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Larval morphology of Scomber japonicus and Scomber australasicus:
Re-evaluation of morphological characteristics as species identifiers

Chiyuki Sassa' T, Mami Sarto?, Toru Kitamura?, Yoshinobu Konishi' and Youichi Tsukamoro!

Chub mackerel Scomber japonicus and spotted mackerel S. australasicus are important fishery resources in the western
North Pacific and its adjacent seas. Larval morphology of these two species is similar, and no clear conclusion has been
reached as to whether it is possible to distinguish larvae of the two species based solely on morphological characteristics.
Using specimens fixed and preserved under the same conditions, we compared the larval morphology of S. japonicus and
S. australasicus to investigate the possibility of morphological species identification. We used a total of 1,172 Scomber
spp. larvae of <9 mm in body length (BL) collected in the southern East China Sea during February and March, 2004—
2010. After observing morphometric characteristics and pigmentation, the species of each larva was identified by using
polymerase chain reaction—restriction fragment length polymorphism analysis of mitochondrial DNA (mtDNA). We
identified 590 S. japonicus and 582 S. australasicus larvae. There was no interspecific difference in BL at notochord flex-
ion. In larvae of <7 mm BL, the frequency of occurrence of internal melanophores at the nape was significantly higher in
S. australasicus than in S. japonicus. In larvae of 3.0-6.9 mm BL, the number of melanophores in a series along the ven-
tral midline of the tail was significantly lower in S. australasicus than in S. japonicus. Pre-anal length relative to BL and
head length relative to BL were significantly higher in S. australasicus than in S. japonicus in larvae of <4 mm BL and
4.0-6.9 mm BL, respectively. We applied discriminant analysis to use these characteristics to differentiate the species,
but the accuracy rate was relatively low (76%) because of large overlaps in ranges of the characteristics for the two spe-
cies. We conclude that mtDNA analysis is necessary to accurately identify larvae of these two Scomber spp.

Key words: chub mackerel, spotted mackerel, larval morphology, species identification, southern East China Sea,
mitochondrial DNA
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~ N (Scomber japonicus Houttuyn, 1782) & T~<H73% (S
australasicus Cuvier, 1832) X7 V7B 5 EE LR IKIE
BT, 2004-20104F 0 H A D22 247]-33
J MY, 18J7 2700 kv CThotz UKEIT - KERETIZE
LY —, 2012). INHOEHROBYREIZET HE
PRI ORGEEM L2 M2 720121, EIRO LB % 31
BT 5 EDNEETHS. — I, AEROINCBIT54E
BOEEE DL EEROMARDL E L R ET 5 F AU

K&z 5N THY (Chambers and Trippel, 1997; Fuiman
and Werner, 2002), Y 2NEIZOWTH AEGRAIH O EFE
a2l ~XVTHREL, TNOH05M0, KEB X OARKIC
OWTH LT HLEDNH 5.
HROWHEIIBNTHNREIE TN, TP, ¥4 &
A4 3 7 N (S scombrus Linnaeus, 1758) 3 X UF Atlantic
chub mackerel (S. colias Gmelin, 1789) M 4FH 12 & o THEK
&5 (Collette and Nauen, 1983; Scoles et al., 1998; Collette,
1999; Collette et al., 2001). ¥ H /N ixF+ 7 =7 L WK HRE

20134E6 H 6 HZAY, 20134E12 H 24 H2#
VRS ATEOE NKERAIFSE Y v & — DU X K FERFSE T
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B ORFRRAT O R, I~ 3de s v FEE -
KPR EG I ONRE RIS T A, AF T Izl
b)), ¥4 4 I3 oNTIE KU I, Atlantic
chub mackerel (& K PE ML IO U - PRI FITHA4 T
% (Collette and Nauen, 1983; Collette et al., 2001). >3 LD
ML RERKERRTHL 0D, TNLOFMOBE
LR AT b N T & 72 (KR8, 1953; N H, 1958; i &6,
1970; Berrien, 1977; S H (T %, 1982; Ozawa, 1984; Ambrose,
1996; Trnski and Neira, 1998; Richards, 2005; Mendiola et al.,
2008). 7 A ARKEFEFICEEST S5 1 I yHNE
Atlantic chub mackerel*! DI DO TLRE 2 H L 72AF%812 &
W, RIS WEEE ILMEE AR,
e RR) B I OROARRERIECSBD 5, JERE
SR X D BRI S LD (Berrien, 1977). [AIEED#
R, EIBAOMEE - EINFEIC X o TR I A
Ly A4S IRl (0%, e IERE)
% SRR LB L 72 Mendiola et al. (2008) 2B W T d Hifh &
nTwas,

—J, NI FANOFEOFBNIE L TIE, KEP
(1953), P& (1970) B X VM 0zawa (1984) DRFFEA D 5.
Zi (1953) 13, W iR & OhE R R THRE L 7:
PNEFRE NG SN AR RO (WH,
1942,1943) ZHE L, QLMA3E Y &AL CRERE R H
BEREP D EOFR L AT 2 REME (K38
70mm) &IHoNEHEE Lz R (1970) 1%, Y-
B - WA H 1% 5 Nz~ o MPHEf [BRER R (SL)
#4-19 mm] OER-BEERGRS L OERE-NLMEEEE
"7 T 712, KH (1953) AST<H 3L e L7z 6 Mk
(3.7-5.9mmSL) DMEMZ M2 THE L. TO/RE,
[ — KR TIREEHE L LM R & b2 T~ D fEd~ 4
NWEDRENZEDS, FUREFNTIE, BRI
ROMEIZE ) MEZXHTE 5L L7 Ozawa (1984)
(&, Y AL & B AR TEREE L 22 N R A
(2.3-92mm SL) 7%, O A fFaTcREEKsniC
EVBVIHROROHE W 2 HTHZLIERLE. £
LT, \AMEEOEHIHES L E B O T~ %
ML7zZEns, TROHEFOHERE b Oz TN
EL, ¥HNTIEEAPBBLZwE L. L2L, Th
5O T, 7% 50 6% O NIFRDOERSD 5 \»
TEREIE M E R L7z, B L 2R KA D T 7%
Moz, B HICHAE ORI T % e EOREDS

*EF ST~ XD, Scomber japonicus & FI\TW 525, 3
SEOWFEL D (Collette, 1999), KVHEFED S. japonicus 1L S. colias &
EHEI N

2 N HH R OR BRI 0 S F & 320 F 72 42 0% 9.0 mm O = N1 i 1R
IV T WS,

R (1988) Tl [T EAEMB BB T o REaFEiw] LiLsnT
VAR, NI TORLEZHRIHHTHLOT, 22TIE [H
HoRtaF] LR W4 d S,

HY, Ml (1980) ML TVB I I ICWEZEIHTE
B TRERI B AHEN. L T,

RPN B E T F N X D EK - A MEDR <
HARO IR Tl mif o F 5 I B BTy
HELTWwWd (%4 - HIFP, 1998; Sugisaki et al., 2010). —7,
B AL O IS 2STER S I, AT D HE <
WEINLEBHTH S Z & H» 5 (Sassaand Tsukamoto,
2010), WifE D WA AR E % IS 2 OICHA DR W,
VG HE X A ERFZEFT C & 2004-2010 4F 12 W 3 BRI 58 CHREE
L 7z % N EATf % mtDNA AT IS & ) Flille L, w0 RE
ZRERNIERT LT 525, [l ISR O L REF 1Y 70 &
Wt 57200887 — 5 bEM I TEL. AT,
KIKRCTH UHRMACRES N, R - RE S NEREZ v
T, ¥HNLIIHMFROROERIZK &L RERE % 5
ML, TEREIC X 2 A7 S Rk Bl O W eI D VT
TREr L7z,

MR EFE

EADRE

N E A O REARIT 2004 45 5 2010 4E 0 2-3 H 1AL 25
304520 B 28 £ 30 43 D 3 F- HERE B D Bl A4 B v
T, Bt (VXK EEWFZET TR, 499 b ¥) 12X 04T
72507 M OfHECTERE L7z (Fig. 1, Table 1). W DED,
7y FIRIZEEE L 723537 M2 B WOl 2 5206 L 72
(Fig. 1, Table 1). BEARIZAR > T v b (H4%E60cm, HA
034mm) X BKEISOmD SFH T TOMBRE (72
2L, AN E O KEA150 m LLE OB A3 EE T F 10 m
MPOMWHET) ICX DRELZ. EARZRERE HI299%
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Figure 1. Sampling locations in the shelf-break region of the
southern East China Sea during February and March of
2004-2010.
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IF = VIR L TR L.
WFgEEIC BTl (1988) % ZF X N @M% %
L, AN T L7-DICMEOFEFZL LIz6miD R

Table 1. Sampling dates in the shelf-break region of the East
China Sea, the number of stations sampled (z) and the num-
ber of Scomber japonicus and S. australasicus larvae ana-
lyzed.

S. S.
Date . . .
Japonicus australasicus
27 February—10 March 2004 36 102 142
1-11 March 2005 37 170 84
23 February—7 March 2006 37 29 43
12-24 February 2007 37 41 11
17-25 February 2008 36 85 100
21 February—2 March 2009 36 41 142
18-27 February 2010 35 122 60
Total 254 590 582

Vo2 —ERIER S L IRE L2 SRS T RTOfEEIC
DWT, FERBEMEICNO AT TN A XTI DA
HRBEOBEHE L, KK BL) 234782 —%12&
D 0.1 mm X TEHI L 7z, AR ZE thwT o wi i ih 57
i (preflexion larva) O &3 HFXE (NL), JE T
fii (flexion larva) & 20 B I7 4L (postflexion larva) ¥
IR R (SL) Z2RE L 7.

FAEDO mIDNAMARIC & 2 ERE

AWFZETIE, 9 mm BL A OF £ 1,172 81K % mtDNA 547
WA L7z, mtDNA @ PCR-HIBREER Wi £ A (RFLP) 4
ML B2 N BRI, LTFo@Ey, s (2001)
B & 0¥ Sassa and Tsukamoto (2010) 121t o 72. KAk D 4
DNA Z it #%, mtDNA D ¥ b 7 0 — L b {51 O #F45-5Ei
(320bp) % PCR GEfzF-BUEHIED:) 1CX DR L 72, K
WL-PCREIRMEY Z < NNBL YT NNDZENZERD
Y IEBCAH % 5 B AR S 4 il BRI 32 Mval 38 & U Mbol 12
KWL % 47 - 72, IR L OB, 1.5%

Figure 2. Scomber spp. larvae. (A) S. japonicus (4.3 mm in notochord length); (B) S. australasicus (4.4 mm in
notochord length); (C) dorsal view of the head of S. australasicus (5.8 mm in standard length). NM and VM in-
dicate internal melanophores at the nape, and the series of melanophores along the ventral midline of the tail, re-
spectively. There were 17 melanophores observed along the ventral midline of the tail in S. japonicus larvae and

10 in S. australasicus.
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THA— AT VBEBRKEOLF VA Ta< (4 Nt
XD 7y, DNAWIH OURE) Sy — SRl g L7z, AF
FEICED, 97.4% DERIZOWTHEFEENTE 72

—J, WS (2001) OWAFIZLVIKE) XY — Y EIRT
R H T BRI L (&R0 2.6%). 2512,
¥ b7 T — b ERAAEIS D Mval B X O°Mbol D HI|BRY A+
WZBWCRENZER (HIIREEEC X 2 YRR AT I B 5 % 22
SRR EIWEIBAL ASTH R 3 5 SRS E) HHERR S T
Wh (EAEH, RIEET—%). £2T, TNHOHRE)
NG — VRN LICTRTOERIZONWTE, Y Fr7a—A4
D Y — 7 v AT, BOSNHEIEES 7 — 5
12 GenBank 7> 5 AT L7z~ YN & IS NI RLES) 7 —
% (DDBJ/EMBL/GenBank databases AB032515-AB032520)
EINZCOEBSEEB 2B L, FROEERYIAED 50
25 AF =BT BN L o THZHR L7

AWFZE T, FEREIET % mtDNA % W CHF & %
ToTHY, ~HNE I NOLEMARIIILL 72356
ZIE, ZOMMMABTE RV, I THjRED KRS 3
RENTVDE 00, FOMBBEIZY BRI LT
0.3%FERE & Vv (FIE A, 1989; FHE, 2001). L7245
T, FHLIT2 RO NEF 8 % 5007 L TWw B ARIFZEIC B
W, RICKHHEAEAE TN T/ E LT, HROM
RICERZEBIRITZEZVWIDOEEZ LN,

2aRROBE S LUHEETA
mtDNA AT IS 2 B, — Ol o Cid it R
OBIEEB X ORIERHI 24T - 72, 858 MEfRIZDWTIE, TH
HHoREeFERLOAMmOBE (Fig. 2A-C) B X OILM 2
5EMIE CORMBIE I > THAi§ 5 BEaRROK
ZEM L7z (Fig.2A,B). 72, 6o2flifkicowTix, T
MATEE (PAL) L UEE (HL) % ZMRBHMESEICHY) i
7oA r7ax—%zMiH 1L C0.1mmZE TEHUIL 7.
SHNE T HOMPAOBEN R RO % I S 52
TH5HMT, LL4BED) bAEENRDLNIZLD%
JAW T, SYSTAT 11 (Systat Software, Inc.) (2 & V), #EFH
WM aiTo72. b, AOHIIZREELOBILE LKL
I OW ) 24T - 729738 355 ik 2 v 7z,

B 2

B EFRER

mtDNA 73T X ), ISz B D5 5, 590
fEARDS< B8, S82MEARAS T BN TH - 72 (Table 1).
T/, HNE IHPOMFAOTPIRE R EIT TR

iy (2013) 12k B &, [HER] &g, [HBREOERZT, 8ILE
WD LA SEEEGEITI T OS2 2 ST ] EHELTVS. F/2,
Nakabo (2002) TIXIHEBDHEHIZ nape] % H7- 2 TW5DH. HE
(nape) 1%, fFUTHEMAOBRERBICH T2 LM TH LT
5 HFETH %S (Trnski and Neira, 1998).
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Figure 3. Length-frequency distributions of Scomber japonicus
and S. australasicus larvae examined in this study. SD: stan-
dard deviation.

ZN49+129 mmBL, 5.0+1.30 mmBL T& -7z (Fig.3).

ExEH

FHFRMEHNE, <Y N TIE38mmBL, IT¥H/3TiE3.9mm
BLICTHA LIaD7: (Fig. 4). F Otk 4 ZJEih T4
OFEEPEEML, W& b 5.0-5.9 mm BL DK D 80% L
Fid i <H - 72 (Fig. 4). 6 mm BL UIBE, %8 il
B oBE& 2 HEmL, <% /336.8mmBL, IT<H Nk
6.7 mm BL DLREIZ 3T JH i & 22 > 72, Fig. 4 &
D, REEREAT— Y OMBUHEOBRICHRE CTEV D
RO LN o 7-0T, LK, FAaAREZIERE L CORE
AR T L7z

IHEROREaRR
THER D A FE 013 2.0-2.9 mm BL O < 37 Tl 5
3, I E R 13 3.0-3.9 mm BL @ 22.1% %* 5 7.0-8.9 mm
BL ?90.9-94.4% ¥ THRE L & ICREICEIR L 72 (Fig. 5).
I HNOYA, 2.0-2.9 mm BL T TIZ 50% Ok TIH
IR FEROBBIARD SNz (Fig. 5). o HBIHE
1% 3.0-4.9 mm BL T83.1-86.2% % T LA L, 5.0-8.9mmBL
T3 90.9-100% DK TERD H 7=,

Tl CHB O B R o I BURE % £ AR RREHRIZOWT
AR5 &, 7mmBLEHOZARERBIIBNTITYH D
HAZH NI D AEITE B E %R L7z (Fisher DE
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Figure 4. Frequency of occurrence of the three larval stages of
Scomber japonicus and S. australasicus in relation to body
length.
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Figure 5. Frequency of occurrence of internal melanophores at
the nape in Scomber japonicus and S. australasicus larvae in
relation to body length. Asterisks indicate significant differ-
ences between the two species (Fisher's exact test, p<0.05).

HMESR 5 p<0.05, Fig. 5). D —F5 T, 7.0-89mmBL T
EHBUBHEISEVIZRD SN o 72 (p>0.05).
WTFNOMIZB VT, HIBOMHENIL S mm BL A
TR D 57225, #5 mm BL LD 5 &K
B LMD 7z, HEBO B FENIE 8 mm BL K ¥ Tld A&
SR T CEEWICHERR T & 525, 8SmmBLUFEIC AR5 &,
EHIARNICHEEL, BIELOLL oz, TDD, M
T & b 8.0-8.9 mm BL T O I BUH EE 437.0-7.9 mm BL ® £
NEHBELTETCN L7 (Fig. 5).

BHEFEOEERREH

< NO R P o B F I EIL 2.0-2.9 mm BL O
15.8 11 %> & 8.0-8.9 mm BL O35 10.6 il £ TITITEHRAYIC
WAL (€7 Y v OMBRE  =—-0.424, n=419, p<0.05,
Fig.6). —J, IXH 0B aFENE1£2.0-2.9mm BL T
FH 148 TH 525, 3.0-3.9mmBLIZAR S & 12010 & K
&ALz 4mmBLURRIZERFEIKREVDOD,
EEIZ10-123MOHPICTHRE L & ITHESL» I L
7z (7=—0.284, n=439, p<0.05, Fig. 6).

Tl (] C RIS it o0 A T L & SRR R D TR
N5 &, 3.069mmBLOERERHIIIBNTOATY
NOBRBERBO B HFNI DAY o7 R
5E 5 p<0.05,Fig. 6). TN OHEVWHRD SNZ4D2DKKE
FERIZOWT, RBFERHRoBaRRELMNICe X~
A TRL7 (Fig. 7). WIROEKRXFIZBWTY B
FHFEmAECTRECERLTWADS, 3.0-3.9mmBL T
A FER AT K O MAKIE T X T, 4.0-5.9 mm BL TH
i Z LI A 10 Kl O RAKD 95.7% 13 T H /N Th - 7z,
—7, 5.0-5.9 mm BL CHREFNEA17 2L LofFid 3

o S. japonicus
® S. australasicus
18

*
*

16
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Figure 6. Number of melanophores in a series along the ventral
midline of the tail in relation to body length in larvae of
Scomber japonicus and S. australasicus. Vertical bars repre-
sentEstandard deviation of the mean. Asterisks indicate sig-
nificant differences between the two species (#-test, p<0.05).
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Figure 7. Distribution of the number of melanophores in a se-
ries along the ventral midline of the tail of Scomber japoni-
cus and S. australasicus in four size classes. Ranges without
large overlap between the two species (i.e. possible ranges
for identifying species using this characteristic) are shown in
grey.

TP NTHo .

FTFRTERR L BRR

Wil e &, RIS A Mb#E (PAL/BL) & UEE (HL/
BL) PO EREICE D RVEMRICIE AL (Fig. 8).
PAL/BL ¥, ~ ¥ /N T 3 2.0-2.9 mm BL ® 44% % & 8.0-
8.9 mm BL ®56% ¥ C, I~H/VTl32.0-2.9 mm BL ® 42%
A5 8.0-8.9mmBL?61% F TH A L7 (Fig. 8). HL/BL
&, < H 3T 1% 2.0-2.9 mm BL @ 26% %> © 8.0-8.9 mm BL
D30%F T, T<HINTIL2.0-2.9 mm BL D 26% 55 8.0

70
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55 X
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Figure 8. Changes in body proportions through the early devel-
opment of Scomber japonicus and S. australasicus. Vertical
bars represent*standard deviation of the mean. Asterisks
represent significant differences between the two species (z-
test, p<0.05). PAL, pre-anal length; HL, head length; BL,
body length.

8.9 mm BL ?33% 2 F CTHIK L7 (Fig. 8).

PAL/BL 1Z 4 mm BL A |- & % AR KRS DM BT,
TIIFNOFEBRIINLY)HEEICKREP 72 RE
p<0.05, Fig. 8). ¥ 7z, HL/BL |Z4.0-6.9 mm BL ® %A KR
WMOFMIIBWT, ITHNOFRTHNLE ) FEICKE
Modz (HGE ; p<0.05). L2L, TRHOREICOWT
1 FREOFRERP DA CIImE O IZRD SN h o7z (¢
KiE + p>0.05).

HBI=

9 mm BL AR OMFHICO>WT, #hE (BL), MATHEZ
WD S NIHFOROEROAE (NM), RBIHE
o RERERE (Vv™M), ILMEiEE (PAL) B X UOHE
(HL) &7 — % % 78I B 5T & 0 LU o H 3B
Bz B, TNS4ODOBETRTOBETFT—%
MWZEDH 5TV H N5k, T VN 197K E v
7z.

z=-3.933+1.452BL—-2.202NM+0.232VM
—0.994PAL—1.329HL

4] —
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Table 2. Classification matrix of Scomber japonicus and S. aus-
tralasicus larvae based on discriminant analysis. Cases in
row categories were classified into the column categories.

S. japonicus  S. australasicus Accuracy (%)

S. japonicus 108 50 68
S. australasicus 34 163 83
Total 142 213 76

Table 3. Percentage of species correctly identified by the dis-
criminant we developed, in relation to larval body length. #,
total number of fish larvae examined.

Size class (mm BL) n Accuracy (%)
2.0-3.9 56 82
4.0-4.9 98 81
5.0-5.9 107 76
6.0-6.9 53 68
7.0-8.9 41 61

COHPRIIBNT, TIAHDLVIEYA F AR I
Zhz oK, EhEnh<oN, TP RS
N5, < MO IEMFERIZ68%, T/ MF O IEfFER
FZEN XY EV8I% TH o7z (Table2). F 7z, ARif5ET
W72 N B EEAR 355 AR R T O IEEF 1L 76% TH >
7z.

PERC L 72 1 313X o JF f# 38 % AR ) 12 Table 3 1278 L 7.
EfESR122.0-3.9 mm BL, 4.0-4.9 mm BLIZBWTEFhZEh
82%, 81% LW EWEZ/RL72d DD, KREDOHKL
EBLICMLT L, 7.0-8.9 mm BL D IEfFHRIX 61% T - 72.

z =

WX T AWM TEZ AR E S 7% ) —
RTINS X 9127 5 72HY (Chow et al., 2003; FkICIE
7, 2005; Aoyama et al., 2007; Paine et al., 2008), &I < 1)
VORI LR TIE G AEE L WS LR, B %ET
VEEC TR E B0 5720, BREFERIISNNE TS
PO FHFR T ENIMREOHMEAE L, AR TH L. W
TEDOFRN<) VEES NPT ZDOIREDE N T X D [
ETE (WHIZ2, 2001), BAETIEZOFEEICEITN
TR T — 212X ), HROKFEFRRICBIT D3 L
I NOEINEAEESTDR TV D REREEL v
& — YLK EWFIET, 2010; KETT - KERANIZE L ¥
F—, 2012). ARWFFEE, WHE2SFEIICHRT 2HS
MM CTHRAEL, MULMETEE RAFLZERE
mtDNA AT & D F[FE L7z = N & T 3 offfiic
Ko, TOWEF R IE N 2GRN MG L 72 ka0
MATHD. BITOFKRE, FUARETERRZEGE, o

BuRloMBUEE, RIBEhHRoREOERE, ITMEE
EB X OHEICWAE CEWDDH LT ED0h o7z, LTI
INFETOHRESEPSPIC R o R2 KL, AR
- 3

Ozawa (1984) (& T =¥/ P4l TIEIEFRIC B A R R TS
HWIRL, U AFicizensr@Zooshzne L, Kok
N oFHEZEREED OO EE LTWw5b. Trnskiand
Neira (1998) (34— A b5 ) 7 WD T 3NDOF
ik L, FERICHETORMOGENR (J5HZE Tld one melano-
phore dorsally on nape & FLik E N TV 2%) % AKHEDIFH D
=BT TV A, KREFFEICBWVTDH, 7mmBLAEMOY;
G, IH MO AETBIC BT 5 REFE Lo IR
BREICE o7z, 5 mm BLAMOIFAOBAI1E, HETO
HEaFoBBREZ NN T NTEREN0-30%,
50-86% LM TR E LEMNH 5 DT, HFEEDT2H9 D
LR, RIS, 3mmBLAERTIE, RO TN
BHEHHOROEREZFFO—FHT, <IN ENS R
WOT, 3mm BL A CEMORORKIL L RO B
I NEFETED, 72, 5.0-79mmBLTIE I~
P AIZ O R FRFE L 1ZIZ100% 6T HDT, 2
MWWk z <~ NNET L2 ETRTHASH. Ly
L, ¥ BWT L IEE OB E B0 BBEE I3k E
LLEBICEAL, IINOENLEEHTLHOT, TOR
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