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Estimating Length at Sexual Maturity of the Small Yellow Croaker
Larimichthys polyactis in the Yellow Sea of Korea Using Visual and GSI
Methods

Heejoong Kang*, Ji Young Ma, Hyeon Ji Kim and Han Ju Kim

Department of Fisheries Resource Management Division, National Institute of Fisheries Science, Busan 46083, Korea

Determination of the precise size at sexual maturity is very important for science-based stock assessment and fisher-
ies resource management. In this study, two different models, (1) a visual method and (2) a gonadosomatic index
(GSI) method, were employed to estimate length at sexual maturity of the small yellow croaker Larimichthys polyac-
tisin the Yellow Sea of Korea. The visual method is a common qualitative method using visual gonadal identification.
Conversely, the GSI method is a quantitative method using the GSI, which can be easily and precisely collected. We
compared results from these methods to determine the best approach, and to examine the practicality of the GSI meth-
od. Logistic regression of the maturity ogive was conducted using a general linear model (GLM) with the R statistics
program. Also, the bootstrapped 95% confidence intervals of all estimates were calculated. The best-fit model was
the visual method (R} =0.805, AUC=0.989, L, =15.1). Among models using the GSI method, the model computing
GSI_=0.94 was the best-fit model (R} =0.792, AUC=0.989, L, =15.2). There was no significant difference between
the two models, evidencing the effectiveness and accuracy of the GSI method.

Keywords: Small yellow croaker, Maturation, GSI, length-weight relationship, Size at first maturity

M OE 2 W AAA| L Z0] IS o] Fof 'dsto] AtAl7] 5 2-33]
7|4y o] o] th(Park, 1981; Kang et
27| (Larimichthys polyactis)= -2|uet ALl 8 al., 2006; Lim et al., 2010). $-2u}e} dAa) 2hz27] AHLe

ofPAHY 5 s so=aliet Fefoll A4 de 25t Q) 19744 o] 5 1003 © g xpYefo] 7438}l EEZ (exclusive

o, 37 3749 Atz BuEIQtWang et al., 2016). economic zone) AEZ ojZo] AL = & ofd 71535 A4

Sejutet Al ojAo] = of o= e A o] 7Z+43}3 tHZhang et al., 1992). 3125 o] 2lek2 1974 o]

Aol AFE A% o)A WS ST AME BASE ol Slek thaS wiEstc 20116l Mo of 2l 7] =5

of A3l Q1o ZHA| 4] A1k ubE TR O-119ef SBIZ0R i 5 atah 2hwy] AA0) A4H 9] gk RS Kol ek

ol% & }A] YE-L 9olo] AFE A R 2 Jaleict CHKOSIS, 2019). ZLefuf F=7] A4 Q) WA 71 3 2E 4% ok

(Shojima and Otaki, 1982; Baik et al., 2004). 2=7|+= 1-29 o] o] &9 HHFA A o] A &EA 07 TIAadl= 5 Ao 2A

Afolof Hart A0 R Adag AlAste] 4-5U 2F 4 TE2 AL A skt (Yeon et al., 2010).
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&3 (run=1,000)= A A5+ tH(McFadden, 1974; Hanley and
McNeil, 1982).

2 o

Z2661|2] &7 H=27) ABE $RE 2AsI o, &
Ao R HETAE dFAAR RS o2 n)AdSA
A2} AL7NA| 2 LESFSITHTable 2, Table 3). GSIZHE H o]

o] Z-f-oll thsto] nlid<sAlet 4 HAE skt Eqt
0.5-1.0 H9lolA] 2 23 Ert 7Hg FL A9E HE e &
QbR vl Y St

22719 HEAE 24 99 A8 mus gigt 24
A7} Table 17} 2ok, W mElof| ] 2] E] 517 A|4x(sig-
moid parameter)7} o9~ =2 5-2]4(P<0.001)2 Bof F3lo
o, 2gA1eet Ll ARte RY HAI R 7H0.701, AUCT}
09 oo R o 202 BHIIEQIT) L, O] 79 14.3-15.2
em 9], L= 15.0-159 em, L, += 16.7-17.4 cm®] % $]o]|
A FAE e, L, A5 digt 95% Al#73ks & ),
RE wdof th3k robustness7} B nL A e A0 8 FAE Q)
o = 2l 3 Sotehdnof ofst Rt} R =0.805,
AUC=0.9890.% 55 714 7] 24 = 9lr}. GSImHE Y Zo
A= GSI = 0.942 2§32 497t R, =0.792, AUC=0.989
2 2o RN 14 £ AFES Yehyon], Sty
I} 2 Zpo]glo] =2 o) qiek. BHA, GSI7H 0.6 735l
7P S22 R HE S LERITH(Table 1).

AR o] T2 GSIEZEE £3) SotubdH vl GS[EHEH o

37N A Zfo| S | a4 sHgict. GSIEHollA GSI
71059 9] St chaA 24H ASAAT 5
THE 7V g Aol & Helon], /Mg 2 HAHYEE B
A GSI 7} 0.94% e} GSI 71 0.7 == 0.8 wj7} ] &
= AEIA A7 IR} 71 M2 Aol & K Ylth(Fig. 1).
Soba Y GSIEHEY 5 /Mg F& ARES VY
GS1, ~0.940] tf5to] Aol Thg AL H1 8-& B2 ob-
served data)7} 2o 23l o SZh(predicted data) ©.2 1] 3L
24 3190k 16-17 om 7l A, S E o M= A< A1)
= g shte] HAI7E GSIzHE o Al u| s A = ahd
Fof pe} £ melzhe] 242 2o] 7} uAgatairt. spA Ik L, 7
L= 0.1, Ly, A= 02 2ol 2 7 5l ZH <34 4 7)o

dfat xpoli= 214 9k A 0.2 +3 = 9ick(Fig. 2).
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% ofu] el 2ol 3 AASHE W Ee] ZARICE ShAluk
gl gl Al Ao 2
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Table 1. Results of two methods of visual method and GSI method used to estimate length at sexual maturity for the small yellow croaker

Larimichthys polyactis
Method Sigmoid parameter Goodness of fit Length at sexual maturity (cm)
a(SE) B (SE) RZ AUC L, (95%Cl) L_(95%Cl) L,_(95%Cl)

Visual method (?28) (g.'gg;) 0.805 0.989 (14.175,'115.6) (15?25,.176.1) (15.19?'197.5)
Gsl,=0.5 (421145) (3.'3(%;) 0.747 0.985 (13.1;'13;1.9) (14.13?'105.5) (15.146?'177.6)
GSl,=06 (42111 g)) ((1).'33;) 0.718 0.984 (14.1(3575.3) (14.185,-145.9) (16.137,'128.0)
GSl,~0.70r 0.8 (2512) ((1).'3311) 0.757 0.987 (14.13?'105.5) (15.1 153.166.0) (1 6.117,'117.9)
GSl,=09 ﬁf‘gﬁ; (3.':?122) 0.745 0.986 (144155  (150461) (164179
GS1,=0.94 (gosg) (3.'23?;) 0.792 0-989 (14.185,'125.6) (15.135,'1%.1) (16.117,'117.7)
GSl,=1.0 (523648) (3.'52;) 0.753 0.984 (14.185,'125.7) (15.135,.196.3) (16.137,'148.1)

GSI, gonadosomatic index; GSI_, reference point of GSI determining ‘Mature’ or not; SE, standard error; R’ , McFadden’s R*; AUC, area

under the ROC curve; L

50?

length at 50% maturity; L, length at 75% maturity; L

length at 97.5% maturity; Significance, *P<0.001.
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Fig. 1. Distributions of gonadosomatic index (GSI) by total length in GSI method in variations of GSI_,, for female small yellow croaker
Larimichthys polyactis in the Yellow Sea of Korea. The black filled points show the samples defined as immature under GSI method, and
the red filled points indicate the opposite maturity results to the visual method. The horizontal dotted lines are GSI_; and the vertical dotted

lines are L.
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Fig. 2. Maturity ogive of two fitted model i.e., (a) visual method,
(b) GSI method when GSI_; value is 0.94 which is the best fitted
case, for female small yellow croaker Larimichthys polyactis in
the Yellow Sea of Korea. The black dotted lines show bootstrap-
ping 95% confidence intervals for length at specific mature pro-
portion. The blue, green and red dotted lines indicate 50%, 75%,
97.5% length at maturity, respectively.

I} Cho (2013)7} 9low, ZHATRoll A= 2719 <Al L,
= Z¥7F19.1 ecm@} 18.6 cmE 43I T, ¥, 2 Aol A=
L, o] Setahd¥of A= 15.1 cm, GSITHEH oA+ 15.2 cm
2 FEE= 5 ol dAATmets & AfolE Elvh A
B o} <A v ste]] Tt dAto] k= Ahlo] = B
S Aol 7] AsSHA Hof Aol daditial B
&3¢ eH(Law, 2000). A 31720 E ohE 2| 3281 Bt A 2
aiAfo] 2 il F 1ol 4 HhAYal Slehe A7 A
(Yeon etal., 2010)2} - utetel 227 A4S 3502 o] &
Sl FoollAE Fel o sl 7] An} Pt Aol &
A5ha1 Z7]14<4 FAK(Li et al, 2011; Lin et al,, 2011)0] 21
Hi Qs AS FEA o nHd A5, SEue s =
7)) %A 24 U910] AATAT W BV} e A
o2 wo|u ofo] gk A7} 771 F7He 0 2 Basie

2 Ao A ARE F27] A& 5 dA FAAE 15emols)
of st AR HA| 2667 - 257 &2 vl 2ol

AaA - gax
AAH 02 H4AR) SRS P17 SEAE A4
A0 2 dAPEE A FALOR e AZe] 24 Holok g

| 1
of2] Aol A=Al 42 7] o] obd o271
B A ) ASHE S WAk gl Aol ne
(Trippel and Harvey, 1991; Fontoura et al., 2009; Jodie et al.,
2015), o chope S A g3k | WEAGO 2 HBE S

Table 2. Number of female fish of the small yellow croaker Lar-
imichthys polyactis classified into seven maturity scales (i.e. I, im-
mature; 11, maturing; 111, mature; 1V, ripe; V, spawning, VI, spent;
VII, recovering) in the visual maturity method

Total length

range (om) (R | Y | VAR VAR Y/ IR V/
10 1 1. 0 0 0 0 0 0
1 12 4 0 0 0 0 0 0
12 13 7 0 0 0O 0 ©0 O
13 14 7 0 0 0O 0 O0 O
14 15 6 1 1 0 0 0 ©
15 16 4 4 2 0 0 0 ©
16 17 0o 8 12 0 0 0 ©
17 18 1 11 19 1 0 0 0
18 19 0 13 14 1 0 0 ©
19 20 0 2 3 2 0 0 O0
20 21 0O 8 20 0 0 0 O
21 22 0 3 12 1 0 0 ©
22 23 0o 0 4 1 0 0 O
23 24 0o 0 2 3 0 0 O
24 25 o 0 1 2 0 0 ©
25 26 o 0 1 1 0 0 ©
26 27 o 0 0 1 0 0 ©
27 29 o 0 0 3 0 0 ©
29 30 o 0o o0 1 0 0 1
30 31 o 0 o0 3 0 1 0
31 32 o 0o 1 6 0 0 1
32 33 o 0 0 4 1 0 1
33 34 o 0 0 2 1 0 0
34 35 o 1 1 1 0 0 0
35 36 o 0 0 1 0 0 ©
36 37 0o 0 0 2 0 0 O
37 38 o 0o 0 1 0 0 ©
38 39 o 0o 0 1 0 0 ©
Sum 30 69 123 38 2 1 3
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Table 3. Number and proportion of matured female fish of the
small yellow croaker Larimichthys polyactis in the visual maturity
method

Total length Total Matured Matured
range (cm) number number proportion
10 1 1 0 0.00
11 12 4 0 0.00
12 13 7 0 0.00
13 14 7 0 0.00
14 15 8 2 0.25
15 16 10 6 0.60
16 17 20 20 1.00
17 18 32 31 0.97
18 19 28 28 1.00
19 20 55 55 1.00
20 21 28 28 1.00
21 22 16 16 1.00
22 23 5 5 1.00
23 24 5 5 1.00
24 25 3 3 1.00
25 26 2 2 1.00
26 27 1 1 1.00
27 29 3 3 1.00
29 30 2 2 1.00
30 31 4 4 1.00
31 32 8 8 1.00
32 33 6 6 1.00
33 34 3 3 1.00
34 35 3 3 1.00
35 36 1 1 1.00
36 37 2 2 1.00
37 38 1 1 1.00
38 39 1 1 1.00
Sum 266 236 -
FIAA Yrtorsitt,

AL AL

£ ATE S ARl (A B ATARY, R2019020)2) 12
S ECES EEERES
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