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Maturity and Spawning of Pacific Sand Eels Ammodytes japonicus in
Coastal Waters near Donghae, Gangwon-do

So Ra Kim, Jong Bin Kim', Soo Jeong Lee' and Jaec Hyeong Yang'*

Researcher, Coastal Water Fisheries Resources Research Division, National Institute of Fisheries Science, Busan 46083, Korea
'Researcher, Fisheries Resources and Environment Research Division, East Sea Fisheries Research Institute, National Institute of
Fisheries Science, Gangneung 25435, Korea

The maturity and spawning of pacific sand eels Ammodytes japonicus, was investigated using samples collected by
gill net in coastal waters near Donghae, Gangwon-do, from January 2017 to December 2018. Monthly changes were
analyzed in maturity stage, gonadosomatic index (GSI), egg diameter, fecundity (F), and total length (TL) at 50%
group maturity. The average TLs of female and male A. japonicus were 18.5 and 18.1 cm, respectively. The spawn-
ing period was from November to March, with the peak from December to February based on monthly changes in
GSI and maturity stages. The egg diameter during the spawning-capable stage was 300-1000 (main mode 500-600)
um. Fecundity ranged from 6,411 eggs at 16.7 cm fork length to 45,771 eggs at 24.7 cm fork length. The relationship
between TL and F was F=0.00005TL**"*> (R*=0.7216), such that F increased with TL. TL at 50% group maturity was
estimated to be 15.1 cm for both sexes.
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AN 2 A vpero] R ARl Yigko|ut AQtol| A Frel& A|of A ghst,
42 15°Col B W 1| &of 5017} "ol 55 (Aestivation) &

7h2](Ammodytes japonicus)« 5915 (Perciformes), 7} A= EAJo] Q= 7 0 &2 ok ] QIth(Choi et al., 2002; Kim et
2] 2 Ammodytidae)ol] &5k= o]F0]aL, Fafetol A= "4 al.,, 2005). 7hute| = A -of| A 2ol A A vig B e} 2
ule] ek el 22w gk $euel] Ads s AEdol Aol meae] 44 2030 mol M Aleksl, S-2lue}

7hdele 2A 7 ARCssl, A= -2 Hrk(Kim et al, A, A, ekt B Aot gt e st
2008,2015). Fallol A415H= Aof o] 74225 cm HF, A8l 11 QTHNERDI, 2004; Chyung, 1977). 712 A g o
+ 10 cm W9 = ZA|E 7He] 7 Afo| 7k 2 Ao = A QL AT olFoR 53], Fof¢holli= g FL e oHE R

tHKim et al., 2005). 7kt2] 2] 8Hg-2- 34 Ammodytes per- 2A] Hlsh= Aol AH, AdfietoA= HaAA d s
sonatus® -8 ¥ O}, X Alew7ehe At Aol et o] &3t (Myoung et al., 2002). 7h}e]= Faetoll A Aokt
oo A= Ammodytes japonicus= 37|35} tH(Turanov o] o3| T FE o] w17, Ar Eajiot o] F e 19931 o)
and Kartavtsev, 2014; Orr et al., 2015; Kim et al., 2017). 71} 8,980= 0 & 2|11 of3efS B o, ZL 5 Ht oS
2] AL FRA AR, AN, 2Folw, sed L1970 2 1990t SRHLE A|&20 2 ofelgfo] Zaxst
EYTE 5= HIUNFRDL 2004), =/dolm Iohd ol 7= FTHKOSIS, 2019; Fig. 1). ALH Fafet o] gelo] 38 A5
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Fig. 1. Changes in annual catch of sand eels Ammodytes japoni-
cus in the East Sea from 1990 to 2018.

A 7hte]= 2 ALF Az Qe oYl 500 & I

= "A)7] "ol o= XP%—J S Q1 AL E ffsiA &
A ol Wk Aeisha S0 tigt A7t AdiE ofof gt
o}, 7] el A= S A7 Chun, 1974), 414 917(Kim
and Kang, 1991), A5, A& 2 <5 A-4(Choi et al., 1997),
7191 A9kt 7Lkl 2] 23] o] o] B E AT (Han etal., 1999), %
231} A7, 4747 (Tomiyama and Yanagibasi., 2004), A5
H55H4 A4(Kim et al., 2008; 2015;2017) 5 A HE E2
A7} =y @] ol| A A= Qi) 7hbe| o) AR e s EA L
Fj2loll A o gt R ML B B e B} Hol
QLo 2 Folokel Ak 5 sarol wistol el 7t

U Aok B4Rl 7hkelo] AJejatd wabr} ekt 4 o)
A LR Aok tahy B AT FajEiiaele]
FalA] QAgholl B 7kl o] Aol Tt A2 9l
AAAAZAIE AT, 7htele] 2 Adn]g, Ak
), EG, HEAR 5% BAst] 2 Thtelel gt Al
ghof| thaf ab a1} ghct.

2 ALof| AR-E 7] = 20173 1994 2018 12¥€717)
*r

A SN RGO A A2 ol §tol A HAURA}

5 535191, 52412 30 m Wl 2 AP o] B A Baat JLofA]
|83l %IthFig. 2). 7hte] 2] Y of e 11-490] Woke
L}, 0] EolA|= 7-10€ 0l = of g7 iAl =7 A AU 23 of
30| %|7] 9koFrh(Table 1). Y A8 WA T WEAg)
= Ao @Rkt oA WA - E st A
A(total length, TL) 0.1 cm, |5 (body weight, BW) 0.1 g, Al
A1 4 Z2F(gonad weight, GW) 0.01 g7HA] 2435131t
7htE 9] A7) = A Ao A 7], Az, dol B
FAH, dHY 27 58 VIR SEE F9 AsE

N. .
A —3745
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Fig. 2. Sampling area of the pacific sand eels Ammodytes ja-
ponicus in the coastal waters of Donghae-si, Gangwon-do.

& 351 AT sl ), 34 5 44
veloping), ¢+ 4 Hl<(spawning capable), B3 (regressing)
o] 4 Helol 7 thle] B ZRALS Shelsisich
(Brown-Peterson et al., 2011) ESE A A ALt 2] 4x(gonad-
osomatic Index, GSIy= T2 2] o7 J15lo] ¢ H3lE 54
ahaict.
GW
GSI= BW X107

o7I1H GWE A4 T g, 559), BWE A5, 559)
S 77k e,

Q2R W7o WskE dobnr] 18] o] FE U8
£ d3Jsto, /i Gilson&Hof] a7 A[Z1 2 kg el skgick
(Love and Westphal, 1981). 1732 & u] o}l o] 4] 0.001 mm
744 stk

Zep(fecundity, F)= A7) 2 245 = A]7]9] 2k 9 v
Z(spawning capable) 7HA|E T} 2 WAoA dHE HH
3t & Al=3to], 5598 (Bagenal and Brown, 1978)2.2
shit.

A-B
= X
F C e
of7) 4, Ak o] F7 B W 0] 9, Ol e o

B F3, el el 4 o Frol .

A A= FAEE A7l S5 B Ad<(devel-
oping) Ol*bl S Ad7HsT o2 Ba 4435 7hvke] 7
2] H] &2 logistica]of] W] 2| ¢t 3] 7w gl o] 24 sizeMat
package (Torrejon-Magallanes, 2019)5 o|-8-5}o] EA35}%TH
(Rv3.5.2).



Threle] 4t At 21

1

146 L)

P X100

714 Pz APGAIF A Q] s, TL= A AT] A
%y, LE|AL, S, S, Aol Tk

QAL didol e A E Tdsh] e sast &
2o, U¥EA 0 2 50%/d5A S AREEtTh B AtollA=
ol Eo] A/de ofste] w2 Jub ]l Apdte] kS
Q3E TekA 7| AASE ] {18l 50% /3 A et oy 2t
75%, 97.5% /<A1 T3t =453t

2 o
7| o] MExY

7hde] 2220179 195 20189 129717 S8l 74

T oAl Hag Aol A AE o] 8-5te] Ao AE =
ARE Sl vl o] glskolaL, AR FE2 T 1,09370A41 2 9F
Z 6327114, =7 461704 SAth(Table 1). 7] b7 9 A7
o= 11.8-253 em (FFAA 18.5 cm)@ Lpebekn, 2719] A
A Q= 7.9-26.3 cm (H A% 18.1 cm)2 LERGTHTable.
1, Fig. 3). 7hupe] 9] oF- o7t A4S & Afo] & Ho|A| §igkar
(P>0.05), A H E = 19.0-20.0 cmof| A 2 HE2 1 ole}.

NEHELS

7] A4 A o WskE HW(Fig. 4), 979 nls
(immature) H 4= 1-9U7HA] Z@ste] 3-74, 9€el= 90%¢]
=2 HERE AR5 S5 2 A< (developing) /I A=
10956 Zdsto] 1197H4] 80%0°1 ettt e 2 v
%(spawning capable)7HA|= 1199 15%0°]5}2] @2 H|&=Z
Sdsl7] AlEksto] 12-299] 80%014 =2 Hl&Z H3aL, 3

Table 1. Size range and Number of individuals and of the pacific sand eels Ammodytes japonicus in the coastal waters off Donghae-si,

Gangwon-do from 2017 to 2018
Year Month Female Male
Range (cm) Mean (cm) n Range (cm) Mean (cm) n

Jan. 11.8-24.1 18.2 12 13.6-26.3 19.9 10
Feb. 12.0-23.6 16.1 55 12.2-19.5 16.0 50
Mar. 12.9-21.6 16.2 61 13.2-21.4 15.9 41
Apr. 16.3-24.8 19.9 92 16.6-21.6 18.6 8
May 13.0-23.5 15.9 71 12.7-18.8 15.2 25

2017 Jun. 12.4-20.3 14.4 42 12.0-21.7 13.7 49
Jul. 14.0-23.5 18.0 8 13.8-22.3 16.2 8
Aug. - - - - - -
Sep. - - - - - -
Oct. - - - - - -
Nov. 18.8-23.1 204 33 17.8-22.8 204 86
Dec. 17.4-23.2 19.4 40 16.6-22.5 19.8 34
Jan. 16.7-25.3 20.7 61 13.6-24.3 21.1 21
Feb. 12.8-25.1 21.0 30 19.9-24.7 215 8
Mar. 18.1-20.6 19.2 5 14.4-22.6 18.5 2
Apr. 17.8-24.7 20.6 32 14.2-23.5 19.3 27
May 18.2-20.9 19.2 7.9-24.0 16.1 13

2018 Jun. 16.1-20.5 18.3 15.0-19.7 17.8 5
Jul. - - - - - -
Aug. - - - 18.5-22.7 204
Sep. 12.2-12.2 12.2 1 13.9-19.3 17.2
Oct. 17.7-21.7 20.2 1 18.3-22.2 20.2 18
Nov. 17.8-21.7 20.0 13 18.9-22.2 20.1 19
Dec. 17.8-24.5 20.5 54 18.5-23.5 20.7 27

Total 11.8-25.3 18.5 632 7.9-26.3 18.1 461
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Fig. 3. Length-frequency distribution of the pacific sand eels
Ammodytes japonicus in the coastal waters off Donghae-si,
Gangwon-do.
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Fig. 4. Monthly changes in maturity stages of female and male
of the pacific sand eels Ammodytes japonicus in the coastal wa-
ters off Donghae-si, Gangwon-do.

Lof|= 20%0]5t2 F2A3| WolAl = A Bk B (re-
gressing) 7|4 += 12956 S3d st 2974A] 20%0] 5= LHE}
wor, 3¥o= 80% 1A 7HY =& veS B9, 4597}
A Edstelrt. =219 vl (immature) 7§ A= 3-9L o] =2 H]
E& W53, S5 4 AS(developing)7f A= 10-12€ ]|
s HIES ARSI 2k B (spawning capable) /A
© 1220 & WSS B, W (regressing) 7 A= 12-2
4, 4o SASITE 7] o] e -t AR ARk
S 291, 9k 9 vk (spawning capable) 7l 4| = 12-29 0] &
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Fig. 5. Monthly variation of GSI (gonadosomatic index) of the
pacific sand eels Ammodytes japonicus in the coastal waters off
Donghae-si, Gangwon-do.

Z 5 St

7he| o] e AF A (G2 9 WIS HH(Fig. 5), of
AL 1095H Hi GSIghe] 01A]7] A12tste] 297H4] 8.1-
24.8% YERGA, 3YRE YWolr|= A Bt SolshA
2017 4] 3382 =2 3t UERd JHAIZE Sdskela,
2018 ol= HHgko] WobRl= 4-5¢9) 13.7-15.72 =2 3t
O] A7} E@aA Tt AL AAT AR 9l FEFS Ko
102 5-E] opA]7] Al&Fete] 39of Yrolr]= A B,
7 T3 EolalA] 201743 493t 7ol 2424 20.5, 11.92 =
2 3] 7WA7Y E2@sknt. Ziuhe| o] A Aot A A A
SEAFE BAS A AR = 11392 2AEAT, F At
7= 12242 o] A7) HFH O Abgho] o] FojA = A
© 2 YEpyith

L U Eaks

7hge] 9] o] At o] A7|HskE HH(Fig. 6),
o)A 9] ol 7] iR 200 pmo|skE e, &
% 9 A57AI= 300-500 pm= UFEFHTE $h4 9 iR A
L 500-600 pmol|A] £ RES B la, it 1,000 um
7HA] G Qieh A= 300-500 pmE A48t 2 =27]
o] FE2 Wt 1 gk o] Hastelrt. 7hve|e] et
= AR 5 ARV §le S5 9 AsTAlolde A
AE ez AleshlthFig. 7). Zeb Hels 22 6,411
ZN(TL 16.7 cm)o| 4] Xt 45,7717)(TL 24.7 cm)Z A%
3, ZZHTL) sZz7b(F) 7He] BA A F=0.00005TL*""
(R*=0.7216) & Yeh} H7po] AZFE Zehp7} 571ek= 7
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Fig. 6. Distributions of eggs diameter in mature stage of the pa-
cific sand eels Ammodytes japonicus in the coastal waters off
Donghae-si, Gangwon-do.
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7heE] o] A2 AR 2 A= 1229717 545 9
< o] THAIEO] AlRte] ofshs AR IhEEo] %
A S &4 BleE 2AREATHFig. 8). A2 9] 50% <A1
2 15.1 em (95% A2 717E, 14.7-15.5 cm), 27 2] 50%4) <A
2 E3F15.1 cm (95% A12]E7E, 14.6-15.8 cm) & e 2
Tl 7ide] 9] A o4 A B4kl 7]
O] A At Aol 13 em ofstol A= Ad <3t A1 7F
SR AL, A 20 em o)l QA= A QA7 ARt
ootz A o= vebtth AdsulEat A7 logisticA] of] 2]
sto] 72l ] 50%, 75%, 97.5% g A A% At
Z¥Zy A&+ 15.1 em (95% A2 417E, 14.6-15.6 cm), 15.8 cm,
17.7 cm=z 345 Ak

ki
]

FEIE 1720°Col ol ohERtel] Bolrba, 4-20] of
15-16Coleb} Sy o BHS ohAu] WA sk A
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Fig. 7. Relationship between total length and fecundity of the
pacific sand eels Ammodytes japonicus in the coastal waters off
Donghae-si, Gangwon-do.

o2 dHA Qlck(Yanagibashi et al., 1997; Tomiyama and
Yanagibashi, 2004). ¥ = FoA] A% S5 22, 7HF
B 1921°CE #=olA| 1L, 11YRE 16°Co|stE Wolx|= g
= 2ol & A s 7hvkel= 7-109714] oF 4-570d A=

S8 717ke.2 FAETHKODC, 2019; Fig. 9). 4-22] o] A]
Th(Ise Bay)2] 7he]= 5-69ol o 53¢l Eo17hH, Alcto|qt
(Sendai Bay)2] 7h}2]= 8-1190] o 23t 7|7ko 2 HalE|of
3 QAATle} | Lo) IS o], LY S B A|Zo]
ZOo| A= S HolH, A58 A= 29 dFol & A
6 2 FtH i Tomiyama and Yanagibashi, 2004).

2 Aol ol 58S vzl ZiEle] 10-1249 A 9=
16.6-24.5 cm& ZRAFE|Q T H8¢F FEXRO A= 18.5-27.8
cme] AAIE 2o, 2 AT Aol 2 A0 1}
EFATHChun, 1974). a7t A7 Afo| == dafieh A e
7.7-11.4 cm, A8l MG &= 7hte]= 5.5-13.1 cm= B35}
Bajoke] hte] 2717 dralel Aol Hls) oo 2 4
© & Yt Chun, 1974).

A4 SRR o A4 0] 2 A4 T AL A
L] 9 WElS BAe ATt BE ook rhte] o] Al
= 11392 F A= 12292 AT} vhH, Choi et
al., (1997)8] A=toll Al sslietell AAlste 7hde] 9] A&
1-129, 5 A7) 12902 34500, 79l gkt 7ht
2] Zzjole] B Ao A= F& 129-0]53] 14 4lgto]
o]Fo] AL, 1o 10 mm Wi 2|e] Ao} 70| 7H e Ao
& ¥ 15 tH(Han etal., 1999). wheba] A3) dto] v|sle] X
<+ St 7] 9] 5= Akst7|Tte] 270 ARl Ao ' vEt
WAL, AR mEA] = Al717F 2-39D 2 =olAe AR HAlth
s Aketr] 2lo]E B Kim et al. (1999)2] o110 A H-3f
oA H|ofo] YREAS B WAA7E 119 39039 8=
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Fig. 8. Relationship between total length and group maturity of
the pacific sand eels Ammodytes japonicus in the coastal waters
off Donghae-si, Gangwon-do.

F7gote] 2 At Aol vlsskel om, Aot kel 5= A
27]7} 129(4-2 4-6°C) B 11515 (Hur and Yoo, 1984) %5
B¢kt 2ol & Kot 53], Foliot Al 4=2-2 Afsfiet Hrt
3-5°C &2 Ao 2 Yesth(Fig. 9). ®3F Hamada (1979)= o
2 7hte] 9] A1 & 11E-0] 53 39 R 451310, Y o
AIEEe] 7he]= 124 she-19 Aol A& sh= 202 &
& #] 3o](Yanagibashi et al., 1997) & ¢1L3l|H 2] 7it2]9F &
AR ARYZ1E Bt 7] o] ARt )= 423k U g A
7} gl o m(Han et al., 1999), 5~20] 16°Co|5}2 WolA|H w2
Al /g<ste] 12°Col b7t =W AlghE sh= A 02 g A Qltt
(Yanagibashi et al., 1997). & 91513 o] 4=2-0] 12 12°C
o|s}= Wox| 7] AJAbsto] 3YRE| o] 5ok A o2 B
of & Ao FA4H 3 At7|(12-29)ek A Aol Al Al
Al Akt A 42 2/(<12°C)0] YA|Bh= A o2 UEpsithFig. 9).

URFA O 2 1 9|% A Alo]7} A 9] A Ao KT} Akgto] =&
Aoz dHA +=d|(Kim and Zhang, 1994), 7% 53] A]

Q5] WAL AR FeE Hloh 22 7] 9] AlEst
A AFdntze 2yt seet A gl Al e UEol A,
Sl 7hve e BRe R AT R F AlSe] wARith
3 tH(Kim et al., 2008; 2015). o2 A 3| o] wh= Ateba 9l
A M-S Hol= A& £ 23k AX= FA0IH, A7
O] Zpoli= FAIHGA 15 Tholl A o7 EeH 7] ffjt
Aol 1 15 ch(Kim et al., 2008; 2015).

L 3 mof AAsh= 7hue] o A7) = w2 A
Ot Rt AR AAISHA] ehghth. T 1o ' B
7h42]= 3% (Ammodytes japonicus, Ammodytes heian, Am-
modytes hexapterus)©| 34| A 4|5to] 4bt7]71-E 7 <hs] Bo]
A B8he A 0 7 AYZHETHHFRMM, 2018). whaba] 2 12
5 F o His] AuE, A 7hue] o] Ae] = 11-124
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Fig. 9. Monthly mean sea surface temperature (SST) in the
coastal waters off Donghae-si, Gangwon-do.

2 24k, 22 AT A S 119-0158) 3977
AFEE7|7k0] 7] FA |, IRk AR A7|7Ee B
Gtk I A7 7} BUL SU7HA) AR} 25 ZHshe

ol 1o} 7htel o] At &gl it 7Hs4d

=7

£ 500-600 pmejl A 5= REZ 21, Zof YL 1,000 um
£ R} Choi et al. (1997)2 AFHI7|(129)9] W ¢
7} 0.76-0.91 mm, 3+ 0.85 mm= 2115151, Ui o) gt
7hgeE] 9] A7) d2 1Y 55 400-600 pm, 1249 Z-3}
220]] 720-780 um= LrEFLK(Yanagibashi et al., 1997) & ¢
o FAlRE ks B et wheba] 7] of 4bAld 24 3
2 700 pmo|/Fo] Eojok & A o &2 A7hE Tt T35k BN A
£ G 2 379 HEL Wielal EdEe] BEsh= A
< 1kt

U= FolAl At 7hE] o] Zeha= 4 6,4117H(TL 16.7
cm)ol| A 2|t 45,77170(TL 24.7 cm) 2 A== 1L, Z3%0] 7]
A2 gty 274k A4S B9k Choi et al. (1997)
O] Atolld= ERbp7E 24 24.24570(17.4 cm)oll 4] 2
136,23771(24.4 cm)= Al o] W2 2ol & HGlAL, Fharol e
H(Chyung, 1977)0]14%=2,000-6,0007] & &2 7 glo] 7l i}z
O] Tt A AR A W2 20| 5 BYch Y& S
3 o|Mut 7htz| o] EekrE 3,426-4,18570 2 Haslc)
(Yanagibashi et al., 1997). 7}ue] o] Egkr= g A2l &
afiet 7hte|et Ball = 7htel 7t 7P W A 0 &2 yEpyaL,
aff-Afsf 9 o] AITE G Aol A2 7he] o] ek A2 A
© 2 yepgtt 7ideE]= A5 AlFsl7] Al Adolgh Ho|
EES Aol oA 2 A8t 27t ol |q A& o 55 7]
ZF%0) A=} A A 4 abe Aol #o]= A o 2 A A 9k
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(Tomiyama and Yanagibashi, 2004; Kuzuhara et al., 2019). 4
WA E8ll AE9] 4% HolE Alett 152 -9 Al
9] 1% 9ol & Al5et 17 E T} 4h7] 9] <704 9] vl
Ep7) 5718 AL 2 YERGTtH(Kuzuhara et al., 2019). )
oAl AAo] Wk ofUje} o BHE Alkel] A B o))
7 55<ke] wlofa w5t Thte] o] At Aletel] AR Z A
© g ot thKuzuhara et al., 2019; Nishikawa et al., 2019).
2 Aol 2AE Tbee] 50% ASAHTLE 151
cm (95% A2 F7E, 14.6-15.6 cm)E A3, A&odwe
Choi et al. (1997)2] von Bertalanffy /37-4]of] Tl ato] ¢F 1.5
A2 A= leh % 2 At 7he]of A 53t 0] 4)E o]
&5to] Sl Zhke| o] ARt A3 AGE A5k A) gt
A7 o] AYAFE FFEH 7hte] o] YA4 dhd, A
&, o 41, A% 5o ey B4 21 Hol ol B

2L
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