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et Aok Holl S2i8k= 2o (Lophius litulon)Q| ‘&=a} L2k

Maturity and Spawning of the Yellow Goosefish Lophius litulon in the
Coastal Waters of Korea

Do-Gyun Kim, Yang Jae Im!, Jung Nyun Kim!, Hae Won Lee!, Suyeon Jin, Yu Jeong Choi and
Gun Wook Baeck*

Department of Seafood & Aquaculture Science/Institute of Marine Industry/Marine Bio-Education & Research Center, College of
Marine Science, Gyeongsang National University, Tongyeong 53064, Korea
'Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Korea

The maturity and spawning of the yellow goosefish Lophius litulon were studied using samples collected monthly
from January to December 2018 from the coastal waters of Korea. We analyzed monthly changes in maturity stage,
gonadosomatic index (GSI), total length (TL) at 50%, 75%, and 97.5% group maturity, egg diameter and fecundity.
The spawning period was from January to June. The size of eggs spawned was between 0.30 to 1.28 mm. Fecundity
varied between 328,314 to 1,624,783 eggs. The percentage of sexually mature females estimated from a logistic func-
tion was over 50% at 48.67 cm TL, 75% at 56.76 cm TL and 97.5% at 74.89 cm TL.

Keywords: Yellow goosefish, Maturity, Spawning

M E etal., 1999; Park et al., 2014).
ot Aol et AFAFE AHEH, =)A= A4
3ol (Lophius litulon)= o} =(Lophiiformes), o} ZHLo- (He et al., 2012), =3} A& (Michio et al., 1997), Agts]
phiidae)oll &5k= A4 oF2 A 7Hx]7F o, £ ©(Michio et al., 2002), AJ4]1Z=7]9} A& E % (Michio et al.,
ko] SR Ak, sF el S, Yl 2olE old 5 2001) So] $=3=9ar, ol A= Al4J(Cha et al., 1997a;
Z] 9] 712 3tof] B3I (Chyung, 1977; Yamada et al., 1986; Baeck and Huh, 2003; Choi et al., 2011; Park et al., 2014), &1
Kim et al., 2004). 3o} #7} £3F o} A1} o= A AIZH o & 4 %3} 4%H(Cha et al., 1998), <37} AFek(Park et al., 1999), £
% 25%0] AASHL Qle A o' dEA lo, S-ejuetol= SLEA(Park et al., 2000), 2329} AleH(Cha et al., 1997b) 50|
SlolAE 235t o} (Lophiomus setigerus)e} -8-0FF(Lophi- skl shuly

odes insidiator)7} & @8] 34 3F-0] &4 QIrk(Kim etal, ol ftoll thak AeishAl A+ 5 A<t Alghol wet A=
2005). SAR ] oI AYAT FIRALE A A, o9 Al o] R 449l Fhejel HES 98| Wz o). shA|gt
oF2 ot FE dE HFH R S L g, AufollA aE o o] A%t ARRE k= ok 201 o4
et Agtell o E= of Tt o179 tiito] Fobdl  IbA AatEe|w, HMslshs dlkehd, ol roiye] W B ot
ALz Hol golFiof of gl e FAA AS L o aglof| s =4bpde) AJA 7|, AkehssA, A4 2 A

AEH(Baeck and Huh, 2003; KOSIS, 1990-2018). otl= 2 Aol Wt -5 A 54X 7 1A o F thEA et
A& 7P A ZARRA ASAYEA Wl A B Fofl 1] AE2] Atdo] L asiri(Cardinale and Modin, 1999;

A= FeFgo] A8 e o & 9 F a3t Fo|th(Park Engelhard and Heino, 2004). T3F, $AR- 19 A EA] & 2}
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Fig. 1. Location of sampling areas (m).

A7t Hatetol whek F2] A, Tol7] & AT E SRt
A =7} M| ojof ShAIRE o 8] wpA o] HEdH T|ES
2 e Al=rt GAE 2N vliE A4 2 o]z Het
A e 7} o] o] 2| AL gl A7 o] th(Seo et al., 2010).
whebA] o lt= -2l ubet ALsof Al 4 sk okl A
3} AbRtol| gt F7HAQl AFE Bl AR, A, Akt
71, 24444 (total length, TL) 5% A 2}3] 715 sto] L0245
AAp o] ef et HES 9|3t parameterS Al-5-5talA} gt

Iz H U

o]l Aol AHg- Fol71o] AR 20184 1905 e] 1297}
2] @2tk <19k 93, 100, 106, 110, 113, 232, 2333 7Lof| A 2
Fol oY o2 o] g H A E FAbs-sol Aol A Wi 13] 4
ST (Fig. 1). TR AlRE HAebaarel 447219
TAE & Z7d oA oA S471E ol-8ste] A 0.1 cm, A
%001 g 44 001 g &9 Z45H5Ac

ot 9] Aul= 2APIZE Bt ol AE S8E A Al o
8 98- 4e] Wl W vhebl 5, u7} 111917 ox|
Chi-squared testE ©|-8-3}0] £A35}% Tt

A A 423 2| 92(gonadosomatic index, GSI)2] L& H3l=

cheel 40 Faigek

(€214
BW

GSI= X107

o]7]14, GW (gonad weighty:= A 4|4 55K(g), BW (body
weight):= A|5(g)olTt.

otlo] a4 e IS dotRT| flste] 4|49 <
R, Mz, o] 27] 55 VIR sho] A st
S Seto = WEskglnh ko wlol SE9stAY of g
& MAllE 22 e WS Sl stk Fot Ao A
2= v)<(immature), $-45(maturing), 4J <3 (mature), 5%
4l HF9(spawning and spent), 3|5 (recovering)®] STHA =
stelch

A o] n o} AL wrere] 2Xsh WSS )
7] $18te] QYA AE &3] Bouin's solution®] 24417+ 3174
stttk of %, 4-41o} ek A paraplaste] Zufet .,
4-6 um T 2 914 A H3}o] Mayer's Hematoxylin-eosin (H-
E) H]a G AS AA[SFAIL, marinol 2 A sFIT:. ESE, A2
A A 24 -2 8 W| F(LEICA DMIL LED, Leica
microsystems, Wetzlar, Germany)2- ©]-8-5}o] 73}t

Eekiis AlbI7E Bk eke] o] gl A4t iAe)
o] tisto] 55w (Bagenal, 1978) 2.2 53l

fo

A-B
— X
F: C €

ol71M, A= Ha0] T3 (g), B 442 $3(g), C= 474
i AR-0] F(g), ew ColA Al Hof solu). A=t
AL

i A5t AWAHIS AlFoll thsko] t52] 4](Bagenal, 1978)
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Table 1. Size distribution and sex ratio of yellow goosefish Lophi-
us litulon collected from January to December 2018 in the coastal
waters of Korea

Month Total  No. of inds. Range TL (cm) Sex

(2018) number Female Male Female  Male  ratio

Jan. 90 80 10 30.6-79.5 32.7-59.3 1:0.13
Feb. 85 72 13 30.7-82.0 29.3-39.2 1:0.18
Mar. 78 72 6 39.1-694 41.1-67.7 1:0.08
Apr. 90 79 11 24.5-83.0 25,5406 1:0.14
May 81 78 3 37.3-80.2 40.5-43.2 1:0.04
Jun. 73 62 11 36.4-82.5 36.8-46.3 1:0.18
Jul. 66 51 15 38.8-93.6 40.4-58.5 1:0.29
Aug. 90 77 13 31.4-90.0 35.1-47.1 1:0.17
Sep. 87 82 5 40.3-80.8 39.7-44.5 1:0.06
Oct. 87 80 7 34.9-644 41.1-50.1 1:0.09
Nov. 90 64 26 29.2-89.0 31.4-36.3 1:0.41
Dec. 85 72 13 40.4-78.1 39.4-48.2 1:0.18
Total 1,002 869 133 24.5-93.6 25.5-67.7 1:0.15

TL, total length.
© 2 A5hqiet
F=aTLb F=aTW?", F=aOW"

J7] A, TL (total length)> Z&(cm), TW (total weight)=
#H|%(g), OW (overian weight)= A 4] 2:%2K(g), a%} b= AF
olch.

A=A AHTL)S A7 2 24 5= 7)1k S5 o)Ak 714
£ 8l A ARt 7Pet o & Tkt 5, 8] &-& 151l logis-
tic4](King, 2007)2 o]-g-5}o] 7435}t

1
P,-: 1+ b(TL-TL)
o714, P A RIS A2 B, TLE g Al
A%, b= Aol

2 o

MERE o g

2018 1€9EE 129717 ZAFE 1,002707)2] AAFEZ}
o220 Ud Au|E ool AN Table 1), Fol7o] A% ¥
9=24.5-93.6 cm% oH, oF-=2] M7} W 9= 742} 24.5-93.6
cm&} 25.5-67.7 cm= VFERL 9FAlo] 27w v A ] 2 A
o2 = QI T3k, AA AfA A1) oF-4= Adul= 1:0.15
2 719 Hlgo] Y53] =A UErHth &2 4ulE Chi-

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Month

Fig. 2. Monthly changes in gonadosomatic index (GSI) of yellow
goosefish Lophius litulon collected from January to December
2018 in the coastal waters of Korea.

squared test 71743 A, ¢-47ke] Al F2Igt Hol7t
1= 20 2 LeheHP<0.05).

AALSEX| -GS E 3t

2018 197 129704] ol Al 8697HA1E T2
2 AHLSEAGSDY] WEE dotrglThFig. 2). GSI
= 1go] Fat 445+ 6.87= Hrljgh Lehd £, 283} 3U0
= Z7F 2074171, 1.58+ 1112 F45HA 7438190} 49
olli= Bt 3.96£6.14% ThA| S| S7Heton, 580
Bt 2.18+3.88% GASHA 1Hadt &, 6URH 1297H4] 9
T 1.09+0.58-2.02£0.89% W2 gh& Woirh 8¥oj= Ht
1.09+0.58% A7 5 7P W2 ghs vt
g9 g Hef

AMA A0 gotaka Wl R AISHA] TH2RS Blo] Ak S St
AR FE3te] & : THHAE 109%
B A2k S7kste] 1ol 7P 2 vlgs Uerd 5, 2958 5
7] W2 v SR WG AsdAle 187E 5897
UERE O H, 193} 49 52 vl&= W 3T 2 Y
FAl= 1978 697H] Yepton, 390l 7P =2 Hl&
= gl

1%
ot
my,
B
e
aQ
o w 4
o2
pa)
o
\

x|
sol7] 9] Al 27 wang e dohur] flsto] 4
A 0] 27)5H4] WSS 49 BolthFig. 4). 271447 (early
growing stage) 7HA1 &2 Hadg WollA 27 100 um o]uj
O] Z7|tmA| e} 17| GRAEZ7} UETHEFig. 4A).
37144 7](late growing stage) 7N 1S5S WAz 2] oA &
74 100-300 pme| 27| o g S 7Hl HEA S0
Uelgdth(Fig. 4B). %<:7](maturing stage) /1A &S Haz
2] ol A 137 300-600 pm o] thEFe] dgto] HAE LAl
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Fig. 3. Monthly changes of maturity stages of yellow goosefish
Lophius Iitulon collected from January to December 2018 in the
coastal waters of Korea.

SO} lj Lol F 7o Lot A7} Uk th(Fig. 4C). 4
<37](mature stage) 7§45 7 600-1,200 ume] o< o
2 715 A YH o0 (Fig. 4D), 22| (spent stage)©] LHEFLE
s ZHATHFig. 4E). Weko] B4 315 9 547 (re-
covery and resting stage) 7HA &2 A4 Yo A &5 A
oF2 b | 0} R S O] E|3ks}0] H4oE| 9Tk Fig. 4F).
Lzd 9l makAs

47| 2 2% 1-69e 7 719} 2545 S50t

78 9] Zf-oll= AA G o] 27] #£32710.3-1.28 mm= LHE}

AL 199 0.72+£0.20 mm=E LFE oo, 27}
0

oJ3e -

Fig. 4. Photomicrographs of ovarian development phases of yel-
low goosefish Lophius litulon in the coastal waters of Korea. A,
Early growing stage; B, Late growing stage; C, Maturing stage;
D, Mature stage; E, Spent stage; F, Recovery and resting stage;
Oc, oocyte; N, nucleus; Yv, yok vesicle; Og, oil globule. Scale
bars=100-250 pm.

Gk, Eek0] Aol o] whE A Eekr) WY 54.9
cm ZHAll A 24 328314702 A3 80.0 cm 7| o)A Z )
1,624,7837) 2 LeRTH(Table 2). whabA] 243} 2ek4=0] 2
AR F=1224TL*%5 (R?=0.247) 0 & UElTH(Fig. 5).

Table 2. Absolute and relative fecundity according to total length of yellow goosefish Lophius litulon collected from January to December

2018 in the coastal waters of Korea

Absolute fecundity (eggs)

Relative fecundity (eggs/cm)

Total length (cm) n
Range Mean Range Mean

50.0-54.9 328,314-692,467 533,090 6,094-12,854 9,896 7

55.0-59.9 375,720-993,350 598,163 6,566-17,359 10,453 36
60.0-64.9 373,920-1,073,931 712,263 6,013-17,269 11,453 27
65.0-69.9 360,380-1,207,710 853,774 5,380~18,029 12,745 9
70.0-74.9 1,000,680 1,000,680 13,802 13,802

75.0-79.9 - - - - -

80.0-84.9 1,624,783 1,624,783 20,310 20,310 1
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Fig. 5. Relationship between total length (TL) and fecundity of
yellow goosefish Lophius litulon collected from January to De-
cember 2018 in the coastal waters of Korea.

A=HF(TL)
ol o1 o] ALAAHTLYS Lot 7] 9la) Aty & 34
+ 1€ 5E 647H4] A 4437Hxﬂ ZAJ5}o] Z24:0H| o] AF
o] &ot= hAIES @& oSl th(Fig. 6). FotkA <] A
2139.0 cm U FH A= A 43 A So] Z23EHA] gron, A
21 68.0 cm 0|A}e] mE A B2 Aleto] 2] 7153k ALl A
2 vpepytet. wlebA] logisticA] ol )5 Sot ] & 2] 50% A<
AH(TL) 48.67 cm, 75% A& AIZHTL) 56.76 cm, 97.5%

o] A4ARHTL)L 74.89 cme 24 =] 9c}.
o

o] 9] AR W 8|S AR A3, A4 9= 24.5-
93.6 cm% 0. ¢ =0 HAF W )= 247} 24.5-93.6 cm®} 25.5-

67.7 cm= ek 1510] 47 s ek o] o] 2 A 0.5 yHay]

Sict. ok, HA] AR eI 0] o4 Al 10,152 ¢ v
go] 53] 7 ekt Selutet TajolA) sy ol
of et e ool mwl H o) e o] obAl A, 4 542

FEon], 24 S U 127.60 cm, 71 82.23 cm
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Fig. 6. Relationship between total length (TL) and group matu-
rity of yellow goosefish Lophius litulon collected from January to
December 2018 in the coastal waters of Korea. TL,=50% group
maturation; TL, =75% group maturation; TL,, =97.5% group
maturation.

ol AaL Sgbdato] 2 olo] A E T Mo v Zlow, of
28] Au|7t L53] =A et A o= g7t oPZlUP Olﬂi
Aol A= 24.5 cm o] F A SR £ of| ARE-E] o] 2 A4

H] 2ol & H9S 7FsAd ol —:‘-%Em HetE ) B gglsl sfop
H AA Z7138] AulE Lot 7| HlaiA= % 24.5 cm ©|
ako] Zj Ao et A& 6H vl tgh F7} Bgbo] H @ 5t
Ao FetEc %POH'% HA Y] A g2  BISHE T
et Aah, 1€o] HeighS vebd £, 293 3Yoll= F45H
astoint. 4oll= oAl F45H F71ste o, 59l 54
SHA| At &, 697 E 129714 W 3 LFE}LH et gt
T A % E A HIE AR A3}, S5l 10957 E

59712 vebgton, 190 7P 2 vl & 2 R A%
A= 197 5970A] Uebgtom, 193 4o =2 vlg =
= SITh 3 195 E 697HA = W W WA A=

o] ZHIUTE whehA] A LSRR} Y50 d HILE

O

2 UERdTHChaetal, 1998). whebA ol - dat wwa) 5= 31 ek A}, ob| o] ARt7l= 1692 7). Cha etal.
Table 3. Spawning period, 50% group maturation, absolute fecundity and total length (TL) range of Lophiidae fishes

. Spawning period 50% group maturation  Absolute fecundity ~ Total length range
Species (Month) (TL, cm) (Eggs) (TL, cm) Reference
Lophius americanus 5-6 48.53 301,150-2,780,632 61.0-104.8 Armstrong et al., 1992
L. americanus 2-4 - 229,100-2,243,300 55.5-112.0 Mcbride et al., 2017
Lophius litulon 3-4 - - - Chaetal., 1997
L.litulon 1-5 48.50 369,570-1,874,560 22.0-90.0 Park et al., 1999
L.litulon 2-5 56.70 - 59.4-101.3  Michio et al., 2001
L.litulon 1-6 48.67 328,314-1,624,783 24.5-93.6 Present study
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(1997b)9] A7tof| A HaH ol 2] Akgt7| = 3-49, Park et
al. (1999)2] Ao A= 1-5, Michio et al. (2001)2] o]
A 2-59= HiE o] o] 1519} [AFSHA LFEFTH(Table 3).
SR A3 dAtek= g o Aqtoll A= 191t 499 A4
2SEA 7L GASH et en, e W T 9] 7
Aol 145E 6471 A&2 o= S35 ol2fet o]
= S wE AREA7]9] Ato], ARt7] 7} thas AolRh = A
o] 4Fe] ThE A, a0 o] whE oahA Aol oJgh At
% thaket a.910] o3k Ao WekEh WekA o)w Q1A
2 uheho 2 sjohiz Auek e A W AR Bl chat of
7} o]0l Ao} 3 AR AR,

ARl 2 248 195 697149 dAa7)S e 2
I, P o] A9 199 0.72+£0.20 mm= Rt 5, 24
7} 39 ZF2F 0.60 £ 0.24 mme} 0.55+0.35 mm=E A5FATh
49ofl:=0.82£0.23 mm= thA] F718H3 o™, 597} 6L o=
7+7+0.68 +0.23 mm<} 0.60 £0.28 mm= 743}t Hoidt
730l 193} 4¢0]| 23] 5oz AR Kot Foll= A% 2
3] Abgtels T o= FE|A| 9L ok Algtol] 3k Cha et al.
(1997b), Park et al. (1999), Michio et al. (2001)2] 413§ & Lo]
A A5 13] Abgk Folehz A7 Uyl o] 23t o] f+= o]
H Aol A o] 2R s o] W 7] wiimoll Abgt7|7ko] thax 4ol
g ohE ARt Alto] AR = S 7HsAd ol Qlokar ek o) w)h
ohA] s o = et A A B Al EA 0 W AT E S
off 7} Helsfor o A o 2 gzt

O] A Lof| A ol Q] k= 328,314-1,624,7837] = 1t
Eput=tl, Ada oA ol ek 369,570-1,874,560
N2 vepbg o (Park et al., 1999), -2 491 Lophius ameri-
canus®| X 229,100-2,780,63271 2 UERGTHArm-
strong et al., 1992; Mcbride et al., 2017). o}7-2] E34= A
&, 371, F¥SE Foll whet skehttar delA 9lrk(Kim and
Zhang, 1994). wheba] Lgha=0] W 9|7} thax Aol 7h L= A
2 ek

50%, 75%, 97.5% ©1’3e] 7|A|7F A2 7Fs gt A< AIH(TL)
= Yokt A, gob AR ASATHTL)S 50%00A4]
48.67 cm, 75%°)| 4] 56.76 cm, 97.5%°)| A 74.89 cm& L}EFGE
o}, 22|ubetol| A =3 Park et al. (1999)2] A17to)| 4] Sol
9] 50% A< AZHTL)S 48.50 cm2 LR} o] ¥ ol 2eb= &
Ayael A ut E2as) e} Sfoll 4] Z~aE Michio et al. (2001)
O] Aol A FolH 50% <A H(TL) 56.70 cm= LEfL:
ol ¢-h= thar 2to] 7} A ATH(Table 3). o] &3t o] f+= 3f
o A4 2174 9] ato] Wl FHA|E B/ ol wheh ARl e of] 7121
517] wiitoll Y Foll A2 ASAHTL)o] ZFol7f L= Ao
2 BEtH(Kim et al., 2016).

AA o= Bt e AAA 7H7E wom, fevet
o] glefo] Aletst BEO 2126}l QI th(Park et al., 2014). 5}14]
Tk o Ahl o] e of HES QIRh Wheke nH|gt Aot}

oY - A4 - AR - W2

webA] o] ¥ G AREA 7], ASA(TL), Au], W, =
% sfobe B8 ol mEFA A A 2 v 4ol oj2e
AT 2 Sl ke SRS 5 Fotalo] Snte Az

o BT TANRE BE 7P 202 HekErt,
At A

o] AP L salapsh (el o] YR RAL R2020021)<]
Aol o sff =2 = 5T
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