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ABSTRACT

Scomberoipsrus i distinct from sl other scombiid’ génera - imi twenty-hine
owteological chardcteristios.: In most of these charactesistics Scomber, Rastrelliger;
Acanthocybiiom, Gymnoseds, -dllothunitus, Sarda, Auxis Buthynnus; Katsiwonus
andl‘hummumwithmlm Since Scomber iy assumed to be the most
‘primitive genus of Scombridae (excluding Gasterochisma), these characteristics aré
~considered 10. bei wimitwie anes tetalned in all soombnda but Scomberomorus, in
whigh, they are thodified 1o amt its own line. of spocializauon towards an incom-
-plete- return to clmuctau iound in. the . Caransldae Acan&kocybium shares wuh_
Scombermnams mwy featum. seldom or rarely possmed by the other aeueral
_'Certam primitive pareold characlerisucs of Scomber are alio retmned in Scomberm
‘mprus ‘and Acan#hocybiwn This evidence strongly suggests the closer * affinities
Bétwegn Smmbemmomx ‘and - Acdnfhocybium than the ' afinities” [\ & efther with
other scombrid genera, their commo ‘origin’ from or ‘closer 'to the Seombrim, and
the neuessity to ﬂeziin ‘Scomberomiorini’ as trikie ‘of the Scombridae. ‘Sirda is ‘re-
motely related to Scomberomiorini; Acanthocybium Is onW‘supurﬁcin!iy simillar to-
the Xiphoidei,

kombamm ‘chisensis appears. intemiedz'ats ‘between Acanthocybium and
the ‘other apecies |of  Soomberomorus as well-as o primitive. species of ‘the genus
from ' which two groups of -scorfishes diverged, the cqvalls group consisting of S.
commerson and - §. cavalla, and the guitstus growp . comsisting. of S. guniatus, S.
-Koregnus,” §. linealatus, §.- maculgtus aad S, regolis. . Within the Tatter group, S
gwilatus. and S. koreanus, wro . more ¢losely related to each gther.. §. lmeolatus
POSIOAsLS: ‘MADY - characicriatim intermediate between the two- gronps. The cavslla
group is very closely related to Acamthocybium apd the major- difference lies in. tha:
vertebral count. - Speclalized chmmers of. each spocies arc pointed out. '

INTRODUCTION

- The family Scombridae has,been clearly. defined by Rogan; (1909). Many
gators. followed, Regan's. claflification, maintaining this:family 36 2 natusal
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vnit (Starks 1910, Smith 1949, Fraser-Brunner 1950, de Beaufort and Chapman
1951, Rivas 1951, Jones and Silas 1960 and 1964, Collette and Gibbs 1963,
Nakamura 1965, Gibbs and Collette 1967, Collette and Chao 1975). Kishinouye
(1923) divided Regan’s Scombridae into four families: Scombridae, Cybiidae,
Katsuwonidae and Thunnidae. This classification although adopted by Berg
(1940) and tentatively recognized by Godsit (1954), was shown long ago to
be based on inadequate grounds (Takahasi 1926). Kishinouye (1923) treated
Cybium (= Scomberomorus) and Acamthocybium together with Grammator-
cynus, Sarda and Gymnosarda under Cybiidae, Starks (1910) placed Scombero-
morus, Acanthocybium and Sarda within his subfamilies Scomberomorinae,
Acanthocybinae and Sardinae respectively. On the basis of external and osteo-
logical characteristics, Jones and Silas (1960, 1964) recognized Scombrinae.
Gasterochismatinae, Scomberomorinae and Thunninae as the subfamilies of
Scombridae. They included -Scomberomorus and the monotypic Acanthocybium
within the Scomberomorinae, Grammatorcynus together with Scomber and
Rastrelliger within the Scombrinae and placed Serda and Gymnosarda within the
Thunninae which also included Auxis, Cybiosarda, Allothunnus, Thunnus, Ka-
tsuwonus and Euthynrnus. Nakamura (1965) tentatively recognized three sub-
families: Gasterochismatinae, Scombrinae and Thunninae and placed only
Thunnus and Euthynnus (= Katsuwonus) within the Thunninae based on a
study of the axial skeleton. Tt i3 implied in Nakamura’s work that Scomber-
omorinae is suppressed, and as a result, Scomberomorus and Acanthocybium
together with the other genera he displaced from Thunninae, ought to be alligned
elsewhere (Scombrinae). Collette and Chao (1975) classified family Scombridae
into two subfamilies: Gastercchismatinae and Scomberomorinae, and divided the
Scombrinae into four tribes: Scombrini, Scomberomorini, Sardini and Thunnini.
They placed Grammatorcynus, Scomberomorus, and Acanthocybium within the
tribe Scomberomorini.

At least a dozen valid species of Scomberomorus exist on a global basis:
S. cavalla, §. maculatus and 8. regalls from the west Atlantic, §. sierra and §.
concolor from the east Pacific and 5. commerson, S. chinensis, 8. semifasciatus,
. 8. lineolatus, S. niphonius, S. koreanus, S. guttatus, S. queenslandicus and §.
multiradiatus from the Indo-Pacific (Kishinouye 1923, Munro 1943 and 1967,
Smith 1949, Fraser-Brunner 1950, de Beaufort and Chapman 1951, Deraniya-
gala 1952, Mago Leccia 1958, Jones and Silas 1961 and 1964, Willizms 1960,
Collette and Gibbs 1963, Silas 1964, Devaraj, in press). Munro (1943) divided
Scomberomorus into nine subgenera which also included Lepidocybium (a gem-
pylid) and Cybiosarda. Jones and Silas (1961) felt that excessive splitting of
the genus is undesirable, Mago Leccia (1959) thought that §. commerson might
deserve separate generic status on account of its closer affinities with 4 canthocy-
bium. According to Silas (1964), S. koregnmus is identical with S. gurtatus or
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varies only at a subspecific level. Based on morphometric and meristic compari-
sons, Devaraj (in press) established that S. koreamus is a distinct species. Un-
certainties on the ‘identity of some of Scomberomorus from the western Indian
Ocean are evident from the works of Williams (1960), Smith (1964), and Silas
(1964). Whether S. fritor and S. sierra are only geographical races of §. macu-
latus, as supposed to be by Munro (1943), or distinct species as indicated by
Collette, Talbot and Rosenblatt (1963) and Collette (1970) has yet to Dbe
decided.

Solution of the existing species problems within Scomberomorus outlined
above, necessitates studies on the comparative anatomy of the constituent species
on a world-wide basis, Besides Scomberomorus, the tribe Scomberomorini in-
cludes two monotypic genera: Grammatorcynus and Acanthocybium (Coliette
and Chao 1975) and a knowledge of the anatomy of Grammatorcynus bicarina-
tus and Acanthocybium solandri is essential for the determination of their rela-
tionship with Scomberomorus. Elucidation of the relationship of the Scombero-
morini with the other tribes of the Scombrinae and with the Gasterochismati-
nae, also calls for a comparative study on the anatomy of the various species
included within these categories. Towards the part fulfillment of these objectives,
osteological investigation on S. convnerson, S. lineolatus, S, koreanus, S. guttatus
and A. solandri from the Indian seas was undertaken in comparison with the
data on the west Atlantic and other Indo-Pacific species of Scomberomorus avail-
able through the works of Mago Leccia (1958) and Kishinouye (1923), Osteo-
logical information for comparison at generic level within - Scombridae were
drawn from the material of Sarda oriemtalis, Auxis thazard, Euthynnus affinis,
Katsuwonus pelamis, Thunnus tonggol and Thunnus albacares in the author’s
possession and from the contributions of Allis (1903) on Scomber, Gnanamuthu
(1966) on Rastreiliger, Conrad (1938) on Acanthocybium, Nakamura and Mori
(1966) on Allothunnus, Collette and Chao (1975) on Sardini, Gibbs and Cel-
lette (1967) on Thunnus, and Starks (1910), Kishinouye (1923), Godsil
(1954) and Nakamura (1965) on their comparative osteclogy of Scombridae,

Adult specimens of the Indian species of Scomberomorus and Acantho-
cybium solandri 1anded in the commercial drift-net fisheries of the Rameswaram
- Tsland operating in Palk Bay and the Gulf of Mannar were utilized for the study,
The disarticulated bones figured and described for each species are from a single
specimen except when bones were lost. In such cases bones were taken from
another specimen. A skull for each species was prepared from a separate speci-
men. For meristic counts of vertebrae, fins and gill rakers, meany specimens
were utilized; the data for the specimens from which bones were prepared are
given in Table 1. '
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TABLE 1. Details of the specimens used in osteological study.
o . Tol Fork
Species Locality Length  Length ~Pones studed
' ' ' (mm)  {mm) '
5. koreanus Palk Bay T 643 - 531 all bones except skull
and branchial arches -
S, kareamur | -Palk Bay 650 . 542 skuil
S. koreanus . Palk Bay s97 - _ branchial arches
S guttatus . U Gl of '-Llannéf 87 42 'F alt bones except skuil
5. guttatus Gulf of Mannar _ 679 563 skull - \ .
5. puttatus Gulf of Mannar .. 490 402 . branchial arches
8. Hneqlatﬁ.é _ Gulf of Mannall""_;'_ 767 652 all bones except skull
oo - and branchlal arches.
S. Uineolatus ... Gulf of Mannar| 97 " s1. F . semt .
8. fineotwtws - < Gulf of Mll:uut <460 - 86037 bramchial arches ' -
5. mmmr.}é&'” ; '_"'Guu of Mannar N 303‘."","'695 * 3l bones except skull
- _ ' ) '“ e e AT - and branchial ‘arches
R Y A RS AR R S S
§,.commerson. - Gulf ot Mannar . 772 4 671 - skull -
S. comoerson’ - Gult of Mannar ©osas s beanchial arches
A, golandri Gult of. Mmar CusT | 1069 F il bones exoeptt_kﬁll.
' ) ' A Co “ - neurocranium and .
o * branchial arches-
A.solandri  Andmman Sea | 830  — skull, neurocranfum

and branchial arches

(19553,

~Specimens were immersed in boiling water just Iong enough to -e-nsble
loosening the flesh and cleaning the bones. All figures were drawn with the aid
of 8 camera lucida to natural size or at 1.5-3.5 magnification. In general de Sylva

Mago Leccia (1958),

Weitzman (1962) and Collette and Chao

(1975) were followed in naming the different bones and their parts. The termi-
nology used in describing the branchial arches is after Nelson (1969) and that
of the caudal skeleton is after Nybelin (1963) and Monod (1967, 1968), -
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OSTEOLOGY
c1 Skull

‘@ Neurocramium .
The' skalls of the different species are shown in Figs 1 and 2. The neuro-

_cranium (F:ga 37 s nearly trapezoulal in dorsal view. It is clongate and flat
“especially at. the anterior region and deepest at the posr.enor énd of the orbit.

The dorsal surface is provided with a median ridge, two _pairs of lateral ridges
(internal or temporal and external or pterotic), a pair of auxiliary ridges and
three pairs of fossae: dialator, temporal and supratemporal separated from each
other by the lateral ridges.

" The breadth of the neurocranium in relation to its length is greatest in
8. koreanus and S. guttatus, tends to be less in 8. lineolatus and S. commerson
and is least in 4. solandri. The supraoccipital crest extends forward over the
frontals and togeéther with the median crest of the frontals, forms the median
ridge of the neurocraniom in Scomberomorus, but it does not extend over the
frontals in A. sofandri. In Scomberomorus, the temporat ridge formed by the
crests of the eplouc, parietal and frontal reaches as far as the anterior border
of the frontal, but in 4. solandri it stops at the level of the anterior end of the
pineal window, Anteriorly, the temporal ridge tends to converge slightly with the
midline of the newrocranium in S. koreanus, runs more or less straight in S. gui-
tatus, and slightly diverges from the midline in S. lineolatus and S, commerson,
In all these species including A4. solandri, this ridge projects posteriorly in the
form of a rough process known as the epiotic process which serves as a point
of attachment of the posttemporal bone to the braincase. Mago Leccia (1958)
remarked that while S, maculatus and S. regalis possess ths epiotic process, S.
cavalla lacks it. However, the dorsal surface of the neurocranium of S, cavalla
illustrated in Fig. 1 (Pl. I) of Mago Leccia (1958) shows that the epiotic pro-
cess is slightly developed in this species. In S. commerson, this process is very
small, as in S. cavalls. The pterotic ridge extends anterior beyond the mid level
of the orbit in Scomberomorus, but stops at about or before the mid level of the
orbit in A. solandri. The auxiliary ridge is a small crest formed on the frontal,
at the anterior level of the temporal fossa, in between the temporal and pterotic
ridges. It is well-developed in Scomberomorus especially in S. koreanus, S. gut-
tatus, S. maculatus and S. regalis, but reduced in size in 4. solandri, being more
so in larger specimens. The external margin of the auxiliary ridge is concave in
8. koreanus, S. guttatus, S. maculatus and S. regalis, but nearly straight in §.
lineolatus, 'S. cavalle and S. commerson, Among the investigated species of
Scomberomorus, the height of the auxiliary ridge is less in S. cavalla and 8.
- commerson. The height of the ridges and the depth of the intervening fossae are
greater in Scomberomorus than in A. solandri. The diglator fossa is very much
reduced in.A. solandri. At the posterior part of each temporal fossa, anterior to
the transverse ridge formed by the suturing of two- processes, one each extending
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from the pterotic and the epiotic, is a small membrane-covered area bordered
- by the epiotic, pterotic and parietal in afl the species including 4. solandri, but
excepting S. koreanus. Though this area is generally symmetrical, in some cases
as in a specimen of S. commerson, the one on the right side was found separated
into two tiny parts by means of a bony bridge that connected the pterotic with
the parictal, This area appears to become a cleft after the neurocranium has

been allowed to dry.

@?.; :
w ﬂgﬁl&’;_" ' .
';.ﬁ“‘;migl.ﬁx.;ﬁ' .\_. 5

To-

Fio. 2 A-B. Latera) view of skull (left side) of: A. S. lneclatus; B. 5. commerson.
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Fio, 2 c.f Lmul view. of skull (left suk) of 4. solé'ndri.

L Erhmoid region —_ ethmmd lateral ethmoid, vamer, msal

‘The ethmoid hone ‘dermethmoid or mcsed:mmd) is a forked medlan
bone overtapped by the frontals above and bousided by the vomer and lateral
ethmoid ventrally. The mve anterior surface ‘articulates with the ascending
process of the premax& at ‘its antemlateral aspeot, tbe ethmoid bone supports
the nasals. - .

In Soambermuonu, oaly the most antcnor pm't of the ethmold bone is
exposedmdorsal view while the rest of it is ovérlapped by the frontal, In
A. solandri, onlythclateralaspectsatbe boneareoverlappedbythefrontals
~and a V-shaped dorssl median portion is exposed, The ethmmd bone is longer
in A, solandri than: in Smmbemmorus : ‘_

. The lateral ethmoids (™ parethmoids) are ‘massive paired bones which
fom the anterior boundary of the orbit and the;posterioy and mesial walls of
the - nasal cavity. The lateral portion of each bone extends downward as a pro-
minent wall from the middle region of the frontals. The ventral surface of this
wall mesially bears an articulafing surface for the’ palatine ‘and laterally another
articulating surface for the first infreorbital (= lacrymal) The inner walls of the
lateral ethmoids come closer to each other at the ventral median line of the skull
and .contact the anterior edge of the parasphenoid; The median half of each la-
‘teral ethmoid extends downward about three-fourths as far as the lateral portion
M & & large round foramen for the olfactory nerve which is prominently seen
¢:anterior surface. On. the dorsal surface, they abut against the nasals snte-
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riorly, the frontals posteriorly- and articulate with the ethmoid mesially. On the
anterior surface, ventral to the foramen, each lateral ethmoid bears a process
that extends anteriorly and mesially to contact.the dorsolateral surface of the
spear-shaped posterior portion of the vomer. No apptecmble difference was
noted in the lateral ethmoids of the different species. -

The vomer (= prevomer) is an elongate spear-shaped anterior median
bone thickened anteriorly. The spatula-shaped anterior part bears a large patch
of fine teeth on its ventral surface. It connects with the cthmoid bone dorsally
and lateral ethmoid dorsolaterally. The pointed posterior part is firmly ankylosed
dorsally with the parasphenoid. On each side of the vomer, dorsolaterally and
behind the spatulate anterior part, is a prominent articular surface for a loose
articulation with the head of the maxilla through softtissue. Posterior to this arti-
cular surface, facing ventrolaterally, is a very prominent sulcus for a similar
movable articulation with the wventral branch of the anteroiateral fork of the

palatine.

Fia. 3 A-B. Neurocraniuﬂi of S. koreanus: A. dorsal view; B. ventfal view,
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The spatulate anterior part is very long end extends beyond the anterior
margins .of the nasal and ethmoid bones in Scomberomorus, but remains just
hidden to. the dorsal view ie,, its anterior tip lies a Jittle posterior to the anterior
border of the nasal in 4. solandri, A notch found-on each side of the middle of
the vomer is more oonspicuous in 4. solandri than in Scomberomorus.

The nasal bnms (Figs 1-7) are flat, ncarly triangular bones thh thick-~
ened external edges, They. articulate with the anterior edge of the frontals and
the extremities of the branches .of the forked ethmoid bope. They are non-
projecting in that their anterior matgm is in level with that .of the ethmoid bone.
The nasat bones are very much alike in all the specles

Fio. 3 C. Letoral view of the neurocranivm of S. koreanus.

il. Orbital region — froh_lqi, basa’sphenoiti, p&rosphenaid, first infraorbital
(™ lacrymal), wmndf'kifraorbiml (= suborbita!)'-, sclerotic:

The frontals are paxred bones that form the largest portion of the dorsal
surfiice of the neurocranium., Antenorly they are pointed, and posteriorly they
become expanded. They dxsplny a series of growth lines which radiate from the
central hollow region, The growth lines become prominent towards the anterior
end, Anteriorly the frontals overlap- the dorsal surface of the ethmoid bone, the
inner edge of the nasals and the dorsal surface of the lateral ethmoid. The mid-
lateral aspect is thickened to form the orbital roof. Posteriorly they are bounded
by the supraoccipital and psrietals. . Posterclaterally they overlap the pterotics
and just anterior.to the pterotics, cover the sphenotics. Ventrally each frontal
bears a sheet of bone, the orbital lamella, which is- bounded by the sphenotic
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posteriorly, lateral ethmoid anteriorly and pterosphenoid mesially. On the base
of the orbital lamella may be seen a number of smalt foramina for the branches
of the supraorbital nerve trunk, The laterosensory canals of the frontals are evi-
dent on the pterotic cresis as s series of pores, -

_ In 4. solandri, the frontals are separated from each other by the dorso-
median pineal fenestra lying just in fromt of the supraoccipital at the level of the
pterosphenoids and another anterior fontanel just postetior to the ethmoid bone.
When viewed through the pineal fenestra, a part of the dorsal surface of the
parasphenoid is visible through the opening of the brain chamber in between the
pterosphenoids. There is a deep depression on the frontals mesially, just anterior
to the pineal fenestra. This depression becomes shallower anteriorly, becoming
confluent with the dorsal surface of the frontals. In Scomberomorus, the frontals
meet together mesially along the median line of the neurocranium, where they
are raised to form the anterior half of the median ridge, whose posterior half is
constituted by the supraoccipital crest. In the case of S. koreanus, S. guttatus, S.

Fio, 4 A-B. Neurocranium of §. gutatis: “A. dorsal view; B. ventral view.
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m 4 C Lm;l yicw of the neurocranium oi S. gurmup

Iineola:us S. mmm md S.. rcgdis thc mesml walls of . ‘h i h%ntals attach
themselves so ‘closely that they leave no slit in bct*een, but in . commerson
and S. cavella, a long narrow space is left in between the o walls at the poste-
rior part of the frontals, This is not a fenestra in the true sense, as the lower
_part of the bones are very closély approximated. In Scomberomorus, the inter-
orbital commissures of the lateralis system sre developed at. a little ‘anterior to
the middle of each fromtal in the form of a hole at the margm of the median
ridge which leads mtd an oblique tube downwards. Another pair of commissures
of the lateralis system is doveloped at the anterolateral margin of the frontals.
These sensory canals are ot developcd in A. solandri.

The bmsphenéid e mall median Y-shaped bone that bridges the para
sphenoid, prootics #nd pterosphenocids. The laterally eompreésed median , vertical
process bears an anteriof median projection. The median “vertical process is
shoeter - with nn anterwﬁyslopmsbaseins cavalla and S. commerson. The

- ter in the former, but very long in the laiter. In
marus, the vertical process is fong ‘with posteriorly
slopmg base and a very smyalt medmn process. In A. solandri, the vertical process
is long with an sateriorly slqmg base and a small medan process,

The pterosphenoidq (" pleuroxphenmd or ahsphemld) form the postero-
dorsal region of the orbit’ They abut the basisphenoid and prootics posteriorly
and the frontals and sphenotics lsterally, The brain chamber opens between the
pterosphenocids. The pterosphencids of S, guttatus, S. cavalla, 5. commerson and
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. Iem

Fic. § A-B. Neurocraniom of §. Hneolatus: A. dorsal view; B. ventral view.

Fio. 5 C. Lateral view of the neurocrsnium of 5. lineolatus.
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Fig. 6 A-B. Neurocranium of 5. commerson: A, domsal view; B. ventral view,

A. solandri are nearly rectangular in shape while those of S, koreanus, S. macu-
latus and S. regalis are club-shaped with narrow anterior part. The pterosphe-
noid of S. lineolatus is intermediate in that the anterior part is only slightly
narrower than the posterior. Pointing from the inner margin of each pterosphe-
noid into the fenestra, is a small projection which is very prominent in
S. koreanus. In S. commerson, this projection is insignificant and it is absent in
A. solandri, The aperture of the brain chamber is wide and prominently visible
on both sides of the parasphenoid in S. koreanus, S. guttatus, S. maculatus and
S. regalis, less prominent in S, lineolatus and slightly visible or invisible in
S. cavalla, S. commerson and A. solandri.

The first infraorbital (= lacrymal) (Fig. 8 A-E) which is the first bone

of the orbital ring, is sculptured on the exterior surface, clongated posteriorly
and possesses an articular facet on the dorsal surface which is accepted by the
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Fna 6 C Lateral v:ew o! thc heurocranium: ot S commerson.

ventrM cémpr ot the laferal sthmoid. The ﬁrst mfraorbml is directed
upward: and- forwatd angd ‘hides a'major part of the maxille. The por‘txon lying
posterigr to the dorsal articular ‘faget "of the first infraorbital is very much
elongatéd ahd -pointed and is much longer than the anterior forked- part: in
Scomberomoruafm is shorter and broader than the aaterior part in 4. ‘solandri,
Among the inveitigated species, the anterior part of the first infraorbital is fork-
ed in all except §, cavalla. The portion between the dorsal- branch of the ante-
rior gart “apd the atticular facet is concave in S, koreanus, S. guttatus, S. lineo-
latus, S. maculatus and S, regalis, but straight in S. cavalla, §. commerson and
A. solandri. The bony anterior termination- of the infraorbital lat\':rosensc:orj,.r
canal system in the first infraorbital is clearly seen in Scomberomoms, but in-
distinct in A. solandri,

.=.. The second: infraorbital ("!'-'.subnrbital) (Fig. 8 F-J) is situated dorsal
to..the posterior region of the maxilla, mesial tp the posterior part of the first’
infraothital; .and in between the ectopterygoid-entopterigoid region and the-
sclerotic. capsule: (Fig. 2 A). This bone forms part.of the wall of the orbit, and
consists. af :an: outwardly facing thick rod; from which: exiends inwardly a bony
laming known &3-the subocular shelf.. Since intra-specific variation is very fre-
quently met within its shape (Figs 8 F1 and F2), the. second infraorbital is.
- unreliable -for diagnostic purposes... In.the case of .. cavalla, 8. maculatus and

8. regalis, ‘Mago Leccia (1958) found .that posterior to the first infraorbital,
only one of ‘the circumorbital bones which “has a flag-like appearance”, was.
distinguishable from the thick scales surrounding the orbit. This bone seems to
b the second i&t&aorbital as the: subocular shelf is more or less flag-like, How-
'ever, according ‘to Lavett Slmth and Bailey (1962), the subocular shelf was.
absent” in " the *four specles of: Sonmﬁridae “Auxts tapeiﬁosoma, Sarda sarda,.
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Scomber scombrus and Scomberomorus regalis, examined by them. Dr. Bruce
B. Collette, U.S. National Museum, Washington, states in a personal communi-
cation that all the scombrids he has looked at have an inwardly extending shelf
on the second infraorbital,

The sclerotic capsules (Fig. 8 K-O) are rather thick and divided into an
anterior and a posterior part, They are ovate rather than circular.

¥io. 7 A-B. Neurocranlum of A. solandr: A. dogsal view; B. ventral view,
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Fio. 7 C. Lateral view of the nevrocranium of 4. solandri.

ilil. Otlc region — parfetal, epiotic, supraoccipital, pterotic, prootic, spf}_enotic, .
and intercalar (™ opisthotic):

The parietals are paired bones located lateral to the supraoccipital.
Dorsally each bears an elevated longitudinal crest which forms part of the tem-
poral ridge. The parietals suture with the frontals anteriorly, epiotics posteriorly,
supraoccipital mesially and the pterotics laterally. They are excluded from
contact with the sphenotics by the pterotic ridge formed by the pterotics and
the frontals. According to Kishinouye (1923) the parietals are separated from
the pterotics and take almost no part in the formation of the roof of the brain
cavity. Mago Leccia (1958) reported the same condition in the case of §.
cavalla, . maculatus and S. regalis. In the present study the parietals are found
joined to the pterotics except at the membrane-covered region; they are also
found to contribute definitely to the roofing of the brain chamber together with
other roof bones. '

The cpiotics are folded into two well-developed surfaces, dorsal and
posterior, separated by a strong ridge. Dorsally, there is a rough process known
as the epiotic process that receives the dorsal arm of the posttemporal, thus
- forming a link between the pectoral girdle and the neurocranium. The epiotic
process forms the terminal posterior end of the temporal ridge. In A. solandri,
the height of the temporal ridge at the level of the epiotics is so low that it
renders the epiotic process a spatulate shape, Among the species of Scomber-
omorus studied, a slight tendency towards this condition was observed only in
S. commerson. The eplotic process forms triangular projections at its lateral and
posterior aspects in the case of S, cavalla, S. commerson and A. solandri. In §.
regalis, there is & slight tendency towards the formation of these projections.
Internally, the epiotics possess a deep sulcus to receive the posterior vertical
semicircular canal. The epiotics attach posteriorly with the exoccipitals in an .
almost straight sutpre, anteriorly with the pmetals, mesmlly witb the supm-
oemp!talandluenﬂywiththepmm .
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Flo.s Lmdvhwofle{tkﬂmm:mbital F-lmondinfraorbxtal K-O wlerotic
capsule; P-T promaxitia; U-Y ramiaxills. A, FL, F2, K, P, U 8. koreanus;
BGLQYV smmc, , M, R, W §. lineolaius; D, I, N, 5, X §.
commerson; B, J, O/T, Y A, solandrt, ' v :
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The supraoccipital forms the dorsomedial portion of the posterior end of
the neurocranium and bears a well-developed ridge which continues anteriorly
on the frontals and is pronounced posteriorly as a strong supraoccipital crest.
The ridge extends down over the exoccipitals along the median line where the
dorsal walls of the exoccipitals suture with each other, but not interposed be-
tween the exoccipitals. The supraoccipital is bounded anteriorly by the frontals
and laterally by the parietals and epiotics.

The suture between the supraoccipital and the parietals in S. koreanus
and S. gutratus forms a minor midlateral curve inward that renders the part
anterior to it dome shaped. This formation is absent in §. lineclatus, S. commer-
son and A, solandri. In the three Caribbean species, it is present in varying
degrees of development,

The pterotics form the lateral posterior corners of the neurocraniom,
Posteriorly each pterotic is produced into a truncate process or pointed spine.
The main portion of the pterotic ridge is formed of the pterotic crest. On the
posteroventral surface, the pterotic carries an oval depression to articulate with
the hyomandibula. It constitutes & part of the temporal fossa mesially and dial-
ator groove laterally. A strong, horizontal ridge from the pterotic firmly sutures
with a corresponding ridge from the epiotic. The pterotics are overlaid by the
frontals anteriorly leaving only the dorsal aspect of the crest, Anterolaterally
they contact the sphenotics, dorsomesially the parietals and epiotics, postero-
dorsally the exoccipital and ventromesially the prootics. The intercalar contacts
the pterotics both posterodorsally and ventrally, Three closely sitwated foramina
are scen piercing each pterotic at the posterior-most region of the pterotic crest.
One of these is dorsally placed and very prominent,

In the species of Scomberomorus cxamined by me, and those reported
on by Mago Leccia (1958), but excepting §. commerson, the pterotics are
produced backward info truncate processes. In S. commerson, these processes
though broader, are very much eclongated and approach the condition in A.
solandri in which they are developed in the form of sharp spines.

The prootics are paired bones that occupy the major part of the ventral
surface of the brain case. Ventrally each prootic is bordered by the parasphe-
noid, posteriorly by the basioccipital, exoccipital and intercalar, laterally by the
pterotic and sphenotic, and anteriorly by the pterosphenoid and basisphenoid.
On the ventral surface, extending from the lateral wing of the parasphenoid to
the sphenotic, the prootic forms a thick bridge which protects the trigemino-
facialis chamber for the great ganglia of the trigeminus and facialis nerves
(Gregory 1933). The auditory foramen is situated at the posterior inner margin
of this bridge. Anteriorly, just posterior to its contact with the pterosphenoid,
the prootic is pierced by three foramina whose disposition and sometimes even
the number are not constant between specics or in different specimens of the
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same species. The prootic, a8 viewed internally, bears a shelf of bone above the
cavity of the posterior myodome which extends inward to meet its counterpart
of the other side. Nwthisshelf,extendmgfromaboutthcccntradthcpmouc
to its posterior border, is the pocket-like recessus saccnlaris of the prootic which
forms the interior region of the saccular cavity. The anterior part of the sagitta
ties in this cavity. 'Iheshapeottheproouclsvarysimﬂarinaﬂthespecies
“examined.

The sphenmi_cs are paired flattened bones with a midlateral projection,
The frontals and pterotics overlap the sphenotics to a certain extent to form the
dialator fossa which provides the surface of origin for the dialator operculi
muscle. A segment of the articular fossa for the head of the hyomandibula is
afforded by the lateral wall of the sphenotic on the ventral surface. The sphenotic
is pierced by a foramen: for the ramus oticus nerve.

: When viewed from the dorsal side, the sphenotics spread out on both -
sides more prominently in Scomberomorus than in A. solandri. The midiateral
projection is large in S. koregnus, S, guttatus, S. maculatus and §. regalis, small
in S. lineolatus, S. cavalla and S. commerson and absent in 4. solandri,

The. intercalars (™ oputhotlcs) are flat bones that form part of the
posterior border of the neurocranium interposed between the pterotics and ex-
oecip:tals The anterior portion on the dorsal surface is concealed by the over-

lapping pterotic and, hence, the exposure of the bone on the dorsal surface is
lessﬁ:anﬂxatonthewwﬂmde.Eachmwrcalarbearsaprotrubetanoeonthe
dorsat surface to receive the ventral arm of the posttemporal.

The posterior end of each intercalar projects postenorly as & prominent
truncate process in S. commerson. S. cavaila approaches .S. commerson closely
in this respect. In §. lineolatus, S. maculatus and 5. regalis, the posterior end
projects in the form of a small backward projection. In S, koreanus and S. gutta-
tus, such a projection is either insignificant or absent, but definitely absent in 4.
solandri, For the Caribbean species Mago Leccia (1958) described the pro-
jection as “two backward projections, which are more conspicuous in regalis than
in the other two species”. But in his figures, only one projection is seen, as in
the present case and the process appears more prominent in S. cavalla than in
S. macilatus or S. regalis.

iv. Basicranial region — parasphenoid, basioccipital, exoccipital:

The parasphenoid is a long ventromedian bone with a pair of ascending
lateral wings in the posterior region. Posteriorly it connects with the prootic and
basioccipital and bears on the ventral surface, a deep rectangular channel which
forms the bottom of the eye-muscle canal, The posterior myodome lies above the
posterior portion of the parasphenoid and between the ventral extensions of the
prootics. The anteciof end is bifurcate on the ventral surface to receive the
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spear-shaped posterior part of the vomer, There is a ventral median keel run-
ning from the level of the posterior margin of the wings anteriorly for some
distance to separate the surfaces of insertion of the palatine adductor muscles
of both sades of the head.

The parasphenoid of §. lineolatus, 8. cavalla, S. commerson and A.
solandri is broader than that of S, koreanus, S. guttatis, S. maculatus and S,
regalis. The ventral face of the madian keel is rather broad in S. cavalla and §.
cammerson but narrow in the other species, especially S. lineolatus.

The basioccipital is a narrow median bone that expands a little anteriorly
and is grooved ‘on the ventral surface. This groove opens anteriorly imto the
posterior myodome, The basioccipital is bordered by the prootics anteriorly, the
parasphenoid ventromedially and the exoccipitals dorsally, The concave rounded
occipital condyle, which articulates with the atlas, forms the posterior extremity
of this bone. The lower anterior portion of the basioccipital is divided into two
bilateral lamellae that contact the two postcnor processes of the parasphenoid.
Between the bony lamellae formed by the prootics and basioccipital, above the
parasphenoid, and between the bilateral posterior projections of the parasphe-
noid, lies the large posterior myodome. The basioccipital does not exhibit any
appreciable difference between the species studied. .

The exoccipitals enclose the foramen magnum and practically lie over the
basioccipital. Their vertebral or paracccipital condyles are large, concave and
project some distance over the basioccipital. The slightly coacave ventral surface
is plerced by two large foramina for the vagus and glossopharyngeal (= glosso-
hyal) nerves of which the latter is the smaller. The exoccipital does not show
any significant vananon in the species compared

b. Branchcocranium

i.  Mandibular arch — premaxilla, maxilla, supramaxiila, dentary, angular,
retroartxcu!w' )

The premamlla (Fig. 8 P-T) is a massive bone composed of an anterior
ascending nasa) process or pedicel and a postetior clongated shank with a row
of teeth, There are two articular facets for the overlying maxilla at the junction
of the posterior margin of the ascending process with the shank. The ascending
processes of both-premaxilla are closely approximated to each other mesially and
fit into the median groove of the ethmoid bone.

- The anterior wall of the ascending process forms an angle of 40-43° with
the base of the shank (defined as the entering angle of the ascending proce's.s)
and the length of this process is 38-39% of the total length of the premaxilia in
§. koreanus, S. guttatus, S, regalis and S. maculatus, The pedicel makes an angle
of 33° with the shank in'§. commerson and A. solandri, but 23° in 8. lineolatus.
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S. cavalla seems to approach S. commerson with regard to this character, The
pedicel length is 41-45% in the total length of the premaxilla in §, lineolatus,
S. cavalla and 8§, commerson, but 50% in A. solandri. The number of teeth
normally present on each premaxilla are 14 or 15 in 8, koreanus and §. gutiatus,
19 or 20 in 8. lineolatus and S. commerson and about 50 in 4. solandri, Accord-
ing to Mago Leccia (1958), larger specimens of S. cavalla possess large number
of teeth. '

The maxilla (Fig. 9 A-E) is a long curved bone surmounting the pre-
maxilla dorsolaterally by means of an anterior head and a ventral sulcus. The
- head consists of a thick massive inner condyle and a small outer process. The
former possesses a prominent knob at its dorsolateral aspect that fits into the
articular surface of the vomer and an anterior deep concavity facing the inner
wall of the premaxilla. Immediately posterior to the head is a shallow depression
to receive the anterior articulating process of the palatine,

In both the Indian and the Caribbean species of Scomberomorus, the
outer process of the maxilla head is well-developed except in S. commerson in
which it becomes flimsier; this process is completely lost in A. solandri. In
Scomberomorus, the condyle is pierced by a few tiny foramina, but in A.
solandri there is a wide horizontal fenestra beneath the knob and a vertical one
on the knob. The articulating surface for the palatine is well-developed in A.
solandri. The maxilla is thicker and broader anteriorly, narrows posteriorly and
broadens into a thin, flat fan (lamina) at the posterior end in Scomberomorus,
but is laterally flattened, and posterodorsally notched with a small posterior end
and narrow ventral sulcus in A. solandri,

The supramaxilla (Fig. 8 U-Y) is a fan-shaped bone with a narrow ante-
rior handle broadening into a thin plate posteriorly. The handle is well-devel-
oped in the Indian species of Scomberomorus, but reduced in A, solandri.

The dentary (Fig. 9 F-J) is a large forked bone which forms the major
part of the lower jaw. It is laterally flattened and bears a single row of triangular
teeth on the dorsal margin. Posteriorly the dentary forms two arms. The ventral
arm is relatively narrow and shorter than the dorsal arm and its inferior margin
has a groove which accepts the angular and the anterior end of Meckel's cartil-
age. The base of the ventral arm has an external series of pores, which seem to
be the = preoperculomandibular pores (Allis 1903, Mago Leccia 1958) of 2
branch of the lateral-line system. .The dentary is slightly curved, when viewed
dorsally, and forms a single functional unit with the angular and Meckel’s
cartilage,

- The length of the dentary from its anterior margin to the origin of its

posterior arms is shorter than the length of its dorsal arm in S, koreanus, S.
guttatus and S. commerson, but vice versa in S. lineolatus, A. solandri and- the
three Caribbean species. In general, there are two notches, on¢ on the antero-
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FI. 9. Lateral view of left A-E maxilla; F-J dentary; KO angular with, retroarticular,
AFRK & koreanus; B,GL 8. gustatus; CHM 8. lineolatus; DJIN 8. com-
merson; RBJ0- A, solandri.
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ventral and the other on the anterior margins of the dentary. The anteroventral
notch which is well~developed in all the species of Scbmberomoms_ is almost
obliterated in A. solandri, The anterior notch is quite indistinct in S. koreanus,
S, guttatus, S. lineolatus, 8. maculatus and S. regalis, distinct in S. cavalls and
8. commerson, and well-developed in A. solandri. Yo all the species of Scomber-
omorus the posterior end of the upper arm is broad with a trisngular depression,
but narrow with no such depression in 4. solandri. The number of tecth on each
dentary is minimal in 5. koreanus and S. guttatus (10-13), but increases to 13-14
in 8. maculatus, 15-16 in S. cavdlla and §. regalis, 17-19 in S. lineolatus and
S. commerson and 50 in A. solandri,

The angular (Fig. 9 K-O) is a spear-shaped bone which is concave
mesially .and comvex laterally. The convexity of the bone is adjusted to the gen-
eral curvature of the dentagy. The posterior end of the angular bears three large
processes; the dorsal process which is directed forward and upward, the ventral
processwhichmdmmd!orwmmmepostenorpmcessduectedbackward
and upward. The latter process is hooked and carries.a transverse articular facet
to the quadrate, Between the dorsal and ventral processes is Meckel’s cartilage
which extends directly anterior into the space between the two arms of the
dentary. -

The ventral proecu of the angular is oomparaﬁvdy shortet and stumpier
in 8. koreanus, S. guttatus, S. lineolatus, S. maculatus and $. regalis, but longer
and narrower in 8, commerson and A. solandri. In A. solandri the dorsal process
which is also relatively narrow, possesses a median groove externally. Meckel’s
cartilage asoendsuptoalitﬂebelawthecrestofthodmsalprooessmA solan-
dri unlike in Scomberomorus.

On the posteroventral surface of the angular is firmly joined the retro-
articular (Fig. 9 K-O) a small irregular bone whose ventral edge projects down-
ward beyond the ventral edge of the angular. The retroarticular is nearly alike in
all the species examined. -

ii, Pglatine‘ arch -— palatine, metapterygoid, ectopterygoid, entopterygoid:

Mago Leccia (1958) described the palatine using different terminology
and named the inner branch of the posterior fork “mid-dorsal projection”, How-
ever, in order to bring out the salient features on a comparative basis, a different
terminology is adopted in describing the bome in the present account.

The palatine (Fig. 10 A-E & A1-E1) is forked both posteriorly and
anterolaterally. The dorsal branch of the anterolateral fork is hooked and its
anterior end articulates with a facet on the maxilla, immediately ventral to the
nasal, The ventral branch is cone-shaped. The exterior branch of the posterior
fork carries on its dorsal surfacs the shank of the ectopterygoid and the inner,
flat, thin branch is attached to the anterior end of the entopterygoid. The lateral
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Fla 10 Lateral vlew of lcft A-B pa.lazine, Fr] - metapterygoid; K-O- ecf.opterygoxd P-T
; . ¥omand1blua, Z1-Z5 quadrats, and ventral view of left

JFEKPUZL. 8. koreanus; BBLGILQV.Z2 8. guttdtus;
S,Csl&’H }?.W,Zﬁ Iineolatus, DD1,ILNSX,Z4 8. commerson; E,E1L],OTY.ZS
- r‘
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aspect of the palatine is roughly triangular and concave, and closely attached to
the mesial wall of the maxilla.

‘The ventral branch of the anterolateral fork is longer than the' dorsal
branch in Scomberomorus, but shorter in A. solandri. The outer branch of the
posterior fork is much longer than the inner branch in Scormberomoris, but equal
to the inner in A. solandri. Bruce B. Collette states (personal communication)
that the outer branch is not equal to the inner branch in a specimen of 4. solan-
dri examined by him. The dorsal surface of the bone is provided with two shal-
low facets for articulation with the ventral surface of the lateral ethmoid in
Scomberomorus, but decply depressed and provided. with many furrows in A.
solandri. The lateral wall is. more concave and the ventral wall broadens laterally
to form the broad toothed vertical lamina in S. koreanus, S. guttatus and S.
lineolatus, but the lateral wall is less concave and the wvertical lamina narrow in
S. commerson and A, solardri. The vertical lamina is ‘rather stout’ in the Carib-
bean species (Mago Leccia 1958) as in the Indian species of Scomberomorus.

~ The metapterygoid (Fig. 10 F-J) is a flat, somewhat triangular bone.
The posterodorsal margin of this bone is deeply grooved to receive the hyoman-
dibula. The dorsal portion is strongly ankylosed to the lameflar region of the
hyomandibula. The ventroposterior margin abuts against the lower-most portion
of the symplectic process of the hyomandibula, but this edge does not touch the
hymandibula, a relatively long slit being left between the two bones, through
which the hyoidean artery passes (Allis 1903, Mago Leccia 1958). The ventral
border is divided into two portions, the horizontal portion which is in contact
with the quadrate, and the anterior oblique poruon ankylosed to the ectoptery-
goid, Mesially the metapterygoid possesses a triangular-shaped articular facet
which forms a beveled, interdigiting artlculatlon with the upper arm of the ecto-

pterygoid.

The'posteroventral margin of the 'metapterygoid articulates with the °
dorsal end of the symplectic in 4. solandri, but not so in any species of Scom-
beromorus. The posterior horizontal part of the ventral border is longer than the
anterior oblique part in Scomberomorus, but vice versa in 4. solandri. The ante-
rior free border is convex or nearly straight in S. koreanus, S. guttatus, S. macu-
latus, §. cavalla and S, commerson, tends to be slightly concave in S. lineolatus
and A. solandri and becomes decidedly concave in S. regalis. An anterovéntral
spine developed in §. commerson and A. solandri is absent in others,

. The ectopterygoid (Fig. 10 X-O) is a T-shaped bone, the top of the T
formmg its posterior end. It is joined with the entopterygoid dorsally, the pala-
tine laterally and anteriorly, and the quadrate and metapterygoid posteriorly. The
shank of the T is slightly ‘curved in dorsal view, concave dorsally and convex
ventrally. The ventral convexity forms part of the margin of the buccal cavity.
The dorsal arm of the ectopterygoid is shorter than the ventral arm in Scomber-
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omorts and vice versa in A, solandri, The shank is moderately long in the
former and very long in the latter.

The entopterygoid (™ mesopterygoid) (Fig. 10 P-T) is a long, thin, flat
bone, narrow. at both ends, but wide in between. It connects with the palatine,
metapterygoid and ectopterygoid. .- The mesial and postenor borders are free
from contacts. with other bony elements. The dorsal surface is concave and the
smooth convex ventral surface forms the major part of the buccal roof.

. The anterior end of the entopterygoid is. narrower in S. maculatus, S. .
regalis, 8. cavalla, S. commerson and 4. solandri than in S. koreanus, 8. guttatus
and S. lincolatus. The width of the inner margin is more pronounced in §. ko-
reanus, 8. guttaius, S. maculatus and S. regalis than in the other species.

iti. Hyoid arch — hyomandibula, guodrate, symp!ecac, hyoid complex (hypo-
hyal, ceratohyal, epihyal, interhyal), glomhyal urohyal:

- The hyomandibula (Fig. 10 U-Y) supports the opercular apparatus and
suspends the oromandibular arch from the neurocranium, Dorsally this element
displays a broad head, ventrally it forms a rod-shaped symplectic process, The
head bears two condyles which are accepted by two facets on the neurocranium,
the first on the posteroventral face of the sphenotic and the second on the ven-
tral surface of the pterotic. A third condyle which is located on the posterior
margin of the hyomandibula is accepted by the opercular. At the posterodorsal
corner of the hyomandibula there is a small pointed process. The hyomandibula
has a strong vertical ridge extending from the ventral margin to a little below
the dorsal border from where it curves anteriorly to confluence with the aenterior
condyle. The portions lying anterior and posterior to this ridge are grooved for
articulation with the metapterygold and preopercie respectively so that in situ
only the ridge and a portion of the upper broader surface are visible exteriorly.
The upper surface of the symplectic is connected to the ventral border of the
symplectic process of hyomandibula by way of a cartilage which is especially
well developed in A, solandri.

The posterodorsal pointed process of the hyomandibula is very well-de-
veloped in S. commerson and A. solandri, but small in the other species. Ac-
cording to Kishinouye (1923) such a process is found in all scombroid fishes
except in mackerel. Mago Leccia (1958), mistaking Kishinouye's terminology
‘mackerel’ for Spanish mackerel (Scomberomorus), felt that the presence of
such a process in all the Florida (Caribbean) species of Scomberomorus was in
contradiction with the observations of Kishinouye, Since Kishinouye meant
species of Scomber by mackerel, no contradiction exists between the observa-
tions of the two anthors. The vertical ridge approaches the dorsal margin more
closely in §. cavalle, S. commerson and A. solandri than in the other species,
‘Two deep fossae exist on the inner surface of the hyomandibula of A. soIandr:,
but only one in the Indian species of Scomberomorus.
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The quadrate (Fig. 10 Z1-Z5) is in the form of a triangle, The broad
dorsal margin of the quadrate abuts against the ventral border of the metapterys
gond while the deeply concave inferior articular surface fits into the correspond-
ing surface on the hook-like posterior process of the articular. Externally the
quadrate has a Y-shaped ‘bony ridge with a saucer-shaped depression at the
junction of the fork. The posterior branch of the fork extends upward beyond
the dorsal margin as a sfrong process, This process receives the lower anterior
portion of the preopercle along its lateral aspect. The junction of this process
with the broader anterior portion is longitudinally grooved on the inner side to
accommodate the symplectic.

The anterior arm of the fork of the Y-shaped bony ridge is not devel-
oped in A. solandri and consequently the depression also is absent. The posterior
arm extends upward as a short process in S. lineolatus, but as a very prominent
structure in ali other species of Scomberomorus; the extending process is very
long in A. solandri,

While the symplectic (Fig. 11 A-E) of Scomberomorus is a narrow bone,
neither completely filling the groove in the quadrate, nor projecting beyond the
upper margin of the quadratc that of 4. solandri is a stout prominently produ-
ced structure. There is & constriction at about the middle of the symplectic of
all the Indian species of Scomberomorus which is well-pronounced in S. gutratus.
No such constriction exists in 4. solandri. There is an anterior liorn on the
upper half of the symplectic of S. koreanus and S. guttatus. The horn in the
latter species is longer than in the former. In all the Indian species except .
lineolatus, the bone tends to broaden a little at the upper part; in A slandri, the
upper part is about eight times the size of the lower part.

The hyoid arch consists of the hypohyal (= basihyal of Mago Leccia
1958), ceratohyal, epihyal, interhyal (Fig. 12 A-E), glossohyal (Fig 12 F-I)
and urohyal (Fig 12 K-0).

The hypohyal, ceratohyal and epihyal are closely associated and form a
single functional unit (Fig. 12 A-E). The hypohyal consists of two centres of
ossification, the dorsal hypohyal and the ventral hypohyal, firmly united by a
fine indented suture. The dorsal hypohyal bears a sharp process at its upper
interior comer, slightly curved posteriorly, which together with the articular
surface on the ventral hypohyal establishes contact with their counterparts of the
_ other side. The indentation suturing the dorsal and Véniral hypohyals externally
forms an upward curve anteriorly in S. koreanus, S. lineolatus, §. regalis and S.
niphonius and runs nearly straight in the other species including A. solandri. In
all but §. commerson among Scomberomorus, the dorsal hypohyal is slightly
sunaller than the ventral one. In §. commerson, both are of equal size. In A.
solandri, the dorsal is much smaller than the ventral hypohyal An anterior notch
in the ‘ventral hypohyal and an anterodorsal notch in the dorsal hypohyal are
developed in A. solandri, but not in Scomberomorus. - .
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The ceratohyal is the largest element of the hyoid complex. It is broadest
at its posterior portion. Four acinaciform branchiostegal rays are attached to the
respective articular surfaces at the ventral margin. The anterior end of the cera-
tohyal bears a lower process which joins the ventral hypchyal. Posteriorly the
middle part of the ceratohyal interlocks with the epihyal by means of odontoid
processes issning forth from both elements (ceratohyal-epihyal suture of Mc-
Allister 1968), while the upper and lower portions are joined by cartilage. The -
dorsal margin of the ceratohyal is convex in §. koreanus and §. lineclatus, al-

.
. .-“-'!'(‘r‘::‘—g .

Fio. 11. Lateral view of left symplectic (surface touching the mesial wall of the qua-
drate). A 8 koveanmus; B 8. guttarus; C S, linedlatus; D S. commerson;
E A. solandri. ’
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most siraight in §. gutta!m and S. niphonius, slightly concave in 5. commerson,
S. maculatus, S. regalls and S. cavalla and deeply concave and very much con-
stricted in A. solandri so that the dorsal margin of the bone comes closer to the

groove for the hyoidean artery.

Theepihyalisroughlymangularandbcarsapmrprocesstoarﬁ-
culate with the intethyal. Its ventral margin presents an external sulcus to receive
threeacmacitomlxmdxlontegalray&

- The grooveforthehyoidean artery passes through the exterior surface
of the hypo-cerato-gpihyal unit. Issuing forth from a fossa on the inner surface
of the hypohyal, the canal runs from the posterior portion of the dorsal hypo-
hyal, through the ceratohyal to the posterior end of the epihyal. The course of
the groove in the ceratohyal is nearly straight along the mid longitudinal line in
the case of S. Lmegigtus, but slightly curved and displaced more dorsal in the
other spocies. In A, solandri, it is very much curved and runs just bencath the
dorsal margin. A pprtion of this groove in the ceratohyal is seen pierced by a
~ narrow longitudinal  lit, the ceratohyal window, also called the beryciform forn-
men, in §. guttatus, - §. lineolatus and §. commerson. According to McAllister
(1968) this foramen, characteristic of the Beryciformes is not present in Scom-
broidei, but is developed in such primitive Perciformes as the Serranidae,

Fm.lm mm«ma&mm.x-omwr-rmw mddonal
‘view of F-J glosschiysl.  AFKJP . koreanus; B.G,L.Q S. guttatus; CHMR
S wndamr D,INS8 §. commersom; EJOT A. solondrl. : :
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Carangidae and Formionidae. This foramen is reported in Adllothunnus fallai by
Nakamura and Mori (1966) and an insignificant one is found in the ceratohyal
of Thunnus tonggol in my collection,

The interhyal is a small flattened bone which links the hyoid complex
with the hyomandibula and symplectic and is directed obliquely upward, It is
relatively short and broad in S. koreanus, but constricted and narrow in S. com-
merson. The upper end is narrow in all the species that I examined.

The glossohyal (Fig. 12 F-J} is a median bone that supports the tissues
of the tongue, The glossohyal of Scomberomorus is roughly rod-shaped or coni-
cal; it is narrow anteriorly and broadens posteriorly but terminates in the form
of a small posterior cone; the bone is bulbus ventrally at the broadest portion.
The glossohyal is rather wide in S. guttatus with less pronounced ventral bulb,
but narrow and prominently bulbed in S. lineolatus. The glossohyal of S. niphon-
ius seems to resemble that of S. guftatus in that it is rod-shaped with a thicker
posterior part. As an exception, in one specimen of 8. guftatus a thin scaly cir-
cular extension was observed in the posterior half of the bone. The glossohyal
of A, solandri is spatulate with broad and round anterior end and furrowed dor-
sal and ventral surfaces.

~ The urchyal (Fig. 12 K-O) is an elongate medial bone located between
the hypohyals, Its posterior end is broad and pointed at the dorsal corner. The
posterior end of the urohyal is comparatively broader in §. koreanus than in
other species of Scomberomorus. In A. solandri, the posteroventral margin is
smoothed out in the form of a curve without forming a corner unlike Scombero-
morus, At the dorsal margin, some distance posterior to the anterior end, is 2
tiny knob which projects in the form of a pointed process in S, commerson.

iv, Opercutar apparatus — opercle, subopercle, interopercle, preopercle:

The opercle (Fig, 13 A:E) is a thin bone more or less broad and penta-
gonal in shape. It is divided into twg portions by a horizontal smooth ridge which
extends from the posterior margin to the upper-most part of the articular facet.
The posterior margin is more or less serrated, The articular facet for the oper-
cular process of the hyomandibula is narrow and elongate. There is a postero-
dorsal and: an anteroventral projection in the opercle. The opercle is averlapped
exteriorly on its anterior side by the posterior half of the preopercle. In the case of
S. commerson and A. solandri, the course along which the posterior margin of
the pregpercle overlapped the opercle, is indicated by a clear line formed on
the opercle.

4 ... _The anteroventral projection and the notch below it is not well-developed
in S. koreanus, S. guttatus, S. maculatus, S. regalis and S. niphonius. They tend
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in' S. koreanus, S. guttatus, S. maculatus and S. regalis, gains additiona! breadth
in 8, lineolatus and §. niphonius,. becomes broader in S cavafla and S. commer-
son and is broadest in 4. solandri.

The suboperde (Fig. 13 F-J) is a triangular flat bone with extended
ascending and descending anterior projections. In S. guttatus, the projections are
more acute than in the other species, The posteroventral margin bulges more and
is well pronounced in §. koreanus, S. guttatus, S. lineolatus, S. maculatus and S.
regalis, moderately pronounced in . niphonius and A. solandri and less pro-
nounced in S. commerson and S. cavalla, The dorsal edge is mare acute in S.
guitatus. and S. regalis, less acute in S. koreanus, S. lineolatus and S. maculatus
and blunt in S. cavalls, S. commerson and A. solandri.

The interopercle (Fig. 13 K-O) is somewhat oval in shape with a crest
at the superior margin. There is a well-developed facet on the mesial side to
receive an articular process of the epihyal.

The portion anterior to the superior crest is shorter and broadest in
S. koreanus, S. guttatus and S. regalis, tends to be longer in 8. lineolatus and
S. maculatus, very much longer and pointed in S. commerson and A, solandri,
especially in the latter. In §. cavalla, though this portion is shorter, it appears

F1o. 13. Lateral view of left’ A-E- opercle; F-J subopercle; K-O interopercle.” AJFK &
kovearus; B,G,L S. sum C,H,M 8. Hmolatu.r, D.I,N"S commermn, EJ.O
A. solandri.
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narrower and more pointed. A well-formed notch anterior to the crest on the
sloping margin in Scomberomorus is rather poorly developed in A. solandri ren-
dering the superior margin nearly straight. The posterior margin is rounded in
Scomberomorus, but divided into two by a mid notch in 4. solandri. According to
Conrad (1938), the interopercle of the latter resembles that of Scomber, and
therefore, this notch may be presumed to be absent in his specimen of 4. solan-
dri from Bahama Islands as in the case of Scomber.

The preopercle (Fig. 12 P-T) is a large crescent-shaped flat bone, very
broad at the lower posterior angle. The anterior portion of the bone is thickened
into a bony ridge. A series of five or six pores along the lower margin of the
ridge represents the preopercular laterosensory canal of the lateral-line system
which continnes into the dentary. On the mesial side, the ridge possesses a
groove for receiving the hyomandibula and the quadrate.

The vertical anterior ridge of the preopercle is separated distinctly from
the posterior thin flat surface by a vertical shallow depression on the exterior
surface in Scomberomorus, but they become confluent with each other in 4. so-
landri. A groove developed on the inferior end (horizontal limb of Kishinouye
1923) of the anterior ridge in A. solandri is absent in Scomberomorus. Pores of
the laterosensory canal are distinct in the latter, but are obliterated in the former.
The anterior ridge is forked at its upper part in all the Indian species of Scom-
beromorus except S. commerson in which the fork is either indistinet or absent;
in A. solandri, this fork is completely lacking. The posterior margin is concave
in all the species of Scomberomorus except S. commerson in which it is convex
as in A. solandri. The concave posterior border makes the upper and lower parts
appear like two limbs, of which the lower one is longer. In S, guttatus, the lower
limb is much longer than in the other species.

v. Branchial arch - basibranchials, hypobranchials, ceratobranchials, epibran-
chials, infrapharyngobranchials, gill rakers, gill rays (Fig. 14 A-I}:

The endoskeletal gill-arch elements in the Scomberomorini are: basi-
branchials, hypobranchials, ceratobranchials, epibranchials and infrapharyngo-
branchials, The basibranchial series in teleosts may be said to be formed of
three copulae: one composed of the glossohyal {= basihyal of Nelson 1969) and
two others, the anterior usually including three ossified basibranchials and the
posterior consisting of a single cartilage representing two or three non-indepen-
dent basibranchials (Nelson 1969). The dermal elements are the gill rakers and
the tooth plates, The tooth plates found in Scomberomorini are: the lower pha-
ryngeal tooth plate fused with the fifth ceratobranchial when the compound struc-
ture is termed the lower pharyngeal, the upper pharyngeal tooth plates fused
with the second and third infrapharyngobranchials when they are termed “upper
pharyngeals” or “pharyngeal bones” or sometimes “infrapharyngeals” and the
independent fourth upper pharyngeal plate, In higher teleosts, the fourth upper
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1}

Fro. 14. Dorsal view of lower, and ventral view of upper right A-E branchial arches, and
lateral view of F-I gill flaments with gill rays. AF S. koreanus; B,G S. gurta-
tus; C 8. lineolatuy; DH S, commerson; Bl A, solandri.
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pharyngeal plate almost invariably is considered as a fourth pharyngobranchial
Nelson (1969) determined the purely dermal origin of this element and establi-
shed that there is no basis for believing that this toothed e¢lement includes a
primitive__' ossified fourth infrapharyngobranchial, however primitive or advanced
the fish in which it occurs might be. The numerous roughly rectangular tooth
plates on the endoskeletal gill-arch elements, other than those mentioned above,
in Scomberomorus and Acanthocybium are lrregularly arranged as Nelson
(1969) observed in most scombrids and hence require no special terminology.

In the Scomberomorini there are five pairs of gill arches basally attached
to the basibranchials which form the median fioor of the gill arches. Among the
three ossified basibranchials of the anterlor copula, the third one is the longest
and the first and second are shorter. The first one articulates anteriorly with the
glosschyal and laterally with the hypohyals through intervening cartilage, The
posterior copula of Scomberomorus is a small cartilaginous rod lying immediately
behind another small cartilage attached to the posterior end of the third basi-
branchial of the anterior copula, In the anterior three pairs, each gill arch con-
sists of four bony elements — the hypobranchial, ceratobranchial, epibranchial
and pharyngobranchial, The fifth gill arch represented by the lower pharyngeal
lacks the epibranchial and the pharyngobranchial and both fourth and fifth
arches are devoid of the hypobranchisl. The first two hypobranchials are nearly
the same size. The first one joins the second ossified basibranchial at about its
mid portion and the second one joins the anterior part of the third ossified basi-
branchial of the anterior copula. The third hypobranchial, about half as long as
the former two, lies along the posterolateral border of the third ossified basi-
branchial. There are five pairs of ceratobranchials. The anterior three articulate
with the posterior end of the respective hypobranchials. The posterior two
articulate with the cartilaginous pieces (posterior copula) lying behind the third
ossified basibranchial. The ceratobranchials are the longest bones in the gill
arches and all are nearly the same length. The compound bone formed by the
fusion of the fifth ceratobranchial with the lower pharyngeal tooth plate is
termed the lower pharyngeal. The lower pharyngeal is slightly expanded along
the posterior border.

Epibranchials are present on the first four gill arches. Fach of them arti-
culates with the respective ceratobranchial forming an angle at the junction,
They vary considerably in shape., The first three are rather straight, stout and
forked at their anterior ends while the fourth, the most internal piece is thin and
distorted to assume an approximately Y shape. There are three infrapharyngo-
branchials. 'The recurved first one articulates dorsally with the parasphenoid.
The second triangular one is fused with the second upper pharyngeal tooth plate
:and the large third one with the third upper pharyngeal tooth plate. The fourth
“ndependent upper pharyngeal plate ﬁrmly contacts the third infrapharyngo-
branchial. - -
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.. ‘With regard -to the major bones of the brauchial arches, there is little
varimmexoepf in ‘the “size of the third ossified basibranchial .and -the lower
al which appear broader in S cavalia and S. mmmersonthanmﬂae
othbrspecies,nmlu&gﬁmfmdri '

_ Atnsextemalmm,theﬁrstgﬂarchbcarsasenes of gill rakers.
They are curved inward and bear two or three series of minute teeth on the
outer surface. The Jonger raker is at the angle of the arches, There may be none
or on¢ gill raker in the angle.of the second. and sometimes the third gill arches.
There are 15-18 gill rakers in S. regalis, 13-15 in S. maculatus, 12-13 in §.
n@hmlma 10-13 in 8. koreanus, 9-12 in S, lineolatus, 8-12 in §. guttatus, 11 in
S. chinensis, 8-9.in §. mvdla 4-8 in . semifasciatus and . queemlandicus, 2~6

- in 8. commerson and nom in A soiandri (Table 2.

" - PEuth g:nﬁlamentismpported by the flat, hladenhke gﬂl ray. (Fig. 14
F-I). The gill rays are slender, bony laminae tapering towards the distal ends
and structurally appeer td be of membrane bone formed by direct calcification
in the connective tissie, “Basally -they are buried in the connective tissue sur-
rounding the afferent and: efferent branchial arteries which lic along the concave
s:nfaceofthecctatebmmlal epibranchial and hypobranchial. In all the gill
arches, the gilt rays «oecupy the axial parts of the blade-like gill filaments (fwai
and Nakamura 1964} The base -of the gill ray is- shoe-s.haped with the middie
of its attaching surface a. lttle concave in S. koreanus, dome-shaped in . gutta-
tus, dlightly dome-shaped . in the middle with flat projecting extremities in S.
lineolatus, club-shaped with an anterior large round portion: separated by a mid
notch from the postetior -smaller curving handle in 5. commerson,. and club-
shapedmthamnﬁwaﬁortrmngularPBﬂseparatedbyadeepmhfmmthe
posterior narrow horn-like handle in A. solandri, A dloping notch is. descernible
at the rear ma:gm of the: demndmg part at about #th the distance of the ray
' from the base in S. lineolatus, S. commerson and A. solandri. A serles of horny
bars (40-45) extending from -the ray transversely from the Jower half to the
tapormsttpdﬂ:egﬂlraymdwelopedins koreamw_anﬂs guttatus. In S.
lineolatus, a few such rods (10-15) are sometimes present in the: Jower part of
the gill ray. Thesebmmlumerins ‘koreanus than in:S;:guttasus; The softer
portion of the gill filtament is plain in S. koreanus and . fttatus, but provided
with a row of thin cilia-like structures at.the distal margin in S. commerson and
‘sometimes in S. Ilneo!m‘us These cilia are reduced to- wncentrated patches in

-Amfamiri

2. Axml skeleton
3. Vmbm! column

_ The vertebral colymit of Scomberamorus and Acanthocybium exhibits a
"remarkablo simplicity- wheu compared to most othier scombrids. The haeral and
neural _processes are very sleuder, fragile .and fibros.
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‘The first completely closed haemal arch’ (Fig. 15 A-D; F) occurs on
the .10th vertebra in S. cavalla, 12th in S, lineolatus and S. regalis, 13th in §.
koreanus and S. commerson, 14th in . gutfatus, 13th to 15th-in S. maculatus
and 27th in A, solandri, The first haemal postzygapophysis (Fig. 15 A-E} is
formed on the 7th or 8th vertebra in S. koreanus and S. lineolatus, the 8th in
S. guttatus, S. commerson, S. cavalla, S, maculatus and S. regalis and the 4th or
Sth in A. solandri. The haemal postzygapophyses of the abdominal vertebrae
are rather short and not produced, but quite prominent in all the species. The
first haemal prezygapophysis (Figs 16 A, B; 17 A-C) occurs on the 14th ver-
tebra in S. commerson, 17th in S. lineolatus, 18th in S. koreanus, 19th in S.
guttatus and 23rd in A. solandri. The inferlor foraming (Figs 16 AB; 17 AB)
at the base of the haemal spines are small in lateral view and the first one is
developed on the 26th vertebra in 5. koreamus and S, lineolatus, 28th in S. com-
merson and 29th in S. guttatus. There is only one inferior foramen in A. solandri
which is developed on the 49th vertebra. In S. commerson, a dorsally pointing
spine is present at the basal posterior face of the haemal spine of the 26th and
27th vertebrae. The fusion of such a spine with the ventrolateral aspect of the
centrum, forms the inferior foramen on the 28th vertebra, Such a sequence in
the development of this foramen is not met with in the other species. The para-
pophysis (Fig. 15 A-E) first makes its appearance as an insignificant knob
bordermg the depression in the centrum for the articulation of the ribs on the

Fi6, 15, Ventral view of A-F a portion of the vertebral colunin, and lateral view of G-K
candal skeleton. A,G 8. koreanus; BH §. gurtatus; CJI 8. lineolatus; D)
8. commerson; BFX A solandil. o
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Ind vertebra: in “A. solandri, 3td"in S. koreanus, S. guttatus, S. lineolatus, S.
maculatus,.S. regalis and S, cavall and 4th in S. commerson. It becomes pro-
gressively larger posteriody. oy

- 5
R X

< Froth about the 7-9th to the:ts- 16th vertebraﬂ,, the parapophyses-are
mmmaymm forming roughly an angle of 45-60° and from the
16-17th to the last precaudal vertehraq thls angle increases so that the haemgl
arches are :rendered nearly vertical’ in. fhe .case of . Koretus (Fig. 16Xy, §
guttatus (Fig. 16 B) and S, lineolatus (Fig. 17 A). In S. commerson, the para-
pophyses “‘of the 11-15th vertebrac féfm‘“an angle of 8B0IS60-70°, thosewofithie
16-18th tend to be vertical to the vertebral column and those of the 18-20th
incling’ posteriorly, forming an angle «of:about 100° (Fig.;}% B). In the.case of
A. solandri, the anterior abdominal parapophyses are not directed forward as in
Scomberomorus, -but dp'octed almost yertlcally and a{g:r t];c 24th vericbr ﬁ_-orp
where the haemal prezygapophysis gains prominence, they are inclined” §*littfe
postenor to the wvertical line making roughly 100 130° angle (Fig. 17 C).

SEELRE €L 5 M \f’r-k LNy amistosnit 7

.:r

Fic. 16. Lateral view of a portion of the vertebral column. A S. koreanus; B 8. guttatus.
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TaBLE 2. Meristic counts-of the

1L dorsal

o

11 dorsal Dorsal
© Spacies Spine rays finlets Anal rays -
5. koreanus XIV-XV vV + (14-18) 89 (V-VD) + (16.18)
o - 15-23 S =123
5. .guittotus XIV-XVII 20-23 79 21-23
S. maculatuz - XVI-XVII 1818 89 1+ (1517)
S . - 17-19
5. regalls XVI-XVII 16 89 U + (141%)
o _ _ | - - 16.17
S, lineolasus XIVXVIL (V) + (12-16) 810 (MHV) + (16-19)
: S - 1923 - 19.23
5. nephonius XX 15 9 1517
5. semifarcarus  XURXV 1620 9-10 15:20
5. queenslondicus  XV-XVIL B e 1520
5. chinenals XVI 15 8 16
5. cavalle XV-XVI 1617 88 I + (1417)
- o - = 1619
~ 8 commerson XI-XVIIE IV + (12-15) 9.13  (IILIV) + (12-17)
_ - 16-19 = 16.21
A. solandri 9 11

Dm{otSea valla,
Data for §. chine MMS.M
Data for 5.

5, muhtm and §. nnﬂr from Mm I.oecia (1958)

- Kishinouye (192%)

semifaxiatas sod 8. queensiandicus from Munro {1943)
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Acoording to Conrad (1938) the “first perceptible parapophysis. in
A. solandri is forraed_on the_16th. vertebra, This appears a _migconception which
Iz ‘eAplained as follows:. The ventral fossa on the lateral aspect of the centrum
bejiins“to oceupy ‘a- more- ateral “position from the14th vertebra posteriorty*and
" ‘the septum sqparaﬁn%g ffoin the ventral median fossa also becomes weli pro-
nounced - cArFying-at-its - aseroventral -extremity -the- parapophysis. -- In the -pre-
ceding vertebrae the parapophyses-occupy a.more Jateral position at the ante-
rior border of the depressions for the articulation of the ribs. When viewed
from the ventral side, the knob-like protrubq:qnccs appear well | extended on
both sides of the centrum posterior to the secopd verieba and should definitely
be considered as true parapophyses just as those occumng postcnor to and
including the ‘16th vertebrae.

-

In $. koreanus gnd S. guttatus, the parapophyses of each side of the 2nd
or 3rd vertsbrae, just preceding the first haemal arch, come very close and
nearly touch each other (Fig. 15 A, B), but remain separate from each other

in the other species (Fig. 15 C, D, F). ‘gf ;

, - The anterior ane or two haemal spines in §. Imqalatus arch anteroposte-
norly ds they just leave the centrum (Fig. l‘? A), but"in §. koreanus and §.
guttatus they pass vertically and veer. obliq - backwards (Fig>16 A, B) and
in S. commerson and A. solandri tend to be d8lfysie straight away (Fig. 17 B,C).

"“The aflas is slightly smaller than tl'l@,'g;gdj:d‘%ftebrae. The neural $pine
of the atlas is more slender than the subsé,qucnt three or four massive spines.
While in S, kdreanus the first neural spine is-nearly straight and! does not touch
the succeedmg spine, it, is arched, with its conyex side iacmg anteriorly and .the
dorsal tip tending to touch that of the second: spine in 8. guttatus and S. lineo-
latus. In S. commerson, the first neural spine is of the same height as the second
one ahd touches it thrdughout its length. Tn' 4. solarilfri it is mach shorter'than
the second and touches it all along its course ‘éxcept at the dorsal tip.

““The relative leﬂgth of the neural and- haemal spmes in the order of their
:deereasmg length which is also reflected ;utemally in “the body depth of the

-different species is as follows: S. koreanus, S. guttatus, S. lineolatus, S. commer-
‘son und 4, solardri, ’

The neural prezygapophysls of §. kareanu.y possesses a broader crest
with a nearly straight dorsal margin (Fig. 16 A). In S. guttatus, the crest first
elevates itself prominently, but suddenly slopes anteriorly (Fig. 16 B). In S,
lineolatus, S. commerson and A. solandri, the crest is comparatively shorter and
the dorsal margin gently slopes anteriorly (Fig. 17 A-C).

The vertebrac are more or less short particularly at both extremities.
The vertebrae of Scomberomorus each' has six longitudinal grooves: ventral
median, dorsal median and two pairs of laterals, In the case of §, koreanus,
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beginning at the 11th caudal vertebra and continuing posteriorly 'a shallow
median lateral groove is also present. S, guftatus also tends to have such a
groove from the 9th or 10th caudal vertebra posteriorly, The centra.of S. lineo-
latus are provided with many furrows, also those of S..commerson, to a certain
extent, are provided with furrows (Fig. 17 AB). A. solandri typically possesses
three lateral grooves on each side of the centrum (Fig. 17 C). The number of
vertebrae is 18 + 22 = 40 in S. chinensis (Kishinouye 1923), 17-18 + 25 =
42-43 in §. cavalls (Mago. Leccia 1958), 19-20 + 23-25 = 42-45 in S. com-
merson, 20 + 26 = 46°in S. koreanus, 18-20 + 25.28 = 45-48 in S. lineolatus,
19-20 + 28-29 = 4749 in S. regalis (Mago Leccia 1958), 19.20 + 28.29 =
48-49 in S. queenslandicus and S. semifasciatus (Munro 1943), 20-21 + 28-30
= 49-50 in S. gurtatus, 22 + 28 = 50 in S. niphonius (Kishinouye 1923),
21-23 + 30-31 = 52-53 in S. maculatus (Mago Leccia 1958) and 32 + 31 =
63 in A. solandri (Table 5). -

Fie. 17. Ialeralvicwofaporthnofthovertebralooluum.A .S'.h’nfalafm:n S, com
© merson; C A adaudri. :
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b, ‘Caudal skeleton

' “Terminology for the mudal skeleton is based on Nybelin (1963) except
for the modifications introduced. by Monod (1967, 1968). The last haemal spine
is considered a hypural by Gosline (1960), but a typical spine by Nybelin

(1963). Following Monod (1967), this element is termed the parhypural which
is functionally related to the hypurals, rather than to the haemal spines.

~‘The caudal skeleion entering into the support of the caudal fin in the
Smberomorini consists of the hypural plates, the preurals (pu 1, pu 2, & pu 3)
and their associated elements (Fig. 15 G-K). In a condition typical of many
advanced fishes, both the first and second ural centra are co-ossified with the
first preural centrum producing a compound centrum (Lundberg and Baskin
1969). This may be true with Scomberomorini also. The ventral hypural plate
(hypurals 1 + II) and the dorsal hypural plate (hypurals OI +-1V) are fused
into ‘a single plate separated only by a posterior notch in both Scomberomorus
and Acanthocybium. Anteriody the hypural- plate is fused with the first preural
centrum. In Scomberomorus, the parhypural is free and the hypurapophysis is
well-developed; but in Acanthocybium, the parhypusal is completely incorpora-~
ted into the ventral hypural plate and the hypurapophysie is reduced to a small
process. The two haemal srches (hap 2 and hap 3) preceding the parhypural
are autogenous in Scomberomorus, but fused with their centra in Acanthocy-
bium. There are two epurals, The anterior or first epural lies over the modified
neural process of the second preural centrum. The bony element separating the
second epural from the dorsal hypural plate is a composite structure formed by
the stegurals and the hypurale minimum in A, solandri and S. commerson.
Monod (1968} is of the opinion that this piece is also a compound structure in
S. maculatus (™ S, tritor), ‘A faint mark passing vertically on the surface of
this bone indicates its:compound nature in §. Hneolaties 100,

c. Pleural ribs and intermuscular bones

In Scomberomorus, the pleural ribs are slender, subequal and lie close
to, but do mot touch each other, The first rib articulates with the centrum of the
third vertebre and the last one with the tip of the haemal arch of the last pre-
caudal vertebra. In A. solandri, the anterior ribs are very broad and the first
one articulates with the centrum of the second vertebra,

- There are 21-22 intermuscular bones in Scomberomorus attached serial-
ly to the first 21 or 22 vertebral centra. The intermuscular bones on some of
the centra at the anterior and ‘posterior extremities are very short. In S. korea-
nus, an auxiliary intermuscular bone is present on the exoccipital. There are ten
intermuscular bones in A. solandri, restricted to the precaudal region., The first

one articulates with the centrum of the 1st vertebra and others with the head
o€ the: ribs And not with the vertebral centra as in other scombrid fishes, The
second intermuscular bone and the first rib are sahet‘;inu.tuwd. at their heads.
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3 Pectoral girdle

The pectoral g:rdle is formed of the followmg bones: supratemporal

(= extrascapular), posttemporal, - supradexthnm, cleithrum scapu.la, corac:oid
and two postcleithra. :

The supratemporal (Fig. 18 A-C) is a flat leaf-shaped bone lying just
underneath the skin where its lateral process articulates with a dorsal articular
surface on the pterotic. The anterior margin is concave and the convex posterior
margin slightly overlaps the dorsal arm of the posttemporal. There is a small
notch at the posterolateral corner. The portion lying lateral to this notch broad-
ens in §. commersor and A, solandri.

The posttemporal (Fig. 18 D-H), a flat elliptical bone with two sturdy
anterior processes, affords the principal articulation of the pectoral gridle with -
the neurocranium. The inner-most (dorsal) process is concave at its dorsal
surface and articulates with the dorsal surface of the epiotic. The lateral (ven-
tral) process is shorter, round in cross section and its hollow anterior end
articalates with the dorsal protruberence of the intercalar. Thxs branch extends

posteriorly into a short process.

FiG. 18. Lateral view of left A-C supratsmporal; D-H posttemporal; I-M supracleithrom;

' N-R upper poatcleithrom; $-W . lower poutcleithmm Z1.25 pehuc girdle. . ADJ,
N,S.Z1 S. koreanus; B.E,I,G T, 22 S. guttatus; FK,P,UZ3 S. Imso{a:w, CG,L..
Q. V.Z4 8. commerson; H.M,R.W,ZS A. solandri, ’
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A lamina that connects the inner and lateral processes of the posttem-
poral of Scomberomorus is not well developed in A. solandri. In the latter, the
lateral wall of the inner process extends anteriorly as a median process, sepa-
rated from the inner one by an anterior notch. Kishinouye (1923) calls this
the auxiliary process and Conrad (1938), the median process. The anterior end
of this median process is made up of five or six spicule-like processes. The
posterior end of the ventral process ends bluntly without any process in §. gutte-
tus, forms a minute knob in S. lneolatus, projects distinetly in S. commerson,
develops a prominent backwardly directed spine in S. koreanus and attains the
form of a long process in 4. solandri. The posterior margin of the bone is
divided into two unequal halves: the smaller dorsal and the larger ventral in
Scomberomorus, but into two equal halves in A, solandri, The inferior margin
of the veatral half projects down as a cone in Scomberomorus, but remains
straight in 4. solandri.

The supracleithrum (Fig. 18 I-M) is an ovate bone, overlapped dorso-
laterally by the posttemporal, but its lower half overlaps the anterior part of the
dorsal wing-like extension of the cleithrum, The anterior border of the bone on
the mesial side is thickened into a ridge. Dorsally there is a small handle-shaped
process which curves into the posterior margin to end in a notch at the postero-
dorsal aspect. This notch tends to be more prominent in S. commerson than in
the other species of Scomberomorus and is well pronounced in A. solandri.

The cleithrum (Fig. 19 A-J) is a long, curved, folded bone which forms
the greater part of the pectoral girdle. The upper part of the bone consists of an
anterior sharp process and a wing-like extension. The wing is bent inward to
receive the supracleithrum laterally and the upper piece of the postcleithrum
mesially. The lower part of the cleithrum is large and folded back upon itself as
two walls; one lateral and the other mesial, which meet at their anterior margins
and run paraltel to each other. The mesial wall of the cleithrum forms a large
triangular slit with the coracoid.

The wing of the cleithrum narrows posteriosly in §. koreanus, S. guttatus
and S. regalis, but only narrows less in S, lineolatus, S. commerson, §. cavalla
and S. maculatus; the wing is of uniform width in A, solendri, The major
double-walled lower portion is broader in S. koreanus, S. guttatus, 8. lineolatus,
8. cavalla, 8. maculatus and §. regalis, but tends to be less wide in S. commer-
son; this portion is very narrow in A. solandri, and consequently, the upper part
of the slit which the mesial wall of the cleithrum forms with the coracoid, is not
hidden by the lateral wall of the cleithrum, unlike in Scomberomorus in which
the entire dlit is hidden by the lateral wall, The mesial wall extends posteriosly
very prominently in §. koreanus, S. guttatus and S. lineolatus; this posterior ex-
tension tends to be insignificant in S. commerson and becomes insignificant in
A. solandri. ' '
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The scapula (Fig. 19 A-E) is a small bone connected to the cleithrum
at the angle of its wing with the inner wall and to the dorsal border of the cora-
coid. It is pierced by a central, round foramen. Posteriozly the bone is thicken-
ed to receive the upper two and part of the third pterygials. The remaining part
of the third and fourth pterygials are carried by the coracoid.

The central foramen in the scapula is very large in S. koreanus, S. regalis
and A. solandri and smeller in other species.

The coracoid (Fig. 19 A-J) which joins the scapula dorsally and the
inner fold of the cleithrum anteriorly, is spear-shaped and bears an external lon- -
gitudinal sulcus close to its anterior border in Scomberomorus, but more towards
the posterior in A. solandri. The coracoid is relatively broader in S. koreanus,
S. guitatus and S. lUneolatys than in 8. commerson and A. solandri, The lower-
most portion of the girdle presents a spear-shaped appearance in the last two
species because of the reduced breadth of the two major components, the clei-
thrum and the coracoid. =~ -

There are two postcleithra. The lamellar upper posicleithrum (Fig. 18
N-R) is kidney-shaped with a narrow upper end, rounded lower margin, concave

FIG 1_9 Left pactoral girdle, A-E Iateral view; F-J mesial surface of coracoid and
lower part of cleithrum. AJF 8. koreanus; BG S guttatus; CH 8. Hneo-
lgtus; D 8. commersom; B A. solandrl.. : )
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anterior border and convex posterior margin. It is long and narrow in S. koreanus,
S. gutiatus, S. lineolatus, S. maculatus and S. regalis, broader in S. cavalla and
S. commerson and massive in A. solandri with an anteroinferior notch.

The lower postcleithrum (Fig. 18 5-W) is broad and lamellar at the
upper part with a short pointed ascending process and a long styliform descend-
ing process, There is little variation between species except that in S. commer-
son the lamells is comparatively broader. The ascending pointed process was
absent in one specimen of S. lineolatus due to a malformation,

" 4. Pelvic girdle

The pelvic girdle (Fig. 18 Z1-Z5) is composed of a pair of bones united
at the median line, imbedded in the ventral part of the abdominal wall free from
contact with other bony elements. Each bone conmsists of three processes: ante-
rolateral, anteromesial and posterior. The anterolateral is well-developed into a
long, straight or slightly curved process and is provided with three longitudinal
wings, the lateral, dorsal and ventral. These wings gain prominence posteriorly,
but unite into a single entity anteriorly. In cross section the anterolateral pro-
cess is vertical at its anterior part and triradiate posteriorly in all the species,
The anteromesial process is thin, slender and about 1|3 or still less the length
of the anterolateral process. The posterior process is short.

The anterolateral process of the pelvic girdle has its anterior end narrow
in 8. lineolatus, broad in S. koreanus, S. maculatus and 8. regalis and of modest
size in all other species including A. solandri. The posterior part of this process
is broader in S. cavalla, S. commerson, and A. solandri, A noich is formed on
the ventral wing of the anterolateral process before it joins the other wings in
A. solandri, but is absent in Scomberomorus. When the pelvic girdle is viewed
from the lateral side, the anterior end of the anteromesial process is distinetly
visible in S. koreanus, S. gutiatus, §. lineolatus, S. maculatus, S. regalis and S.
niphonius, slightly visible or completely invisible in S. cavalla and S. commerson:
and completely invisible in 4. solandri, being hidden by the anterolateral process.

RELATIONSHIPS

Based on a comparison of osteological characteristics, it is seen that
while Scomber, Rastrelliger, Acanthocybium, Allothunnus, Cybiosarda, Gymno-
sarda, Sarda, Auxis, Euthynus, Katsuwonus and Thunnus are similar or nearly
so in the following respects, Scomberomorus with rare exceptions, stands apart
from them within the scombrinae, Comparison with Gasrerochisma and Gram-
matorcynus is incomplete for want of adequate osteological information on these:
genera. The unique features of Scomberomorus are: (1) The neurocranium is
nearly trapezotdal, elongate, more than one and a half times its breadth, flat at
{the anterior region and deepest at the hind end of the orbit. In. Grmmnatorcym,
Acamhocybimu and Alothunnus, the neurocranium although more elongate, is.
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as nearly trapezoidal as in Scomberomorus. In Scomber and Rastrelliger, it is
much elongated, gradually pointed towards the anterior and as high as broad.
In the other genera, the neurocranium is short, only a little longer than broad
and much broader than high. (2) The supraoccipital crest is high and the
median ridge formed by the crest of the supraoccipital and frontals extends to
the ethmoid region, except in S. chinensis; the supraoccipital crest is low and
does not extend over the frontals in the other genera except Gasterochisma.
(3) The interorbital lateralis commissure is always complete as in.the Carangi-
dae; but hardly discernible in any other scombroid genera including Acanthocy-
bium in which its presence was presumed by Gosline (1968). In those species
of Scomberomorus with a frontal crest, the two halves of the commissure extend
up the outside surfaces of the halves of the frontal crest and open by separate
exits on either .side of its rim. In S. chinensis, in which the frontal crest is
absent, the openings of the commissure are placed on either side of the rim of
the frontals as they come closer to each other at the median line. (4) The
pineal foramen is not developed except in S. chinrensis; but in all other genera
in which the frontal crest is not developed, either a pineal window or a trans-
parent arca is developed in the frontals directly under which is an expanded
“pineal organ” (Rivas 1953). In those genera which possess a pineal window,
the interorbital commissure is incomplete. If Rivas (1953) is correct in postula-
ting the pineal body as a light receptor in scombrids, except Scomberomorus,
then all scombrids have a rather different system of sensory perception on the
top of the head than the system in the carangids (Gosline 1968). The presence
of pineal window in S. chinensis indicates that pineal organ is developed in this
species. It is interesting that, in S. chinensis, both the pineal organ for light
reception as well as the interorbital commissure for sensory perception are
simultaneously presemt. (5) The temporal ridges are directed straight forward
towards the anterior border of the frontal, but are interrupted above the orbit
by transverse ridges in Scomber and Rastrelliger, stop at the mid level of the
orbit in Acenthocybium and diverge towards the anterolateral aspect of the
frontal in others. (6) The anterior spatulate part of the vomer projects forward
from the floor of the neurocranium beyond the anterior level of the nasal and
the ethmoid bone; but remains entirely hidden to the dorsal view in others.
(7) The posterior part of the first infraorbital is narrowly pointed; but broad
and rounded in others.  {(8) The pterotics are produced posteriorly as blunt
processes except in S. commerson in which they are produced as elongate spines;
but as spines of varying length in the other genera, and the maximum length
is attained in Auxis. (9) There are 10-19 large, triangular teeth with wide space
in between, in each premaxilla and dentary, Sarda approaches Scomberomorus
in number of teeth, but differs in the villiform shape. In the other genera, the
teeth are small, more than 35 in mumber and very closely arranged. (10) The
maxilla ends posteriorly in. the form of a lamina; but narrow in others except
Scomber which seems to approach the condition in Scomberomorus, (11) The
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posterior limit of the upper arm of the dentary is.vertical with: distinct corners,
but.gently curved in others. (12). The ventral branch of :the anterolateral fork
ob-the peiatine is much longer thanithe dorsal branch, and the toothed surface
of the vertical lamina is broader. However, the latter .is-narrow. in:S. commer-
son. In the other genera, the ventral branch is shorter and the lamina invariably
narrow.” (13) The posteradorsal aspect of the ‘metapterygoid clasping the hyo-
manidibula: is “not forked to the extent of extending the posterior branch across
the syniplectic process of the hyomandibula; in the other genera thé posterior
branch is- well-formed and lies -across the symplectic process of the hyomandi-
bula. (14) The process at the posterodorsal aspect of the quadrate, though pro-
minent, does not project far beyond the dorsal level of the anterior part of the
quadrate. (15) The symplectic whichi is of nearly ubiform width, is hidden to
the exterior view, being confined to the groove onm the mesial sutface of the
quadrate but in the other genera, it expands out well above the quadrate by
mote than 6 times the width of the base, (16) The dorsal hypohyal is equal to
or. slightly ‘smaller. than ‘the ventral hypohyal; but distinctly. smaller than the
latter in others. (17) The superior margin. of the ceratobyal is-convex, straight
or slightly concave, but deeply concave in others. (18) The posterior border -of
the ugohyal: is_vertical with the posteroinferior corner forming an angle of about
90°;.but gently: curving down to the ventral margin in othérs. (19) The anterior
limhof - tte subopercle is double-hormned and the dorsal limb very much elonga-
ted; but the former single-horned; and thelatter of medium length in all other
geners except Seomber in which ‘the fower limb is as long as“the dorsal. -(20)
The posterior miargin of the preopercle is concave, but crescent-shaped in otheis,
being typically so in Awuxis and Eurhynnus. The preopercle of S. commerson
nearly ‘attaing: & crescent ghape.: (21)-The posterior margin of the interopercle
gently curvés down as’in-Scomber and Acanthocybium; but descends obliquely
sthaight in Saida and: vertically in ‘Rastrelliger, Auxiy, Euthynnus and Thunnus,
with -slightly concave inferior part. The posterior ‘part of the interopercle poste-
zior to its superior ctest is longer than the part anterior to the crest in Scom-
beromorus; but vice-versa in all other genera, (22) The total nymber of verte-
‘brae ranges from ‘40 in S, chinensis to 56 in S, muitiradiatuis, ranking next only
to Acanthocybitum, Only Gasterochisma and Sarda each having 45 vertebrac and
K- pelamis with -41 vertebrae fall within the range of the count in Scombero-
‘morus. (23) The: hypurapophysis is very prominent; but very small in others,
:(24) The body of the posttemporal is lanceolate in that the inferior margin
ventrally projects as a cone and anteriorly ascénds up towards the dorsal process
-obliquely,. exposiilg more than half of the -lamina connecting the dorsal and
-ventral processes; the inferior margin is nearly straight in Scomber, Sarda and
‘Avanthocybium, slighly concave in Thunmis, concave in Euthynnus and deeply
--concave ‘in*Auxis. (25) There is no shoulder-shaped anterior piojection in the
-supracleithrum beneath the - handle-shaped dorsal process; in Acanthocybium,
-only an insignificant’ projection is prosent; in Scomber, it is smell and anatero-
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fibdian - position, but in:othees it s well-déveldped. (26) The outer wall of
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TABLE 3. Osteclogical characters of Acanthocybium

3

aearly rectanguiar

No, Bones Characters (+)
1. Auxillary ridge, lateral margin straight
Al e,

. em
4, Basisphenoid, median vertical protess ong
5. Baaisphencid, baae . anteriorly sloping
6. Basisphenoid, median process small, pointed
‘; noids

illi“ , interal walt .
. Palatine, toothed laming - .
22, Me:apurnoid. anterior free border

23. Metapterygoid, spine at antprovestral corper

-f{ogjted
:)f sﬁtﬂar t’?

well-develope:
buiging

absent
slightly visible or invisible on
either side of parasphenoid
broader

narrow bottomed

33°

longer than upper arm

long and narrow

less concave .

narrow

slightly concave

present |
meaial border bulges slightly
well-developed

reaches slightly below dorsal
border

absent

28, . straight
29, Opercle, anteroventral projection and notch well-developed
30. Opercle, line indicating course along which presemt
terior border of preopercle overlapped opercle

i bopercle, gocteraventral area buiges slightly
gg. %nbopemle. oraal edge ' blont -

. Ffeope posterior margin convex
34, Interopr:lr:fe, portion anterior to crest narrow and longer
35. Third basibranchial narrow
g‘?. Ié»::“wnr pha a Darrow

. ay, notch margin present
38, Gill ray, horny transverse at lower part absent
39, Vertebrae, n lateral groove © present
40. Bone separating 2nd epural from dorsal compound (stegurals +

hypural plate hypurale minimum)

41, Supraternporal, portion lateral to notch broadens
42, Posttemporal, posterior projection of ventral process as 2 long spine
43, Supracleithrum, rodorse! noich we!bdeveloped.
44, Clei d walled lower part narrow
45, Scapula, foramen _ large
46. Coracoid narrow
47. Upper powicleithrom broad

48. Pelvic girdle, posterior end of anterclateral process broader
49. Pelvic girdle, anterior end of_anterolateml process modest size

Symbob + is marked under thoss species which possess the character described under the
Symbol — is marked under those species which gess the character described under the
As = A, solendrl; S.co = S, commerson; S.ca = 8. cavalla; 81 = S. lineolatus; 8k =
Data for & cavalle, S. macuiatus and S, regalls from Mago Leccia (1958),
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and the different species of Scomberomorus, -

”C.hai'acters (-—-'-j 9y
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llI-developed or absent
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long, pointed (* broad)

rather club-shaped -
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CORCAve )
of -another type (7 = not known)
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not bulging

" pressnt (2 = naot known)
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fively narrow; upper postcleithrum .broader; and, the anterior part of the antero-
mesial process of the pelvic girdle hidden, or, only the. tlp visible to the lateral
view of the girdle.

The species of the guttatus growp differ from the cavalla group
in the above aspects and their characteristic features are: neurocranium relative-
ly broader; temporal ridge develops a prominent epiotic process posteriorly;
suxiliary crest high with concave lateral margin; no slit is developed between the
mesial crests of the frontals; brain-chamber opening broadly visible through
cither side of the narrow parasphenoid; median vertical process of the basisphe-
noid long; dorsal margin of the anterior part of the first infraorbital concave;
lateral and posterolateral knobs absent in the epiotic; mid-lateral process of the
sphenotic well-developed; median keel of the parasphenoid parrow; entering
angle of the premaxilla 40-43°; premaxilla with short nasal process forming
38-39% of its length; anterior notch of the dentary faint; ventral process of the
angular short and stumpy; lateral wall of the palatine deeply concave and its
toothed lamina broader; mesial side of the entopterygoid more. bulging; vertical
ridge of the hyomandibula not closely approaching its head; anteroventral pro-
jection in the opercle insignificant; anterior-posterior axis of the opercle rather
narrow; posteroinferior aspect of the subopercle more bulging, dorsal edge of
the subopercle acute; third basibranchial and lower pharyngeal rather narrow;
gl ray without a soping notch and gill filament without ciliary structures *;
horny bars In the gill ray present* number of vertebrae varying from 46 to 53
in the different species; haemal and peural spines longer and nearly vertically
inserted to the centra; parapophyses of the anterior precandal vertebrae directed
. anteriorly; wing of cleithrum narrow posteriorly; coracoid comparatively broad- -
er; upper cleithrum narrow; and, the posterior part of the anteromesial process
of the pelvic girdle clearly visible to the lateral view of the girdle.

- Except in a few characteristics such as the absence of a pineal foramen,
the number of vertebrae etc., the cavalla group closely resembles A, solandri
and in the few characters available for comparison, also resembles S. chinensis,
The guttatus group differs from 4 solandri in all the above respects except in
the size of the epiotic process of the temporal crest, median keel of the parasphe-
nmd, basisphenoid, and the third basibranchial and lower pharyngeal.

Of the many species within the guttmus group, §. koreanus and
S, gurra.tu: are:closely related to each other as indicated by the relatively shorter
neurocranivm, very ligh cranial crests, supraoccipital-parietal suture rendering
the anterior half of the supraoccipital dome-shaped by an inward curve, absence
of or insignificantly developed intercalar process, formation of an anterior homn
on the simplectic, parapophyses of the onc or two vertebras just preceding the
one with the first closed haemal arch nearly touching each other, and the devel-

*  The nature of the gill ilament and gill ray was investigated only: *in kA koreanus. ’._\
S. guttatuy and 'S, ‘lineclatus of this spacies group. - '
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opment of a mid-lateral furrow commencing from about the tenth caudal verte-
brae posteriorly. Specialization in S. guttatus is indicated by the more acute
anteroinferior limb of the subopercle, very long ventral limb of the preopercle,
dome-shaped base of the gill ray, much elevated but suddenly sloping crest of -
the neural prezygapophyscp, and the blind posterior end of the ventral process
of the post-temsporsl, In §.. koreanw specialization seems to have taken place in
the, temporal crest tending to converge anteriorly with the mid-longitudinal axis
of the neurocranjum, inward projection from the pterosphenoid into the opening
of the brain chamber assuming special prommence, posterior end of the urchyal
attmmng the maximunt vertical depth, and in the base of the gill ray assuming
a shoe shape. Differences in the magnitude of the 'devclopmcnt of some of the
characteristics considered common to both the species have also been observed,
(e.g) the horny transverse rods extendmg from the gill rny are longe:r, anterior
horn of the symplectic shorter, and the mxd-longxmdinal furrow of the posterior
caudal centra deeper in . koreanus than in S. guttdtus. They differ also in the
vertebral count which is 20 + 26 = 46 in S. koreanus but 20-21. + 29 = 49-50
in 8. guttatus. SJlas (1924) considered that S. koreanus and S guttatus were
identical or dﬂfe:red ‘only at the subspecific level. Based on morphometnc and
meristic, charactenstlcs, Devaraj (in press) established that they are distinct
species which is slso supported by asteological av:dence ‘Specialization in S.
maculatus nppea.rs to have been towards an increase in the number of vertebrae
to 53 which is second only to the maximum of 5556 in S. ‘rmultiradiatus within
Scomberomam
. Hneola!w though cloeely alligned to the guttatus group, resembles the
. cavdlla group in the relative size of the neurocranium, straight lateral margin of
the auxiliary crest, relatively broader parasphenoid, longer nasal process of the
premaxilla and the rather narrow entopterygoid. With regard to the extent of
the brain chamber visible through either side of the parasphenoid, the antero-
ventral projection and the anteroposterior axis of the opercle tending to be
prominent, the development of an incipient sloping notch and a few horny bars
in the gill ray and the presence of a few cilia in the gill filament, §. Uneolatus
forms a transitiona! stage between the two groups. The smallest entering angle
of the premaxilla {23°), straight mid-longitudinal conrse of the groove for the
hyoidean artery in the hyoid arch, slightly dome-shaped base of the gill ray with
flat projecting extremities, first one or two haemal spines arching. anteroposte-
riotly, and the very narrow anterclateral process of the pelvic girdle appear to
be the specialized characteristics of S. lineolatus,

The characteristics in which S§. commerson seems to have specialized
aro: the prominent trumcate process of -the intercalar; shortening of the vertical
process of the basisphenoid; much elongated median process on .the vertical
process of the bammhenmd' a posteriorly pointing tiny process projecting from -
a small knob on. the supenoa: ‘margin of the. urohyal reduction of ‘the number -
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of gill rakers (2-6); club-shaped base of the gill ray; and, the more or less
constant number of vertebrae (44). S. commerson is also unique in the posses-
sion of many characteristics of A. solandri not found in any of the other species -
of Scomberomorus studied, They are: the presence of a spine at the antero-
ventral corner of the metapterygoid, convex posterior margin of the preopercle,
very well-developed and pointed posterodorsal process of the hyomandibula,
relatively narrow double-walled lower part of the cleithrum, and the compound
structure formed of the stegurals and the hypurale minimum. There are certain
characteristics in S, commerson that seem to be in a state¢ of transition between
A. solandri and other species of Scomberomorus, They are: the relatively nar-
rower neurocranium; temporal ridge tending to be low at the level of the epiotic;
pterotic posteriorly produced into an elongated spine; mid-lateral process of
sphenotic still smaller than that of S. cavalla, lateral branch of the anterior fork
of the maxilla fecbly developed; anterior notch of the dentary more distinct
than in 8. cavalia; upper fork of the anterolateral ridge on the preopercle in-
distinct or absent; the posterior extension of the lower part of the mesial wall
of the cleithrum less significant; and, the upper postcleithrum larger than that
of S. cavalla (Table 4). In the case of §. cavaila, the nearly convex temporal
crest, very broad median process projecting from the vertical process of the
basisphenoid, unforked anterior part of the first infraorbital and a low vertebral
count of 43, appear to be specialized characteristics.

~ Osteological features of S. chinensis (Kishinouye 1923, p. 418, pl. 23,
fig. 40, a-c) indicate that it is unique in the presence of the first haemal prezy-
gapophysis  and the first inferior foramen on the same vertebrae i.e., the third
caudel vertebrae, the lowest number of vertebrae within Scomberomorini 18 +
22 = 40, and the development of both the pineal window as well as the inter-
otbital lateralis commissure simultancously, Within Scomberomorus, only S
chinensis shares with Acanthocybium such characteristics as the non-extension
of the supraoccipital crest to the frontal, presence of a pair of very prominent
depressions on the ventral surface of the vomer, and the well-developed pineal
window. -In the exposure of a broadly V-shaped dorsal surface of the ethmoid
bonte and the spatulate part of the vomer partly projecting beyond the anterior
fevel of the ethmoid, it represents an intermediate condition between Acantho-
cybium and other species of Scomberomorus. It is identical with the cavalla
group in the straight, shallow auxillary crest, opening of the brain chamber,
broad parssphenocid, development of epiofic knobs, oblique course of the neural
and haemal spines and the low crest of the neural prezygapophysis. It resembles
the guttatus group in the truncate pterotic process (also in S. cavalla), very
small intercalar process, large number of gifl rakers (2 + 9 = 11) and the
incipient mid-lateral fossa m thc caudal vertebrae as seen in S, gurta:us and
8. koreanus.

It could be inferred that S chinensis forms a link between Acanthoey»-
bium and Scmnberqmoms, as well as the basis of the stem which diverged into



OSTEOLOGY AND RELATTONSHIPS 'OF SCOMBEROMORINI 57

TABLE 4. Tramsitional characters in S, commerson (and 8. cavella and S, lineo-
latus) intermediate between other species of Scomberomoms aud

Acanthocybium
Sl S - Other species of
No. Bones . A. solandri $. commerson Scomberomorus
1. Neurocranium, Narrow - - .'tends to be narrower-  broad .
breadth in relation ' (in 8. lineclatus also)
to length . ' : _
2. Temporal ridge ‘descendslow at slightly descends at = does not descend
E -leveiof epiotic  level of epiotic _ .
3. Pineal window well-formed as a pseudostit not formed
L ¢in S. cavalla alao) P
4. Pterosphenoid, pro-  absent - insignificant promirient
cess at inner margin ' .
5. Pterotic process as along al:nrp as an elongated wide short and truncate
_ spine _process - process
6. Sphenotic, mid absent smail (in 8. lineolatus  large
lateral process _ ) and 8, cavalle also) . : :
7. maxilla, outer branch  absent flimsy  well-developed -
of anteror fork e . .
8. Dentary, anterior - well-developed distinet (8. cavalla also)  faint
9. -Preopercle, upper . absent Indistinct or absent well-developed
fork of anterior ridge T '
10. Cleithrom, posterior . insignificant tends to be insignificant  very well-developed
‘extension af lower o .
part of mesial wall T
11. Upper posteleithrum  massive broader NBITOW
12, Pelvic girdle, " invisible to anterior tip visible to anterior 1)3 - 1[2
anteromesial process  lateral view lateral view of girdle visible to lateral
) (in §. covalla also)

' of-ghﬂle

view of girdle

the two groups of seerﬂshes. Mago Leccia ( 1958) ramarked that S..commerson
forms a link between the cavalla. group and Acanthocybium and would merit
separate generic treatment. Though the affinities of S. commerson to Acantho-
cyblum are confirmed in this study, it ‘does not appear to warrant. a,separate
generic status as it doss not deviate from any of the diagnostic characters of
Scomberomorus alteady listed.. Nor should 2 separate genus be recommended
for S. chinensis. Moreover, Munro's (1943) splitting of ‘Scomberomorus into
nine subgenera fails to. receive: any support from . the present mvestlgatgpp



..TABLB 5. Osteological differences between Acanthocybium and Scomberomorus.

Sl.':No. }

- Bones

Scomberomorus

Acarghocybium
Z.Tempotalnda stops at antevior kevel of pineal reachies up to anterdor end of
3Pmmncndge stops postcrior to mid level of mendsuptomndlevelorsﬁll
z orbit antzrior "of orbit
4 Auﬂiuyndp, reduced
-5.,'!-hglnﬁrldgesanddepthotfmaeonthedorsal Iess well-developed
" wurface. of meurocranim more '
& Dislator fomé ' narrow wide
. : portion exposed border exposed

io.

1t

12

13.
14,

-15;

16.
17

Pincal window _
Frontal, fénestra at posterior level of ettmoid bone

Fromﬂ interorbital commissure of the latcral
line sysiem

Frontal, broad depression in front of pineal window
First infraorbital, posterior part

First infraorbital, infraorbital latorat line
Sphenotic, mid lateral projection

Intercalar posicrior process

does pot project beyond nasal
well-developed as a large fenesira
present

absent

well-developed
short and broad
obliterated
DAITOW

absent

absent

projects muoch beyond mpasal level
as a pseudoslit or absent
absent.

present

absent

long and pointed

clearly seen .

wide

present

insignificant to well-developed

8
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Ww&inunallensthotpremaxﬂh
Premaxilly, ‘auniber of teeth

‘Maxilla, Literal ‘branch of asterior fork

Sopramaxilia, bandle -
Destary, number of teeth

24. Dcnunr, -apderoveatral notch

31

32

33,

33.
36.

37

mymm&wm

;mm'swﬂm
Pnlatune,pos&erwl_'fm'k

Pahnne,doualsm‘fm

Hetxpterymd, poslerwentml part

_Hetnpterygmd, vemnl berder
'anpterywd o .
Hyomandibula, numbea' ot tossae on ventml suriaee

Quadrate, posterior process

._Sympledic,upperpart

0%

about 50
abeent
reduced in size
reduced in size
about 50

" almost absent

sscends o 1 below the
crest of process .
mhalbramhshomrthandorsal

owter branch equal to inner

Jong depression with furrows
invaded by dorsal end of
symplectic

antermr ohhque part longer
dorsal arm longer

two

bony ridge not Y-shaped

broad and produced beyond

quadrate

3545%
1424 -
present
lameliate

well-developed
19-20

present

'brnadwnhtmguhrdepmon
_doesnotawendtosmﬁahm;ht

venhalbranchlomrthﬂn'domal

outer branch mwh longer than
inner

no depression, but with articular
faceis .

not imvaded

shorter {0 prominent

Y-shaped bony ridge with saucer-

) shaped deptess:on between the

small and not produced
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 TaBLE 5. (Contirued)

Si . ﬁo: Boms Acanthocybium Scam;e_mmoms

38. Symplectic, mid"constriction sbacnt . present

39.. Hypohyal, dorsal hypohyel much smaller than the ventral smaller than or equal to the
L _ hypohyal veptral hypohyal

40 Hypohyal, an&mor and anterodomal “notches present absent

4i._" Cerntohya!, dorsal margin very deeply concave convex to moderately concave
42. Glossohyal, antesior end broad narrow

43: Qlossohyal, ventral bulbus thickening absent - present

44.. Gloesohyal, furrows on dorsal and ventral surface  present absent

45. Urohyal, posteroventral margin curving without a2 corner with a distinct corner

46, Opercle, anteroposterior width roadest ' broad to broader

47. Preopercle, vertical shallow depression along absent present

48. Preopercle, upper fork of anterior ridge absent present

49, Preopercle, lateral groove at the inferior end of present absent

50, Preopercle, lateral Mne potes obliterated distinct

51. Interopercle, posterior border divided by a mid notch rounded, not divided

52. Gill rakers absent present (2-18)

53, Vertebral column, inferior foramina ‘only ong many

54. First haemal prezygapophysis on vertebra 23rd 14-1%th

55. First closed haemal arch on veriebra 27h 10-15th

LYHVATG ‘W



56,
- 5.

58.

59.
60.
61,
62.

63.
64.
65.
66.
67.
68.

69,
70.

7L

72.

73..

4.

Number of vertebrac
Haemal spines of preural 2 and 3
Parhypural

Hypurapophysis
Hypuraf plate, mid posterior notch
Number of intermuacular bones

Posttemporal, laminz between dorsal and
ventral processee

Posttemporal, median process

Posttemporal, posterior border
Positemporal, ventral border of lower laminar part
Cleithrum, wing

_ Cleithrum, space between anterior prooess' and wing

Cleithrum, upper part of mesial slit with coracoid

Coraooid,lanerallongimdiﬂalmlau

Pelvic girdle, noich on ventral wing of
:mlerolateralprocessl

Pelvic girdle, anteromesial process

First dorsal, number of spincs
Sccond dorsal, number or rays
Anal, number of rays

63

fived with centra

fused with compound centrum
and hyporal plate

present

divided into two cqual halves
straight '
uniforrn width

very wide

visible to lateral view of cleithrum

 mear posterior border

present
hidden to lateral view of girdle

XXVl
11
11

40-56

divided into two unequal halves

projects ag a ventral cone
terior end .

DArrow

not visible o lateral view. of

cleithrum

close to anterior border

absent

visible in varying degrees to

lateral view of girdle

XIN-Xvil

15-23

1524
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Acanshocybium is one of those generg of Scombridae which differ from
'Scomberomorus.in many osteojogical charagleristics dealt with already. The
«differences of Acanthocybium. and Scomberomorus are presented in Table 5.
‘Hence, it bocoﬁes logical to quesuon»whetha’ it should still be included in the
Scomberomoripi, The limited numbey of characteristics which it shares with
Scomberomoruys-are the ;markably soft bones, concave anterior margin of the
ethmoid bone- (also in Sarda); flat, nearly triangular nasal with thickened edges
joined to _the Texternal rdge Bt the $rontals and the extremities of the forked
ethmoid bpne. & shape not met with i in any ether scombrid genera, opgxclg with
ia posteriof indention-as in Scombrini afid yearly straight afiterodorsgl margin
(also fﬂ: M}, prcmaxilla ‘with. brgad’ shank; withou &mﬁ:t plomipende
separating the” drticulér ficets, “and Tow' entering angle; Ventral afin of the
dentary shorter than its dorsal arm; posterior branch of the dorsal fork of the
p:etapterygmd ignificant or gbsent presence of a posterior notch in the hyp-
ural plate, two Bpurals and a Ghmpound strugture consisting of the-stegirals and
ﬁypumle mitdmm and the absence of a boy caudal keel as in the Seombrini;
the so-called lateral process of the supratgmporal very small, occupying the
posterolateral corner of the boge resulting inFhe loss of the typical Y shape met
with in the other generd; supracleithrum w@out a special articulating syrface
for the cleithrym at the, lower half of the #nteromesial ridge; and; the fnesial
wall of the cleithrum forms a posteno: bulgigg as it descends down ifoWwards the
lower extremity. No other scamﬁzd genera” are smilar to Scombiramorus in
the above.respects except the: Soombtkm mtg Skrda agreeingiin two or, three
characterigfics, . The charactcnsucs in w@ch‘ Scomberomomﬂ rcscmbles Scom-
brini are the pnmnﬁve perco:d ones retained in the latter, Gosline (1968) has
listed the prinnnve features of Scomber.. The beryclform foramen, & primitive
character present in some species of Scomberonwms is absent in Scomber.

Since Scomber, oonmdered to be prmutlve among Scombridae (Gosline
1968), is one of those. genera agreeing one another in the twenty-nine character-
istics already discussed, thesc must be considered as primitive features retained
by all but Scomberomorus in which they are modified to suit its own line of
specialization. These modiﬁcaftion_s render s{rong support to the retention of
Scombéroforini as a distinct tribe to accommodate this<specialized group of
scombtid lishes ‘However, Acanthorybiuri has. many impogtant characters typical

rScmbmmoﬁw and hence its: inclusion in the Scomberomorini shoull not
appeafs qmmonable The combination of these characieristics in Acanthocybium
is cona'ete evidencé of its common ancestry: with Scomberomom;, although thc
!attcr ﬁas departed from the main ling of evolution, -

: A@uthor!ybium solandri seems: to have specmllzed in the iollowing lmes
absence of the mid-lateral process ' of the sphenotic, shortening of the, post-
articular part of the first infraorbital, .development of deep mid: notch at the
posterior border of the interopercle, length of the nasal process of the premaxifla
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attaining?néa:ly. 50% of:the .total length of the premaxilla, absence of an ante-
rior fork in the maxilla, longer dorsal arm: of the ectopterygoid, loss of gill
rakers, base of gill xay with a triangular anterior and horn-like posterior parts
separated by a deep nutbll ‘vertebrae reaching the maximium number of 63 or
above, occurrsiice of the ﬂrst closed haemal arch on the 27th vertebrae, pres-
ence of only one inferior foramen déveloped on the 49th vertebra, vertically
directed .anterior abdominal pampophyscs, development . of a very deep mid-
lateral fossa from the 9th to the 54th vertebra, complete. fusion of the parhyp-
ural with the first pretiral centrim and the hypural plate, reduction of the
number of 'intermuscular bones to 10, auxiliary process of  the posttemporal
¢nding in about four apicules, and the development of an anteroinferior notch
op the upper. postclehhrum

OSTBOLOGICAL KEY TO THE INDIAN SPBCIES OF SCOMBBROMORINI

Flat, triangular nasul .premaxilla with broad shank snd Tow entering angle,
_'venlral arm of -dentary shorter. than - its -dorsal - arm; posterior branch of
~ dorsal fork of metapterygoid. ingignificant; lateral stem of supratemporal

reduced; no articulating surface on anteromesial- ridge - of supracleithrum

for the cleithrom; mesial wall of cleithrum postenorl}' cxtended (Scom-

__beromurini)

2a. Interorbital Iatnmlls csommlssurc a.bscnt prnorbltsl pa:t of neurocra-
nium ‘evenly ronnded. and. lengthened; postarticular part of first infra-
orbital shortened and blunt; mid lateral process of sphenotic absent;
- nasal process.of premaxilla 50% in total length of ‘premaxilla; maxilla
not forked anteriorly; dorsal arm’ of ‘ectopterygoid longer than its
.ventral arm; ‘deep mid notch at; posterior - border_ of interopercle; gill
rakers absent; base of gill ray with a triangular anterior and horn-like

- posterior parts separated by a deep notch; number of vertebrae 63 or
. more; first closed: haemal arch on 27th vertebrae; only one inferior
- foramen, on ¥9¢h vertebra; deep mid-Jateral fossa from 9th to 54th
veriebrae; parhypural fused with hypural plate; number of intermus.

: cular bones 10" (Acuuthocyb!um)....'-.-.'.. Jees A, solandri,

2b, Intcrorbita! lateralls commissure present, prem‘bltal part of neurocra-
- nium- not produced and with crests extending from the postorbital
.. part; postarticular part of first- infraorbital longer and pointed; sphe-

_ motic process present; nasal process of premaxilla 35-45% in total
length of premaxilla; anterior fork of maxilla well-developed; dorsal
‘arm of ectopterygoid shorfer than its ventral arm; posterior border of
interopercle not notched; 2-18 gill rakers; base of gill ray of a differ-

ent shape; 40-56 vertébrae; first closed haemal arch on 10-15 verte-
bra; inferior foramen many, first one ‘on any of the vertebra between

" 21 and 31; shallow mi@-htem! fossae restricted to posterior caudal
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vertebrae in some species; parhypural autogenous; 21 to 22 intermus-
cular bones (Scomberomorus),

3a. Entering angle of nasal process of premaxilla 33-43°; first two
haemal spines arch vertically or obliquely backwards anterola-
teral process of pelvic girdle broad.

4a,

4b.

Basisphenoid with long median process projecting from short
vertical process; dorsal margin of anterior half of first infra-
orbital straight; pterotic and intercalar posteriorly produced
into elongate processes; parasphenoid broad and brain cham-
ber opening on either side of it slightly visible or invisible;
entering angle of premaxilla 33°; toothed lamina of palatine
narrow; superior margin of urohyal with a pointed process on
a knob; broad opercle; gill rakers 2-6; base of gill ray club-
shaped; vertebrae 42-45, usually 44; haemal and neural spines
obliquely inserted to centra; no mid-lateral fossae on centra of
posterior caudal vertebrae; upper posteleithrum broad. .. ...
S. commerson.

Basisphenoid with broad median process projecting from long
vertical process; dorsal margin of anterior half of first infra-
orbital concave; pterotic and intercalar processes insignificant
or absent; parasphenoid marrow and brain chamber opening

on its either side broadly visible; entering angle of premaxilla

40-43°; toothed lamina on palatine very broad; superior mar-
gin of urohyal devoid of any process; comparatively narrow
opercle; gill rakers 8-13; base of gill ray dome- or shoe-
shaped; vertebrac 46-50; haemal and neural spines vertically
inserted to centra; shallow mid-lateral fossae present on cen-
tra of caudal vertebrae beginning at about 9th to ilth and
continuing posteriorly; upper postcleithrum narrow.

5a. Vertical depth of posterior end of urohyal, of modest
size; anteroinferior limb of subopercle more acute; ventral
limb of preopercle much longer then its dorsal limb; base
of gill ray dome-shaped; number of vertebrac 49-50;
crest of neural process markedly elevated; posterior end
of posttemporal ventral process blunt ...... S. gutiatus.

5b. Posterior end of urohyal attains maximum vertical depth
among the Indian species; anteroinferior limb of sub-
opercle rather blunt; ventral limb of preopercle only as
long as the dorsal limb; base of gill ray shoe-shaped;
number of vertebrae 46; crest of neural process not
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mu’k&dly elevated; ‘postérior end of posttemporal ventral
process in ‘the form of a dlstmct spinc e e

~.3b. Entering a ot nasal process of prcmlmlla 23°- ﬁrst two haemal
: spines - M;’_'antampmteriorly, anterolateral .process of pelvic
glrdle ‘very- nm'ow Ceravarenian 5. Hneolatus -

1b, Naaai rather rod-llkc or club-shaped or bent anterlm'ly, premam]la with

- - very narrow shank apd high entering angle; ventral arm of dentary equal

- to or longer than its ‘dorsal srm; posterior branch of dorsal fork of meta-

-pterygoid very well-developed; supratemporal Y-shaped; articulating sur-

- face on anteromesial’ ridge of supracleithrum for the  cleithrum present;

mesial wall of: cleithrum not posteriorly extended, '(Fishes of the subfamily
--Scombnnae oﬂzcr than those of tribe Scomberomorini). -

&cxmemnuz NTS
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