FE-1- B o X

wE pdg A9 O - frHEfR oA
Fevk e e R REI Mk

M AKER KB B

%N B R

= S

20045 6 H



Wi WG EA O BN - fFHER
RS AR 2 BRBETHO) B
% kB
o] Hre ME W ABM RO KNI
20044F 6]

AkgEol PRE F-LEMY SIS R

% 15} o

Ml

- .

QT
LS

=

PN PN

2004%F 6J]



Distribution of the Eggs and Larvae, and
Catch of Anchovy, Engraulis japonica,
and Its Relationships with Environmental

Factors in the South Sea, Korea

Seung-Jong Lee
(Supervised by Professor You-Bong Go)

A THESIS SUBMITTED IN PARTIAL
FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE
OF DOCTOR OF SCIENCE

DEPARTMENT OF OCEANOGRAPHY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

June 2004



LISt Of FAGUIES rvvrerrrssemrssiemssiseisse it i
LISt Of TADIES «ovreverrveremrereaemessiemesieseses ettt et ssisieesenseeseenes s saen s vii
R O e ix
SUITIINIATY ceveseeesseeemssoeesssssmssses s s e Xi
LA A B s ]
Lo S TR HE 72 e 1
2. G E0Q BB L O] B 4
3. x99 B L AEA BA 5
A, O TEE A e 10
A2 A E D HFB] 11
1. - RO FAF S 11
11 AFENE D FHRE 11
1.2 AFNE BHAG 13
13 AFET SED e 13
2 W - 2R O] A D OBEA s 13
D1 A A G 13
2.2 ZPAVHFE s 16
2.3 AL EL A E] e 16
B B 7 17
31 5L AR EZA s 17
32 S EAG Z A e 17
33 BRI AE A A 17



34 1A A B e 18

4. ZF 1Y) G A AT oo, 18
41 TFFFAL S e 18
42 A= 0] HEG e 18
4.3 ZA A ZAAb oot 19

5. B GO TZ]AF e 19

6. BINY BUBE o 21

7. BE] ABAFZE e 23

8. Al T s 23

0. FEAHIEA] e 23
.1 Ttest THAT oottt et e 23
92 HAAT FHAEA e, s 23
0.3 AFTFELA] Lo 24
9.4 TFE BT EA] oo 24

A3 Z Th e 25

L AFaE 2 2 FRfgedMe dx - Ao Bxo} A3

O] T ] ottt ettt en s 25
L1 AFad 2 a2 FHsgddA e i 713 BFFE . 25
111 € - G B Y e 25

1.1.1.1 AFE 2 FHAD s 95

1.1.12 AlFE BEIY e 31

1.1.1.3 AlF1E SEY s 33
112 9240 359 ZBZYAE BT e 33

1121 AFNE D FHEMG 33

1122 AFNE BEIPG s 37

1123 AFNH SEEE e 41



1.1.3 7] AF oot 44

1131 AZAT BEID e 44
1132 AFMEH BHAMG 47
9 Wb« ZFA] O] B s 50
121 AZEME 2 TG oo 50
1.2.1.1 U]—l.x_!]_oﬂ 19 3= . zpz]of 9 ZFEE U 50
1212 819 - R O] O] BEIE e 50
1213 W] HATANE BT s 55
1214 AR AFHE B 60
1215 QZZ2 R B e 64
122 AZFANE BEEBRD s 68
1221 % - Axole 98 ZHZLE W 68
1929 W« AR 0) 0] FHEIE o 72
1223 o] MFAIER A BT s 72
1224 Ax10]9] MFH EIE 75
123 AN FHEBNG oo 77
1231 - Axolel 98 2@k M3l 77
1232 K« 2 0] ) FH B {0
1233 O] SEABTRAIM B I e ]3
1234 A 012] AT BT o 83
1.3 Ax0]) 8 FAAT 90
131 A ZE HED s 90
1311 3B MG TN oo )
1.3.1.2 & B A s 94
132 A22 o] ZABH B 94
133 A3 Frmejule] B a5
1331 A=din 47 D F7)F I 95
1332 malAR=e]u)e] REFE] WB 98



14 - 2R o} F b FATS] TA o, 100
141 e B¥UEe £ - A8 A oo 100
142 zAAoje) BRI Aee} £ . ABao] A 102
143 - 220} Bxo AN EA LA i 104
1431 &3 AFa@3 2 FHHD 104
1432 AFMFH BRI e, 107

2. = G dA A A AE s 845 BA s 111
21 SElube} G 7)) A ZIEE e, 111
211 7] AF 01 e 111
2111 7] e 111
2.1.1.2 TFEEE e 111
2113 T e 112
2114 AT SR I oo 112
212 AEE FWABE A e, 114
2121 7] e 114
2122 #5 Q. HE=Het g . Zor e Mek 116
2.1.2.3 <& QN JENNATIONAL UNIVERSITY LIBRARY o, 118
2124 2 UIZF I oottt 120
22 T B8] IO ATIHE e 122
221 F& - BB e 122
222 A FHAH A e 124
2221 o e 124
2222 G E e 126
2.3 WX AAFEEO] Z7)HIE e 129
231 W HE ABAFZE M BF e, 129



234 QA G BBh oo 133
235 AW @R BAZE FT]HE 137
23571 7] MAET O Q0 woovvererrrereersemmmmenmmemmmmmmmsssrsrerserers s 137
2352 G 0 Q] trvrreinee 138
94 WA AAFZET BT THA e 142
941 ENSOSHE] THAL oot 142
242 ARE AT} FA QAT FHA 144
2491 ZIMABT O Q wovrevrerrvererermemsirmmmmemsmsssssserees e 144
9429 S ZFEF O] Q] i 146
243 ALH AAT Z719 FHAEA S 148
9431 283 53 Ao BAEA s 148
94392 AAbeko] ThaF ThE B A BA s 155
AATE TL Eb e 160
I =R [ PRSPR SRR PR 202



List of Figures

Fig.l. Map showing the sampling sites in the western part of the
South Sea included Jeju Strait, Korea. oo 12
Fig.2. Map showing the study area in the northern part of Jeju
Strait. Monthly sample were collected from May to
November, 2002 and April, 2003, o 14
Fig.3. Map showing the study area in the eastern part of Jeju
Strait. Monthly sample were collected from June to October,

Fig4. Diagrams illustrating of cross-sections through the
pre-caudal region in anchovy larvae. .o 20
Fig.5. Map showing the meteorological data observation area
(black circle) and water temperature and salinity observation
stations (dotted points) by NFRDI in the South Sea of Korea
FEOM. 1971 10 2002, wovooeemoeoreoeeseseseeeeeeesesesess e 29
Fig.6. Horizontal distribution of water temperature (T) and
salinity (%) at the depths of 10 m, 20 m and 30 m in July,

Fig.7. Monthly variation in mean water temperature (TC) and
salinity (%) in the northern part of Jeju Strait from May to
November, 2002 and April, 2003, o 32

Fig.8. Monthly variation in mean water temperature (T) and
salinity (%,) in the eastern part of Jeju Strait from June to
OCLODET, 2003, - oovveverrrs st 34

Fig.9. Mean chlorophyll a concentration of each sampling area n
the western part of the South Sea included Jeju Strait,
ICOF@AL wreveeveeeereeeee e ee et 38

Fig.10. Mean copepod abundance of each sampling area in the

western part of the South Sea included Jeju Strait, Korea. --- 39



Fig.11. Mean sagitta abundance of each sampling area in the
western part of the South Sea included Jeju Strait, Korea. ... 40
Fig.12. Monthly of mean copepod abundance (ind./m’) and
chlorophyll a concentration (ug/{) in the northern part of
Jeju Strait from May to November, 2002 and April, 2003. ...... 42
Fig.13. Monthly of mean copepod abundance (ind/m’) and
chlorophyll a concentration (ug/ ) in the eastern part of Jeju

Strait from June to October, 2003. .cccone. e 43
Fig.14. Monthly changes of precipitation in Chuja-do and
Bogil-do during 2002, «eeeeeeeeeeerieiessesesseeereeeness oo 45
Fig.15. Variation of the average wind speed (m/s) and direction
( °) at Chuja-do (A) and Bogil-do (B). during 2002. -ecvveeene. 46
Fig.16. Monthly changes of precipitation in Keomun-do during
D003, v reeeeeree oo eeee et ee e et e oo 48
Fig.17. Variation of the average wind speed (m/s) and direction
( ) at Keomun-do during 2003. oo 49

Fig.18. Horizontal distribution of mean abundance of anchovy
eggs and larvae at the depths of 10 m, 20 m and 30 m in
July, 2001, .. B e kst eken s sesnenas 58

Fig.19. Spatial distribution of anchovy eggs by developmental

Fig.20. Spatial distributions in total length frequency of anchovy
1A5VAE 1 2001 coereeeeeee oo 65
Fig.21. Spatial distributions in total length frequency of anchovy
LAIVAE 0 2002, oo eeee oot 66
Fig.22. Spatial distributions in total length frequency of anchovy
1AVAE 111 2003, wereeeereeeeee oo eee et 67
Fig.23. Vertical distribution of anchovy larvae divided into two
size groups as time Of day. 69
Fig.24. Monthly changes in mean abundance of eggs (No./10°m®)

and larvae (ind/10°’m®) in the northern part of Jeju Strait



from May to November, 2002 and April, 2003 - 70
Fig.25. Horizontal distribution of abundance of anchovy egg and
water temperature in the northern part of Jeju Strait in
D02, w-reeeeeeeie e 73
Fig.26. Horizontal distribution of abundance of anchovy larvae

and water temperature in the northern part of Jeju Strait In

Fig.27. Monthly and spatial changes of anchovy egg by
developmental stage in the northern part of Jeju Strait. oo 76
Fig.28. Monthly and spatial changes of length-frequency
distribution of anchovy larvae in the northern part of Jeju
SUEIAIL. +vvereeerreememsssssseeseeesessses s aes s 78
Fig.29. Monthly changes in mean abundance of eggs (No./10°m?)
and larvae (ind./10°m?) in the eastern part of Jeju Strait from
June to October, 2003, e 81
Fig.30. Horizontal distribution of abundance of anchovy egg and
water temperature in the eastern part of Jeju Strait in
DB, eovrrereesseeesoesesoe e e 84
Fig.31. Horizontal distribution of abundance of anchovy larvae

and water temperature in the eastern part of Jeju Strait in

Fig.32. Monthly and spatial changes of anchovy egg by
developmental stage in the eastern part of Jeju Strait. -.oooeer 86
Fig.33. Monthly and spatial changes of length-frequency
distribution of anchovy larvae in the eastern part of Jeju
SIEIAIL, «ovrvvreesesneeeseree et ereeen s eseh e 83
Fig.34. Logarithmic plots showing relationship between total
number of fibers and total length in anchovy larvae. ............ 92
Fig.35. Logarithmic plots showing relationship between total
cross-sectioned area and total length in anchovy larvae. - 93

Fig.36. Microphotographs of myotomal muscle fibers of anchovy



Fig.37. Scatter diagram of anchovy egg abundance (No./1,000m’)

On the TS dIAGTAML oo oo 101
Fig.38. Scatter diagram of anchovy larvae abundance (ind./1,000
m') by the body size (TL) on the T-S diagram. -..cccoovromnnnnn. 103
Fig.39. Interannual variations of climatic factors in the southern
region of Korea from 1971 to 2002, « oo, 113
Fig.40. Annual changes of air temperature anomalies in the
southern region of Korea from 1971 to 2002. oo, 115
Fig.4l. Annual changes of precipitation anomalies in the southern
region of Korea from 1971 to 2002. .o, 117
Fig.42. Annual changes of wind speed anomalies in the southern
region of Korea from 1971 to 2002, oo 119
Fig.43. Annual changes of relative humidity anomalies in the
southern region of Korea from 1971 to 2002. oo 121
Fig.44. Interannual variations of surface sea temperature (SST) in
the South Sea of Korea from 1971 to 2002. oo, 123
Fig.45. Interannual variations of surface sea salinity (SSS) in the
South Sea of Korea from 1971 to 2002. oo, 123
Fig.46. Variation of sea surface temperature (SST) anomalies in
the South Sea from 1971 to 2002, oo, 125
Fig.47. Variation of sea surface salinity (SSS) anomalies in the
South Sea from 1971 to 2002, oo 128
Fig.48. Fluctuations in annual catches of total fish and anchovy
in Korea from 1971 to 2002, « oo 130

Fig.49. Fluctuations in percent composition of anchovy catch

compared with the catch of total fish in Korea from 1971 to

70,022 130
Fig.50. Annual changes in anchovy catch by each sea area of
Korea from 1971 to 2002, oo 132

Fig.51. Annual changes in percent composition of anchovy catch

_iv_



in the each sea area from 1971 to 2002. oo 132
Fig.52. Composition of anchovy catch by the fishing methods in
South Sea of Korea from 1971 to 2002, o 134
Fig.53. Interannual changes of anchovy catch by drag net and
drift gill net fishery in the South Sea of Korea from 1971 to

Fig.54. Monthly frequency in mean catch of anchovy in the South
Sea of Korea during 32 years. e 136
Fig.55. Annual changes in seasonal catches of anchovy by drag
net fishery in the South Sea of Korea during 1971 ~2002. ... 139
Fig.56. Annual changes in percent composition of seasonal
catches of anchovy by drag net fishery from 1971 to 2002. .. 139
Fig.57. Annual changes in seasonal catches of anchovy by drift

gill net fishery in the South Sea of Korea during 1971 ~

Fig.58. Annual changes in percent composition of seasonal
catches of anchovy by drift gill net fishery from 1971 to
KD, ceeeneet et 141

Fig.59. Interannual variations of the annual SOI anomaly, the
annual SST anomaly in NINO 3 and South Sea, and the
annual catch of anchovy from South Sea. - 143

Fig.60. Horizontal distribution of SST anomalies in the cases of
the years with bad catch by drag net and drift gill net in
the South Sea during WINTEL. s 153

Fig.61. Horizontal distribution of SST anomalies in the cases of
the years with good catch by drag net and drift gill net in
the South Sea dUring WINTEL. o 154

Fig.62. Interannual variations in the observed values and the
estimated catch of standardized values of drag net fishery
and drift gill net fishery in the South Sea of Korea in winter

by the regression equations shown in Table 20 and Table 21,



TESPECEIVEIY. vttt 159
Fig.63. Schematic figure showing the expectational movement of
anchovy larvae in the Jeju strait and its adjacent water in
SUIMITIET. - -veeeeeeeeieietee ettt e ee oot 190
Fig.64. Schematic diagram showing the effects of the early 1990s
climatic changes on Pacific anchovy population in South Sea
of Korea during WInter. «..ooooeeeooororoeeoeecersoeeeeeeeeeeoeeeoeoeoeoeoeooooo 20]

_vi-



List of Tables

Table 1. Sampling information performed in this study ..o 15

Table 2. Mean water temperature at each depth in the study

Table 3. Mean salinity at each depth in the study areas ... 28
Table 4. Comparisons of mean abundances of anchovy eggs and
larvae collected by a Bongo net with two different mesh
sizes (333 im and 505 m) in July 2001 oo 51
Table 5. Mean abundance of anchovy eggs collected in the
western part of the South Sea included Jeju Strait, Korea .-..56
Table 6. Mean abundance of anchovy larvae collected in the
western part of the South Sea included Jeju Strait, Korea --.-57
Table 7. Mean abundance of anchovy eggs by the developmental
Stages iN the SLUAY AT - 61
Table 8. Mean abundances of anchovy eggs and larvae collected
in the northern part of Jeju Strait from May to November,
2002 ANA ADTlgg 2003 g g aas-osgse s g ssgionsoverssreresesesmesssnees 71
Table 9. Mean abundances of anchovy eggs and larvae collected
in the eastern part of Jeju Strait from June to October,

Table 10. Linear regression analysis of total number of fibers and
cross-sectioned area on total length in anchovy larvae ... 91
Table 11. Developmental characteristic of fins according to the
BOAY SIZE (TL) erroeveiereiomsimssoess oo 97
Table 12. Development of caudal fin in anchovy larvae ............. 99
Table 13. Correlation coefficients among anchovy egg, larvae
abundance and each environmental factors ... 106
Table 14. Correlation coefficients between the abundances of

anchovy eggs and larvae and environmental factors in the

= vii -



northern part of Jeju SEFaIt oo 108
‘l'able 15. Multiple regression analysis to determine the variables
(X) effects on the abundances of anchovy egg (Y1) and
1ArvaE (1) oot 110
Table 16. Correlation coefficients between the environmental
factors and the catches of anchovy by drag net in the
South Sea from 1971 t0 2002 oo 145
Table 17. Correlation coefficients between the environmental
factors and the catches of anchovy by drift gill net in the
South Sea from 1971 tO 2002 oo 147
Table 18. Comparison of environmental factors between the cases
of the years with bad catch and the years with good catch
by anchovy drag net and drift gill net fishery in winter on
the SOUth S€a, KOT@A - ooormeeorereeereeeeereeeeeees e 152
Table 19. Multiple regression analysis to determine the
component effects on the catch of anchovy(Y1) by drag net
in winter in the South Sea from 1971 to 2002 .o, 157
Table 20. Multiple regression analysis to determine the
component effects on the catch of anchovy(Y:) by drift gill
net in winter in the South Sea from 1971 to 2002 .o, 158
Table 21. Comparison of chlorophyll a concentration in South
ST T e xS 161
Table 22. Comparison of copepod and sagitta abundance in South
S€a, KOT@a w-rvevvee ittt 163
Table 23. Comparison of anchovy egg and larvae abundance in
South Sea, KOrea oo 168

= viii -



A2

AEaE 2 o FHsldd A 2000d%E 20039 Aol 337 B
g Apxole] ¥Esh 1 R¥ol A% wlAE AF8ISIe) B
|2 RAshloh Ea 19719RE 20024747 3293 sl Walel
A% WE FuE sl4 D galel S wat Aol wAw ¥

X,

15C oldel B W Agtsidul dFxa FE7

A& o] weokg qdord RIoA F2 Ade, AvIHoRE
R oz wiho] ofstn el B oFHel YTHoR Ay
e Aoz FAAG Fx AAdEL F9sHol g WAL
FF 20T o4 uFR, 32% oldtel AgE 22N HFLa T
7b i @7bF7E BRE sl wol RS wekd AT
g2 a2 Faddele T2 GFH FAS Addelt ¥ Y
ol A Abgtsjo} R WX A EL 4 Vet A¥H v
AX MolBE g stv vF2urt ARswAM AF daF fHFE
oz olFslel olXg AfFoz TR Ut Aor FHSHU

F717E dele) BA AR WER V1Y R HF dsete] AAE
BAZ Az B Aol wls) A Wk Fel FIHUR
1990 il SolMFE feuEt Firel A

T W= A5He2 Y4
AT olA7IRH AAAdY oAgH FAE ol 4T ATH
g Aol st Fvbstdth d2HoR 19908 A

of -2t dyel sle e o

9
:oxl‘:
r
ro
0%
ol
io)
i
flo
(o
o
o

_ix_



e HoldE T7hst 2 FA JlA A /s
" A7I7F sol A Adgo] T4 Ao gdAc

70



Summary

The distribution of eggs and larvae of anchovy, Engraulis
japonica and its relationship with environmental marine and
meteorological factors in the Jeju Strait and its adjacent water,
were investigated for 3 years from 2001 to 2003. The
relationships among the long-term variations of climate in the
southern part of the Korean peninsula, and oceanic conditions of
the South Sea, and the wvariation of anchovy catches were
analyzed using the time-series data for 32 years from 1971 to
2002. Egg density was high in the coastal waters and in the
vicinity of Islands where water temperature was over 15T,
chlorophyll @ concentration was high and zooplankton abundance
was low. Larger larvae (> 150 mm TL) were abundant in the
area of high temperature (> 207C) and low salinity (< 32%0) with
lower chlorophyll @ concentration and higher copepod abundance.
The main spawning season of anchovies was summer when the
northwesterly wind was weak and precipitation was concentrated.
It suggests that hatched anchovy larvae grew in the coastal
water until the size reached over 15 mm TL, and then larger
larvae moved out to the offshore in summer. The climatic
conditions such as air temperature, wind speed and relative
humidity in the southern part of Korean peninsula have been
shifted to be a warm regime in the early 1990s especially n
winter. The SST in winter in the South Sea became consistently

higher since the early 1990s. Winter catches of anchovy has been

_xi_



increased from the early 1990s for drag net fishery and from the
late 1990s for drift gill net fishery. During the vears of high
anchovy catch in the South Sea during winter, climate conditions
were characterized by relatively higher air temperature, relative
lower humidity and weak wind speed, and by higher SST
anomalies in the South Sea. It suggests that the increase of
anchovy catch in winter seems to be caused by an environmental

change in connection with a warmer winter since the early
1990s.

- Xii -



FxF, Hoj R, FoledF, LToAHF T2 HREHE %
Bso A AA Y FEASA BEsE oFEEM w4
AAA e 7)o Bio w2 H(FAO, 2000) 20000 d =] d Al
o7 ZF "g"]"j’t-f] 11.3%°) si2ste= o 10,719,000M/To] Aitd A
=2 AA o kel FAACA ojEe] AAstE HFL A
ot UM E olgd FAHEFAY AREY AdFe] AT
of Zold Zvlate FAME Rolm ov o|Fo i LI o
Ad@gEo] olFolAWA olyl ASo & K& @3ty Art(HH}
o], 2000).
ol gt o] EQ x| (Pacific anchovy, Engraulis japonica)
saivete] RE sdo BEEaA F2 Fda) Aol Folol
AElo] 9on o AP vttt FEI Friste FAE Hel
T QoCE S, 1980; & 5, 1984 w o], 1991 3} o], 2000). H
of tElME FARE - xHoe BEMRIA &, 19770 B,
1983), Arek(H 8k 71, 1988, A7 7, 1992), 4 F(U3 7, 1986: 3,
1990), A (k2 2}, 1995) 5 AE, AT EokE Hl%fi}oﬁ o] %
=, 1998 ole} 71, 1998 At 7, 1999), A E(T} <L,
1965, &= 7, 1977, A3 4, 1991; &3 &, 199; Kim and Lo,
2001) 5 Y3ty Bopo o272 B AFEo] ofFoH &k
o}
gdurd oz it AxolZ YHEHE oF Z7IASA #E o

ol

oft rir

2

Aty

H4(



oX
A
K

T AR Fuel dueg, 27144 4Ad,
49 5% FHOR FWY A7 AAHo| g} 55
QR vlAE BARA BF APE FF g

L84 LU G4

(s3]

1 AA
AR A FAA ) ATE F2 HFY FH B
T =ddQd A8l FHE Fol =9F REC A yREor}

(7, 1991 Fob A, 1998, 23 f, 1999; A3 =}, 2001). 22t &

Gd fFeAsel AR B A48 Am, AAJ ol
A wet frdseel YYD ol Mg GHANE BE
Pl o7t A4nnz AX g 2AHA AV A

ol QoA AolEel Azl ARl glo] ddael o
xetel dele) 71443 S olme Belo] YA
A A AN Fehs AETE o] Fol Mo} & Holth. ol

Hseto] zpxjojo] F a9l SolME FAMEI o gEH 37

g ook

2

|

JES H§gHoz vgstdar =93 ‘/}7P°]E g Zolth

Hale A g M2 o2 33t digaEs gas
MBS vl 7t 258 fAste AHE EAHL AU
o2 4#A gldh(Bakun and Parrish, 1991; #2#, 1992; #yA - i
K, 1999). ol d AHlA B EFsn gejolA BxEo] 3
drgtol] oA Hgstn ofuldt AAAALES Han Az
Aol daiM = ob AR ApME SRR kgt EE Ex
e zbx o)l FE W AEC #}AHQAE0 0w AFS 71

SO

Ik



A=Al e =

HlFo] vl Eoe AL AANS

S 271ARAL A7) olM ol5e) ¥
SEENEED
9 AAHY DS S8 A

o8] 9
el BE
% shitoltt.

g A FEHE

(EE LR
sholl & o 43 e A 7}
& o] FEEd
P e o
olz <& o7
(Graham, 1995,
Taylor, 1993).

Aeldoz S
WAool o] t7]&
o] % 7HChoi, 2002

2ol

Montevecchi

70% °)’FS AA 8L
& 2o 71 FWstel 9FS
a g o 7HA = =
Al T A

A7)
ol 4

¢ AZA A8ty

d4AE Tt

o)A Ho Ed 7)Fe Wz <l

| 2ass 5 AT Y

[+

715 4 2 7}
8} o3 4 e A 2}

and Myers,

Fakdell A A 7F 2R 8k

A4 HeEe shet
o
=
}

H
2

A7) WEel SFel &

o

c g ol 3

1997, Planque and

o) 1=
AA L.

S-grtetef M 1990

L7} At (Kwon et al., 2003), 854r-dy

3k B &dskel %

4571 Feial dehtn 9

ou] olo ulgl Astale] F&A5(Hahn, 1994), $EEFH=AE &%
Mee] ME(ZT A, 2000, FL& oFe ofF W T, 2000) T
Seubel 7| FA Ao Wstel wE Adsle) sid R AT v
stz 9lgo] wa A3 gtk ol d W] FEate] Hitel oA
2 dAgAgel o $yve FEAIES FHeR BVt
14k 2 oS3 Wstel wet i AelATE oA rE&E=Ael o

3 g A7t o] FoA
al., 2000; Kim and Kang, 2000: Zhang et al.,

2 tHKang and Kim, 2000, Kang et

2000, Kang et al,



2002; Ginger and Kang, 2003).

Hayashi, 1966) ol Sl $¥st 4 Zzlol wmeh wa) dejAsel

7} olgEnh olsh ol WA FANARA - AHFHoR

FRE 8L BUHD USlE YTHD ofAAA wajel @3
dgez JFASE TR 3712

of @A) daAN olEe MehH 54 52 F¥3 weisto]

FAROR wo% AFE Ao BFY AHoln

rE Ui

:__l‘
¢
o
o

o[ o
e
ot
L
(1%
>
R

I

ol
pe)

2. Fal e o3}

dals dA FH o] oF 75000 ki, &3S o 7630 kr HER E9)
o el wlal 2 qtR7F AN AF R FuEe 2doR

Al AEHR Ed3 e ok Fajo o] Jas vxe=
HEAQ] FHZe FEAQ FERE Basle] oxdre AF
E Al % £ didad e AH SHE f9HE dinhdREF
THAUE HF Fdol o3 FAHE FTRUEFALSE, YohdE
of dR7F AFE FHE AX Flz FUdHE gt e

g9 F - AF Xt £ 10T olatel FaF

o2
2
ol
o%
i

Falctel EAss TH AUS FRUFALF & B & o
W AREE o £HEe Aol AR ol wolu Waje 3



35 Frstn QAuh(E, 1985 Pang et al, 1992; 1 &, 1998, =

E1A
olg} o] Fale A" wWE B 3 SR ds F,
2 g 3Astn ¢J=d(Kim and Kang, 2000, #,
2003) £3] dale v AA FE ofF o oF 70% ot =d
& Arz ofF tgdAol ul$ Ee ok, 1982, A o,
1994, 73 1, 2003; ©], 2004). L3 Fale FFol AT st
e MZo] Estn wiEd oivfdRe dFgo Jd vt A

44 o FEol Ma}—t— gA0 o2 AR HRHE FL olF
HEg gAE Ao RAE 8% 432 stn Aok olae o
A oz s Fu ana Qe AGEE B oF F 2

ol Al AAElE Bl &S 1980t HE 70% °l%, 1990 thell = %
& 80% ol (A, 20000 AAT A= Fviel FAP AN
_7]i

a7t gt e Hl%——&— o}% e} olwo] Al s

b
==

AEE A3 54T, 1998) 224 4:*&3}?4 7}i17}
o

ERL I sy
@ oA Aol T3 e UurAl A A SAS dsi dAA

2ysleld Rud ATSS wRoz Aeld wu tew 2



D $eivet Fasoels Wxe) 2xa

Seltket aalol M AR @xe PE L oA GA HB
of wet tha Aot & & Qou ANHoT ALHI 1~2%e
ol detuA ol A AR F4 AXa el s YEsH)
b BAQ 39 Feol BEE@M Ba Addoz UaEHA AF

stol dalel ol 32 YAsT LA BT Gk o714 2

r\r

s, G908 BAARY ol Fe 124 3
3} AFE Aton WaES AT 5, 1980 TAFAUER,

St H A9 AFAI7) = 3~119, FARYE 5~7H2 g A
£, 1977, Hek 73,1988 @A, 1998). 181
12 cm °]3tY] A= =5FYH A5 AA 2~-371€3 A
Foste Aoz FAET ATk Ao A& 22~044] Abele] F
2 ofgtell dojupr(piT, 1981; ke ¥, 1983; Kawaguchi et al.,
1990, A= 7, 1992, #2h) &, 1998) EFHEH 20 m 7% Alojel A
Abgol ol Foj A ar Aok - 5, 1981, Iseki and Kiyomoto,
1997; Akt <%, 2002).
42 g wigg Atgele g A "9X9 FS 6,000~
260007 B=E 2w MAZE AY 90%E AA gon Aol
A717F 11.9~138 cm Ate] 7RAIEE 7,300~35,00070 (3 & 2391071)
S ARRSH O - 210, 1962). T A & wield AW F Al



s ok 300007M2 FAHDT Yedl(skg, 1987) ol Heidb d
%\ Engraulis mordaxl A= thZ 20,000~30,0007} 2 Z 2 (Stephen
and Kucas, 1988)511 910} N2 At A3E R F1 Ao +
guel B g F viele) TEEE 23000~315000709 W=,
Au vAZ drAdxe F2yyE FAHE 13 ddTFe 187~
82237, AF 1 g7 AdF< 276 ~69770(H F 4387W) 2 R o
Aok = 7, 1992).

WaE 7 Ags) Bohel BE nAoR Ade wEste oI
dol M ArdAY Foof wgstel AFLAE A7 2 dE
AR AASIAILE) DESANE 2717 Fe G wol A

UGN E L o= Zﬂ*g*“*a*—% 2w Qe Aoz FHA AEI,
1987; #A, 2001). 1319 Atgyg AduE, AANASTE £E
o] 9] ¢ ﬂf‘ﬁ"“’lb} Q2 aoE J3gg wol uFold
A Ert Fo, oo o] wow AAA

I
i
)
r{o
-hl-n

e B
k)
i)
x
i1
r=

B4, A7

QR dxe ASAAHAE 75~100 cm, Ha AEATL oF

FE 4
ZAqao] QEstels ARS Holx T, FAe FuUHB Ul wt
gt A&l MEst & oF & ATHGEE, 1969: Mt - A,
2000; M. 2001). FHe AS Ab@z7I 4~69elE 10 cmol¥
o] AA7F F2 Atgte] FAse} 6~8¥elE 10 cm "I 70 A 7}
A Aol #Hojstn h(H S A, 1988).

3) "o A
BAe moju AA, MaAseds] 94X, Feoly ol WEFm



g2 T 34, A9F £F Tol w Aol vtagn
Ath(Hayashi and Kondo, 1957, =7%, 2001). ®x ¢ 4$xH3 2
gtol] o]27174A 9] 422 A Aded e e wal ajo|=
Hol=d Faighat B g Hilo] 285E AHe 5-69
SEAMAE GE 47d, 7~8Y AzhAle HF 3298 ERoy
295 o B Aol 2853 &S ¢ 5 9k, 1992)
A kA ole] Hgge] i drdne drxnid Mz ge
ATE HAFa gled zAxoly o4 S AT dAys Aug A
HEY, A AoA7dqEe A 44 gkt 2po} F 7]}
3 ] FrHog Fopx
= AREAE veErdtE Aol WA tHTsuji and Aoyama, 1984;
ik, 1985). EFF ib(1985)0ll olste]l B zlo)r]e) A M 18~
19 mmoll R=HE 7R e 2709 2 Ao 7gts Zlo] BaEs
H B4 A4EE = 18~19 mm oA E 069 mm/day, 1 ©] 39
M 04 mm/day7t Hla Qi ZuA dx] Zxojd Aew U

i
L
Ar 2 d

FT O 109 ABolE Aol 92 mmel Getn AALFES 061
mm/dayE 21, 209 AHole A Aol 151 mm, AAAFE 053

mm/day, 30¢ ez AP 197 mm, LA AE 0.37 mm/day, 40
d Bel= A% 228 mm, YLAFE 023 mm/day, 50¥ ol A
247 mm, dYAFE 013 mm/dayE YER} o] w el 8A}
T FEES BAFa izl 1990).

A Aol FHE 2~-342 A gded "xe Ane
Hayashi and Kondo(1957)9] o &7}& AT wdo 7]x3d
PR, 79l eloidt A= oS 196l 2 65em, 1 o}
w3l 19el= °F 12 cmell @i - Fm, 2000). E3F @x)=
MAsl el Aol wet Fgzielrt Mstmg wFoz 2409 3
Aolg TReE AL =y Roz Ueid o



4) B e} Aol

duizog Wi HojEe AHoPHe NE: Y FFAE LA
2939e A9 FobdE Ao oWy Bo|7lE AW iy
B ojza Mozt F& o)Fvha delAH UTHO' Connell, 1972;
73, 1985a). Ak ZEA o Al71e] BAE Aelvo] FEE T
A ®ate] AN AREGHIE W] WEe] AHAHL AR
b Edstng gy zotre A9 HolE she AL

({075, 1985a - 1985b). o2 3k Aol Hw4k HA Ao (Hunter,
1972) == o] &(Theilacker and Dorsey, 1980)%5 2] Ax]ojo M &
FEo2 Yz girh EF B AAojEL oftRYe FE T
Zhollgk R Moz Holg Hatxm Aot dA J(ftr, 1985b).
X 27kx "z zpxjole] A A #HE BES AT7F ol FAA
stou] oleldt AFATNA A FEHA AAE BA A} A
Tlol dolAe 2747 3 fFAEC] o5 FRF Heoldol H
3 QuhGAME, 1971; Arthur, 1976, & - &K, 1984; Myl 1984
Ochiai and Tanaka, 1986, =#%%, 1987; fuf¥, 1988, =3} 2}, 1995
Uotani et al., 1996; Hirakawa et al., 1997; JI11 %%, 1999)
s, Wx zxolel HolzX AFEHAE FolA dURZEFIL
ool zoje MEY ARES Y & 9\11]‘3}( %,
1988) o] Eo] W9 F& Ho|o] HAE X 23]z & - F
of NEZgaE ZAd wE 27tF AW FEFH o] JEF
A% Q2do] He Fo ol 87 Fo s FAHSA
o] Aj7]ol WAFE WS Yolol§ 7H5A(food availability)&
-3t 7lsel d BoUH F, 1999).
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A2 A7 2 Uy

Lok AH o} 2AH
11 AFsd 2 Fas9g

AFAP e 2ee 21 Faddel doiMe] BA - AA X
= 2001d 793 119, 2002d 693 114, 20034 108 5 2 53
of A AFUE ZAHLFA oletz g ol &5t TASAT.

2 AR e 2AES F 10709 slges FEst] 45
th(Fig.l). AFAFA~Da )L FiglaXHy AFEE 7IF22
o] BAWFORE AFE FE $E FIHFU27° 000 E)FH

AEE NZE FAE ¥2(126° 07 DAAE, HFo2e Rk o

g oG 06 N2 Adstgnh AFARE oAl S
(Ased), BERABAD), FARGCHD) 2T FEFAD
A% 27t he] Aoz FRAAG £ AFHRL NEOE A

B ogges BAL AFAENN)I BN AFAFaAN 27)
Aoz, B ogdels HER JFAGHDF FEY AFIH
seel oA sedos 2tz PRk ool daletel AFHE
Ao nUEs FHoz ABL AdEE Fudrsd), %L
Aas Fwdgsiees 7z PR 2 20029 69
Yol AFAHA-Da) R dse $2 e, Jaehel o
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Fig.1. Map showing the sampling sites in the western part of the
South Sea included Jeju Strait, Korea.
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12 AFay 579

AFHY SRl sigste FAE £ e 4Hd F 15
N AHE oz At ol g3t 2002 5~11¥ 7 2003

490 g 139 AP A8t Fig.2).

1.3 AFHd FHraAY

Az 2 A9 449 & 150 APE Aoz AFUED
A&H oj@2EE ol &t 2003d 6~1087b% WiY AAFAch
(Fig.3).

21 APFE

2 oA el fEg AEE Table 1ol ZASHA . AT

2 Fasode] glojA dx & - Axoje HPFFE 2001 7Y

1195 10 m, 20 m, 30 m, 2002d%! 4% 692 &35, 10 m, 20 m,

30 m, 1192 3 %, 10 m, 30 m °|9 2003 10¥2 %3F, 10 m,
20m, 30 m &€ ez APsidd. F1= )

o] 30 m ¥ 017%} 30 m7b rElE et fAAFE AHA T3l

Aol A ol ofztol] o] FoiHE Afele ¢FHF o2 30 m
5

Fze AN ANSA Gk BA AFAY Bre
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Fig.2. Map showing the study area in the northern part of Jeju

Strait. Monthly sample were collected from May to
November, 2002 and April, 2003.
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Fig.3. Map showing the study
Strait. Monthly
October, 2003.
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were collected from June to
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Table 1. Sampling information performed in this study

Sampling Sampling Sampling Sampling Number of
site period depth gear station
10 m Bongo net
July, 2001 20 m " 37
30 m "
10 m Bongo net
Nov., 2001 20 m " 39
30 m ”
0m MTD net
eju Strait and
i] ] . June, 2002 10 m Bongo net 16
its adjacent 20 m "
water 30 m !
0m MTD net
Nov., 2002 10 m Bongo net 46
30 m "
0m MTD net
Oct., 2003 10 m Bongo net 38
20 m "
30 m "
Northern part of May~Nov., 2002 0 m MTD net 15
Jeju Strait April, 2003 10 m Bongo net
Eastern part of 0m MTD net
sterm b June~Oct., 2003 ne 15
Jeju Strait 10 m Bongo net
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A - AA oo APE MTD WE(HT 45 cm, W= 333 m)9}
TIXWE(ETF 60 cm, B 333 me} 505 m) 2 Sl 2k 10
w3F 2~3kte] £x2 FHdlste fPEGh YA 2o y)
E SiTele F2AS st d9udd iy 28 AAs

23 AlgA ¢

ARE e 4l 5~10% AsEz2don nhAQ § A
@AM 2A dw ANAne wE $a), Aseln = @A
%-xmw PEAEE APA HESTA $ENZ FAA s
Foll sl ofHFAe AN F A% 1000 m'Y AAFR B
s
B e G w4 wole] meh dekE ¥ Anh 514 oo wpa
hHARA e de 19, WAz 450 Yoo mast v
MRS I R LR
w3 Aol ¢ MeAZ st % 3 9Az Fraud 91
Aol AYA RE AAEZ 01 mm B2 HHTLIS 2Aa9
T, 2001 7ol BndlEd] o) AE BA G- AHo} 52
HHOE 333 It 505 mF APH) MR v wE Hgss

AE o] ztolE v wstg )
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} BAelA CTD(Sea-bird, SBE-19)% o] &3l BE A
2o gaoz 4em ARS ZFAAT. ¥ ATNA 8 F
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~
e A% Ar: AFNST AFAITHN FRAATL A

32 92 %a &A

Arsdue FBra FE@/OE 2 AF F3Y dATE
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o2 g2A2 223 F Parsons et al(1984)9] Wl o3t
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34 717 AR

200237 2003 el A7Vt Tt AFSRY SFHGA A 5ol
20028} Fatkeot HHe AF ol A
AZrolrel 9 T3 5 A Z}E% AFAY71Gd o s

$H pakel Ag et

41 #FA R

2001 78el AFAE % 2 FAMdelA Baul=ol s A3
5 oF 6a07NA e WA Ao} E Aol A8} o F Aun)

e 2AE) A% ARE AAoje] AFL 10 mm WAL
TR 7 ATEE 10~3070AN S BAYR Measign, A2
W ge 2Abekl 9% ARE A8 33-309 mmel F 71

Ao @A RS Al gatrt

FAE Adead zF A Axol s diE T A=), siA =Y
o], wi R =eiu] V] HAgoR g 7 b E=gt

= —/;:a
me A =)= Aeju] Ry El o] wEsE it

ol

g 72t A
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Nzt 24 seEge o g Astqn BHAFA 252
%“%ﬂf—‘?%’%% Figdold B wiel o] @x Aoje] six=en] &
B melRy oAz e mHrE "t 4~6 m FAZ BU
o At A%y B HuiEAU-deNeR oFANE

sto] AR ES BESUT

wAaay Haze] FEES  O'Connell(1981)9)  HEAF
Engraulis mordax® iﬂ%—? gt #E VAE ELR FY
qardet. 2+ 25¢ % AHMF(total number of fibers) 4L 2
sanAe olgsted A AssAth 7 &) oA FH2
gaH s HAS For §& RES AU F TP 2

25 t)zjg 79 e(OLYMPUS-DP10O)E o83t ZF

R

ot

=

a8 o
A< 1 mm 3¢ E=32o] AR "ol x| 9] o] A Ed. A&
MEe Bt AdEdor HA1, olF FHE del F Y

A (total cross-sectioned area) 22 3 TH

5. @ giel 714

@ e Ve d%E %}0}171 A% 1A ARE 197165
B 2002474419 323 BX, A5, 2 AF S 4 AS(Figd)
o 71, ZAF, &, FHFE= g N3ReRRFEH T
sted AbgEATh Z4 71gadd BEUES A o AGY gee
Raste] Agatdn FaHdE dedr R LRI
1971 2B 20007471 ¢] 30 Fere] W FEa 7 AHE 4
g AAgael FE 7 F ol FFak AU

us)
o
Y
b
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Cross-section

Fig.4. Diagrams illustrating of cross-sections through the
pre-caudal region in anchovy larvae.

N, notochord; R, red muscle; W, white muscle.
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ol oM A 32dz et AAE I e EA
AAreE ME3 ENSO(E! Nifio-Southern Oscillation)2be] Ao of

A AEBgred dlx HAX IS Hetsly] AF AREERME
sz Bro gdon Jeisdde elslel e ygHdHEA ] o]z
Aol 5] Wbzl = 2] 4(SOI, South Oscillation Index) A &EEF 55

7142 (The Bureau of Meteorology Australia) 2% E A3 E %1
st dd SRS fxste delx A ANINO 3, 5
N~5 S, 150° W~90" W)¢] %% $e8x A8t 02 7|Fdn
A E) (Climate Prediction Center)Z%E] A& wo} A}L-31 ot

6. dalel i

712 delel A% ATARE Topur) AP Fe IE AR
= =Readed AAg &% gd gHBIAR F 19714
Bl 2002 7k A @) 3213 FoF 709 #EA(203, 203, 205, 2

208, 209)e] 417} ZAb 73;9: EzAM #BHT RAE olEIAG
(Fig5). 2AHA71% 29, 49, 64, 84, 109, 1299 299 #&a3
A g st

o, dyel Bund Art #FEH PY ABEEPLHNE
2, 1997a, bol FER 1966419 H 1995974 7F B et o
vl W AW 74 A ANwnEgsel Fg Fakel o
Fev grel BuRA ARt

-

i
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Map showing the meteorological data observation area

(black circle) and water temperature and salinity
observation stations (dotted points) by NFRDI in the

South Sea of Korea from 1971 to 2002.
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A zpAjoj o] A F gl Qo] ZHzbe) S Ee Fud
q AREd O HARHES HaAF  3AFALY(Least
Squares Regression)& o] &35t M3, Faizl ztzte] 37 =

SPFEEY F3@%, x= 4% a

=
ME2 logy=loga+blogx (y= 7+ & ]
% be )9 AAAN o s FHATH

ATFdd 2 2 FHs

y 3
EyUEs #7250 4By o

i)
=
2
2
2
Lo
2

)2
i3

(Correlation analysis)g AA|tGth =3k A"E s %Z] *3’1‘_}%“
I A aEY Aol M E BB A g

9.4 433 A EH

20023 AFAE HAaHA Jo} BA - zAoje] By @
d A2d dx AR HEed A48T 0] olud A 7%
UEAE oty &l dAE A (step wise method) tHE
3] 7] &AM (Multiple regression analysis)g A A& uh. ohE 3] 7824
& Y Aol @99 Aoz A3 oz AASI el
(Xi-X)/SDe] A& Agstd == &g 7734599 (Johnson
and Wichern, 1988). o714 Xi= 28 /o "2 4, X9} SDE z}
Zt 3 gEHA o

al

=
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Fig.14. Monthly changes of precipitation in Chuja-do and
Bogil-do during 2002.
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Fig.16. Monthly changes of precipitation in Keomun-do during

2003.
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Fig.18. Horizontal distribution of mean abundance of anchovy

eggs and larvae at the depths of 10 m, 20 m and 30 m in

July, 2001.
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Fig.28. Monthly and spatial changes of length-frequency
distribution of anchovy larvae in the northern part

of Jeju Strait.(x-axis, total length; y-axis, occurrence)
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Fig.36. Microphotographs of myotomal muscle fibers of anchovy
larvae.
A, 6.2 mm TL(x200); B, 149 mm TL(x400)
C, 19.2 mm TL(x100); D, 26.1 mm TL(x40)
nc, notochord; hs, horizontal septum; 1, red fibers; w, white
fibers; 1w, large white fiber; sw, small white fiber.
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Table 12. Development of caudal fin in anchovy larvae

Total length Shape of

(mm) hind margin n
50~59 + 20
6.0~6.9 ++ 20
70~79 ++ 20
80~89 ++ 20
9.0~99 4+ 20
10.0~109 - 20
11.0~119 e+ 20
120~129 et 15
13.0~139 P 15
14.0~149 AR 15
150~159 PRI 15

+, rounded; ++, truncated;
+++, emarginated; ++++, furcated
n, number of experimental specimens
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2N HFra FE/ FNHETFE GO BEE Fhete BF
¥ P th(r=0651, P<0.01; r=0578, P<0.01).

=2

o

- 104 -



43 ol WA o] PEAEL YRS AN Uoix BAR
32 ¥ & AUt

14.3.1.2 #x]of

143.1.21 150 mm vl 7} A

150 mm u¥ AHAEL 0 m FEAH ASia FEI} 27t
22 Ao WErF pasE SoF Lo AT (r=-0485,
P<O05)E BAL 2 yojx) BReAsdE A F2H S
AaeAs degR gk,

143122 150 mm ©°]4 7HA]
150 mm °o}4 AAoje] EXULE 10 m 75X &34 593
F9 A#BAGr=0601, P<0.05)7F YElR, GE3E= 10 me 20
m FFNA zt2 folg 59 ABBA(r=-0637, P<0.05 r=-0.695,
P<0.05)E Bt 8779 st RogE 2F 10 m 5o A
159 8&Fo] SHEFE X drEe Friste Fod @
A HBAA(r=0586, P<0.05, r=0474, P<0.05)E Bt =3 10
m¢ 20 m FFAA H5ha X7t FTNEFE oy TR
T3 &9 AAAAG=-0541, P<0.05 r=-0.830, P<0.05)
7b vEbRto)

ofje

o

lo

- 105 -



Table 13. Correlation coefficients among anchovy egg, larvae
abundance and each environmental factors
Egg Larvae
<150 mm TL =15.0 mm TL
10 m
Egg 0.120
Temperature — 0.673%+ 0.114 0.601+
Salinity 0.235 — 0.067 — 0.637*
Copepods — 0.498+ 0.137 0.586+*
Sagitta — 0513* 0.101 0.474%
Chlorophyll a 0.651%* 0.060 — 0.541*
20 m
Egg 0.349
Temperature — 0.494* 0.008 0.455
Salinity 0.548%* 0.037 — 0.695%
Copepods — 0.465* 0.213 0.137
Sagitta - 0.392 0.234 0.234
Chlorophyll a 0.578%* 0.252 — 0.830*
30 m
Egg 0.628+
Temperature - 0.152 0.304 — 0.437
Salinity 0.353 0.020 0.587
Copepods 0.052 0.052 0.301
Sagitta 0.793%* 0.341 0.357
Chlorophyll a - 0.311 — 0.485* - 0.004

*, P<0.05; **, P<0.01
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P<001) 18l 10 m FZdAME Z4ZF(r=0917, P<0.01), 872t/
#H & Z(r=-0.800, P<0.05)3 folg A7 YErSTh

T AFE BE FEANAT
Aol EEolA 08319 ABALE e aaael e
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Fig.40. Annual changes of air temperature anomalies in the

southern region of Korea from 1971 to 2002.
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the South Sea from 1971 to 2002.
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Fig.56. Annual changes in percent composition of seasonal
catches of anchovy by drag net fishery from 1971 to 2002.
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Table 16. Correlation coefficients between the environmental
factors and the catches of anchovy by drag net in
the South Sea from 1971 to 2002

Catches of anchovy by drag net (M/T)

Factors Winter Summer Autumn
Catch by Wither 0.5(—)4** — 0.067 — 0.278
drift gill Spring —0.150 —0.161 0.337
Summer — 0.209 — 0.287 — 0.286
net M/T) Ayrumn 0.124 0.052 — 0238
Southern Wirfter — 0.008 — 0.269 — 0215
Oscillation Spring — 0.328 — 0.377% —0.270
Summer — 0.053 — 0.161 0.044
Index Autumn — 0171 — 0.247 — 0264
Air Winter 0.392+ 0.256 — 0.408*
temperature Spring 0.564** 0.166 — 0.188
. Summer 0.281 — 0.057 — 0.101
) Autumn 0.407+ — 0155 — 0.187
Precipitation Wir¥ter — 0.079 0.128 — 0.161
(um) Spring — 0227 0.034 — 0.184
Summer — 0.004 0.216 0.075
Autumn — (0.096 — 0.296 0.096
Wind speed Wir?ter — 0.661 %+ —0.239 0.112
(m5) Spring — 0.590%* — 0.351* — 0.342
! Summer — 0.364%* — 0.242 — 0.292
Autumn — 0.559** — 0.212 — 0.208
Relative Winter — 0.704** — 0212 — 0.064
humidity Spring — 0.667*= — 0.228 — 0.062
Summer — 0.579%+ —0.163 0.067
(%) Autumn — (.656%* — 0.429* — (.188
ST Winter 0.517%=* 0.387+ — 0.071
Spring 0.177 0.233 — 0.314
) Summer 0173 0.089 — 0072
Autumn 0.299 — 0.104 0.155
35S Winter — 0.208 0211 0.265
%) Spring 0.026 0.188 0.351*
Summer — 0.036 —0.118 0.025
Autumn — 0.195 0.063 0.197

*, P<0.05 *+, P<0.01]
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Table 17. Correlation coefficients between the environmental
factors and the catches of anchovy by drift gill net in
the South Sea from 1971 to 2002

Catches of anchovy by drift gill net (M/T)

Factors Winter Spring Summer Autumn
Catch of  Winter  —02%6  —0158  —0265 — 0151
sardine Spring —0.257 —0.130 — 0.424* — 0301
Summer —0.343 —0.077 — 0.385% — (0.388*
(M/T) Autumn _ — 0219 — 0.266 — 0.361% — 0.208
Southern  Winter 0.257 0.072 0.433+ 0.114
Oscillation Spring —0.076 0.198 0.363* 0.056
Summer 0.184 0.126 0.104 — 0.082
Index Autumn 0.1% 0.089 05162+ 0014
Air Winter 0.350x  — 0257 —0.049 — 0013
temperature Spring 0.578%* — 0.253 — 0.013 0.290
Summer 0.203 —0.158 — 0.196 0.088
() Autumn 0.328 — 0.084 — 0.069 0.059
Precipitation Winter  — 0077 —0.113 0.063 —0.109
(o0) Spring —0.083 0.076 0.346 0011
Summer 0.234 —0.053 0.191 0.131
Autumn 0.347 0.156 0.043 — 0.148
Wind speed Winter  — 0424+ 0.414x 0.238 — 0.046
(M%) Spring — 0.348 0.231 0.361% 0.012
Summer —0.147 0.152 0.200 — 0.184
Autumn — 0.287 0.2% 0.216 — 0.206
Relative  Winter  —0.492++ 0.288 0.109 — 0290
humidity Spring — 0.248 0.388% 0.349 —0.116
Summer — 0.422» 0.287 0.225 — 0.068
(%) Autumn — 0.290 0.230 0.093 — 0226
SST Winter 0.027 —0.337 — 0.253 — 0.180
. Spring 0.268 0.038 0.289 0.051
() Summer 0.064 ~0.139 — 0013 0,027
Autumn 0.027 —0.115 — 0.089 — 0344
5SS Winter  — 0616+  — 0.107 — 0209 — 0416+
%) Spring — 0.598= 0.040 — 0.341 — 0.062**
w Summer - 0.307 — 0.317 — 0.042 — 0328
Autumn — (.454** — (0.139 — 0.338 — 0.497*x*

*, P<0.05; **, P<0.01
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W7t ex aem dqe ponel dAAE A4S =
@ 727} okm AzE

3. - AR} @S

A 27A ga dotde] oA "A b - AXoje] 2dFE o
& 7120 RauEUd 949 H@x G- Axo] FEF ZAFH o
AFoAe] AZ v w3t Table 231 YeElHh o] el A&
A AN AFuede Amud Agd AR U5 AVis
0~340 ym B oln 5 FHld o APoZA £ ATA
g Wi A9 {FABIER *1E7P° Z28gL vuE sted A
olA & Tl: gloda wudrh £ o apxoje] FdF H
Aol= o]Ae] ATFSo] HEE EERIL AT AFASolr] o
Do oWl ATAY FoNT HZe AP disiA vnE Hst
g3 EEANYS AAEA Fud 2001delE EFH PR AR
10 m 529 A2 7t Rk ol AFdHHE R T
Ao glold 6dol EZoA Z2dE Fx d& HT 14310
/1.000m*e.2A G572 e 3770/1,000m°(zkek &, 1988) Eth
v o9 Bt okuhe) 89,15871/1,000m’(Ahet dh 1994) Rrbe
A7 2dstn YU 78ele ol FAtY 10m FFAAM A
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h =

ol

rﬁL
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1,10270/1,000m’)  &dste} mERE IR 17987
/1,000m* (& 5, 2002) RO= 24%19_4 S5 s7de 140
/1,000m’, 2ok 89 FR3 2dsn 9eS ¢ 4+ Al wa
Mool 2E AdteE ol ZASIAME HxE] algo] Furs)
o] FAA N AEE AAste Aolg stAT

E32 Azl E ol ZALA 7Hol H 4970 4/1,000m’e2 st
BUT 1 o 69 270A/1,000m’& 2.2 vERG ukd 1093 119
dE ZF HT 1AA/1,000m° mluto g e AL Holm YUY
o oo dis] ¥ ZAS R BF 93 nINE BRI A
AE 1089 BT 2570A/1,000m (3 5, 2002), A5 2o A
T 119 93 6744/, ooom3(% E, 1999)2 oMo AF}ET} Ax]of
A o] B =3 A4 H@ 2@ dojA] ol dAFqA
79 0] 3770 41/1,000m*2 7}75} BRI olF2 AFF Ao £33
o] 343 Fotv ¥l AP ME 109 HF
12570 #/1,000m°(°] 5, 1996)2 WX A x|o]So] ExalA Zdst
AofM Mt oz ol ZAMSIART FZo g s A
AEH o] FAE zx|oje] ZdFo] Bttt ol2]d AP
Hof] & AF7sigeld B3l HA 2px)ojEo] Azko] 5252 F
A4 2 #9E Hojun Y&E AAtE RO RA o wlEidE=
71EY BFFEY ATHAE FAHAEE A2F S99 93 L}EM A

T AEd B Ay 998 2509 fFAu, 1982 7,

18

o lr m{N

HN

rr

ATl
FH gl Aoz FAn QY &, 1977, Hot 7&, 1988;
A3} 7, 1992). oM ZANAM AAH "W Fa} z}x|o]
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718 AHEE ¢ 5~109, AAole 5~11¥e ZAH Edstn
AoiA AFsARlM FXE2 Huy 71 AFAVNE %
RoFAT 2y AFdy Eradd sFHG F g 2F A
A Fx & F@FY 80%, Aol FHFZF] 90% oldol AFH
7~89¢ 27149l #A JFAHor FAstn AM=d ol d
E 71E gele g2 sddiAg Adg: {FAE Ao 2XM(Table
23) 2 A7ags 2T FafollMe BA F4

2270l d2H HPFaT Y& HAFE Rojg A

001: »})l

!

i=]
e

4. ¢

Lo

Y= AbaEA 7Y AW sjda e matM e ATt
g E ofFoz F dad UATHEA - WK, 1999, Aoki and
Miyashita, 2000). o]®H Q7|ZF 5 EA dEo] FA3 M2
AR AFHYE 2 7 FHINAL HA FAZT B AREE
FRA(I ), AME FAAJHD), A= F29 AFAE 5%
Boog(Galg), FAE FAHY AFANY =AFHANA) 19
I AFE BEARAG dHF AFANY FARLACHT) T AY
=
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o] Hu(4, 1983 A3 19D ARG A3t B 4 o

A,
A5 F3d AFNY 2 2 Fusdoly

oheba olde] @
o WAEe) e F Gaet Aol U Y Fw Agtele
A AzAez oRolA gl ole@ REe| WAl Fargiol

931 glgx Azeg.

% wauAs 2 au o 2880 Fhshe Aue

AFHY B2 Syajelol JIHE RE Yol A Yyy wE
HYTAY WA dEo 2@ AT TG Wstel oA
EAFHY Rrade zAHde) Y2 B2 agn B2 8
e ZAIge) FXolA wEUA 14D B @M g0 T
TR e & & AATh @A o P Awe A AT

A
3 & 21 £

Asted ARV 7, 8Ye] HYE FAG WAz g m Aol

o 2urte 9, 1084 = 7‘*¥6H°—".£’4 FE-Fol M ut AFgho] o] Fof

BEgS B

FAG é‘?_ o7 HITG}]@LHON st S50 AL E3)
Z 88t d=dl(Park, 1985 Kim and Lee, 1991) £3] 19 A A
o] 23 drldFrE AFHFNANA 2o xR dEwa

- 170 -



o2 FHYPust AFo] AUEXREHE FF2os dFsn F

2 32% Aoz Uy At (Pang et al, 1992; Pang and
Hyun, 1998). olol tha] ol AFHF HFaFa AolA F29
FHPEZ HHS 2 AgHoez 9 10¥A3ddE A dEo
249 FH(Fig.25)7t EAst A= o FH= oAzl &

<

Aahe dnhdfel datole AWt web AFAY R
A EAEY HAE D5 FARIE we} YA} YRR ofF
$1 Qe olgtn Fxdr

5. Aol 9] Y FA

AFe AEFTE THFU ZRoE @ 74 2 Fe Rxeo)
gz dede 548 23 ded, 2o0dE #A23 4429
742 gelz FARD ol Fol oMt YFAAM Fel ois
e geE Ao oA TLES oFY AFAFH VA
Saze Homnpe =g g SUH FHAdl, AL
Mol, sk e =T ASHA KGN 5D Yo B
e 049 ER J5se Aoz dedAn Yok 53 o F
2 ABA AVl s MAES HAZ T bR Bgel 2%l 2
o) HHEl HAHo T Johm uI AckBone,

1978, Johnston, 1981, #20], 1991).

E AFoA HA Ao MEST LEHRAS AR A HE
A 33 mmé HAoM s TSR] AL,

Fe g P4 65 mm olAAA = F7H7E @wrsiit 261
mm7tA] FAF F7HE Bl Fo oA @nhst FrtE vy = ©A
A HH4E BT AUt o9 #HASI Matsuoka(1984)el w
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B a2 A5t 8438 Frrstda, vleb el e A x
a g7t Zasidnn v A3 27 942
7k 223 Hol H4HE AFAYE WRE Jehde dAdol
2 4 o gEtA o HA X 65 mm olFHEHE D A
A A AHoldsoR Qi B WANIHK{Eo AT
' o den olg B3 FIF & AT AuA HSo| A
dEn glo FEEG. olyd AIEE Ao &
Fgell SlojA HolAdEo] sttel Agaloz e &
AF2 doti Atg .
o Hz zx|oje] WNZ F HUW Ao WHE FAZ A 82
mm¥ 17.3 mmAA F WY F7HE W3E HqFa Ut 53
173 mm ©°]% 9 AN E ZAGHoFE HYS o e WA
THFARELEC BdFog2 283n YA ol FHFARE Zhzte
o ol e 3 AdHF Y Ty FIER ooz Holgt
4% g AUk ool dia) YW o 2R Al7|9] WAZAHG
2 B2 AP ZAFEl &g BHA o HAHWUAN 2
27} Z7bste BAol 2z FHGMTE ol AA A AA H]
WdFE Bet BEstA A (Greer-Walker et al, 1980;
O'Connell, 1981; Matsuoka and Iwai, 1984). ©]2]3 24 G AME 9
Hdde 24F 98 H e TR JEyA o ols & 9y
ool og oA AE FA Hol YT Yoz F}
Al & omste AoltrUxA, 1983). imi(1990)2) Hojol o
AHAME 2A A2 HdHAo] Frlste Al7ldl 23 Aol #
oo FRAEEE #2743 FUHstn oA ol AHES & R
TR AF2 Jvh WA "R 2 ojE 173 mm o] FHEHE X}?i
FHo A dojd FE e ERHA Algd S

o2 b ¥ 2 K
»n 8 2 k:l
o 18 Jo K
e u
09;
R L
o ro
i o o

2
go off

ox
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A FgHED Aot AL

2 A7 An Ex Aoje AL WAIZdes

B AEE ot B2 wjdHo] de Aol #RHA=U Hui
A2 (0'Connell, 1981)% ¢ 6 mm SL¥H ©ddF9 EF HAA42A
FE0] Ed3ln Qlo], HAREL FFgAI e ATl EAsHA
@7t ¢ 6~7 mmATE HAIHFEC Fdsn JAFS ¢ F A
ok dA 9 Zo] FE & Aonw A AYE IFHFeE AFEAA U
oAx e EolFE vl HAIZE H[Eo] ¥
(Greer-Walker and Pull, 1975, Greer Walker et al, 1980; Blaxter
and Hunter, 1982). ol AAg A&ER/FIS Pt oAFAAA =
Jede 540z Aa2e AZYASe 1 ojF A&
A% E FZatd fostH ALEHIIE ch(Baty, 1984). wHebA
W) Axole] ZRAQ AEFAL ol ATNAN HAZo] g
b7 A&etE 62 mm ol £RH ARdctn 424¥ F Atk

X Axole HAZ AZFAY W] YAHE WA ohp
ANE RE 2he MBHE mold wA¥ez Frstm AN

23 d7)A F2E BP AL AT 7 ¥ASe) F7 F A W
%

A OAF A7I2A AT F AFlTE 142 mmEH, 3oy
A& 149 mmPE FATE F7HES U dde Heloh 23
g2l #2 Az o] AR HE 4% Z ¥ (horizontal septum) F
g ZHoz AMNZT AFHESO] v 2~3/M9] HETRE

N

BolHA VA HelE FHst UrhHFig.36 B). A & 7 of(Batty,
1984 d2A FEGRE - , 1980)8] A¢ AR dLdFTo=
J

=] f
pEeg AM2ARE0] FHANS FHOR H3HE 0T A
A0
= T
E_
=

¥

st Al7lel olge] A A& fASel vkHo2 Frsd
o oRnER gdch olel@ ANES Ba £ o oW Aol 3

A AAAEE AMITHFT HFTEE wolr] Axse % 1
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4~15 mm o|FFHe AFHF TR AFHHA FAd5Ho
st o ddd,

gk, X Adolo Argu £7] AFgE FA=HUANA 14~16
N, SR =guldlA 15~187H, wix]=efn]o A 7T/HE FHAs U
(A, 1977, Nakabo, 1993). o] AFoA FX] z}zloje] AFH A
vl 47 HAAAIZ] 2 Axel F75E A A JgRE
150 mm °]§F9 AFNM EE Argu9 E7]571 AT,
190 mm °|$FHEHE BEE 7|57 o] Aojo Fsts Ao
o213 AUT. durHo =z o9 FPed o] oAM= A
zgjole] R3E Zo] T3t ded, FAAM AFF AyHulE
< F99 FAZ FdHrIRve B Ao} AAHI £ A
FAYG 22 Fd9 2AHAANE Fole 75l 9 Zdldn B + 4
HGosline, 1971; M, 1991). WatA ojWe] A#HE T R
A=egju] Z7]7F #FEHE 150 mm olFHEE A=gu]Eo] "X
AR A E] FAEFA BREAHA 75 BI57] A Aoy,
doje]l Aol g3l 190 mm olFHEHE o33 Ax=ejule 7]
o] 438 FPHau glog]e BzhHr

2 AT Ex zpxoje] melxi=ein] i P HIE T
A3 Az 52 908 Uil 60~69 mm AFREHE BRE
o] ¢kt AMP oz uPZ YA o] Al7E STH =gt S
zeju) g 7|7t H22 E2d83ste Al7IY gAE e AT ol ¥
mgA=dulE 9.0~99 mm AFHE €9 7hed HEo] A
E3tA 597l & dAAA FHE Hedrt 13.0~139 mm AF
HFHE Adojo fAgE 2rido2 ¥dstn QA guryoes m
gAzgne & Arguedes g o7 fAdPFA F2E
o Yoyt Zad A8e waan UHGosline, 1971; J- L,

1978, Wml, 1984). 53] | A =2jvjel HFe) W7 Zajo] A]7]9]

olN
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Beuhlol glol o3 FA2 ALH/E shzdl, RE1984)
G2d FES AolrdA AHolrlz w{TAIL olyEHE A7
2] %) -2 u Fejrt Aol Aoz uiHAAN FI5H Fuol
A AAE Asrl ARIJATD Ak Wk FH A 27
£ uehiE 130 mm ol F¥EHE mAA et s de
=229 7150 MA3 Fdstn doe FHd
A ZAHole] AT Anev] LY AFE BF FH
AFa el Bx Axolr BE Arejv] F7)157F &<
%3 18e] melA=jug X AN HFAEGe] 4FT
Bol7] A& 14~15 mm o] F 9 AMAFEHE A&HHA F
of wepdoz Fdjstn Qode ARHTh £ BT S
stel DiEstd B2 ARAES Fds7] Azske 1719
mm o|FHEE ZT2HQ A hAsE FATHE AS FH
Ad Aeeld B¢ 43Hoz H4BE L P&n Qo #
vt gy fdsol FAHE oAF AF oFFEHE ®lo|
43 el B m& dolge FHo
5ol Zoid Zolm ok sjPollAe) AFE AHsAE BA Fo}

ol Nlﬂl bl rE F_E‘
mH,_L

o2 N W
i)

2 of
ob

E
B
iz
R
U
4z
o
lo
H
=)

dx 2ol e saj e
o 53] gaioMe A AF A
(A3 &, 1977, 4, 1983; 2 &, 1990). o1 A F3
ol o) 539 XA Bt E HA A= L*qu %‘al 5T F
datn Jon hREE 10 m, 20 m FE2M 2 2

Agrelol A o} F3} 7he A 3
=
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P Aol ehd WX Ao RESA F u ol )
Y dde(q Jaeel AFHoz 2@t va Axok A
2 Agtede] gyl St (A, Balo) Zol ®ol %
the Aol oldd A AFAY SN Yy ¥
AFAINE F vehdn Aed ZAHGNAE A o5
E0ge U3t gol A FuelAd Azsitisl Aol Ay n4
YUAREE ZAHGY) FURE 1 XU WA 8
49D Uee & 5 AN 26 oFA WA AAol S| UF
Moz REY ALY whge Y Wt dRE £ WA}

F

2 E
o
g

ot
N

r '

o

rfo

N
—_

7

oA ¥4H T doe FEPEL 2olm UAATHFig6H Fig3l).
ARHoT HATHY HAUNNE WMoz fz,ka% 58] Qo]
Aol AMAM FHILZ ¥ae 4P 2L AL FHY

q3Fo Eeldez FAAHs= Aol AslA ‘/}E}"H:}(Pingree et
al, 1974; lles and Sinclair, 1982; #, 1992). =3} AXHE& FA o
2 % 3 ¥I9oe A9y T o 54E ZHa
AREE F77F AF UdEvde 5 233 42U HYoRHN
AdF AL odFEY ASFoE gEHI U= Sk - H),
1995, Lk, 1995 #2H 5%, 1995). 71&ESY Falot e HA =
oo EEXE AN FAHE HHE FHoZ FEHo EEEA
U A3 AFHez Exste T gy AMde A4 {59
et wet 1 X7 3A e JSE Bad v Jok(A
1983; ¥ 3, 1988, 39} 71, 1998). ulgtr o] o] Aoty 3] Al
dgol X T3 dx] AoES AL AR FEEE Aol oy

i °i
i
1o,

N

_,_
o
iul
P
N

AR A B2 g ¥48 WM o9 A5A &
st +JEY 53 2L BelH Asasel s %oz oF
HAAY Ze AN F4HE THAG YERAL Balod o2
& 4830z B85yl A SRz ele] Wue oz of
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FHE 7tsAel ddx F5E0

) zxolEe A AFAHS 4L 2
Hajdo] gloAM 53] P Aozt stF T3
79 AFHFUHY MEAA, CH)l BlE F
A4 100 mm °)d /MAESY 28&0 =4 Ao &

2 42 A7 2 A 28uge] Ikt AEe #AP
S gtk =3 AFHY HRoh FHsAA 3o
2 5 89 2% duAor A EF I F
MA ) E@u&o] Ttk AT ol 7 ?'?l*o‘% XA AFF
FABHA ATl e 2 R
s "A zpxjel ol g mE} HA 2
Al }E}E 74013} Azbdd. dH z2AE e T HA3
#HY BE5E JdIAGADH HAE FHAJA)S 24}
EZo YAFPNE E78T 100 mm VIRt AA S| =¥
e 2 A E@uE ol wig R WEy

Z

iy
o
R
m
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B & rr 32 @ £ ol -D
12 go £ 1o
2 B G, X rulo R
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E2M o5 SH"‘LJMI“ 7;\‘ ‘:’i}ﬁﬂﬁ Fgdgo] vl
g 100 mm ©l&te) zAXejEo] JFHo2 EXA
gl 10.0 mm o439 MAMEL ZAL FA o9 dHF
FHA7 Bl gl FH o] e WA Aol

eoon o
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P
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e DR -
o SN2
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of

o

ol
rie

bl 35l ¥E3ta, of
of dFFAolFEL ste o
) 2™ (Ida, 1972; Blaxter and Hunter, 1982; fu1¥, 1988),
Aoz Hxo Fof AFFAlF Yo g
3, 1988; ©] 5, 1996). ol AFaY B FHHH
2 Aozt 7H¢ ol AW 2001d 7¥9 HAES

e
=
23
o
4o M
i)
N
2
_)4_:
ot o
ﬂllﬂ
flo

=3
olj
o
fu
Ay

i)

o

ULH‘J

rl

0 & ol
£

n\imgﬁ

mH—\F-1mz°
_‘;&

2
X
rlr
2 30

- 177 -



dog olde AMEHdy Ay vd ARANE EZ 23X
A \_Zc}' 15.0 mm ]"}-L]' 150 mm ooz FEI T T 2

0% FastA Jdevdn des 98 4 Ao aAd o)
o] F UESY HIo @ =39 A32M 15 mm |4
98l F4d MAESC] Fhoe AAHA 4Re JMSAE
Azts) B 5 vt Webb and Corolla(1981)+= 204t 9 X xp2]9
g ez AWFZdAM 5o o) &3l o859 uFH #
£5E AN v ded 2 AR Una=208L+1.95(Unax, S22
FEE; L, A7) Aoz 534 fHdE&EE A ot A3
Hoz F7tstn USE B FUG ol tis) oMo ZAld |
A Aol AMFHEAE 32~265 mmEAM AR EY FAEE}
MA R e st 5 A gdet g £ AT He] A&
ol-§3ted o Aol W ELA FIEEE Fa) 2 o 009~
057 ™% Ax7l do. ol3@d FIEEE B AFoA AAE o
2~3kt(1~15 "o UE dRJI&EE9 vugys o o5 13
TEEE7 HEY Ha&rde 3A R 97X S ¢ F
Ao}, whabA °lﬁ*°ﬂ 150 mm o]} fFrdsol Fdd A &
Agte Fzrol WEZL HZPE @ UE

AR Q) oAfo 18 B gtede A} :
ojftel A& TWFEI AL UEY oF& Al mE
FEAY s E BAE 4 JtH(Smith, 1980). xH2002)¢] B 1
o WaW Ao FIUEEZ ol&dd - AAE MY
Al H A 100 m o)A A5FS e g dotm RoF v ) o

2 do of

e
rlet
o
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M 2001 799 AMAl ZAHE 10m, 20 m, 30 m &9 HA H
Fe 747b 229 w, 265 m, 309 moZA uwetA ol¥e] x|

[<] = 3 R O‘ﬂ“l—m 1_0—‘\_2 3
ol g+ § x‘] }o]] w2 =g g2ord HAe uhalsz]
A
=

7.0 AR o] BE e -

e A

Mo

2 AT E 2001 d 7ol AFHH U FHEH A Qo] HA

¢ R AAole] REUL) g £ FRE WANE AR
th A4 WX v RS} STl A WM YHLA, IS
e d 428 E50] 108-263C2 W$ FUND FLujoln 2
oz goch HAW G dFe AWY 10 m 20 m +3
o 15Col el e WEol Ao BEsH R 151~218T ¥4

]

ol Al RE(10°70/1,000m o4& ZHtATE T3 ol ZAlo A
Aald e FHGIs))2 20023 690l FAIFA #HT F&o] 16
4T3 BA GE EX3 2@stg oy 1 daia 2001d 7ol
P FLo] 131T2 ANGE FolA 7M1 @dkn 931 3 W3
FA3A %tk olgt tEol AFHY FraHAe

11.0CE 2 4¥dl 3 do] &dsA] F(X JdF20] 15,
1T 59 Hzx=2 437 A&t dvrdes 4
Fdol A Abao] HAE AolE 10T o)t +23

AN A
T AEZHA - A, 1999 =E, 2000) E8) 3 A QA disf
H a2 e Agas 2y Ye ofFolxnt Adntdoz gl

2 %
ol Fx7t Aol BeFg PAFELS 14~15C=2 23A Ao
1 olgte] FREAANME A Ao Aol FHFPS Y H
15 3 drhKawaguchi et al., 1990; &7k, 1996). olol thsir 4=}
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2(1977), (196 Tl WA A A5 Lol el o 15~
25CZ 2A% ok ow E 3 F19HE gl A o
st 3~497olE BA @ X PE FeudUE 1U~15CHT
2@ gk webd olge) AAEL BF 2] 2 W o
o AFAYLS LFH o Aoy dojus WS
F& 14T olstlHE A9 o]FoAA @3 dgol WAL A

S 371 A% dAFLE ¢ 15T F2e 2 FHdEd

gFoz Age O dx AXojgd EXLd=s #2749 #
of dall 2ANE 23 53] AAoEe] vFez HPE 10 me} 20
m F353& 249 953 FAHAJG T AdHE= A 160 mm
ol MAISeol THUERSMA/L000m)ZE F@3}= A FLEX
HHE 214~257CT2 Yelbdz JAH. ol dHHez Fd59
o] vlekg 150 mm vt AAES 143~245THT ¢f F2o| ¥
< RellM FEREZE =4 vEda e Aoz B 5 Qiu Ao
#A EAZHAANME 10 m 504 150 mm ©]Fe A X

Fee FLo] FoldsE Frtste 4o AToAZt Jdepd. o
g AARZHE H3Z A5 &

2 Ao g 20T ol4de n4e oz oFsn v A
olg} AlgHTh

ool Fx ¢ FXUES AR #HANME dEY YR
X HAdE 314~336%= YElY ¥ad HAgsE @il £33
dzte] F@dA BAAINME 2001 729 20 m £ A
I anA] FEd ARAdE dEiuA ggten ATy 583
oA 49 2R dig tFI ALY AT x| de Lxd
A& dFe Ao wAHA gskth il F(1955)e] wEW HX
T 332~349%9 dEUoA F2 Aty B w o o
gHA oleld AFAEZRE AL B AT A GuielA dH 9

i
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HFE R 310% ol4el HAA o Folxm Yrkm Fzsn
4L P2 A YW GREES] W} o5 Ao Itk
2 9ge AN Ygodd F49h

A ole] Age mE FEIUE} g HE 2AEFHAE B

Py eS¢ F AT AL HBEAN B} 53 150

ol MAe FXUES A FIHT 59 FHWAE B
oAF AT, 3 D}‘”(S‘i]‘_ﬁ“"k] Ao M= Ao B F 7t
Bo| Ztavt AL FE Aoz e ok Audoz §9
S BT EA AA =] Xi‘ﬁv‘i’&] Aol Wol £FEsT Ye A
o2 & 4 ok ol BEEA =% - REJI(1988)0] wew EXA
AA ) EL 28% olste] dEAME dYE EXsHA Fden 29~
32%4 dedaM F2 2¥IG ¥ vk A2, PH(1982)3% &
o F(1993)2 EA Ao A2 F2 AFGE FHIF T@st= Xl
PG st ol¥X F9Hol FdH MAS0 HEEA
ol wo] FXsl= U} vEstd 7E L F190) dEF
Toll gk FA AAoje] vIEAY Ao E HEY FE 2
o7e "X AAAES #Flste gRlel HA Fskkn ¥wE ul
Je ol ta AFEeR ANse o|gAES AVE A
nEE d(=1 - Rol, 1988) = AAIRE o} 7= Felgh U<l
TAHCRE WHAA & Ut ez olE 3|7 AMME
dE FA7F AU A= olsdE FHS LTS A2 54

oI e olstety 5488 BF nBd 2AF 9a ¥ Aot

=

o]u

}:1

2o

i
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8 - AAo] RIS 42ha FE

2 @M E 95409 Tt FUMESFE HA] de Eyxdx
= SHetE AEE EJoRA AFAPE T a1 FuHaAo
ME "2 Hojgo] HF2aed v/t Aoz e oA
BeHoe Adsn AsS Aoz Arstn YTt oo o
& detHor AT FEFud FAHE JF2q9 FE 27
7 =FYtE FA4Y FUFS M2 dAste o] Yoy, =
Zafl X7t F7MEFE 274FG AAgo] Fujo o2y A9}
Ads ol A5 #FH 9dch(Funakoshi, 1984; M, 1984;
Nakata et al., 2000). =3t 24 Hojgle GE2q2 27} A
o2 F& A9 F2 43L e AFPe] don ojg g
Aol A Fx do] tFog AYYY o= UrhNagata et al,
1986; =M %, 1986; 1M - MIF, 1999). o]2id AL Mk - WIHE
(1983)= olgades &4 AdddA HM3ded 250 2w Aol
2 3 AoEe HEEFIAEY hFAo olo] FutEo] LA}
T 87479 e F3 o] s F-3F Aojso] B} &

& Zol3tA st 2V|AERE H2FANE A
RS Hete Aoz Azt on oo tal Lasker(1981)%
B XYoot A E dE YZF4a FHF A o2 YEY Ho
BES AFTZEI Aoje] A& FRF AFLE 1 Ykn A A
ok vk wekA oW ARE T E AT oA Al
BA Qe o]5dA AdoA ol Hed ARA Holg gt
AMR AL AgS st dvdn FEEHY, o g Hgse] &
of #33 x| zojgelA do] AP Mo|gog FH3B) o]g™
Fsiel A A4, 53] ol ZAME AFaFH B
AFAGHG)F} FAe FAAJAD)ANN H24a =7 =4 U

foo0

=

N
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Ehda 3 dA] do] igog Myem o ol shE Aol

gt x| zxlole 53] 150 mm ol A Exdre
2 2q9) HEAOlO] Ze Lo AT dehdoh olele A

AL A% f98L 2 WA AXEe] 4UHoZ Y=2a ¥
b 52 A9 Wolum Aee RJFE Aoz ok 23
F oo ARAIIAAE HolE s Aetgulel vige Aos} A4
FshaA AR f95del G4 P ABFe wol 4 Kol
4ge HYo2 oFsn it Ao Buut

2 Aol A G a7+ F 7he] AuEA AR g

Ar gztFel dETHol YAEFE W FIXULRE Fvhste
g3 Holx ATt 87FE ¥ 87 HF & = E

A T A HMA A A FQ HelHEo Hu g
AE oA AFAFANME Z g2 AL o] th(Arthur, 1976; Ochiai
and Tanaka, 1986; fafr, 1988; ¥} 2} 1995, Uotani et al., 1996;
Hirakawa et al, 1997). o]¢} & #ilk - HIFE(1983)e] wa ¥ A
daf ol A A dF o] "X Hojz] i@ goiFol 93 XA
Yol FHFY FTEEHIAE FEZF S WINZ A2 Fd
9 EA¢o] AN TEEHIAE dEF Hsld A & gle
2] 2 = Utk w3l vk Uk webA ol Axje] it
Yle stz dA59 Aol HAFH FA U HojrEd 2
g Q7 XA - H0K5, 1983)9] e A S s B S US
Aolth, ot & FHOE = 7(2003)0] 83l vl o] fd=Ho] Ao

mlo
o
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W

U

g

s

13
o

fe golu M7izte] Al7lole 238 874F9 22 5E
0] o] A TGS 7MY F Jdornz A 4o g0
S AAT A ARHLE o4 R{ dEF FL AL A
2A ATE dolv Fo F31E FX zojgo] QZtFEA ¥
3 AdS oA &7l AF AgNHAEY FUd Fx 9dvdn
Atgdd. @8 FX AX 2ZtFee @A M E 150
mm °}’32 A Ee] 150 mm e RS vl 2#4F H=
Fol FdAHoR £ o] 1YEE BEFHT AT olRL
B Aol o] o= HE A3t AoldFol FAsA Al
s 247 FAES Aolstyl A AFHoz 27tFIE Bol ¢
T XOF olF3T AU S BAFE Aolg Ay,
BA ", AAoje} s F dEFHY dSBdAA JdolME A
Aojoll Hl3 o] 10 m FFA sAEH R/ TUMESFE s
283 30 m FEFAME 2 vl F o] FEA vebyan gl
Atk o9k FAFt B Aol M= dolu 2 A7) 9 zo|Eo
H5d 9o A FI JFHo2 RIS olZoA #3
¥AGE F3 A B2ad ub Aoh(Eed, 1965 M - M,
1983; Funakoshi, 1992; Nakata et al, 2000). o213 Alde Z 9
2 Adolge] FdiAH oz A FE v dde dsto] A
2 st AAY 5L sHEHFE "x FE& TN Y
ol & Xog Ros1 Qe ASE A £ A& Aotk
$og o] FEd daiMe stadERe AolE HA B
B

3L T
FAReZ s Ystel & ol

= £
o 2

4>

tlo
ol
%’
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o
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vy

gAE J4e) 4L 2A BE e BE¥I 2z A48
S EFA oFoly] WEol J4e WES ofEe] 4, oFH 2
e AgTHE d¥e F& Aoz Feld AT, 2003). ¥ A

FolAE AFAY B FrAGe dYoz AT FA
zAsGW N AEES 2 AR T A9 BF o A7 3
FHoz 2dste AJlde FuHoz F4Fel BYm F£ 10
m vlgrel obsty wigo] Fz 23 It oW S st
o JEAI FAALNL S A B A 9o A=
el 5o BT ol B3 FH9 gast FasA IFS

Ho| g HxETA £X)9 5HE 7HHLn
ol & Mol/MAIZI AoEdA Ul B2 AYES 2HT F
Atk Ak vl gt} E=3F Peterman and Bradford(1987)= A A
2 sdudA EnA FH X (Engraulis mordax)®] AH&717F F<l
733 T49 vigdo] AZAFE HA AoEY w2 AFES 29
stttk B vp glth oo t]de Nakata et al.(2000)= A=
2 a7t AFEE Holv e 27tH A AdA ez IS
X5 o]F FAHoZE HA AoJEdAE T Yol AHLS A
I ek *l"}d vl 9ot wtebx] ol Ao A% uigho] of
3 Al7lol EAEo] HFHORE AT AL S Y HIA=E
7 BHHA g & H}"*Ol AFE @ e A7 BAREC] HGY
g AEE st F3§ xojEe o] o]EES ®

ko] shvtet B & S Aojth a2 ER AW nige] A
e HAEY ATFAY] & AAsted dol T

a1 ot Ats €

l
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dH Aol AR Frhelt £29 A5H ol ARe A,
AFdel 7k fEAA A8%n AU BERe) Fbsh Ay
o gadtes F A4 W4E Nz YA BARD Y= Aoz
A olel sl Lee et al(1990)& @A AAole] #el7t s s
7k Egol Yoluhe Y 22 ANstn AdT B 1 g
oY WA AHole] YAy 1 o) Brael ta) Hof B

Al(Uehara, 1962) %2 <99 #A(Nojima and Nakamura, 1988;
Mitani, 1990)2 2 W& Ut} FHHE HdHoz g8
ZE WA ARojEo] AGE sdo] Wol 2@stEo] Ay
Frd St 2HH o2 Px 2ol 7 ¢ BRI §1dA
VF 7NAI A AAEE Rolel stAY. Fa) AHojso] A5
o] B Al7lel A HF g AL T ol Futso] doju
T s FEY Ast 2 dUE FUIE s AdHgy A2
AES] TR °lojA JtsAe] glod HAAz AFHY S
AolM e 74l 9N d24a FE7F $ou 89RE I3
7t AeE RAF7IE s 9 th(Fig.12). wets B4 o] B
Al71ol x5 Abgho] &uts] AFPHri= AL FIFHoz A
Foll #38 Ao SoA Hol B 2% 7158 O Wol] AT
st71 g A Hojseo AgAdZ g B £ g Aol
FrEd 2 7138E 9 Aojse Ade AAGE
stitbel A4 =2 g3t Jvu FEHd
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Eol vjnA AL Fo AF3A HE olEed I} Y] 2
BE Foj5o dolu FsolEe T I AFE] Fad)
T ENE 7HA oA Hee qad. ARACE dE e 3lofA
T Aoz uigtol kg A7l ArdstA HA FFEFY 3}
2 #de] AFTFEIE AAE ofFA 2 Rolw o] w2t I WF
o EAste ¥ A2FQEEY HATEE v AusA== F
sigk Fx zojgo] HolAEH} £+ £ & 7idE aWHF B
oy RHojt}t = o] BA HY FIYE EE U 4=
EZ3E dEFL 7MY Aoy oy & AW 7xANH T

oo} WX AiENA FAT HolBAel ATY & YL A
ol

@9, WA AAIBE 4 $FLAEH JSVAZ BolAM 1
PEUS WskeR 982 ¢ & Aok old ATN Wi B
3 AAEH BHLUAE AoldN YEtE SHse yduw
gt 2ot

bu

AA, B AAoj= FIdFdel FdE AALFE 20T o)
A5, 32% olste) AdE el gol ¥EHI UAAT
4, 4%4a FEF 23 AdAoR 2AF7F FEE GelA

Fdsde] FdE /MAESo] Bol Xt AT

olg} o] aAXojET} ;A RQ AtololAq UEtYE BAEE olF
o] MEAHF AJdoA Y& R M FdxHo] FAH ANAE
o] ddiHeozr nFL, AFE Ao Be] ZFstn e A2

- 188 -



27 F dFFo] Be Rol F2 PEstn e o AL
2 fdsdol RFAXN7) WAXNE dSia FE ¥IRY ¥
Ackelel i Wolq 4@ fd5dol FAHT AR o
olygol 27Fe] Yol FAToR WBHe we FEHoz
ol slelg Holu @7 F7F FHE Ao o FEL AT S 2
Fe Aolg s

oldel ATREE 722 o] AFHY R 2 FHAAM FX
o g % Aol oFARE F5d RY F2 1§32
FsiotE qdoteolu A Faclolx abztslo] Rabgh @A Ao
22 A% 7IBES ABFUA MolBF L vl PRt A
FadA A& A dsFon olFad oRg 4oz @
g3t Aon F4€ E}(Flg63) Agdoz £ AFHAulA o
i e A BAE P Jojse AWY dFH A5
#7jld e 4 WFE ot 7] A AANEY A
HEe Haggn o B Adud #4 EAste HUY %F
e sEadel o8 WAk WA Foolgel L Ak W
8 R Zoz £4HUA AFNATLE AEA HdHz
Aee ogd & 3o

2 A7E Ba) Seluket el glolA 1971d%E 20021374
2 1geEe WES UHE A3 grEe /g9
Selgth S8 ARE /1L 1970
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34°N 9 rmain spawnin, * N 349N
ground

W-Tover15T
Chl.-« High -—r
Zooplankton Poor K S
Nuksery ground LT
W-Tover20 T

Chl.-¢ Low
Zooplankton Abundant

O
/i_{:lsland

o LJ
126°E 127°E

Thermal Front

Fig.63. Schematic figure showing the expectational movement of
anchovy larvae in the Jeju strait and its adjacent water in

summer.
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2 %oz 4%etm AU wdel ARF wigrel Alvle 1970

e AR W AdEE A 19709 dle HaEt 727%F 7
258 Aol 1980dth 70.3%, 1990t ol F HIZAE 680%2
Sotzle 5 fElvE i dAdME s Ade] FElsA o
Efvba itk ot e 1990l Futo] Sof JgEHq AF
Hog Jgle 3o W=rt BRAR Hd Arde dA9 aA
T2z gkt ol9h #AHIY HT Adyne e AAFH YR
13EE da die] Azt BE eastae Fhz st
A AFHeg 7137 gdst ot olejd 7T sle] o $-3E]
Al 1988del  frdl Atst ZiE®Wsted @ FER {3
(Intergovermental Panel on Climate Change, IPCC)7} A g A&
bl o] IPCCo H iAol mzw 279 Hd 7]2o] 186030l <F
06T ZF7lste & AF2dsrt /&g n dS5E & 5+ U ¢

T M T
Gubets 2047 S0 AWF 7)ol o 15T Fraidien Ao
2047 B8 PFPFAYY WES Fse 5 AvHoR )
F7b Wskehe Fge @I Qa5 190l Sof 29t

HS 7t&sisEn Qo (F# A, 2000; Choi et al, 2003; Kwon et
al., 2003). WetA ol AFARE T3 vtet FRAME 1990
ddiol 590 243t d4e] FE&A velvda dovn sddd

olgt HEo & dFdAxe AdiEz 7} 7dedse] Hdgd
g HAE AdEE AHE A 1970d 019 19800t 7]2H
A BF Hdgd Bo 2 dhd 1990ddiol] M EEE A A
Aol A4 2% #Hd Bo it 53] ALHLE wdd dl& 0.
7CE2 M Edon T3 uiEe A ddsEE A&Ho| B
Aol vl Wd ®Bo 7HF $e g Holw T 19909 UiRE A

<
32 &d3t didol HatA veva des ¢ 5 Add BF &
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iz

Aol fYvtet Faf A S e AU #2, 4
B 5SS AR Ad A4E5FHS A e A oA
1990 o) Mgt 2 Futo)] SolMWARYH Hd B a2, G
A Jetn g€ ¢ F UAdd F22 19909
of A ;g2 ZAgo] FAstA vt ddedH 53] A
sted 0.6CE 7HF Eol ALH F24s &
FaA Yetde 54E RYF AT
$guet A2z I 2T de A AFHA 71FA
A Waso o3 s3e] Wty Jvte FAEC HEUL o
o olo] thal A71H ZWAM Y 712 FLE AFIL o] FoiA
2 Jt}. WA Hong et al(2001)2 19503 %E 712 $-2lved
Falol oM BF FEHA WETFH ENSOS #2 7|48
AAE A7 27 delmrt HARDE Y A5 2 ojHa e
AdEHY o A7t T videl] dE|mrh HAE e AL I
o]@de AL Btd ¢ et Bu3A . Kang(2000)d] w=
W 1936~1995 9] A 603zt SEvtel AA AdHed N BF F
HEL B Ay ALH AFFLUAY FIHES WA AR
AT F7H¢ Boh ¥k3 a2 FUHEE Ad 60d 2 0.019C/yr
1oy F2 308422 0.035C/yr2 YelY FHo ddtde A%
d 2dsrt stEsidan o dd oW ok EF Park and
il

Oh(20000& T3 & oA A7 &

¢

flo

i)

[«
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3 AslAR 52 B Yoz TAROZ A Utol

14. B A2 ZA7|AE3 37339 @A

B ATE Ba) 1971d%E 200237479 AW 3247 T A2
solx AAEE oo ANT WEL RAG BH St
AaEE WA gyPel T2 dsild AuHD ARon 1 4

NFE il FES

3 Z7betdlth =@ Sevie dA Aol
A4 RS Fold WAL AXstes FAUISE 19909 il ol

By 20% ol4el we wee RS FAFoed AT £

Fale) ojdatao] suom W7} Axse wFol AW EolAz
1¢€ AT AT ole] Hatel oW ATARE Fal )
M) WA Age Fz AARAY AR FAY ol d@
Wakol A WA AarEe) 70% olg AT Aol of F A
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oldgust WX g Fd fgol Hu Ao
g & Ao

B oAFAME Y 3247 delola AdE WA 4NF AE
4g o, ABEE ARFAA 2AT 2FH ) HAATY
FAY oA B B Ade s Ss Aen 4
19909t Auks Fuke] Sof FastAl Srbeh: AL wolm 9
Ath. £ AP F ojdue) FRAAE B 47 53 AL
A F olglol @ ANT Alolo) felF Hel 4@Aol Uetm
AATH YHo2 Px & Ao]RE Hojo ol2/Ax TE wi
o AAgol ool B A7 WEe| ojdEFHol wa} WA
R g 277k BAY e 5L Ul QA oY 544
JHAAT ool oo YAHE AL £2 2-6 cmel % 1A
of vlgtel Mﬂoa vlgol Eou ool wral fAw ojglel s A
MHE FAEL 10~12 cmd] B 140] ol FoSo] i
g AAsm glo] NMARY ooz AuHE AT gRE
AT AAAE, fA% oldel A% BAEL HolTol et Ao
2 geld UTHF PSR Y, 1987w} o], 1991; 71, 1992). uh
BA olWlel % ojgdel @ AL AuFo]l BE Zrbstn Yo
= AE ALHE YoIF Zhg ALH AUAT F7h Abolel Mz @
B BA7t 2 AAsE Rold s,

® ATARE 3 v 3ve oY Ax NER2aTo| A

rir
>
i~
ik
H1
2
8.
rO

0::,

T2 "A NG Wste] HgHoz fAGT e Aol FAR
A 23E B3 deudz AT 53 7|HAAY AL faw
ojgle] RF 385 HQ o] ALHLE B3 RS s ula) A
HHez 7]&e] 53 FFEE Hon 40 Wol sy 5
R 2dste] 5AES Holn ) o)k AAste] 1980 o
Tk 521990 Aol AA SEldete] giRy g E 7
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Fo] 2udsla Qld] FHoAe T AU oF S0l A, BH
Solx Aoz wAHQ(Kang et al, 2002; Kang and Kim,
2002), ol M E o] e} =g Aj7]o] AojgdlM HAz wAsHE
g ito] FgAlA 2AStT YHKim and Kang, 2000 Zhang et
al, 2000). &X, T, Holde BF HF FHol M oFer
o] 21 dhdo] HX|e} e Aoly HT FHol BF 2~349 1]
ghe] o] S MEd &HI= 01%—%&*1(5?%3—?"

geby et Fu ol 2 °
oFuwi AAEL dAHoZ FHo| 2 ofFdA FHLE olFor
v = Aol FEAA YEYL AS5S & F Ut oA
ol ol AHF I U AFEL VA

oA Y7t A o dsty] HiEed o5 HdF R AHof AdF W
T oy #7489 Wi aA d&FS LA Fh(Kawasaki, 1993;
Watanabe et al, 1995). wetA 1990 el S0 Fal A&H HX
o] Ak FotellE o9k M@ Al7lo SEuet FRe 71 FAA
7b SdEz Agd Aol A 3*%0}93‘32 q2g + Aok

ol9} o] 1990 dlell S0} $Evhet FRAA BT ASH &
dalo] WE Fale ALH FA4so] A AAF Fredl A H A
oz ojE AFE 7A3 J=AE HAHEYE AA BEHOREE
H ol A £ 9] 57} a3 BEHo2e MAAe HAE AT
7bsAdel A A4 HolAEY Frhe st 7E A7 w
29 71§ 2dsted wE #2359 JdFez U o
ol = 19803 d] F9 Z& 1990d ] AR E FEE
HEZo] 23 Z7lstn YHKim and Kang, 2000; 23 A,
2000; Kang et al, 2002). Kang et al.(2002)2 %ol A 19803 th
Fubo] EMRE ALH FEEHIAE JEF 4% F7)

st ALH o3 FEHUSS AAE vk e Nakata et

2 g
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al(2001)& F2AL #F FH oA ALH 874F A2
FTEA Tol 5, AT 2 X9 JF8 i FFL
J5e TAFRIE At} oA o) $aue} dRe LA 7
FAAZ 23t Foz ¥ wel G FEEYAE 2
Z4 FoAA 80% ooz f£4ddn Ax 2ZF(Ginger and
Kang, 2003)e] AA4tel 2708 AF3YS ZHolw 272758 F
Holdo g olgdn v XA Fet Zow zgsigodzt
Attt
gEo2 MY A BASLY ol oM B AH
T BduA S A9E A ALH gl F&0] 1990
ddf drtel] SolMAXEYH o] Hl&) F3sA Asste A
S Bolx UUR 53] ALH HX ool 1S R YRR
Aell= Hdol v nF2o FHEo] e AL FyP st 2
X3 UES & F AU 7IE ey FHEgAdA FHx o
FR80 BT dFAT w2 & 51984 A 1962~1982d
Abol -2yt Falioh FalolA HA A ofFe EIXHJL AH
42 4HE A q5Ho] AYUA FLo] A2 Fx o
< Ha F3 % MY d¥ dgdEoer F4H3 53 ALH
A 289 7 AEA FasHe Ao BRuda Qo] "x oo
FAdole 29 Ao o}F AA FEdx JAFS & 5 vk =
g F29 Zo] o] FHu AA M 717 Tk sy FAW
gl RIZASHA ¥rgste 2AA A FAo Atgho] Uojutx
#dd vt nEAH B2 sigolA 1981 ~1991d Apoldl] 3
T7b 232 HIHAMRE Aol 2AEr) AFso s1eH
Ao AR FxIt F7HeHA L (Kiyofuji et al.,1998) =3 3
A 23t AR HEo] 2o AFF AT ooy 27
of ALF7t F8 242 FALstn UAHSakurai et dl,

itk
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2000). 2] 4 - AH9NE TZA L EEWF te Feu
£3 pdse] PR AYFo] NEEL Bole AVdE AFE
N7nt gudez ddgel FuHYL 2~3Ye) VIFE 7
sy wxd o Aok whehd 1900dTh AMEE dal Hol
41 AL 29 4L 71E ALH FaTE FAES %

N2 Az A7 E ERE HAKo S dddy
A E72 ENSO @4z e AFHEH 71Fa45dd s AT
AR 7157 2 4FS da o2 A ;Y AeAAV WslEn
gri= ol o ATEL T& waAn AT ofHAA olE
Abolol UehhE d3tA @A dis FAReR A2 a3
= A AHo|tHTrenberth and Paolino, 1981; Stone et al, 199;
Limakul et al, 2001; Minobe, 2002). £ @ATx = F2 ENSO9|
AE2 ol&HE HHAFAFSONY A TREAHHFA HAAs=
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I North Pacific Climatic Changes I

Alr Temperature | Relative Humidity Wind Speed Precipitation
Increased Decreased Weakened Decreased
|
r | Surface Sea Temperature increased | ¥
Spawning and Nursery Migration Range
Ground Extended Primary Production Widened
* Increased v
Mortality Rate Decreased a And COpep?ds
And Reproduction Fishing Area
Growing Promoted Increased Extended
I Recruitment Succesﬂ
\ 4
Catch of Small Anchovy by P Catch of Large Anchovy by
Drag Net Fishery increased Drift Gill Net Fishery Increased

Fig.64. Schematic diagram showing the effects of the early 1990s

climatic changes on Pacific anchovy population in South
Sea of Korea during winter.
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