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Synopsis

The osteology, external anatomical features and gross brain morphology of the cyprinid fish genera
Opsariichthys, Zacco, Luciosoma, Barilius and Engraulicypris are described and compared. With the
exception of Zacco a series of synapomorph characters are identified in these genera which enable them
to be related as a monophyletic assemblage termed the bariliine group. The distribution of certain
characters demands a reclassification of the considered genera. Species formerly included in Barilius are
now referred to four genera, Barilius, Opsaridium, Raiamas and Leptocypris. Engraulicypris is recognized
as monotypic and forming the sister group to Leprocypris. The identification of synapomorphies in
Luciosoma and some species of Rasbora requires the establishment of a new genus, Parluciosoma, to
contain the latter. Megarasbora is identified as a member of the bariliine group and as representing a
plesiomorph luciosomine. The geographic distribution of the group is summarized. Relationships of the
bariliines with other monophyletic groups is unresolved, but the chelines are nominated as the likely
sister group. Zacco does not share any of the derived characters that relate the bariliine genera and it is
suggested that its closest relatives are to be found amongst the alburnine cyprinids. Appendices are
included which contain annotated lists of the bariliine taxa and notes on the generic allocation of those
species previously included in Engraulicypris.

Introduction

C. Tate Regan (1911) was the first author to consider Opsariichthys as a primitive or generalized
cyprinid. He did so on the basis of its possessing triserial pharyngeal teeth, a ‘complete series” of

Bull. Br. Mus. nat. Hist. (Zool.) 37 (3): 129-198 Issued 31 January 1980
129

JRAL W2



130 G. J. HOWES

circumorbitals, large posttemporal fossae, second and third vertebrae separated, a fenestra
between the quadrate and the metapterygoid and on the form of the cleithrum.

Regan’s opinion of the primitive nature of Opsariichthys has been accepted by all subsequent
authors who have had cause to comment on cyprinid phylogeny (see, for example, Ramaswami,
1955; Weitzman, 1962; Greenwood et al., 1966; Roberts, 1973). The characters enumerated by
Regan do, indeed, appear to be plesiomorph for the Cyprinidae and as such are of little value in
indicating the relationships of Opsariichthys.

In an earlier paper (Howes, 1978) I described and commented upon some anatomical features
of Opsariichthys and compared them with similar characters in other cyprinid genera. It is now
possible to present a more detailed description of osteological and other anatomical features of
Opsariichthys and to evaluate them in terms of their plesiomorphy and apomorphy. From
my earlier studies (Howes, 1978) I formed the opinion that Opsariichthys was related to Barilius
and, furthermore, that Luciosoma also shared characters linking it with these taxa. (It must be
pointed out here that my earlier remarks concerning Barilius (Howes, 1978) mostly refer to B.
bola and B. microcephalus, taxa which this present study shows to be derived members of the
genus.) As this study progressed it became evident that Engraulicypris sardella was also allied to
Barilius but that it had no relationship with other species assigned to Engraulicypris. Thus an
anatomical description of this taxon is also included.

Previous authors had regarded Zacco as the closest relative of Opsariichthys. Contrary to their
opinion, the studies reported herein show that Zacco does not belong to the same monophyletic
assemblage as Opsariichthys; in order to show why this is so, the anatomy of Zacco is described
along with that of the other genera.

The data are presented in the form of character headings under which appear descriptions for
each genus studied, followed by a comparative analysis at the end of each section.

An annotated list of the taxa comprising the bariliine group is given in Appendix 1 (p. 195), and
a list of those taxa formerly included in Engraulicypris in Appendix 2 (p. 196).

Specimens examined

Skeletal and alizarin material of representatives of all bariliine genera has been examined.
Dissections have been made on a total of c¢. 50 species and all specimens have been radiographed.
All the type specimens of species currently assigned to Engraulicypris and Chelaethiops have been
examined. A complete list of specimens used in this study is deposited in the Fish Section of the
British Museum (Natural History).

Abbreviations used in the figures

Al Outer division of adductor mandibulae EPO Epioccipital
muscle ES Extrascapular
AA Anguloarticular EXO Exoccipital
AHF Anterior hyomandibular fossa IF Frontal
AL Axial lobe of pectoral fin FC Foramen for carotid artery
AP Apophysial platform FF Frontal fossa
AS Axial scale FG Frontal groove
BO Basioccipital FO Optic foramen
BOP Basioccipital plate FR Frontal ring
CE Cerebellum FI11 Foramen for oculomotor nerve
CL Cleithrum FIV Foramen for trochlear nerve
CLA Claustrum FIX Foramen for 9th cranial nerve
COR Coracoid HMF Hyomandibular fossae
CuU Cavum utriculus HY Hypural (numbered)
EB Epibranchial HYP Hypurapophysis
EM Exit of the posterior myodome IC Intercalar

EP Epural 1F Infrapharngobranchials (numbered)
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INC Incus oT Olfactory tract

10 Infraorbitals (numbered) PA Parietal

KE Kinethmoid PAP Parasphenoid ascending process

LC Lateral commissure PC Postcleithrum

E Lateral ethmoid PE Preethmoid

LJB Lateral jugular bridge PH Parhypural

LKE Ligament connecting kinethmoid to PHF Posterior hyomandibular fossa
mesethmoid (divided) PLP Vomerine process for attachment of

LKM Ligament connecting kinethmoid to palatine ligament
maxilla PMX Premaxilla

LKP Ligament connecting kinethmoid to PPJ Posterior opening of pars jugularis
premaxillary ascending process PRO Prootic

LP1 Lateral process of 1st vertebra PS Parasphenoid

LP2 Lateral process of 2nd vertebra PSFF Foramen connecting posttemporal

LPE Ligament connecting palatine with and subtemporal fossae
ethmoid PTE Pterotic

LPEK Ligament connecting palatine with PTEP Pterotic process
ethmoid and kinethmoid PTF Posttemporal fossa

LPM Ligament connecting palatine with PTS Pterosphenoid
maxilla PTT Posttemporal

LTF Lateral temporal fossa PU1+UI Fused preural and ural centra

LOC Lateral occipital fenestra RA Retroarticular

MC Mesocoracoid RAD Radial

ME Mesethmoid SC Supracleithrum

MEC Mesencephalon SCA Scaphium

MMP Maxillary medial process SCP Scapula

MX Maxilla SE Supraethmoid

MYO Posterior myodome SO Supraoccipital

MYR Posterior myodome roof SOR Supraorbital

N Nasal SP Sphenotic

NC Neural complex STF Subtemporal fossa

NP2 Neural plate of 2nd vertebra TEL Telencephalon

NP3 Neural plate of 3rd vertebra TR Tripus

NS4 4th neural spine UN Uroneural

OL Olfactory lobe \" Vertebra

0S Orbitosphenoid VF Vomerine foramen

OSE Orbitosphenoid septum VO Vomer

OSS Os suspensorium

Note on the figures
All anatomical drawings captioned Opsariichthys are of specimens of Opsariichthys uncirostris
bidens. Unless otherwise stated the scale on all figures indicates 3 mm.

Anatomical description of
Opsariichthys, Zacco, Luciosoma, Barilius and Engraulicypris

Osteology
Ethmo-vomerine region

Opsariichthys

The supraethmoid (SE, Figs 1-3) is a wide bone with a flat dorsal surface and an irregular posterior
border sutured to the frontals. The lateral margin of the supraecthmoid is gently concave and along
this concavity lies the nasal. The supracthmoid’s anterior border is thickened and bears a concave
notch.

The mesethmoid (ME, Figs 1-3) underlies the supraethmoid and is composed of two lateral
walls fused anteriorly bearing a sloped concavity (a continuation of the supraethmoid notch)
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which accommodates the kinethmoid. Antero-ventrally the mesethmoid is produced into a wedge-
shaped surface that provides part of the preethmoid fossa. The posterior border of the meseth-
moid wall is deeply notched so as to form part of the olfactory foramen.

ME

Fig. 1 Opsariichthys. Dorsal view of ethmoid region.

Each preethmoid (PE, Figs 1-3) is a large irregular hemispherical bone which lies in the fossa
formed from the mesethmoid and vomer. The preethmoid does not lie flush with the edges of
these two bones but leaves a wide margin of each exposed. In a dissection it is found that the
cartilage which covers the preethmoid fills this surrounding area. In a specimen of 38-5 mm SL
the preethmoids are small, partially ossified elements occupying only the vomerine part of the
fossa.

LE PS

M

Fig. 2 Opsariichthys. Lateral view of ethmo-vomerine region.

Each lateral ethmoid (LE, Figs 2 & 3) contacts the dorsal and ventral parts of the mesethmoid,
the space between the bones forming part of the olfactory foramen. Laterally, the bone is produced
as a thick wall with a wide triangular base. The dorsal surface of the wall is covered by the
frontal. The orbital face of the lateral ethmoid is concave and its posterior margin bears a notch
through which passes the superficial ophthalmic nerve. The posterior margin of the orbital part
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of the bone is sutured to the orbitosphenoid, and the dorsal part to the frontal. Medially, the
lateral ethmoids meet above the parasphenoid. There is no anterior myodome.

The kinethmoid when viewed laterally is seen as an elongated S (Fig. 4A). The dorsal curvature
expands into two heads upon which are attached the ligaments joining the bone to the pre-
maxillaries. A ledge along the lateral face of the bone also supports a ligament. This ligament
runs from the maxilla and becomes bipartite, one part inserting on the dorsal surface of the ledge,
the other, on its ventral surface (Fig. 4B). Basally the kinethmoid is strongly curved towards the
ethmo-vomerine complex and it is this part of the bone which is seated in the anterior groove of
the vomer. Connection with the ethmo-vomerine block is via a bipartite ligament which inserts on
a tissue sheath that encloses the ventral half of the kinethmoid (Fig. 4C).

PS

Fig. 3 Opsariichthys. Ventral view of ethmo-vomerine region.

The vomer (V, Figs 1-3) is short, its posterior margin extending to a line of the lateral ethmoid
walls. Anteriorly it curves ventrad and is transversely convex. The anterior border is concave
and bears a wide groove to accommodate the kinethmoid. The ventral surface of the vomer bears,
on either side of the midline, two small processes (PLP) onto which the palatine ligament attaches.
Laterally the bone forms into a wedge-shaped platform which provides the lower part of the
preethmoid fossa. The vomer is overlain anteriorly by the ethmoid and posteriorly by the para-
sphenoid. There is a cavity between the posterior part of the vomer and the parasphenoid into
which insert the ligaments attaching the dorsal borders of the suspensorial elements to the length
of the parasphenoid. Postero-laterally the vomer is sutured to the bases of the lateral ethmoids.

Zacco

Zacco differs from Opsariichthys in that the mesethmoid is narrower and deeper with a ventro-
lateral nasal cavity; the dorsal surface of the supraethmoid is strongly curved rostrad; the olfactory
foramen scarcely indents the posterior border of the mesethmoid. The depth and curvature of
the ethmoid block is particularly noticeable in Zacco platypus (Fig. 5). The lateral ethmoids
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Fig. 4 Opsariichthys. Kinethmoid in A, lateral, and B, ventral view. C. Ligamentous connections,
ventral view.

are thicker basally and laterally truncated; medially they are indented to form a shallow anterior
myodome. The vomer is thinner than that of Opsariichthys, contributes less to the preethmoid
fossa, extends further forward and bears a deeper anterior notch. The preethmoids are smaller;
the kinethmoid is longer and more tubular with a gutter-like groove along its anterior face, its
dorsal surface is expanded into two rounded heads which curve forward and are attached to the
premaxillaries by ligaments (Fig. 8A).

L —

Fig. 5 Zacco platypus. Lateral view of ethmo-vomerine region.

Luciosoma

Luciosoma differs from Opsariichthys in the following features: the supraethmoid is more extensive
its dorsal surface having a bowl-shaped depression for accommodating the kinethmoid (Fig. 6);
the kinethmoid is S-shaped but more compressed ;the preethmoids are exposed ventrally, not being
completely covered by the vomer; the walls of the lateral ethmoids are curved anteriorly and
thickened basally, they contain the major part of the olfactory nerve foramen which is produced
anteriorly as a bony tube. The orbital part of each lateral ethmoid is inflated. The vomer is deeply
concave and not swollen as in Opsariichthys.
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Fig. 6 Luciosoma bleekeri. Ethmo-vomerine region in A, dorsal and B, ventral views.

Barilius

Barilius displays considerable variation in the morphology of the ethmo-vomerine region and,
as in this and other characters to be discussed, at least three major groups of species can be
distinguished. For the purposes of the descriptive anatomical section these are designated as
Groups A, B and C. Formal taxonomic treatment of these groups is given in pp. 189-193.
Differences are as follows:

Group A. The mesethmoid narrow and deep; dorsal surface of supraethmoid strongly curved
rostrad; kinethmoid rod-like with a groove along the anterior surface; lateral ethmoids laterally
truncated, not extending beyond the frontal margin; preethmoids reduced; vomer short and
deeply notched anteriorly.

Examples of this group of species are Barilius barila and B. ornatus (see p. 189).

Group B (Fig. 7). The mesethmoid is wide and shallow, the dorsal surface of the supraethmoid
is flat or gently sloped rostrad; the kinethmoid bears greatly expanded dorsal heads which give the
bone a triangular appearance (Fig. 8B). These heads articulate closely with the premaxillaries,
connection being effected through a broad, ligamentous sheet. Whereas in the two Asian species
assigned to this group the ventral aspect of the kinethmoid is curved backwards as in Opsariichthys
in the Africa species it is rounded or curved forward. The vomer is short but widely flared anter-
iorly, medially it is deep and rises steeply beneath the ethmoid.

Examples of species in this group are Barilius bola, B. loati and B. salmolucius (see p. 193).

Group C. The mesethmoid is wide and deep, the dorsal surface of the supraethmoid slopes
rostrad; the kinethmoid is rod-like and the vomer greatly thickened anteriorly.
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Fig. 7 Barilius bola. Lateral view of ethmo-vomerine region.

Examples of species in this group are Barilius microcephalus, B. zambesensis and B. ubangensis
(see p. 191).

Engraulicypris

Engraulicypris differs markedly from the genera described above. The ethmoid block (supra-
ethmoid+ mesethmoid) is elongate and shallow (Figs 9A-E), its anterior border deeply indented
in the shape of a horseshoe. Each arm is broadly bevelled ventro-laterally so as to accommodate
the underlying vomer. The anterior face of each arm is broad and sloped backwards at 45° to
the vertical, on its medial tip there is a prolongation. The supraethmoid has a slightly convex
lateral margin and a shallow medial depression, its posterior border forming an irregular suture
with the frontals. Each large preethmoid (Fig. 9C) lies antero-laterally to its respective ethmoid
arm, ventrally it is supported by the vomer. Each lateral ethmoid (Fig. 9E) scarcely extends from
below its respective frontal. The olfactory foramen is contained almost entirely within the bone’s
medial face.

Fig. 8 Kinethmoid of A, Zacco macrophthalmus, B, Barilius bola, in dorsal and lateral views.
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The kinethmoid is long and somewhat rod-shaped, its ventral tip articulating with the anterior
vomerine notch. Its distal tip is slightly bifurcated and a ligament runs from each bifurcation to
the tip of the maxillary. From either side of the kinethmoid shaft a ligament attaches to the
dorsal rim of the maxillary (see p. 162).

——

imm

Fig. 9 Engraulicypris sardella. Ethmo-vomerine region. A, dorsal and B, ventral views of the
ethmoid block. C, dorsal view of vomer. D, exploded lateral view of ethmo-vomerine block. E,
dorsal view of entire ethmo-vomerine region showing articulation of the kinethmoid.

The vomer (Figs 9C & D) is short and broad, its posterior tip lying below the posterior border
of the lateral ethmoids. The anterior half of the vomer is perforated by an ellipsoidal foramen
(VF, Fig. 9C), the boundary of which coincides with the rim of the overlying ethmoid. The lateral
border of the vomer is slightly raised to form a support for the preethmoid and its anterior rim
is deeply notched.

Orbital region

Opsariichthys

The orbitosphenoids (Fig. 10) are deep, anteriorly expanded bones. Ventro-medially they are
joined to form a thick interorbital septum which contacts the parasphenoid. The pterosphenoids
(Figs 10 & 12) provide the walls of the optic foramen and the roof to the anterior part of the
posterior myodome. Anteriorly each pterosphenoid is bordered by the orbitosphenoid, dorsally
it is overlain by the frontal and posteriorly by the sphenotic and part of the prootic. The junction
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with the prootic is along a narrow medially directed portion of that bone which forms the dorso-
medial wall of the trigeminofacialis foramen. Ventrally the pterosphenoid is produced into a
narrow stem which contacts the medial face of the ascending lateral wing of the parasphenoid.
The orbital face of the pterosphenoid bears a groove for the passage of the supraorbital nerve
trunk. Ventrally the groove enters the pars jugularis of the trigemino-facialis chamber of the
prootic. The posterolateral face of the pterosphenoid bears a deep concave fossa from which runs
a tendinous sheet to underlie the levator arcus palatini muscle (PTSF, Figs 10 & 12). Part of the
anterior hyomandibular fossa extends onto the dorsal surface of the pterosphenoid.

FI PTSF

(ON]

AHF

PRO

OSE FO i

Fig. 10 Opsariichthys. Lateral view of orbital region.

The parasphenoid (Figs 11 & 12) is horizontally aligned, thin and grooved anteriorly where it
overlies the vomer. On either side, posteriorly are ascending wings each of which contacts the
pterosphenoid wing along a narrow front. The posterior dorsal edge of the wing is sutured to the
prootic. This suture is interrupted by the carotid foramen (hypophysial foramen of Ramaswami,
1955). Below the prootic the parasphenoid widens to form a platform against which articulate the
infrapharyngobranchials, the edges of this apophysis are formed by the prootics (parasphenoid
platform of Howes, 1978). A prominent ridge runs along the ventral midline of the parasphenoid
but becomes lessened posteriorly. The posterior ventral part of the bone is rounded and lies below
the basioccipital.

Zacco

The orbitosphenoid differs from that of Opsariichthys in that it is much shallower and has a
deeper interorbital septum. The pterosphenoid (Fig. 16) is much like that in Opsariichthys, bearing
in its orbital face a deep furrow for the supraorbital nerve trunk. A major difference, however,
is that the pterosphenoid does not articulate with any part of the parasphenoid but is sutured
only to the medial projection of the prootic and, furthermore, there is no fossa in its postero-
lateral face.

The parasphenoid differs from that in Opsariichthys in being curved upward instead of horizont-
ally aligned. The carotid foramen is greatly expanded in Zacco to form a large fenestra between
the parasphenoid wing and the prootic (Fig. 16). The fenestra is partially covered by a fascia of
tissue from which extends part of the adductor arcus palatini muscle. There is a moderately
developed dorsal medial crest along the length of the parasphenoid but this never extends
upwards to contribute to the interorbital septum stemming from the orbitosphenoids. As in
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PAP

Fig. 11 Opsariichthys. Ventral view of parasphenoid.

Opsariichthys the parasphenoid bears a ventral groove for halfits length. The apophyseal platform
below the prootic is narrow and receives no contribution from the prootics.

Luciosoma

The orbitosphenoid is shallow and contacts the parasphenoid via a narrow interorbital septum.
The pterosphenoid (Fig. 18) closely resembles that of Opsariichthys but whereas in that genus the
bone forms the border of the anterior trigemino-facialis opening, in Luciosoma it is sutured
without interruption both to the prootic and to the parasphenoid ascending process. There is a
strong lateral ridge along the descending limb which makes contact with the parasphenoid and a
shallow partially covered lateral fossa. Part of the anterior hyomandibular fossa extends onto the
parasphenoid.

The parasphenoid ascending process contacts both the pterosphenoid and prootic. The carotid
foramen is small, and the apophyseal platform is extensive with small lateral contributions from
the prootics, features shared with Opsariichthys.

Barilius

Group A. There is some variation in the depth of the orbitosphenoid septum. The pterosphenoid
contacts the parasphenoid ascending process across a very narrow front. In some species (e.g.
B. bendelisis) contact between the two bones is almost prevented by the intrusion of a thin wedge
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from the prootic. There is no lateral pterosphenoid fossa, and the carotid foramen is sometimes
extensive, as in Zacco. The posterior margin of the parasphenoid is deeply indented and does not
extend to meet the posterior border of the basioccipital. Thus, there is a ventral opening leading
into the posterior myodome (see pp. 146-147).

Group B. The orbitosphenoid septum is narrow as in Opsariichthys. In Barilius bola a shallow
ridge runs along the lateral face of the orbitosphenoid, broadening posteriorly into a wide shelf
continuous with that on the pterosphenoid. The prerosphenoid (Fig. 19) contacts the anterior edge
of the prootic without interruption; its ventral edge is sutured to the ascending process of the
parasphenoid. There is some variation in the extent of contact between these bones, being greatest
in B. bola and B. guttatus. The anterior hyomandibular fossa extends onto the pterosphenoid.
Although a fossa is present on the lateral face of the pterosphenoid, it is very shallow. The
parasphenoid ascending processes are short, but with long dorsal borders contacting the ptero-
sphenoids. There is a depression in the lateral ascending process for the insertion of the adductor
arcus palatini muscle. The carotid foramen is reduced. The apophyseal platform is well developed
and receives lateral contributions from the prootics.

Group C. The orbitosphenoid has a lateral shelf which is confluent with a similar feature on the
pterosphenoid. The pterosphenoid (Fig. 17B) contacts the prootic medially as well as laterally and
its connection with the parasphenoid is also medial across a very narrow spur of that bone.
There is a cavernous fossa on the lateral face of the pterosphenoid (PTSF, Fig. 19A), it is of the
basin-type like that in Opsariichthys, but is covered laterally so as to become a deep, conical
chamber. The parasphenoid is wide anteriorly. Posteriorly its ascending process forms a wide
connection with the prootic. The carotid foramen is reduced. The prootics contribute only
marginally to an apophyseal platform. The parasphenoid does not provide a floor to the myodome.

Engraulicypris

The orbitosphenoid is produced into a long, shallow interorbital septum. The pterosphenoid
(Fig. 22A) bears a deep lateral fossa (PTF) and it contacts the ascending process of the para-
sphenoid across a narrow front. The parasphenoid ascending process is high and broad with a
lateral depression. Its otic portion is flat, with the posterior border deeply indented and not
entirely flooring the basioccipital.

Otic region

Opsariichthys

The prootic (Figs 10 & 12) is the largest bone in the braincase. The lateral face bears a wide
commissure covering the trigemino-facialis chamber. Anteriorly, contact is made with the
pterosphenoid along a narrow surface just above the anterior opening of the chamber. Ventro-
anteriorly the prootic is sutured to the ascending process of the parasphenoid. Ventrally, the
prootic is flattened and contributes to the apophyseal platform formed on the lateral border of
the parasphenoid. The posterior border of the prootic is contacted by the basioccipital and
epioccipital. The postero-dorsal face of the prootic is depressed and forms part of the medial wall
of the subtemporal fossa. Dorsally, the prootic is bordered by the autosphenotic and the auto-
pterotic. The anterior and posterior hyomandibular fossae are confined to these two latter bones
and do not invade the prootic. The medial face of the prootic bears a shelf extending from below
the trigemino-facialis chamber to meet its partner from the opposite side in the midline and so
forming the roof of the myodome (Figs 12 & 15). A large depression in the medial face of the
prootic forms the cavum utriculus (Figs 12B-C).

The major part of the dilatator fossa lies in the sphenotic (Fig. 13) which is overlapped along
its medial margin by the pterotic and the frontal. Anteriorly the bone extends laterally as a thin
concave wall, the ventral surface of which forms part of the anterior hyomandibular fossa.
Between the dorsal borders of the sphenotic and pterotic is a lateral temporal foramen. The
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Fig. 12 Opsariichthys, otic region in A, lateral and B, medial views. C, cross-section through
anterior part of the prootic.

lateral process of the sphenotic is sloped antero-ventrally, its dorsal surface is broad which
narrows ventrally into a lamellar wall.

The pterotic (Figs 12-14) is bordered dorso-medially by the parietal and epioccipital, and
dorso-anteriorly by the frontal and sphenotic. The exposed cranial surface of the pterotic is
narrow. Ventrally it is sutured to the prootic and extends posteriorly as a thick limb terminating
in a ventrally directed spine. The ventral border of the pterotic houses the greater portion of both
hyomandibular fossae. The pterotic contributes to the lateral wall and roof of the subtemporal
fossa and it also provides, posteriorly, the lateral wall of the posttemporal fossa. Medially this
wall is perforated and opens into the subtemporal fossa; thus the subtemporal fossa is connected
to the posttemporal fossa via an intrapterotic tunnel (PSFF, Fig. 13B). Epaxial muscle fibres run
through this tunnel to insert along the lateral wall of the subtemporal fossa.

The exoccipital (EXO, Figs 13-15) is bounded dorsally by the epioccipital with which it forms
the medial wall of the subtemporal fossa; anteriorly it is bordered by the prootic, and ventrally by
the basioccipital. Ventrally, the exoccipital is slightly inflated to form part of the saccular recess,
and laterally it is pierced by the foramen for the vagus nerve. Dorso-posteriorly, that part of the
bone containing the semi-circular canal turns outward to contact the pterotic and the intercalar.
The posterior portion of the epioccipital surrounds the lateral occipital foramen, its dorsal
surface being bounded by the supraoccipital. Medially, a horizontal sheet of bone extends from
each exoccipital to contact one another in the midline and so form the roof of the cavum sinus
imparis.

The lateral occipital fenestra (LOC, Fig. 14) is covered by connective tissue which thickens
around the border of the foramen. There appears to be no insertion of muscle fibres onto this
tissue and it lies as a ‘window’ covered by epaxial musculature.














































































































































































