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First Morphological Description of Thryssa kammalensis (Engraulidae, Clupeiformes) Larvae and
Juveniles Collected from the Southwestern Coasts of Korea by Hyeon-Jun Ryu, Se-Hun Myoung', Ho-Sun
Sohn' and Jin-Koo Kim™* (Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea;
IFisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Republic of Korea)

ABSTRACT In June and July 2023, a total of 101 Thryssa kammalensis larvae and juveniles were
collected during an ichthyoplankton survey using RN80 in the waters around the southwest coasts of
Korea. When pre-flexion larval stage (3.77~10.20 mm NL, n=22), some individuals have pterygiophores
of dorsal and anal fins, but no apparent fin rays were formed. Line-shaped melanophores were
distributed in a row from below the opercle to the anal fin base. When flexion larval stage (12.13~16.69
mm SL, n=14), the number of dorsal and anal fin rays were 13~15 and 18~23. Dot and line-shaped
melanophores were distributed in a row in the ventral portion of the abdominal cavity, and melano-
phores appeared on the caudal fin. When post-flexion larval stage (17.23~21.73 mm SL, n=20), all fin
rays appeared, and the number of pectoral, pelvic, anal and dorsal fin rays were 7~9, 4~5, 29~31 and
14~15, respectively. Dot and line-shaped melanophores were distributed in a row from the posterior
of the preopercle to the ventral portion of the abdominal cavity, oval-shaped melanophores were
distributed along the anal fin base, and melanophores concentrated lower lobe of the caudal fin.
When juvenile stage (18.43~25.98 mm SL, n=45), the number of pectoral, pelvic, anal and dorsal fin
rays were completed as 12~15, 7~8, 30~33 and 14~15, respectively. Point-shaped melanophores of
the ventral position of the abdominal cavity disappeared, it continued in a row along the anal fin base
to the lower caudal peduncle. Our results suggest that Thryssa kammalensis may use the sea around
Chilsan-do Island as spawning and/or nursery ground between June and July.
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A‘l = (Fricke et al., 2024), $-EUEoll+= 44 73 (MABIK, 2023)9]

A k. 1F ENAE (Thryssa) o7l A (Thryssa

H 2|7} (Engraulidae) olF+= AQFo2 Q3 4% o7 kammanlensis), Z9YA| (Thryssa hamiltonii), ZRWFY0] (Thryssa
o2 Aot AEAN FEEFAEI} 47 UARE A4S adelac) 3] LA ITHMABIK, 2023).
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&3t Zolof FejA 714 (Ji et al., 2020) FO| FHH YA, L
£ &2 (Chyung, 1977; Youn, 2002; Kim et al., 2005)| 4] 4]
o] FeiA, A Q] FET 71 o] QUL Ji er al. (2020)9] 7
2 okm} xjojo] FejH 2l Hrut Huste] A7|zoj~X]o] At
of A7 A7} ujAg Aol

24210 Al7loll= A7l whet FEf M3yl 5802 Yeht
7] W2l (Kendall er al., 1984), TEAE Jej2 EAS 4
Al3] 71aste] et F 53 o1& Za7} Atk (Koo er al.,
2024). E3H, o] 79| 27|4EA] B3 A T ol H
Eol, thekst R, AHishy A4 55 45 9o, o]
£ EdE Ay BER 4] Fofl 0|82 4 At} (Song and
Choi, 2000).

Aebd® G it T G4 4~68 Alolof b= &
Adhs Y Aol AZEH Hojzt(Clupeidae) o FU ¥
o]¥}(Salangidae) o172 AA]olet AF, P22 917], AL
ot FF T FHFoE mfje fAkste] F 4ol ofzRol
AR} B3], EVA| & (Thryssa) o172 F71A7 0l Xoj= A
MEet 55 AL wet vidE S SA7F AR 4
5to] F ol o2 F3L Slth(Wang and Tzeng, 1997a;
Kanou et al., 2002). 8- S-2uetol A ZASH], et oz
o] Z 93 A (Baeck et al., 2014)0] A9, HE-S E3}H5H
=W A o7 27| A} BREE FEo| gl s3€
Ao} o] A7A| v FE3517] ol (Youn and Kim,
1996) HE3t F FES $5t A7t = oo T ao] 9)
o} waba] 2 At T Al EE s el ARE HE A
Zolg o2 UatAE Fef S tist FRE AIS] B
asto], 27 4k AL E A 71 2ARE AlFStaLAt gtk

1. A2 *E

2 Aol AREE AR 10174A1= 20239 6~749 Hehd=
FFT A= FH Y (Fig. DolA RN8O net (T 2174 80
cm, Y& 0.333 mm)o| $FAS E231e] 1~2knots EEE 5=
A 35~130mol AAF B Sgelute] HAS B4 3 3344
(2023/6/7,2023/6/19, 2023/7/10)0 AA HA= et A-E =
22 54 94% A2 EIE (EtOH)ol| $~8-3to] =3t
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Fig. 1. Sampling area of Thryssa kammalensis larvae and juveniles
from Chilsan-do Island, southwestern coasts of Korea.

Hlof izt £ YA A w7 (SZH-16, Olympus, Tokyo,
Japan)2 53l &3} 11, A3 (total length, TL), A& (standard
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Table 1. Morphological characters of larvae and juveniles of Thryssa kammalensis

Meristic characters Pre-flexion larva Flexion larva Post-flexion larva Juvenile

No. of specimens 22 14 20 45
Measurements

Total length (mm) 3.92~10.75 12.51~17.68 18.75~24.78 25.53~31.71

Standard length (mm) - 12.13~16.69 17.23~21.73 18.43~25.98

Notochord length (mm) 3.77~10.20 - - -

Head length (mm) 0.653~1.501 1.909~3.068 2.660~4.683 4.249~7.056

Dorsal fin to anal fin (mm) - 0.82~2.04 1.55~2.92 1.98~4.13

Predorsal length (mm) - 8.54~9.84 10.04~12.26 11.29~13.63
% in notochord length

Head length 12.0~15.7 - - -

Preanus length 74.22~94.07 - - -

Body depth 3.69~8.62 - - -
% in standard length

Head length - 15.1~18.7 154~222 19.2~28.3

Preanus length - 83.18~88.50 67.62~73.83 56.40~72.34

Body depth - 6.39~10.56 7.82~14.60 12.14~19.77
% in head length

Eye diameter 21.1~37.8 18.3~28.1 16.0~21.0 149~23 .4
Counts

Dorsal-fin rays - 13~15 14~15 14~15

Anal-fin rays - 18~23 29~31 30~33

Pectoral-fin rays - - 7~9 12~15

Pelvic-fin rays - - 4~5 7~8

dgon, 3xde] 22 AW 2N BEY BEeed B
24582 23T 69 799 BE422 18.2~21.5°C,
69 1999 BES522 228~259°C, 7¢ 1049 F5422

23.5~25.5°C2 Uehgon, #2982 77} 28.0~31.0 psu,
30.1~30.7 psu, 33.7~34.4 psul] =2 3 Z(6~7Y)Tho] BEZ
T2 #FHEY WHE o] A Ukt

2. SEf| 7| Xy

1) H7|Xt0]{ (Pre-flexion larvae) (Fig. 2A)

A7|AFo) o] H MRS 3.77~10.20 mm (n=22, 6.98+3.21),
Are AN 3.69~8.62%% AAAA AP A1 7=
o, A1 W1 HAgo] 71 Feo|ch FEALGS HaAle]
T422~9407%E, FEL v|uF 20| Fuktle] 9|5ttt
e AL 12.0~15.7%Hom, Hel= ol Bl vjas 2
Qttt. SHHL =39 21.1~37.8% 2 w2 Yot FHHE=
oFt &olSl= FHGAL, A8 HES =9 °¥7P‘PXPEI ¥
25 golilth. AMTTe] F3o] Y| grof W7 ZA
Wol UL, W JiA| 9 R w9 20| e H AE it
o] Al7]ole &, RA=Hu] g7]Zo] HEEHE Z5e 17
Aozt we] ez Z2otEo Sl e & ¢ e,

p

of gt A majn] QEE WA ok AR olhEsE A
Aol Bre] 5%, asipe] SE} W%, A n] 7| AE
wet 8ol gaom 4 mepe| SHAET AU HidEo] 9|
%},

2) &7|Xt0] (Flexion larvae) (Fig. 2B, C)

Z7|1R01 9] AL 12.13~16.69 mm (n= 14, 14.41 £2.28),
A= AL 6.39~10.56%2 A7} o] Al7]e| B3] ok,
o AR BYRoR 4 7t FHC FEES A
9] 83.18~88.50% %, P> =2 FAFl A¢A ATk F4>
Aol 15.1~18.7%%eH, W= 2R Holgitt. g2 F4
9] 18.3~28.1%% = ¥l 71713t ofeiglo] flg o H]3]
ot oz FEHO X, YH 9 FES w9 PR o
7HA YIRS Z71Ake] (Fig. 2A)9F th2A| &, &2, A=
Hu] Ax7t 231E7] AZSEEAE, 7R = n| gk s =g

H] Q%= TR WEE R G 2o Feje FEF) Fig.
2B9] A% SA=2H| A2 1370, RA=2H] 25 19
M2 A=A, Fig. 2CE 1570, 20712 z2+2 #arE Qe ®
&, Aol F7HstEA SAejule} FR =)zt Bo) ghmo
2 25 o]Estatt. o] Al7]ole HAdTo] 5HOE ZIEY|
A&ttt S s = AR FEK] 1~2719) ] BgFoe= by
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Fig. 2. Sketches of larvae and juvenile of Thryssa kammalensis. (A) Pre-flexion larva, 5.07 mm NL; (B) Flexion larva, 12.13 mm SL; (C) Flexion
larva, 16.34 mm SL; (D) Post-flexion larva, 17.23 mm SL; (E) Juvenile, 25.24 mm SL; Scale bars indicate 1.00 mm.
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3) £7|Xt0] (Post-flexion larvae) (Fig. 2D)

B 7]z} o] AAL 17.23~21.73 mm (n=20, 19.48 +2.25),
Al A 7.82~14.60% = 57170 (Fig. 2B, C)of| HI3} A
a7t wotiltt. FEAFL A 67.62~73.83% =, T2 9
A= ol AlZ1eE FARHA &9 FFoll HAIskL AT+
< A 154~222% 3, FRF= SRt BAE 7HR e
W= A2 Holglh M T4 16.0~21.0% %L, w2
AP oIt F71#po 7)o RE A=2n| ] E3}7F AJRHE S
3, 7kEA =R A257 7~970, MR =gn] A257F 4~57,
AR =ju| Ax47}F 29~3170, A =20 ARS7E 14~1578
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4) X|0{ (Juveniles) (Fig. 2D)

2)0]9] AL 18.43~25.98 mm (n=45,22.2+3.98), | 1=
Ao 12.14~19.771% 2, A7} o] ARt F7He FdE G
o} FEALGL Ao 56.40~7234% 2, FEO] YA = $7)2H
o] (Fig. 20)] H|3l| HZ 02 o|Fdto] F9| FHo|A A1t F
Zof X 5tHTh FAL A 192~283% 2, M9 A7)|=
F717¢] (Fig. 20)°ll vlsf @o] AXch w2 3L, HES F
%ol 14.9~234%% . $go] Agez 4A EEFH 0] F50]
FEA7F A WA Y2 o]H ] YT (Terminal)ofl A SRR
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Fig. 3. Relative growth of meristic characteristics in larvae and juveniles of Thryssa kammalensis. Notochord length (NL) ranges from 3.77~10.20 mm
and standard length (SL) ranges from 12.13~25.98 mm. Relationships between SL (NL) and (A) percentage of body depth (BD) to SL (NL); (B) percent-
age of head length (HL) to SL (NL); (C) percentage of dorsal fin to anal fin to SL; (D) percentage of preanus length (PAL) to SL (NL); (E) percentage

of eye diameter (ED) to HL.

(Subterminal)®] 9112 AT, Aefu] Az4l 27} 1
Aeu)7t 12~157, WA =7k T80, Sz} 30~
3370, BRI 141572 BE Anefn] dzgrt Goo
=gt Aol A7 ZASE B4 w5 42 g
o SALEL £UHYD, A0 74T DR she
2ol mA el 717N 9E P e AT SALE
7 gk meA el AAH o AL mepe] 34
437k §A A A RolwA F717bol7]o] =YY
melA|un Sh) Qe WS ARbach BAE A o

o ol o) 24 RE RZoR A meFo] FHAEI} 2~47)
95 A9 AR

3. o 3
AE A0 A E AS I WIS duEE AR
e AN tigt Aa, FE2 g BAE HEA, =

A FAo] e Qe 2o BAE Uehigle £, 4]
o7 el uhe SA=Hulet SA ] Abo] A7t 57}
St = Helth(Fig. 3).
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Fig. 4. Larval morphology of Thryssa kammalensis (A~C), Konosirus japonicus (D) and Neosalanx anderssoni (E). (A) Pre-flexion larva, 4.0~5.7
mm NL; (B) Flexion larva, 5.7~10.0 mm SL; (C) Post-flexion larva, 10.0~20.0 mm SL; (D) Flexion larva, 13.9 mm TL; (E) Post-flexion larva,
22.1 mm SL(cited from Sarpédonti et al., 2000; Okiyama, 2014; Koo et al., 2024).
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[

£ dFolAE 202349 6~749 Hebge FE Aak= 729
A J-E FE 2420} (3.92~31.71 mm TL, n=101)2 thAre
2 gdAE R Jeo it ARE AZo 2 ATt
Sarpédonti et al. (2000)°] &J5tH, H 7o) 4.7 mmel FE =}
ofoll A Af7F-2] FHK} £3ke] o Abolofl A H mFS 5
Aaz7h 1~27190 A, A0l 4.9 mmel Ao S
7b 23He] FEo R olojR]= A Fol & A AXet F ¢
Z)8kAct. 3RTE, Sarpédonti et al. (2000)L ZHAAFo] 4.0 mm
A AN FA=RH] dx4= 770, RA =20 25 10745
7Hkal Buste] BlSgt A7)0 A=2jn| Azt s &3

SHA] ok 2 A 2 (Fig. 24)% 2 #olE YERi Tt (Fig.
4A). TS, F7| 701 o] Hdtho] QiR E]7] AJZtel= AS &
AT A= 12.13 mmP ATt (Fig. 2B), Sarpédonti et al. (2000)
o] W2 10.00 mmZ, 1 I7|AE x}o]S Bt B A
oA Fig. 2C&} Zo] Aol 16.34 mm7kA] A7t 7HA| ol A
Sarpédonti ef al. (2000)2] Z7]Zto] (Fig. 4B)2} H|&o] G-Akst
A vt 3, mejA =] sty o] 2P S
Z7} #ZE = A (Sarpédonti et al., 2000; Fig. 4B, C)= 2 <
T Ao} 2 AT &, & AtollM = HE ST (Fig.
2B, O)FE F7]x}o] (Fig. 2D)|l ©|27|7HA] ZejR|=2jun| s}
o] WAY BAFY ZMALI} AEsHA R T,
Sarpédonti ez al.(2000)Z 2], & Ao HHO F7)=poi7}



B39 5Fo  BY¥Y SMLZE dEE Ve A, A=
2u] 71A ol BB Y] SN2 E AT A S 2 THA|= A
AL gkt = Sarpédonti et al. (2000)] I3, FH o] 37
Apol= BAFe| TF SA 42T QAL SR =Hu] 7|4 FHEE
B F&oz UiE 3 2o SMAZE 77t (Fig. 40).

E 3 A= Sarpédonti et al. (2000)0] sk FH 2}
Aoje} AAIT 4% Aol 2 BAEY) o T A 7+ 87 A
olof A H]|EH Aoz ZAF ) Sarpédonti ef al. (2000)2 A
ZF 9] 23.0~25.0°C2 LFo]A|o} Sungai Selangor estuary
(3°1900.0"N, 101°13'00.0"E)°| A 1997 2€HH 1998 44
710 AGE A AAelE musisch. et 2 s et
S 9 ARE Rl 20234 623 78 Ajolo] AYH
A AR|o]E Budt AoZ FA| £ H 7} 18.2~25.9°C,
AE H9I7} 28.0~34.4 psuR ofItE & o7} Z Ro
AZHEIT 488 AR oje] HAo] Fad 22 ety aq)
(Portner and Farrell, 2008; Burt et al., 2011)2.2 Z-83}7] o
2ol 20] E& XA Falo| 2aHE Ato] Fopxirkal
SHRAL, o5 B3l W Aol o] Ao A] A8 FHE AR 2
T} o}2o] we} thEchn B 1sHETH(Zaki and Abdula, 1983).
E3t, sjee} vt this shpele SAERE $od B8
3 gLz f7lE FFel =L HolBEo] SRt gt
o7 AAAE AlFshH thdRt AT dsdoE olgH
th(Reid and Wood, 1976; Gibson, 1994; Abookire et al., 2000;
Park, 2000; Yang et al., 2001; Chin, 2024). M2 732 W1
28 go] WA Aoz HPYEd thpet 4718} 7
29| 23, Algt A214 T4 s} Sof 7]ofska, toprt 9
FAEANA g AAAE AlFstL g Frdes Fa%
&S 3t (Omar et al., 2018; Romli et al., 2021) Hvhy | 7%]-
el AR QI sjole H AN, FRYA A 5
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= A B ET 9
% v} Q1o (Jang et al., 2020). Sarpédonti
etal. (2000)94 5@% AR s e 23 AFs Foziy
%?J%El g IFde s A= s H ] HE Ax|ojH}
= 202 FAH
l«L H w8 S o BA ] "Al= A% 7.1
mm (Uchida, 1958), A o]7}2] Hoj& A 11.23 mmeol|A A
e;u}o] w3 57] AZSHATHKIm ef al., 2007). 015 E3f A
< BAY HojH} & A7|oA F7|R 0= o|FYsh= A=
Holth HE AR|o]e Aol Ax|ojet 7t=x 7] AY, BER S
Zo| dE2 wjgdE STt ke F oA F S 2
517 ofHA|TE, 7|20 (Fig. 4D) A7)0l Aol thdt F=24%
(B 83.2~88.5% vs. Aol 86.1~90.4%), A =2u] 7|4
o] A AR (A= n] FHRET o FHoll 917] vs. A
2n] SRR "R Fof §A)), F717k0] Aj7]of B A
20| Wi g (a3t 7|HRE i ST AT AdeE &
TRz gty SR =2n] YR &9 FHHez A
4o 482 vi<d (Fig. 5A) vs. 231%9] 7| RE & 7|
ey ;Er]/g- 2 Ao s RIsitrt SR =ein| 7]HRE
A Aoz 7k A HiE (Fig. 5B)), 2101 Al7]ofl 152
A E°J(-?4—|°1 ol g et A 3| A% vs. Qo] AZLE TF
skl fElo] ol g ETt AREA] o) FolM F T FEE
4 UtH(Okiyama, 2014; Koo et al., 2024).

TS FE A oj = =aho] ApR|oje} Zpo] TA|o A 7hHsal
AR, B4 2318 55 SMLZIF dE2 oofA =
o] frAlRt FEIE WA|TL, F7|Rke] Al7|of v A A

O] Fejo} R (HHL B9 vjZoZ A = A ROk

o S azrE dE s WiEEOT 23R 7R E Y e

A meko) 2 Sz dER 7HE A viE (Fig. 5C) vs.

°l
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I d

P 01r1 ™

Fig. 5. Schematic ventral view of post-flexion larva (A, B) and flexion larva (C, D) showing the diverse shape and distribution of melanophores.
(A) Thryssa kammalensis (17.23 mm SL); (B) Konosirus japonicus (PKUI 1263, 18.12 mm SL); (C) Thryssa kammalensis (12.13 mm SL); (D)

Neosalanx anderssoni (PKUI 1144, 15.37 mm SL).
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Zools B wifo g 7R 71 g Mg 54
Z7b Y= jgETt A3 7| - R 22 meko
A p37h W B9 ARjEle] 2 (Fig. 5D)), &7]4}¢] (Fig.
4E) A71°l mejx=gju| g e] §-F(Etgolwt 1709 & H&
g 27 vs. AT shdoll 2 17189 H2 vho] iR H e
2 27, A8 FHEo] =Fdhe= AA e SrPEREE AUA
8 vs. 29 PR E AE) FolA Z FEEATHKoo et
al.,2024).

2 A1E B9 FEY 3R A7l HEE A=
2n] shdoll Yehhs 1339 SAxE B4, Ao, Ho| 5
o2 A& (Clupeiformes) o Foll A= TEEX] ¢7] ool
(Okiyama, 2014), B AHske= ] -85 27 JA= A7
Het ZJo] dA A= Agu] Az, FALu|et HA=g
o] o] ARl $12], Sz v g, P $1A] Fol T T
Hahe o 833t 54 SA7E 2 F JAT, 7ol Aj7ldle o
EAute 2 HX| 7} (Engraulidae) o175 28713 A Pt
upetA], gk FX|3h, Hojuke] AojE tfo R HATAE §
B 54 AAI8] vl A B ovt Qi

Job B>

o OF
p -

20234 643t 78] B A3 daY A Fue
A RN80 YIEZ FE 2o} 101437 A= H715jo]
(3.77~1020 mm SL, n=22)= A& 2% A3 Is}A]
gk, A o] LTI AR ol FA=Hn] 74
M4 Q@ wasiel GIgie. 71441 (12.13~16.60 mm SL,
n=14E SALE A4} 134157, HAn] Azt
18~2370= 27 TG, B il Hzt A mope] 3
M2Z7} G QA AP olojFa, meH|ejn] shefol
BARFol BMAE7} BREAT FT7)740] (17.23~21.73 mm
SL,n=20) BE A|=2ju] dx7} Fdskon], 7keA| =z
], wjx] mefn], S| mejuleh S meu] Azl 242 7~9
A, 4~570, 20~3170, 14~15702 veksdeh 4R 34n
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14~1570% BE A|=eju]7} 4o mFeteiet. 2ol Al7]0] &
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83H AL AR
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