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FOREWORD

Marine capture fishery is an important fisheries subsector in the regional and national
economy of the Southeast Asian countries, particularly pelagic fisheries targeting the family
Engraulidae and Scombridae. In the last decade, the demand for these pelagic fishes had
continuously increased within and outside the region . However, the remarkable increase in
number of fishing vessels and the introduction of more efficient fishing gears had led to the great
decline of these pelagic fish populations in some waters in Southeast Asia. Therefore, it is
necessary to have propermanagement and conservation of the stock to sustain its fisheries.

Generally, limiting the number of operating fishing vessels and banning fishing activit ies
around spawning and nursery grounds seasonally are being undertaken as part of the
management measires. |chthyoplankton surveys were conducted to determine the spawning
ground and seasonand to monitor the stock status of the targeted fishery resources.

However, the number of researcherson ichthyoplankton in the Southeast Asian region is
scarce and their skills in larval fish identification is limited. As such, the Southeast Asian
Fisheries Development Center, Training Department (SEAFDEC/TD) in collaboration with  the
SEAFDEGC-SwedenProject organized in 2015 thetraining workshop on the identification of larval
fishes, particularly families Scombridae and Engraulidae. During the training workshop, it was
realized that one of challengesof ichthyoplankton research is the lack of an identifi cation guide
to fish larvae commonly found in Southeast Asia As alternative, w e used reference booksand
other sourceson other areas such as in thevaters of Australia, Japan, Western and Central Pacific,
California Current region. Therefore, it is my hope that the compilation of this book will boost
the conduct of ichthyoplankton research in th e Southeast Asianregion.

On behalf of SEAFDEC, | wish to express ny appreciation to authors and contributors who
worked hard to compile and edit this book. | would like also to express my appreciation to the
Japanese Trust Fund for the support to publish of this book.

Ms. Malinee Smithrithee
S E A F DYedetaryZ>eneral



PREFACE

The high-yielding pelagic fish es such as anchoves, mackerels, and tuna-like fishes are the
major target of fisheries in the world. They are an important fisher y resources in terms of food
production and economic benefits. However, in recent years, the fish stocks had been exposed
to high fishing pressure coupled with the use of efficient fishing gear. Therefore, it is necessary
to manage such resources for sustanable use and clarify the underlying ecological parameters.

Ecological research for resource management needs to be investigated throughout the life
cycle of the target resources. In particular, conducting research on the spatiotemporal aspects
includin g the spawning season and spawning ground of the target resources provides basic and
essential knowledge to formulate biological management measures.

In order to advance the research on early life history of anchov ies (Family Engraulidae),
mackerels, tunas and tuna-like fishes (Family Scombridae), the Training Department of the
Southeast Asian Fisheries Development Center (SEAFDEC/TD) in collaboration with the
SEAFDEGC-Sweden Project organized a workshop on larval fish identification in 2016 in Samut
Prakan, Thailand participated by young researchers from Cambodia, Malaysia, Myanmar,
Thailand, and Viet Nam.

This Identification Guide to Scombrid Fishes andLarvae of Southeast Asiais published as an
outcome of the Workshop. Unfortunately, due to the lack of information on in the region, the
morphological development of the Engraulidae larvae was not included in this Guide .

Konishi, Y., Chayakul, R. & Punsri, R.
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DIAGNOSTIC CHARACTERS
OF SCOMBRID FISHES

first dorsal fin (spines) second dorsal fin (soft rays)

pectoral fin sy : % dorsal fin lets

V4

= \ :‘ caudal
S keels
9,'-'\/
9 . analfinlets N

pelvic fin —» |
anal fin caudal fin

" Two dorsal fins (the first fin is usually short and separated from the second)
Four to twelve dorsal and anal finlets behind dorsal and anal fins

" Caudal fin deeply forked
Pectoral fins placed high

" At least two small keels on each side of caudal peduncle

* 31 to 64vertebrae

REFERENCES: Collette and NaCehl|l 1983 pndC&



SPECIES COM POSITION OF SCOM BRID FISHES

Tr i b e Genus Speci Engl i sh na
R. braclkshort macker el
Rastrelli|R. fauglisland macker el
Scombr i R. kanag¢l ndian macker el
S. austispotted chub ma
Scomber
S. japotPacific chub ma
Ac and yhwi unA. sol artwahoo
Grammator |G. bilitdoubiaed macker
S. comm¢naridbawred Spani
Scomber S. guttilnd®acific king
mor i ni
SSomberomgS. koregKorean seerfish
S. line(streaked seerfi
S. sineftChi nseeseer f i sh
GymnosardgG. unicddogtooth tuna
Sardini
Srda S. oriefstriped bonito
A. rochg¢bull et tuna
AuXxi s
A. thazifrigate tuna
Eut hynnus |[E. affiltkawakawa
Kat suwonugK. pelarskipjack
Thunnin
T. alal (al bacore
T. albaqyell owfin tuna
Thunhus
T. obesiybigeye tuna
T. tong¢longtail tuna

'Thunnus amattocroiyeit st ir $t het eedijmcent waters of Southeast
I ndi an Ocean, waesttRacil ittt edDceéant he
REFERENCES: Collette (2001)



’KEYS TO THE SPECIESOF SCOMBRID FISHES

la. Two small keels and no large median keel on each side of caudal
peduncle (Fig. 1a); usually five dorsal and five anal finlets (Fig. 1l1a);
adipose eyelids cover front and rear of eye (Fig. 2) ------------- 2
1b. Two small keels and a large median keel between them on eachside

of caudal peduncle (Fig. 1b); 6 to 11 dorsal and 5 to 12 anal finlets;

adipose eyelids absent - - -------- - oo 6
pair of keels // 4 median keel . ?/ adipose ‘eyelld i
\-Q_“ \ o s/ \ / , ’
\'i % \ / = ¥ A
.Y 4 \ A ( @
...... A ;.(\ --‘.’-J-'J > ( (
7 N\ 2 ~—~
o\ pair of keels Y N
a) Scomber b) Auxis W
Fig.1 Keels Fig. 2 Scomber

2a. Vertically zigzag or wavy lines on back; first anal -fin spine fairly stiff

and strong (Fig. 3); teeth present on roof of mouth - --------------

2b. One or two horizontal rows of spots on each side of back; first anal
fin spine thin, rudimentary (Fig. 4); no teeth on roof of mouth ~ --- - - -

--------------------------------- (Rastrel-l-i-g-e-r4

anal-fin spine strong
Fig. 3 Scomber Fig. 4 Rastrelliger kanagurta

2modi fied fr2ZdmMlCol l ett e (
REFERENCES: Cdlalueetnt  18B®B), ,Ccloll dtetted e( 20@1L1)Gr a



3a. First dorsal -fin spines 9 or 10; distance from tenth (or ninth if it is last

spine) dorsal-fin spine to origin of second dorsal fin less than

distance between first and tenth (or ninth if it is last spine); 12615

interneural bones 3 under first dorsal fin - ----- Scomber japoni
3b. First dorsal -fin spines 10to 13; distance from tenth dorsal -fin spine

to origin of second dorsal fin greater than distance between first and

tenth spine ; 15520 interneural bones under first dorsal fin - -------

------------------------------------- Scomber austral a
4a. Gill rakers not visible from side of head when mouth is open,  34to

40 on first gill arch; body moderately slender, its depth at posterior

margin of opercle from 4.9 to 6 times in fork length ; length of

intestine equal to or less than fork length - - - - - Rastrelliger f
4b. Gill rakers visible from side of head when mouth is open  (Fig. 5), 47

to 73 on first gill arch; body moderately deep, its depth at posterior

margin of opercle from 3.7 to 5.2 times in fork length ; length of

intestine from 1.4 to 3.6 times the fork length - - --------------- 5

5a. Body depth at posterior margin of opercle from 3.7 to 4.3 times in fork

------------------------------------ Rastrelliger br ac

gill rakers \ @ | AN
N\ . ‘,/ |
\ AN ! 41\

< i W Interpelvic proces

Fig. 5 Rastrelliger brachysoma Fig. 6 Grammatorcynus
(after Collette and Nauen 1983)

Sl nternewsnatthd omreoxi mal el ememswhoft ht seapptoenyd
bet webe neural spines of the vertebral colu



5b. Body depth at posterior margin of opercle from 4.3 to 5.2 times in fork
length ; length of intestine from 1.4 to 1.8 times the fork length
l i ger kal

6a. Two lateral lines, the lower joining the upper behind pectoral -fin

base and at caudal-fin base; interpelvic process single and small (Fig.
Grammatorcynus bi l

6); vertebrae 31
6b. One lateral line; interpelvic process single (Figs. 6 and 12)or double
7

(Fig. 13); vertebrae 38t064----------------------o oo
-like;

7a. Teeth in jaws strong; compressed, almost triangular or knife

corselet of scales obscure; vertebrae 41 to 64
7b. Teeth in jaws slender, conical, hardly compressed; corselet of scales
13

well developed ; vertebrae 38 to 45

8a. Snout as long as rest of head (Fig. 7); gill rakers absent; first dorsal fin
Acant hocybium sol

with 23to 28spines; vertebrae 62 to 64- - - - -
8b. Snout much shorter than rest of head (Fig. 8); at least one gill raker

present; first dorsal fin with  14to 18 spines; vertebrae 41 to 52- - - - -
(Scomber ome-rru+9

9a. Lateral line with a deep dip below first or second dorsal fin  ; vertebrae
N (O L R 10
9b. Lateral line straight or descending gradually backwards . Vertebrae
R (Y R e 11
4 | y
| %

Fig. 7 Acanthocybium Fig. 8 Scomberomorus



10a Dip in lateral line below first dorsal fin; total gill rakers on first gill

arch 11to 15; vertebrae 41 or42--------- Scomberomorus sin
10b. Dip in lateral line below second dorsal fin; total gill rakers on first

gillarch 1 to 8 ; vertebrae 42 to 46- - - - - Scomberomor us co0mme
11a Lateral line without auxillary branches anteriorly ; vertebrae 44 to 46

---------------------------------- Scomberomorus | ine
11b. Lateral line with many small auxillary branches anteriorly (Fig. 9);

vertebrae 46 t0 52- - - - - - - - - - - - e o 12

12a Dorsal -fin spines 15to 18 (usually auxillary branches

of lateral line

16 or more); intestine with two P
1101 15

loops and three limbs; head
longer, from 20.2 % to 21.5 % of
fork length; body depth less,
22.8 % to 25.2 % of fork length ; f‘““—*
vertebrae from 47t0 52 -------- Fig. 9 Scomberomorus koreanus
------ Scomberomorus g u(f"ﬁ?r go{letﬁegnd Nauen, 1983)
12b. Dorsal -fin spines from 14to 17 (usually 14or 15); intestine with four

loops and five limbs; head shorter, from 19.7 % to 20.4 % of fork

length; body depth greater, from 24.4% to 26.7 % of fork length ;

vertebrae 46 or 47------------------ Scomber omorus Kkor e

13a Upper surface of tongue without cartilaginous longitudinal ridges



14a Six to eight narrow, dark longitudinal stripes on upper part of  body
(Fig. 11); no teeth on tongue ; vertebrae 44 or45----Sar da ori ent ;
14b. Body either without stripes or with dark spots above lateral line and

longitudinal dark stripes below; two patches of teeth on tongue;

vertebrae 38-------------------mooaom o Gymnosarda uni c
|
| 1‘ J
“‘.v\l P / . \_ | _/ \ \\,: g L/ i
-f \___/ cartilaginous \ B i
ridges

Fig. 10 Sarda orientalis (left), Fig. 11 Sarda orientalis

Katsuwonus pelamis (right)

15a First and second dorsal fins widely separated, the space between
them at least equal to length of first dorsal -fin base (Fig. 12); first
dorsal-fin spines from 10to 12 interpelvic process single and large,
longer than longest pelvic -fin ray (Fig. 1 2); vertebrae 39-(A u x )i -46

15b. First and second dorsal fins barely separated, at most by aspace equal
to eye diameter (Figs. 13 to 15); first dorsal -fin spines from 12 to 18;
interpelvic process bifid and short, shorter than shortest pelvic -fin
rays (Fig. 13); vertebrae 390r 41--------------mommmmmoo - 17

16a Posterior extension of corselet 4 narrow, only from one to five scales
wide under second dorsal -fin origin ; dorsal naked area extends

anterior to tips of pectoral fins; gill rakers  from 38 to 42 on first gill
arch - ------moeemi e e Auxi s thazar

“The |l arge thick scales that cover the anteric



16b. Posterior extension of corselet wide, usually from 10 to 15 scales wide
under origin of second dorsal fin; dorsal naked area does not extend
anterior to tips of pectoral fins; gill rakers from 37to 47 on first gill
arCh - - - - oo Auxi s roche
17a Four to 6 prominent dark longitudinal stripes on belly (Fig. 1  3); total
gill rakers on first gill arch  from 50 to 65; vertebrae 41------------
------------------------------------- Kat suwonus pel a

17b. No dark longitudinal stripes on belly; total gill rakers on first gill

A % pelvic fin \ o
pelvic fin ~u |

interpelvic process interpelvic process f

single, large bifid, short \f

Fig. 12 Auxis thazard Fig. 13 Katsuwonus pelamis

18a Body naked behind corselet; several black spots usually present
between pectoral - and pelvic -fin bases (Fig. 14); pectoral-fin rays
from 25t027----------- oo Eut hynnus aff
18b. Body covered with very small scales behind corselet; no black spots

on body (Flg 15); pectoral-fin rays from 30to 6--(T hun n-usl9

corselet

Fig. 14 Euthynnus affinis Fig. 15 Thunnus



10

19a Ventral surface of liver with A ST
: L IR S R
prominent striations ; center U2 U, M)
o _ i -=L"-J ‘—‘
lobe of liver equal to or Sl lver |
_ a W/ b

longer than left and right Fig. 16 T. alal unga, T. obesus(a) and
lobes (Fig. 16a) - -------- 200 T. albacares, T. tonggol (b)

19b. Ventral surface of liver without prominent striations ; right lobe of

liver much longer than left or central lobes (Fig. 1 6b) - --------- 21
20a Caudal fin with a narrow white posterior border; pectoral fins very

long, reaching well past end of second dorsal -fin base; greatest body

depth at or slightly before level of second dorsal fin - ------------

--------------------------------------- Thunnus al al ul
20b. Caudal fin without white posterior border; pectoral fins short or

moderate in length, not reaching end of second dorsal -fin base

(except in small individuals ); greatest body depth about middle of

body, near middle of firstdorsal fin ------------ Thunnus obesu
21a Total qgill rakers on first gill arch  from 26 to 34 (usually 27 or more);

second dorsal and anal fins of larger individuals (120 cm fork length

or larger) elongate, more than 20 % of fork length; maximum size is

over 200cm fork length - -----------nounn-- Thunnus al baca
21Db. Total gill rakers on first gill arch  from 19 to 27 (usually 26 or fewer);

second dorsal and anal fins never greatly elongate, less than 20 % of

fork length at all sizes; maximum size 130 cm fork length - --------

———————————————————————————————————————— Thunnus tongg

SThis type |l wvehei nes ywlmbiedi mgpTelcu rersu so foanidemd ad 0
Th u n naursi e mtreel idsi st i n gumaschceddynmE d o mn caudpkckbiehl
(dawlky el | olwe s20% hidonk & n g tmo riels 20% dfor k || ermngidyhelcy ) .



PICTORIAL KEYS TO THE SPECIES OF
SCOMBRID FISHES

Rastrelliger

1st dorsal-fin spines 8 - 10 ] ]
) 2 rows of dark spots dorsal fins widely separated
/ dorsal and anal

_ _Einlets usually 5 «*‘j?’

body deep (BD
3.7-4.3 times in FL)

adipos e

eyelid intestine length

3.2 3.6 times FL

vertebrae 31

gill rakers 47- 73 (visible A\ 15t anal f|n spine thin R.br achys
from side of head when A\ and rudimentary (Short macl
mouth is opened)

2 rows of dark spots dorsal fins widely separated

dorsal and anal

. finlets usually 5/

intestine length

1st dorsal-fin spines 9- 10

body slender (BD 4.9-6
times in FL)

adipose Nﬁ( equal to or less
eyelid _ B 522\ 15\\ than FL
i [ [i .-f:)' RN
vertebrae 31 \\J_I\ ((7_{/— N8R
gill rakers 34-40 (invisible AR _ _ \1 R f au hni
from side of head when J I anal-fin spine - thin ' g
mouth is opened) and rudimentary (sl and mac

o /7, 2 rows of dark spots
1st dorsal-fin spines 8 - 11 ~ //

body moderately deep
(BD 4.3-5.2 times in FL)

dorsal fins widely separated

A dorsal and anal
.. finlets usually 5 ~ ,

adippse . 3 e :/ intestine length
eyelid : ey : 1.4-1.8times FL
vertebrae 31 / -7 \ )
gill rakers 48-57(visible S N\
from side of head when . 15t anal-fin spine R.kanagur
mouth is opened) thin and rudimentary (I'ndian mi

a<b Scomber

a: origin of 1 stdorsal fin - C
b : C- origin of 2 nd dorsal fin
C : 10" dorsal -fin spine

dorsal fins widely separated

zig-zag lines
dorsal and anal finlets 5

1st dorsal-fin
spines 10- 13

) "Ny ‘! ._ .—""-“ “\
vertebrae 31 T - L SR < / \\\h
adipose eyelid ¥ Saustralasi

1st anal-fin spine stiff and strong (Spotted chub

Sel ected distinguishi ng acnhearheecateearfst ear)e shown (

REFERENCES: Collette and20N@leNakadsd3pndColCiod t te
Graves (2019)

11
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Scomber( ¢ o n 1

a>

o

C dorsal fins widely separated
a: origin of 1 stdorsal fin - C

b : C - origin of 2 nd dorsal fin
C : 10" dorsal-fin spine

zig-zag lines

dorsal and anal

1st dorsal-fin
spines 9- 10

-7 )
=T 7 =

T

i = o . /v_\\\ . h
vertebrae 31 © 1st anal-fin spine S'J aponil

cus
adipose eyelid ' stiff and strong (Pacicfhiuch mac
_ Acanthocybium
1st dorsal-fin
spines 23-28 ~. dorsal fins close together
snoutlong ~ 7 dorsal finlets 7 - 10

vertebrae 62- 64 \':3"".-‘_

\ \‘

A.s ol al(i\/\di\?]bo

anal finlets 7-10
no gill rakers

24- 30 vertical bars

Grammatorcynus

dorsal fins close together
dorsal finlets 6-7

anal finlets 5 -7
e/ . o

1st dorsal-fin
spines 11- 13

o ) —"h o S\ <,
vertebrae 31 R N

{ G.bilineatus

(Doub-l ened mac

gill rakers 17-24 2 lateral lines

Scomberomorus

lateral line with a deep dip
\‘ » below 2nd dorsal fin

dorsal fins close together

Istdorsal-fin ___——» £

spines 15- 18

vertebrae 42- 46

9‘ v .
anal finle

ts7-12
S.commer so
(Narrbobwr rSpedni sh mac

gill rakers 1 -8 . N
40- 50 transverse vertical bars
(fewer than 20 in juveniles
less than 40 cm FL)



Scomberomorus( ¢ o n {

dorsal fins close together

1st dorsal-fin spines 15-18
(usually 16 or more)

lateral line descending gradually backward

dorsal finlets 7 - 10

vertebrae 47-52
(usually 50 or 51)

ks

=~ “éﬁal finlets 7 - 10

auxillary branches . S.guttatus
.8-25.29 fl i . . :
body depth 22.8-25.2% FL of lateral line (1 nRa@ocific king

gill rakers 8 - 14

lateral line descending

dorsal fins close together
gradually backward

1st dorsal-fin spines
14 17 (usually 14 or 15)

dorsal finlets 7 -9

vertebrae 46-47
(usually 46) o

" anal finlets 7 -9
S.koreant

(Korean s

gill rakers 11-15

axillary branches
body depth 24.4-26.7% FL of lateral line

no auxillary branches dorsal fins close lateral line descending
of lateral line together gradually backward

Ist dorsal-fin

dorsal finlets 7 - 10
spines 15- 18

vertebrae 44- 46 N A “ analfinlets 7 - 10
narrow black lines Slineol a

gill rakers 7 - 13 and few if any spots

(St reaked s

dorsal fins close together =

1st dorsal-fin A
spines 15- 17 i

vertebrae 41- 42 T s e - ,\
ik T Y anal finlets 5 - 7
gill rakers 1 1- 15 w ( ! |
S.si

lateral line with a deep nens:|
dip below 1st dorsal fin ( Chi nese S

13



Gymnosarda

dorsal fins close together

no prominent pattern
of stripes and spots

1st dorsal-fin /

spines 13015

dorsal finlets 6067

anal finlets 6

¥ lateral line strongly G.uni co
undulat es (DO gt oot h |

Sarda

vertebrae 38

gill rakers 11 814

dorsal fins close together

1st dorsal-fin
spines 17919

H-x\;“f anal finlets 637

e .
gill rakers 8 513 6-8 narrow dar S.orient
longitudinal stripes .
(Striped L

vertebrae 44645

AUXIS

dorsal fins widely separated

A4 dorsal finlets 7 89 /

vertebrae 39 i q"ﬂg
e _f——"/ analfinlets 7
gill rakers 3 7647 \\{ posterior extension - _
of corselet wide A.roche@aull et

1st dorsal-fin
spines 10012

vertebrae 39

posterior extension At haz (Erl‘i dJ at e

gill rakers 3 8842
of corselet narrow



Euthynnus

dorsal fins close together

1st dorsal-fin
spines 14017

dorsal finlets 7 68

anal finlets 7

E.affini
(Kawak awa

vertebrae 39

gill rakers 29 834 several black spots

(usually present)

N

Katsuwonus

dorsal fins close together

1st dorsal-fin >
spines 14018

M ’
% anal finlets 6 88

) - K.pel ami
gill rakers 5 0865 . 406 prominent dark p .
1 longitudinal stripes (Ski pj ack
Thunnus

caudal-fin
margin white

dorsal fins close
together

Istdorsal-fin spines __—» |
12614

 dorsal finlets 739

v

vertebrae 39

anal finlets 789
S,

gill rakers 25 6831

pectoral fin very long (>50 cm FL:usually
reaching up to 2nd dorsal finlet) (Al bacor

T.al al u

15
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1st dorsal-fin

spines 12014

vertebrae 39
gill rakers 26 834

(usually 27 or more)

pectoral fin
moderately long®

Ist dorsal -fin

eye relatively large

vertebrae 39

gill rakers 23 831

1st dorsal-fin
spines 12014

vertebrae 39

gill rakers 19 827
(usually 26 or fewer)

Thunnus( c o n t

A pectoral fin moderately

/ A close together

dorsal fins
close together o

.

2nd dorsal and anal fins
elongate (> 120 cm FL)

/
/
4

Ve

3

dorsal finlets
889 47

/4
>\ 4

anal finlets WY
889
ca 20 brpken T.al baca
vertical lines ;
(Yel I owf ir

dorsal fins

close together

anal finlets 7610 ;

T.obesu
long (> 110 cmFL)’ (Bi geye |

dorsal fins

dorsal finlets 8 689

many horizontal rows
of colorless elongate T.t on ggc

oval spots (Longt ail

5Pector al
"Pector al

uf si tnasl Irye abcehy 0 fddo r cbraihg ibruto fno2 beyarsde .t h

fins

of

4sOmacl nh)e ra rien dvi evri yd ulad n8gd (@ »¥r seaalc hfii
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LARVAE



20

MORPHOLOGICAL CHARACTERS AND
MEASUMENT S OF SCOMBRID FISH LARVAE

< NL >
supra-  midbrain supraoccipital spine
%%.tem posttemporal spines
forebrail pterotic spine
notochord tip
isthmus (cleithral symphysis)
< TL ‘ >
< SL >
1st dorsal fin —— : 2nd dorsal fin
nape
pectoral fin
nostrils eye 7
snout S
“\\
v =SSN caudal fin
upper jaw ANUS '\ myomere
2 e . anal fin
lower jaw branchiostegal membrane ~ PelVic fin
\47 Head 4>\4—+7 Tail 4>‘

Trunk

Hypothetical larvae (upper: preflexion; lower: postflexion)

NL : notochord length (distance from tip of snout to posterior margin of notochord)

SL: standard length (distance from tip of snout to posterior vertical margin of hypural
plate)

TL: total length (distance from tip of snout to posterior edge of caudal fin )

Head: portion from anterior tip of snout to posterior margin of operc  le

Trunk: portion between head and anus

Tail: portion of body posterior to anus
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SKEYS TO THE SPECIES OF
SCOMBRID FISH LARVAE

la. Second dorsal fin develops prior to first dorsal fin. Preopercular
spines absent. Vertebrae (myomeres) 31--------------------- 2
1b. First dorsal fin develops prior to second dorsal fin. Preopercular
spines present. Vertebrae (myomeres) from 31to 64------------ 3
2a. Pigment present heavily over brain, and on nape®. Pigment spots on
ventral gut and preanus invisible or small at preflexion and flexion .
Upper jaw tip projecting at postflexion ---------------- (Scomber
2b. Pigment present sparsely over brain and absent on nape. Pigment
spots on ventral gut and preanus distinct at preflexion and flexion.
Both jaw tips nearly meet at postflexion ------------- (Rastrellige
3a. Snout round and short. Preopercular spines small in same size.
Vertebrae (myomeres) 31------------ Grammatorcynus bi l

3b. Snout pointed or elongate. Preopercular spines formed usually well

and elongate at angle. Vertebrae (myomeres) 39------------ 4
4a. Supraoccipital spine present ------------------------------ 5
4b. Supraoccipital spine absent ------------------------------ 6

5a. Snout elongate and its length about two times of eye diameter.
Supraoccipital spine distinct. No pigment appears on pelvic fin.
Vertebrae (myomeres) from 41to 52------------ (Scomber omor us
5b. Snout moderately elongate and its length 1.5 times of eye diameter.

Supraoccipital spine weak. Pigment appears on pelvic fin. Vertebrae
(myomeres) 44 0r45---------------omoooooo Sarda orient.

fmodi fied from Nishi kapvml i(2d 1t49 .| arhv sse kleggs § st ha

‘Devel opment of pigment on nape is depend on bc
REFERENCEINi shi kawa and Ri mmer (1987), Richards
(2007Ni shi kawa (2014)
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6a. Body elongate. Gut very long and anus position considerably beyond

half body. Snout extremely elongate and mouth quite large.

Vertebrae (myomeres) from 62to 64- - - - - Acanthocybium solandri

6b. Body moderate and tail tapering. Gut compact and anus position

anterior to or near half body. Snout pointed or elongate. Mouth

moderate or large. Vertebrae (myomeres) 38to 41-------------- 7

7a. Snoutvery elongate. Upper jaw tip greatly projecting. Branchiostegal

membrane and opercular area well pigmented - ----------------

-------------------------------------- Gymnosarda unic

7b. Snout pointed . Both jaw tip s nearly meet or upper jaw tip slightly

projecting at postflexion stage. Branchiostegal

opercular area sparsely pigmented -------------------------

8a. Internal pigment present on anterior margin of forebrain  -------

8b. Internal pigment absent on anterior margin of forebrain - -------

9a.Cleithral symphysis and preanus pigmented - - - - -

9b. Cleithral symphysis and preanus unpigmented - -

membrane and

Eut hynnus aff

10a. Pigment appears early on lower jaw tip at about 3.5 mm NL. First

dorsal fin pigmented late at about 6 mm SL. Pigment appears late on

upper jaw tip at about 7.5 mm SL. Vertebrae (myomeres) 41

-------------------------------------- Kat suwonus pel a

10b. Pigment appears late on lower jaw tip atabout 9 mm SL?* ¢ First dorsal

fin pigmented early at about 5 mm SL. Pigment appears early on

upper jaw tip at a bout 5 mm SL. Vertebrae (myom

eres)39------

Thunnus

tongg

Ni shi kawa and Ueyanagi (1992)
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11a.Pigment present on cleithral symphysis and preanus . First dorsal fin

pigmented late at about 11 mmSL ------------ (Au Xx)i-s----12
11b. No pigment present on cleithral symphysis and preanus . First dorsal

fin pigmented early at5 -6 mMmSL------------------------- 13
12a.3.5 5 mm NL: melanophore on lateral midline of tail (ML M) absent,

and pigment on lower jaw tip ( PLJ) present; 56 mm BL: ML M 0 or 1,

and PLJ present; 6- 7 mm SL: ML M usually from 0 to 2, if more than

3, the melanophores present on caudal peduncle and/or anterior to

caudal peduncle ---------------~--~------------ AuxriecHei
12b.3.5 5 mm NL: melanophores on lateral midline of tail (ML M) present,

or ML M and pigment on lower jaw tip ( PLJ) absent; 56 mm BL:

ML M usually equal to or more than 2, if a single, the PLJ absent; 6-7

mm SL: ML M usually equal to or more than 3, and the pigment

present mostly on caudal peduncle --------------- Auxt Baztar d
13a. One or two very small melanophores present on ventral midline of

taill ---------e e Thunnus obesu
13b. No melanophores presenton tail -------------------------- 14
14a. Pigment on lower jaw tip appears late at about 8mm SL ----------

---------------------------------------- Thunnus a% al un
14b. Pigment on | ower jaw tip appears early atabout4 mm NL --------

---------------------------------------- Thunnus al baca

Umodi fi eflatfor oent al . (28pp)iedhte keyvaes | ess
Compil®if notflcédoxicdmrs around 6 mm BL.

2Spawning grounds are formed mainly in the tro
waters: Central INndAS,nil00MEN; (D0AShern Centr

(10BRAN, 11838AR); southern iRaASti1AdBO0A®AN (UBKEN
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PICTORIAL KEYS TO THE SPECIES OF
SCOMBRID FISH LARVAE

D VI | L4X%I1143 6
TN A D043+5

Rastrelliger 3

i i Pi: 8422
pigment over bra_ln sparse at no head spines present .
preflexion to flexion stages P2 I, 5

V (M) : 31

R (DK

a series of melanophores on ventral
head and __, midline of tail conspicuous

snout round
gut compact and anus moves )
backward with growth

2nd dorsal fin develops
prior to 1st dorsal fin

b 4.2 AN
no preopercular spines >\/v pigment on preanus and ventral gut distinct at
~ preflexion and flexion (invisible at postflexion
by hiding inside and loss, respectivel
no pigment on nape A y g P )

2 rows of melanophores appear
) along 2nd dorsal-fin base and
A/ “extend forward with growth

through larval stage

anus and anal-fin origin spaced

cleithral symphysis pig - (no space atjuvenile)

mented usually at flexion
and postflexion stages

completion of notochord
flexion atca 5 mm SL

2 dorsal fins widely separated

all fins formed completely

upper jaw tip
pigmented

both jaw tips
nearly join

around 9 mm SL

anus beyond half body melanophores on ventral mid -

line decrease in number

Rastrelliger sp. or spp. (a d Konishi 2014)

d 18.

Selected characters with an arrow are shown ('t

BSpecies ideRasgtielaltii e /Rdba tagalm@iskcamea gluartwae i s
by morphol ogical <characters.

REFERENCES: Chayakul (1996) , Koni shi (2014)



Scomber D : XI2XB+ 5l
head sbi i a large melanophore present A D~1+5
NO head Spines presen usually on nape through larval P 18-~21
_ ¢ devel stage (invisible after ca 8 mm P |, 5
pigment  develops SL by embedding in bod :
heavily over brain y J ) v (M - 3]

through larval stage

. ___,_'\ a series

of melanophores on ventral
midline of tail conspicuous

a 3. gut compact and anus moves
backward with growth
2 rows of melanophores appear
along 2nd dorsal -fin base and
head and HR/ ~ extend forward with growth

snout round

-
e S

completion of notochord

b 5.1 m flexion occurs by 7 mm SL
i pigment on preanus and ventral
no opercular spine gut absent or very small 2nd dorsal fin develops
/ prior to 1st dorsal fin

nus and anal-fin origin
spaced (no space at juvenile)

2 dorsal fins widely separated melanophores on
ventral midline of tail

decreasein number

s Y, -
IR LT LR g &

upper jaw tip NS
slightly projecting iy =T R

d 9. J

) anus beyond ((length of dorsal -fin base from 1st
all fins formed com pletely half bod _
alr body to 9th spine) / (SL) X 100)< 12

atcal2 mm SL
[for juveniles in more than 13 mm SL ]

Scomberaustralasicus (a d Ozawa 1984)

REFERENCESGzawa (1984), Sassa and Koni s

25
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Scomber( con't
D : -02¢8X5
- no head spines present A 2-14+5
pigment develops Py 90~21
heavily over brain — /  alarge melanophore on nape L
through larval stage lack or rare (5 mm SL >) Pa2: I, 5
V (M) 31 vV (M) : 3

=

‘ T,
- A =
-n“-‘.g‘:“%.::.-

a series of melanophores
on ventral midline of tail
conspicuous

a 3. 8 r  pigmenton preanus and
ventral gut absent or very small

a large melanophore present
¥ fairly on nape (5 mmSL ) 2nd dorsal fin develops

/ prior to 1st dorsal fin

head and
snout round

2 rows of melanophores appear
along 2nd dorsal -fin base and
extend forward with growth

gut compact and anus moves
backward with growth

no opercular spine

com pletlon of amelanophore on nape invisible by

embeddmg in body (8 mm SL _ ) completion of notochord
77

flexion occurs by 7 mm SL

s

anus and anal-fin origin spaced

c 8.4 1 (no space at juvenile)
2 dorsal fins pace &l
iaw i widely separated melanophores on ventral midline
Upper jaw tip of tail decrease in number

slightly projecting

d 10.81L anus beyond ((length of dorsal -fin base from 1st
all fins formed completely half body to 9th spine) / (SL) X 100) _ 12
atcal2 mm SL [for juveniles in more than 13 mm SL ]

Scomber japonicus(a d Uchida et al. 1958)

Tot al l ength is convert esd atnod anrodt ol cehnogrtdh |
REFERENGES i da et Sals.sa( ahx58)K,oni shi (20114



Acanthocybium
B N D XXI 11 ~XIXVYbHTH
A 0~114+ 0
. . P1. 226
upper jaw tip body elongate V(M) 62364 Py | 5
pigmented 3, V. ( M)’ _ 6264
mouth large ,,'!!'"[ﬂl'ﬂ‘a.'nllmmm,m T
.- T SR TR IO
\ lower jaw tip
a 3. 4 m . gut long and anus
pigmented beyond half body
upper jaw tip shout elongate and head
large with growth
projecting / g ¢
b 5.8 m K no space present between

anus and anal-fin origin

2 dorsal fins initially widely separated and
close together later with development of fins

2nd dorsal-fin base
pigmented

completion of
notochord flexion
occurs at ca 6 mm

cartilaginous pad
present on ventral
lower jaw tip

relatively small pre - anal-fin base
opercular spines present pigmented

all fins formed completely

atca 23 mm SL

2 dorsal fins close together

e—t &%‘?‘;}{{f .'_h;
d 13. 8L T ey

Acanthocybium solandri (a d Matsumoto 1967)

REFERENCEMat sumoto (1967), Richards (2006) , Fa

27
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Grammatorcynus : s D X| ~XI0I~I164-+7
| Znmmmmn 0 b A 1 BB-T1
Pi: 2@ ~ 2
large, round head and body slightly deep and reduces Pl_ | c
eye reduce in relative in relative depth with growth 2 :
size with growth v (M) : 31

V (M) 31
~Z2

T anus and anal-fin origin spaced

=z (no space in juvenile)

2

gut compact and anus initially
) . before half body (later
preopercu]ar spines small in considerably beyond it)

size and increase in number

with growth in larval stage

2 dorsal fins close together

{I o -shaped a small pigment
snout round and 3 large saddle-shape patch present on
caudal-fin base

relatively short

c 25. :
preopercular spines reduce

shaped pigment blotches
appear

all fins formed completely
atcal5 mm SL

2 lateral lines present (the lower branched from the upper under 4 th dorsal-fin spine)

Grammatorcynus bilineatus (a d Nishikawa 1979)

REFERENCEWade (1951), Ni shi kawa (1979), Richar



Scomberomorus*
D XV~ XMI5I~I20 + 8
. A 16~21+7~1
head' large and plgmented tail tapering P 21~24
heavily over brain
\ Px 1, 5
vV (M) : 42~46¢6

mouth oblique
and large

large melanophores on
ventral tail reduce in size
gut compact and anus position and number with growth

moves backward with growth
supraoccipital spine small but

- ————————
head and pointed distinct through larval stage
snout large  ~ {] '-\,

upper jaw tip
projecting

preopercular spines
well developed and a
spine at angle elongated

2 dorsal fins widely separated

ool i and close together later

e

i

.’—‘/
anus and anal-fin origin

spaced (no space in juvenile)
through larval stage

Scomberomorus commersona d Richards and Jenkins 2000

“LarvaSsek offeaiusneocanaft sisneasésunreported.
REFERENCEXBenkins et al (RBb8AardE€hapgdk NG il & & 6vle

29
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Scomberomorus( ¢ o0 n 1

D XV~ XMWI8I~I2 4 + 7

anterior dorsal fin - body slightly elongate .
fold pigmented y Sighty 9 A 19-~23+7-~1
—l V (M) 47352 P: 20~23
= Pa: I, 5

vV ( M7 ~52

mouth large

gut compact and anus 10315 melanophores present
position moves back - on ventral tail and reduce in

m
pr(_aopercular ward with growth number with growth
spines present

supraoccipital spine small but
distinct through larval stage

anlagen of dorsal
b 6.6 m and anal fins appear completion of notochord
flexion occurs at ca 8 mm SL

upper jaw tip
projecting y

a larger melanophore
on anal-fin base

pigment over brain
appears late —— ¥ =300
(ca 8 mm SL) -

_ anus and anal-fin origin
d 8.8 1 spaced (no space in juvenile)

Scomberomorus guttatus (a d Zang 1985)

REFERENCE®ang (1985), Chayakul (1996), Ni:¢



Gymnosarda D XI | [-2XV1 47+
A ~1B26
P1: 25~28
, body slightly elongate .
snout considerably and somewhat deep at P 103

concave \ shoulder later v (M) - 38
i .- = - e

V (M) 38 Sz
/-\.f—/'/J{

; no pigment present on
-~ tail through larval stage

" .
' anus moves backward with growth

snout and head pigment develops well over brain,
large with growth on opercular portion, branchiostegal
membrane and gill lamellas

cartilaginous pad
present on ventral

lower jaw tip \ AT N e
¢ ¥ ) N r, _____.,_,_,—-—'—'_-‘-—-._,_,_——'—f =

. %% 5 tail taperin

b 3.4 % _ pering

preopercular spines appeatr,
and increase in number and
upper jaw considerably size with growth

projecting

oblique mouth very large

anlagen of dorsal - and
anal-fin bases appear
all fins formed completely

by ca 15 mm SL 2 dorsal fins widely separated
pigment on head and close together later
and gut dense )
- completion of notochord
fang-like teeth present R flexion occurs at ca 6.5 mm SL

on upper jaw tip

anus and anal-fin origin
spaced (no space in juvenile)

Gymnosarda unicolor (a d Okiyama and Ueyanagi 1977)

REFERENCEGK i yaUuwmy amalg i (1977), Ni shi kawa (2C

31
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Sarda
D XVI | ~-1X4I~XL 7 +
A 14-%16+6
both jaW tipS and lateral anterior margin of P 23~26
lower jaw pigmented forebrain pigmented Pz |, 5
early (by 4 mm NL) / early (by 4 mm NL) V (M)~45 44

V (M) 44 or 45

__..-\‘__.,..r"h._,-—--.___\___
a series of melanophores present
on ventral margin of tail

‘cleithral symphysis pigmented

supraoccipital spine

supraorbital ridge appears weakly
large and serrated well /
2 dorsal fins widely separated

snout pointed, head ‘7 and close together later

and mouth large
.

tail tapering . oletion of notochord

flexion occurs by 6 mm SL

preopercular spines
well developed

a cluster of melanophores
appears on caudal-fin base

g "f{»,g(———»’ melanophores on ventral tail
S/ *%ﬁfy embedded in musculature
all fins formed completely

by ca 12 mm SL pelvic fin pigmented anus and anal-fin origin
(ca 5 mm NL<) spaced (no space in juvenile)

Sarda orientalis (a ¢ Nishikawa 2014

Tot al l ength is converted to notochord | ength
REFERENCEASmMbrose (1996) FaRaghar@887]20063hi kaw
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N

Auxis |
\ D X~X10=247 ~
A I HZZ-~1
melanophores present ]
V (M) 39 on ventral midline of Pu 23
lower jaw tip usually tail (the dorsal midline P2 I, 5
pigmented g T sometimes pigmented) V(N9
N2 =7
X X W
il N
2 gut compact and anus moves
a 3.5 n backward with growth

preopercular spines appear,
and increase in number and

size with growth
melanophores on dorsal

midline of tail extend
forward with growth

margin of forebrain
snout pointed, head y\’é—/\
and mouth large ™y 3 o PR e RS
‘%tion of notochord

flexion occurs by ca 6 mm SL

no pigment on anterior

tail tapering

cleithral symphysis and preanus
pigmented in larval stage

all fins formed completely
atca 15 mm SL 1st dorsal fin pigmented ) )
2 dorsal fins widely separated 15

late (ca 11 mm SL<)

supraorbital
ridge weak -

" pigment begins to appear
on lateral midline of tail
atca 5 mm NL

pelvic fin unpigmented anus and anal-fin origin
spaced (no space in juvenile)

Auxis rochei (a, ¢ : Matsumoto 1959 ; b : Collette et al. 1984)

Several small spines ar e ndodrisceela bflien sb eat nmde eenmble

50 mm SL.
REFERENGOGHES sumot o

(1959), Collette et al. (198¢
Fahay (2007), Nishika

wya (2014), Sato et al . |
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Auxis( con D X~X102478
A 12~84+
no pigment on anterior ' melanophores present Pu 22
margin of forebrain on ventral midline and Pail, 5
lower jaw tip dorsal midlines of tail V. (M) = 39
sometimes
pigmented
gment begins to appear on lateral
midline of tail at ca 3.5 mm NL
a 4.

gut compact and anus moves
backward with growth

cleithral symphysis and preanus
pigmented in larval stage

preopercular spines appear,
and increase in number and
size with growth

tail tapering melanophores on dorsal
T midline of tail extend

shout pointed, head :
T / forward (ca 7 mm SL<)

and mouth large

" completion of
. nhotochord  flexion
> occurs by ca 6 mm SL

anus and anal-fin origin
spaced (no space in juvenile)

b7 . 1

supraorbital
ridge weak

rows of melanophores usually

1st dorsal fin pigmented present on lateral tail from ca 5 mm NL

late (ca 11 mm SI<)

' . 5
all fins formed completely “a 2 dorsal fins widely separated

atca 15 mm SL - e g
. NI o =

BTSRRI
- p—

1:2-*—_* , - . o , -1':_'- - 4’--

d 11. 2 == <+— pelvic fin unpigmented

Auxis thazard (a d Matsumoto 1959)

BSeduxi s irmpagglee i3 3.
REFEREN®E®S sumoto (1959), Ambrose (1996), Chaya
Ni shi kawa (2®8€114D,2®ato et



e = D XV~ X\WV10+ B+ 78
- > \ “W 5
Euthynnus 38} ) p _ A 8- 7
A % P: 2B ~2
anterior margin of forebrain V (M) 39 _ _ P 1,5
pigmented (ca 4 mm NL< tail tapering vV (M) : 39

gut compact and anus moves
backward with growth

preopercular spines appear,
and increase in number and 1st dorsal fin pigmented

snout pointed, head size with growth / early (ca 6 mm SL<)
and mouth large \ T P

completion of
notochord

. flexion occurs
s atca6 mmSL

both jaw tips and
lateral lower jaw
pigmented

pigment on ventral
midline of tail sparse

‘\kcleithral symphysis and pre -anus

_ pigmented at 4 mm NL

2 dorsal fins widely separated

supraorbital and close together later

ridge weak

anus and anal-fin origin
i spaced (no space in juvenile)
all fins formed completely

atca 10 mm SL

Euthynnus affinis (a d Nishikawa 2014)

Total | ength is converted to notochord | ength
REFEREN@®E®S sumoto (1959), Amb(r200s0e6 )(,1 99adN)ia,y hH i Rcah@ea

35



36

Katsuwonus D XI V~X\B+ B+ 7%+0]
[ A T™IH—B
P 482
. . . N
anterior margin of forebrain A Py: | 5
pigmented (ca 4 mm NL<) V (M) 41 tail tapering v (M) | 1

lower jaw tip ;
pigmented early Z ol )
(ca 3.5 mm NL<)

T

a 4. 9NLn : ¥ gutcompactand anus moves
' = backward with growth

preopercular spines appear, and increase

in number and size with growth

amelanophore appears rarely
on dorsal midline of tail

completion of
~ notochord flexion
_, occurs at 557 mm SL

1 pigment spot present on ventral
midline (rarely 2 83 spots)

1st dorsal fin pigmented

early (ca 6 mm SL<) o 2 dorsal fins widely separated

and close together later

no pigment on cleithral symphysis

(B L | h /..ﬁ'-‘-—v.

c 7. and preanus in larval stage
supraorbital
ridge weak all fins formed completely

upper jaw tip atca 12 mm SL

pigmented (ca
7.5 mm SL<)

ey s
w,ﬂ‘wmwﬁr
\ anus and anal-fin origin

pelvic fin unpigmented v ' spaced (no space in juvenile)

Katsuwonus pelamis (a d Yabe 1955)

Tot al |lceonngvtehr tiesd (NL) or st

t
REFERENCEB®e (1955
Ni shi kawa (2014)

o notochord 1| e
) Mat sumot o (



Thunnus D XI- X F18~ 1 697
A . 5191
Pi: 34 -~3
no pigment on ' P2 I, 5
anterior margin V(M) 39 V(M) 30
of forebrain tail tapering

a 4. 2NLn NS
/\( gut compact and anus moves
preopercular spines appear, backward with growth

and increase in number and 2 dorsal fins widely separated
size with growth and close together later

no pigment on

igment appears -k -
pig pp (S ([an in larval stage

on upper jaw tip

/7%
— A
AL 5

. No pigment on cleithral
symphysis and preanus

snout pointed, head 1st dorsal fin pigmented
and mouth large \ ’ early (ca 6 mm SL<)

anus and anal-fin origin

Il fins f letel . .
all fins formed completely spaced (no space in juvenile)

atcall mm SL

supraorbital
ridge weak

lower jaw tip
pigmented late
(ca 8 mm SI<)

d 8. 55Lr
Thunnus alalunga (a d Ueyanagi 1969

< completion of

,A/ notochord
~ flexion occurs

% at ca 6 mm SL

Tot al l ength is converted to notochord | ength

REFERENGES anagi (1969), Richards (2006) ,

Fahay
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Thunnus( ¢ o n |
D XI~ X ¥~ 5+ 89
A 4~ B+8~9
lower jaw tip P 32-35
pigmented early P2: I, 5
(ca 4 mm NL<) v (M) : 39

gut compact and anus moves

) backward with growth
preopercular spines appear,

and increase in number and
size with growth
no pigment on

supraorbital tail in larval stage

t pointed, head i
snout pointed, hea ridge weak

and mouth large

pigment appears
on upper jaw tip
i

‘ no pigment on cleithral
symphysis and preanus

2 | fi idel
15t dorsal fin pigmented dorsal fins widely separated

and close together later
early ca5 mmNL<) —a A ¢
Vs

completion of

pigment appears - \?’m notochord  flexion
on forebrain at . "jkﬁ_ﬁ occurs at ca 6 mm SL

ca 10 mm SL _ U %\,/—A;Zz

Loy o &

all fins formed completely
atcal2 mm SL

A = anus and anal-fin
c 7.3 origin spaced (no

pelvic fin unpigmented space in juvenile)

Thunnus albacares(a c¢ by Ueyanagi in Nishikawa (2014)

d to notochord | ength (

erte
1958), Ambrose (1996), Rich

Tot al l ength is conv
REFERENCEMat sumot o (



Thunnus( ¢ o n { D X1~ XM3~16+8
A . B5+I7—-10
Pi: 1335
lower jaw tip Pa: I, 5
pigmented early V (M) 39 vV o(M) : 39

(ca 4 mm NL<)

tail tapering

e T

gut compact and anus moves

a 4. ONLm —~~>/ 4 packward with growth
preopercular spines appear, and increase
upper jaw tip in number and size with growth 2 dorsal fins widely separated

pigmented (ca . and close together later
5mmNL<)¥ A 4

" 1 or 2 small (sometimes very small)
melanophores present posteriorly

. . on ventral midline of tail
no pigment on cleithral

symphysis and preanus
1st dorsal fin pigmented

/ early (ca 5 mm NL<)

shout pointed,
head and mouth
large

" completion of
notochord flexion
occurs atca 6 mm SL

anus and anal-fin origin
spaced (no space in juvenile)
pigment appears
on forebrain at
ca 10 mm SL

all fins formed com -
pletely atca12 mm SL

d 8. XLt
Thunnus obesus(a d by Ueyanagi in Nishikawa (2014))

Tot al l ength is converted to notochord I ength
BLar v aleoroifentnaltihe we s tT.nPaacccidofyiici aendeast | ndi an
T.obesusee Table 3 in page 41.

REFERENCERi chards (2006), Fahay (2007), Ni shi k
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Thunnus( c o n 1 D 11 -4 15+

A 13~14+38

anterior margin of e e Pi: 30~35
forebrain pigmented SR T S V (M) 39 P2 I, 5
(ca 4 mm NL<) - = ' '

vV (M) : 39

gut compact and anus

preopercular spines appear, moves backward with

and increase in number and
size with growth

growth

shout pointed,
head and mouth —*
large '

L 183 melanophores
37}“‘—’\\[“’“ present on ventral
L midline of tail
v\zno pigment on cleithral
symphysis and preanus

(ca’5 mm SL<) E— " 2 dorsal fins widely separated

mnd close together later

upper jaw tip <
pigmented at : K’\k completion of
ca 5mm SL 4 notochord  flexion

occurs atca5 mm SL

supraorbital
ridge weak

no pigment on
lower jaw tip

by ca 9 mm SL

N
d 5.

Thunnus tonggol (a d Nishikawa and Ueyanagi 1991)

REFERENCENSI shi kawa and WeyWa2rCaagiy akl9911996) , N i
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SIMILAR LARVAE TO SCOMBRID FISH LARVAE

Similar larvae to Scombrini and Grammatorcynus

V (M) 24 vs 3116

head and snout
round —>

melanophore series present
on ventral midline of tail

b4.

_ Ty - ae— cleithral symphysis and
pLEODelffmaf spines M preanus pigmented
absent e et T T

o o — vs 2dorsal fin s
c 10. 3 =

4nus beforv.e. h.all\.fnbody vs beyond it
Family N emlpterld ae Nemipterus bathybius (a ¢ Konishi 2014)
(M) 24vs 31

head and snout

round
a 4. INLn
melanophores present on
ventral midline of tail
b 4. BSL
preopercular spines ) ) preanus‘(and cleithral symphyS|s) pigmented

present vs absent

c 7. B L \ anus before half body vs beyond it

Family Sparid ae Acanthopagrus sp. (a ¢ Trnski and Leis 2000

6Si mi | ar domoerenivisg s c(otnhber isda nhearhvearee af t er ) .

"Nemi ptPar iad c oal nodp ssicscGmarmimd t o rlcayrnvoaues have s mal l p

REFERENCEISei s and Trnski (198 9)Ri clLheairsd sa nadn dR eJnenni
Trnski and Leis (2000), Koni shi (2014)




Similar larvae to Scombrini and Grammatorcynus ( c o n't

V (M) usually 26 vs 31

melanophores  present

a 3. INLm eS| :
on ventral midline of tail

head round /

b 4. 3N

preopercular _spines P e .
present vs absent S TOR NN -, 4 lvsZ2dorsalfins

’ ::\\_.
R ® anus before half body vs beyond it
Family Pomacentridae Pomacentrussp. (a ¢ Kavanagh et al. 2000

V (M) 24vs 31 o ,‘w

melanophores present on

ventral midline of tail
gut compact

shout pointed

vs rounded
c : \ anus before half body vs beyond it

Family Gerreidae Gerressp. (a ¢ Leis and Rennis 2000

REFEREN®XRERS anatg {a2l0)0,0ei s and ReRnhcba(@aeoapmpaoaenk

4 3
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Similar larvae to Scombrini and Grammatorcynus ( c o n't

V(M) 25vs31

melanophores  present
on ventral midline of tail

vﬂ preanus (and ventral

reopercular spines .
preop b gut) pigmented

present vs absent

/{’/‘f/’}_ 1 vs 2dorsal fin s

T ompact melanophores present on ventral
head and . 9 - P ] and lateral midlines of tail
snoutround  -a AR

b 4. 5L\

preopercular
spines absent

¢ 7. 4asL 2nd dorsal- and anal-fin
anus before half body vs beyond it bases locate oppositely

Family Mullidae Upeneus japonicus(a ¢ Konishi 2014)

REFERENCEISei s and Trnski (198R) chlagids amd ISeh
Trnski and Leis (2000), Koni shi (2014)



Similar larvae to Scombrini and Grammatorcynus ( c o n't

head and
snout round

. V (M) 24 vs 31

N
a 3. INLr

melanophores present on
ventral midline of tail

pigment on ventral
gut heavy vs weak

b 4. 6L

lower jaw angle
pigmented  vs

unpigmented

preopercular spines weakly _ 7 o ) 1 vs 2dorsal fin s
developed vs absent ge.- ' s >

i ‘

n—

Family Ambassidae Ambassissp.(a ¢ Trnski and Leis 2000
V (M) 37639 vs 31

- — —

head and oy
snout round

e - -

a 3. 5NLr

7 <« gutcompactand anus moves

backward with growth

preopercular SR
spines absent

melanophores on

Sl

; ik _- ventral tail absent
P £ VS present

1 vs 2dorsal fin s

b 6. SL

adipose fin present vs absent

. beyond half body
Family Myctophidae 18 Lampanyctus nobilis (a ¢ Moser and Ahlstrom 1996)

180t her gearmer mi bé&rNalnanrovbaresaonliotumscopel us
REFERENQES s and Trnski (1989), Mo s er JaemdkiMmhsl s(t
Trnski and Leis (2000)

4 5
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Similar larvae to Scombrini and Grammatorcynus ( c o n't

V (M) 28833 vs 31

head and ¥ 7

snout round

a 1. 8NLn
/P

lower jaw angle
pigmented vs

unpigmented

gut compact through

larval stage melanophore series present

on ventral midline of tail

b 4. L

pelvic-fin _position
jugular vs thoracic 1 vs 2dorsal fin s

preopercular spines
present vs absent

" e R
%3 S NI ¥—_ anal-fin base long vs short

Family Pinguipedidae Parapercis sp.(a c¢ Leis and Rennis 2000

i ———

head and = T
snout round /'/& :' _ V (M) 30837 (Petroscirtes) vs 31

'4:;3“ 2 e L =
gut compact through larval —
stage vs atearly larval stage melanophores on ventral
_ _,-———ff"f_’l"/j_x‘\,\_j tail dense vs light

—_ J—

p‘elvic-éﬁﬁi position jugular vs thoracic

preopercular
spine absent

R A v 7 S

i

s |

e - ST
e D T R RS .
AN =" anal -fin base long vs short

c 5.

Family Blenniidae Petroscirtes mitratus (a ¢ Watson 2000)

REFERENCEISei s afd0BR®&8hni Ri chards and Jenkins (2



Similar larvae to Sardini, Scomberomorini 1° and Thunnini

V (M) 360638 vs 3852

o — - J
I \\ T e e

‘ W gut compact and anus moves
backward with growth

tail tapering

lower jaw tip
pigmented

iy ’
" gut rugose vs smooth

1 vs 2dorsal fin s

adipose fin present
—... & Vsabsent

small preopercular spine
present at flexion stage 20

Family Myctophidae Nannobrachium bristor i2t (a ¢ Moser and Ahlstrom 1996)

tail tapering

snout pointed, head
and mouth large \

preopercular spine
4 developed

a 4. 0L

lower jaw tip
pigmented

cluster of pigment at posterior
tail present vs absent

Family Scombrolabracidae Scombrolabrax heterolepis (a b Nishikawa 2014)

BThe GeAeamt hoaynwBr ammat oracryenoeuxsc| uded.
2Preopercul ar spines do not appear usually in
2lTropi cal and subtthNopt baR&aphucmeaseci,n 2000)
REFERENCEMoser and Ahlstrom (1996), Richards a
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Simi | ar | arvae to Sardini, Sco

tail tapering V (M) 3383722vs 38352

gut compact and anus moves
4~ backward with growth

1st dorsal fin develops
prior to 2 nd dorsal fin

greopl)ermcjjlar spine spinous dorsal
evelope S
P ..~ fin pigmented
S
B i .
mouth moderate 4 7 dorsal-fin __spines
vs large ’ ¢ o serrated vs smooth
N
e S TS 4 e RN L AT
P = R 15;2
. . T~ S o WM e T
both jaw tips Sl L 2% TN

pigmented . .
pelvic -fin spine

serrated vs smooth

Family Gempylidae 2 Neciarchus nasutus(a c¢ Nishikawa 1987)

2Col l ette et al. (1984)

2L ar vaeepofdocybi um fhlaatewsmailnin esuurpr a o ¢ Nii pihti &la wap i

REFERENCHS | ett e eNisahi.k awad 8@NUHART chards and
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