural, Lines separating
its three parts are clearly visible but at the proximal end they unite
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with the last vertebra.

The 3rd and 4th hypural of P. teiricus probably come from the same
origin, but the fusing is very complete and the hints is imperceptible.

Intermuscular Bones
There are nine pairs of pleural ribs conjoined with the dastal end
of the parapophysis. One pair on each vertebra, lying between the muscle
and the peritoneum, The first two pairs are short and thin, but the
rest are long and strong. Each has & well-oseified head which is fixed
in the groove on the postero-dorsal surface of the parazygapophysis
by ligament., Each rib is concaved medially and directed postero—

ventrally,

There are no epineural ribs in P. tetricus . Goodrich(1930) stated
"Separated suprancurals are well developed in the lower Amioidei
(Bugnathidae, Pachycormidae) and lower Teleostei (Leptolepidae), but
tend to disappear in the higher forams",

The 9 epipleurals which are more slender then the plsural ribs projeot

backward and downward in the myocommata of the hypaxial muscles.
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There are no epipleurals on the parazygapophysis of the lst and 2nd

vertebrae.
The 1st to 7th epipleurals lie on the postero-latefal groove of the
parazygapophysis of the 3rd to 9th vertebrae, and just over the dorsal

head of the plesural ribs.

The 8th epipleural , which attaches on the ventral process of the
expanded wing of the heemal arch, conjoins wiih ‘the 10th -vertebrae.

The 9th epipleural projects from the haemal arch of the llth vertebra.

All the 9 epipleurals are unforked. They become shorter and slender
in the orders from the’ anterior to the posterior portion of the body.
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Group 6. Median fin .
Dorsal fin EE'_GL\

The number of the pterygiophore of P. tetricus ocorresponds to the
number of the nsural spines of the veriebrae which support the
pterygiophore except for the last two pferygiophore. These pterygiophores
are connected together by the longitudinal ligament andthey also have

paired transverse ligaments to attach it in position.

Each of the doreal fins is composed of two partss (1). A series of
pterygiophores endoskeletal i1n origin and lying parallel to one another
and (2). The dermal fin ray, dermal in origin and supporting the fin.

The relation between the median fin-supports or radials to the
vertebrae column is obsoure, It is indefinite, whether they only have a
secondary comnection or derived from it primarily. Goodrich(1930)
“"Thacher considered that the radials are special structures developed
t6 support the median fin, comparable to the radial of the paired fin
‘therefore forming part of the appendicular skeleton and only coming
into seocondary oonnecéion with the axial skeleton. On the oountary,
Gegenbaur(1870) and Cope regarded the medianfin radials as derivatives
of the axial skeleton which may become secondary separated off and
specialised. Gegenbaur, indeed, considered them to be merely extensions
of the neural and haemal spines. According to Cope the sevaeral pieces
of each ray were simultaneously developed in lines of maximum strain,
extended originally from meural arch to fin-base, and becoms different-
iated into proximal neural spine, middle "axonoet" and distal "baseost"
the axonost afterwards being separated from the spine, become the
"interspinal" of Cuvier, whioch together with the baseost support the
fin-base.

In the median fins there may be two radials to each body-segment.
Suoch as i1n Chondrostei and many Teleosiei, whether the double number
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ig due to secondary duplication of the original radial or derived
from a radial in each half of a segment is very dubious.

Originally, the pterygiophore is formed by the fusing of three
radials, The proximal piece of the radial is a long sharp bons with a
vertical ridge on its lateral surface, pointed ventrally. The medial
Piece of radial is & small cartilage.

Eaton(1945) desoribing Tilepia macrocepbala stated "The pterygio-
pﬁores in young specimens are in three pleces. In the adult they are
fuged and in addition a hook-like process from the distal radial of
one pterygiophore has grown back and fused with a corresponding hook
fron the middle radial of the next thus forning a loop which paaeea-
through a foramen in the base of the corresponding spiny ray of the
fin, by this the ray is allowed to bend within definite limits, in an
anterior or posterior direction, but can not be disarticulated without

fracture."

The proximal radial, medial radial and distal radial of P. tetricus
fusgg into a pterygiophore very completely.

The dorsal fin is formed noi only by the endoskeletal radials but
also by the dermal fin-rays disposed on both aidsz of the fins. Goodrich
(1930) stated " There are two chief kindSof these dermotrichia,
and the bony lepidotrichia of teleostomes, usually branching and jointed.
Delicate horny ray (actinotrichia) develop in the embryonio fins of all
Teleostomes and are doubitless homologous with the ceratotrichia, They
persist at. the growing margin of the fin, but they are functionally
replaced in later stages by the more superfical lepidotrichia formed
from modified sosles.” In P. tetricus the most part of the dorsal fin
consists of the paired lepidotrichia, and the radials of the fin
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become more restrioted to its base. The base of two lepidotrichia
diverge and clasp the proximal end of the pterygiophore. He also
stated "The teleostomi also have thier radials usually subdivided

into three pieces (Thacher, Bridge, Schmalhaugen,) but while the
proximal piece becomes the main support (interspinal, axonost.) the
middle pieceis shortened, and the distal element further reduced in
size. In the higher forms the bases of the paired lepdotrichia which
come to correspond to them in number are firmly fixed to these rounded

distal pieces."

The lst pterygiophore is supported by the neural spine of the 2nd
vertebra. 1t is a plate-shaped bone which has a’ridge on each gide
from the medio-distal portion to the tip of the proximal process
serving for the attachment of the muscle controlling the movement of
the fin-ray, The proximal end of ithe pierygiophore ie comnected by
ligaments to the neural spines. On the distal poriion of the pterygio-
phore there is a foramen in which the proximal ring of the spinous
dbrsal fin ray is fixed. A large -median keel projects forward from the
1st pterygiophore. A T-shaped supraneural which bears no fin ray is
antecedent to the first pterygiophore, It attached on the anterior
surface of the neural spine of the 2nd vertebra. &180 7 )’]

The 2nd to 8th pterygiophores of the dorsal fin are a thin bone,
Each has a projecting ridge on the anterior border and a ridge on
each side both extending distal-proximally to the tip of the proximal

process.

There also is a foramen on the medio-distal portion in which the
proximal ring of the spine is fixed., On the distal portion of the
pterygiophore, it develops one paired hook—like proecess anteriorly
and another pair posteriorly, this gives the spinous dorsal fin ray a



block for the limited-angle of movement. The posterior processes only
attach to the anterior processes of the next pterygiophore but do not

articulate with it .

The 9th pterygiophore which associates with the last spinous ray
and the 1lst soft ray, is a very special ome. It is similar to the 8th
pterygiophore bears the 9th spinous ray but it has also & large process
on the. postero—-distal portion of this pterygiophore which artioculates
with the lst soft dorsal fin ray through a cartilage. From the first to
the ninth pterygiophore it increases in length and from the tenth to
the last pterygiophore it decreases in length posteriorly .

Eaton(1945) stated "dermal rays thus defined, are formed of two
essentially different parts, occurring either alome or variously
combined in different groups of fishes, These are: (&). Ceratotrichia,
embryonically and primitively'pairéd rod either hormy, fibrous or bony,

whioch may or may not take on any relationship with scale rows
and (b). Actinotrichia, in Actinopteri, the ceratotrichial portion of
raye forms in early Paleoniscids, a basis for attachment of the scale-
rows superficial to it, but in the higher fishes of the class it is
entirely superseded by the scale-rows, except for the "actinotrichia"
whioch are suviving ceratotrichia in themargins of the fins and in the
adipose fin,"He also stated " The lepidotrichia of Actinopteri are
modified scale rows in combination with (primitively) or replacing
(subsequently) the ancestral ceratotrichia. "

Each spinous dorsal fin ray is composed of onre paired lepidotrichia
These two lepidotrichia fuse completely at the upper dorsal portion of
the spine. But on the ventral portion each has a enlargement of hook~
like process fused with the counter part of the other sidc through a
foramen which is on the distal portion of the pterygiophores. So thers

84
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is a completed chain-shaped connection between the spinous spine and

the pterygiophore .

The 10th to 19th pterygrophores are a wedge-—shaped thin bone which
18 bent concavely in the posterior direction. A ridge runs along the
anterior margin of each side of this bone. The distal process proirudes
postero-dorsally and articulates with the soft dorsal fin ray through

a cartilage.

There is a Y-shaped dorsal fin stay, an end piece behind the 19th
pterygiophore. There also are right and left special fin-muscles on
both sides of the median fin. Its fibers run parallel to the radials

and vertical to the myomeres of the body.

Anal fin | (Fige 70)

The anal fin of the P. ietriocus is consists of eleven pterygiophores

and one anal fin stay. The piterygiophores decrease in length from its
anterior backwards. Each connects with the succeeding ome pbsteriorly
and the haemal spines of the vertebrae dorsally by the longitudinal
ligament. The paired transverse ligaments also exist, whioh are fused
by the distal, medial and proximal radial. The pterygiophores of the
anal fin which are fused by the distal, medial and proximal radials
are similar to those of the dorsal fin, It curves concavely backwards
and 'its proximal radial is directed upwards.
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The first pterygiophore which lies anteriorly to and comnects with
the anterior surface of the haemal spine of the tenth vertebra is a
gpine-like bone and has a prominent ridge on each side. The proximal
end of this bone is enlarged. Thore are two foramina on the distal
border of this enlargement for the proximal ring of the let and 2nd
epinous fin rays. These form chain-shaped connections as usually one
pterygiophore bears one spine or fin ray. However it can extiraordinally
bears two or three. The explanation is that it might be the result of
the fusion of two or three pterygiophores.

The 2nd pterygiophore is much like the 1lst one. The 3rd spinous fin
ray conjoins with the ventral enlargement of the 2nd pterygiophore.
through a cartilage (synchondrosis) not a chain-shaped commection.
There is a ventral ring on the proximal end of the spinous raye

The 3rd to 10th pterygiophores are slender spino-like bones. Each
also has an enlargement on the distal end. The articulation between
this enlargement and the proximal end of ths moft fin ray is
synchondrosio,

The 11th pterygiophore is similar to the 10th pterygiophore. The
ventral enlargement articulates not only with the soft fimn ray but
also with the anal fin stay,.

All the spinous and soft fin rays of the anal fin are paired halves
or of lepidotrichial type as in the dorsal fin.

A Y-shaped anal fin stay is posterior ito the 1lth pterygiophors,
Its anterior procese conjoins with the proximal enlargement of this

pterygiophore.



From the 3rd to 9th pterygiophores, each is supported by a haemal
spine of the vertebra from the 1llth to 17th. The 10th and 11th
pterygiophores ars supported by that of the 18th vertebra,

37
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Discussion
The skeletal system of P. tetricug ie composed of completely ossified
bonea. There are some cartilages in the development but no cartilaézjii
the adult animel. T

pR——

The jaws are of & strong-biting type with a terminal horizontal mouth
and forward and downward loping snout. For this reason the premaxillary
and dentary are protruded forward and carry many strong teeth.

The dermal bones, which develop much better than the cartilage bones
cover the external part of the simll being the major part of the skull,

The primary jaws or oromandibular arches of teleosts are serially
homologous with the branchial arches. Allis (1915, 1923, 1925) has suggested
that the trabeculae of the embryonic chondrocranium represent premandibular
arches and the polar cartilages which connect the trabeculae with the
parachordals represent the dorsal elements of the mandibular arches,
of which the palatoguadrates represent the epimandibular while the Meckel's

cartilages represeat ceratomandibulars.

Al1lis (1918) stated that the hyomandibula of iteleosts conesists of two
parts, the anterior derived from the anterior branohial-ray bar of the hyal
arch; and the posterior derived from the dorsal extra~branchial of the hyal
arch, But Edgeworth (1926) insisted that it is a single etructure and in
gpite of the faoct that in teleostomes the head of hyomandibular lies above
the vena capitis leteralis, while in sharks it lies below it. From the
relation to the asuditory capsule the hyomandibula in sharks or teleosts is
fully homologous.

>
>

The sympleotioc of P.teitricus represents the lower part of the hyomandibula

which in polypterus is not separated off from the main part of the element,
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There are two dlfferent forms of branohlal aroh. The E-shaped arch
of the Selachii in whzch the pharyngobranchlals projeot poatero—mesxally
and the V-shaped arch of the Teleostomi in wh1ch tho pharyngobranoh1als
project antero-mesially., Allis's considered that the prolongation of the
process on the anterior sides of the pharyngobranohlals become msegmented
off. and articulated with the epibranch;ala in the same way that the
entire branchial arch originally become Pogmogte@.

Ve

P. tetrious feeds on orustaceans, coral and shells, The species has
developed & special grinding mechanism on the branchial arohes. The
pharyngobranchials of the 4th and 5th arches of each szde un1te together
and are modified into two upper pharyngeal tooth mills on which the
conioal teeth are attached{ The ceratobranchials of the 5th aroh of each
side unite together and form a single T-shaped lower pharynkeal tooth mill,.
In comparison to the.Cyprinigae, the pharyngeal teeth of the latter are
more varied ranging from sharp in the oarnivores such as the creek ohub
(Semotilus) to molariform in the common carp'(cxnrinus carpio) and have
almost disappeared in some species, ’

Similar to the origin of the opercular of most actinopterygii, the
oromandibular arch grows baokward over the check and under tﬁe ciroumerbital
bones likewise the hyoid arch grows backward and ite dermal fold gives
rise to the opperoular, subopercular, branchiosiegals and interoperocular.

Regan (1929) has suggested that the interopercular appears to be ihe

" separated lower end of the suboperoﬁlar and may be represented by the

first branchiostegal. The interoperoﬁlar is tied by ligament to the angular
projeoction of ihe mandible. Below “the interopercular there is a sharp
crease separating the opercular from the branchiostegals and permitting
the former to move with the jaws, the latter with the branchial arches.



The preopercular is associated with the supratemporal and with the
pterotic and the posttemporal in oarrylng a branch of the 1ateroaenaofy
canal systeme These elements along with the elrcumorbltal bones, The
dermosphenotice and some others have relatlvely conatant relat1onl )
with the lateral-line system of the head. The modifioatlon of tha aaws
and gill apparatis is correlated with the fpeding, resglrat}on! body-

form and locomotion.

In P. tetricus the premaxillae protrude excluding the maxillae from
the oral border, the maxillae serving as levers for the depression of
the alveolar bar of premaxilla; mandible without coronoid elements;
branchiostegals atiached to the epi- and corato~ bhyal; orbitosphenoid
absent, basisphenoid much reduced; supraoccipital forming a large median
keel and connecting with the frontal; occipital condyles, tripartite.
Those facts show the ocharacters of typioalfpercomorph fishes.

The pelvic girdle of P. tetriouau;oves forward to conneot with the
pectoral girdle and reduces of the number of the intermusoular bones.
This 18 the tendency of the evolution from the lower class to high class

teleosts.

There are two sorts of jaws. The outer upper jaws are bony dentigerous
facial tracts, the premaxillae and maxillae which in the oldest ganoids
form part of the bony facial maske The inner or primary upper jaw has & .
oartilaginoue core which in the shark is represented by the palato~
pterygo-quaérate gives rise in the teleosts to pﬁired qgadrate, meta~—
pterygoid, meaopteiygoid, pterygoid an& palatine bones.

The mandible consists of an outer dermal shell the demtary bone and
of an inner core homologous with the Meckelian bar of the shark and
represented by the endosteal portion of the artioular bone.

90
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Tal

The metapterygoid connecis the upper part of the palato-ptlerygo-
quadrate arch with the hyomandibular and helps to sirengthen the whole
erch and to give i1nsertion to part of the adductor muscles.
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PART II
MUSCULAR SYSTEM

Group 1, Musoles of mandible
1. Adductor mandibulae
The adductor mandibulae is a broad thick muscle which is divided

(Pig. 72 to 74)

into four parts, an upper portion Al, two lower portion A2, A3 and a

desper portion A4.

Al ariees mostly from the upper portien of the outer surface of the
preoperculum, a part of the fibers at the internal side of the muscle

arises from the outer surface of the hyomandibular,

The fibers of the muscle run forward, orossing externally and covering
the lower half of the levator arcus palatini.

Those fibers of the muscle that arise from the hyomandibular form a
small and somewhat separate bundle on the inner surface of the muscle.

The outer surface of the musocle is marked by some faint tendinous lines.
There is a broad longitudinal tendinous band on the distal half of the
‘muscle, An anterior tendon arising from the tendinous band of the muscle
separates into iwo part, one of these parts runs forward and upward along
the inner surface of the lachrymal and is inserted between the larchymal
and the maxillary, The other , a small part, runs downward and forward
and Joins a tendon of A2 A3, The musole along its postero-veniral edge is

partly continuous with A2 A3,

The tendo%ﬁfof the former part is long and stout which passes antero-—
dorsally along the inner surface of the premaxilla, Its distal end is
connected with the posterior surface of the ascending process of the
premaxillary. The latter part is Eﬁgut and broad which runs downward and
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attaches to the postero~dorsal border of the articular.

A2A3 la2es ventral to Al, It is single at its origin but double at its
insertion and is apparently formed by the almost fusing together of
these two parts, It arises from the anterior edge of the preoperculum
and the outer surface of the hyomandibular, On its outer surface there
are two strong tendinous lines which mark the outer edges of two
aponeurotic formations. A tendon i1s formed by the converging of thg fiber

and inserted into the inner surface of the artioular and the dentary.

The A4 originates from the antero-dorsal surface of the hyomandibular
and also from the dorsal edge and adjoining surface of the metapterygoid
that projects backward mesial to the hyomandibuiar. Its upper-portion ise
covered by the levator arcus palatini and its lower portion is covered by
the adductor mandibulae Al and A243. The fifth or trigeminal nerve is
parallel to the antero-—dorsal border of this muscle. Both portions form
the posterior boundary of the orbit. From the line of origin the fibers
run almost direcily forward. There are two strong tendons on its anterior
end one of these iwo tendons attaches to the inner surface of the ventral
arm of the dentary and another one attaches to internal groove of the

articular.

The levator arcus palatini arises from the antero-lateral process of
the sphenotic, the posterior part of the frontel and anterior part of the
pterotic ridge, the fibers of the muscle run dowﬁward and baockward it has
a thick origin and a thin insertion. The surface of insertion includes the
dorsal end and the anterior margin of the hyomandiﬁular, the dorsal end
of the metapterygoid, the upper edge of the metapterygoid that projects
backward internal to the hyomandibular. The ventral portion of this muscle

is crossed nearly at right angles by adductor mandibulae.



The tendon of this muscle is broad and flat and passes downward and
backward into the muscle and give connection to the fibers of the muscle
on both sides of the origin and insertion. On the anterior margin of
this muscle, this tendon becomes a flat and tough border for the rein-

forcement of the attachment of the muscle.

The function of this muscle is to raise and pull the hyomandibular

arch forward.

2., Intermandibularis

Intermandibularis, a well-developed muscle, stretches between two
dentaries and lies between two anterior tendon of the geniohyoideus and
covered by it., It has two tendons, each 18 fixed in a groove on the

postero-dorsal part of the dentary.

In some fishes this muscle 18 noi well developed. Allis (1903) described

that of Scomber scomber as follows " The intermandibularis is a small ,

much degenerated muscle lying between the rami of the mandibles and
extending backward a short distance from the symphysis. " But the inter-
mandibularis of P. tetricus is rather big and well~developed muscle, The

reason is it cooperates with the strong lower jaw for the mastication.
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This is an opponent muscle of the levator arcus palatini and connects

each half of the lower jaw when the latter miscle is on action.

(Pig. 72 to 74)

Groub 24 Muscles of operculum
1., Levator operculi
This muscle 1s situated on the inner surface of the operculum. It
passes from the posterior edge of the hyomandibular and preoperculum
_and attaches to the ventiral surface of the piterotic ridge of the skull,
Its fibera go downwards and slightly backwards and coniact with the upper
portion of the operculum, There is a fossa on the antero-dorsal corner

of the operculum, on which the tendon of this muscle attaches,

The function of this muscle is to pull the operculum upwards and
forwards coordinating with the dilator., Its origin is immediately comntinuous

with the dilator operculi.
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2. Dilatator operculi .
This muscle occupies the entire dilatator groove and origins from

frontal, sphenotic and pterotic.

The fibex:s of the muscle pase downward and backward obliquely to form
a tendon which inserts in the antero-dorsal corner where the operculum
articulates with the hyomandibuiar. Thie tendon connecte with opercular
process directly. However, a few of its fibers start from the surface of
the postero-dorsal part of the hyomandibular. The funotion of this muscle

is to reise and open the operculum outwards.

McMurrich (1884) stated " In Esox this muscle is weak and does not
extend forwards beyond the posterior extremity of the artioculation of the
hyomandibular with the pterotic. In Perca it reaches the sphenotic, but

1n none does it extend as far as in Amiurus, "

3. Adductor operculi

It is a small musole arising from the ventral surface of the pterotic.
Its fibers spread outward and backward and are iuserted along the ridge
that runs backward attaching to the upper poriion and the dorsal surface
of the oblique ridge on the inner surface of the operculum. It extends

backward almost halfway across the operculum.

This muscle is opponent of the levator and dilatator operculi, it pulls

the operculum to the side of the head.



Group 3. Muscles of thg hyoid arch Lw
1. Inferior geniohyoideus
The two inferior geniohyoidei are completely fused together to form
e single muscle, It lies between the two superior geniobyoidei and runs
directly forward in the middle line of the head.

The fibers of the muscles separate at the anterior end and form two
round and tapering muscle bundles. Baoh attaches, by a strong tendon,
to the inner surface of the denmtary of its own side near symphysis.

The tendons of the inferior Ghi lie wventral to the intermandibularis
but the tendons of the superior geniohyoidei lie dorsal to it.

McMurrich (1844) compared it with that of the other fishes he demcribed
" In Cyprinug the origim is similar and in Barbus the muscles of either
side do not interdigitate as they apﬁear to do in other fishes. In Esox
end Cyprinus a median enlargement of the muscle occurs. "

It has different functions. If the hyoid arch is attached to the hyo-
claviocularis, Its funotion is to depress the mandible otherwise, If the
mandible is fixed by the strong adductor mandibular, its funotion is to
raise the hyoid arch and to aid the levator and dilatator operculi.
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2. Superior geniohyoideus
Each of the paired superior geniohyoideus has two heads. One of these
two head is muscular and the other is entirely tendinous.

The muscular head which arises from the sxternal surface of the cerato-
hyal 1s larger of the two. The tendinous head is firmly attached to the

epihyal.

These two bundle of muscles pass forward along the external surface
of the ceratohyal and unite together to become one muscle. 48 it passes
anteriorly a temdon is formed and then the tendons of the corresponding
muscle of the opposite side are united by a median aponeurosis. These
tendons, one on each side, attach to the inner surface of the dentary .

close to the symphsis.

The united muscles of opposite sides of the head form one part of the
floor of ihe mouth cavity that lies in front of and under the tongue.
The tongue lies between the dorsal surface of the united musocles.

3. Hyopectorhfis

It arises from the most anterior part of the cleithrum and runs forward
attaching to the lateral surface of the urohyal below it upper plate. The
muscle is separated from the abductor superficialis and abductor profundus
of the pectoral fin by the horizontal plate or lateral wing of the olei-
thrum and from its fellow by the median orest of the urohysl.
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Its function is to draw the anterior part of the hyoid arches downward
and enlarge the oral cavity.

4. Hyohyoideus

This is a broad sheet of muscle fibers whioh gradually become thick
from the posterior to ithe amterior portionm, I? can be divided into two
parts., The posterior part, a very thin muscle originates in the inner
surface of the ventral border of the operoculum and interoperculua extend-
ing to the dorsal margin of the most dorsal branchiostegal ray. The muscle
continue as fiberas that lie beiween the most dorsal and the mext ventral
ray and so on to the most ventral ray. These muscle fibers extend from
the preceeding succeeding ray along the inner surface of gill ocover, Its
fibers insert into the aponeurisis separated from the oppopite part. There
ie no significant tendon on this mmsole.

The anterior portion of this muscle oomes from the dorsal anrd lateral
surface-of the ceratohyal and the epihyal, whioh passes medially connecting
with its fellow through the aponeurosis. The posterior part of this mmsole
is continuous with the hypopectoral and attaches to ihe base of the bran-
chiostegal ray. The hyohyoideus are in different forms,

McHurrich (1844) stated that in Esox it passes as a continous sheot over
the branchiostegal rays not paesing from one to the other as in Amiurus
and the Cyprinoids. Vetter(1878) terms that portion of the muscle which
runs between the branchiostegal ray the " hyohyoideus superiox " grouping
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those portions ocoming from the most anterior ray and from the ceratohyal
together as the "hyohyoideus inferior" an arrangement which in Esox is
quite proper, but does not hold with Amiurus.

The function of the anterior portion is to draw the hyoid apparatus
dorsally. Meanwhile the function of the posterior portion is to oclose
the gill opening. But the complete closing of the gill opening must be
performed by both portions and the muscle on the hyoid apparatus.
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Group 4. Muscles on the ventral surface of pharvax .. _ _ _ __ _
I . :
1. Pharynge-byoideus . L(rig. 75 to BO)‘
The pharyngo-hyoideus lies to the side of the median line om each

side of the under surface of the branchial uiohea. It arises from the
dorsal border of the posterior part of the urohyal and passes upward

and backward. Finally it attaches to the latero-ventral surface of the
horizontal bar of the lower pharyngeal teeth mill (fifth eeratobranohiél).
It is tendinous both at its origin and insertion.

The function of this muscle is to pull the pharyngeal bone downward
and forward and the urohyal upward and backward. '

2. Pharyngo-clavicularis externus

It originates from the antero-mesial surface of the antero-latsral
wing of the clavicle behind the insertion of the hyopectoralie., The
fibers pass antero-dorsally and atiach to the anterior part of the ventral
surface of the horigontal bar of the lower pharyngeal teeth mill( fifth
ceratobranchial) just internally to the pharyngo-hyoideus.

The function of this muscle is opposed to the transversus and obligui
ventrales., It draws the pharyngeal backward, downward and slightly out-

ward,



3+ The pharyngo-clavicularis interuus

This is a short, stout and column-like muscle, which arises from
the intero-middle part of the lateral wing of cleithrum. It runs
antero-—dorsally and attaches to the latero-dorsal surface of the
horigontal bar of the lower pharyngeal teeth mill (fifth ceratobran-
chial) through a strong tendon.

It lies internal to. the pharyngo-clavicularis.

4. Obligqui ventrales ( I, II, III )

There are three obliqui ventrales in Pe tetricus extending from the
hyobranchials I, II, III to the ceratobranchials of the same arches.
They £ill the concave ventral surface of the first three hypobranchials
and are covered externally by tendinous tissue.

Each of them runs laterally and backward to form a tendon, which
passes paralled to the antero- lateral edge of the hypobranchial and
insert on thg distal end of the ceratobranchial near the cartilaginous
tip of it.

Some evidence suggests thait they must have been transferred from
their original position. McMurrich (1884) stated " According to this
view the fibers of the first muscle originally ran from the ceratohyal
to ceratobr, I as indeed slip do in Esox and thé Cyprinoids, those of
the second from ceratobr, I to ceratobr, II and those of the third
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from ceratobr. II to ceratobr, III, This suppoeition ie supported by
the fact that in other Teleostei there is a forth obliquus ventralis
.and no slip between ceratobrs, III and 1V as in Amiurus. "

Their function is to draw the arches ventirally towards the middle

line.

4. Transversus ventralis IV

It is a large triangular muscle, which arises from the oconocave mesial
surface of the anterior end of the fouth ceratobranchial and extends
aoross the middle line of the head to the ceratobranchial of the opposite
gide . The deep portion of this muscle is separated by the anterior
prooese of the lower pharyngeal teeth mill and a very strong tendon is
attached to it

The function of this muscle is to draw the arches of opposite side
closed together and slightly downward.

The transversus ventralis IV is derivated from the obliqui ventrales.
In P, $etricus the paired ceratobranchial V fuse togeither and form a
lower pharyngeal teeth mill. So transversus ventralis V is unnecessary
and disappeared.
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Group 5. Muscles on the dorsal surface of the pharyngeal[—_ Tl
. | (Fig. 79)
1, Levatores branchiales - - 7Y
There are 7 levatores branchiales in P. teiricus 3 externi and 4
interni. There may be exposed by removing the opercular and hyoman-

dibular apparatus.

The levatores branchiales intermus of the first arch (Li 1) arise
from the lateral surface of the sknl} Jjust below and behind the facial
foramen, Most of this muscle lies on the prootic and a part attaches
to the anterior part of the pterotic, ‘

It runs poatero—véntrally and mesially and is inserted by a tendinous
end on the dorsal surface of the posterior process of the first epi-

branchiale

The levatores branchiales internus of the second arch (Li II) alao
arise from the lateral surface of the skull, Its fibers lies immediately
internal to that of the first internus.

It runs ventro-mesially and is inserted by a tendinous end on the
suprapharyngeal process of the second epibranchial near the mesial
end of the proocess. 1ts tendon also attaches on the anterior part of
the lower pharyngeal teeth,

The levatores branchialeé internus of the third arch (Li III) arises
immediately behind the former iwo internus musoles and it rume postero-~
ventrally approximately parallel to them,

It is inserted by tendon on the suprapharyngeal process of the third
epibraenchial and also connected with the antero-lateral part of the
upper pharyngeal teeth.
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The levatores branchiales externus III and the externue IV also
arises from the lateral surface of the pterotic and the prootic. It
is inserted by a tendon on the 2nd and 3rd arches. The surface of
insertion lies at about the middle of both arches. It serves as a

connection between these two arches.

The externus IV has the same condition as the former extermus and
inserts on the 3rd and 4th arches.

The levatores branchiales externus of the fifth arch ie a very large
round and etout muscle which ie developed for the coordinate function
with the large upper pharyngeal teeth for powerful mastication, It
arises from the ventral surface of the posterior process of the pterotic
and runs almost direct ventrally to connect with the horizontal bar of
the lower pharyngeal teeth. The surface of the insertion is on the postero
~lateral surface of the end of the bar. Both ends of the muscle are
tendinous. The tendon on the insertion ig very long and strong., 4n
aponeurosis covers on the whole muscle,

The levatores branchiales internmus of the fifth arch which is covered
mesially to and by the externus V also is a large musole. It has tendons
on both end of fhe origin and insertion. The tendon of the insertion
attaches to the postero-lateral surface of the horigontal bar of the
lower pharyngeal teeth immediately mesial to the extermus V ., It origin
from veniral portion of the skull;

) The externus V and internus V are specially developed muscles in P,
tetrious which impart a rocking motion to the upper pharyngeal teeth

which are very effeotive in grimnding the food against the lower pharyngeal

teeth,
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2, Tranpversus dorsalis Al and 42, .
These are two muscle- mase round the a.nteriq; and lateral border
of the upper pharyngeal teeth participating the grinding funotion.

The transversus dorsalis Al arises on each side of the bead from the
latero-ventral surface of tlie upper pharyngeal teeth. Its antorior -
fibers run forward and mesially and its posterior fibers directly
,mesially or slightly backward. The fibers of these two muscles oross
the middle. line of tho head and are 1nnrted on the oorresponding portion
of the upper pharyngeal teeth of the opposite side.

The muncle is much wider projecting strongly forward in the median
line of the head than at its origins. Its ronn}hd anterior bozjdor reaches
forward to the level of the first epibranchisls,

The iransversus dorsalis A2, Whioh arises on the anterior poriion of
each side of the upper pharyngeal teeth is smaller and shorter than the
transversus dorsalis Al. It is dorsally and parallel to transversus
dorsalis Al and has the same funciion as the latier, ~
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3., Transversus dorsalis posterior

This muscle ariges from the postero-dorsal surface of the upper
pharyﬁgaal teeth. Its fibers, a flat musocular bundle, fun on the post-
erior surface of the upper pharyngeal teath and across the middle line
of the head to the corresponding surfaces on the apposite side.

The function of this muscle is similar to transversus dorsalis Al and
A2 ae a parter for the grinding mechaniem.

Mo¥urrioh (1884). stated " These muscles probably correspond with the
trensversi dorsales of Perca, the anterior of whioch extend between
epibr, II , the posterior between pharyngobr. II1 and IV of opposite
sides. In the Cyprinoids only a single muscle is present which corresponds

to the posterior muscle in Amiurus. "

4. Interarouales obliqui dorsales

The interarcuales obliqui dorsales, a largs and stout muscle-maes,
" arises from the meso-dorsal surface of the epibranchial III and IV. Its
fibers runs mesially and are inserted into the depression on the lateral
surface of the upper pharyngeal teeth. It gives a strong commection for
the epibranchial III and IV to the upper pharyngeal teeth.

This muscle is close to the levatores branchiales intermus and externus
of third arch anteriorly, to levator branchiales extsrnus of the fourth
arch laterally, to levatores interus and extermus of the fifth arch

posteriorly.
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MoMurrioh (1884) stated " In the Cyprinoids there are itwo sets of
muscles termed by Vetter (1878) obliqui dorsalis inferiores and obligqui
dorsalis superiores, but in Amiurus, no such division can be made nor
is it possible to indicate homologie between the forms. "

5S¢ Adductores arcuum branchialium ,
These are three in number, esch on the I, II and III arch. They lie
in the angle between the epibranchial and ceratobranchial of it arch,

The first of the series which nrises\from the dorsal lateral surfsce
of the first ceratobranchial near its posterior pointed end, and extends
forward almost all the length of the first epibranchial is the longest
one in the three.

The 2nd muscle of the same width as the first arises from the same
position of the 2nd ceratobranchial and extends further forward on the
2nd epibranchial,

The 3rd musocle ie the shortest of the three and arises from dorsal-
lateral surface of the third ceratobranchial and is inserted on the
third epibranchial, '
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6. Retractores arcuum branohialiun dorsales )

It is a large triangular nnsolo mags and , one on oaoh sidoe, arises
from the veniro-lateral surface of the second, third and fouth vertebrae
runs directly forward amnd veniral to the transversus dorsalis posterior.

Ite origin is a large muscle sheet which attaches and covers the whole
lateral and veniral surface of the seoond, third and fouth vertebrae.
As the fibers run forward, it is inserted in a strong tendon on the
posterior surface of the upper pharyngeal teeth,

This musole specially suggests a very strong support to the upper
Pharyngeal teeth and partiocipates to the grinding funotion of the P,
totricun.
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Group 6. Muscles of the pectoral arch and fin (Pig. 76)
There are three muscles on the lateral surface of the pectoral arch,
one is the abductor superficialis, a superificial muscle and other two
are the abductor profundus and so called the third lateral muscle, two

deeper muscles.

1. Abductor superficialis

This is the largest muscle of the pectoral fim. Its origin extends
almost the full length of the posterior surface of the lateral wing of
the cleithrum, Klaatsoch used the name extensor superficialis in Polypterus
and Thane desoribed it as a flexor and also an adduotor, depending on
the difinition of angular movement.

There are two parts of this muscle, the dorsal part goes postero-
dorsally and is separated into many tendimous bundles. These bundle attach
to the base of the fim and each bundle sometimes can be separated inte

two tendons and comnecting with a fin ray.

The ventral part of its muscle bundle usually is larger than the dorsal
part, its fibers form some long tendons passing posterioly and comnecting
with the ventral rays of the fin. In this condition, a large part of

muscle may cause the movement of the certain single ray.

The function of this muscle moves the rays downward backward and laterally.
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2, Abductor profundus

Its dorsal-part is covered by the superficial abductor musole. Its
ventral part projeotsc eutside and has an exposed lateral surface,

It arises fr_on the lateral surface.of-the coracoid except its dorsal
part arising from the antero-veniral surface of the olavicle. Its fibers
extending posieriorly on ithe fenesira betwsen the coracoid and the
clavioles, and the surface of the scapulars, converge and become many
tendons which are inserted on the lateral surface on the proximal ends
of the dermal rays. The tendinous distal emnd of the muscle is distinctly
separated into many tendons as in the abductor superficialis.

The funoction of this muscle is contraction but it acts as an abductor

more than a depressor.

3. The third lateral musole

The third lateral muscle whioch lies in frontof the sbductor profundus
is totally covered by the abductor superficialis laterally. It is the
levator muscles of the fin and arises from the botiom of the groove of-
the lateral wing of the cleithrum. Its fibers converge and are inserted
into a tendon which connects with the proximal end of the first dorsal )
ray of the pectoral fin for the function of spreading the rays one from
the other, '

The antero-ventral connection of the muscle to the lateral surface |
of the cleithrum-is not so strong as the tendinous formation on the
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dorsal part with the proximal end of the lst dorssl ray. The tendon
is traversed by a well formed depression whioch lodges the distal end
of the levator muscle and holding it and adds to its efficienoyt
N .
This muscle abduots the first ray and entire fin. Sometimes the rota—
tion is brought by muecle being inserted into the upper surface of the
fin ray. 4

4. Adductor superficialis

This triangular shaped muscle arises from the anterior boundary of
the dorsal portion of the mesial surface of the cleithrum and passes
postero—ventrélly. 1ts fibers are inserted into separate tendons, each
connects with the projection on the mesial surfece of the proximal end
.of dermal rays except the firast three dorsal rays of the fin.

The function of this muscle is to pull the fin mesially and ventirally
against the trunk, When this muscle is abducted the rhythmiocal action
and the superficial abduoctors and adductor are on relaxation, it will

produce an undulatory movement of the finm.
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5e Adductor profundus

There are iwo adductor profundus. The adduotor profundus I :La
usually partially ocontinous with the adductor superfioialis. The
surface of origin of this muscle (Addpl) lies anterior to that of the
adductor tmporfioialis. Its fibers extend baokward along the dorsal
edge of the cleithrum, converge strongly into one bundle and are
1naertod by a tendon., This tendon attaches on the lenial surface of
the first half ray through a enlarged and strong oonneotion.

The function of this muscle is to pull the dorsal portion of the fin

mesially.

The ventral part, the adduotor profunius II (Addp2) is a flat reot-
angular gusole larger than Addpl. It almost occupies all the surface
of the ventral part of the mesial surface of the pectoral girdle. Its
fibers originate from the dorsal portion of the procoracecid, the amterior
portion<él the cleithrum and the membrane which fills the large
coracoid fenestra (foramen). And then it extends postero- dorsally and
ix.xaert twelwe separated tendons on the protruded base of the fin rays.

It pulls the rays and with it the entire fin toward the body and
givea the necessary rotation to release the ray from its fixationm.
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! !
Group 7. Muscles of the pelvic girdle and fin M
The muscles of the pelvic fin are arranged in two layers on the
ventral and dorgal surface of the pelvic girdle. The ventral mmsocles
are abductors and the dorsal are adduotors., These muscles are those
which move the pelvic finms,.

1. Abduotor superfieialis pelvis

It arises through & tendon from the tip of the anterior spine of the
pelvioc bones, The fibers run almost direotly backward and are divided inte
Beparated tendons and inserted into the base of the fin rays.

The function of this musole is to paull the fin downward and almso do
separate the rays.

2. Abductor profunds pelvis

This nmhscle, woatly covered by abductor superficialis pelvis mesially
and partly exposed laterally, arises from the surface of the anterior
part of the pelvio bone and is inserted into some itendons on the bases
of the rays.

It is divided longitudinaly into two parte by the ridge on the ventral
surface. The lateral part is largsr than the mesial part.

Its function is to assist the abductor superficialis pelvis but mot
to separate the raye.
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3. Adductor superficialis pelvis
This is seen on outting the tendons and veniral trunk muscles and
bending the pelvic girdle back.

The guperficial muscle arises from the tip of the anterior spine of
the pelvio bones as in the case of its ventral equivalent. Its fibers
pass directly baokward and divide imperfectly into eome tendons being

inserted into the upper surface of the base of each ray.
PRt

’

\ Its function is to adduct the fin and separate the rays.

4. Adductor profundus pelvis

It, lying in the dorsal groove of the pelvic girdle, covered by a
adductor superfioialis pelvis and arises from the anterior part of this
bone. The fibers run posteriorly and inserted into the bases of rays
below the adductor superficialis pslvis.

\

'l‘he< function of this muscle is 1o aid the superficial muscle and to

,

" dpproximate the rays.
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Group 8. Musoles of the eyeball ll(rj,g: ‘81 to 82)

There are six muscles on the eyeball. Two of them folong to the
obliqui muscles and the rest are ihe reocti musoles, Tho obliqui musoles
»originate from the anterior part of the orbit and the recti suscle from
the posterior part of orbit or the ocavity of eye-muscle canal situated

among the basisphenoid, pterosphenoids, prootics and parasphencid.

1, Rectus superior

The rectus superior starts from the anterior part of the horizontal
mombrane which separates the eye muscle cavity. It lies mesially to the
.obligqus superior and is inserted into & tendon attaching to the eyeball."

2..Reotns inferior

The rectus inferior originates from the mexbranous imterorbital septum
and dorsal surface of the basisphenoid.

The insertion of thie olose 1o obliquun‘inferior.



3. Rectus intermus . , )

The reotus internus origins from the mesial part of the ventral
surface of the horisontal membrane of ithe eye muscle canal., Itas fibers
pass forward ventral to the rectus inferior.

J
There iz a rudimentary muscle along the dorsal edge and parallel
to the rectus internus. Both of these two muscles are inserted in loose

conneotive tissue that covers the eyeball.

-

4. Reotus extermus

It arises from the posterior end of the eye musole cannal and runs
forward on the dorsal surface of the horisontal membrane. Its insertion
becomes reduced to a tendinous point whioh attaches to the surface of
the cornea and the outer surface of the sclerotic of the eoye ball.
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5. Obliguus superior
The obliquus superior arises from the lateral surface of the
membranous interorbital septum of the orbit.

The insertion of the obliquus superior is very close to that of the
rectus superior, The foramer lies just dorsal to tho latter and super-
ficial to it

These two musoles all become broad tendons at their insertion. Each
pair is covered by a thin and transparent but strong membrane which is
a derivation of the edge of the cornea, and inserts on the outer surface

of the two nnnclos{

6. Obliguus inferior )
The obliquus inferior is similarly inserted close to the insertion
or‘the rectua inferior and lies immoediately ventral andﬂsnperfioial
_to it, It ie also covered by a membrane which arises on the eyeball as
tho same ocondition of the obliguus superior and the rectus superior.

The origin of the obligquus inferior is also on the lateral surface of
the membrancus interorbital septum, and situated immediately ventro-
posterior to it. Sometime the origins of these two muscle overlap each
other slightly,.



Group 9. Muscles of the dorsal fin and anal fin (rig. 84)
There are three kinds of muscles on each ray. These muscles are
concealed by the lateral trunk muscles which require to be pulled

aside to expose them.

l. Erector

The erector lies anterior to the depressor. It arises from the
anterior surface of the vertical ridge of the pterygiophores and is
inserted in a tendon attaching to a process on the anterior surface
of the base of the ray. The erector is larger in sise than the depressor

in P, tetricus.

The function of the erector is to draw the fin ray forward and upward.
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2+ Depressor

The depressor arises from the postero-lateral surface of the
pterygiophores and is inserted in & tendon dorsally onbthe posterior
process of the base of the ray.

The function of the depressor is to pull the fin ray downward and
backward.

3. Lateral

They consist of some emall muscles, one on each side of the ptery-
giophoreé. It arises from the fascia covering the outer surface of the
lateral trunk muscle and is inserted into the lateral surface of the bases
. of the rays ventral to the insertion of the erectors and depressors.

Its function is to make a sinuous motion of the fin by suitable con-
traction of the muscles of one side and a corresponding relaxation of the

opposing muscle occurring at the same time.
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Group 1l0. Muscles of the caudal fin f (rig. 83)f
[
l. Superficial muscles

The superficial muscles of the caudal fin are the extension of the
lateral muscles of the trunk, The upper and lower portion of the
myomeres of the trunk are prolonged into two large fasciae inserted
into the surface of the base of rays, when the myomeres of the body
contract, the fasociae aot on the rays and draw them either to one side
or the othexr. )

The half rays of the dorsal portion of the caudal fin and those of
the ventral portion are only inserted by the superfiocial muscles and
not by any deep muscle except the 7ih and '8th of the dorsal portion
and the same of the ventral portion. )

2, Intrinsic muscles

The intrinsic muscles exist between the rays of the camndal fin -
posteriorly to the insertion of the fasciae of the superfioial muscles,
each arises from the abaxial surface of a ray and is inserted into the
axial surface of the outer ray to it.

The fibers of the central musoles, which lie above and below on the
axial line of the fin[ arise from the fasoia between them.

The function of these muscles is to approximate the rays being aided
by the dorsal and ventral portion of the deep ruscles and opposing
those of the superfioial musocles,
3+ Flexor caudalis dorsalis

The flexor caudalis dorsalis and the flexor caudalis ventralis are
two triangular musclee symmetriocal to the middle line of the body. The
flexor caudalis dorsalis lies almost in the axial plane of the tail.
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It originates from the dorsal surface and the neural spines of. the
last three vertebrae. The fascias of thie musole are attached to the
median septum last vertebra and adductor ceudalis ventralis.

The muscle passes posteriorly in a line, parallel with the general
axis of the body, running under the adductor caudalis ventralis and
is separated into 8 tendons inserting into the dorsal 6 caudal raye.

The funotion of this muscle is to cause a strong flexion of the dorsal
part of the caudal fin toward the side on which the contracotions act.

4. Flexor cendalis ventralis

The flexor caudalis ventralis, also a triangular muscle, arises from
the ventral surface of the centira and the bases of the haemal spines
of the last thres veriebrae of the ogudal peduncle.

The fibers run slightly ventrally and caudally to insert into 8 tendons
into the bases of each fin ray and the 7th and 8th half rays of the
ventral part of the caudal fin,

The contraction of this muscle may camuse the sharp flexion of the
whole ventral half of the caudal fin towards that side on which the

contraction happens.
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5. Adduotor caudalis veniralis

It is also a triangular broad muscle, lying on the middle line of
the ocanudal vertebral axis, Its fibers are arising from the postero-
lateral surface of the last vertebra and the axial margin and surface
of the third and fourth hypural, running backward and then upward
and ending imto four tendons which attaches to the 8th dorsal half-
ray and the 1lst to third rays.

The contraciions of the adductor cause a sharp flexion and adduction
of the dorsal caudal lobe.

It pulls the rays downward as the intrinsic muscles do and is the
opponent of the dorsal superficial musocle,
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Group 11, Muscles of the trunk (rig. 77)
The trunk muscles are derived from the embryonic myomeres, the
lateral trunk muscles (myotomes) are separated by myosepta. The muscle
mass does not extend at right angles to the sagittal plane of the body.

(rig. 95 )

There are two septae separating the trunk muscles,0One is the median

It is in W shape.

dorsal skeletogenous septum, another is the horizontal skeletogenous
septum.

The two large lateral muscle masses of each side are separated by the
horizontal skeletogenous septum. The epaxial lies above the horiszontal
skeletogenous septum and the hypaxial is below this septum.

Epaxialis

The epaxialis forms the dorsal component of the body musculature, lying
above the lateral septum. Anteriorly, it attaches to the posterior and
posterodorsal surface of the skull. Fibers also attach to the dorsal
parts of pectoral girdle. The myocommata take a V shaped course passing
from the dorsal midline posteroventirally and then anteroventrally to the
lateral septum. The myocommata tend to take an increasingly vertical
path as they near the midlateral line. The angle between the two main
directions of the myocommata tend to become increasingly acute in the
region of the camdal peduncle.
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Hypaxialis

The hypaxialis consiste of that part of the body musculature lying
ventral to the mid-~lateral horizontal septum. The myocommata in these
causes often run in three directions between the lateral septum and the
veniral midline, posteroventrally, enteroventrally ana then postero-
venirally again. The hypaxialis attaches to the vertebral centra, neural
arches and spines in the region between the pectoral girdle and caudal
fin. The posterior part of the muscle inserts aponeuroticﬁlly on the
lateral bases of the dorsal branched fin raya.'Its insertion may also
include the unbranched and procurrent fin rays.
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Discussion
In ’th'e P, tetrious some of the dorsal musocles of the gill-arches are
spring from the side of the braincase and the veniral ones form a -

conpie’xmsjs‘tem extending forewsrd from the anterior border of - the™: i

oleithrum and extending transversely across the floor of the throat -

betuean the hyoid arches. The branchnl macles of different’ fishes - -~

are doubtless modified in many spscial ways in acoordanoe vith “the + - -« &

various novonenta of the brmohial a.rchel. - Feeootoon e
The jew muscles, which are regarded by Veiter(1874, 1878) as serially”

homologous with the middle deep floxers of ‘the branchial arches, extend

fan-wige from the eurved border of the proopor'cnhr 0. the mandible,

one division (Adl) being connected with a tendén that is inserted on

the medial surface of the maxilla, These musoles have been desoribed

in detail especially by Vetter (1874, 1878) and by Allis (1903, 1909).

Their tendinous parts meet in a complex central tendon with several

branches to the marilla and mandible, The fan-like origin of Al, A2

‘from the preopercular and from the area in front of it insures efficient

action as the mandible moves upwsrd and as one part of the addnotor after

another comes into the phase of maximum extemsion.

It seems that the adductor mandibulae became subdivided early in the
history of the neopterygians and certainly by the Palasoniscid stage.
These subdivisions (41 ocoupying the Meokelian foess and A2 comnecting
the lateral face of the pterygoid arch to either the coronold process
of the angular or the posterodorsal region of Al) are present in Ania
and many teleosts.A

With the complete freeing of the maxilla from the cheek and a more
mobile premaxilla, the maxilla~mendibular ligament become well consolidated
passing from the posierolateral region of the angular to the posterodorsal
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part of the maxilla. The more dorsal fibers of A2 attach on the lower
end of thlB ligament, a process resultxns in the sopuration of a dorsal
muscle (ll) gerving the maxilla posterodorsally, the origin of this new
section tend to expand medially on thg hyomandibular resulting in two
heads of the muscles separated by ithe insertion of the levator arcus
_palatini onto the dorsal face of thQJhynmandihp{ag.

Two superficial and sequential muscles lie bestween the rear of the orbit
and the posterodorssl tip of the opercule, the levator arous palatini and
the dilatator operouli. In most fishes, a further muscle, the levator
operculi, develops behind_ the dilatator operau;i. ;pmodiately beneath the
levator arcus palatini and the hyomandibular articqlat;oﬂ lies the adductor
operouli, a muscle frequently expands anteriorlﬁ to £ill the figsura
infraorbitalis. Host fishes possesa & posterior section of this muscle,
the adductor operculi whioh migrate posieredorsally and then curve antero-
dorsally to form the levator operculi. These iwo- muscles are continous in
Elops spp. In certain forms an adduotor byomandibulae may also be present,

The levator arcus palatini mey be very well developed as in the stomia~—
toids or almost absent as in the Tetraodontidae and Diodontidas. It is
sometimes subdivided into iwo separate parts as in the Harpodon, Ammodytes,
Ictalurus. The lower subdivision recongnized by Greenwood (1968) in
clupeoids probably represents the adductor hyomandibulae.

The intermandibularis is present in most teleosts., But in the tetraodonti-
forms and some other fishes, the fusion of the halves of the lower jaw in
the midline makes the muscle lose function and become absent. Girgis (1952)
reported it was absent in the cyprinid Labeo, Embryologicallx, the musole
is separated into two portions. The anterior of these remainsnas the
intermandibularis, the latter forms one part of the protrater hyoidei,
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The hyohyoideus of P. tetricus is normal in size and may gerve many
branchiostegal rays. In balietids the meotion 4o the first ray has
expanded to form a broad, flat sheet, while in the Tetraodontidas and
Diodoﬁ%idae, the first musole becomes enornoﬁely onlarééd tb’ob&rato the
plate-like first branchiostegal ray as a roapiri}ory and inflatory pumpe.

In more generalized neoteleosts, the pharyngo-hyoideus connects hypo-
branchial 3 te oceratobranohial 5; the anterior site of attachment moving
forward to the urohyal in more advanoced forms. Edgeworth(1935) and
Millard (1966) considered the muscle to be derived from the aanterior
part of rectus ventralis V. Nelson (1967) stated that thglypotqa oonnunis
developed from the splitting\off of the ventrel fibers of rectus ;entrnlia
~ IV, Diets (;912) recorded the musole between ceratobranchial 4‘hﬁd hypo-
branchial 1, Nelson (1967) showed that it comnected ths ceratobranchial
4 and hypobranchial 2 and 3 in eels, or attaches anteriorly to the ventral
bypobyal (Edgeworth 1935), It is absent in oyﬁrinids where tﬁore are four
to five recti ventralis and connects ceratobranchial 5 to bypobranchial
1 in the cobitids (Takshasi 1925) or it may connect ceratobranchial 5 to
hypohyal, receiving fibers from oeratobranehial 1 %0 4, as in Silnrifor-s
(Juge 1898, MoMurrich 1884).

The pharyngoclaviocularis of teleosts roprgaent a single division of the
f£ifth branchial arch muscle plate (Edgeuorth, 1935) and becomes subdivided
into an externus and an internus portion in ‘most groups of fishee exoopt
Anguilliformes. Nelson (1967) has argued that the subdivision of this

_musole represents the primitive condition for the teleosts and that the
two muscles so formed, together. .with the sphinoter oosophagi derived fron.
the obliquus ventralia V of the preteleostean. -

Edgeworth (1935) suggested that the traneversi ventrales represented tﬁo
pleaioﬁorph condition for the Teleostei and that the obliqui venirales
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developed from them. But Kesmteven (1943) etated the embryonio branchial
muscle plates did not meet in the ventiral midline therefore there was no
embryological transversi ventrales and Nelson (1967) cemsidered that no
"Generaliged'" teleost was known to have an obliquus ventralis and irans-
versus ventralis on the same arch and because the former muscles always
occurred when both hypo- and ceratobranchial elements were present .
This seems to indicate that transversus ventiralipg IV are developed with
the loes of hypobranchial 4, which form one of the atiachment msites of
the obliquus. ventralis IV in holosteans. However both Kesteven and Nelson
insipted thet the obliqui ventrales represented the ancestral teleostean
condition,

There are three levatores externi in P. totrious. The muscles of the
first two arches are absent. In specialiged Aocanthopterygians that of -
the first and third arch may be absent. (Diets 1914, Field 1966). In the
Sternoptychid argyropelecus, the muscles originate as a single tendon
just medial to the hyomandibular fossa, and then diverges to insert on
epibranchials 1-4. In Tetraodontids and Diodontide, the fibres of Le 5
may reach the branchial chamber and oleithrum.

The levator internus IV of the B, tetricus is absent and the Le 5 and
Li 5 are enormously developed. In Oyprinus the more lateral fibres of the
Li 2 and Li 3 attach to epibranchial 3 and 4 .

The i1nterarcusles obliqui dorsales of the P, teiricua interconneoct the
epibranchial III and IV, and the upper pharyngeal teeth (pharyngobranchials
III, IV, V ). In Tetreodontinae, the anterior fibers arise from epibranchial
3 but the posterior one ocome from epibranchial 4. In the Canthigasterinae
all the fibers arise from epibranchial IV, In some genera of ithe Stero-
ptychidae (Maurolicous, Argxrignua) obliquus dorsalis IV is the only
- muscle of this complex present bui here a few of the lateral fibers course
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forward to attach to the postero-medial face of epibranchial 2 or epi-
branchials 2 and 3.

The number of adductores arcuum- branchialium may vary from five as in
Tetraodontidae (Quignard 1962) to nome as in Optraciinae and Nandidae
(Liem 1970), There are three in the P. teiricus.

In the investigations on the embryology of Belone, Favaro (1902) stated
that the retractor arcumm branchialium dorsalis developed from the trunk
myomeres. Holstvoogd (1965) had the same opinion and stated that two
retractor muscles of cyprinids develop from the sphincier oeosphagi, a
view .expressed by Edgeworth (1935) for the teleosts generally. Diets
(1914) and Holstvoogd (1965) expressed the opinion that these musoles
which insert on ceratobranchiel 5, were not homologous with the retractors

of the neoteleosts.

. In both cyprinids and neotelevsts, these muscles arise fron some_pg;t

of the musole plate of the fifth branchial aroch, It may be assumed that
the muscles between the basioccipital and coratobranchial-s of oyprinids
are embryologically derived from the same ‘origin as the retractor dorsalis
of neoteleosts, but there is no sufficient evidence as to whether they
are morphologically and phylogenetically homologus or qot. ‘

In certain generalized forms as in Elops the abduotor superfiocialis does
not separate from the deeper fibers, which, in more advanced fishese, form
the abductor profundus, even the variation in fiber direoﬁion leading to
this separation is appareni., In Osteoglossum, the abductor profundus to '
the last ray is continuouswith the abductor superfioialis section to that
ray. The addunctor superficialis crosses over itself, the more dorsomedial
fibers serve the more ventral fin rays, while the more ventrolateral fibers
serve the more dorsal rays.
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Takahasi (1917) suggested that the three muscles of the dorsal and
anal fins (the erector, depressor and inclinator muscles) developed from the
the anlagen uhioh»formed the supracarinales and infracarinales muscles
in the areas where the fins did not develop.

The carinal muscles are paired, cord-like bundles of muscle fibers lying
along the dorsal and ventral midlines, interconneocting the supportive
elements of both median and paired fins, A supracarinalis medialis develops
between the two dorsal fin. In the case of muscles of the peired finms,
however, the anlage of the carinal muscles in these regions do not appear
to be related to the muscles of the finse, In glggg'saurué the first two
fin rays are not served by erector muscles the first of which attaches to
the third ray. The ereotof end depressor muscles serving the last two rays
fuse together, each ray receiving a single compound muscle which inserts
broadly over its lateral base.

In Branchionichthys, the inclinator to the second spine consist of three .
subdivisione but only two major divisions are apparent in Higtrio, the

more posterior one inserting ventral to the more anterior division,.
Inolinators may be entirely absent in Pimelodus (Alexander 1965) and hes
a single inclinator to first ray which arises from the medial edge of the

posterolateral process of the basal pterygiophore supporting the dorsal

spine,

Development of a slender peduncle and a narrow .caudal fin usually results
in considerable reduction in size and frequent loss of these intrinsic
caudal fin musoles, their services presumably no longer being required
with the loss of sophisticated movements of individuel fin rays. But the
attachment of tendinous sheeis from the body musoles onto the bases of
the fin rays in emphasized. The adductor dorsalis exists in certain
perciform families and absent in others, Mursall (1963) reporﬁs it in a



132

lutjanid. Nag (1967) in & Kuhlid and an Apogonid, and Gremholm (1923)
found it in Acanthuids and moet tetraodontifoiﬁa. It probably develops
from the dorsal migration on the interradiales serving the dorsalmost
of the ventral fin rays. In oertain tetraodontiformes, the musole may

insgert on more than one ray exoept'the first vemtral ray inmn Oatrapiina.

In certain Atherinids and Clupeids, the lateralis superfiocialis ( the
dark or red muscle ) is encased in a silvery pigment ( Denton and Nicol
1965 ), 'while it becomes enormously developed in many mesopelagioc fishes
( Marshall 1971 ), The development of the smsole is related to the need
for sustained effort as has been shown by Barets ( 1961 ), Marshall (1971)
and others, It is not exieted in the P. tetricous,
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PART 3T .
lmansmvm srsmu T ST
'rho mouth cav:.ty of P totricus is not, yery lg.rga, .There are lumy
large ocanine-like teeth on the premaxillary and dentary h}ones. The

pharyngeal teeth are nolar—like nnd Jell develo;)od, Longitudinal .
ridges of mucous membrane pass along the posterior roo:t‘ of the buooal

1'{

cavity. A well devaloped mucous secreting 1nyor oovers tpe postorzor e
part of the buooal cavity, The per:.toneal cavity is, rather emall, the.;
peritoneum is silvery. The pharynx iﬂ;.vid.o;.,e&d. the esophagus short .999«
wide. On its wall, the thick moous membrans consists. of sbout 10, .
longitudinal folds. The stomach is a.baent, the d:.gentive tr..ot eonaintn
morely of the 1ntostina.l bulb and tho utpati,ue. The intestine is lhort
and rounded in a snall oircle, The mucous nenbrane of the inteatinal
bulb coneists of papillary processes which are arranged in 12 to 13
longitudinal serpentine rows. A valve exists betwsen the intestinal
bulb and ‘the intestine. The mucous menbrane of the intestine is almost
flat. It has no pyloric caecum. -

The liver has 2 lobes, the left lobe is large.and the right small and
rather thick, covering the anterior part of ithe intestinal bulb ventrally.
The gall bladder is ovate and the cystic duct rather long. The mesentry
is developed about the rounded part of intestine,
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The Buocoal Cavity /, (Fis’ 85 to 86)}

The mouth and esophagus are-lined<with a stratified squamous epithelium
in which are goblet cells and taste buds. The wall of the buooal ogv@%y
is made of iwo layers, the mucoss ‘and submucosa. The mucosa:whioh: is
thrown -into folds is formed of stratified epithelium an4<aitp on- the
basement membrane. It is supported by stratum oompactum. ‘The ‘submucosa

is formed of- areolar comneotive tissues - -:.: . "o .

~ - N M “v e “~ P LN

There are many longitudinel folds extending slong the yuchl ouvity.
The stratified epithelium differs in -thickness from 5 to 12: layers.
The basal one or two layers of cells are low columnar cells with large
nuclei, The inner surface of the buccal valves is not significant and
the epithelium covering the outer and inner surfaos of the valves has
the same thickness. e e k :

There are many mucug-seoreiing cells which are of a saccular type, - -
Host of the adjoining epithelial cells lose their shape due to the
.compressidn of a large number of muous-sgeoreiing cells. The striated
muscle occurs peripherally to the connective tissue. No muscle -is
present in the tongue. Tast buds are situated on the roof and the f}@gr .
of the buccal caviiy usually one taste bud appears on the top of a fold
but sometimes twe buds are seen. Each taste-bud is formed of two types
of cellss

1, The elongated celle bearing an ovoid mucleus at their broad
inner ends with their narrow ends exposed on the nnoonlvsurfqdo.

2. The slender supporting cells are between the olongated cells.
Blood vessele and nervesare also found. o

The lymﬁhocytes and granular cells can invido into the stratified
epithelium, ¢
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The pharynx
The pharynx is lined with stratified epithelium which 18 of 5 to 10
layers, but the lateral mucosa of the pharyngeal cavity is one cell
thick and is entirely comstructed of mucous secreting cell. The basal
layer 18 formed of low columnar cells with elongated nuclei, and the
upper part is lined with polyhedral cells. The mucous folds are
prominent on the midline of the roof and floor of the anterior part

of the pharyngeal regions.

The stratified epithelium contains itaste buds and many mucous secreting
cells which are saccular on the papillae. The taste buds extend from
the inside of the lips to the pharyngesl teeth. A thick submucous layer
contains the nerve fibers and forms the base of the taste buds. In the
anterior part{ of the pharynx taste buds are few and are located along
the sides of the crypts. Gradually they increase both in size and number
encroaching upon the epithelial cell-layers and forming a continous
series of crowded patches. The taste buds in the pharynx are still long
but deorease in size. The basement membrane is very significant. The
stratum compactum is very thick. The tunioca propria is areolae connective
tissue and carries nerves and blood vessels.

The submucosa is made up of fibrous connective tiesue}é{containing
nervee, adipose cells and blood vessels. Its thickness is coordinated
with the depth of the mucous folds., It ie no different from the areolar
connective tissue of the tunica propria and submucosa in this region.
From the middle region of the pharynx the adipose cells disappear but
there are many ascatted muscle fibers which are of the siriated type and
run in various directions. The musoularis which is made of a thick layer
of striated cirocular muscle fiber, connective tissue with nerves and

blood vessels, is external to ithe areolar connective tissue.

-



The epithelium and submucosa of the tongue are much more compact

than that of the pharyngeal cavity.

Esophagus (rie ® 87)

The esophagus connects with the pharynx and opens posteriorly into
the intestine through a muscular valve. The longitudinal folds of the
pharynx extend to the esophageal-intestinal valve as well, The wall of
the esophagus contains five layers. These are the mucosa, submucosa,
muscularis, subserosa and serosa. It has a somewhat imcomplete inner

longitudinal and thicker outer circular layer of striated muscle.

The atratified epithelium without cilia is made up of 7 layers of cell,
The mucus-secreting cells which can occupy a large part of the surface
and thickness of the epithelium are saccular type on the superficial
layers of the epithelium, Their oval nuclei are pressed against the
bottom of the cell by the large vacuole. The esophageal folds are
branched and passed toward the posterior part of esophagus. Finally,
the stratified epithelium is replaced by a simple epithelium, the
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.

columnar cells. The saccular mucun—secreting oells exist in the anterior
esophagus and then disappear entirely from the middle and ponterlor
esophagus except the QGOphageal-lntestlnal valve. The taste buds have
a further modification. They become very small in Bize and consist
of a small number of cells and disappear on the columnar epithelium
entirely. The oells of the basal layer, which are smell with rather large
nuclei, keep a definite thickness throughout the esophagus. The basememt
membrane is well developed, i

The tunica propria is made up of connective tissue carrying blood and
1ymﬁhatiovessele. The striated muscle fibers exist from the pharynx to
the esophageal-intestinal valve. The nerve supply becomes much poorer
than in the pharynx because there are no taste buds. The granular cell
is in the submucous connective tissue in the posterior part of esophagus

and pylorio valve.

The muscularis is8 & single layer of circular or striated muscle and
deoreases on thiokness toward the esophageal-intestinal valve foraing
a sphincter on the base of the valve. The fibers are arranged in small

bundles and connect together by en areolar comneotive tissue.

" The subserosa is thiock and made up of collaginous and-QLaatio fibrous
connective tissume, In this layer large blood vegsels are present.‘it
extends posteriorly into the mid-gut. The serosa is made up‘avsingle
layer of pavement epithelium and somefimoa oonta?na the poriPhé;hl;mup?}o

fibers,

o

The pyloric valve shows stratified epithelium and simple eﬁithelinm
at ite anterior and poesterior surface. The muscular valve in nade up of
striated muscle fibers mainly, but lons1tud1nal unstriated musole f;berl

SFRAN

are scatted in the submucosa of the intestinal side. Aa it passes B
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posteriorly, ihese muscle fibers form a layer and extend {o the mid-
gut.

The anterior part of th esophpgpé is attached to & layer of the
skeletal muscles. The dorsal side of the middle part of the esophagus is

the ventral lee is oovere@ by pgrltoneug.

[ (rig. 88)|

Intestinal Bulb
In the aintestinal bulb of P, tetrious the lining epithelium is

arranged in folds. The intestinal pap;ilpo are simple and finger-like,
Some small papillae are conical in shape and exist. The wall of the
intestinal bulb i1s built up of the mucosa, submucosa, mugéulqaa, subserosa
and serosa from inside to outqidp. The Eu8COSA which gogetimea has
sscondary and tertiary folds, is more complex in the intesiinal bulb
than in the esophagus. The lining epithelial.cells of the intestinal

bulb and intestine are mainly columnar.

The columnar celle of the intestinal epithelium are very high, Their
nuclei are oval and small in size and at the middle or the basal third of

the columnar epithelium and then move to upper portion on the posterier
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part. At the free surface of the cell is:a striated bprder, It ighe
diffioult to determine with the light microscope whether the brush and
long fibers are microvilli or o1}ia. The granular layer is lightly
basophilic., Many unstained vacuoles are present:in the-subborder-and
supranuclear zone and ocdasionally present: in:the infranuclear zones

The depth of the supranuclear sone beoomes:less posteriorly. The mclei

of' the developing columnar-oells, the mucous cells, the goblet cells and
others may be found in the infranuclear zome., The mucous seoreting ocells
of the intestine, which has & thin neok, & rodlike root and the ovoid
nucleus siitting at the bottom of the ocell, are different morphologically .
from those of the pre—esophggus. The goblet cell and granular cells are
aémih;;;*-”—”‘in the emophagus and are irregularly scatted in the intestinal
epithelium.

The tunioa propria passes into ihe submucosa. The submucosa is a layer
of fibrous connective tissue betwesn the epithelium and muscularis.
The collagenous fibers of the submucosa are more dense posteriorly. The
stratum compactum is a layer of demse oongeotive tiasue updar'tho EUCOBae
The submucosa oontainn'plogd vessela. The young fibrocytes with basephilic
oytoplasm, the mature fib;ob}anﬁg.y}tg elongate or oval nuclei, the
granulocytes with baeophilié oytoplasm and the amoebooytes with a,goupd
nucleus, are present in the submucosa, . . - sk :

- ) ' . . P T - P ‘<

The muscularis of the integtinal bulb is made up pfhnnaﬁgiated fibers.
In the well-developed anterior pari. of ihe intogiiggl‘hu;bétho mugonlosa
has thres layers, an inner thin longitudinal, a.middle oircular.and an
outer longitudinal. The inner layer gonﬁs many musocle fibers into the
subpucosa to the pyloric valve. The outer two layers extend throughout
tne iength of the intestinal bulb but -the circular mmscle layer b‘nomes
thin posteriorly. The connective tibsue separating thess two layers is very
thiok. Both are well supplied with small blood yéaqglq. A hirv. pleiun
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may be found between the muscle layer.

The subserosa limited to a few fibrous strands, consists of connective
tissue which is connected with the esophagus and becomes then posteriorly
scatted between the epithelium and the longitudinal muscle,

There is no distinct lamina propria which consists of vascular areolar

connective tissue.

The serosa coneists of a single layer of peritoneal cells of cuboidal

or even flattened shape.

Intestine (rig. 89 to 93)

Between the posterior part of intestinal bulb and the anterior part
of the intestine, an ileo-rectal valve projects into the intestinal
cavity. It is formed by a folding of the circular muscle layer and is
not a sphincter valve. A layer of connective tissue containing granular
cells separates the two layers of the fold. There are blood vessels,
nerve plexus and longitudinal muscle fibers in the base of the valve.
The muscle of this valve is continous with the circular fibers of the
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intestinal bulb and intesgtine, In the region of the valvye,the qubseroag
begomes much th1okenad. '

The internal lining epithelium of the intestine is arranged ip folds,
The depresaions between the foldg often simulate glq%dg ef the tubular
type by physical arrangement only. The aiructures are in mo seqée true
intestinal glands, ‘

The mucosal papillae are largey than those of the inteatinal bulb. Two
types of cells are ususlly found in the intestinal mucosa; the columnar :
cells which have many vacuoles in the supernuclear zone, snd mucous or
goblet cells. The former which are long and slender with isrgq cogrsely
granular nqolei, are greater in nuwber then the latter,

;
/

Posteriorly, the mucous oells deorease in number and then inorease

around the anus.

The goblet cells which have a swollen portion, a narrow tail portion N

. and the nucleus are on the top of the papillae and are more numerous at

the intestinal bulb. There are other cells, the wandering cellp, prasumably
leucooytes. The appearance of their nuolei are quite dlntznct from thg
epithelial nuclei being smaller, more nearly aphoricsl, staining a more
deeply chromatin structure. They are always at the bases of the epith11al'-
oells near ithe tunica propria.

The tunica propria extends from ithe basal membrene of the epithel@qé,‘

-and extends to the submucopa. It is oomposed of righ areclar tilsue of‘ N

white fibers and small or large oval nuoclei, and is @omewhat. 1ess 1n
thickness than the eplthelial layer, The hloogd supply of the tunlca propris
i@ abundant. - ':,‘ ) p(i .
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There are no granuiar cells in the submucosa which i@ ithinner in
between the bases of the papillae than in the intestinal-bulb.

The musocularis of the unsiriated fibers is thicker than the intestinal
bulb and is made up of an imner oircular and outer longitudinal muscle
layer, The former is the thiocker of the two muscle layers and is well
supplied with small blooa vessels and the latier is about half the
thickness of the circularis and rather more densely constructed than
the former, It can not easily be differentiated near the ileo;rectal
valve. The ciroular muscle layer develops into a sphincterlike gtructure.
The longitudinal muscle layer and nerve plexus aré scattered into the

connective tissue of the anus.

The subserosa connective tissue is much thicker than the intestinal
bulb. The connective tissue layer is of the ordimary loose type and consisté
mainly of collagenous fiber with a few elastic fibers., It is socattered
between the epithelium and the longitudinal muscle and is well supplied

with blood veesels.

The serosa is composed of & single layer of cuboidal or even cylindrical
cells, the usual flattened serosa cell as found in higher forms, Its

thicknese may be in part at least altered during digestive proocesses,
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Liver (r"CO 94)

In P. tetricus, the liver, a large tubular gland is divided into
two lobes and covers the esophagus, intestinal bulb and spleen. The
left lobe is the large one, triangular in shape and the right lobe
is small and located lateral-dorsally. The hepatic lobule, the small
unit of the structure of the liver consist of two parts, the epithelial
parenchyma and a system of blood channels. The parenchyma is made of
hepatic cells in irregular, branching cell cords, the hepatic cords.
In three dimensions, the cells of the hepatic cords are arranged in
broad plates or laminae and the plates are arranged in a radiating

manner around the central blood vessel of the lobule.

The spaces suspended in the hepatic labyrinth of these plates are the
hepatic sinusoids. In mammals, each lobule is completely invested by
connective tissue but in fish this structure is less completed. The
blood comes from two afferent vessels, the hepatic artery and portal
vein to individual interlobular branches then to hepatic sinusoids.

The capillaries all converges to ceniral veins and thence to the hepatic
veins, the efferent vessels of the liver.

The hepatic cells which make up the hepatic plates have a central
nucleus with a distinct nuclear membrane. Multinucleate cells are usually

seen,

Bile, a product of the hepatic cells is carried out by the minute
channels, the bile canaliculi, between the hepaiic cells to the system
of bile ducts into the duodenum.

Schreiber and Angleletti(1940) found a rhythmic increase and decrease
in size of the liver of the carp independently of growth changes in the
organ. Rhythmic frequencies are related to the age of the fish,
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Digscussion
In various fishes different degrees of reduction in the stomach and of
absence of gastric characteristics ooccur. In some fish, as the oarp, the
stomaoh is lacking entirely, the striated skeleial musole of the esophagus
extends far posteriorly and even into the wells of the in@estiﬁe.

In P. tetricus, & maorosoopically identified stomach is absent and no
multicéllular gastric glands were detected im any part of the alimentary
tract. The lack 6f & stomach means that there is no lateral expansion of
the alimentary tract between the and of the esophagus and the junotion
of the bile duct and the intestine. The mucosa of this part has neither

gastric épithelium nor gastric glands. ¢

The absence of & Etomach of teleostes is a phylogenetic character of
certain families more than an adaption of féoding habit in & perticular
species and has been recorded in many families as Atherinidae, Blennidae,
Cobitidae, Cyprinidae, Gobiidae, Mugilidae, Poeciliidas, Soaridae and
Syngngthidge etc. These families each have their own apecial feeding
habits.

The wall of the buccal ocavity consista of mucosa and submucosa onlye.
It is similar to studies by Dawes (1930), Al—HnsBainl (1945) and Kholy
(1953) and others, the muscularis sometimes oan be seen in the buccal
lining too. The stratum compactum is limited to the buccal and pharyngeal

ocavities,

The mucus-~secreting cells of the bucoal cavity and pharynx are sacoular
or pyriform and not goblet-shaped. The pharvnx has KAy more WUCUS-
secreting cells than the buccal cavity neither part appears to be of
particular enzymatic importance, Thers wero no speolalzsed glands in

either except mucus secreting cells.
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Blake (1930) considered the condition in sea bass indicates the
formation of goblet cells by modification of the simple epithelial type.

In the esophagus the stratified epithelium is in the anterior part
and the gimple epithelium is in the posterior-most part. The muocus-

secreting cells exist along the whole length of the esophagus.

A pyloric valve, the sphinctor, is made up of striated muscle fibers

beitween the esophagus and intestine. No stomach can be found,

The carnivorous P. tetricus feed on orayfish and shellfish etc. So
there 18 no need to have a stomach for the storage of the food, The
structure of the digestive system is a typical carnivorous.

A subserosa has not been recorded in the emophagus of teleosts. The
musculature of the pyloric valve is composed of fasoiculi mads up of

striated muscle fibers which extend into the valve.

The intestinal bulb is divided with regard to its masoulature into two
parts. In the first part the musculosa is formed of three layera, an
outer longitudinal, a middle oircular and an inner longitudinal, but the
second part has not the inner longitudinal. So the first part can be
regarded as' duodenum and the second part as ileum.

The ileo-rectal valve is made up of unstriated muscle fibers circularly
arranged and in continuation with those of the intestinal bulb and

intestine.

The rectum differs from the ileum by the possession of a thicker
_ mugoularis, higher mucosal papillae and a great number of goblet cells.
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Special granular cells are observed in the ft?i.:lg’l:l':‘g1."915'@ ,P%’;"EE of ﬁ”
alimentary canal, They are related to internal _qog{gt%gn snd “;I:ip%u L
production.

In menmals, the division of the parenchyma of the J._ivo; Linté lo):ég]:os
is very obvious, Each has & central vein, and thg;b:'can_oh:o,lﬁ of th; bile
duot, hepatic artery and portal vein in the oonnootiv'o' tissue at the
angles of these lobules. The winusoids of each lobule converge from the
periphery to the central vein of that lobe. In fishea less p:;;minont
division has been seen in the lobule.
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SUMMARY

The skeletal system of g.vtetricus is described including axial
skeleton and appendiocular skeleton. This bony-fish skull ie—cbhppgod
of two'significant parts, the neurocranium and the branchiooranium.
The neurocranium has two major partss (I) a series of inner (endostead)
elements that provide a floor to the brain case and protect the - ‘
olfactory, optic and otic capsules. (II) a series of outer (ectostead)
dermal bones that roof the brain case. The branchiocraniua has three
regions: (I) jaws or mendibular. (II) hyal (the jaw-supporting hyoid
arch and the bones of gill-covering opercular series), (III) branchial
(the gill arches). : /

The bones of the neurécranium may also pe grouped by location
into four regionss olfactory, orbital, otic and basiocranial. There
are cartilage bone and dermal bones exist in each of these regions.
Cartilage bone, also termed replacement bone, is awaye deeper in
location than dermal bone., It is laid down as cartilage at firet and
then replaced by bone laterly. Dermal bones are on the surface. in
position usually and derives from the dermis. Bones of both two types
are generally bilaterally paired but only a few of median bones are
unpaired, ,

The vertebral column of P, tetriocus is composed of a series of
segments, the vertebrae which are modified gradually according to ;
body region. TheAfirst and second, the atlag and axis, are altered
for connection with cranium. Some vertebrae have lateral processes
which bear ribs. Ribs of this fish are of two types, dorsal and ventral.
The ventral ribs develop in the myosepta of the myomeres at the
peritoneum. The dorsal ribs form the " intermuscular bones ". The



body of the vertebra is the centrﬁﬁ, neural arch, hemal aroh' and
some processes. The caudal fin is supported by penultimate, . vertebrate,
hypnrala, epurals and urostyle. o

Fhe THEY LIW0 ',()‘3.35 S e a ot

'l‘he internal bones which support the dornl ;and an;i fj:lin*;::'ko
pterygiophorea. The pterygiophore includos two ;mrts, the proxinsl o)
part whioh originates from an 1ntemeural doraally or an intorhomal
ventrally and the distal pterygiophore which articnlates \d.tl} €§’§

ray. The dorsal fins are conneoted with nonral apines through
cartilages.

iyt
s

Trogats AT

The elements of the pectoral girdle of Pc. tetricus aro the-
cartilage bones including paired coracoids, scapulae and four paire
of radials and dermal bones including paired posttemporals, supra-
cleithra, cleithra and postcleithra. The pootoral girdle ar‘ticulo.ton
with the neurocranium dorsally.

et
.

In Pe tetricus the pelvio radi.ls dieappoar tnd thg ﬁn :uya
articulate direotly with the bulp‘terygia. During the cvolntien, tho
pelvio girdle moves forward and sometimes. :Lnsertod to conueot with

the pectorial girdle.

The musculature on the head of P. tetricus is oonnected with
the jaws and with the gill erches. Both the superficial and deep
muscles have no large difference in the genus Pseudolubrus. The
muscles on the head may have more then omne or:.gin und insortion. So
their function and nomination are very oomplex,

. cn e o, ad
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The segments of the trunk muscle extend from the skin deeply
to the body axis and are limited a midline by the median skeletal
septum. They are W shap in oross section on anterior snd posterior
part of the body in which many myotomes are to overlap as wedges.
The red muscle (lateralis superficialis) is not prominent in P,
tetricus on the posterior part of the body. The deep irunk mupolesA
of non-significance are the supracrinales. | ’

The skeletal muscles of the median fins are paired protractor,
retractor and lateral inclinators to each fin ray from each side.
The caudal fin has more complex lateral mugcles masses which are

’

flexors, adductor and interfilaments. 7

The skeletal musoles of the paired fins arise from embryonic
axial myomeres ﬁo supply the paired fins. The bundles of appendicular
muscle are visible at the bases of the fins, which are abductors and
adductors generally., These muscles serve to hold or move the girdle,

P, tetricus is a predacious fish. Its digestive tract can be
divided into 6 parts: mouth cavity, pharynx, esophagus, stomaoh,
intestinal bulb and intestine, which are lined with a soft mucous

membrane,

The esophagus is so distensible that the fish can get large food

piece to pass through it. The mouth cavity, pharynx and esophagus have

no function on digestion but are for the aooqmoqdation of the food,

The thickened and musocularized stomach is elongated in shape for
adabtation, which is an important portion of the digestive tube with
acid secretion and special epithelial lining. Gastric glands exist in
the stomach. These glands seoret hydrochloric acid amd pepsinogen to

split large protein molecules.

149
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Because the meaty food can be digested more quickly than s
vegetable food, the intestine is not long for the carnivorous
parrot fish. The wall of intestine supplies with glands for digestion
and protecting the gut lining which absorbs the digested products in
solution,

The liver arises as a part of the developing intestine in the
embryonic stage, which consists of lobules of tubular glands and .- .
blood vessel. Bile is secreted into the bile canals and contains the
fat emulsifying bile salis and biliverdin and bilirubin.

’



Characteristios of Pgeudolabrus tetricus. (RICHARDSON), P. fucicola
(RICHARDSON) and P. miles (BLOCH & SCHNELIER):

Pseudolabrus tetricus (RICHARDSON)., Blue-Throated Parrot Fish.

| (Plate 1 to 2)| S .
D. 1x 11. P. 13. A.lii,lO. V.i,S. 0.14. L.13t026-27o

Body elongate and slightly compressed, much deeper in the idnlt
than in the young. Mouth of medium sige, the gape reaching below the
front border of the eye. A single row of teeth in the jaws, the
anterior pair enlarged and curved inside to form canines. Eye small,
its diemeter about 1/7 of the head length in adults.

The rays of dorsal fin are somewhat longer than the spines. The
dorsal membrane produces a short filament beyond the tips of the spines.
Anal fin similar and opposite to the soft dorsal fin, Pectoral fin
not round. Caudal fin straight. Large scales on the body and operculum,
Preoperculum with 3 rows of small scales behind ths eye.

Colour of body largely variable with age. In the young, there
is a dark brown band from the spinous dorsal to behina the pectoral
and many brown bands radiating from the eye. Pectoral and ventral fims
yollow, the former with a black bar on base. In the adnlt, there are
two broad dark stripes across the body, and the chin and throat are
derk blue, Pectoral and ventral fins are light yellow, the former
with a black band on base. Soft dorsal and anal fins black, the
caudal fin dark anteriorly, bright yellow posteriorly.

151
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Pseudolabrus fucicola (HICHARDSON)., Blue Parrot Fish.

' (Plate 3)!
Doix,11. Po13. A.iii, 10-11. Vei,5¢ Celde Lelate26-27.

P , o
PR 3.3

Body deep and robust, slightly compressed. Csudal peduncle
thick. Mouth of medium size, A eingle row of teeth in the jaws,
with a pair of anterior curved canine teeth. Eye somewhat small,
its diameter 1/6 of the head length. )

The spines of the single dorsal fin shorter than the rays.
Dorsal membrane beyond the tip of the spine, Anal fin beginning
below the last dorsal spine, Pectoral and cunéal fins rounded.
Operoulum with large scales. 5 rows of soales on the preoperculum

behind eye. - T “

Body and fins deep black-purplish in colour without ocomspicuous

markings. Smaller than P. tetricus.



Pseudolabrus miles (BLOCH & SCHNEIDER), Rosy Parrot Fish.

(Plate 5) Y
D.ix,11., P.13. A.iii,10-1l. V.i,5. C.l4. L.lat.26-27.

Body elongate, becoming deeper with age. Mouth rather small.
A single series of teeth in the jaws, the large anterior pair ocurved
to form the canimes. Eye larger compared with adult of P. tetricus.

A single dorsal fin, beginning above the posterior border of the
operculum, A short filament from dorsal membrane beyond the tips of
spines. Anal fin beginning below the second dorsal ray. Upper pectoral
rays about twice the length of the lower rays. Caudal fin with a .
lunate appearance. Scales of operculum larger. Preoperculum with
smaller scales of 5 rows behind the eye.

Colour of body pink and reddish., The centire of each scale with
a yellowish spot. Membrane of dorsal and anal fins with yellow and
orange spots. Caudal fin grey. Smaller than P. tetricus and P.

fucicola.
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Intermediate characteristice of the hybrid of P. tetricus &

P. fucicola. (Plato 4)

(1)« Body and some fins (except pectoral fins ) deep black-
purplish in colour, as in P. fucicola.

(2). Pectoral fins reddish and yellow, with a black band on

base, as in P. tetricus.

(3)e 5 rows of scales on preoperculum, behind eye, as in

P. fucicola.

(4). Body not robust, but elongate and somewhat compressed,
as in P, tetricus.
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PLATE g, Pseudolabrus tetricus (RICEARDSON). Adult




PLATE 2, Pseudolabrus tetricus (RICHARDSON). Juvenile




PLATE 3, Pseudolabrus fucicola (RICEARDSON).
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PLATE 4, Hybrid of P. tetricus & P. fucicola
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PLATE %, Pseudolabrus mile (BLOCH & SCENEIDER)




‘Fig 6. Bones of the head region of P. tetricus (R)
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Fig. 58,

Pelvic girdle (Dorsal

View)
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Pig. 59. Pelvic girdle (Ventral view)
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Fig 72,

Muscles of the head.

Al-A2-A3; Adductor mandibulae
Ldop: Adcuctor operculi

Dil. Op: Dilatator operculi
Lap: Levator arcus palatini
Lev, Op: Levator operculi
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i :
rig T3e Muscles ef the head.

Al-A2-A3; idductor mandibulae
LE8op: Adcuctor operculi

Dil. Ops: Dilatator operculi
Lap: Levator arcus ralatini
Lev, Op: Levator operculi
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Fig 74.

|

Muscles of the head.

Al-A2-A3; Adductor mandibulae
L@op: iAdcductor operculi

Dil. Op: Dilatator operculi
Lap: Levator arcus palatini
Lev. Op: Levator operculi
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Fig 79, [Musoles of the pharynx.

Abds: Abductor superficialis

Abdp: Abductor profundes

Hy: Hyopectoralis

Pce: Pharyngo-clavicularis externus

Pci: Pharyngo-clavicularis internus

Ph: Pharyngo-hyoideus

Rabd: Retractores arcuum branchialium
dorsales






Fig 76, Muscles of the pectoral arch and fin.

Abds: Abductor superficialis

Abdp: Abductor profundes

Hy: Hyopectoralis

Pce: Pharyngo-clavicularis externus

Pcis Pharyngo-clavicularis internus

Ph: Pharyngo-hyoideus

Rabd: Retractores arcuum branchialium
dorsales
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ig 11. Muscles of the ventral portion, pelvic girdle and fin.

-
F
PY

Abdp: Adbductor profourds pectoralis
Abds: aAtducter superficialis pecterlis
Abp: abcuctor profounds pelvis

Abs: Abductor superficialis pelvis
Chi: Geniohyoideus inferior

Ghs: Geniohyoideus superior

Hhl. Hh2: Hyohyoideus

Eyo: Hyopectorelis

Im: Intermandibularis

Vm: Myomere of the body muscles
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Fig

78.

Muscles of the ventral portion of head.

Abdp: Abductor profournds pectoralis
Abds: Abductcr superficialis pectorlis
Abp: Abcductor profounds pelvis

Abs: Abductor superficialis pelvis
Ghi: Geniohyoideus inferior

Ghs: Geniohyoideus superior

Ehl. HEh2: Hyohyoideus

Hyo: Hyopectoralis

Im: Intermandibularis

Vm: Myomere of the body muscles
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Fi

79

Muscles of the dorsal surface of pharynx,

Ldl: Afductores ai‘cuum branchialium

le2: lavatores brenckiales externus
of the third arch

Led: Lavato.'ez brenchiales externus -
of the 4th erch

leS: Lavatores brarchiales externus

of tke Ttk arch

Lil: Lavatores braictizles internus

of the first arch

lzvatores branclhiiales internus

of the second arch

lLavatores branchiales internus

of the third arch

Li5: Lavatores branchiales internus
of the 5th arch

Ob: Interarcuales obliqui dorseles

Rebd: Retraciores arcuum branchialium

corsales

Tal: Transversus dorsalis Al

a2: Transversus corsalis A2

Tp: Transversus dorsalis posterior

[
‘_h
(39
-

(-
’..h
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Fi 80, Muscles of the ventral surface of pharynx,

Con. eso: Contrictor esorhagei
Obl: Obliqui ventrales of the
first arch
0b2: Cbliqui ventrales of the
second arch
Ob3: Obligui ventreles of the
third arch
Fce: Pharyngo-clavicularis extiernus
Ph: Pharyngo-hyoideus
Pci: Pharyngo-clavicularis internus
TV4: Transversus ventralis 4
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Fig .810

Muscles of the eyeball.

0i: Obliquus inferior
Cs: Obligquus superior
Rif: Rectus inferior
Rit: Rectus internus
Rex: Hectus externus
Hs: Rectus superior
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Fig 82,

Muscles of the eyeball.

0i: Obliquus inferior
Cs: Obliquus superior
Rif: Rectus inferior
Rit: Rectus internus
Rex: Rectus externus
Ke: Hectus superior
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Fig 83, Muscles of the caudal fin.

D: Flexor caudzlis dorsalis

V: Flexor czudalis ventralis
3rd: Adductor caudalis ventralis
I: Intrinsic muscle
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Depressor

Fig. 84.j

Muscle of the‘ dorsal fin

Erector

(4th & 5th dorsal fin)

65



on
SM

Cm
U

Fig 8%eSection of the buccal cavity

BM: Besement membrane
BV: Elood veesel
SCm: Stratum compactum
SLM: Striated longitudinal
muescle
Sk: Submucosa
SSqE: Stratified sguamous epithelium



SCm

Fig 859 Section of the mucous membrane of
the buccal cavity

BY¥: Basement membrane

C: Crypt

CC: Columnar cell

MC: Mucous-secreting cell

SCm: Stratum compatum

SSqE: Stratified squamous epithelium
TB: Taste bud
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Fig 370 Section of the esophagus

Bi: EBasement membrane

BV: Blood vessel

CC: Columnar cell

EF: Zsoprageal fold

KC: Mucous-secreting cell
SCm: Stratum compactum

SCHM: Striated circular muscle
SK: Submuccsa

SEqE: Stratified squemous epithelium
TB: Taste bud

TuFli: Tunica propria
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IntPp

Fig 88¢ Section of the intestinal bulb

CoC: Columnar cell

GoC: Goblet cell

IntCa: Intestinal cavity
IntPp: Intestinal papilla
Sm: Submucosa

StBo: Striated border
TuPr: Tunica propia
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TuPr

InNZ
GrL

IntCa

SpNZ

Fig 89¢ Section of the intestine

GrL: Granular layer

InNZ: Infranuclear zone

IntCa: Intestinal cavity

KuCols: Nucleus of columnar cell
SpRZ: Supranuclear zcne

StBo: Striated border

TuPr: Tunica propia

0



Fig

90esection of the intestinal papilla
( Eigh power )

LasM: Basement menbrane
CoC: Columnar Cell

FrB: Fibroblast

GoC: Goblet cell

GrC: Granulocyte

StBo: Striated border
TuPr: Tunica propria
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Fig
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"1°Section of the junction of the

intestinal bulb and intestine

BlVe: Blood vessel

CM: Circular muscle

In: Intestine

InB: Intestinal bulb

IntEp: Intestinal epithelium
LM: Longitudinal muscle

PyV: Pyloric valve

SbS: Subserosa

Sm: Submucosa

Sr: Serossa
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Fig

92'Section of the intestine

BM: Basement membrane
CE: Columnar epithelium
GoC: Goblet cell

SN: Submucosa

StBo: Striated border
TP: Tunica proria



Fig 9%,

Section of tre intestinal [
( Eigh power )

: Columnar epithelium
GoC: Goblet cell
LuC: Lucocyte
TP: Tunica proria

TFl: Top plate

apillae
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Fig

94. The structure of the lobule of
tke liver

BD: Bile duct

CV: Central vein

HA: Hepatic artery

EC: Hepatic cords

ICT: Interlobular connective tissue
PV: Fortal vein

RBC: Red blood corpuscle

Si: Sinusoids
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Fig 93¢ The structure of the skeletal
muscle

Ar: Arteriole

Em: Endomysium

NMF: Nucleus of muscle fiber
Pe: Perimysium

Ve: Vein

76



Fig

96,

Section of tle latersal pensory
systen

D; Termis

™ - .

D: FEridermis

FCT: Fitrous connective tiesue
M: Muscle

\.-- ” s - - e

Ky: NMyocezth

F: Fore

PC: Pigment cell (chromatophore)
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