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The chub mackerel Scomber japonicus is the most important commercial species caught primarily by large purse
seine fisheries. The effective management of chub mackerel resources requires a thorough understanding of the cur-
rent stock status and the factors driving its fluctuations. The catch per unit effort (CPUE) is a crucial index represent-
ing the relative abundance of resources, and CPUE standardization was applied using a generalized linear model
and generalized linear mixed model (GLMM). This study adopted various explanatory variables including spatio-
temporal factors of Year, Month and Area (spatial clustering), and environmental factors of seawater temperature
at a depth 50 m (750) and Tsushima Warm Current transport (TWC) and catch ratio of chub mackerel (Ratio). The
GLMM, which incorporates random effects, was identified as the optimal model. Ratio had the most significant effect
on the CPUE, and environmental and spatio-temporal factors had significant influences. Although the nominal CPUE
showed an increasing trend across different areas, the standardized CPUE either decreased or exhibited a decreasing
rate of increase. These findings serve as fundamental data for stock assessment and contribute to the spatiotemporal
and environmentally informed management of chub mackerel resources in Korean waters.
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G o] &2k (catch per unit effort, CPUE)2 A}-¢12] AF
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Al7] 5ol Sfsl e wron g 2z o] AutA AR ¢4l
A olE 8ele HAsh= 53} 2h¢o] W42 o|th(Hinton
and Maunder, 2004).

ety Wshs o 7o 271 A A =& AMTES
e 2len, o] A7)0 AEES v Al o] 7Hl el &
23t g3k v]A 4= Qltk(Sassa and Tsukamoto, 2010). £3],
230} o of - 2 2912 o 7] Abgtat Eazof & 3k
S 1) 2] 7] WjiLof|(Kim et al., 2019), 0] = W35+ 323} 144 o]
I g slt}, T3 o]F U] 3-7H4 o] A A(spatial heterogene-
ity)& o] 7H 49 x| BAHE ofulstol, o] Tl
oo meske CPUEZL Ah9le] A4S valstd] 23 4
Slck. utebd] B4 ol A4 Hegstol slel 71 Aol welal
+= 712 I4# o] th(Bishop et al., 2004; Ducharme-barth et al.,
2022). o] 2|3t sfjFety Hlske} ofF WO 1A o]
At} i dl(generalized linear model, GLM), U571
2 dl(generalized additive models, GAM), YRISHAIEE3HE
(generalized linear mixed model, GLMM) G- t}oFgt i dlof
A Mg AR E o] 1He] H] o] gkt (Maunder and Punt, 2004).

ol Wie] 7k Ajo|2 welela #A17] SI9) sl
ofe] A (strata) 0.2 s}, o|F) THE sl A%
& CPUE 28} melo] w5 W g slvk(Hsu ot al,
2022; Shi et al., 2023). W2 A-Fol|A] | 9-& ojx o= J5
3= 919 & g9 (ad hoc approach) 2] HEFE = At K
5}7] $J3ll AIC (akaike information criteria) F+= BIC (bayes-
ian information criterion)& 7|WFO. &2 AL 2| H& A F o2 =
3sh= o] 21 A £ F ¥ (binary recursive partitioning ap-
proach)o] AR&-E]o] kt}(Ichinokawa and Brodziak, 2010). 1
Pup ol HAjZkg 0 2 el e astaly] Yo F7HY 2
A4 Pla WA Eae RA7E olol 31k A1 A
< (spatial clustering approach)ys &% CPUE At=.9] 3233}
o] AlotE] ¢t Ono et al., 2015).

SuE AR ATE 2 ol 7iE ez GLMe &
£5}o] CPUE A a5 #5351 th(Kwon et al., 2008; Yoo et
al., 2010; Lee et al., 2018). ©] 155> CPUE 33}l 3
& 5 87 Q1A W of 3] &} e Tleket 2912 Tele)
A, 54 Ao FHo| gL Qo2 TRE Aefole 72
o= wE3feto] FAHA BAS AdAISHA v sh=tl gHA 7}
219lch. 2 Owiredu et al. (2024)2] Ato| A= & Aol
Al 3% ABkRsA A2 (automatic identification system,
AIS)9} 013 A2 E AM83}e] 50| CPUE AH&2 2] 235}
GLM} GAM< 2-8-5131tt. o] 9= 7|&9] o} CPUE A}
2 7ol 1 HBRE 9 AR E ATk SHE B4
7]7to] 20199 FH 2022 @712 &= A|gtE] o] ¢laL, £ s <9
=3tE o] 9lo] 7121 oY B9 ®ish 14 o] A
Hgste dl eA7E A
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| 12971 $2iutet Qs Al ste] EazAle
4218 220l o] 3 A2 E4 ofZjaro] of 93.8%0]
S e Afgo| ), 9] A7), ), 291 SRS, A,
w2 ), o122k (kg) 0 2 FHHh 15 of CPUE £
3= 913t HA Q] CPUEL ofglefoll A Y =& e 3t
olm], AHeR = Alg7t 82191 A%(Year), ¥(Month), 4~
¥ (Area), B3 2% L(T50), HuPdF +ESHTWO),
18] a1 315-0] 0]& H]&(Ratio)°]| A7 = 1 tk(Table 1).

AE7E 291 % 2aelo] tg W Areats 574 ol2]
o4 421l CPUE A7} ol 50| FE8 ofafo] vkl
Qlth(Comn et al., 2017; Hsu et al., 2022). o]of & ¢17Lo]]
Ono etal. (2015)0]] 2J3}| A|2Hel k-medoids &1 2|52 &
B A3} H 2 (spatial clustering approach)& 2185
e E LIS PP PP ERSE L
of of8] A129] 9, A, 12T of L W A
FRsetgon, 2210] FHOR A dole] ZAES A4
3= k-medoids &112] &2 28314t} -2 2] =(Euclidean)
A& AHE-ste] glofg ZRI1E 7o) 214 A& &45k3l L,
T W 2 EZRIELLS] Pt A7) 2t HE FAHLR
Aesolet. 220 438 AE Uetd= a8 75 4
Ast7] el A W S g 24 7 e =E UEhe AR
ol H4=(silhouette score)E A4l tH(Rousseeuw, 1987). 0]
£ A8 2R APk E 2-5719 2R o2 Yo = 4719
Alute] 2o tiate] ZH2F ARl HpE AbEstaL, 7 e A
FA M-S 7= 2RSS 2E 23S Ao 285t
et o7, ARl A= -1 4 1 AR 9] g5 71AIH, gho]
55 RS o] Folfle om|gith

g aele sl = W a0l 7o Al B i
2 JFe FEE(Kim et al,, 2019), Sy} A8 150
of = o8] =44 Q1 50 m =2(Lee, 2018)3 b7 4=5-5o]
Argiez 23Sk 50 m =2of gk ¥4 T50 & HY-
brid coordinate ocean model (HY COM)of| 4] A|5-31= global
ocean forecasting system (GOFS) 3.1 reanalysis®} analysis&
AR5 0T, 199420152 reanalysis (HYCOM, 2024a)
£, 2016202192 analysis (HYCOM, 2024b)E AF&-513iTh.
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= Z2H8]9(125.5-127.5°E, 32.5-34.0°N)2] 50m 5=&-& A&
skelom, siatet AAE AAA717] flsto] o)Al Hk(bi-
linear interpolation)& 2-&35}9 1, Y- AAlste] &85}
At o] %, Ak 2 Ames B 2 H9HE HSE A
H17] 98 16°C n|TH(T50 1), 16°Co| A 20°C v]uK(T50 2),
20°C o[H(T50 _3)9] Al 5= Uro] Aol ARg-aF3ITt. o
nhk kol that ¥4 TWC= Shin et al. (2022)9] &1t
oA 24 HET a7k 2907 (tide gauge) AR E 7Nt R
oehrlom A ARE ARSI CH, 20199 o] F AtE=
AR SR o A 22 W 0 = Ak sho] Algstal Sl sl
5 Al7] B EE B-E5HTHNIFS, 2024).

J150] 0] H]Eof| tfi$h M<(Ratio)= 1150 HEXY

A 3HAEHKOSIS, 2024). A 501 RE 5 o]
AF0. 2 SIAI, H7ol, ALK, W], thafol f S o8] Bk &

o] CPUE 33} 4+ 591

31 Qlek. P Aol 9] 54 0159 018 Hl&-2 CPUE
of JFFS A 4= 1o T = (Lee et al, 2018) FAH A A A&
k= 1994355 20217K] tgAdrge] o5 of g A=
3h-2-5] A CHKOSIS, 2024).

2 QoA thoret mHlo) ulmEA S B me} g
CPUE #E3} S A4 flaf e B Ad&53 A5H
o] Mg 28 ARESHE GLMI}F o 2] & v (random effect)
£ F7bole] GLME SH3 202 A2l wE4e wajst
= GLMM2Z ARl o] Rd5e] SAeRe s
CPUE #20]l 11912 1.2 |t gh(In CPUEYS AH-5Fsich. 4
W A% (Year), Y(Month), 50 m $=2(T50) 2 43
(Area)e- W33 SR, TWC 2 Ratio= 9143 0 &2 2|45}
%ATH(Table 1). GLMM =EEof A= ShA Q% 7]+ A
4 S/E 1A a2 285131, Year-Area @ Month-Area®}
o) 454 QlelaTtz 27lste] 379 Alutel ez TAa
% tH(Table 2). ©]+= R statistical platform2] “Ime4” function.>.
2 239t

s40] 9] To] of8le] AFA B Sla) A A

Table 1. Employed explanatory variables with type and description for CPUE standardization models

Factor Type Explanatory variable Description
Spatio-temporal factors Categorical Year 1994-2021
Categorical Month 1-12
Categorical Area Classified into three areas
(Area_1) Area 1: South-east coast of Korea
(Area_2) Area 2: South-west coast of Korea
(Area_3) Area 3: West coast of Korea
Environmental factors Categorical 750 Classified into three ranges
(T50_1) T50<16°C
(T50_2) 16°C<T50<20°C
(T50_3) T50220°C
Continuous wc 1.34-4.04
Catch Continuous Ratio 0.08-0.98

Area, The regions (Area 1, Area 2, Area 3) distinguished by spatial clustering using longitude, latitude, and catch data; 750, Temperature at
a depth 50 m; TWC, Tsushima Warm Current; Ratio, Catch proportion of chub mackerel Scomber japonicus by large purse seine fishery;

CPUE, Catch per unit effort.

Table 2. Description of generalized linear model (GLM) and generalized linear mixed model (GLMM) used for the standardization of CPUE

for chub mackerel Scomber japonicus in Korean waters

Method Model no. Model
GLM Model 1 In CPUE ~ Year + Month + Area + T50 + TWC + Ratio
Model 2 In CPUE ~ Year + Month + Area + T50 + TWC + Ratio + Year-Area
GLMM Model 3 In CPUE ~ Year + Month + Area + T50 + TWC + Ratio + Month-Area
Model 4 In CPUE ~ Year + Month + Area + T50 + TWC + Ratio + Year-Area + Month-Area

The models incorporate various fixed effects including Year, Month, Area, T50, TWC, and Ratio. Interaction terms (bold) for random effect
such as Year-Area and Month-Area were also included in GLMM models. CPUE, Catch per unit effort.
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Al g st 2o A7t 2 A 24 Aake] 4l
2] 4o] Lrobal 4= 9100 2 (Riley et al,, 2019), CPUE #}29]
N7t 3070 wRkQl sfitof] TRt of Y Abm = EA] oA Al 25}
ek E3, AR ¥ (boxplot)oll Al o A = i E gL,
CPUEZ} 021 %k, 18]31 A=X|(missing data)7} Q= ARE
Alelskeitt. o]zt Haks B8l 4 H2 A7) Ve S5
59719] al-+E At om, F 6,264709] AR S w4 &
Botieh 2 Atoll s me o] At e B7Is] ¢
3 2A4A=(R?), AIC, BICE 4 8}aL H| WO 2 X, Y| 7}1A]
S 7P At w2 B dS AAstal, 11 A4aE 1o
©] CPUE 3#<£3}ol| 21-8-5}91tt.

[N
k
H

of ) 27Hd 275
48 E3) 3ol S AZ AT 1 e ARl A4S 7|
L 7o) 25t Auts B2 A8 2-5700] 23 A4
(K] Tiako] 217 2Bt A S Sk Aol A4S Ak

© 40445

shgick 1 A3k 37e] 2AR=I)NH 7
£ dlol(Table 3), EH O & 3749 Ao g LEE 27
7F& A5-0) S A= ARE-E Utk Table 1). Fig. 13}
2ol 3709] 28] 7 5 Area 1S Hall 5 sfdoz 11
3L, Area 2= H o Al FH- 3%, Area 3= A3l 32>
B R Ao BAEI =3 371 Area 7H] EE5HE
A & 7]& CPUE B+t $A4 2 {23k 2ol 5 Heltt
(ANOVA, P<0.001).

AW E0] T3 A (multicollinearity) S H713517] 9
3l EAFHAEQ 9l(variance inflation factor, VIF)S 43+ 2
3}, HE Ay H4o] VIF7ZE 3 v|qko 2 UepItH(Table 4). ©]
© e e Z dR thEsald o] B (VIF<10) Hot
wob AgusSo| that chagatio] £AI5H s Ao®
37} I ch(Hair et al., 1995).

Table 3. Silhouette scores for different numbers of clusters (k) used
in the k-medoids clustering of chub mackerel Scomber japonicus
CPUE data.

The number of cluster (k) k=2 k=3 k=4 k=5

Silhouette score 0.355 0.445 0.302 0.368
CPUE, Catch per unit effort.

Table 4. VIF for explanatory variables for CPUE standardization
models.

Year Month Area T50 Ratio TWC

Variance inflation factor 1.131 2.640 1.1512.497 1.4191.718
VIF, Variance inflation factor; CPUE, Catch per unit effort.
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Fig. 1. The resulting area stratification determined by spatial clus-

tering approach by using the chub mackerel Scomber japonicus
data in Korean waters during 1994-2021.
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Fig. 2. Annual effort and catch of chub mackerel Scomber japoni-
cus by areas defined through spatial clustering analysis in Korean
waters. a, Effort; b, Catch.
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= UEh AL Qlek Bt o] 2252 Area 27} Area 11t} oF
3.54l, Area 3.} oF 4,38 =9t} o] E oS A HH, Area 2
= 19960l 112 Z 7|53t o] 532 AN A F24
£ 3t} Area 13} 3% RARSE 4 3RS Uebg o, Bt
02T Area 2+= Area 11t} F 5,148, Area 3:C} ©F 2.14]
=00 A o] 83k 1150] o8] =2} o] g TF2 Area
W2 2o|7} 2Ho1 5] Q10 ™, Area 2= thE A3 HT) o] T
Fol A HL YU5S HolErh

CPUE &35t 2 Hlw & 2H 2d MY

1994356 2021714 -2t} sfdo A =15 il
CPUE At & 3#<23F517| el AR v 7H4] el o] u] g (fit-
ting) 3= Table 59F 2kt A (Year) Aol A= HE &
A A= (4] 19964, 20091, 20120)2] 7-S- ko] 5-olu| 3} A
5 Helon, o] o] AJ7]o] alFo] AFelo] 7] AE(1994
W)yell Bls CPUEZF &4 o & F713l8-5 Urebdlet. i &
O] frojujgt AlpE Hel d=(oll: 19954, 2017, 20199)=
2 3 A= Fet CPUEZ} 7] el vl st Ao s
A= St d(Month) W= i F-22] HElofA] Fa3t ¢
FS u|HLh 53], 49, 59, 699] Al BE BEoA] §-9
TS SR RO W, o= o] Al7] &<t CPUEZ} 71 1
ARt foJu|ehA w2 Ag HofFqlrt. A8 (Area) B4
o = = welof A Area 29 Area 30| 715 439 Area 1
of| v]&| -2Jn|5}A| =& CPUES UEHHTh o]= 1150] A
O] Fax7f s &2 Zpol7t glom, F7HA o] F o] EATHE
Hol39]

50m 4=2(T50) H=2] 7%, 16°C o)/ 4= o] st
= T50_29F T50_32 71 <2 M(T50_1)°l vl #-2m] s}
A Fo gro s FAE G oH, o]= 16°C o2 =2 2o A
5ol Aol THadh= A UERth TWC W BE
Helof| A f-oJu|gt FEFS v A A] AN, o= At 7|7t 5
2t thuhdto] Mg do] At A o &2 A9k A CPUES] 21344
o2 Yehtr] ol G vHS 73 o] Sint Bhd o] g
H]&(Ratio) H14== W5 oA o F-ofulgh Fo] FFE
o Z e A o2 A E Q)

GLMM =E1-& #8351 = dl(Model 2, Model 3, Model 4)°|
ot ¢l o) g3 A A7} Model 4+= Year-Area®} Month-Area
o Ao AT M 2G| wheh 7P w2 At AR B9
A9k, Model 32}9] 23} 24k 2fo]= 0.0360] Eatste] =
B0l S7ble SAA LR 2 /HAE 7 @A) = ekttt

meo] At s B7sl] 918l R, AIC, BICE &
st v shck AR, GLME 24 247
2x(adjusted R2)T} AICE, GLMM®] 79 Qo & 7}1E vl s}
232 AR AA A4 (conditional R?)a} 274K AIC (condi-
tional AIC)E 414 3}o] At 29K Table 6). R>> GLMMO]
GLM Hth A H o g2 =20 719 W9l o), Model 47} 714 =

o] CPUE #:3} o 593
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Fig. 3. Relative nominal and standardized CPUE trends by area. a,
Area 1; b, Area 2; c, Area 3. Dotted lines representing the trend for
each CPUE. CPUE, Catch per unit effort.

orch AICS} BICOIA %= GLMMe| GLM &t} w2 7-S
o} ] 74A] 5Ell Zo] 4] Model 42] R20] 713 =2 5 A] o] AIC
9FBIC glo] 78 Sot #7414 Aol 7H8 w2 A o= 24

k. SHA|TE R? gho] At A 0 &2 7 w2 Model 12 A €]
313l GLMM 2218 A-8-5F Model 2, Model 3, Model 42] %
32 gk 2ol 7 gloich. whetbA XA B A5t
2]} Model 2, Model 3, Model 4 22 2] 3] AA| 4 274 %] (esti-
mate) @} -2}4F(P-value)& HESH 23t Model 30] 7
42} In CPUE 719 3| A7 BAH & fofulgh 97t
7 WA tH(Table 5). whetbA] ®l4=52t9] 4f 5283t In CPUE
of tigt AEHsEe] o4, & AUrbsAdS 1S o,
Model 3¢] CPUE 3315 $J3F 2|2 2] me g A4 w i)
#Z3HE CPUE

1 Q1| A= 23] 7] 52 7] % CPUE (nominal CPUE)
2} Model 322 4% %23} CPUE (standardized CPUE)
= 439 (Area 1, Area 2, Area 3)& B]3 245} ch(Fig.
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Table 5. Summary of models for In CPUE data for chub mackerel Scomber japonicus in Korean waters (1994-2021)

Variable Model 1 Model 2 Model 3 Model 4
Estimate Estimate Estimate Estimate
(Intercept) 7.358*** 7.395*** 7.350*** 7.429***
Year 1995 -0.305* -0.283 -0.322* -0.317
Year 1996 0.664*** 0.643* 0.666*** 0.629*
Year 1997 -0.137 -0.256 -0.175 -0.324
Year 1998 0.026 0.014 -0.010 -0.046
Year 1999 0.101 0.013 0.080 -0.022
Year 2000 0.004 -0.085 -0.057 -0.177
Year 2001 -0.244. -0.219 -0.281* -0.276
Year 2002 -0.327* -0.393 -0.368** -0.470.
Year 2003 -0.303* -0.291 -0.362** -0.382
Year 2004 -0.324* -0.330 -0.381** -0.423
Year 2005 -0.275* -0.397 -0.305* -0.448.
Year 2006 -0.277* -0.292 -0.302* -0.314
Year 2007 0.214 0.307 0.163 0.241
Year 2008 0.164 0.146 0.125 0.092
Year 2009 0.626*** 0.517. 0.607*** 0.497.
Year 2010 -0.143 -0.133 -0.163 -0.153
Year 2011 0.086 0.050 0.037 -0.019
Year 2012 0.507*** 0.446. 0.462*** 0.386
Year 2013 0.103 0.085 0.029 -0.020
Year 2014 -0.201 -0.220 -0.238. -0.278
Year 2015 0.189 0.214 0.141 0.148
Year 2016 0.024 0.042 -0.026 -0.019
Year 2017 -0.428** -0.454. -0.476*** -0.510.
Year 2018 0.366* 0.308 0.326* 0.253
Year 2019 -0.524*** -0.683* -0.558*** -0.731*
Year 2020 -0.261. -0.340 -0.323* -0.442
Year 2021 0.483** 0.574. 0.417* 0.468
Month 2 -0.537*** -0.539*** -0.494 -0.507
Month_3 -0.606*** -0.606*** -0.651. -0.666.
Month 4 -1.190*** -1.185*** -1.127* 117
Month_5 -1.A77* -1.184*** -1.217* -1.220**
Month_6 -1.023*** -1.028*** -1.046* -1.057*
Month_7 -0.657*** -0.643*** -0.861* -0.844*
Month_8 -0.318* -0.319* -0.429 -0.440
Month_9 0.085 0.098 -0.084 -0.073
Month_10 -0.032 -0.016 -0.334 -0.334
Month_11 0.211. 0.218. 0.043 0.038
Month_12 0.296** 0.285** 0.333 0.311
Area 2 0.725*** 0.751** 0.802*** 0.827***
Area_3 1.360*** 1.396*** 1.472%* 1.516**
750 2 -0.260** -0.250** -0.254** -0.246**
750 _3 -0.226* -0.232* -0.214. -0.223*
wc 0.102 0.095 0.128. 0.119
Ratio 1.474** 1.435*** 1.434*** 1.383**
Variable Variance Std.Dev Variance Std.Dev Variance Std.Dev
Random effects Year-Area 0.067 0.258 0.074 0.271
Month-Area 0.136 0.369 0.145 0.380
Residual 2.044 1.430 2.020 1.421 1.984 1.409

Model 1 represents a generalized linear model (GLM), while Models 2, 3, and 4 are generalized linear mixed models (GLMMs) with differ-
ent random effects specifications. Significance codes: *** is P<0.001, ** is P<0.01, * is P<0.05, is P< 0.1, and no symbol is P>0.1.



Table 6. Summary statistics of R?, AIC and BIC for comparative
analysis of models fitted to chub mackerel Scomber japonicus
CPUE data in Korean waters

Model no. R? AIC BIC

Model 1 0.278 22,400 22,710
Model 2 0.303 22,337 22,814
Model 3 0.315 22,244 22,726
Model 4 0.339 22,167 22,684

AIC, Akaike information criteria; BIC, Bayesian information crite-
rion; CPUE, Catch per unit effort.
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