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Summary

Following is the summary of the study in which comparison and analysis has been executed
for hairtail, Trichiurus lepturus among migratory fish, which appear differently in accordance
with the periods of time at the coastal area of Cheju Island which is most important area for
fishery in the coastal areas in Korea. The study has focused on: analysis of the haul by
fishing vessel, investigation of oceanic environment of the Cheju Strait and the southern
coastal sea in Korea where the major fishing grounds are formed, on-vessel research of long
line, stow net, long line of which fishery object is the hairtails, identification of spawning
seasons, breeding ecology and growth characteristics of the hairtails through analysis of
biology, assembling mechanism for fishing grounds of the hairtails at the Cheju Strait, and
comparison and analysis of groups of the hairtails which appear at the Strait.

1. The rate of catch of hairtail against the entire catch of Cheju Island in 1977 was less
than 2%, the lowest rate, however, in 1994 the rate reached 38%, the highest. Generally, the
rate has been maintained at 10~25% except from 1974 to 1978. The average rate is 14%,
which is higher 7 times than 2% of the rate of the catch of hairtail in Cheju Island against
the entire catch in Korea. This means the importance of hairtail fishery in Cheju Island.

2. The monthly rate of catch of hairtails against the entire catch of fishery maintains less
than 2% from January through May, and then is increased by 6% in June, when the fishing
season is started, and to its peak in October(20%). The rate is then dropping by 7% by
December. In Cheju Island, the rate initiates to' increase from May and June to its peak by
September, one month earlier than other areas, and then drops drastically from November.
The catch of hairtail from January in the following year shows almost nil around the Cheju
Island.

3. The South Sea of Korea which is connected with the Cheju Strait is shallow sea area
with depth less than 50m. In contrast with the Cheju Strait, the characteristics of the surface
are of lower temperature and salinity in winter season, while lower temperature and high
salinity in summer season. Therefore, remarkable a front of temperatures and salinitv are
common phenomena between the southern coastal water and water mass flows into the
Cheju Strait, which are laid on both side of center line linking Chuja Island and Yeoseo
Island. However, water on the floor is of lower temperature and salinity in winter season,
while higher in summer season. High saline water over 34.00% in the southemn coastal area
in winter and spring seasons suggests that the area is effected by Tsushima Cwrrent from
the Cheju Strait rather than cold water from the Yellow Sea.

4. Cold water appears in the bottom of the Cheju Strait from April through October, and
flows into the bottom via central portion of the western entrance of the Cheju Strait. The
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shape of most of the flow is formed linguiform, and the cold water flow divide the horizontal
distribution of the water temperature into the southern coastal area of the South Sea of
Korea and the northern coastal area of Cheju Island. It is very hard to accept that the cold
water on the bottom of the Yellow Sea flows directly into the Strait, since the such cold
water flow into the Cheju Strait is much higher in temperature and salinity than the one of
the Yellow Sea. It will be more probable that the mixed water of Tsushima Current and
the cold water on the bottom or the Yellow Sea flows into the Cheju Strait. It also is
probable that the cold water on the bottom of the Cheju Strait may effect the eastern coastal

area of the South Sea of Korea.

5. Sea water of relatively lower temperature and salinity than those of central portion of
the Strait and the surrounding coasts appears frequently locally, and forms local front of
temperature and salinity between such sea water and the surrounding water. It is believed
that such phenomena appear due to upwelling or tidal front in the north sea area of Cheju
Island. Such water with low temperature and salinity appears from May through October,
when the low salinity water begins to appear on the surface of the Cheju Strait. Though
varied upon the investigation locations, the phenomena appear frequently at places where
projection area, depth of sea or geometry of the bottom may effect the currents and tides
such as Chagui Island and Coast of Bivang Island of west of Cheju Island, Northern coast of
Aewol, vicinity of Cheju City. northern coast of Hamduk, and northern coast of U Do and

Haengwon.

6. Water masses with different nature meet each other in the Cheju Strait forming saddle
shape of water almost every month. It is possible there will be formed a front of
temperature and salinity at the boundary between central portion of saddle and the different

water mass.

7. The range of stratification parameter-V(]J/m3) calculated for the coastal area of Cheju
Island is: 8.4~209.8 J/m3 in June, 201.9~634.9 J/m3 in August, 0.18~680 J/m3 in September,
and 2.7~462 J/m3 in October. Therefore, the tidal front in northem coastal area of Cheju
Island is formed at the sea area with violent variety of depth within 1~2 miles from the
northern coast of Cheju Island. The front roughly matched with 50m of isobath.

8 It is believed that the hairtail fishing ground is concentratedly performed within 10
miles from the northern coast of Cheju Island because of the cold water below 14.0T at the
bottom.

9. Hydrographical conditions from vertical profile for the rich catch of hairtails are' area
where appears surface cold water; temperature of the bottom over 14.0T; formation of
homogeneous water on the surface; existence of low temperature water in middle; Yellow
Sea Warm Current or Tsushima Current in such weak layer of water, ie., intrude of lower
salinity water of 33.60~ 34.20%; into Tsushima Current instead of Tsushima Current of high
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salinity over 34.30%;; and the bottom water temperature over 140T. The fishing depth of
hairtails is identical with thermocline. The fishing depth is shallow in summer season
while medium and deep in autumn(Nov. and Dec.) season. The catch is greater in winter
fishing ground in the bottom of Tsushima Current with higher salinity than summer or
autumn seasons. Therefore, the fishing ground swifts from low salinity area in summer

season to high salinity area and the depth becomes deeper in autumn and winter seasons.

10. GSI's for both of female and male hairtails were maintained high in the period
between June and September, hegan to decrease from October, and maintained low until
December. Gonadal phase is: maturation and spawning season from June to October, and
main spawning season in August. Hairtails are spawning several times in single spawning
season. Sex ratio of hairtails are higher during spawning season. During seasons other
than the spawning season the ratio of female/male hairtails is maintained 1:1. Number of
eggs per unit is 12,821 minimum and 125876 maximum. The bigger the anal length and
weight, the more eggs hairtail bred.

11. The fishing grounds of hairtail in the Cheju Strait are formed at the bottom of high
temperature in tidal front at the coastal area of the northern Cheju Island, tip of the
linguiform high salinity area at the eastern and western entrances of the Cheju Island, low
«alinitv eddy on the surface and its surrounding salinity front, various water masses in the

Strait and coastal water of South Sea in Korea.

12. Estimation of optimum temperature and salinity per season based upon analysis for
relationship between temnperature ‘of watér and salinity of the bottom laver and the catch is:
15.2~16.4C, 34.20~34.40%; in spring (June); 144~17.07C, 33.70~34.30% in summer(July~
September); and 15.7~186°C, 33.70~3450%; in autumn(October ~December). Hairtails are
mostly caught in Yellow Sea Warm Current and Tsushima Current with temperature over
14.5C and salinity over 33.70%; in their bottom layers in the Cheju Strait.

13. Considering the relationship between the amount of hairtail catch and the water
temperature of bottom layer, when the bottom water being above 14T flowed into the Cheju
Strait through the western entrance of the Strait in summer, the catch appeared to have
been abundunt. In contrast, the catch has been poor when the temperature of such water
was recorded to be below 13T. Therefore, distribution pattern of the water in the bottom
layer can be used as a forcast index whether the catch of a certein year will be good or
poor.

The groups of hairtails which appear coastal areas of Cheju Island will be classified into
wintering groups at south western sea area of Cheju Island and the ones in warm currents
at south eastern sea area. However, it is required to study further for wintering hairtails at
south eastern sea area of Cheju Island which approach to the coastal sea.
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Fig. I -1. Bottom topography around Cheju Island and East China Sea from Inoue(1975).
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Fig. 1 -2. Mean catch of Hairtail by the fishing methods during 1974~1994.
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Fig. II-1. Annual catch of Hairtail in Korea during 1974~1994.
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Fig. I1-2. Annual catch of Hairtail by the fishing methods during 1974~1994.
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Fig. II-6. Annual catch of Hairtail in Cheju Island during 1974 ~1994.
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Fig. I-8. Frequency of annual catch of Hairtail compared with annual catch of fish in
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Table M-1. The date and atmospheric conditions observed in the Cheju Strait

Date Moon’s Age(Day) MAT MSLP MW.S

Oct . 11~18, 1991 . 4.0~11.0 ¢ 166~19.1 ¢ 1009.7~10188 | 38~110
kApr C16~19, 1992 129~159 11.1~177 1008.5~1018.2 47~16.7
May 18~20:”1992 777777 154~174 16.2~19.8 1008.6~1011.2 35~ 77
Jun . 16~18,7_15A9€)_‘2“~AA15.0~17.0 20.1~205 1008.7~1011.8 57~ 93
J uli 7.7 :2'}~28, 1992 . 266~27.6 273~283 1010.5~1011.1 43~ 97
Au; 14~20, 1992 153~21.3 254~276 1000.6~1008.7 * 4.7~103
i ;(:p . 18~19, 1992 21.0~22.0 T 219~225 10157~1019.2 © 42~ 43
5(: Lﬁ }8:559 1‘)92 23~ 33 141~16.3 1018.0~1024.8 7 3.7~107

Nov . 23~24, 1992 28.3~29.3 122~123 © 1023.9~10245 63~ 6.7
8.2~133 1016.5~1025.5 7.7~137

Feb . 4~ 5, 1993 12 86~117 | 10183~10249 ' 42~107
Mar . 910,193 156~166 | 68~ 76 | 10245~1060 47~ 48
| Apr . 16-17, 1993 238248 || | 141~143 | 10144~10148 40~ 60

May  25~26, 1993 | 31~ 41 17.0~172  10128~10146 30~ 57
Jun. 18 1993 276 219 10066 50
Jul. 1~ 2193 110~120  206~215  1009.1~ 10100 77
Aug . 23~24, 1993 53~ 63 229~254 | 10090~10129 | 47~ 55
Sep . I3~16. 193 263-203 . 26-242 | 1013510157 | 33~ 50

* M.AT : Range of Mean Air Temperature(T) during observation period.
M.S.L.P : Range of Mean Sea Level Pressure(hPa) during observation period.

M.W.S : Range of Maximum Wind Speed(m/s) during observation period.
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N
5]
o

Depth(m)

2

Mar. 9~10, 1993
Salinity %),

L00F

3. B9 B-10 B-11 B-12 B-1

5
= 60
an : :
Mar. 9~10, (993
Density( a1).
00 TiowEE

Fig. M-15. Vertical distributions of temperature(TC), salinity(%;) and density( o) in the

section B.

_35_



30

—~ 928 e ‘r‘ e
& 26 . . : i

~ 24 S

h 22 |- e fo - . _
3 20 - ;{‘, cd —— - - . S
< ]l‘? . . i : L e
=16 ! . -
L 4 . :

= 12 I

3 . . i . Lo
R T -

6

Salinity(%)

&Y T = 7 T i 7

b e Y o . N b ¥y T o . )
S ANMAF 141 N ¢ AWANG AR () N :

¢ ﬁ@ : Q s e «3 ? Q
N\’\:nm a v A .b *

. . \

cotd Gl ey oL
1\«1

: \ — P
' e P
; N ’
| ° May 18-20, 1992 2 lay 1% 20, 1992
! : Surf. Temp. (¥) ' Surf. Sal. (%)
i
I L " L ) N
-
2 T T =T W = T T
k> 4&’ ’ o g . 46)' i 2 . ! 7
ceaar o w@@ 0 Q il ';/QS o
N s o
L 4 - D
W — .. o L
X o R
3
N
cw i CHEJU DO
! \,
: N
May. 18-20, 1992 May. 18-20, 1992
Bottom. Temp. () Bottom . Sal. (%)
ns'lw E (26 30 F |27‘1m’ F |16'lon £ IS m'lm' F. )M." N

Fig. IM-16. T-S diagram and horizontal distributions of temperature('C) and salinity (%)
at the surface and bottom in May 18~20, 1992.

_36_



3
x
~+

—— -
N A

Temperature(C)
»
|
|
4

26 27 28 29 30 31 32 33 34 35 36

Salinity(%)
g
- " P 4 -
¢ owanm e 50
N eHumasan DO N e
- 11 r N
33.20
N
33.60
Nv:unw‘ CHEJU DO
. May. 25-26. 1993 ° May. 25-26, 1393
. Surf. Temp.(T) . Surf. Sal. (%)
1 1, 1 1 n*
00 N
) 7 - v T
LYo o > |
awhiane 50 ek
\ e 0
I'ls:tnw -A
B -~ J e
34 407 " ol 00 o
N ) . 34.40
34.20
/ ) 2. 3420
Py n"
v oo 0N
CHEJU DO * wrind oo CHEJU DO
° May. 25-26, 1993 ° May. 25-26, 1993
. Bott. Temp. (T) : Bott. Sal. (%)
1 1 1 n
126" 00" E 126" %' E 121° 0" B 126 00' E 126* 30° E 1271 00° E 00 N

Fig. M-17. T-S diagram and horizontal distributions of temperature('C) and salinity(%s)
at the surface and bottom in May 25~26, 1993.
-37-



Temperature(T)
=

26 27 28 29 30 31 32 33 34 35 36

=T, 4“‘"~ . e T
D ? =34 ¢ e . !
o o I o T
.y N i ‘. .
| / Ht e
I
20
. 16 <
//’/
\ el
e .
A fo
! > M/_,,\\lxra ““““ 4 .
/ // CHEIT oy A |
4 |
\\\ |
° Jun. 16 18, 1992 ] - Jun. 16-18. 1992
’ Surf. Temp. (T) : ’ Surf. Sal (%)
|
N i | 1 w
TN
T 7= T
BE SN | :

s — ——— (V‘> : 'MZC}HW“

Jun. 16-18, 1992 . Jun. 16-18, 1992
Bottom. Temp. (T) Bottom. Sal. (%)
N n
\26"00 [3 126" W0 € '?7"““' E 600 E 25730 b 127°00 € OO N

Fig. M-18. T-S diagram and horizontal distributions of temperature(C) and salinity(%)

at the surface and bottom in Jun. 16~18, 1992,
- 38 -



3 AT FSFo Fd}= AZAH LS

ARG AFF upe} go] AFAPNE 495 E G W] FAR AF Hes)
288 Jgo] deigth = 19929 49 (Fig. M-12) AFAY M= d7 932 Sta. 65
<ol 120~13.0T, 3410~3430%2] A7t Adoz ARlso e §&£ 2 dsio &A4s
7] A}2Hgc

2% 5¥9(Fig. M-16, Fig. M-17% AFAY MZ 7o 28 HFel 14.0Co)s e @
47k Ao dyel FZog FAsh} 19939 (Fig. M-17°) ZA$¢-E Mol g #Ax 2
ol AFAHY +F A77HA ZAU

69 (Fig. M-18)l= Sta. 6 14.0T, 3400%2 A+7t Agoz B¥3 1o, 79(Fig.
M-19, Fig. M-20¢l= 199239 ¢ e Sd5el 14.0Telste] 257 vehz] ¢4
2k, 1993 9] Fo 2AL AR A M AFHYH HF vehus 140TC0lse] A 257t A F3
H AZ Bxan 3lE 120~140T, 34.00~3420%2 57 A5y A% Qs 39
AP =2 Fdsts 3ol & vl

8¥(Fig. M-21, Fig. M-22)ell= 1992l A9 AFE SAMZ siodol 140T, 33.88%< A
ARSI Aoz 0 EHo] UGS #olx, TUYHE 140~150TAo]e] v|m3 ne
470 A Ao aeiu 199336y AR AFAY M2 g7 F3N oF 10T
S 1300 A7t AFHfy 5% d+2 It f9ldn Uk

991 (Fig. M-23, Fig. M-24)2] 4 9% Sta. 69 199242 ¢ 14.07T, 1993d 2 A$¢E 120T
o] Aol A4t AFHAHY MZ JFE 3o AFAFNZ Fddu don, 53] 1993
o veld 120T 9] A4e] AFALeFe AFHH MZ 7ol 28 AS+ 2 5ARY ¢
A7HE A, E R HHAE 2% Avs o] AFAPUA FHA Fu ARE
g AA Ade 9% 2] #450 ds 54 Pl dehva ok

109l 19919(Fig. M-25)2 2% 12.0C, 3320%°] AL-ALF 47t e F9re
gl Aoz #FHn A3, 199290l FAE BAMZd 150C2 FHATEG A
S A2F7t AP AU AL B 140To)8He] 5= vehtz gt

mebA AFA P 28 AS AeFed 2PA7IS 425 10971x] 01, o] Af
T AFHY AR 7] YR A S Fd dPUz fdHn ded, O fdHE ¥
o] o] Ao, o] A5 & AFAYPN AF e 2 FHEEI} P36 Ay
3 AFe FRHAoR prolAd. ol AFALS] £ 4AL HotEr] 9o AF
AYPNell 28 AZALSF Cored] 5724 EXEE Table M-2¢1 Yel A},

2 g7+ A] Nakao(1977), Lie(1984), Park(1985, 1986), & S(1984)l olaf w&l A Fall A2y
v & 100Tl8, g% 3200~3350%8 =] F3ztn A=l Qo vz Table M-29
o] AFHYH HZ FUEe AFALsY +23 dio 3 AFIFude 493 ¥

*

-39 -



30

at the surface and bottom in Jul. 27~28 1992.

,40,

~ 28 r .- - .
£ 26t b‘ L
~ 24 [ R - R
73 D B Y
3 2 L L
o 18 L - L _
=16 e
T R
g 12 ' ,
o 10 bk e
e~ 8 EE—— - -
6
26 27 28 29 30 31 32 33 34 35 36
Salinity(%)
T S
w1 w(@@ ¢ G
e '-"4 ol N Hiean o
FAYR . . .
D A Y
) /‘/26 . ({,zs
— N 22, 70 gg—
2
. /' / /:“ 20
. . E . / . .
. = O e g R N
et CHEIE 10O g/ HAREE ,»"
: h ks 4
~ " i e
e S
- Jul. 27-28, 1992 - Jul. 27-28, 1992
Surf. Temp. (T} Surf. Sal. (%)
i I l 1 " 1 ‘;" .
T 7 - T par g ’ - T
I o . “‘ > : 3 L =3 . }
A B P Boritl o g
— N e N
! ! . v .
- _4'"‘
h! \ 'u?@ o oN
. . . . . . M
\rv—/’\
\. /-“16‘\ uqc\-—‘;m
. / r/ w  CHEJU DO
\«\f\_f’\,—wv
Jul. 27-28, 1992 Jul, 27-28. 1992
Bottom. Temp. (T) Bottom. Sal. (%)
1
wzs“‘w' E 126% 30 ¥ ITl'lw' E usvlw E 126° WK 12100 E 00T N
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Table M-2. The low temperature distributions of the bottom layer appeared in the Cheju

Strait
| Month
Year ‘ . Apr. + May = Jun. Jul. Aug. Sep. Oct.
Item. . ‘ : . (1991)
1962 Temp.(C) 12.0 13.0 14.0 14.0 140 | 140 12.0
- Sal.(%) 3410 | 3420 34.00 34.20 34.20 33.80 33.20
1004 Temp.(T): - 130 - 130 . 130 12.0
Sal.(%) . I 34.30 . 34.10 33.90 33.80

o2 Mot FAAT Y/ AR HPHZ FATd M= ofy AFE MZ o
of et dirhdfAzok Gl dse] EfA 8 FAHE EFF 2= FAEFSL
AW FAe o e A4eletn sAd

= 1993 0¥ AFF ZEAM AFHFE FAP 130T A257t 22 FE94
A7kA) Zdstn i oz ol AFAY AZHL4st Aol BRME FIIH B
HA7kx G2 v]AsbsdS Axbete Aok el ol 1989 5¥(Fig. M-26) =AF 2
Al vepy olgidle Al FaH AR QI 11.0T, 3390%9 A-2-AA4 Core?t #¢l
ol MFralds 4% F 4w R ARE ¥ #HAFo g oFd F dH et B

Aadrzbal dde elxa g

) ATy e B3 FHse AYEs

Fig. M-162} Fig. M-172-1992d 2 1993 59¢ 2] T-S diagram @ 4 2-d%9 $HYRY
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d ool FASh gol divkdiHa2 AU AR FZo: Fig. M-16(1992)2] 399 3o
AxHF A% d-rel TU4H Sta. 69 3 3360~3380%2 MRS/ Aoz A FH
HU 2 Filslo] 3] 59 9SS FuF F 3360%2 Y Core’t Eddye] #Hlz2 %o
2 olgsa U Ay FURIL olHY HARFR W) AFRE o AFe Epdehd
2 FAbE, MR, BAE oo HY RrAddeds A YeElgd 34.20% 014 tivbd
o7k Ade ZEEH Ao 19939 5€(Fig. M-17)8 A% HZAA g FUdyd
3320~33.40%:2 HA AE5/t 288 L FAEe AFHEY HAF 7Y Sta. 59l 1717,
3320%:21 &M Core’t B4o2 dyuz Aslsol F2oa AAHAN 3949
Easial glol Ay Fiol 3400%0lst 2 AstetAT FAEY dMEE Qe He B=
ghelell Ag Aol vehd dinkdF471 RAHA @2 W8] B2 34.00%00 49 1Y
ol frA%at ek,
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Fig. M-29. Horizontal distributions of temperature(C) and salinity(%;) at the depth of
surface, 50m and bottom in Oct. 11, 1991.
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Fig. M-33. Horizontal distributions of temperature(T) and salinity(%;) at the surface and

bottom in Jun. 18, 1993.
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Fig. M-35. Horizontal distributions of the potential
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Fig. M-36. Horizontal distributions of the potential energy anomaly(J/ma) in August,
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Fig. M-38. Horizontal distributions of the potential energy anomaly(J/m®) in October,

1991.
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Fig. IV-5. Vertical profiles of temperature(C, T), salinity(%. S) and density( o, D) by

the Long Line Fishing vessels.
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Wl A},
22y 982 HAE oY54e vebd Fig. V-8ell 9latd 7, 8 990] 20~%5m der
7b 3 10, 1190] 35m Fxolw 12, 190] 50m X2 AN FAz i ol 8yt

Fale doln.

°
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w

20
15
10
5
0+ t
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Fig. IV-8. Range of the monthly mean fishing depth caught by the Hand Line Fishing

vessel, Youngkil.
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Zx Ade], A%, eHdFolddl $Astel £ ZA 9 oYF, Y53 R FAPY
o] AARTYY S BAS AFx FAAGS FAo|F 54e acksd da gk

1) Zx] ol¥o] F& ojFe] §7 54 HIWSF FHGo|AA AF o] 140Tl ol A
U #3d #A47t 245D T3 2 ko] EASAAM o] okF Wz FAdFF WA
t ogivhdd AdR 37 dickd RSz ARlEe Aot #A 43 e £ 43
Qolst e FEe] ozl Fe At AYFFol & Fol WA FAULL 12
We AYFFol Zolx F2 FAFAA of¥HL UG

2) WEdzrQ FAe ZAoFL s L FARGE A F=7F 52 drhdRA A
ZolA ol8EE AFPol A Teirz ZXFL FAXH FFA 2S5 AGE M
PR ez oFsn oy FAx Pa Pojxe FFol U
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V. AFsPol 2dst= gXo HANYESH EY

A9 gAY, G g4, X G0 B d7E o2l ATAEHE, 1959, Wm, 1971 AH
o #K, 1980. BrA, 1982. Sheridan et al, 1984, i<} RE, 1984 a, b)ell =&l w18 u} R
o fUdNE ded e FHo @A 9] Ad Al7ld BF AT(H, 1991)7F P
vk 1ot grAle] YA 7], TFS, B35 Sl BF WA Aps) ol nag A
Aoltk. 53] AZHH 2 FAE Yoz I WA B ATe A9 o]0
2 up Qi

€ A7 AFHAYAM 23 ojYo] AR 69 RE 1290 BH o] A7je] YAA wyg
Y, AT, TS, ARHF 2dn 28 A7) Ay 52 2AEY o5 MAMYE
el .

2. M7 WYY

23 Aol ojdo] AFE 2HAM 2UsA AT, FHY, XY, ALY Yo
BANEE Tt 2A YUMol ALg-sigon, ol AgayY Hute] 2YYAS Fig.
V-lel, A3l 42 @ Aug, A9x 223 AP Y Sample) 2 Table V-1o Uebyo.

ZAARE ZAAF] oMol dal AFAYAM o5 r) Aztate 19929 6QRE ZFol
7191 19924 1297bA (P 670/ A= B &)

AN Aue 4842 $74 AF3 TEZL 01, A2 01g7tA] AP oAz ny
doid AL ZFL 001g7tx AZ=Ho

Y& 2% 25 (Gonadosomatic index, GSDE 9] A ojste] 73y,

GSh%(ﬁ

GW : Gonad weight, AL : Anal Length
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Table V-1. Summary of the materials used in the study

. ' L. .. ! Number
Collection e N Fishing Position ‘
Port Date Ship’s Name (Latitude & Longitude) Sargples
Hanrim TJun. 1992 BOGHO B 332 00" N, 1% 520 E " 19

1
ZJun. 1, 192 SUNDUK 33 26" 4" N, 15" % 00" E 15
C3Jul. 7, 192 YOUNGJIN 3 2 0N, 16 12 40" E 22
| @Aug. 3, 192 JEONGYANG 3 33 00 N.1% 15’ 00 E 26
GiAug. 28, 1992 HAFIL B RWNIF IBFOE 27
®Bep. 28, 1992  YONGSEONG 33 3 00N, 1% 12 O'E | 37
@Oct. 18, 1992 . JEONGYANG 3% 0N 16 1250E | 3
BNov. 22. 1992 ' DAEKIL 330 4N 16 8 A'E | 32
Cheju City | @Jul. 6, 1992 | SINMYUNG 3B AN, 1% 42 54E | 21
®Aug. 3, 1992 | UYOUNG B 34N 16 R FHE | 2%
iAug. 28, 1992 | DUNGHAE 33 U SN, 16 27 0 E | 3l
BSep. 28, 1992 | KUMGANG 383 53N, 16 43 49E | 40
. BOct. 18 1992 ' SAMHWA 3 EX 00N, 1% 2'E | 35
| BNov. 22, 1992 HYUNHAE XS4 N 1263 WE | 42
Sungsanpo | @Jun. 6, 1992  TAEIL 33 42 00N, 127" 8 2°E | 24
®Jul. 7, 1992  SEONGBOK 3B U MN 1% R L2E | 2
DAug. 29, 1992 ; 2nd DONGJIN 33 55' 00" N, 126" 54’ 00" E 24
BSep. 29, 1992 | DAEYANG BB ATN 1% M4 ME | 33
~ @®Oct. 18, 1992 | 707 DAEMYUNG| 33° 40 4" N, 16 52’ 32'E = 34
_ ®Nov. 22 1992 | DONGYUNG | 33 34" 37" N. 127 6 38'E e
QDec. 18, 1992 | HANSIN 1337300 N, 127" 9 17"E 75
Seogwipo  @Jun. 6, 1992 | GUMJUNG 33 08 00" N, 1%6° 30 00"E . 23
Total i 670

E3 4% X 4 (Hepatosomatic index, HSDE o8 2o ol 73t

H51=§L—LM8— LW: Liver weight(}¥3%).

YA xe] ZAFE AZL Bouin's solutiondll 24412 nAse] Y (HEK)Q Paraffin BH
o o3 5~6m FAR B BEAen, Hansen's haematoxylin®} 05% Eosin® 2 ]l
st AT

G7ws 2 EFS0RIRE A% L g5719 o2k 6~949 A F A% Ut £
H@n Aoz AdEE Az dane ogsigon, =& #AFdAM AF Pl e
Aoz #was e A AdAAL

ol YAU v s 23A)717) &l 71 7F Gilsond ¥ (Love and Westphal, 1981}l ¥
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@
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Fig. V-1. Location of the fishing grounds in the surrounding seas of Cheju Island.

ol 60~70T =] 2 & RHASAM 3~7U3 435 £50] FHA RAAAD, ReisA P &
S Y He= &3 29 ANzon oY Hojx U AMZASS 2542 Mol HASY
133 37 400m °)de) FELS Ao AFEHH.

X&) A2 ot 9 ol % FH(Bagenal and Braum, 1978)2 AL&3+ch

o

E: ¥&5, W:dAS3 W' @ gagysl, o gae] dRZFF ¢ Udd Q8o Yy

223 2Ael A Yot ohds 2L AuBANA 9H PRI

Female

Sex Ratio = Female + Male
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D AL a7 gy R 72
39 dat 149 dud 95¥or PFEE JHAY, Yok el A8Y Q472
A A5z g A AMSD, 95 BF YALE 3 v olthFig.

2 Hkre] Fuky

V-2). dad ArE Be daidd Fiasdor vEHO AL, daE FHUAAM 47
el wel ge AL Ho Are rdsvdeE @ 4 vepiy A g2 /9
Mo g2 "t

Tesmsf{\\\ Ovary f( \

Gonad

R | =%} y i
3 : ;— Rectum - X
Anus \
L Urinogenital pole

Fig. V-2. Reproductive organ of Hairtail

2) AJAA &% A4 (Gonadosomatic index, GS)e} ¥ 3}

Qw.xoly WA A S|4l MBS Fig. V-3, 40 dedd. AFsHPeR dfdes 2
x)o] o}A GSIE= 6¥Zol ol & GSIS3DE vehn thgol AJ4H¥(52.4), A AX(33.0)
o] oz NAH A7} k. 7HAE AFAIZo] £ GSIBTOE Hedi F4(66.7), 4
23192 £oldty. 8del P GSI 63007 783 A9 vy £FEE FARAGL, AF
A= GSI 37.0, AAHEE GSI 430010tk 990] A o] GSI 4802 T4 & el
U, the Aode) GSIF A3 Belx 7] Alatste] 1096l 7t Ao} GSIZF 100 AFolx,
1196l GSI 5.0 olste] ¥ g 7HA.
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THE 3 o] 69l 7MY =S GSIFY 532 AAE 345 MAX 130)2 Holx 7
89l 180 o149 %2 gg R RS} 9, 1091 HolSHM GSIZ} Rolx)7) Alzpate] 12¢

o GSI 859t}

_ZCHEJUCITY £ SUNGSANPO ES SEOGWIPO

PN

| 8 HANLIM

GSI(FEMALE)

JUN. JuL AUG. SEP. OCT. NOV. DEC.

Fig. V-3. Monthly and regional variations of the female's gonadosomatic index. Bars

indicate the standard errors.

| 8 HANLIM O creucry & SUNGSANPO 55 SEOGWIPO
{
L.

GSI(MALE)

JUN. JUL. AUG. SEP. oCT. NOV. DEC.

Fig. V-4, Monthly and regional variations of the male's gonadosomatic index. Bars

indicate the standard errors.
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3) 74X X 4=(Hepatosomatic index, HS) ¢} W3}
daE A5 QU Ea 2 Fig V-5, 69 vehsich

. % HANLIM

" I CHEJUCITY i:i SUNGSANPO = SEOGWIPO

HSI(FEMALE)

Fig. V-5. Monthly and regional variations of the female's hepatosomatic index. Bars

indicate the standard errors.

% HaNLM L CHEJUCITY iii SUNGSANPO = SEOGWIPO

40 -

w
o

HSI(MALE)

JUN. JUL. AUG. SEP. OCT. NOV. DEC.

Fig. V-6. Monthly and regional variations of the male’s hepatosomatic index. Bars

indicate the standard errors.

o}z HSI®) €8 wzte GSIO) W3 F4x /A W32 GSIZb &2 695%H 9971

HSIE 389~14.89] ¥92 69%E 9972 & ZFS vehix o 10454 HSI 210

olatz o}z 7] Alztate] 129elE HSI 127011t
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ol =2 (Fig. V-6)2] HSI®] @3l= =A} 712y & HSIZ) 188~9302 & walsl ik

4) AL g
(D) FA 34 33

%7 dae AFA4 2% 26 98 tEE B dasdos pAHY U oE 4
el ¢ 6~8me] FHMES} 20m AFo] FHAZ] GRAXE, 220 AXA sHFRI Al
GHEIL X8I, eosindll A QAEE AN AXMEZ0l Y48 ¢ 300~400m
AFe 27] 4HdEol EAL AkFig. V-7 (a).

d7dol 650~700mell @3d ruto] AU X7} FEIFOE oy BT
FHo] FAAAAA olE Alolel FrEo] Yehvin WatMddiel X F e AXsL F ded
tHFig. V-7 (b)).

AhE A HE d5dS 43 D QRdizh dobx] 4 3 $UkFig. V-7 (o).

A F dadgduiel 250 g43 R ASIRMX S0 FESY olE F 3A7NEY A
FAE Ze oY GEAXES AdduE dyP AXA ¥3E deovn Hi} F5E9
(Fig. V-7 (d)).

2 A2 ¥4 33

Aot G4 AF5H F22A B2 A2 L4402 FAHY At H44G Wl 6m AF
o FAAXE R FRMAE 7 223 243l FAXE FERZA ¢ dAY 74
Hol AthFig. V-8 (a). A4 w3 7 Z7] e 2 G YAAEE 3 Pu4
¥, AAE A2 & HER HLA080] AAFIM F£AZF o2 Ao Id(Fig. V-8
(). Aae] A3 P4 FAXZE A2 BN 242 wFdG. o5 FAE £AUD
o2 olFso JANE YAV HFig. V-8 (). BA F 2quZel A& AL HY 4
dslo] 7o), 4 AAE AFHAAY, 2049 ZAE £RS FYAEES0] EIFAPg
(Fig. V-8 (d).

5) A7
I 2AH da W 93 34 33 A4 W Z2 P4 AP 2o e 2AG
ARE FH3A o5 HAFIE AV, A&7, €5 L AR, FAZ 59 AL 3
712 Yebd 4 91k (Table V-2, Fig. V-9).
(1) 47%71
LH HAL g3 dadM FHAY] GRMESO HFsy, £ FhdAE HAAX
o] TE3AA ARMAE] A5EDo) SHA Y%7 HoAE o5 HAEMAEL 699
agAdAA Yeldn
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Fig. V-7. Gonadal phases of fermale Hairtail, Trichiurus lepturus in different phase of

the reproductive cycle.

1. Ovary which is sampled in June. The ovary is mainly filled with oocytes
in the perinucleolas stage and yolk vesicle stage; 2. Ovary which is sampled
in July. The oocytes in the maturation stage are observed among the oocytes
in the vetellogenic stage; 3. Ovary which is sampled in spawning period.
Empty follicles are seen; 4. Ovary which is sampled in October. The ovary

is composed of the degenerating oocytes and perinucleolus cocytes.
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) h “)

Fig. V-8 Gonadal phases of male Hairtail, Trichiurus lepturus in different phase of the
reproductive cycle.
1. Testis which is sampled in June. The spermatogonia and some
spermatocytes appear in the lobules; 2. Testis which is sampled in July.
The testis is composed of the spermatocyte, spermatid and spermatozoa; 3.
Testis which is sampled in spawning period. Many spermatozoa are filled in
the lumen of the lobulr; 4. Testis which is sampled in October. The
spermatogonia appear in the lobulus and a few number of undischarged

spermatozoa remain in the lumen of the lobule.
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7 Degeneration & Recovery

GONADAL PHASE
(FEMALE)

JUN. JUL. AUG. SEP. OCT. NOV. DEC.
MONTH
i M Growng 7 Matwre E2 Ripe & Spawning Dogeneration & Recovery i

GONADAL PHASE
(MALE)

JUN. JUL. AUG. SEP. OCT. NOV. DEC.

Fig. V-9. Gonadal phase of Hairtail.
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Table V-2. Monthly and regional gonadal phase of Hairtail

! une ul : August |[September ' October [November December
y g
. G M R D M R| D [ M i R DI M R D M R f D M R DM R D
Hanrim [m 4] - 1 5, -1 216] - 516, -16:1]-]-18 g
e f] 30 1113 4213212 6112 - -2 -1 . {03 -
Cheju S IR I R ! 5 5 - - 9| -] 114 :
Gy 75T 3T 611 glo3! 6 8201 1:3[19! "]1 25 BIE
mo | el g2l bbb -ty -T2l s T o 3|13
[Sunesanpo 7 - 6] 6 7] -|16] 7 17] 2|13 3.2 -] 1]15] |18
1 | 7 4 1 . . . . - ‘\ . . . - . |- . .
Seogwi| *
kil [ RN IR STEETI B | [ ; ]

*

G : Growing

M : Mature

R : Ripe & Spawning

D ! Degeneration & Recovery
m : male

f : female

(2) A%l
dAe] dadls AR dFe) dge ZAHT wEr FEIXR0T olFaE AL o
EAXER dEE AAA AN, £ Paole Bd @AV G YeAXE AR, A
He Aasz Pt 69 ~849cl 2A 479 AME) 2ds Ut
(3) &% L 4
e dadeE M00mAFe d5dog JH5 23, o5 Aloldl @2y A1 YW A ¥
W7h ot Ard EA S MR Utk FAe] PhddE ArLSel RS o] AguRel A
S A8 Ut ol 4R AE 695H 109702 Yehda o} A7)E 7~8K e
AA dojun gt
(4) 35 g2 Fx7)
st dae vIgAd P2 vlidE dEo] "3 F471 oy YA 233
AE5do d2dME AXMEZ) YHE FRAX ol4e) N4 YRAYEL EI Fo8n
THAZIS] old GRMESTO] dA AYFAYA BEsT Utk P& A oy Ya}
g°l "3t F5Ho AFHed oY WAZ e YaAQd YYHAES0] BY =481 Yok
olA@ FA7l Hol=E AAE T9REH 24 Z2HEI] AlFste] 109 olFd zArd g
o A7 FA2 Hojsm QU

6) A4 2z gu) #A
Fig. V-10& €2-28 ZAA g tid 4ujs Uehd ez 05 o]l4e oA Hgo)

x ZolL, 05 olate 4319 vigol £ AL vehig,
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Fig. V-10. Monthly regional variations of the sex ratio( ¥/(§+2)).

HulE QY AFA, AAE)Z ol YR 2AIRE B AAAAAM 05 o] g
F#A 2 el g3lo] £3ut 2 vEd RAY

690l ol 08 ol Foz gl ¥ uEE 7HAw Yo, TARE 9YolE UL Ko
08 ol4ez #gF AFARTY E& v vehdon, 104 EE A Ago] A9 vk
B &g Btk 9 A Lrld] B P9 0602 (o) uigo] Ao Wy FE7HA
=3 A

Aule] wsterga GSI® Hgte GSI @ol & o gale] Auist #A vehva g &
6l Fgo] YAEMT GSIZF wgkon Auldl oM = g3ie] wigol k1, 9¥dl= A
¥Zo| &g, AFAdl vd GSIZF ®omA Aulel eiMx tHlel uge]l A deyx
itk olF 2@yt A9 Fase 1085HE Axde] AY ¥y gruEd YEL
A

38R

7) &4} &4l (Cannibalism)

A BBAY M2 ol #AsE HBAH oF2 T2 AEADH 22T S
ggan e Qo FEFoAN o FAAYol ¥ dAdix ey 1 #AE Fig.
V-11ol Jebdith F49] Alate melzh 2 AN she] Albst Ao

699 P AAE BF 01 o4 FAAYe] vehdn ofF A% Faddd. 213 A
A7t 626 0252 7M=L ueS Ustiorn g, AFA, duxe For H4 HEd
A7 da ok
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Fig. V-11. Monthly regional variations of the cannibalism ratio.

8) A&7l daw AN X3
gale] A7) Fetel Lojus WSS 47 A dau de A7E G zgANE

ZAEstA Fig. V-12¢] Yeld

&, A7) 699 AlAldle 400m AFe) FIRAELEFH 1,100m AFS] IRAEZ mode
2 gdso] gtk 796l ol2W 400~700m AFS] FRHEFI 1300~1,600m AF] Udw
HET S0l A o], 69l 1,300m ©1de] dRAX TSl UYehdz] ¢ AL wdo
2 Q3 AlgtA Aoz FHHAG o]lF YRl F2 1000m AF2 dRAMEFC] YAHT
o Y= Al 400m AFe] GEAEIH 1300m AFL] GRAHEFol AT
o ol2{g ¥ Mode © Pattern® g, AF, JAX RN FASIAT. G 7 dARA
9] ModeZt dZFAozg olgses AL 4 F AUY

gxd 229 43R PAAE Bz F5RY AT wE TEJASFE ZAY FAAES

Table V-3, 49 Jepyict

Table V-3. Composition of egg numbers by anal length

Number of eggs :

Anal Length(cm) Mean(Range) N
20~25 14,040(12,821 ~16,747) 3
25~29.9 28,725(19,929~44,577) 5
30~349 34,023(27,801 ~42,933) 6
35~39.9 52,004(43,500~63,445) 10
40~449 , 75,095(29,026 ~72,255) 6

| 45~499 . 107,576(89,277 ~125,876) 2
Total i 32
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Fig. V-12. Frequency distribution of egg diameter measured from ovary.

Table V-4. Composition of egg numbers by body weight

. Number of eggs

Body Weight(g) Mean(Range) N
150 ~ 300 14,040(12,553~16,747) 3
301 ~ 600 31,435(15,024 ~51,560) 14
601 ~ 900 50,952(35,400 ~ 76,896) 9
901 ~ 1,200 61,831(49,795~72,255) 3
1,201 ~ 1,500 82,131(29,026~12,385) 4
1,500 ~ 1,800 107,576(89,277 ~125,876) 2
Total 32
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Aziel wet Y Ha

12821709 +& EAd3 A

atal e, FEAH AFo] F1E4E JuUxdsE Z7
FEHALS G5NIghel #A42 N=39450A.L*(r=0,8130)0 9 (Fig. V-13), AZ(B.W)=}

F(N)ghe] TAA &

CEEEE RICE I BT P

SR

2ny 47
AL AR,

\__

N=84.6089B.W***(r=0.8131)o} At}.(Fig. V-14).
£ 6¥olA 9¥dl AF 20~85 ol4te &

1258767} 2] @A ¥

2 7HAP, o] 713kl YA AUAE T00mBFe] S5dS XTI YA B9 A7)
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Fig. V-13. Relationship between anal length and number of eggs for Hairtail.
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Fig. V-14. Relationship between total length and number of eggs for Hairtail.

-111-



= Table V-50llA 9} o] diode] mte} Azl A]719} 7]3be] thekain. qbet 713k2 54

Table V-5. Comparison of the spawning season in six fishing grounds.

Main
Fishing Ground Spawning Season Spawning Author(s)
Season
East China & Yellow Sea May-]July MISU(1959)
April-August July YAMADA(1971)
Kii-Channel April-October July SAKAMOTO(1975)
Kumano-Nada May-August SUZUKI & KIMURA(1980)
October-November '
Suruga Bay July-November September KOSAKA et al (1967)

Western Wakasa Bay June-September July-August MUNEKIYO &
KUWAHARA(1984)
Cheju Strait June-October August Present Authors

8 12970 3~7092 dehda FAR7E R 7944 894 ZA dojva e
¥ dpaMe Ae 69dlA 1099l ZA dojvta oy FAE Arle s¥oldh A3t
AL AEYAE @9, AF, 429604 H1E AAELS 6dolA 8¥ol 2AH F4dol
dolupe AN AL Rolu MAX Acte] AHAEL 69l olvl B 1gd HASel o
F 2dsta el Algol dE AA, ohu™ A A oA e ZAH R T
o A7 Adr)el HAER A F4 40~60mels F g3le] & ¥y wnig £
4 100~ 160mlls 30l P& FA3tnl, @3] dart g5 ol2W At Auirte
ARgo ol 1y e F UL oA Age R Foten, A AVIZE Au 5
A% wulth ARFAA dAdez Aol@Ee A oy Musu AUGCRES RE,
1984). ¥ AelA A 21712 69l 109 ZA Aielz odd Za)e] Jule A
gt oA Aol ot YA SEAFIE £ AALFF ¢lol AAste vgol w1
Ak AZIZF B L9dE s ¢ ¥ E 7MY

6HA 8¥el ZA A FAd PRGN YA o2 wdH@stE 2~3709] modeR
GEAEZ] pEEEH, R FAIE & 4] gt Aol 2~33 oY Hdsh= 9
AFFor FRAG. FES RFEABDE FA GFle dh W o] A5TAS] dRARTL
Xt g 4%o] FAACR AYHA @ Ao Rusy o

e g df IE ASEE AAIY dEe HI F5HR e,
Hayashi(1972)ell 9l3t® daud XM EE Gl IFsao =3t drAxe] H2gde &
Aoty Rada A & Fol oIME BV oje] WELAE JHAE dREAEES
53l FoEy 27) #9807 dRAXES Hats A @1 da g FAdel wddA §A
718 Ak Qo] ol Fd ARl Folstal 27] Aushs Aoz Rl
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BHE AholN FE AL MM HFsotn 293l HAME TSo] ¥
Ha gl

CHE 2R 25 BAE 220 g AAD 12821 ~125876709] ¢e EJsm o,
TERI AFol FHESFE FUAEJSFE FbsE AgL MY
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19929 69 RE 1297bA] AFx &, AFA, G4, MAxAA AJE DATrichivrus
lepturus LINNAEUS)E dldo.2 WA gatAQl 2AHE st

D AL £ AF(GSDE ¢4 ool 6~9¢9¢ 2 e F stz 108 %H sdstr)
A Aete] 129714 @ e {Ask e Ut

2) e AGt YA SEAg wsbgde gl Ay v AFE Moy £33
Y EEF 3% Azokdol i

3) AAF7E 6~ 1090 5 L Abr|ola 8¥o] F4tevle vERgT

4) FAE F Adr] Bl 2~33 o]y Atde 3 AddFo R ey

5) Aule 4l ¢aiel vlgo] Ea, FA7|C= ¢4 v &o] LilolArh

6) L5 A7) wek ARG A 128217060 Hx 125876709 WF7bA 2T e
o, 5547 AFol TR FF XSSy SUHT
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VI 24 AZz4 2 4% 54

ZAztge g FAUS ol HAFEHA VP ALEL 32 oMREMS B Ayxy
4% BAE AT (=4, 1958. &M, 1971. $K, 1980. ¥ %, 1988. Hanabuchi, 1989)3t =]
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Fig. VI-2. a. Relationship between the total length(T.L) and anal length(A.L) in the
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Fig. VI-2. b. Relationship between the total length(T.L) and anal length(A.L) in the
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Table VI-1. Correlation coefficient between anal length and total length

Month I Haqrim Cheju ! Sungsanpo
b ! r h r b r

Jun. 0.3177 0.8248 . . . 02615 08177
Ju. | 03493 08722 05197 08598 |, 0.3519 0.8670
Aug. | 04374 09404 | 03713 08560 | 04618 08817
Sep. 0.3681 09276 | 03811 09352 03537 | 08370
Oct. 0.2369 0.7440 0.3404 0.8365 03153 0.8038
Nov. 0.2667 0.7254 0.3994 09512 0.4414 0.95%
Dec. - - - - 0.3606 07332

¥ 'r’ is Significant in 1% nisk level.
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Fig. VI-3. a. Relationship between the bodv weight(B.W) and anal length(AL) in the

Hanrim.
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Fig. VI-3. b. Relationship between the body weight(B.W) and anal length(AL) in the
Cheju City.
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BAgA Y=aX’7} 2t orlE, brt 71%712 o] o)l E4% FE g dF A2 8
7} 2 Aoz ANH o 2= btol & ol AFo]l Wol Ude AE X

getr A Kool YAME AFASAHAE>TYH] Fo2 FEF i AT #AV} =
=3

ool thgh e, A BAE Table VI-2¢) vrebich

Table. VI-2 Correlation coefficient between anal length and body weight

Month s Haqnm - ! S Cheju - # . Sungsanpo -
Jun. 2.6397 0933% | : : i 25997 0.9568
Jul. 25398 0.9648 2.3308 0.9676 24168 0.8436
Aug. 26391 09369 | 23310 . 07468 2.6599 0.9274
Sep. | 26527 09299 26173 . 08498 27186 09190
Oct. 1.5400 0.6088 2.2139 00063 2683 | 08073
Nov. 2.4298 09651 = 19172 08533  247% 0.9616
Dec. . . : | - 21801 . 08653

¥ 'r' is Significat in 1% risk level.
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Fig. VI-4. Monthly and weekly

changes in anal length compositions of the Hairtail in the
Cheju City Fisheries Cooperative from May 28, 1992 to Dec. 13, 1993

-123-



Frequency Frequency

Frequency

‘Frequency frequency

Frequency

Anal length(cm)

Fig. VI-4. Continued

Anal length{cm)

-124 -

Sep. 5, 1992 Sep. 6, 1992 | Sep. 18, 1992
X-2870 X=3035 l X=28.12
1
' N
e dh o o0n
Sep. 28, 1992 | n Oct. 18, 1992 Nov. 1, 1992
X-2534 ; | X=29.40 i X=2637
! | r
.. n {- m da -Fnll}{h_, A ow
Nov. 13, 1992 ; Nov.2L, 1992 2 & £ 8 &4 2 ¢ 8 4
X=2854 i m X=2453 Anal length(cm)
!
i o -
= 2 2 8 5 2 % %2 22 8 %2 8 A ¢ ¥ 8 3
Anal length(cm) Anal length(cm)
CHEJU 1993
Jun. 16, 1993 | Jul. 12, 1993 Jul. 13, 1993
X=30.16 § X=3220 X=3074
i
ﬂlm.rru'rh | :
.-fm»ﬂ dl - L m e .
Aug. 6, 1993 Aug. 9, 1993 ! Aug. 12, 1993
X=3162 X=3068 1 X-2957
. )
T 1 At
Aug. 17, 1993 | Aug. 21, 1993 Aug. 26, 1993
X=3140 X-3103 X-2072
i
1
il ot il
0 L—= - Lo Lla - ___ R
v (=] al (= % (=3 “v o wvw o o v (= sl (= v (=] o o v (=] v [=] v o v
- ~N ~ el ™ - - v v - o~ o~ m Ll - - vy V- ~ o~ ™ el - - wy "}

Anal length(cm)



Frequency Frequency Frequency Frequency Frequency Frequency

Frequency

30, Sep. 7, 1993
25 -

20 X=27.65
15 . t
10 -
5.
0
30 - Sep. 17, 1993
25 - i

20 X-=2869

15 '

10+ [ .
!
i

5!
0

Oct 7, 1993 1
X=2627

Sep. 12, 1993

f X=2959

30 .
25 ¢
20 -
15
104
5.

Oct 12, 1993
X=26.80

Sep. 15, 1993
X=2837

:ML
Oct. 4, 1993

' X=2692

- oo,

Oct. 16, 1993
X-2760

o
30,
25
20
1s |
10
5 |

Oct. 20, 1993
X=2751

Oct. 26, 1993
X=2761

0

30,
25 -
ZOT
15
10 -
5.

Nov. 6, 1993
X-=2894

Nov. 9, 1993
X=2890

Nov. 2, 1993
X=2792

| Nov. 13, 1993
X=2977

-

0
30,
25 ¢
20
15
10
5
0

30 -
25 -
20 -
15}
10
S -

0 -—
w o

Nov. 17, 1993
X-3046 |

Nov. 23, 1993
X=2785

alh.

il
i
i

Des. 13, 1993 2
X=2058

ha
o
-

Anal length(cm)

w
~N

o
-

o v o w
~ m - wn w

w o v o %
~ ™ ™ - -

Anal length(cm)

(=] w
b

- w

~

Fig. VI-4. Continued

-125-

Des. 2, 1993
X=2791

lulh

v
™

1§ ——t -

(=]
S -

v
-

o
™

Anal length(cm)

o =
< 3 4



19939 5= 199288tk H@FA Moderb HAgAA 182m Eou HdighdlMe 5.19m™ %}
o, 1992393 19939 TEYE it Modee] Hulgol b=z 717 Zalo{7]7h Al
o] 27] 4717t He 6, 78 oleke=golth

ad 2golAle] 19929 52%H ol7)7h Bue 119L7A 4AAFFED A A Ue
ByE2 zALYW R Fig. VI-5el vebich

Zba) A Aol the WFA Moder 24.92~34.22mal, BA Modeol HAE 59 30
3422em, AAE 99 28 2492mAct. FYAAANNE AFaAPANAM o717t AlzH = 54
o] Wt Moded] HUAE nolny HAAE 99z 109 Ahdolr] AU

199219 5YRE 1297404 AFEe) FXEQ AYAE FHAM BAAZ (TR Wed
Y2 Fig. VI-69 vebioh A4EE AZe] s vads e o712 54%H F
ol710l 297tA] A7)Zre Fete] ANER] AGo] FPZe] AHHE Mode)th A e
v Uk

59 202 B#EA Moded] HAXE o] 27.03cn, HAHEI 3284en2 X Kol 581cn
H a2ge Bgch 119 22909 @Y 26.14cm, AAHE7L 2845m2 AAHEFo] A Fe] Het
2ol leir 2.31em AU
AR o] ZrA M) thy HFX Moder 26.73~36.17cm= o171 %22 69 62l 2673cmZ 2
2 AAel e BFA Modeo) A7 vdehut AFA, Fae utdise 33 XA,
AYA e 89 23¢ 3617 A

NAX FyoldgeolA 19923 62FE 10874 2AME ZAARFEDS NELX
Fig. VI-7¢ll Jetdot.

AAe] WFA Mode: 27.03~35.63cmz HA A7} 69 28 2703, HAlE 1149 7d
3563mz #d L AZARANE ofrizel Hoixe HiE Mode, L7l iAo Ht
ModeS Holuh, A4t 2 MAXZAME Awd @4S vehdx At adE2 AFEX
28 485 897 AFAE A e AT Holyd Aud NAXE AAske 2R Aol
= woli Utp. = FPF AMFA Atel ZEsE AAFI AUE FAHAA P ¥
e JARTANT pEsD . 2R AAE FHd 2dss 2 FH-AFARA
A 2gEQd7) BhE 98 AARZC Z28std AFE FF% d¢e mat ojFse Zl
gz ¥ 7te4dS ArbEta g

olajdt Ae 199299 Zt AW AZFEG) FdFA Modesl 542 §Adstod Fig. -8
o UElt ® RadME ge Qb 23 st 2z gl sl vehied a%
2 28 ALE A9 ujad Alvld(Well mekMe Ha 1944 A 1022 27 AF) 2A
g Roz st vetyon zAL Aae AF A Zdl LAAIAT

B AT} o]7) 29 59RH 7274 AFAY GAE R A A Modert A9l ¥l

il

-126 -



Frequency Frequency Frequency Frequency

Frequency

HANRIM 1992

:‘5’ : May 29, 1992 May 30, 1982 | Jun. 1, 1992
2. X=27.03 X-=34.22 | X=32.00
1s .

0 i i

> __DJL]” e, [Lﬂhln '

0 — M. _._.U.D.n,.w... e e . .0 0. .4
30- Jun. 13,1992 - Jul. 7, 1992 Jul. 20, 1992
25 v - -

2. X-2835 | X=2920 X=2790
15 . .
10 - ! : ” d H

5. . .

0 — om0 . o afbhea Q0 e -
30 - Aug. 2, 1992 Aug. 3, 1992 - Aug. 21, 1992
ié . X=28.27 l X=2653 X=3155
15 - ’

10 - ﬂ-h—;r ' [E .

5 . }

s il dhlh o .
30 - ' Aug. 28, 1992 Sep. 5, 1992 - Sep. 28, 1992
; ; : X-2610 | X=26.45 Xo2492
15 - i .

B } ’}.hsl'rn\ ﬁﬂlh 4 ‘dl[

s - .

0 A1 =S < S S, O @ o_no _ _
30 Oct. 18, 1992 ° Nov. 6, 1992 ° Nov. 22, 1992
;; : ,”r X=2556 i X=2650 X=26.14

; i |

15 - 1
10 » .

s ol }.bo - I ] ‘ olh.o

a2 L 2 8 2 2 83 42 83 78 22 a4 2 ¢ 8 32 SR 8 2 9 2 7

Anal length(cm)

Anal length(cm)

Anal length(cm)

Fig. VI-5. Monthly and weekly changes in anal length compositions of the Hairtail in the

Hanrim Fisheries Cooperative from May 29 to Nov. 22, 1992.
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Fig. VI-6. Monthly and weekly changes in anal length compositions of the Hairtail in the

Sungsanpo Fisheries Cooperative from May 29 to Dec. 30, 1992.
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Fig. VI-7. Monthly and weekly changes in anal length compositions of the Hairtail in the
Seogwipo Fisheries Cooperative from Jun. 6 to Oct. 30, 1992.
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wer AFAYANA ZAojge] AR 129712 AFE HRAtA [0 ool FA
2 weo gigolRos FAMHD fHe: BATE Mo], AP P AFIHF T AEFII
we} Folste NYBAL 99 & /tedx ooz AFsPuel AR A A7ld F
& ojFo]l HAHE ol fet UF3E oY olEdE & EAAA #3E o FAPY,
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Table VI-1. The information of fishing vessel used in this study

Fishing Method Ship’s Name Tg;ﬁzz o | Port of Registry Period
YOUNGKIL 39 CHEJU CITY _ |1988~89, 1992~93
2nd EOSUNG 43 " 1989~ 1993
DAEKWANG 16 " 1990~ 1992
DONGKWANG 15 " 1991~ 1993
YOUNGNAM 21 » 1992~ 1993
Hard Line DONGSEONG 29 ” 1988~89, 1992~93
CHUNGIK 2 HANRIM 1992
JINMYUNG 36 CHEJU CITY 1986~ 1987
BOKWOON 2% " 1992~ 1994
TAEYOUNG 27 " 1992
GUNSUNG 31 " 1992~ 1993
YONGJIN 38 " 1993
YOUNGNAM 21 CHEJU CITY 1989~ 1991
2nd EOSUNG 43 ” 1988~ 1989
BOKHO %5 " 1989~ 1993
Long Line KISUNG 38 SUNGSANPO 1991 ~ 1993
DAEKWANG 32 CHEJU CITY 1993~ 1994
SOONYANG 48 SUNGSANPO 1992~ 1993
BAEKKYUNG 50 HANRIM 1993~ 1994
JINMYUNG a7 CHEJU CITY 1988~ 1989
SHINSENG 89 YEOSU 1987 ~ 1994
Stow Net EUNYOUNG 92 MOKPO 1990~ 1993
TAECHANG 75 MOKPO 1990~ 1992
DONGHUNG 73 INCHEON 1993~ 1994

2) o1y AHy2-gy F
TEA2ARE v oR o A2 AYE S FH7] s, AYP} fe-QqRed B
Av AFEE@I 7HG8t Uda(1961) 2 @ FL(1968), B2 (1985, 1992) Sl )& A}
&8 thE9 Aol o3 oY Hyen AGR weg 7RG

Ax)=A0)e

1.xo3
AN

&S0 =
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2 ¢kgkth. S5¥(Fig. I-1 b)e A 9% AFAY A% 7] B3 oM AFRF7E 234
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Fig. VI-1(a~j). Monthly distribution of Hairtail from Handline fishing and sea
bottom temperature(T), salinity(%o) in the Cheju Strait, in April~
December, 1992.
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Fig. VII-1. Continued.
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Fig. VI-3. Monthly changes of optimum surface temperature(C, a) & salinity(%s, b) for
Hairtail in the Cheju Strait, 1992.

————— . mean temperature and salinity
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, FA(10~129)5 1567~186T, 3370~3450%2 AFHPHANANE AF+& 145C0)3e
nedn}t 3370%°14el RHEA FAEFS WAL divkd Ry 227 F2 0¥
T Ak E SACl vnAH HGRAd o= Aol AAW AT 144~186T, 3370~
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Fig. VI-4. Monthly changes of optimum bottom temperature(a) & salinity(b) for Hairtail in
the Cheju Strait, 1992.
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AP B £ W 160~173TAY AFE A Fe2 595 &8 1~207H 4
3 AlZICest A, 19760122 @Ajojge) 3 2R ot ¥

A2 160CHZAA o717k Add ez FAHEG AFA Fosidng YA R
AellA xol7} ARt A7 ok

Table VI-2. The information of first appearance date of Hairtail in the surrounding sea

of Cheju Island during 1987 ~1992 and coastal temperature(T)

Year ~ Date ; Catchtk) | Place  Teyoiy o ot Thamrim
: ‘ ‘

1987 May, 18 | 20 Sungsanpo | 185 | 16.2 j 18.0

1988 . May, 2% 405 Cheju City | 18.6 . o . 180

1989 | May, 9 1,530 Cheju City | 17.0 | I

1990 May, 13 3610 ;Sungsanpo 17.2 L 17.1 1

1991-W— May, 12 7.500 ’Sungsanpo 7160 16.0 164 . 165 16.5”
1992 | Apr.28 | 7674  Sungsanpo| 164 | 158 | 166 162 164
Average ‘ o . 172 | 160 | 167 S 163 172

(2) &zle] Foi7]
19879 38 19923712 6@ F¢te] ZaFo] A7l 2 amje] oy Fa AFx At 7t ZH
o] 4~2-3 Table V-3¢ el

Table VI-3. The information of last disappearance date of Hairtail in the surrounding sea

of Cheju Island during 1987 ~1992 and coastal tempreature(C)

Year Date Catch(ke) Place Cheju E:il?l p;{ji;lirﬁ\fl;cra)domanrim
1087 | Fibtd | G230 Cpu Gy 20 [ us0 | s
1988 | 103 659  Cheju City | 12

1989 | Feb. S 690  !Sungsanpo| 132 | - 136

1990 | Dee.® | 8966  Sungsanpo| 153 | 163 | 163 | 173 | 147
1991 | Jan %0 125  Sungsanpo| 153 | 159 | 148 | 160 | 150
1992 | Jan 2 2410 |Sungsanpo| 128 | 154 | 126 | 160 | 130
Average | . : . 13.5 15.2 140 16.4 135
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87.316M/Te]x, 19939 HEol 71 @& oY F(58,035M/T)e BPen 1994del= ThA
101,052M/T9] &2 o8 F S Yehdot olMY & ojyFe] F-Fo] WZo} ety o]
g &2 FFol e 998 #Hotsr] Yt F-Foizh vEhd e AFEAHS AYE
dart Ao

. TKOIEA : JKOREA i
ke omil : , . AKOREA LS,
= e (Ao o BRI ARk
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] \Q ’ 0 8 < o N
j A \’ |
&

Fig. VI-5. Horizontal distributions of temperature(C) and salinity(%) at the bottom in
Aug. 1974 and 1977.
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Fig. VI-6. Horizontal distributions of temperature(C) and salinitv(%) at the bottom in
Aug. 1983 and 1986.
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Fig. VI-7. Horizontal distributions of temperature(T) and salinity(%,) at the bottom in

Sep. 18~19, 1992.
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Fig. VI-8. Horizontal distributions of temperature(C) and salinity(%) at the bottom in

Sep. 13~16, 1993.
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Fig. VI-9. Horizontal distributions of temperature(C) and salinity(%) at the bottom in

Sep. 1994.
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Fig. VI-10. Migration path of Hairtail by MISU(1961).
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Fig. VI-11. Migration path of Hairtail by FRDA(1994),
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Fig. VI-12. Monthly distributions of Hairtail caught by Stow Net, Long Line and Hand

Line fishing in the off Korea, 1988~ 1994.
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Fig. VI-12. Continued.
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