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Influences of Oceanographic Features on Spatial and Temporal Distributions of Size Spectrum of
Walleye Pollock, Gadus chalcogrammus Inhabiting Middle Eastern Coast of Korea by Hae Kun Jung,
Chung Il Lee', Hyun Je Park' and Joo Myun Park** (Fisheries Resources and Environment Research Division, East Sea
Fisheries Research Institute, National Institute of Fisheries Science, Gangneung 25435, Republic of Korea; 'Department of
Marine Bioscience, Gangneung-Wonju National University, Gangneung 25457, Republic of Korea; >Dokdo Research Center,
East Sea Research Institute, Korean Institute of Ocean Science & Technology, Uljin 36315, Republic of Korea)

ABSTRACT This study investigated the seasonal and inter-annual changes in vertical distribution
and size spectrum of walleye pollock, Gadus chalcogrammus inhabiting middle eastern coast of
Korea (hear after pollock). Pollock was distributed between 50 m and 600 m depth range, and body
size (total length) ranged from 16.6 cm to 81.5 cm. The trends of population body size were increased
in autumn and winter and decreased in spring and summer. Vertical distribution of pollock showned
depth-dependent patterns with distributing smaller individuals mainly in the upper layer (shallower
depth), while larger fish in deeper habitats. Those patterns in vertical distribution of pollock population
is probably due to be the results of energy-saving strategy, metabolic effects, and changes in prey
selections according to pollock growth, derived from spatial and temporal changes in oceanic
condition in habitat grounds. When water temperature in upper layer were increased and that of
below thermocline depth became decreased in 2017, the ratio of smaller (<35 cm) and larger (>35
cm) individuals was biased toward larger fishes, extending their distribution into shallow depth,
and consequently main fishing ground was formed in far from coastal area. In addition, the ratio
of smaller individual distributing between 100~300 m was increased with decreasing temperature
gradient between below thermocline and bottom layer. Changes in spatial and temporal distributions
of pollock population likely be related with vertical and horizontal changes in oceanic conditions and,
consequently food supplies.
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Z© 2 Peruvian Anchoveta (Engraulis rzngens)Q]- A =
o MaEe A2sn AYHoz ANt Be AR ol
(FAO, 2018). o]&3t HHlE= F2 50~500 m Aol A 43t
L ANA ojFolv], RAREE, AT, AN oI 5& F

2 A4 8tth (Yamamura et al., 2002; Adams et al., 2007). 5
3 dAte] MAlste W= AR A 39cem, A 353 cm
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al.,2019) ALHE Heto 2 o|%3}o] Atghg 3t} (Kang er al.,
2013). = At Al7l= A AS 20l 3~5°C7F FAEHE
1295 E 1 o]53) 3¥7tA]o]t} (Park and Ok, 1986; Kang
et al.,2013; Lee et al., 2019). B3] &5 A< (middle eastern
coast of Korea)oll A4]3t= ejo] = Agbe dAlghs X
et Bakul (e RO deA gou, T2 ALHe| A
oz AL oF BH B 44FOR oFTT
(Kang and Kim, 2015).

EEiB gl AXst= HE o o g2 1980d | 4 o] %
F23] 7435921 (Noakes and Beamish, 2009) o] 23+ &
dlol AU Weke YaT 2e A7) AAHA FEol o
3 FFI 7| SRt WE A A BT &7 wWIte ¢
FE SO wethar 43 A dk(Jung er al., 2017). £3] A

p2
A2 H3kel 22 Qe EAo7tR] 1 gFo| AL H
o, A 1S 2 ste F8 AAE 23t} (Funamoto,
2018). 2 bt Eajek F3ajelo] A aHs e E 1950
¥ 7 olF 345 AUPo] gasrgen, ol A
W3l= AAA e E84 3 w3kt fog AAdE 7K
t}(Kang and Kim, 2015; Jung et al., 2017). A2t Hel A4
A9 37 st Pef AdFe) nA = FF 2 7)FS 9
871 A= HEH e 71 2A < e EAT} 7 W3t

£ §hgoll gt A7t 3= ofof gt

Welg 72 fAAYCR YESE AR 1R Wy
e A&HQ o83 WU s WA} 7ure] AUP
ME 1 9 99 FHT AR 9 H4H Beld 87
At w2 A et ko #g ATE AEH LR F3 3
£t} (Sakurai and Miyake, 1994; Funamoto, 2007; Funamoto et
al.,2013). T3+ $H7 W3] w2 et kgt 7|2 g
of #F AFE fIste] A DAE AR, w]Ado] &
do] SAz FESt A77F 3= Atk (Funamoto, 2018).
W S HE AFs 2 AEEE S Wi A 2
o= PARH O 2 A 9] A &H Q] S8} o] &5 A% AU
A&, o B T AU ZHY AFE F=E S &
on, A7 Fd B F2 FEolh 1990d o= $
vt HE oo AA olg g7 40 Bt A7t 3
Hom (Lee, 1991), 2000 tholl = 73 Hstet e o2k
Aol BAE F o= AT7F +=H = At (Yang er al., 2008;
Lee and Kim, 2010). 0] % W& o] 1E 7S 7| E3h=
20108 o= 2 dAY EAS o83 HE AMALE Bt
(Kim et al., 2017), AAo] w2 A|F 34 (Bang et al., 2018),
Z7] BEAL A1719] 87 W37F BEE vA= FF A
(Yoo and Byun, 2015; Seo and Kwon, 2017)7} &3 & it}
OIRY F 0 Aol At Welo) 72 ek 5
A AAA 9 37 Wdto] wE AEiEHE vh-go w3k A

off S5 Aol Malsh= Hefel A 27| | AXEZ Ed 149

€ UEE Ao, AL Wt Ul P FF 452
o3 Ayesta EAT AR ALHATF7} H asict
£ dAellAe 53 S5 Akl E¥ste wH A 271
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SEutet Folgt SR Aol AAlske B 5
ZAFSE7| Qe AT 3t ofopzl W s ol AAls}
FEE 20169 195 E 20189 29714 AT S
3 AT (Fig. 1). 14 ofofdgE 7|Hez =W 3
oA 2YAsH= A/MAY o] F 30FHo|H, F
137.13 &, B 457 Eolqlth. o= FF & 24A)7F o]
of Fgstlom, 4dRE 997A = AL, 108 RE o5
8 3U7IA = AFAEE ol &ttt HE Y Al ¢ 4
Ao} o7k AAE 4 E AAE HEE VIS, A
A F ZA —20°C Yo Bt AHE = AF
AZ 28 & A% (total length)S 0.1 cm ©7HA], WA 9 A
% (body weight)> 0.01 g F9I7HA] &3kt o|<} A of
A 27 ol¥=F (k) BlES AAbste] A @9t |87k
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Fig. 1. Location of walleye pollock sampling area and water tem-
perature monitoring stations in the middle eastern coast of Korea.
Samples were collected within boxed area.
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Table 1. Information of collected walleye pollock samples and fishing vessels

Year 2016

2017 2018

Win. Spr. Sum.

Season

Aut.

Win. Spr. Sum. Aut. Win.

(Jan~Mar) (Apr~Jun) (Jul~Sep) (Oct~Dec) (Jan~Mar) (Apr~Jun) (Jul~Sep) (Oct~Dec) (Jan~Feb)

Number of vessels 18 15 13 22 20 18 15 26 24
Total tons (ton) 9329 5450 407.0 1,110.4 1,612.0 612.3 504.1 1,200.2 1,313.1
Averaged vessels tons (ton) 53 53 4.6 5.1 53 4.8 43 5.1 50
Fishing type (net) Trammel Gill Gill Trammel  Trammel Gill Gill Trammel  Trammel
Mesh size (mm) 84.84 75.75 75.75 84.84 84.84 75.75 75.75 84.84 84.84
Total catches (kg) 69.2 19.1 19.7 704 118.9 28.5 29.3 64.1 111.0
Total Individuals 176 103 88 219 307 127 116 236 263
6007 2 CPUE (ke/ton)
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5 400
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Fig. 2. Monthly changes in catch per unit effort (CPUE) of walleye pollock inhabiting middle eastern coast of Korea
(catch per unit effort, CPUE)2 AF&3} A th(Table 1). 1000 m ©]A+ <)%k (128.7183°E)71A] & 7719 AL AR}
e WGl AR R Az wsket olo] e HAAS Bt of EIRE £4 S00mrkA F3E £ HskE BETYL
49l 1% WSkE B4 93] Bk AR 25em mE, o, Ackelwt goke] 29 ¢izh WS BT 0|9} 7
25~35cm, 35~45cm, 45cm oA 1502 BEF5tgTh k]é] A HeE) AR 43 (water column) T2 2] A7F HILE B4
42 100 m ©]3}, 100~200 m, 200~300 m, 300~400 m 12| 3t7] Q8 7Y AANA EE (1 m)FE 450 m7HA] BHEE
T 400m oFOR Belste] 2 S4lo] MASKE AAY 2 £8e SANE FRge AR
7] W3k 45k ol9t A F o8 A71Y A& (Lee,
19910 HHE TS I = A2A 9] =23 &7 Hsto|
e FHA A< A 2719 Azt HEE E45H 74 1}
=
2. FE MAIKN S2|8E HE EY 1. BE 372t B2 o] AIH Hat
el = oY A7 ALE FF Y Azt HEkE FEsh S FRAGANA HHE e DT AT
A3l A= AT ofoRxl FH S99 1¥3} 3d 2 (CPUEkg/ton) 4858 990 ¥ g2 7153k 2H (120

o
=2
201692 2018W7HA] RAFSITh(Fig. 1). BE] o&o] 3§
AE = 3828°NE FA102 A 40 m HA¢H(128.5833°E)HE

kg/ton) ©|F 10926] F23] F7H(120kghon o1y5te] |5
o 3U7HA A&HOR A% (250 kglon OVFHE ALEE
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Fig. 3. Length-frequency distribution of walleye pollock inhabiting in middle eastern coast of Korea.
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Fig. 4. Monthly variations to composition of size classes (left axis) and total length (right axis) of walleye pollock inhabiting in middle eastern

coast of Korea.

E4E& Uetdth (Fig. 2). o] 2%t @98 ojeFo AEF
7] Mgk A7IEE Edshe A 3719 B 9l 2016
W 1dRE 20189 28704 AAE B AHAQ AL 166
cm~81.5cm, A F-E 24.05¢~2677.19 g, 913 412 50~600
m%th(Figs. 3,4, 5). B 7HAE a9 AP 1go= £F
1, 25~35cm 20| A FHe & (45.5%)0] 7H =9kt
(Fig. 3). 0|2} 37 35~45cm 180] ARA|8H= H]E(27.2%)
2 F AR Eton, 25cm | 1FL2 8%,45cm o|AF 1
22 193%2 2R3t}

BEo 27]= 7T Al ez A, 3 AF
o 242 AdWs 54L& Uitk (Fig. 4). B+ A82 1Y

o 7F& 2.3(40.4cm), 6€o 7P Zkod (27.9 cm), 64 ©]
3 A 5718t 129 W A2 38.5cm T (Fig. 4). €2
A HlE&E AT EH FF o2 A 2717} 2 35cm )4
o) uge 195 390 74 E9ren] w2 35em
vige] el SURE 89U Aolo] H W&S ATt
(Fig. 4).

B3l FH Aol AAs= FHle A 27 wet A4
she 44lo] sk 44 300m o3t FelolHE FE 35cm
ujgk 419 A4 HEo] wtom, B E 300 m o4 =4
o= 35cm H|Tt JRA Y M A H]E&L FAFIL 35cm ©)4

AR AHaulge Z7E5HSICH (Tables 2, 3, 4, 5). o3t I
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Table 2. Seasonal changes in distributions <25 cm walleye pollock
group in each depth range in middle eastern coast of Korea

Table 4. Seasonal changes in distributions 35~45 cm walleye pol-
lock group in each depth range in middle eastern coast of Korea

TL 25cm TL 35~45cm
Season . . Season . .
Depth Winter Spring Summer Autumn Depth Winter Spring Summer Autumn
<100m - 2.9% 2.3% 0.5% <100 m 23% 10.3% 24.3% 1.9%
100~200 m 43.2% 22.5% 8.3% 3.2% 100~200 m 8.3% 31.0% 18.9% 12.0%
200~300 m 13.6% 5.9% 4.5% 8.1% 200~300m 4.5% 6.9% 54% 19.4%
300~400 m 9.1% 19.1% 37.1% 29.9% 300~400 m 37.1% 24.1% 27.0% 33.3%
>400 m 34.1% 49.5% 47.7% 58.4% >400 m 47.7% 27.6% 24.3% 33.3%
Total individuals 44 48 10 26 Total individuals 264 29 37 108

Table 3. Seasonal changes in distributions 25~35 cm walleye pol-
lock group in each depth range in middle eastern coast of Korea

Table 5. Seasonal changes in distributions >45 cm walleye pollock
group in each depth range in middle eastern coast of Korea

TL 25~35cm TL >45cm
Season . . Season . .

Depth Winter Spring Summer Autumn Depth Winter Spring Summer Autumn
<100m 2.9% 19.4% 23.1% 2.8% <100m 0.5% - - -
100~200 m 22.5% 20.1% 50.3% 8.5% 100~200 m 3.2% 11.1% 40.0% 8.1%
200~300 m 5.9% 12.7% 3.4% 32.5% 200~300 m 8.1% 5.6% - 11.3%
300~400 m 19.1% 20.9% 17.7% 37.4% 300~400 m 29.9% 16.7% 40.0% 22.6%
>400m 49.5% 26.9% 54% 18.7% >400m 58.4% 66.7% 20.0% 58.1%
Total individuals 204 134 147 246 Total individuals 221 18 10 62

B AAE 22 E42 WA 2710 B A-F7Y s 7b AA sk Bl 2017300 7P @3ten (1%), 20163

°l F3H3 25em ﬂ]ﬂ& 12 100~200 m =40l A 4] 3}

Hlgo] ALH| 71} FoH, o]F &, A&, 7Feolle 2
E} Ao Ao F AAXHE Wstste] 400m o4 Ao A
A AEte vlgo] 714 %‘ZkE}(Table 2). ©|¢} A 100 m w]Tt
FAG I Edshe &2 B3 q45H Skt 7t
Agol st AEFY] ‘ﬁE E4E& YeEh $lch(Table 2).
25~35cm &} 35~45cm WA 1FL 400 m ©]AF SAl oA A
Algts vgo] ALH 7P £o9 45% oS 71&E3HA
ok &3} 9 g0l 400m o] Aol Al AEh= HlEo] A
8Fa 200 m UIRE Aol A 4)Ehe v]E&2 S8 o] &
7heolle Al A2 FAYE o]F3tY 300m o4 =46l A
Alsh= H|-go] Z713F T (Tables 3, 4). 45cm o] A 15
2 FEE AE HEdS UehA gon 300m o4 =4l
A A A8k Bl&o] 7H =T (Table 5).

2. A=H FEiQ| VA2 2712t 2x2o| A7t Hat

AE&H A 25 cm ]9k HE] A

AL TF AdelA

2018 ol& o]t &L 8.9%2 9.9%E 7|E3Fth(Fig. 5).
2016 25cm B9 188 F2 400 m Bt 28 £ A
A A8k H]&o] E3TH80%). A4 Hl&o] Zagt 2017
YL 100m B} ¢ g93 200~300m A 235}
A gem, olF ALt FAdAE LEA EEH
(Figs. 5, 6). 2018 o= 100~200 m =410 A A]5H= H]&0]
M =™ (65.4%),200m Rt Z1& Ao A4Sk H]
&2 34.6%%5 71E51%th (Fig. 6).

25~35cm A 2Fo] AAEHE H&L 20174 38.4%
= 71231901, 20163 (20.8%)1} 2018 (20.2%)0= A
Aoz 2§ v|&o] FUrh(Fig. 5). 2016 25~35cm 7|
A AL FE 400m Hry 2 4o A2t v &0l &
O™ (65.7%), 100~200 mo|| A 4]3}t= H|Eo] F HAZ =
ATH(22.9%) (Fig. 6). ©]F 2017d o= 400 m o] Aol A A4
st H&2 Hd ] st AR (4.4%), 100~200 me}
300~400 m =4 tioll AAlshe Bl&-E& Ad thiH] F7ksksich
(Fig. 6). 20184 l= 100 m 2t} &S 4413} 200~300 m 5=
Aol £dst= vl&o| o2 F dlo vl =A vEgeH,
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Fig. 5. Inter-annual variations in composition of size classes of wall-
eye pollock caught from middle eastern coast of Korea during winter.

400 m Xt 7 4o A A= H|8
Skt (Fig. 6).

35~45cm 1] AAsHE ¥l 20161 33.9%, 20174
34.8%, 2018 38.8%% 7|&stgloH, thE JHAl 1E) H
3 A7t W% Zo] 2RIt} (Fig. 5). 2016 35~45cm 15&
2 FAlo] ZojHof whah A4Sk Hl&o] w21 =4 400m

ol PANAM M ¥ 66.7%F 7153 (Fig. 6). ©1F
201799 400 m o] Aol A A Aeke Bl&o] Ad thy]
2280 ™, 100~200 meF 300~400 m Aol A A A8}
€ H&2 F7FstATh (Fig. 6). 201812 100 m ©] 3} =4t o
AAshe Hlgo] T2 F ol vlg) A el on, v
400m o)/ A diell A A A8k vl&-2 7P Rkt (Fig. 6).

45cm o) B AWA7E RSt BHlE&2 20169 36.3%,
20179 25.8%, 2018\ 312%% 7123}92H (Fig. 5). 23}
£ =AY F 400m o)AF A9 vl &o] 71 EUTh(Fig. 6).
201692 400 m o] =A4loll A Alsh= H&o] 7P Eokon,
A2 vl&o] 43 20173 = 400 m o) Al olA A
us} H]&-2 7H43E WhE, 300~400 m $4lo) A A5 ]

&2 AY oy 2718+t (Fig. 6). 2018 el= 400 m ©]4
*élﬂ%ow AAete Hl&2 T2 F o vls| 7HF @oke
™, 300~400 m 4ol AA8he H]&2 AW oiH] F718HA
t}. 0|9} A 200m Bt &2 FAlof A4Ehs HE&L T
5 3fjofl Bls =3ttt (Fig. 6).

AL Fele vy AL Sdt &
100~700 m o] Aol a5t om, oj2fgt He e =7
HE = T A7 H3E UE Tt (Figs. 7, 8). A7 A
4 Hl&Y] W Zo| 7MF & 35em v 152 FE A F
4l 100~300 m x| Fof| A A8ttt (Fig. 7). 3HAITF 7HA|4=<]
H&o] wotd 20169 2018 F2 Ak} AT A
(A% 4 300m o|shel ool P o, HA=9] v

2o 24} 71 F A

29 A% 44

Soll 7 Aol Malsh= Hejel A 27| | AxEZ £ 153

£o] =94 20174 E A= 5
=& Hl&o] F7FskAth(Fig. 7).

35cm ol Al 2FY ofF FAHLE FE AT F4 100~
300me] 55 A Gt AL G hEAFH B AS
300~500m A ol = ¢Uch(Fig. 8). 2016\ = A F 4
300~500m A Fof] F2 REstFom, 2017d= F2 A
% 4 100~300moll £Z F4lo] FAA= T (Fig. 8). °]F
2018 ol= AF =4 300m o] A G4 o E|= H]&o]
Hadta 2 At 1 A F =4 100m 2 BESHY

o} (Fig. 8).

4 300 m o] Aol A

uz

A 10.9°C H% lioP“ﬂE}(Flg 9). 0@ 20184 A5
28 A F178te] 4.3°Col|A] 7.3°C MY 7]%3P%‘it¥(Fig-
9. 4293 ofel +4H(100~300m)2] &
b dstet vt o] A Urebth(Fig. 9). 20174 A
22 F243] $7tsten ot 9 Fat et 34
ATt (Fig. 9). W 455 ofd S99 BE $E& 2016
| 1.9°C, 2018 2.1°C Bt} X2 1.9°CE 7] E35}91t} (Fig.
10). ©] A} 0kF ol AT (100 m)2k A5+ (500 m)
Abole] =2 Ful= 2017900 AP oW, AR 220]
81733 201637 201832 =4 100 m&} 500 m Ato] 9] =2
el 78k (Fig. 9).
Tl T+ °d°¢ F2o] Az Hske} A 4
o Fe A7 wEE L}E}Wq(Flg 10). ~<>l 91

200 m OI’B)—J AS T
A

—E—:‘T&E
/K
T a

(Flg 10). 20169 <4
‘%HE 71&E35H4e

v 43 v %ﬁ
) 537k BB
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Fig. 6. Inter-annual and depth-dependent distributions walleye pollock length classes inhabiting middle eastern coast of Korea during winter.

2 Ao B33 ujAgojE 120~350m, 18|31 Z}o] A]
719 HWel= F2 120m Bt &2 4ol £EZFT}H(Csepp
et al., 2011). o|¢} 37 A& FHEHHFA T (Yamamura er
al., 2002)x} ¥ 3] (Mito et al., 1999)0]] A A5}= He E3t
A% met 42 FANE MAAHE olFste §4S UE
Wt ol2fdt ARl mE A4 4 WHIle WEHo AT
A Aot AAZH Y Zolop R0l Utk P& XFto
= A MAst= HHl= JHAl 270 whet A48E 9 At
o7} IR oM, ol 2~6°C ol A4)sH, n]A4o]
L 4~12°C Yol A A8} TH(Miyashita e al., 2004). AT
Hog 22 3719 WHe A4S A6 2 diAbedd Ay
gt B2 2 BESH 3HS A5k, 277 2 FEle oY
A GE&E wol7] o B thAkeol Ade e A3st

s}

of Hop 4fo] 73 o] FE g9& AT ?‘LEHYoshlda
1984; Smith et al., 1986). ©]& gt HE| 2 *&17&0“ 2 X353}
= MAAY B84 3 P | 7]
Ak Habrh 8 Yoz gt F H°P
A A8t HH| £ *WOﬂ ot 7 499
HIA o2 M Aol mhet oA a&S& wol7] Sl Z*UJ
3 384 AL ot HAHE o) Fdte Aoz At
AERAZ T2 MAA 92 #Hstet A F Hold
o] ¥i3}t E3h AA)A <] 912 #skel BHo] ot YHi=
Aldo] Zgt ojFoln, i FYE A NN ZAZ &S gk
(Yoshida, 1994; Kooka et al., 1998). A& o] wa} 5EZ
BN AMAFTER F8 Ho|¥S W33t (Yamamura et
al., 2013), o]o] W& JF3Hd $IA] (Trophic level)7} g}
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(Dwyer et al., 1987; Yamamura et al., 2013). SF3 5 Q22

o183 Fal B4 Acko] HHsH

Yool gopsrs o)X

B A3 Aol wet Hol W Jokata AX7
7155t 53] 40em njgk AL AdHoR Gzt

2 FEEHIES

7 2 AT
I A A2 FAYE AYHE olFste
ZHF 0| A o]
ot &, ZAA Ho] AR Hu

F2 A8k, 40 cm oA A= AAXA
o] A4 H|&o| EYTh(Park er al., 2018). %
AL AAHE
=] wstel A Qe A= Bud
el ofs HA 24 2

% 9t o540l ot ANA HolRo] F2 HESHE 3
o SAgeeld A B FES ] A% HFoR
2 4 9tk

el AAR gk Weks Beld $e] GRe Wit
£5] 4% 429 okt Weo] L wWste] G AL
F9 Az= zr%—srﬁn} Aokede] A% 20| A5 A7)
o ol FHE Aoy Wolxl ool FyE g ow,

BhE Agkelo) A% o) s

F A7) Agtat A
Ao E@o] AFHIUT. 20179 ¢ty AHSHE FFA
A= Hejo] Aale] A3t o] FAER gkgreh. wha
Sjoke] AZE 428 JERel Yol A7 42 Wl Zo)
32 Fkon 100~300m $2419] L2 ASHolL di2
sp7dstol AZReE 20k ofdl £ H Y Afo]9 2

= 43HE QY. o] Aat 24l0] 2 ¥ &8st H&
o] F7Fetl o™, 100~300 m A A o e = Bl &2 F
7FStaL 100 m BR8] 3 400 m o4} A4 ol FEE u
£ N2 Z4skgch v 201693 2018 oty A
RO =22 e A4 At 37 27 FAEHU. °]
A7 At} 17 100 m o]3F Ao A o]P E= v &S F
7FetoH, 100~300 m =4lol A o]F == Hl&L FHAs
k.

FELR WSl WE AAX Y FHAQ 94 ¥t |
o|ES Bzl e Qlth(Kooka et al., 1998). & &7}
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Fig. 9. Inter-annual changes in vertical structure of mean water
temperature during winter (Jan. and Mar.) in middle eastern coast of
Korea.

ol Fulo] AAst Welk 22 GelchEAol R (Buph-
ausiacea), 827 (Copepods), 23 o] 7 (Squids) 121 o]
5 (Mesopelagic fishes)E 43218}, =41 200 m o|s} FHof
AAste 22 AY HHe 2 Fael AAste & A
ARt Gtz Aol 7ol A4 v]go] &9t} (Yamanura et
al., 2002). ‘FHitt2 Aol f= A7k 2 FAHE Host
R Aol g Bl L=t (Brinton er al.,
2000). B9 W7t AAE A FaAL SR
3 B2l 3 S40| SARY QB Bu g} o] 44
She TR Aol R F7to] 2 AL Ro] BEalv, ofh
of B ANZ olFalE AN A5 LES Feh(Kim er
al., 2018). =3t 2OFA|2 87 (Oyashio Current)?] &2 &L
Aol 2 4% 2ol EE3HT (Taki, 2008), 45
0] & FEAL 3F (Kuroshio Current)?] gk

Aol e dHF LR 2o B2 450m 4]0l £

il
o
ol

=]
=
O

=

Lo fr

Pl
ok (Taki, 2008). F3l Agtell A4lst= dutthZAol{ &
P oR 23t Jio] W At dEF3lY =4 150
Bad EX3th(Kim ef al., 2018). o] 3 dulckZ o)
7o Hi A= WH e Bx 4T A (Miyashita er
al., 2004), e 9] FHA Q1 92| Wske} Fogt A 7
=tk (Kooka er al., 1998). F3ll F5F Aol A4lst= HHf E
g A2 Aol FE F2 sk, 53] A 27|71 A
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Fig. 10. Inter-annual changes in mean water column structures (i.e.
water temperature) during winter (Jan. and Mar.) along the oceano-
graphic observation line in middle eastern coast of Korea.

Aoz AL 35cm H|9k ZFONA A4 HlE&o] =t} (Park et
al., in progress). 20179 A& A 9] AZH 22 717 =¢to
™, B2 100~300 m =41 8] =22 7H 2kt o] ¢} 3
100~300 m <=4 o] A48k= 35cm v]gk /fA 9] v]&2 St
stglom, o|et A dupth A o) 7o) A4 HIEE F78HA
T} (Park et al., in progress). ©| A We] /A9 AZ A EX
HIH= AAA 9] 272 W3l FaFS wrom, A = o
7HA] 1 ge] AY E 5 & Aolzt wdE. =5 gH
o AANE #A4L B3l AAAY 28 Wl g &
3z Hskel HAgEH e BAE L] 3 Bt TE
e A9 AAA $Eke] 7|2kS ofsfisfiof & Aer we
"t

FAR A ES WA 27] Wste 3ae 4% s
et 54 wiske} @A ot % oH O FFE A
=t} 53] AF5AT o2 AT ool Hlg| ojdH= F
7F gt , widol AAY ojgul&o] &k (Lee er al.,
2008). & AFoA= BH vldoly &4 BlEo] ¥ 51
A5 EAEE ol&stg e, dolY ol Hlgo] £
7HET AZHoe AFAT ofdE ol &5t AsAY el

lr 2 my
=
M2 o



A2 7hAIY ojgulgo] FHole EF5HL & dFolAe &
AGE ARG B3 AFE ol AR HlEol w3 o]
A3 & Aol A vehd gE A 2719 A Heks o
ool o3t FFHT= ek AT &2 AH S 54
Hate] ol vrgH Aol Bt

S Fafoll MAste HEY F A 5 A4t
fe 2 dHA o, 53 oF2 *PEP%MW F3hd vy
o7t AT 4REE A FEll TF R EF LR 9
€ A7lelth. o] F Aed Asd NS e Al oA
LAkt 2 BAFSTH (Oh et al., 2004; Kang et al., 2015). §3],
Tl FRAG ASF F20] 2 B4 A5 35em ©]
st AAA7E AAISHE HlE&o] 718k AE HE S4& Hol
o], ol 23t 22 WA A HE BF2 T3 A% =74

27 543 B UtH(Oh er al., 2004). ab}a} =3 4ot
o ASHE= T2 @S T8l Bt L&, 1HY 5
3o JFF-L ¥H=t}(Cho and Kim, 2000; Kim ez al. 2018) u}
W AERYe gy #2945 ot A9 Ye 5r Hop 2

It GRo] U1 ALV} =L BIGHES9] RS vt}

(Kim and Min, 2008). ©| 2|3t 3t AR shA of
& Ajgo] SA|5kH, A%He] 100 m oTﬁfﬂ; w2t Fafet
FTHE Z 97 A97A 2 Alge FeHH(Kim and
Min, 2008). o] 4 AE5H 53 dAte] 44 100m ©|s} =4
P HE A4o AT E2F o] 24YEHH, o5
EIRERY AlY 23T} A Rt A F3lgE n]4 o
Bel= AT ARS fd Sl FF 2 25 Ao dgdt
3= EAS YePHTH(O ef al., 2004; Kang et al., 2015). &E
t 7N 2719 ?__rﬁi H & A8t A9 TR A

F IS UE ol Ed A7l & £X 5419 W3t
A 4] 2] 9 Eﬂlﬁ 3H W3t} ojo wE HE Y 3§ A=
A7), ol BE E29 T AAA 9 £, FETHE E4
H3Le] gFol 2H-g-3t Aol weETh

i

W SLors

o OF
B =1 =

2 AF3E 53 S5 Aol AAsts g A7 Exot
A 2719 AF & A7F HsE B35 2016W 195

B 2018¢ 2¥7tA] A H Hef 7HA Q] A2 16.6cm~81.5
cm HYE el e, 50~600 m Ato]o] SAltoA o

gE At o] F 25~35cm IFo| ARG &L 45.5%,
35~45cm T1Fo] AR HlEL 272%F YERY

Hl&s AR B A2 19l 7 3231, 68 7HE
Zgron, 64 olf Qi rkeke ARFY] W §4& U
EFfgict. 25 cm | TE 1F-2 100~200 m 4]l A3k H]
&0 ALE 7HE o9, olF &, AF, 7IEole B &

efol M 27| W AEEE SN 157

& TR F AAAS "MFFst 400m o) AolA A
A3l= H]E&O] 40% oS XA 25~35 cm@} 35~45
em A 15 ALH A7 EXE 400 m ol AlolA A
Ahs H[&o] 45% o] 7IESIHeH, B3 ogole 2
o ¢ G0 Z AMAAE Wstete] 200 m BT 4]0
A A Ashs Hl&o] ST o] % TSR E = ThA] A4
st= A 7F oA 300m o4 49 HEo] FUl8kAAT
45cm o A 15 FRE A WS UsA &
om 300 m o FAolA AAse Bl&ol 7HE EUT o]
2t Bee] A2 Bxe AAAY B84 &7 W3] o
FE Weth 59, 43R F2o] AL $L2%F of
100~300 m =4t &) 4=2o] 333t Al7]ol= 300 m 0739
A2 FAdA odEE e dad W, 20] 5P
gt 100~300 m A4 o E = Bl&o] F7lstAATh.

E AFE 20209 AFFAE APoR sFpataer)e
AL 71 G DAY, MICT 7]9k g =4k
B

8% 2] 714 AT FASATEY FANFATAY
(R2020026)¢] X 9-& Wro} == gL},
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