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A Study on the Distribution and Fishery Characteristics of Sardine
Sardinops melanostictus in the East Sea of Korea from 1937 to 1940

Hyun-Ji Yu, Jae-Hyeong Yang, Sukyung Kang, Seonghun Kim', Ju-Won Jin and Kyung-Mi Jung*

Fisheries Resources and Management Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea
"Department of Marine Production System Management, Pukyong National University, Busan 48513, Republic of Korea

This study analyzed experimental fishing survey data colleccted from 1937 to 1940 to evaluate the seasonal distribu-
tion, environmental preferences, and gear selectivity of sardines Sardinops melanostictus in the East Sea of Korea.
Sardine catches were concentrated between May and October, particularly within sea surface temperatures (SST) of
15-25°C. When SST exceeded 23°C, sardine distribution shifted markedly northward, extending into North Korea’s
East Sea and indicating distinct seasonal migration patterns. Monthly catch per unit effort (CPUE) of sardines showed
a significant relationship with both sea surface and air temperatures, with peak values at 15-17°C SST. This pattern
likely reflects the characteristics of fixed gear (gillnets), which depend on fish passing through the gear location rather
than on broad environmental conditions. Selectivity analysis revealed that larger mesh sizes captured narrower size
ranges, whereas smaller meshes retained broader spectrum of sizes. These findings provide important insights into
sardine habitat preferences and the influence of fishing gear effects, offering a historical reference for future assess-
ments of stock variability and adaptive fishery management under changing climatic conditions.

Keywords: Sardine, Distribution, Mesh selectivity, East Sea, 1930s

M B
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F7tolw, gt ddeho R ke A 9lth(Nakai, 1962). 7L
et Ak A 9 dgl o & o ggRe] Fqto] o]Folf on
(Kuroda, 1991), 2014202213 E-A] g Fo| o] o] ] AH 7}
o]glgfo] J133] Z7}5taL Ith(Shi et al., 2024). 1} o] &leF
o] - =Sk Al719] AHE = ull-9- BlAst 7]E A= oY
B kA 7Sl 2 oEstaL 9lo] | 4sk= b gHAI7}
EAgit). 53] Hojg]= ofgtiAd o]F o E EFE|H(Froese
and Pauly, 2025), Z|<* -2jutet As) s gehd -2 71+ 18t
o] &3} o & 913 F=422-0] 19682021 St ¢k 1.35°C A
Zolgon, A AA B(0.52°C)thHe] oF 2.64H whE 7} <4
T2 Kol QILHNIFS, 2024). |3 7|32, 4 A &
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TEH, TA gofe] 9] of
olgfl= FF AHH HEe
SfjA it o o Slo] F-agt 7|Hto] & 4= QlokIto et al,, 1961;

Tameishi et al., 1996; Muko et al., 2018).

of 0] B£ o] Sl Ao A, A4, F 24 ol 4
HA Q1 ok nl x|, 53] W5 =7](mesh size)= A 9] A
EoHA] ALzo| 223k 99k 7]7ck(Millar and Fryer, 1999;
Park et al., 2013). "= ATel A (selectivity)S T35t o] & a8
= 'dof ofxte] A7} AA|ITe] A4 ol = PRk ol A
71201 A Te]of F23F M7} Eltk(Liang et al., 2014; Kim
etal, 2021). G5 A el £ A o] &2 F-20f tigh
olajel A7 AAtol tigt Ae4] o2& Foff A&7k oY
S 71587 Shch(Park et al., 2013).

upba] 2 A= Sl Ask e (National Institute of Fish-
eries Science)©| 4=75}0] Xyt Fofl Q1= 1937 F-E 1940
7129 Aoje] oJPAF XA} AR E BE-510], A7 AR
3 9 oft 3PS AFESHL, Al ARESE of ol TRk i
5 A7 A B 9 o3 A A o2 A5kt
ShoiTh. =3t 9 of Sl Ul sfofebd AR E uiE o g Aole
O AEH A A7 8 alite] JEFE BATC RN,
Al A B3 olsfistala} sHyiet. i At 1A 37 o
2] o] Ay eishA] S5 olsfistar oF% 7| kel A W
A A iR 7| 2Rt R 2 EEstarat gt

& e weAlatek o] Afste] Ha o 9= 1937
19401 o] ofBIAFRAL AR E o] 8530, ofgA
Az SOl A ARSA HE7F A F 75,9837MAE A5t
At g A ARG o5 0] 83t oAl Sl A
" ACR, W5 A7), YA AL 2 <, 018] 7jA| 9] 7 (total
length), #15:(body weight), o2} A|7] Bl s g7 HH (72,
719k, A, T e 5)7F = o] Al
0f8 BE 3 siaizol AlZ7H BA

1937-1940'd “5%to] Aofe] o BlF A =g 7oz e
99 of2) o] A FLHH WSS Selat] 918 2F 2AA)]
o YA B ) % oFF RS EE5l] REA £~ZE
fJo](version 4.3.2; R Foundation for Statistical Computing,
Vienna, Austria)® AlZ7F REE 2% 7|9roz A|zhsketal
T} o] 5 Fofl T8 o x| Al A Wk} s E of &
EUEE 0] REAS 00 A WAEAGA SR RS 5
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choyet 7 .019] ofaRS W= Ao 2 oA lckNoto et
al., 1999; Ohsimo et al., 2009). w2}A] 1937-1940d FoF 4=
e A ozt 7ot 5 A1719] sfjehy A RE WHs
o] 3tz A w2 T = o]3 Tk (catch per unit effort,
CPUE)?] Hz}s 24519 0 v, CPUEE off 4] A5}
AlAFsF3iT

ofg)a

CPUE= 50307 (n) < 22+(6)

ol
o)

Fpt AA| BE 2AA FUSHA AR 6% 0.2 1
k.

olge MBS MYt 8 34 a00S BAEl] 9 U
H15}71 9 1 3 (generalized additive model, GAM)S- -85}
o} ¥hgHSE CPUEC| ], AR £2(C), 71(C), 7
?j]'(hpa), EWLE 5519t GAM Y o412 o2 2ot

log(CPUE+1)~s(Sea temperature)+s( Temperature)+
S(Air pressure)+s( Transparency)+e

07|14 st= HZ g4=(smoothing function)g &Jn|stH, e=
Wapgro|n] Ay 2 o541 A1 E WISk sl VIF
(variance inflation factor)E &213}%itt. 54 £42 R 54
SIZEYO|E AREBIF O frofea2 0.052 AA4sk3it

oS Mety E

EH =]
o ™
W AT B 5 o2 Ao R AR hE BE
710] o8 FA| wBA|A, A4 of2) AE ulashs
Ao g 8iFEt) A<l Kitahara W (Kitahara, 1968)1)
SELECT =& (Millar and Walsh, 1992)0] glo, o] 5o %=
A o Fof] thgh A& AdeiAdS A=kt = Sl= A A4
£ 7|RFO & g} 2 oAtof| AREH 1930 o) 541 o AR
ZAA RS T o Woll -5 4 o] sAlol v g E
22 SEE o, WAER o 2w W= 27|12k Agto] WA
Elo] Qlof T oftof tigh W Aed B4 o] 7 =7
& 2123 Q)i olo] w2} 7} 2 A8z ojgE AR
A BrE BAsha, AP oe] B 27 v RR=TLm)S
FEom Ay BHE Aok Ay THE BEE
7luke) Ao AeA R A gstel cheat 2ol Easigict
(Fujimori et al., 1996).
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Fig. 1. Frequency distribution of total length of Sardine caught from 1937 to 1940.

U= fAHA g0l o). 2 Ak 2= s 27| 7F A 22| 7} o}
A A LR, F, 2) o 2RF A FE QL] wfj Fof| ATe)A)| A
(Ly) o) Aoz #4mehe 7k A 9] Ale) 7k 9 24l
9] Zof tiglh vl Ao FHE Forh Bl A%
+= Akaike 5 7]3=(akaike information criterion, AIC)Z 7|
0 2 351 th(Akaike, 1974; Fujimori and Tokai, 2001).

2 o

=L

Hy =4

2 Aol ARE-E Aofe] F 75,983 70A19] A 11.1-31.5
cm W9Gom, Fat AL 21.5 cm$AtH(Table 1). A% &
e o 2Jo]E KB on 19379 o= 20.0-20.5 cm A

Table 1. Yearly Total length range and mean length

Hwol A1419] 19.8% 2 7HE =2 vlEs A8 A nh(Fig. 1).
19383} 1939 efli= 21.0-21.5 cm AlF<-0] 242t 21.6%2}
21.4%= £3stloH 1940\ 0fl= 22.0-22.5 em AlHE<o]
172%% 7P &2 Rleg 2ok o]ef o] Aofz] A
& ZubE © 2 20.0-22.0 om bl FEE B S e
Wow AT wheh S AP W7 A soivs A
= 2ol

=70l g A FEe Aol BASLO] fFrARE A
H3L RS YER A TtH(Table 2, Fig.2). W&E-=7] '2x(small)
o A% 14.0-20.0 cm bl M 2A] EZFHA I, 16.0-
18.0 em 73kl A 78 52 S-S BTk vhd U]
< (medium)' % 'di(large) ol A= A A o= 2 AHA| ) Bl
o] &9tom, F A7] B 22.0-22.5 em koA E@E0] 7t
=9k 581 % 271014 20.0-26.0 em, ™ 7]l =

Table 2. Total length range and mean length by mesh size

Year Number of Total Ie(r;gr;rt? range Mez':l(rgrlr?)ngth
1937 4,601 11.1-28.5 20.6
1938 16,832 15.5-29.8 21.2
1939 41,355 11.6-31.5 20.9
1940 13,195 12.9-30.1 20.8
Total 75,983 11.1-31.5 21.5

Mesh size Numper of TL range Mean TL
specimens (cm) (cm)
Small 16,392 11.1-27.5 19.5
Medium 30,363 12.5-29.9 211
Large 26,251 11.6-31.5 21.6

TL, Total length.
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Fig. 2. Frequency distribution of total length of sardine caught by mesh size from 1937 to 1940.
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Fig. 3. Spatial distribution of sardine catch in relation to sea surface temperature in 1937.

20.0-25.0 cm ¥$jo] LA RuE woirh. AxH oz =
2717} 242 ofgE)= A2 Aol Zrstort 19374
o= Al A o= 43 A e] Hlo] ol t2 Qo] Hla) A
A A BT} HEo 2 WEE= A4S Hoirh

AE] Hofe] ofgo] Furs] Alabslo] alet Fal W Aok
2 FHOE 109711 2 of2lgko] A4 YUrk(Fig. 3). 5-8
2 ApoJoi= 420] 20°C o]4F0 2 ARl ukeh olele] &
E7h B4, 53] Yol B3l F5E el nUE
o] of o] SRIFYT}. 42 15-25°C Wglol A of2lo] 215
glom 119 o] Fol olZlapol $2/3] gaslgich
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Fig. 4. Spatial distribution of sardine catch in relation to sea surface temperature in 1938.

19382 Admel FARHA SEFE ofgle] Skl
6-7dol= deliloh Fal AdHoll A &2 ool L33
th(Fig. 4). 78l 78 62 o4 918 Bl on] 420]25°C
s H7kA] Aol=)7t SRl 84 o] Fofl= o8 T4 3
o] T3l T75 Hol F1t A s A7HA] ol Fsk ATt Ak
02193812 Aof2|of EE W e ol gol 7MW w2
i 22 Urebutet. 1939 ofli= 1937 0]l vl 8) dhaf Aol A2 =
7] olglo] EolE gl o, SERHE FHETHERZ ool §
3 E]7] AAFsEATHFig. 5). 6-8 Ao &] 2-2-20-28°C H =
Ao of2| o] B4 A A E o A A ¢l ol 2l
ol sfioll sl tha fhvhe AR H At 194089] 735
I} 6" A AofP] ofte] St ot A EE W
7 FAL 25 20°C v]RhO 2 AT ] 0. = IITH(Fig. 6).
7-8Yo = ol Y= WA Ueht e n 12o)= 53] AlRkd
Ao ARE of 2lo] 2RI = Rl

47idol A% 9 off] B 24 9 Axd ¥l B
2422 B4 A3KFig. 7, Table 3), 5-109 A}o]o]] 422-0] 15—
25°C ®9loll afgsh= Al7]7F whEA o & | Qlh, 42-2-0]
20°C o0& Apdts Al7lols 8 R 3 oo] daljte]
A Bl FHLE EHRE AX S5 AR S EgloH, o] A]
710] o8] Wit 7P A vebgtch 53] 19382 19394
o= 6-8% Atojof ol AN 0] 25°CE 2 1sHHA A
o] A4S Hof| HA6E3aL, ofof whet Kok 52 s ol
FALSH= S Belo BHH 1297E o] 58f 1Y Atololl=
4=20] 10-15°C o]3t& ap7Fgto] uhe} dopshz A4S 1ol
 ofglgfo] F7shlaL, AR el At ATk AlgtA 2l ofg]
o] o] FolF{th. EE 20| 25°CE Zdh= a| H ol A=
2072 olglgFo| W2 kS Wl o= ol A4 A
2 422 W7} 15-25°C3l A 0.2 Wt}

o

5]
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Fig. 5. Spatial distribution of sardine catch in relation to sea surface temperature in 1939.

CPUE & &3

olBlE2 of g Ul AhedaE i oyt ofY k] JF
& WA 7] w2, AER AAEEE vlwsly] fjs) 4
CPUEE AMdshal drd Wohs 2433t 19373+

ool A 2 1940 742] G2 010l A 9] YUd CPUES} o244 ¥
2= vk A3KFig. 8), MAIX 2 CPUES} old /A=

FAEE A5 et
19394 5o = CPUEZ} 177.5, ol A4 10,651 74 =
2717 % 7P B2 3 71Ssk T, Wi 193749 119e]

Table 3. Monthly sea surface temperature (SST) range (°C) by year

Monthly SST range
Year
2 3 4 5 6 7 8 9 10 1 12
1937 - - - - 14.3-17.5 - - 20.2-29.3 - - 13.8-14.9 -
1938 - 12.7-15.6 12.7-14.3 14.5-15.8 11.2-18.0 8.8-20.4 14.3-26.5 23.0-27.3 19.2-26.3 17.0-23.1 10.8-15.3 6.7-17.2
1939 10.5-14.7 13.2-14.0 - 13.2-15.3 9.6-17.8 12.0-21.5 15.6-26.5 23.5-27.4 19.6-25.5 12.3-22.5 11.5-16.2 55-14.4

1940 - 8.7-8.7 10.0-10.0 11.0-11.0 10.4-15.3 10.5-18.0 15.4-19.9 20.6-24.2 19.0-21.4 18.7-18.7 13.5-13.5 8.9-8.9
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Fig. 6. Spatial distribution of sardine catch in relation to sea surface temperature in 1940.
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= CPUE 3.75, o1& 7441<= 330ute) 2 714 W =28 59
o} 53] 1940\ 7€} o] ofglute] = v 2] Eeko )
3 A 23 o & CPUE: ThA =7 Uepyit),

goje] olglekel Ms-S sk 8 2 8 QS whotsl|
9lell, ¥ CPUES} a2, Hat7|2, B+71Y, B59
I Zke] BAIE 24 5HtH(Table 4). 4] 23} 4] deviance
explained2-73.3%°], e 0] A== 0.6042 LERY S
Sh 2] A E Bk 5] 5 2(P<0.001)} 7]
(P<0.001)23AA &2 o3t v]A Y REg= Holon, 53|
22 OF 15-17°Col| A ofg]gFo] 7P =7 Ueh= A3
Holoh ok, Y% Al7]9f s oA o] moas 7|
HA] 2 o] YRkA o 2 YER} T 4 TF -2 AR
7F EASHE ALz gRlEol(VIF>8), s 452 =344
A7} Aol th4 2] 7} H 2 5}
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Fig. 8. Annual catch and CPUE of Sardine caught from 1937 to 1940. CPUE, Catch per unit effort.
Table 4. Results of simple linear regression between CPUE and environmental variables
. . Estimated degrees of Reference degrees of
Environmental variable VIF freedom (edf) freedom (Ref.df) F-value P-value
Sea temperature (°C) 8,94 4.487 5.459 6.264 0.000883 (P<0.001)
Temperature (°C) 8,38 3.588 4478 7.334 0.000613 (P<0.001)
Air pressure (hPa) 1.00 1.000 1.000 2.453 0.132242 (P>0.05)
Transparency 1.29 1.000 1.000 0.006 0.940153 (P>0.05)
CPUE, Catch per unit effort.

U 1IP0I FYEP0MOE R RUPE A AN JVE RS, 0I5 e Aok Y 21
0055 ZIelo] FAZOR folota] g ACR Uehke  uieh e S413 A8 wislzl eks] e o, 56 U
B B R N Bl R BN o 717} 345 20 els) Al o) 4950 R 25
ol thet ol T38| ehA] ket A A9 A= AICE 59l B7Fsten, Al7HA]
ofE MERN B B37] oA HEE wdo] }5 o NFwE HATW, W

B AL S W2 77 (mm)E L= At A A (relative total
length/mesh size)& 7|50 2 AR 7|9He] A 2445
EE3thFig. 9). A3 Axf, W] '] Aeld FA4
S A oF 043 2ol 4 28] Alol e 52w

oA =l MNEES HYon el 24]o] 2l 419 Z 1 7}
A 9ITh A7) e F0.52004 Aot woln] =
7] el sk Sl e Lheb, B s oF 0.640]
A 25 418 Lot 3 2 71 ol ot 27]9]

37) ' o] 7P W2 AIC ghe 2o Al7HA] i Ff
A 52 AAEE UER )It(Table 5).

Table 5. Estimated parameters (i, ) and model fit (AIC) of selec-
tivity curves by mesh size

Mesh size M (mean) o (sd) AIC

Small 0.64 0.11 1,023.5
Medium 0.52 0.09 1,088.2
Large 042 0.07 1,110.6
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Fig. 9. Effects of Environmental Factors on CPUE Based on GAM Analysis.
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T 2R LA T2 A4 7] FAlol ol 7t
129 A S04 AFZHS ThA 3L B 4 AT 3 5
3 Aol 0w BTk ojAbA 278 B A7E uhEoR 3t
7A9] 7122 3kolst 4= gloir}. 1937WRE 1940 ] 7| &

of mr2H sUHE daf % H Al 2R R &
Fsto] 109714 &2 ol gFE Helom o5l 84 o %
HFZ 4$20]23° C O|AF O B AFE3) Bl oL A0 7 Eg) =
S-S 7 52 AW Bt s HERH. o2dt
AEA olEe XJOMﬂ 15-23°C %*H«l Tl FE
5o, =20 Ao o T3l 2 2Rsl= AEA olF 3
ko] YERdth= 7] A2 IKKim et al., 2005; Yatsu et al.,
2008) 2 F3f AgtS wheh 5wl Aol Elete] &
At 5 712 dslshths 36 4 3H(Kim et al., 1994; Shi et
al., 2024), T4 GARA AR AR 7hck 2pA of oA =

AFE B3 AR BAIA B v gl B A



o gole] H4 2xE Ao R gD 4= ql9leH, o= 4
ole] 9] 3]f A zot AEA 22 HE olsfste vl T3

HE Atk

golels 5 429 Wsol wheh £ sfo] o]k 3
G4 0]% 2 Z(Yatsu et al., 2008), o] 2|3t A HH o] FAFS
EA e ol Al ot 7t Bt ofFoll EEollA B&oz o]
E3h= 73RS Holth= Shi et al. (2023)9] 7 9 A= 23]

7 thA] getshs AAA o] siH-E ®arg Kuroda
(1991) Aok FAkRE HokE Bl ol AlA A o]0l %
Fe v T8 a%or a2 9 iR HEolZtal 5hglew
2 A A3t ESF15-25°CH 9] 9] =2 ol 4] Fofe] Aol
e Bl i S0 UekTh o] = Ald ol wheh 27 -2 o
O iAol whet B4k T Holho = a2 H 97t ol 5ok
Ao FotET)

Ao whet M stksh= A 325 wotslr| 918 CPUES &
Astgl on SYRE] 109A0]o CPUEZ} =A| Yt Add
Ol Ao AR AE Bl 53] o5 555 4
ool Al =& CPUEZ} 1% Y=, ol= g olg] of3to] ==
st A EAste] sl s ool BRIk = o] a0
Z71et A o2 stEch 1940\ 1) o] 220] Yo E4
3| ol Al =2 CPUEZ} B2 Abel= o]3t9] =414 wHlo|
U3l AR, diF 21 5 A= 54 agle] ks v
HE 7HsAS HojErH(Mac, 1976).

goje] A U=} sk 1Ho] BAE A ET
3 2 37 Qola} CPUEZFS] AMHAlS BA %
7|22 Rt Y vA= MR UEth 58] Het 5
22 OF 15-17°C 3ol A ofglggo] 71 =& Ak o

2 A2 719} A %] 3ht}(Takasuka et al., 2007; Okunishi et al.,
2012). 7] SAH O 2 Fo3t IAE H o, g 117
£ PRI A2 A E o Hol Ak a4 Al A2 e
HAZE A EE WA FA A 02 [-O8HA] b ANE Hel 7]
U BFEAEL T B W5 G THRL o) o
speio] oFal 700, ol Bl wid TGl ol
ol gHA ol 7|1t Al o & KAl

2 Q10 ARE AT A T o} (fixed gean
of o] AA] ob H-& §7H5}A] gkl oflo] o]ojx|%]
SR A B4 At o}2)e AR o] Wiz} i 9
A7} EUA = Qlsto] -2 5 2 adlo] A4k o|H e}
= ofgjgpo] AAR AL )R ThaFAE I Ak
9] ofj -6 2 o]F 0 4= QItH(Swain and Sinclair, 1994). o]
7 o1R1] A ol 2:9] 4] st olo]A 544 ol
FHLEt AEA o5 Aol thg-str] flsh HE, A, A QL
o, A 5-2] o] o] HrA skl th(Baik et al., 2001; Lee et al.,
2012). o]e] Fere] Wk 2119|3347 Al Lx wey

SEHOR thgaly] 1RO R A B 4] A sherey
ohUt ofgl Relw FaHos nejsls Yol Wasit)
(Inoue et al., 2023).

T AE 24 A o2 Al S0l F1L 54 A
ol A Adel/do] & vk, g2 Bk ohh S 2]
S S HoAF It o213 Ak o7 U= A7)k A
Yo A o] whet AleA o 2 Aggiths 7)€ Avtet o
2)&h (Kim et al., 2021), ZA ol = A% 7]6ke] 21 2 4-E

3 ol 7 A} 5 S ol 5 Hole] o] o] 7|2
e T 4 ook it B A 1930 Aao] oz
FEdow 2 seld LR 18 Bed 9 o7 5 27w
o7} 3zs10] A7} Tk A A BE Aol A 2
o v Eut ol 2} 24} A ARSE Xpo] B 2] Aol
2 o} HElA o] JaF 7154 0] 9Tk 19394 T} 1940 of =
A 02 2k B o] o} 77} g EIgLom, o] 2 Qs 2
& A7} 222 Sgo] obd Aow wekEr).

B AT BRI 710] B84 ekobd 1A o] F AR 2N}
A2 7|uke 2 Fole] 4 4lo] 7, B2, BEAE Ao v
Hepr om Hasldrks ol A Fas e A s ¢
T QoA B Amo 4 BAelX] ok el HRE o]
g5to] HAlE mEL 5 Hole] AUHPL APsE Ao
dek. w3t 77} AAe] ofg Aw % A AnE 5
o A0 A7) WEA, 7| s 4 52 Bk
glom, ol A4 71 el e) Mk 4ol Qlof W4l
o 277t 2 Ao A,

T

L

A

D4y Hr o
1
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