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ABSTRACT

The purpose of this study is to clarify when spawning occurs of Clupea pallasii in

the coastal waters of Jinhae Bay and Yeongun-ri, Tongyeong, Korea from December to February
using SCUBA observation which is known as spawning season. Eighteen surveys of SCUBA diving
observations have performed at 3 stations of Jinhae Bay from December 2017 to January 2018 and
24 times of survey at Yeongun-ri, Tongyeong from December 2017 to February 2018. In Jinhae Bay,
average 740,274 eggs/m? fertilized eggs were observed in Judo Island and average 671,718 eggs/m?
were observed in Gusan-myeon. On December 30, 2017, about 388,444 eggs/m? fertilized eggs were
observed in Yeongun-ri, Tongyeong but no eggs were founded in next surveys. The results in this
study suggest that spawning season of C. pallasii in the coastal waters of Jinhae Bay and Tongyeong
begins in late December at average 7.7°C water temperature.
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Hoshikawa et al., 2004; Lee et al., 2017). 3t Hoj= Z}7]17}
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Fig. 1. Map of the study site A, B and C in Jinhae Bay, and site D in Yeongun-ri, Tongyeong, Korea (A: Judo Island, B: Gusan-myeon, C: Jamdo

Island, D: Yeongun-ri).
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Aol A $HE Lee er al. (2017)2] AL, ol A A
Fo] FRIE F22 5F AWNA 8°Co| AR, Mgk
ok o] ATLHTE e 52291 4~6°Co| A AlHRfo] Tty
Atk O] AL Lee et al.(2017)0] A3 ato A 2QEE ZALS A]
23 ZAA]7]0] W 42 po]2 yzHETh EFF Kobayashi
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Table 1. Spawning depth and number of eggs of C. pallasii
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A5 gz Anael gald AFstact T od @

T A9l gt 5 At B¢ 2AF ZH FH 5hA
o] glaL Atsuta®l| 4] Ho] Athao] ElE 4421 50cm~2m
B} 212 0~6mollA] Aol gl o] Akt 3o glo]
A Gt S Frle oEE Ao AZE 238 A
BTkl A 12¢ 6437} 204 9] 149 kel =20] 11~12°Ce]l
A T~8°CR2 9] FATHA HFstHA 220l ) Atf
o] H9E 7HeAdol S AR AztHET Fojo At &
gy A Ao u)xE 8l didiAE F7HE el A7t
o Aoz Yt}

Estimated

. . Water temp. Spawning  Area  No.of eggs 1 . Developmental
Location Year Date Site ©C) Eggs depth (m) (m?) (x 107m?) total egg dsepozsmon stages
(X 10°/m”)
A 11
Dec. 6 B 12
C 12
A 10
Dec. 13 B 11 None
C 9
2017
A
Dec. 20 B
C
Jinhae
A 0~4.8 3,900 478 1,867 A~E
Present
Dec. 27 B 0~6 5,100 853 4,351 A~E
C None
A p 0~5 4,500 529 2,383 J
resent
Jan. 3 B 0~6 5,100 556 2,836 J
C None
2018
A 7 Pres 0~5 4,500 1,212 5456 E,K
resent
Jan. 10 B 7 0~6 5,100 605 3,089 K
C 7 None
2017  Dec. 30 D 8 Present 0~3 3,003 388 1,166 K
Jan. 6 D 8
Tongyeong Jan. 14 D 8
2018 Jan.20 D 8 None
Feb. 3 D 6
Feb. 10 D 8

A: Judo Island, B: Gusan-myeon, C: Jamdo Island, D: Yeongun-ri
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Fig. 2. Underwater photograph of naturally-deposited of C. Pallasii eggs attached to various algae.
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Fig. 3. Comparison picture of C. pallasii eggs (blue circle) and H.
agrammus egg (red circle).
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Fig. 4. Estimation of spawning season of C. pallasii according to the diving observation of the Lee et al.(2017) and present.

Table 2. Classification of developmental stage and time after fertilization of C. pallasii eggs (Kawakami et al.,2011)

Stage Developmental stage Time after fertilization
A 4 cells 5h 15min
B Blastula 17h 55 min
C 50% epiboly 42h 30 min
D 70% epiboly 48h 28 min
E 90% epiboly 54h 20 min
F Appearance of optic vesicle. 66 h 22 min
10 myomeres present
G Appearance of lens and optic vesicle. 90 h 23 min
30 myomeres present
H Embryo wraps almost around the yolk sac and the caudal end of the embryo reaches to the snout. 102h 32 min
Appearance of olfactory vesicle. 4.25 day
Embryo movements and heartbeat begin.
I Melanophores appeared on the eye. 138 h 28 min
Otolith visible. 5.75 day
Formation of pectoral fin rudiments.
Number of myomeres (43~45 + 10~12) reaches almost same number as in hatched larvae
J Guanophores appeared on the eye. 186h 15 min
Embryo wraps twice the way around the yolk. 7.75 day
K Two rows of melanophores appeared on the ventral side of the body. 210h 15 min
Mouth opened 8.75 day
L 2R 94kth(Fig. 4, Table 1). Moon et al. (2019)2 21 710l et 20179 129 27%,201849 149 3¥0f &eld
SRt A FedEE Sl Fol ATl 20179 2¥ A= Aol7] wWZof A= At Ak zpol= AbdA7|o] wE
dAekoll 1 m*F B 15400070, FEoLE At | m* H Ao 2 AZrET) A Akaike et al. (2002)2 £7}0]%= Rumoi
856.000719] 4ggho] FAHGUrky RISYTE. o AT ALTIA Holo AUFL I m’F FF 10.834~571,000
Anio T o A% QS o A oFe) S Fel  Jjen BIASAD, Hoshikawa e al. (2002 1 'Y B
H9T FEAFSE ol AT} QAT A jel T Aokl 10000~2420004% Bk ol Aol A ol Al
AT GAFSHATH Hay (1985) Abd7] 27]9) Aldste 2 1m’3 B 121,000~853,0007H =, Hoshikawa er al.
Hol AT A9 4R AvI de] A7k 2 AFol L 2004y W2 Holo] g HEe A AP, pA, 44,

Tl BSHG L, YR O 2 o] 7] X ofF| Q] A7|4
utat F7kske Aol ok wEkA A A9 ¢ Moon
et al. (20192 Agt7] 3719 dgste 2017 2€) &elgh
Ao|iL ot Ao FlH A& At Agtr]e] 7|, F

B3, B4l §9 5 8420 ge} th2e gavt $U
£ Arebgel A9 the Aol ve) RatE sAwe) uE

7 EStthn Bnstgch mebA ofdl ATeh AR ek Hof
Akghepo] Aol thopet Az WE Ho|2 AZtHr.
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I FAEE AbolA] EIEGlon, Sl AT g
AE Kawakami er al. (2011)8] Fo] gAY Ato] LA
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TH(Table 2). o] oF 2 Ao =HH A2 gt Ate]
A Aolo] Mz AHYE 12¢ 259 FAH} B3 20184
19 3¥0) A= A%y} FAME tollA ElE AT ot
Tol SALz7E ZAE QT WA S £ A A Qe
TEAR 2017 12€ 27€0) 1€ o] Wdo] 23
g Aoz A 20189 1€ 1090 gE AT 4
$= ETA 9 vl ol SMAxTF A K
TA R glE]o] Fojo] 7} 4lgho] o]Foj7] Ao g A
T} (Table 1, Table 2). 5% Agte] A%, 2017 12€ 304l
K @A 35ko] SR o]F 7} Ak = x| gt
T} (Table 2). Lee et al. (2017) As|qt SAto A 2016W 2
FE 69717 S Bl Folo ARtys Ejlg A
Aol £ATo| 249 4Y uix|Ero 2 FRIE o] 29 Fof Akt
o] FREE AoR Hustgct. wahA ofH AxAT} Lee
et al.(2017)9 A3E FTFsIES o Hafjgte] A3 -3}
= oY A= 129 oA 28 T2 =2 A ET(Fig.
4). 59 Aot AL Lee er al.(2017)2] AFoA 2013E 12
4 Do) AAE S RO FAE = ARPYo] A5 ERIES
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4 o Aol gRlE o|F IR ¢kktt. Hoshikawa
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