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Studies on the early life history of gempylid fishes

Yasuo NISHIKAWA*

Collecting surveys for larval tunas and billfishes were carried out by the Nankai Regional
Fisheries Research Laboratory and the Far Seas Fisheries Research Laboratory over the past
twenty years. Large numbers of various other larval fishes which are considered to be significant
commercially as well as possible future resources were collected in addition to the eceanic scom-
broid fishes such as tunas and billfishes. An example of one of these varieties is the family
Gempylidae.

The family Gempylidae belongs to the superfamily Trichiuricae (suborder, Scombroidei) and
currently consists of 15 genera and 16 different species. They are distributed in the coastal and
epipelagic regions of the tropical and temperate waters of world oceans. Some species of which are
considered to be important as food sources of protein. The biomass of gempylids is estimated to be
quite sizable because of the wide and abundant distribution of their larvae.

In spite of the large amount of information on the biology of adult fish, information is lacking
the ontogeny and distribution of larvae and juveniles. In view of the commercial exploitation and
potential for future fisheries development it would seem important to better understand and
document the early stages of life history of these gempylid fishes.

The purpose of this study is to present morphlogical information on the early stages of the
gempylids and to clarify some aspects of the early life of these species such as their distributional
patterns. Specimens used in this study include the following eleven species : Lepidocybium flavobrun-
neum, Revettus pretiosus, Neoepinnula orientalis, Thyrsitops lepidopoides, Rexea prometheoides,
Promethichthys prometheus, Nesiavchus nasutus, Gempylus serpens, Diplospinus multistriatus and
Paradiplospinus gracilis.

The external and internal meristic and morphometric characters of these species throughout
their developmental stages are described and comparisons and evaluations made concerning the
distinctive characteristics of these larval fishes. In addition, clearing and staining methods are used
to study the development of the bone structure, the fin formations, and other structural characteris-
tics. The results of these studies of larval fishes are then used to discuss the specific interrelation-

ships between various species in the Gempylidae as well as possible genetic connections with other
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scombroid families.
Of the eleven species mentioned above, the larval stages of five have been briefly described

in previuos publications. Six of them are described and classified for the first time in this study.
1. The external and internal characteristics

All of the gempylid species except for genus Rexea are monotypic genera and species. The
Morphological development of the eleven species of gempylid fishes is described in this paper.
Measurements and features used to characterise these are shown in Figs. 1 and 2 and development
sequences illustrating mesristics, morphometrics and bone structure for each species are given in
Figs. 3 to 95. Juvenile specimens can be identified using the meristic characters which are used to
classify adult fish such as number of fin spines and rays, the presence or absence of finlets, and
number of vertebrae. However, the meristic features are not yet completely differentiated in the
small larvae, therefore it is not always possible to use them as distinctive features for identification
when dealing with early stages. Consequently, the following morphological characteristics were
examined to be valid for classifying postlarval fishes in various combinations. 1) the number of fin
spines and rays and myomeres (and or the number of vertebrae), 2) spination on the head, 3)
pigmentation on the head and body, and 4) the comparative length of pelvic and dorsal fin spines.

Based on cleared and stained specimens, the developmental processes of the bone structure
and the construction of the fins were examined, with the following results :

1) In gempylid larvae the formation of the first dorsal, pelvic, and pectoral fins form very
early in the developmental stages.

2 ) The formation and ossification of the vertebral column basically begins at the head and
progresses toward the tail. However, ossification of the caudal skeleton shows a tendency
to form from the posterior end toward anteriorlly. In view of this fact, it is clear that
progress in the ossification of the vertebral column is slowest at the caudal peduncle.
vertebral column is slowest at the caudal peduncle.

3) The caudal fin rays are supported by two preural centra and the urostyle. All of the eleven
species examined proved to have three epurals.

4 ) The pectoral girdle is composed of the posttemporal, supracleithrum, cleithrum, scapula,
coracoid, radials, and postocleithrum. The length of the 2nd postcleithrum proved to
exhibit slight differences in different species.

5) The species examined can be divided roughly into two separate groups based on the
structure of the preopercle spines (those which exhibited in serrated spines and those which
didn’t), such that this characteristic was determined to be useful as a distinctive diagnostic
in the classification of gempylid larvae.

A diagnostic key for larvae of eleven species based on morphological characteristics is
presented in Appendix Fig. 1. The most important characteristic in distinguishing gempylid larvae
from other taxa was to be the presence of developed dorsal, anal, and pelvic fin spines with serrated-

edges.
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2. The specific interrelationships of gempylids on the basis of larval morphology

Tests were conducted to attempt to determine the interrelationships of eleven species of
Gempylidae, based on seventeen selected characters found in larvae during their early stages of
development, such as those formative characteristics including the spination on the head and
distributional pattern of the head and body pigmentation. The calculation method employed
consisted of making comparisons between all of the eleven species in characters of each of the
seventeen selected characters and then determining the rate of similarity between species based on
these results (rate of similarity =the number of common characteristics shared among combinations
of species/the total number of characteristics X 100). Based on the resultant figures, various possible
interrelationships of species were considered and discussed. The result of this discussion was to

classify eleven species roughly into following five groups.

Group A : Lepidocybium flavobrunneum

Group B : Ruvettus pretiosus, Neoepinnula orientalis, Thyrsitops lepidopoides

Group C: Rexea prometheoides, Promethichthys prometheus, Nealotus tripes, Nesiarchus nasutus
Group D: Gempylus serpens

Group E: Diplospinus multistriatus, Pavadiplospinus gracilis

It can be seen that the classification for larval gempylid characteristics generally agrees with
the currently accepted adult classification, but at the present status of knowledge in which the
systematics for this family are considered to be slight fluid, it is not possible to discuss any further
than this. However, it is quite clear that the results of this studies significantly reinforce the
importance of larval morphology in future studies concerning the systematics of the family
Gempylidae. -

Of the five groups listed above the larvae of Lepidocybium flavobrunneum proved to have
some morphological characteristics in common with other scombrid larvae so that it was judged to

be the most primitive of the eleven species examined.
3. Comparisons with other scombroid fishes

Comparisons and studies of familial connections were made between various species of the
families Gempylidae, Scombridae, Scombrolabracidae, and Trichiuridae on the developmental
aspects of fin formation, the structure of the caudal skeleton, the support structure for the caudal
fin and characteristics of the head spination.

It was found, as a result of these studies, that the gempylid species and the trichiurid species
shared an extremely large number of morphological characteristics in their early stages of growth.
In other words their rate of similarity was remarkably high. Thus, the results of comparisons made
between meristic and morphometric characteristics of larval specimens of the two families agreed
with the long held view in classifying adult of these species that both Gempylidae and Trichiuridae
belongs to the same superfamily Trichiuricae.
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The larvae of the Scombrolabracidae also proved to have much in common with the scom-
bridae and Gempylidae. However, the gempylids clearly differ from the Scombrolabracidae in
elements of the caudal skeleton and in the mode of caudal fin ray supports. Gempylids differ from
the Scombridae in the development of fin formation and the spination of the head, among other
characteristics in the early stages of these fishes. In view of these observations the current conven-
tion of classifying Scombrolabracidae as an independent family within the suborder Scombroidei,

placed at a point between the Scombridae and Gempylidae was supported.
4. Distribution of larvae

The patterns of the horizontal and vertical distribution of the eleven species of Gempylidae
larvae were analyzed on the basis of specimens caught in surface tows (upper 1.5m) and subsurface
tows (within upper 50m) with 2m diameter ichthyoplankton nets. The horizontal distribution
(geographical distribution) of these larvae was expressed in terms of number of larvae caught per
tow (abundance) and averaged within 5 degree squares. Geographical distributions of individual
species are illustrated in Figs. 97 to 102 and all species combined in Fig. 104. Vertical distribution
features of nine of the eleven species were compared (Figs. 101 to 103). Thyrsitops lepidopoides,
Neoepinnula orientalis and Pavadiplospinus gracilis were excluded because only very small quantities
were obtained. It was found that Gempylidae larvae tend to occur in greater densities in the
subsurface layers than at the surface. However it was determined that the vertical distribution of
two species, L. flavobrunneum and G. serpens, differ from the others by occuring in greatest
densities in the surface layer. It is thought that adaptation to this condition is the reason for the
much more advanced development of the body pigmentation at an early stages of development in
larvae of these two species compared with larvae of other Gempylidae species examined. It was also
discovered that the larval and early juvenile stages (3 to 30 mm standard length) occur in much
greater densities within the upper 50 m (subsurface and surface combined) than had previously been
thought.
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7 a8 F i< AEHGempylidae) BF1XVN#iH, ¥ F o4 FRICEL, ME IS B 16 B THE I AT
> % (PARIN and BEKKER, 1972 ; NAKAMURA and FUJII, 1983), ZORIOAFIIRED &% 6 FTK
FEWEOH « EREUCIAEIZ 54 L (PARIN, 1968), ZOAEWEIINE D KE W EaFHEIS R, I
BEARKHRE LTEREEON2EEL L2V, ITFEEBT2 Mo — LV REBEEZ2 I &
TAHEORBIZL T, HERRBIBCHEESNLZ Z LD ko AR AENRERETHRIESNS
ZEbH%L > THRTWS (ROUGHLEY, 1956 ; PARIN and BEKKER, 1972 ; NAKAMURA and PAX-
TON, 1977 ; NEPGEN, 1979a, 1979b),

708 FHRARAHOENFIC OO TIREZOMEE/S D 212 L b oS T (21X MAT-
SUBARA and IWAI, 1958 ; PARIN and BEKKER, 1972), % DAEEHIZ DWW T AL ES 2o
THW, flz1E, 7a¥Fr < ABREEOYIICET 2 Z#izd < 1800 EROKb Y cBicA SN S
(LUTKEN, 1880 ; GUNTHER, 1889) %%, Z DB OWFEOERIIFRD Aon T, 1L E2RELSHTY
BN oM L T2, 3FEKZZCBEELW (FlZ1F VoSS, 1954 ; NISHIKAWA and NA-
KAMURA, 1978),

IBFE B XK ERFIEAT 2 & G KEMRMPERL TE 2 3RFEICOR 2~ 7 uEFERETE, ~
Za«AYFREVSTMEEY NN BAEE LIS OABEFHAPEEINTY S, 2O
1%, HIEHAE LB EENCHORMBAEREEDODNZ bOBDR» o THEET S5, 20 &) 2fEED
VEDELTZudFhaRARAERDITONS,

AR L7z & 52, ARAEOIMAERRC OV TRAENZ UL, UHAREZHS»IZLTBL 2k
FEMFNIO A% S5TERICE T2 CORBBEORERK L ED 2 LT ERNICEETH2 LBb
Bis

CDEIBBENS, KRR TR0y FAARAEMAOHERT R 25 L {E&HL, LT
AEFREICE SO THEORERTTO L & b, NENERORHES 50 ERBE O YIHA4E 5 O FEHITHE % B
SWCTEIERENE LT,

vagyFHhvARMEFEIZ 16 FEICET 523, 245 % PARIN and BEKKER(1972) D3 4EERICHE > T
BFIT 2 ERDLDTH S,

Gempylidae sayFh< AR
Lepidocybium flavobrunneum (SMITH) T A2 A K
Ruvettus pretiosus COCCO 2GRV
Epinnula magistralis POEY TAAI¥F
Neoepinnula orientalis (GILCHRIST and VON BONDE) byaTAhATR
Thyrsitops lepidopoides CUVIER EIVEHNTAX
Tongaichthys robustus NAKAMURA and FUJII YEHTAX
Thyrsites atun EUPHRASEN TAYEHTAK
Rexea prometheoides (BLEEKER) A THTA
Rexea solandyi (CUVIER) FAHTHTAK

Promethichthys prometheus (CUVIER) 7avEARRA
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Nealotus tripes JOHNSON T4 A
Thyrsitoides marleyi FOWLER F AT H R
Nesiarchus nasutus JOHNSON By a g g
Gempylus serpens CUVIER sayFhH~<R
Diplospinus multistriatus MAUL Ry zuadF
Paradiplospinus gracilis(BRAUER) S ERYRY TR

FEHRI6EEDS B, KFETHKIDET TV ALY, NTAY, v TITATA, ETVEHTA,
HARR, PAFEHRR, 7O FA AR, NYFA70EF, FudFh<Rh, viFads, B
LTI IRV 270y FOIETH L, &8, ¥XHEMH LML AMFETHHRAEGEZRELLZLDT
%éo

II ##e L URE

1 BX - -R&EFHE - BAEBH

RHGRICHER L 7 FHEAEARL, RETIBREMBEALSL & O HREE X KEFIERT - @K ERR 5T
PP FR A AR IEAL (1967 FIC R EMEFICHBEZEE) 4 & MK BB OHBM S & U KERK
FEOEEMPBINSEATHERT )L o TERMEIN~ I 0 « 2 9 FEEFERABTORICHE
ENHDT, KR TRZNZNTEHOMBBOERIH W 517z,

1) BREEAL 1 1962 4F (12 Riiie) —1983 4 (38 i)
2) PRIEAL 1963 F£—1970 4 (1969 F % Fx <)
3) ATHAE 1977 F£—1981 4F
FHRADRECIREMRS L UVATHROSE L ICHERSAV SN, AvsnzfoRssks

Table 1. Number of specimens examined of gempylid larvae.

Number of specimens by oceans
Species Total
Pacific Indian Atlantic
Lepidocybium flavobrunneum 12 14 26
Ruvettus pretiosus 81 39 4 124
Neoepinnula orientalis 2 48 3 53
Thyrsitops lepidopoides 7 7
Rexea prometheoides 21 3 24
Promethichthys prometheus 142 2 2 146
Nealotus tripes 426 31 137 594
Nesiarchus nasutus 304 301 91 696
Gempylus serpens 2,092 646 398 3,136
Diplospinus multistriatus 308 2 32 342
Paradiplospinus gracilis 8 8
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CICHEAESRER S ATFMTREZ 2, ZhPhcs 0 2 HARARS L URHEOFERRD LS T
H5,

1) GFAERM O 2 m AR X 2R L 20—50 m B0 [F] KT 8, (B HEE 20 45R8)

2) AFFR D O 1.4 m HEAMC X 2 3R B O /K, (RAERFE 15 /)

HHEEEZOTAOHEL R L TRERN2 /v McHi—L 7,

MEAfOMEE 2 mB LU 1 4mMARE L b ICRBOM#E Th 2 MOMEIEIEZ 6 m4.2m T,
BIROHE 2 /3 3EHMEEANFE 1.7mm), HEB1/33 7 LA BEEMNZE 0.5 mm) THEK S5,

HEARBRED M ET 0% R <) Y H/KIRICE D EE LREICE R, TRETANE LU
BRFHARRIL %, INeE 0%y /) — VIR, ISt L, o8, —EBORE AlEAR L
~ 7 o BIEREEYFEOBICRIABEOEABTNE LT, H20EHNICL > THREShZLDT,
INSIEF L% ENVT ) RICEDEE « RESNLTVWR LD TH S,

M2 S CWWATMIC L > TERS W~ 7 o BFEFEES L, SRFEOEE - BESHOIZIZS
BB L a0, FAEEE (RMEEE) 3F - EEREES L OREA >~ FETE L, HIEAFE, mEla
YR, BLUKRAFETREITEN (K96), 11T 20 FLL Eicbh 7z 2 = 7 o GIRERFAEOMIHRE 5156 E
D7ayFh3AROFHAPEES NI (E]L)

il

2 RIE - BADLIE - AR

EADHEZEIZFER & LT HUBBS and LAGLER(1949) D HiEICHE - 7z, /INRIEAR ZBEME T CE R
74 70 X—=8—(KBOEFEHE) ZAWT, REERESA T Vv¥vy V=B L UHE  F22HOTH
E LT, AETIE, REZETEERREZAVY, BREOWEIZY > TFHADRKBTER TG T
KD2ODHERRA L, Thbb, TRHBOZRECHERESN TR WK TR EEEED» S BR
B COEMER Y, 7, TEEEVEK S N BRLIE I B > TREEEHE TOERG
FEEAHEL, TNFLORREHEL /2,

BEEFROBERFEA & L TABOEBICOWTTo 7228, HEC Lo TIEEARIORELEZEL
720 [FHEBDREICHES BROFER o VIO ML - BEGARE 2 A 5 720, —HABER )X R
ok, 7z, fio/N{EAKIZ CLOTHIR(1950) @ AIEICHE > TEH{E 2T, 7Y ¥ Y > RedS 2 &
D LEBE L7, 4B, ARAETRERH 2L REFOREICENEROD 2 Z ENTHRINTL
% (MATSUBARA and IWAIL, 1958) Z & »5, BRROFEZREOMETICE > T, INoDBELIT-
72o AWIETIX, BROPEREIETHEBRICOWTTo7, BAOHELES L HIESMIEK 11, %
LTEHEHICAWLFELBREOLHIIR 2 12R L 72,

7oy FH v AR PARIN and BEKKER (1972) 0 &%, AEHEFI L 13 FAF7 (1955) 5 & UF NA-
KAMURA et al.(1983), %7z, BEOLFIE FEF(1975) & & U POTTHOFF et al.(1980) I2 Z L2 fE -
7o BIEICBVLTHRR L 51, BEMNEGDOHToNTOLRWLEIC DWW TIIARFE CTHHML ZREL
7o B, AMFERTHOVABOESA, A, BLUELEAKEIROBD TH 5,

SL  :standard length AR
HL : head length G =
BD : body depth 1K =
UL : upper jaw length | E
Sn. L : snout length 1Y =

OD : orbit diameter R & &
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PAL

Measurements for larvae of Gempylidae. BD : body depth ; ED : eye diameter ;
HL : head length ; OD : orbit diameter ; PAL : preanus length ; PDL : predorsal
length ; PPL : prepectoral length ; Preo. L : preopercular spine length ; PVL:
preventral length ; 2nd DL : 2nd dorsal spine length ; SL : standard length ; Sn.
L: snout length; UL : upper jaw length; VL : ventral spine length.

ED . eye diameter iR 7=
Preo. L : preopercular spine length A SR
2nd DL : 2nd dorsal spine length WHESE 2 R
VL - ventral spine length fEfETR R
PDL : predorsal length HEEFTER R
PPL  : prepectoral length HafERTE R
PVL : Preventral length fEEERTA =
PAL  : preanus length FLFIRTER R
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Fig. 2. Designation of larval characteristics of Gempylidae.
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FZ72akILT, 99 7974 AR (9, 18)
INT LY (85 T7) NyFHF7ayF (9, 15)
FyaTATA(CY, 0) 708 FHTR (7, 20)
tavEA<A(3, 1) xRV ruagF (3, 13)
HITHTA (4, 8) EFERYIBYF(4, 3)

sayEhr<A(8, 7)
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HEIEZBELT, 709 F A ARBE I BOMHICB ) 2 EOMBEEZIER Lz, &8, I

DBEFRL FFCHELBOBA A EL U TRERETH LSRR L, Zhs OREERL S TIKRER

3FE & LTHRE 3 mm—30 mm REOFHEAICERN I NS,
1a FEEBCHEESD L, EHEBICRORNEMT 2, BIFATIIEELRICFERROHERE &

=W w
v g o O

(o2 B 2 B & 2

» T o O

EREESH 2 (K 3), ATMEFIIEOMARIES L {BAL, fEgsHE T2, TR 12
DU eeeveremessmmrees sttt 775 anY L. flavobrunneum
FALTEE RIS A7 oy ATHEIIAIE 13 LAE ceeveer e 3
HiER s X CIEEEEIC LT b, BEEEIS TRRS B, W2 BHES L UBRBOERICEE 2 RE
Fhand s, AT mmUETIROREREEECHET 5, TR 16-17, & - BEEE
BE( Q-5 EL) DI B -eveersormerereeoniiii i s | i . O lepzdopozdes
ASBENE 13 L OEEEIIIT BRI A0 B orveeereeeennee e ST TP UPRUPROPRIPN 3
REEEITTE E BRGE TRERR S AL A v 4
FEEE T B — DB TRERL S AL 2 oorrrr e s et 8

A OF « AIRER « B > T 3ADBOHRN D 5, WHEICBRORNFAET 5, REATHIC
FAROBEE R BORNEN D 5, MATRHEROORTPESFEES 2, THPEUT 26-32

............................................................................................. rasFh< A G. serpens
{RABI D B EfEis 13 BT 255 LETE D BT I B weererermmerssrerermnnnan e sttt 5
BTEREE B RRIT SR DI 25 B rerrerrereerssorsrasastos st i b e e s s s s b b e s e e 6
TR SR RIS Trls  +vosmmsamr s ssm s SR e A S A A AT ASE5T 7

FIEECBOINEMRT 5, IMEOERCEORESH 2, KES mm LIETIIEEICE
BREIHET 2, WHETIIIREERE LI LG EAROPREEHFIMNET 2, AEES
NEOBABIZE L BV, HEEBREUL 16 oo b 3w h <R N. orientalis
W EL, MERRE L D K, Yiks o B0 T TOV_EICHEE 2 BORHEN H 5, HIREE
NEOBABIZIEARALEL RV, (K& 6 mm &L TIIMSICEDOREN b 5, [EEEHIEY
DOFEEITA/NTHAN A 3 (B 32) o E 7 mm DIg Tl EERERICEORENFEIRT 2, THEH
BEUT 1618 vvvvvmerrererenereeiet ittt 713 H < A R. promethoides
JEEEBRIIIRIA C, HEREHRSR I & B TREN THBES 2, ATE SR OMABIE B IzERL,

HERRRCZEL VL ELIEPRE Y, AR 8 mm UE TRMBEICHEDRENH 2, F 15
DEEFTERIZTI, AFEEHIEIT 19-21  roorrrrrrrre, 7754 Hh< R N. tripes
EEIZEL, YWidEY, FEEERRES T ACEEL 1 2aFErd 5, BEEEIC 2 7ATOE
ERBEORESH 5, FEEBEIL 13-15, - BHERIE (& 2H)21b 5, MATIRARIE B
Z 2 ([ 15) wevvemeemensemesese e s st e e INZ LY R. pretiosus
HEIEL, WIZIRR L DBV, Wik» 5 &8FICHh 3 ToOy FIclHE 4 BEFHESH 5, HHER
BIUREBEELICE T 2 BRBPRSFET 2, (5 6 mm & LU T3 SR CBE DR
i]§% z)o %ﬁ%ﬁﬁbi 19,21 ................................................... 2N :/ ‘}‘j] 7 67 7 % N nasutus
M AR E DRI 5 2 (1B T 50 WD & BILIC 21 T oY L IcEE 4 BafRs b 2, RE
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I o BEEERIE S L < FBEL, RR 5 mm DU il iz BERNFEIRT 201035, gk
ﬁoi L1718 crreee et e s avEhn~<A P rometheus
8 b Hg&g;iﬂ@ﬁg%@g)?ﬁﬁ'ﬁ‘o:ﬁzﬁj—% ........................................................................... 9
9a EFEBRACELIMELESZEREA S &M onNAR-> 2BELBREET 5, 7
BEL 1 BORELH B, KK 6 mm LI CREEEBICREREAFEIRT 5, FREERICHTLIC
M5 1/NER D5, REVHICIEE - BEHROMENE L VL, HARKESIE MET 2,
%‘f%ﬁﬁ?&bi B0=34 v RV 7 a ¥ F D, multistriatus
9b AHOERLMFEIH > T 2HAOEROHREDH 5, FTHRERICATHICHD L/INE»DH 5, A
DEGIEGLIT R, FIEEIGOMY, R EHFMOBICHEEH 2, BB T EOFRR-IT
BLgw, MARESHECHET 5, B 36-39 - 2 IRV 798 F P gracilis

IV FBox#H

708 FH < AROFHAR—RCESSE L, BEHOESLRE L, DFKREL, MEHIFHEL,
S OBFECHREE B2 5, iSO TREL, ZhoDBLICiEE2E T2 (oS
< AEKRL), BEEBUIFE L, AMETHROMS 3B L AHENRA SN S, B 1 SEOBRIE 2
THEL DR, %70, [BEE, MEORE L FHICTRT 5, MEBREREIE 12-19, BEIEEEET A
CHEL(Z7ayEh<A%2KRL), B—bruwidHekFTHKkans, ¥ BEOREIELZ LD
EEWHLDO LD D, (FHEAIZEDHE & BES8HORENELVACBLT, ARMICEAXFR
(Serranidae) % 7 = ¥ 4 £l (Lutjanidae) D4 (KENDALL, 1979 ; MORI, 1984)1cMl% »3, i o Wikt
DIFFERIZEHES 1 BB TE/INTH 5 2 & &, B, Hfil, BLUraiRRPEREOHECL S
T7udF AR AROYREESIC#HIE N5,

Lepidocybium flavobrunneum (SMITH)
FZZ2YValby
(M3—5)

1 BEBLUHECDVLWTOBRENHR

775 3L HEROBE S SRR T TR EBEBICOA LBREEDORWEEE: &S
(PARIN, 1968), AfEIFHARDZHICB VT o EMPL R OO RHREOREYFICLIELIF
HIRT 2 2 LG SN Twa (MYERS, 1932 5 SCHULTZ and SPRINGER, 1956 : BARTLETT and
BACKUS, 1962 ; MERRETT, 1968 ; FOURMANOIR, 1970 ; MAKSIMOV, 1970 ; PAULIN and HABIB,
1980), 1%, HARELBICB W CENEHSLETERLSMIIBEIN T LI DA TH-7(KI-
SHINOUYE, 1926 ; KAMOHARA, 1938 ; MATSUBARA and IWAI, 1958 ; 2, 1963) 4%, ZDRA b
O CBITHEKRE I 0o, HF, EBEE»SHFTHEERTITH T TORFHREIAEIC B » TARE L3
R T HEMLEBBENTONE L51CHD, i )OEENS TSN Twiz ()] - BRIAFER), L
ML s, BRI ELVAFBORTUICEEZNE T v 7 ARSICRET 2 HME (ZRICBNS &L THIE
RERZT)NMEE s, BETRZOMARAKEOMIHCES LTV,
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775 a sy OFHEAIICET 2 W58 T4 7% <, FOURMANOIR(1970) 5 & UF GORBUNOVA
(1977) W B RHEH 2 H 2 DA TH > 7248, FEF DOFEF LITITITTLICHEH S iz (NISHIKAWA,
1982) .

2 FHEOEH

NISHIKAWA (1982) 22 &, AFE(THEMA % BIA O MRS & 381§ 2 MR EIIRT 2 L RO LD
ThH b,

1) FBEE Eopzei

2) BEIEE O TS & FiRbEO fmEE (striation)

3) MEREEIC 51 2 B AR

4) 51 IEEEN LR 0 B R

5) RIfEEBED, MBABOIEXL EEEROFEE, B L UBETETO RS F58E 0

R

EEo 1) oF#E, AT Y YEHScombridae) D Y7 & (Scoberomorus) i D HH] S 4L
TWIFHHA TH % (SHA et al,, 1966 ; WOLLAM, 1970 ; JENKINS et al., 1984),

3 WHMERER

1 FBEsLUERENE

FHEADTZEEFZIC DWW TIZEEIC NISHIKAWA (1982) I L > TAEL L BEHE N T w2 DT, ZI Tk
(FHEAOSHE (% 2), PREZ(L (K 3-5), B L U FBREB#HL & CICHTETHORMSE R TICIED 5,

AFHEEICEMNCR o N2 LEHEBOBMIEROERICOWTH 6 1KLL 72, EHRETOMER I,
WEIZEIARD 2 7 OFLIRER E LTHREL, AR 3. 1mm OEETEICHRICED >N S, I ORER
BEET mmEEH T TZORZEFESICET 25, T OBRMATIC» T THR2IGBRBERICH Y, (&
E 3l mm OMATIIEMMICEO N LEBE L% 5 (M6a-d), FEEEOBZSH O IERE 2 14 LB I
o TRV, LRORKEROBORE, SHB L T, 208U ZDHEL 2 VLB TE T ICEE.
HETZ D EHREN D,

REIC, IREBETHMOMELR 7 1R, ATEEEMHIEIN, MRS, BEEEE 4-6 mmo
BHHFRTIEA-IMGIcZNZN 3, SEABKZ NS (M T7a-c), 1KE 16 mmEAB D FE f T 13 g il
kT2 &L b, AMEOTCIZREABED EF D 2 K2 W%k T 5 (74, 7e), KH T HiHREEE
RO 1 B K CHREZZE L, 2R THICE, > THEL, 053 %EITa Ttk
IET 55, H2VEENEBZ 5, FELHEREGGIEAMO T ACUBEY 2 2 BRI L HEL, A
wieyvRdond (74, Te),

2 BRREER

#E 3 mm &OHTFA (K 3 a) i3, EHMTIRIREK L, R TIIIERO 2 BEREBFEL, FiC
REREERD Z MIZEETH 2, 4 mmE(MIb)icnd L, BORMIIE 1 SHEELEL S CICEEREEIC
BoAEIEEICY HIRL, BESOBERBLLEARAENE, Z20HS mmE(Kda, bn»ritT, &
FHUF Rk X BEEE, REERITTE, 25 1 S, B & USSR B L CEfbsn, K 6 mm &2 ERE
HemErsBZeRcEbnd, OEBROBEORSIESEPRARCEHbL 2 HAMICIZRE
AR E %22 (K 5b, o), CHIREBRIBFAIHCBT 2EBELRHHETH 2, K 16 mm LI, SEEE
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Table 2. Measurements (in mm) and counts of larvae of Lepidocybium flavobrunnewm.

Measurements
Standard length 3.1 4.9 5.4 5.7 6.6 16.0 33:0
Head length 0.9 1.6 21 2:5 248 6.2 10.7
Body depth Fal 1.4 2.0 2.2 2.4 4.6 7.8
Snout length 0.4 0.5 0.6 0.7 0.7 1.3 2.9
Predorsal length — 1.8 2.5 2.8 3.0 6.4 11.4
Preanus length 1.8 2.8 3.3 4.0 4.4 10.9 22.2

Counts
Dorsal fin VI, VI, VII,18 1X,20 IX,22 1X,23 X11,24
Anal fin — — — 10 11,17 11,15 11,19
Pectoral fin 6 10 14 15 15 15 16
Ventral fin 1 15 1,5 1,5 1,5 15 15
Myomeres 21 29 29 — — — —
Vertebrae — = - . a — 16415

LUE 1 BB T 2 GRS EICHETL, BEIICIEmEERS 2Ry ks BaRicE
bha (E5b, ¢ FABEARTOFARERT D 2 HE 33 mm O (K5 ¢) 128> T b MBI X
BEEZRIIHBEL 2V,

Ll &, 77TV 3 LY OFHEICKEI L ORIEREEET B 1EEcaoN5,
I BT ASD, 2L TEEIT-HAHLZEL TEOONLFHHETH L, 272, BEIOmmED
FE A R T b SRR I ARSI a W I E b AFMORFHME L ThIFon b,

3 AbE@RR

B - PEERCE T OREEOEDOFEE  JHFIC OV TiHENS,

BEE RADEHTH 2 7THOHEFEOEFIIED TRACITON, & 3.80 mm TRRIC 2Tk
FLTWB(ES),

SR, SEEDRER ORI 2L 3R L7 77 Y 34 TREFZO(EEIZAEE 3.80 mm DOfH
ETEEH L EEHCBLTRYICASNDS, T0%, BROME, HEIIHEE - BEEES - [FEEHK
-7 - BEEMS BN RERIEES L BT 2, AR TIE 1 588, Mt BEREOREIZFICT
b, &EE5.52, 6.30, 4.50 mm TZNZNRADEHOMESZLIMET 2, FhEL L VBEDRIED 5
(LI REREIMORE S mmEBELSRE D, Z0%, (FHADKEICON THEDIVE 3R
L 38, AR 30 mm A OMEETLEIBEIZETICB L THAHE CEKE SN TB D ZR2 4L T
B, BIED 5L B 4 8 F 4 < 2D (NAKAMURA, 1980) 25 A T H 573 DBW I L AHHEE S
ns,

BE 779V 3AYDOEHIZEMEEEE (posttemporal), F#EEE (supracleithrum), 84 (cleith-
rum), /8 ' (scapula), B H (coracoid), &t (radials), B X UEREHE (postcleithrum) THERL X
Nb, BEROERIHESBORRER 8 TR T2,

& 3.80 mm OfEE (K 8 a) T, BRICEREIEE, LE#HE, BLUE 2EEEMEES ATV,
BAEEZEEREEE L, BTAEH < LD BEIZIEEL TR, BAREE L g oMIciE T 2 F
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Dorsal view

Dorsal view

Fig. 3.Development of larva of Lepidocybium flavobrunneum. a: 3.1mm ; b: 4.9mm ;
(from NISHIKAWA, 1982).
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¢ ) Dorsal view

Fig. 4. Development of larva of L. flavobrunneum. a: 5.4mm ; b: 5.7mm SL (from
NISHIKAWA, 1982).

17
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Fig. 5. Development of larva of L. flavobrunneum. a: 6.6mm ;b:16.0mm ; c:33.0mm
SL (from NISHIKAWA, 1982).
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Fig. 6. Process of reduction of supraoccipital
spines in larval L. flavobrunneum. a :
3.80mm; b: 7.80mm ; c¢: 13.05mm ; d:

31.00mm SL. SO : supraoccipital.

Fig. 7. Development of preopercular spination in
larval L. flavobrunneum. a: 4.9mm ;b:5.
7mm ;c:6.6mm;d: 16.0mm;e: 33.0mm SL.
Scales indicate Imm.

Table 3. Meristic counts of cleared and stained specimens of Lepidocybium flavobrunneum.

Size Number of ossifying spines and rays gggrggpﬁo?s:ifyi“g N Lm?be.r of Nurrl}be-r of Nég?ﬁ;gf
Br.* | ossifying ossifying ;
(mm SL) Dorsal Anal Pectoral | Ventral Caudal| D1 D2 Anal vertebrae | neural spines 223”;1035;2:
3.80 IV, 0 0 L 0 1 0 0 7 0 3 0
4.30 VIII, 0 11 L5 4 8 0 0 i ] 6 0
5452 IX, 0 14 15 9 5 0 0 7 15 15 0
6.30 X,18 10 15 15 17 8 0 0 7 21 19 14
7.00 X.19 10 15 15 17 8 0 0 7 22 21 15
7.80 XI,21 11,15 15 1,5 23 11 9 0 i 31 29 2
11.25 XI,24 118 15 1.5 33 1 19 15 7 31 29 22
13.05 XI,24 11,18 15 L5 35 1 20 15 i 31 29 22
31.00 X1,20+5 | 11,13+4 15 L5 37 11 25 18 7 31 29 22

* branchiostegals

BHEFIEVWEREET 55, R 4.50 mm OEETIX, EAMBETHERSND LB IEACHED
MR I NS (K 8b), R, 5 1 &E#HE, BRELEOTO B L Ok LD HEE
BFE&ND, OB TIIMELZFIZ EAD 1L EBHMEL TWw 2, & 6.30 mm OEEKTIZ (K 8c), &
BB E CHSER T 2130, BREBLIUVBLOEOLEDEALA, HHED AEE2THbEIN S, HEE
FES I ERD Z OB ME T 2, RE 7.80 mm OEE (K 8 d) TIXE B D sz /INFLOSTE R &
n, EEEO LSRN TEARIBIEE RS, 208, AR TEEROBIESL, B
OEOHFEE SR L 22 (B8 e) ATED A & SN2 TIRIA L HAEE S HEHEEO
FZRE (MATSUBARA and IWAI, 1958) 13 ZDHEBEETCREBZEINZ VL,

R (THAOREICIES BEEE « EEEBZOMEAETEZK 91K T2,

FROEET 2K 3.80 mm OEE (K 9a) TIREEBERIIEFL Tuin, BRNEH ICHEEE LKA
& 25 4.50 mm OEET, ETEREHIBO®R T A ICEEESMEEsns (MIb), BEFOLE
EEROEE A EICEA KR G6.30mm O E & THE 1-5 4 T 2l hypurals) » ¥ T B &
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Fig. 8. Sequence of ossification in pectoral girdle of larval L. flavobrunneum, lateral
view of left side.