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Study on the Bycatch of the Shrimp Beam Trawl

Fishery in the Sea of Wan-do in Korea

Jae Yu KIM

Graduate School of Education

Pukyong National University

Abstract

The composition of sshrimp and bycatch species (pisces, decapods,
cephalopods and other species) in the shrimp beam 'trawl fisheries of
Wan-do, Korea was examined from the major fishing ground from
December 2004 to November 2005. Water temperature at the sea bottom
was lowest (<7.5C) in February and highest (>23.407C) in August. A
total of 103,072 individuals:.of 96 taxa. (57 pisces, 19 shrimps, 10
decapods, 6 cephalopods and 4 other species) was observed. These
samples were occupied by 96.97% of shrimps, 1.20% of decapods, 1.10%
of pisces, 0.30% of cephalopods and 0.43% of others species in terms of
total numbers. However these samples were occupied by 57.29% of
shrimps, 26.33% of pisces, 6.82% of decapods, 4.64% of cephalopods and
4.92% of others species in terms of total catch weight.

In spring the dominant shrimp (target) species in number was

Palaemon gravieri, Crangon dffinis, Parapenaeopsis tenella and that in

= Vil -



biomass was Palaemon gravieri, Crangon dffinis, Fenneropenaeus
chinensis. Also bycatch (Non-target) dominant species in number was
Charybdis bimaculata, Oratosquilla oratoria, Loligo beca and that in
biomass was Okamejei kenojei, Lophiomus setigerus, Charybdis
bimaculata. In summer the dominant shrimp species in number and
biomass was Trachysalambria curvirostris, Parapenaeopsis tenella,
Crangon affinis. Also bycatch dominant species in number was
Charybdis bimaculata, Oratosquilla oratoria, Cynoglossus robustus and
that in biomass was Charybdis bimaculata, Muraenesox cinereus, Para
lichthys olivaceus. In Autumn the dominant shrimp sSpecies in number
and biomass was Parapenaeopsis tenella, Trachysalambria curvirostris,
Metapenaeus joyneri. Also bycatch dominant species In number was
Leiognathus nuchalis, Charybdis bimaculata, Sepia esculenta and that in
biomass was Okamejei kenojei, Conger myriaster, Setipinna tenuifilis.
In winter the dominant shrimp species in number was Palaemon
gravieri, Pandalus gracilis, Crangon affinis and that -in biomass was
Palaemon gravieri, Pandalus. gracilis, Fenneropenaeus chinensis. Also
bycatch dominant species in number was FErisphex potti, Chaeturichthys
stigmatias, Charybdis bimaculata and that in biomass was Okamejei
kenojei, Chaeturichthys stigmatias, Sillago japonica. Overall general catch
characteristics, bycatch composition and individual species abundances
showed significant variation among seasons.

During the study period the bycatch-to-shrimp ratio of shrimp
beam trawl fisheries was 4.24 in autumn (September~November) and

more than 1 for all months except for February, March and April 2005.
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According to the conventional multivariate statistics and a result

of nMDS ordination, the faunal group was divided into seasons.
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Fig. 1. Location of the sampling area in Wan-Do, Korea by the

shrimp beam trawl from December 2004 to November 2005.



Fig. 2. Schematic-.diagram- of ;the fishing operation by the shrimp

beam trawl.



o

of
ofy

N
X
o

A
el

afl

Nd

e
o

I
N
ﬁo
B
o)
g

)

oA %

shel 7}

B

ol
i)
B

=K

2+ 0.

o]

SCT meter (YSI 30)&

<
LT

?;51,

=
iy,

A

o~ =
T=

3
o)
_z_o

—

_z_o

==
=

sto] Ao A 10%

o

stk

€ (1999), Roper 5 (1984)¢]

1
[}

T

72N, A
AT

©

g

P
e
=

=

528 g5k

A
Fact o1g &2 57k 5 (1) Al (Shrimps),

2 % (Random sampling)
(2) ©]&7 (Pisces), (3) AZHE (Decapoda), (4) FZ7HCephalopoda), (5) 7)€}

Holthuis (1980), Kim (1974) 9]
[}

(Crustacea and Shellfish) & &

, 2001), <1

o
o1 g3l £

=

=
T

&

8 W= (Van Dorn) A

2 &7 Winkler A H o2
=

=

=]

=

9
=
;\_J:]L:

2} % (2001),

=

=

o

=
T

1C, 0.01% S$17+4]

A

PR PN

=
=
2

1

=]
AL

3. 224 A}



4. A7 R FFol g FF3

AR ol A B AR BolfEe] JPaE sl asiuy
S (100m) AAS 2 AAFE FHSAL WA oo LauAS e

s7] 9lste] vheat o] a8l WA FRstch

o71A, A o179 A8 WH (m),-Be 1% J79 Z= (m), ve A%
2% (m/hour) 28] i-he oA 7+ (Hour)o] ot

b G H A (/100m) AA TS 18] FFA] ofZH ofFHF (W)l
o3 o9 A4S F3te] AR

D =W /A x 100
g YA (g/100m") o] e},

£
N
>
-
rr
@
L
e

4
4>
2
J |
oft
flo
=
o
J
=)
=
iy

o =9 HlE o] &3l FAHSA L
Z, A 9-Foll 3 EFojdE v (ne 29 23 2t (Scheaffer et

_ M
o

A -2l 100m'd YA ol v,

r

s

AZIA, = FFolBE, py



FrogdEe] Add 5A4ES fotstr] flste R Tx2E diEste 9d
g HFEA, T, MAS, T Y% (Shannon and Wiener, 1963), $-%
%= (Simpson, 1949), 5% (Pielou, 1966)5 <] AEIstH #| X +E AF&E38h
At

T S =Diversity): H "= — 1P xIn(p)

pP: A &

o A58
e

-7 %= (Eveness): D:—‘;—YZ
Y: A

Y A A F31FY AT
Yo F oAA HES AT

o/

75 %= (Dominance): j= =(s)

#ske] dlAl < (Fourth-root) = W3l¥l F4o] g & 3] Bray-Curtis
At A5 etar L Ay whEolxl JAE fEe 7] Reke] AR
(Cluster analysis)¥ a9 H %W (non-Metric Multidimensional Scaling:
nMDS)S A &3ttt o] EE A4S PRIMER (Plymouth Routines
Multivariate Ecological Research) computer program (ver. 5.2.4)< ©]-&3}

AT,



m. 2 3

mK

ol

7. %

¥ 29-750CE 7F wka, 8

16.08°C
I 29 76

=~ [e]
)

e O
I -

2340C= 71

=

(£6.06)2 ZAFE T},

0oCc= 7t

f 23.20C=E 7}

8%
FL2 1582C (59494t (Fig. 3).

o
Sk

v+
-~

&

i)

7L 3151 % = 7HE whekar,

32.21%o0

7 79 3121%= 7}F

33.32%0 = 7}

3l

pyl

A
el

_z_o

o

(+0.64) 1 t}.

ol
i)

32.22% (£0.62) v+ (Fig. 4)

_10_



R RNy
| I

e ek
wn L
1 1

Water Temperature (C)

Q\\OE

Dec Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov
Month

Fig. 3. Monthly changes in the surface and bottom water temperature

in Wan-Do, Korea from December 2004 to November 2005.

_11_



*

u- ---@-- Surface
S
=y
=
= 327
%)
31 -
30 T T T T T T T T T T T
Dec Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov
Month

Fig. 4. Monthly changes in the surface and bottom salinity in Wan-Do,
Korea from December 2004 to November 2005.

_12_



. &£E42%F (DO)

7 1049 6.14mg/ ¢

pyl

2 7.15 (£0.68)mg/ ¢ T

2

b

’

il

sk A3 109 642mg/ /¢ = 71 @ ka, 14€9e] 7.9mg/ /2 = 71 @&

T2 728 (x0.58)mg/ ¢ A+ (Fig. 5).

|

b

_13_



10
=
% 9 ---@-- Surface
§n ~O— Bottom
Z Q-
= 8
=
L
>
s 7
2
6

Dec Jan Feb Mar Apr May Jmm Ju Ang Sep. Oct Nov
Month

Fig. 5. Monthly changes in the surface and bottom dissolved oxygen

in Wan-Do, Korea from December 2004 to November 2005.

_14_



2. ¥ E =4

7L A 2dFT, AdAAs R AAF

ZA

-

717F Fot o1 ¥ ¥ A -$-F(Shrimps), ©147(Pisces), 425 (Decapoda),
F=<7(Cephalopoda), 718} 7H2tH 2 3+ (Crustacea and Shellfish) 5 571
o] ERvwoer FAsINoH, F ogH FIAFS 57 BFelNeH, HA
NA = 10307270 A, A F2159,739.8g0]3lth EFaH=Z o] fo] 57F
o= 7P wton, A-F7k 19%, AA5] 10%, 75740] 6%, 718 14
T R A7 45 o= HE Y (Fig. 6).

Z o= dig 4 EFae] AT A ZF] ofu &S ATEA
AT B AF77H 9994570 A (9697%6)% 7o thF-ES AHA A &
O ogo2 A7 (1,24070 A, 1.20%), ©°37E (1,13070 A1, 1.10%), 71
B}l 75 2 3§ (44570 A, 0.43%), T4 (312714, 0.30%) o= o
Elutth (Fig. 7). AAZFS AF7F 91,523.66g (57.29%)e. 2 tf&S =}
A, vsow oA (42,05491g, 26.33%), F=7+  (10,900.46g,
6.82%), 71EF 27 2 5 «(7,853.57g, 4.92%), A 25 (7,407.2 g, 4.64%)
o g Yt (Fig. 8).

28 o IR S e Aot 9558070 (9273 %)= A ek
A 134170 (1.30%), =A% LI189/NAl (1.15%), FHrelwlzA
115370 A (1.12%), 71EF 3,80970A (3.70%)= ZLe}B] A} -7} diF-ES AR
stAth (Fig. 9).

9 YA FL 2 Af$-7) 80,335.28g (50.30%) o2 AR} A =
2 HES AAEEA AL, $o] 17,64943g (11.05%), =A-$- 6,378.44g (3.99 %),

2] 455753g (2.85 %), 71EF 50,819.12 (31.81%) =2o.= el (Fig. 10).

—

>1

AN

_15_



Crustacea &
Shellfish
(4 species)

Cep a|ODOda S

TR s

. s
T e

( ES S F) eciles ) T

s
s
SR

RIS
S
R
RIS
£
o

%
X
55 o5
S
s

55
55
55
oo

33
SR
SR
S
53
5552
353

5

o
5
S
5
S5555
X
o

SN
SRS
X

%

5
SRS
S
5

3
5

553
S350

e o S
< %

i

SaoTetesetatotel i
SR s
s

%

%
%

555

.

<

<
55

X

st
BN
s
SR

X
35
B

s

..
s
S35
ot tatetetes
20T00%%
3
3
3
o0
\

S5
SRR
o
3
%
:
s
%

..
%S 0’:0

5
s
S
55
%

%
55
55
S5
s

3
3

85
S

s

S
52
s

5

s
\:

3
35

Pisces
(57 species)

Fig. 6. Total taxon numbers by shrimp beam trawl fishery in

Wan-Do, Korea from December 2004 to November 2005.

— 1 ES —



Shellfish
(0.43%)

Cephalopoda yystacea &
(0.30%)

Decapoda
(1.20%)

- .
-y o
o e
S e,
e e
RIS

o

S
S5
S5
S5
S5
S5
S5
S5
S5
S5
S5
S5
S5
S5
5
5
S5
S5
5
S5
S5
S5
S5
S5
S5
5
85
55
S5
S5
S5
K5
85
S5
S5
S5
S5
S5
S5
S5
S5
S5
S5
S5
S
S5
5
55
555
S5
5
S5
5
S5
S5
5
S5
S5
5
5
s
55
85
5
5
5
55
5
5
5
5
55
55
55
5
s
5
S5
S5
S5
5
5
S8
55

55
fo%0%e
fo%0%e
So%0%e
Sos0%e
So%a%e
So%e%e
So%a%e
So%a%e
So%a%e
So%0%e
So%0%e
fo%a%e
So%a%e
So%a%e
So%0%e
So%a%e
505
o%0%e
So%0%e
So%0%e
%%
fosase
fo%a%e
fo%0%e
fo%0%e
So093e
0505
So%0%s
g

2233
S5
K
K
K
K
K
K
K
K
K
K
K
K
K
RS
IR
K
K
K
K
K
XK
XK
XK
XK
RS
K
XK
XK
K
XK
K
K
K
K
K
K
K
K
K
K
K
XK
RS
K
XK
XK
XK
K
K
K
RS
XK
XK
XK
K
S
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
K
KL
XK
RN
XK
XK
XK
XK
S
Sosatetes
Sosatetes
S
S
RIS
RS
Sotatete
Sosatetes
Sosatetes
S
Sotatetess
S
S
S
Sosatete
Sosatete
S
SIS
RS
S
S
S
S
RS
S
Sotatetes
Sogatetes
508
RS
osaser

5
3
3
3
3
3
3
3
3
3
3
3
S
S
6%
53
2
46
3
S
S
S
3
S
85
85
85
XX
S
3
X3
0
3
3
3
3
3
3
3
S
3
3
S
85
s
8
S
3
S
S
XS
o5
3
S
3
3
S
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
XX
XS
3
S
S
S
8
865
XX
S
3
S
3
3
3
3
S
3
3
S
0
X
XS
2%
S
3
X
85
oS
XX
5
o

5
3
3
3
3
3
3
3
3
3
3
3
S
S
s
%
S
3
S
S
S
S
S
85
85
S
86
XS
S
S
5
8
3
3
3
3
3
3
3
3
3
S
S
S
3
X3
S
3
3
S
s
%
465
3
S
S
3
S
3
S
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
S
3
S
S
465
X
XS
S
S
S
S
S
S
46
X
S
3
3
3
3
3
3
3
3
3
S
85
S
s
25
XS
3
S
265
s
X
XS
5
S
Seseseries®

e
S5555
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RS
Sosateerates
RIS
RS
Sosatesesetos
RIS
RIS
RIS
RIS
RS
RRIELS
OIS
RIS
RIS
ORI
RS
RIS
RIS
IR
Sosatesertes
RIS
RS
RS
RIS
RIS
RS
RIS
RS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RS
RS
RIS
ORI
RS
RIS
RS
oA teertes
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
Sosateeretes
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
RIS
5558
teteteteset
Jsss
ERRREL
ORI
RRRSS
ORRSS
%531 9309
BRI
o 230005
LRSS
RIS
RIS
RIS
RIS
RIS
RIS
RS
RS
RS
RS
RS
RIS
IS
ORRREEES
RIS
S
SRS
RS
ORRESISS
RS
SRR
55555
S35
S
SERE
s

R
T
B R R S SR RS
B R B R S SRR
B R R R R SR
B R R B N s S S
R T o IR Bl s et
B B s et
L —— e s
i T B R s
= B s S S
s € e s
s B 5
o5
s X
o5

Pisces

S
8

Fig. 7. Number of species by shrimp beam trawl fishery in Wan-Do,

Korea from December 2004 to November 2005.
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Fig. 9. Number of dominant species by shrimp beam trawl fishery in

Wan-Do, Korea from December 2004 to November 2005.
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Fig. 10. Biomass of dominant species by shrimp beam trawl fishery

in Wan-Do, Korea from December 2004 to November 2005.
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U @A g AdE oYgAs £ A ZF

q$-zgol o]gg o1 ES 9w (/100m)o2 FFsA A A
A Gt BAFS sty AL 7+ 2R a9 WAG AASE
Boll A7 1,33970A/100m* (90.14%), 4 ZHE 77704/100m' (5.18%), 7] €}
AR 2 9F 3470A/100m' (2.26%), o147+ 1978A)/100m' (1.27%), F3
4 170A/100m" (1.15%) 9] =o 2 vERgth o5 A7 28671 #1/100m’
(57.99%), A2+ 12470 A)/100m (25.18%), ©147 4170 A/100m' (8.31%),
71k 2 2 SR 34A0A/100mt (6.95%), T3 770 A/100m (1.56%) 2]
o2 veyth 7SS AF 43970 A/100m (61.50%), 147 16670 A
/100m*  (23.32%), T 550 A/100m (7.66%), - A ZHE 3770 2 /100m’
(5.13%), 718} ZbF 2o F 17704)/100mt, (2.39%)9] o2 ey
AL ALF 8657HA/100m (98.95%); o7 7270 A/100m' | (0.83%), 4
ZHE 1670A1/100m’ (0.18%), 718k 2+2hF 2 35 271 #1/100m' | (0.03%), +
=7 URAI/100m" (0.0120) 9 ss o 2 GEET (Fig. 11).

A zb B dewAd AA SRS Hol Al9¢F 1,864.62g/100m’
(49.31%), o147 1,600.82g/100m (42.34%), - A1 ZF% 308.1g/100m’' (8.15%), F
%7 375g/100m" (0.10%), 7Teb-4zkF B9 3.80g/100m" (0.10%) 2.2 =
AR QITE ol B oA} 1627.87g/100m (44.63%), M$F 1,226.46g/100m’
(3363 %), A1ZHE 783.682/100m' (21.49%), F57+ 4.63g/100m' (0.13%), 7)€}
W25 2 SR 447g/100m (0.12%)°] Atk 7Fe o147 4,065.83g/100m
(72.66%), M-$-F 1,074.81g/100m’ (19.21%), A2+ 430.04g/100m* (7.69%),
7 17.6g/100m" (0.31%), 718} #2H+ 2 9 7.53g/100m" (0.13%)2] +=2
2 Uehgth AL A7 7,24553g/100m' (70.15%), <147 3,040.27g/100m’
(2943%), A 7ZHE 4256g/100m* (0.41%), 718 27 2 3|7 0.52g/100m’
(0.01%), =7 0.09 g/100m’ (0.001%)°] <=7 Yebgt} (Fig. 12).
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Fig. 11. Seasonal variations in number of species by shrimp beam
trawl fishery in Wan-Do, Korea from December 2004 to

November 2005.
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trawl fishery in Wan-Do, Korea from December 2004 to

November 2005.
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3. A7 AZEE F 24

Ms-Fo AdYH H2dFFE B (3~59)d 17502 71 Eton o
2 (6~89)° 8F o & 7 AUk MAFE AL (12~29)° 80.75% =
267%= 7174 vkoh A" AEod 6349%= 7}

Zoror, WA 38470 A1/100m (3.58%), A5~ 2897HA1/100m" (2.69%),
sk 19470 A/100m" (1.81%), AF=AH-¢- 12370 #1/100m" (1.15%) ¢
To 82 Yehwgth Al =S 1A - 8563.69g/100m" (75.04%), A -
1,526.07g/100m" (13.37%), WA} -5~ 551.71g/100m’ (4.83%), &3} 228.55g/100
m (2.00%), &= sHAl -5 214.28g/100m" (1.88%) 9] <= o= LhERY:

T8 FHEA AL, A, R RS, A2 A A
T5 AW, T Ales A=l 8382704/100m* (96.83%)2 7HE B
o] FdstaL, & 1,1937HA1/100m" (89.10%), 7F& 177H#/100m* (3.90%),
o] & 117HA/100m" (3.75%) 2] o = YEbwth, FAl9-= 7hSol 25671 A
/100m* (58.29%) % ol =&kl 1L, o5 7471A1/100m" (25.88%), & 4174
A/100m* (3.06%), 7+ 137§41/100m* (0.15%)°] o= vetwt A ¢
of Foll 1647HA1/100m" (57.18%)% wol yEytal, 7k 11370 A1/100m’
(25.65%), & 117HA1/100m" (0.82%), A& 17HAI/100m* (0.02%)°] «o=
Eutth F =St A= Aol 1827HA1/100m* (2.10%), =l 1278 A /100m’
0.92%)=2 ZdstAANE, A5 7Hedll= =dskA &9kt (Table 1).

T8 FAFe A AAFS 2 S-TF AR FARSHA A=l
6,899.87g/100m* (95.23%)%= 7} =& Hl&&2 Yewon, & 1,632.03g/100
m (87.53%), o1& 17.28¢/100m* (1.41%), 7F= 14.51g/100m* (1.35 %)°] <+

o



o7 et 249 o] o 984.08g/100m’ (80.24%)% %S W] &S AA

i, 7Fs 485.68g/100m' (45.19%), & 48.72g/100m* (2.61%), A< 7.60g/100m’

(0.11%) % eb
AAEAa, A8 18552¢/100m (15.13%), 2
820g/100m (0.11%) o= uyghwth Fai= AAFss
214.865g/100m" (19.99%) % A LEREA 8 B0 B Lol =

B3} (Table 1).
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Table 1. Seasonal variation in abundances of the shrimps by shrimp beam trawl fishery in Wan-Do, Korea from

December 2004 to November 2005

Species Spring Summer Autumn ‘Winter
N % Wi % N % W % N % W 2% N % W %

Acetes japonicus 0.34 0.03 0.09 0.00 4.23 0.05 0.86 0.01
Alpheus digitalis 2.83 0.21 5.78 0.31 4.38 1.53 16.26 1.33 0.75 0.17 1.16 0.11 0.93 0.01 1.05 0.01
Alpheus japonicus 4.58 0.34 7.74 0.42 0.45 0.16 0.63 0.05 0.72 0.16 1.67 0.15 22.40 0.26 18.46 0.25
Crangon dffinis 56.04 4.19 63.11 3.38 32.149" 11.23 2053 167 4.93 il 5.74 0.53 30.24 0.35 4412 0.61
Fenneropenaeus chinensis 0.73 0.05 53.20 2.85 0.37 0.09 14.25 1.33 1.04 0.01 54.48 0.75
Heptacarpus futilirostris 0.11 0.01 0.03 0.00
Heptacarpus rectirostris 0.76 0.06 0.36 0.02
Latretes planirostris 4.28 0.32 0.61 0.03 0.22 0.08 0.04 0.00 1.12 0.26 0.73 0.07 7.33 0.08 1.17 0.02
Latretus anoplonyx 4.45 0.33 0.82 0.04 0.75 0.17 0.34 0.03 7.35 0.08 1.50 0.02
Leptocela(L.) gracilis 1.04 0.01 0.29 0.00
Leptochela sydniensis 0.15 0.01 0.07 0.00
Lysmata vittata 3.49 0.26 1.54 0.08 0.08 0.00 0.02 0.00
Marsupenaeus japonicus 0.24 0.05 7.42 0.69
metacrangon Sinensis 3.04 0.23 2.14 0.11 1.82 0.02 0.93 0.01
Metapenaeus joyneri 0.84 0.06 5.23 0.28 0.56 0.20 2.14 017 4449 .-10.14 21485 19.99 1.56 0.02 6.33 0.09
Palaemon gravieri 1193.11 89.10 1632.03 87.53~._ 10.74 3.75 17.28 1.41 1711 3.90 1451 1.35 838231 96.83 6899.87 95.23
Pandalus gracilis 12.37 0.92 13.63 0.73 182.02  2.10 200.65 2.77
Parapenaeopsis tenella 40.92 3.06 29.53 1.58 74.05 2588 18551 1513 25584 5829 32847 3056 @ 12.79 0.15 8.20 0.11
Trachysalambria curvirostris ~ 10.98 0.82 48.72 261 16361 5718 984.07 80.24 11260 25.65 485.68 45.19 1.47 0.02 7.60 *0.10

TOTAL 1339.02 100.00 1864.62 100.00 286.15 100.00 1226.46 100.00 438.93 100.00 1074.81 100.00 8656.60 100.00 724553 100.00

N=number of individuals, W=wet weight(g)
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2

AR oY AAlg ofddel 7heol 1667hA4/100m* (55.74%) =2 =3k
AL, ol 197HA1/100m' (6.33%) % skkth. Azt 52 ofFel 12478 A)/100m’
(4893%)% =k, 1670 A1/100m" (6.32%) & kvt F57e 7h=oll 5570
A/100m* (6819%)= Eokal, Azl 170A/100m (0.19%)= Btekvh. 7]l
AR B HF T o &l 3470 A/100m' (39.24%) =k, A4l 271A]/100
m (2.76%) 2 A e

AR FFE oA A5 7ESoll 4,060.83g/100m (39.34%) %/ = %aL, ol
1,600.82g/100m" (15.49%) % Stokth. AZHE2 o] Fo1l.4783.68g/100m" (50.10%)
2 Edon, Agol 4256g/10m - (272%)FE ke FEAE 7kl
17.6g/100m" (67.52%) %= 3=k, A==<l-0.09g/100m* (0.34%) = Skt 71Et
Az 2 e 7Rl 7.53g/100m" (45.87%) % = S8kal, Azl 0.52g/100

4

s

B2 olgy oA AMAGE FEX7F 37A/100m (12.56%) % =9F
e ]
-

%] 3471 A /100m" (11.26%), 7HAIT 2770 A)/100m* (9.20%), +7<
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o] 2570 A/100m’ (8.38%)°] o & UERRITE A TS o]7F 4,244.93¢/100
m (41.07%)% =k, B-o] 873.79g/100m' (8.45%), A7l 561.4g/100m
(5.43%), 7AAth 494.01g/100m* (4.78%), o+ 350.51g/100m’ (3.39%)2] =<
2 Yelst (Table 2).

Frolg s F A F8 ¢4
A/100m* (22.10%) 2 ESkANE o Edl= @A FUTh v 9= A
<o) 3170A/100m" (43.12%), Eoll 270A/100m (13.09%)5 HAA R, o &-
Theell= EdatA @tk MM UE AFed 1570A/100m" (36.95%) % = A
VR AR, Agd= EdsA | Fskth B A= sbgel 1870 A1/100m
(10.59%), A&l S5 A/100m (6.47%)2 Een, Byl ofEds &3
&tA] e¥oktt (Table 2).

To oA AAFE o7 Agddl 2,502.47g/100m' (82.31%)% =7
el om | o Eof 164.05g/100m’ (10.08%)& Al Jelwoh BFo)e 7
S 694.5¢/100m (17.08%) = A YFERREIL, 7ol 22.27g/100m" (0.73%)
2 G vebytth Aol = e Fell 430.95g/100m' (26.47%)2 = A LFERR:
om, Agole A okt JMAHE o Fdl302.37g/100m (18.57%)
2 =g Agds el AE o= Foll-350.51g/100m" (21.90%)
2 Yehon o 7hE, Agdle Ed8HA &ttt (Table 2).

of\
Lo,
=
0
3
rlr
ol
X
N
)
N
)
o
=
w
My
=

Y. 4ZE (Decapoda)

ol gle Az JhAlE Aol RIS Al ZE 23670 A/100m” (93.05%)

2 7 deskon, Azl doj A tiis AAskal ATk
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Table 2. Seasonal variation in abundances of the pisces by shrimp beam trawl fishery in Wan-Do, Korea from

December 2004 to November 2005

Species Spring Summer Autumn Winter

N % Wi % N % W % N % W 2% N % W %
Acanthogobius flavimanus 14.01 8.42 61.17 1.50
Acanthopagrus schlegelii 0.24 0.14 19284 474 0.08 0.12 8.10 0.27
Amblychaeturichthys hexanema 1.07 5.68 9.36 0.58 1.17 2.86 3.67 0.23 0.34 0.48 1.48 0.05
Apogon lineatus 0.75 0.45 1.50 0.04
Caelorinchus multispinulosus 0.26 0.36 3.53 0.12
Chaeturichthys stigmatias 1.69 8.92 19.28 1.20 1491 2065 233.04 7.67
Chelidonichthys stigmatias 0.37 0.91 14.25 0.88 541 325 32063 7.89
Citharoides macrolepidotus 0.21 0.51 14.55 0.89
Coilia nasus 0.11 0.59 0.13 0.01 0.78 1.08 0.39 0.01
Collichthys lucidus 0.67 3.57 3.08 0.19 1.87 1.13 | 24.00 0.59 0.25 0.35 1.60 0.05
Collichthys niveatus 2475 1487, 5812 1.43 0.26 0.36 2.49 0.08
Conger myriaster 1.07 5.68 3482 218 3.07 750 12219 751 5.62 338 69450 17.08 1.30 1.80 2227 073
Cryptocentrus filifer 3.75 9.14 22.27 1.37
Ctenotrypauchen microcephalus 0.31 1.62 1.23 0.08
Cynoglossus abbreviatus 1.69 8.92 24.70 1:54
Cynoglossus gracilis 0.75 045 16349 4.02
Cynoglossus interruptus 0.11 0.59 1.68 0.10
Cynoglossus joyneri 0.08 0.12 0.03 0.00
Cynoglossus robustus 2.87 1520 7064  4.41 1516 3695 30237 1857 9.43 566 121.01 298

N=number of individuals, W=wet weight(g)
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Table 2. continued

) Spring Summer Autumn Winter

Species N % Wik % N % W % N % W % N % W %
Engraulis japonica 9.37 2285 2749 1.69
Erisphex potti 247  13.09 24 0.16 3113 4312 19.04 063
Glossanodon semifasciatus 0.78 1.08 0.72 0.02
Hapalogenys mucronatus 0.61 324 10630  6.64 0.26 0.36 1.70 0.06
Hypodytes rubripinnis 0.26 0.36 1.76 0.06
Inimicus japonicus 0.22 0.55 B15,515 2.18
Larimichthys polyactis 0.37 0.91 8.81 0.54 0.24 014 3833 094
Leiognathus nuchalis 0.11 0.59 0.10 0.01 36.77 12210 13226 325 0.60 0.84 1.12 0.04
Liparis agassizii 0.24 0.14 28926 7.11
Liparis tanakai 1.07 5.68 48.63 3.04
Lophiomus setigerus 0.46 243 1 35051 . 21.90
Muraenesox cinereus 0.11 0.59 148 0.09 1.2% 311 [ 43095 2647 048 029/ 12896 317
Neosalanx andersoni 2.08 2.88 2.23 0.07
Okamejei kenojei 3.21 1698 79821 49.86. . -0.82 2.01 | 164.05 10.08 718 431 78021 1919  9.05 1253 250247 8231
Oplegnathus fasciatus 0.37 0.23 0.37 0.01
Pampus echinogaster 0.75 0.45 33.37 0.82
Paralichthys olivaceus 1.09 265 307.66-—18.90
Parapercis sexfasciata 0.15 0.81 17.95 1.12
Pennahia argentata 0.45 2.38 4.70 0.29 0.21 0.51 1055 065 1489 895 25557 6.29 1.90 263 2335 077

N=number of individuals, W=wet weight(g)
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Table 2. continued

Speci Spring Summer Autumn Winter

pecies N % Wik % N % W % N % W % N % W %
Pholis nebulosa 0.19 0.46 11.63 0.71
Platycephalus  indicus 0.15 0.81 92.04 575 0.37 0.91 3.06 0.19 11.33. 681 189.71 467 0.08 0.12 0.34 0.01
Pleuronichthys cornutus 0.22 0.55 89.99 5.53
Pseudaesopia japonica 0.11 0.59 342 0.21
Pseudorhombus pentophthalmus 0.75 1.83 21:15 1.30
Sardinella zunasi 0.19 0.46 1.50 0.09 8.62 5.18 % 71.24 1.75
Scomber japonicus 0.75 0.45 13.87 0.34
Scombrops boops 2.62 1.58 32.62 0.80
Sebastes schlegeli 0.24 0.14 44.35 1.09 0.26 0.36 44,13 1.45
Setipinna tenuifilis 1762 1059 339.35 8.35 4.67 6.47 9.76 0.32
Sillago japonica 0.19 0.46 423 0.26 2.86 396 160,72 529
Stephanolepis cirrhifer 0.48 0.29 1.90 0.05
Takifugu niphobles 0.22 0.55 8.10 0.50
Takifugu pardalis 0:24 0.14 28.44 0.70
Thryssa kammalensis 0.19 0.46 1.47 0.09
Trichiurus lepturus 0.80 1.94 13.62 0.84 0.75 0.45 48.75 1.20
Tridentiger barbatus 0.22 1.19 0.24 0.01
Upeneus japonicus 0.56 1.37 2.67 0.16
Zebrias fasciatus 0.15 0.81 9.82 0.61 0.22 0.55 6.07 0.37

TOTAL 1891 100.00 1600.82 100.00 41.02

100.00 1627.87 100.00 166.43

100.00 4065.83 100.00  72.20

100.00 3040.26 100.00

N=number of individuals, W=wet weight(g)



2 vl g2 WA 8/ A/100m" (3.26%), @Rz ol Al 37HA/100m’ (1.22%),
ZEA 270 A1/100m° (0.88%)¢] =o.2 dEwth A" A Fduolnl
A7F 89378 A/100m" (57.09%) = 7H =9k, WA 45770 A1/100m" (29.24%),
=1 16170A/100m (10.32%) <=2.& HERst (Table 3).

T AAEe AdE JhAles FAEOIWUEATE w7670 A/100m
(99.11%) = 7 =k, Aeol 1270A/100m" (76.05%0) = 74 wokvh, &=
b FAMoIvI A= AAE BF A4E T 7P Bol FaodgEinh
WA= 7heel 570A1/100m' (12.65%)% =4 Wetstow ol 0.40% %
st @R AsolAle 7ol 27HA)/100m" (6.14%), o1&l 170 A/100m’
68%) 2 GEPFARE, w3 AL s FdA U
T8 AR Add AR FEtel vl A 7b of Foll 587.43g/100m’
(74.96%)% #=SkaL, 7F<l 96.77g/100m" (22.50%) & 24Tt REA = 7Hs
of 324.99g/100m’ (75.57%)= =kar, A-Zell 3.12g/100m’ (7.34%)= ATt
A= el 80.69g/100m" (26.19%), o1&l 80.78g/100m’ (10.31%)= e}
YA, Ve A= SEIA AT, Aty o= FAde A}

NA G2k A Fel A B2 F3ets A= UEskH (Table 3).

bl

~~
=

x2

t}. +=7% (Cephalopoda)

FEZY MATE EF717F 3670A/100m* (45.48%) % 71
EkaL, Fe Aol 2970A/100m* (35.70%), A1 770 A1/100m* (8.69%), 2.7
670 A/100m (7.41%), =o] 270 A/100m’ (2.34%)= o= vEpykoh A A =2
Q7 ol7F 9.59¢/100m" (36.80%) % = ko, HA = 9.38¢/100m (36.00%)
2 gfeAolst & AolE HolA ¥gkth I tE o o= 4.12¢/100m
(15.82%), #=57] 1.36g/100m" (5.21%), %44 1.23g/100m" (4.71%), 2]
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Table 3. Seasonal variation in abundances of the decapoda by shrimp beam trawl fishery in

December 2004 to November 2005

Wan-Do, Korea from

Spring Summer Autumn Winter
Species
N % Wi % N % W % N % W % N % W %

Carcinoplax vestitus 0.84 0.68 6.88 0.88 235 6.14 4.74 1.10
Charybdis bimaculata 76.29 9911, 18655 60.55 11876 9558 88743 7496 2901  79.17 9676 2250 1220 76.05 2242 52.69
Charybdis japonica 0.31 040 4034 1309 @ 1.39 112 8898 1135 463, 1265 32499 7557 194 1210 312 734
Hemigrapsus penicillatus 0.56 0.45 1.28 0.16
Leptomithrax befidus 0.22 0.29 0.52 0.17 0.86 5.38 0.72 1.69
Ovalipes punctatus 0.78 4.85 16.00 37.60
Paradorippe granulata 0.63 0.51 1.92 0.24
Pathenope(Platylambtus) validus 1.48 1.19 16.41 2.09 0.75 2.05 3.54 0.82
Petalomera wilsoni 0.26 1.62 0.29 0.68
Portunus trituberculatus 0.15 020  80.69 2619  0.59 0478078 10.31

TOTAL 7697 100.00 308.10 100.00 124.25 100.00 783.68 100.00 36.64 100.00 430.04 100.00 16.04 100.00 4256 100.00

N=number of individuals, W=wet weight(g)
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0.38g/100m’ (1.47%) +=° = vteERWtTE (Table 4).

L FEZ AR ANAFE EFF77F Bl 16712/100m' (95.50%) =
71 ERAINE ALl = kA skt oA = AHAE F TFselRt
2970 A1/100m* (52.35%) % WERSTE YAE ALl 170A/100m (100.00%)
2 92 I AFE RYAN, T T e AHAE B 3T
S Ao} ol 4wt F@ste]l 670A/100m (10.87%), 270 A/100m’
(343%)% WA 5= 2Hgkeh. (Table 4).

T AAE AAFE FeAst sHEeln 959g/100m" (54.50%) &
=A vewka, 9AE-ALd 0.09g/100m  (100%)2 =gken] 7p3d
3.0g/100m' (17.05%)= skt Hole AMAIA & 7pSolwt 4.13g/100m’
(2344%) 2 ZAsGth BE71= o Sell 048g/100m (1046%)% =4 1}
Efvbar, Agolrk YERRA] eFskeh FHE|= S 1.23g/100m" (32.75%),

QA= 7FEel 0.38g/100m" (2.17%)= HERSETE (Table 4).

2. 718t 45 2 3 F (Crustacea and Shellfish)

718} 324 2 g5 A= AZFAZE-8571A]/100m' (97.83%)= 7}
A w=otn debas 170A/100m (0.97%), 71270 170A1/100m* (0.90%), &
AA 0712 (0.30%)= Hls=3 Ed&S Bt AAFS 712471
8.09g/100m' (49.27%) % = WEtw o™, A7 = 6.95g/100m" (42.35%) =
Hl=3 ghe Ben, "detus 1.3g/100m (7.90%)3 dEAE37)

m{
rb
9

0.08g/100m" (0.48%)= & =d&5 BT (Table 5).
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Table 4. Seasonal variation in abundances of the cephalopoda by shrimp beam trawl fishery in Wan-Do, Korea from

December 2004 to November 2005

Spring Summer Autumn Winter
Species
N % W % N % W % N % W % N % W %

Loligo beca 1626 95.50 0.37 9:93 4.39 56.90 0.48 10.46 1583~ 2894 0.50 2.84
Octopus dofleini 1.87 3.43 412 23.44
Octopus minor 0.46 2.70 2.15 57.32 3.32 43.10 4.15 89.54 2.41 441 3.00 17.05 0.78 10000  0.09  100.00
Octopus ocellatus 0.31 1.80 1.23 325
Sepia esculenta 28.63 52:35 9.59 54.50
Sepiella japonica 5.95 10.87 0.38 2.17

TOTAL 17.03  100.00  3.75 100:00 771 100.00  4.63 100.00  54:69+° .100.00- 17.60  100.00  0.78  100.00  0.09  100.00

N=number of individuals, W=wet weight(g)
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Table 5. Seasonal variation in abundances of the crustacea and shellfish by shrimp beam trawl fishery in Wan-Do,

Korea from December 2004 to November 2005

Spring Summer Autumn Winter
Species
N % Wi % N % W % N % W % N % W %
Atrina pectinata 0.31 0.91 2.30 59.18

0:48 2.83 579 7684

Dardanus arrosor 0.26 10.75 0.08 15.09

Hemifusus ternatanus 0.84 2.46 1.30 29.00

Oratosquilla oratoria 3333 99.09 159 4082 | 3344 9754 318 7100 1655 9717 174 2316 215  89.25 0.45 84.91

3363 100.00 389  100.00 3428 100.00 447 10000 1703 100.00 753  100.00 241

100.00 052  100.00
TOTAL

1485.57 3781.18 493.42 3647.12 713.73 5595.81 8748.03 10328.97

N=number of individuals, W=wet weight(g)
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A o] A -xgoldel F
A (g/100m) o= kst AlA 9 Fo]8 ] (FF
A§-7o AAHE z2AEA. 9
& 292 MSF7F 5,777556g/100m'e] BA S F0] EE-S 366.245/100m
o] AAFE 7P FFolgE e ¥ (ne 006302 A AT 28y 59
& A $-F7F 75g/100me] A S 71l vk F5ro] 52 831.634g/100m 9]
AA S 7HA ol m7k 110312 =A vehdth 28y 2€, 39 219
4GS ol B HZb 1HTh vtol Al 9-F FFe] &kt (Fig. 13).
301 3

86, 7tSd 424, AEH

e,
4
&
ot 9
ot
=)
N
N
o
2
rlo
nf
3
@]
=
=

_37_



.910-
®
o 81
E
<
[
ie)
5
5 4]
(8]
>
m

Dec Jan Feb Mar- Apr May Jun Jul “Aug Sep Oct Nov
Month

Fig. 13. Monthly change in bycatch—to—shrimp ratio of shrimp beam
trawl fishery in Wan-Do, Korea from December 2004 to

November 2005.
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O HENEA =
FS YEFU AT (Fig. 15).

ZAZI T 72 Y2 03745 H Ao, 9¥€d 085602 =
ZALE AT (Fig. 16).

Frojgze] € EF 9 FAIEES &7|slst] JAR-AS 23 =A
3252 FEIAT. T2 12¢, IE, 29, 399 AedEa 49, 54, 6
4, 74, 849 F43 oF5H, 9¢, 108, 11¥49 7M&FAE FREUAG
(Fig. 17). =3 taxgd93 %= (non-Metric Multidimensional Scaling:
nMDS)& A&3 23 Ar AL, F/AF Jhe R T Aolrt yEd
Ao ZAE AT (Fig. 18). &3-ANOSIM (Analysis of similarities)®
Ao = FHI oAFH Fogk Zolrb uuuA Fdoem  (R=0,
P=05), A&, &/9F, 7t AR Fogk Aol7t Y Aoz AAH A
t} (Table 6).
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Fig. 14. Monthly change ‘in“diversity index by -number of bycatch in
Wan-Do, Korea from December 2004 to November 2005.
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Fig. 15. Monthly change ‘in~dominance index by number of bycatch in

Wan-Do, Korea from December 2004 to November 2005..
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16. Monthly change ‘in“evenness index by -number of bycatch in

Wan-Do, Korea from December 2004 to November 2005.
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Fig. 17. Dendrogram based-on the-community similarity of each
month by shrimp beam trawl fishery in Wan-Do, Korea from

December 2004 to November 2005.
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Stress @ 0.08

Fig. 18. Non-metric multidimensional scaling(nMDS) based on the
community similarity of each month(W: Spring, ll: Summer,
€ Autumn, A: Winter) by number of bycatch by shrimp
beam trawl fishery in Wan-Do, Korea from December 2004 to

November 2005.
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Table 6. Analysis of similarities in the each seasons by shrimp beam
trawl fishery in Wan-Do, Korea from December 2004 to

November 2005

Spring Summer Autumn Winter

Spring
R=0

Summer

(P=0.5)

R=0.667 R=0.815
Autumn

(P<0.1) (P<01)

R=0.519 R=1 R=1
Winter

(P<0.1) (P<0.1) (P<0.1)
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A Lee & (1998)°0] H 313k 114%F 3} Jeong & (1993)0] M 13k 131% Hrt}
T A2 FAE BHAg. oA T4 g2 Folg Bl vluste] o
FotAl vEbd AL g el g ofF o) ool MAsta glom,

2] wEol At el MAshs o ditel AviEt A7) el

ol Aol F o]F sRAFE 10307204 ola, 7PE Be %S A&}
= AS7F 9994570 A (96.97%) 01, A2 12407041 (1.20%), /&7
L1070 A (1.10%), 718F 3F2H7 R s 445704 (0.43%), +<7 312704
(0.30%) o= Jepgry AA S MAFH B=stA A7 52 &S
A shal Qlom, F AR T 159,739.8g0] ol FH ) ow A -7+ 91,523.66g
(57.29%), 17 42,06491g (26:33%), 7+t 10,900.46g (6.82%), 71E} 77}
F 2 9F 785357g (492%), AT 7407.2g (4.64%) =o= o F= AL}
HlE ol A Fo] AT HAsA =L H &S AAStE A2 H|
Hxolge] Z AT A Fo]l ExelFe] MAT AL MEA &7

oy

wj - o] o}

oAgd&-solA AFERE G WA FE FAGE S A4, T AA
Fol W A7t Feolg Bl A2 Aol thE ol Hl A
2 FA 9 FFogFgES AL & 5 ) (Slavin, 1982; Alverson

et al., 1994). ©] Eo] o] BE AL AexY 2 g
ojdo] ool MelA wjite] AAX oz AFYAFI A REHor
oqde FTES dgse oFoyd (Multispecies fisheries)e] 7] w0t}
(Caddy, 1993). o] 8l® F-o] g &0 tii-iE2 Hitho] thAl HEH AL #H7|
AR Hed, At ozy FAstAom g SHdo] WAt e A
golth, w3 o]H 3 o J&Ee E e Aol AAA F Holo] Wst A
9l EA A JhAIGe] WEt T3k o
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P AL At (Stobutzki et al., 2003).

o) B gk HiE 2 F (2003)9] ‘Fa ARE FH A2
ofgldl Ao FRAI ALRT AN FFodze T2 139F Y H
AaL, ek H1E (1997)] ‘Aol AFA I o Feo] T2 AL
Sl E oFEHE offFe TRtk b4Folv Holth 29k wk (2004)] ‘Al
T ool Foid e Frkeh Adud] Bd o] Baixe] st
W Aol A o] Bl Ee] FL 103F oW HAUL, (2005)¢] ‘a1
T A AAM Ao o dy e mEw uFAt el LAFAAY
of 93 ¥z FT2-AFE Agstazs 62Folu HA. o]FE %o
Farol gl ostol B2 oldAde] A gl AAolH, ol FA}d

o]

UEhd Bo)SlEe] 77%F, 68216.14g 1(42.71%)2 F AR A e 40%
olFE AAptE Aor EAstE of oA £& H&S AABE Ao,
MZhakAl ae] s ojof 3 Abghelt

ol At AE v Ao Hste] ALl AS-Fo AMAFTE A U
Btk AdE JiAS 2 A S vlas] BE ARE Agd AlSF
7 9895% =2 A8 UFEs AAPeH, AFo= M7t 57.99%= 7}
A g et AR g AL ol A 77k 70.15% = M =4 e
gorn JhgeE Al SFHrF 1921%= 7FE @A JElTh o2 %ol A%
Holl A-F7E =A debbes e g9 Bl &o] =9y WEow
A7k},

Tt Al fEvel AgtellA tFom o g Fo

=
& A AgH AAAN $AF Bolt adow AgaA}. 17

rlo

HIA = A7 & g &d35td o, 53] 20043 12958 o] 53] 4
Hol FAFHeozr ZFd3= Aoz UeEwWo AHZA EAHoRE A74E

(Order Decapoda), Ao]3t% (Infraorder Caridea), A" A} -$-¥ (Family
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ES

of 33.32% % /=oHW, Hi 3221% (x0.64)FALEJE. EEAA
(DO) 10¥ 6.14mg/ ¢ = Stk 1¥€9l 82omg// = < &A% S
BA3, Fyr 715 (£0.68)mg/ ¥l = LEFSE

A -zde] oge FL Aq$F (Shrimps), ©137d (Pisces), A7 =
(Decapoda), '+ =7 (Cephalopoda), 7I€F #7&F 2 37 (Crustacea and
Shellfish) & 5719 EFwo=2 F4sidon, & of8d =dF2 573
96Fom et Aol of e WA A= JfAFE 103,072
A, AA TS 159,739.8g010 Tk, BFFE R o] F o] 57FoR Y W
tom, A-F7F 19%, Ad5o] 10%, F574ol 6%, 71e ¢tz7 2 9

F7hABo R ek E3 F ol BT 2 BREE AAF 4

Aol ol gn| &2 Aol A9 AF-F7F 9994570 A (96.97%)= o F-
TS AAEGen, AZE (1240704, 1.20%), o7 (1130704,
1.10%), 718t 25 2 97 (4457041, 0.43%), F57 (312704, 0.30%)

o7 vehyth ogd® AAZHS A -F7F 91,523.66g (57.29%)S A
skl ar, oA 42,054.91g (26.33%), 57 10,900.46g (6.82%), 7]€} 7+

P
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7h5 2 Sl 7.85357g (4.92%), AZHE T4072g (4.64%) wo 2 ZAL
Atk

A-E &

>

5

o] Tl At Fold ofFolA Fao FHFTES A
HH AR A4S 7 H BE€-~59)= aguAlS- (Palaemon
gravieri), M5 (Crangon affinis), WM< (Parapenaeopsis tenella)
7F AR Ak =R A el M = ZEkn Al -, A=A, st

(Fenneropenaeus chinensis) =2 2 WUESTH HgFojdxe FHduto

d

27 (Charybdis bimaculata), A7}YA (Oratosquilla oratoria), 7]
(Loligo beca)’} WA= SH@sGT 28y A Fo = Zof
(Okamejei kenojei), °}7 (Lophiomus setigerus), S741ro]|7%LA)

2 Yetwt oA 52 (6€9 ~8¥)dlE M7t EAF (Trachysalambria
curvirostris), WA, AFAS o= AU A F BF A5
t}h BgolgEe FHdtelm 2 A AA, A P (Cynoglossus robustus)
cog2 JAsE FRsAeY, BAREE FRelNEA, A
(Muraenesox. cinereus), 3 A|. (Paralichthys olivaceus) <=2 & Y EGE
7Hed g~ AR AT BAS, =AY, Fo
(Metapenaeus joyneri) Q-2 MNAF, BAZF 25 ATt H40]
8 %8 F% A (Leiognathus nuchalis), S+l WL A, 772 Ao (Sepia
esculenta) w«o& MAF7E FRGFAAN, AAZFS Fo, TF
(Conger myriaster), WA (Setipinna tenuifilis) <o 2 ESTH A&
A (128 ~29)dd+= ASF7F 2HHAS, EHEsHAlS (Pandalus

gracilis) =22 A, A GFAA AUk FrofdFe En A

)

(Erisphex potti), ¥HA S5 (Chaeturichthys stigmatias), 57 1Fo] 2
ToZ MAFIE FHSF, WA FANA= Fol, AFAWE, HERE

(Sillago japonica)=o. % $-Hettth o] A3 AMERE FFo]dEo &
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Z24, T&, AAF] FoaA t2A e
g 0 (RrolFBe TSR FE

R0 98
&) Sstel wwm A AAF (g/100m) o2 A} A7 A

i

HT

AE 407, AEHLE 386, 7HSH 424, A&H 1282 FAEAT 28y
24, 39 Ta 442 FofgE e nrb 1Eu vtol A5 AA| gl
=g EI FFolgdEe T EE A AHEY (non-Metric
Multidimensional Scaling: nMDS)-& 4 &3t A3} /Aol AL, &/
o F, 7hEE gk Aol7t yEhd Ao 7 FALE QA

B ATFE St FgoldEe A FoiEed ug #eE 9

e B AT Jasty, 7 A =W nyE o] I3t}
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Appendix 1. Monthly variations in the number of individuals of the shrimps by shrimp beam trawl fishery in Wan-Do,
Korea from December 2004 to November 2005

Species Month Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Acetes japonicus 1 13 4 3

Alpheus digitalis 11 2 1 15 3 14 4 2

Alpheus japonicus 20 45 4 8 4 16 2 3

Crangon affinis 31 34 63 85 78 147 141 2 4 4 3

Fenneropenaeus chinensis 1 2 1y 2 1

Heptacarpus futilirostris 1

Heptacarpus rectirostris 4 2

Latretes planirostris 7 10 13 34 3 1 1 2

Latretus anoplonyx 3 8 44 30 3 1 1 1

Leptocela(L.) gracilis 1 2

Leptochela sydniensis 1

Lysmata vittata 1 1 22

Marsupenaeus japonicus 1

metacrangon Sinensis 2 3 2%

Metapenaeus joyneri 1 4 2 1 2 3 54 64 1

Palaemon gravieri 1581 1464 85120 5359 1894 60 2 7 47 23 22 1

Pandalus gracilis 211 234 139 110

Parapenaeopsis tenella 12 23 7 1 74 118 216 70 57 292 245 226

Trachysalambria curvirostris 2 1 2 9 20 25 642 82 10 54 74 268
TOTAL 1873 1843 85408 5677 2077 412 1007 175 121 429 415 508
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Appendix 2. Monthly variations in the number of individuals of the pisces by shrimp beam trawl fishery in Wan-Do,
Korea from December 2004 to November 2005

Species Month Dec Jan Feb Mar Apr May, Jun Jul Aug Sep Oct Nov
Acanthogobius flavimanus 2 55
Acanthopagrus schlegeli I 1
Amblychaeturichthys hexanema 1 1 2 3 2 4
Apogon lineatus 2
Caelorinchus multispinulosus 1
Chaeturichthys stigmatias 15 18 29 15
Chelidonichthys stigmatias 2 4 4 10
Citharoides macrolepidotus 1
Coilia nasus 3 1
Collichthys [ucidus 3 6 2 3
Collichthys niveatus 1 33 33
Conger myriaster 5 2 3 12 2 3 3 14
Cryptocentrus filifer 16 2
Ctenotrypauchen microcephalus 2
Cynoglossus abbreviatus 4 3
Cynoglossus gracilis 1 1
Cynoglossus interruptus 1
Cynoglossus joyneri 1
Cynoglossus robustus 1 6 6 3 26 48 12 8 8
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Appendix 2. continued

Species Month Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Engraulis japonica 50

Erisphex potti 39 39 9 22

(Glossanodon semifasciatus 1 1

Hapalogenys mucronatus 1 1 2

Hypodytes rubripinnis 1

Inimicus japonicus 1

Larimichthys polyactis 2 1

Leiognathus nuchalis 2 1 1 1 151
Liparis agassizii 1

Liparis tanakai 2 2]

Lophiomus setigerus 1 1

Muraenesox cinereus 1 4 2 2

Neosalanx andersoni 2 4

Okamejei kenojei 9 11 18 19 2 3 2 2 2 12 8

Oplegnathus fasciatus 1

Pampus echinogaster 1 1

Para lichthys olivaceus 4 1

Parapercis sexfasciata 1

Pennahia argentata 2 3 1 4 1 13 10 26
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Appendix 2. continued

Month

Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Pholis nebulosa

Platycephalus indicus : 1 2 5 4 33
Pleuronichthys cornutus ik

Pseudaesopia japonica 1

Pseudorhombus pentophthalmus 4

Sardinella zunasi 1 14 9

Scomber japonicus 2
Scombrops boops 3

Sebastes schlegeli 1 1
Setipinna tenuifilis 5 8 26 21

Sillago japonica 5 ds 1

Stephanolepis cirrhifer 2
Takifugu niphobles 1

Takifugu pardalis 1
Thryssa kammalensis

Trichiurus lepturus 2 2 2
Tridentiger barbatus 2

Upeneus japonicus 3

Zebrias fasciatus 1 1

TOTAL 8 101 65 74 20 29 29 48 130 119 123 314
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Appendix 3. Monthly variations in the number of individuals of the decapoda by shrimp beam trawl fishery in

Wan-Do, Korea from December 2004 to November 2005

Species Month Dec Jan Feb Mar Apr May. Jun Jul Aug Sep Oct Nov
Carcinoplax vestitus 4 3 3
Charybdis bimaculata 13 21 70 56 334 116 426 15 16 17 69
Charybdis japonica 23 2 2 5 2 2 13
Hemigrapsus penicillatus 3
Leptomithrax befidus 3 1 2
Quvalipes punctatus 1 i
Paradorippe granulata 3
Pathenope(Platylambtus) validus 7 2
Petalomera wilsoni 1
Portunus trituberculatus 1 1 2

TOTAL 14 26 24 72 56 337 118 441 25 21 24 82
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Appendix 4. Monthly variations in the number of individuals of the cephalopoda by shrimp beam trawl fishery in
Wan-Do, Korea from December 2004 to November 2005

Species Month Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Loligo beca 106 42 8 10 29 5
Octopus dofleini 2 3
Octopus minor 3 3 13 1 1 10
Octopus ocellatus 2
Sepia esculenta 29 30 27
Sepiella japonica 6 6 6

TOTAL 3 111 25 9 1 47 68 43
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Appendix 5. Monthly variations in the number of individuals of the crustacea

fishery in Wan-Do, Korea from December 2004 to November 2005

and

shellfish by shrimp beamn trawl

Month
Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Atrina pectinata 2 2
Dardanus arrosor 1
Hemifusus ternatanus 4
Oratosquilla oratoria 2 3 4 14 10 187 53 70 36 13 3 36
2 4 4 14 10 189 53 74 36 13 8 38
TOTAL
1967 1977 85501 5837 2163 1078 1232 747 313 629 638 990
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Appendix 6. Monthly variations in the biomass of the shrimps by shrimp beam trawl fishery in Wan-Do, Korea from
December 2004 to November 2005

Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Acetes japonicus 0.12 2.73 1.02 0.8

Alpheus digitalis 12.46 1.88 0.9 34.52 18123 56.89 6.85 3.09

Alpheus japonicus 15.96 38.04 3.51 712 5.71 33.83 2.79 6.91

Crangon dffinis 46 50 36 108:3 92 148 88.25 3.19 5.95 3.75 9.36

Fenneropenaeus chinensis 59.41 91.03 0y 147 38

Heptacarpus futilirostris 0.27

Heptacarpus rectirostris 1.89 0.93

Latretes planirostris 0.99 2 1.64 4.6 0.62 0.16 0.54 14

Latretus anoplonyx 0.59 1.59 9.25 5.66 0.5 0.17 0.43 0.48

Leptocela(L.) gracilis 0.36 0.41

Leptochela sydniensis 0.45

Lysmata vittata 0.24 0.37 9.75

Marsupenaeus japonicus 30.77

metacrangon Sinensis 0.86 1.88 19.04

Metapenaeus joyneri 4.84 14.7 861 6.79 14.22 1141 276.1 292.9 6.29

Palaemon gravieri 1429 1559 68192 5831 3169 25 2.52 9.28 78.71 20.58 16.74 2.14

Pandalus gracilis 245 229 166 121.2

Parapenaeopsis tenella 892 12.34 4.32 0.67 47 98 472 201.2 196.7 369 323.8 285

Trachysalambria curvirostris 11.22 561 3.78 21.24 33 126 3610 747.6 76.04 2675 318.7 1103
TOTAL 1823.27  2008.33  68480.22  6204.91 3556.90 491.49 4183.77 1018.12 369.74 939.64 998.80 1443.47
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Appendix 7. Monthly variations in the biomass of the pisces by shrimp beam trawl

December 2004 to November 2005

fishery in

Wan-Do, Korea from

Month

Species Dec Jan Mar Apr May Jun Jul Aug Sep Oct Nov
Acanthogobius  flavimanus 14 232
Acanthopagrus schlegeli 800
Amblychaeturichthys hexanema 4.9 15 31 12.84 5.15
Apogon lineatus 4
Caelorinchus multispinulosus 13.58
Chaeturichthys stigmatias 221.2 2389 171.4
Chelidonichthys stigmatias 76 218 216 655
Citharoides macrolepidotus 69
Coilia nasus 1.51 1.15
Collichthys [ucidus 27.42 34 30
Collichthys niveatus 961 74 81
Conger myriaster 85.8 54 119 518 30.15 107 588 1800
Cryptocentrus filifer 97.93 8.62
Ctenotrypauchen microcephalus 3
Cynoglossus abbreviatus 60 41
Cynoglossus gracilis 276 160
Cynoglossus interruptus 14.94
Cynoglossus joyneri
Cynoglossus robustus 0.65 129 202 247 326.8 948.7 186 57 124
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Appendix 7. continued

Month

Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Engraulis japonica 146.7

Erisphex potti 24.68 22.4 4.85 22.57

(Glossanodon semifasciatus 0.98 0.81

Hapalogenys mucronatus 6.55 178 337

Hypodytes rubripinnis 6,78

Inimicus japonicus 158

Larimichthys polyactis 47 159
Leiognathus nuchalis 3.67 2 0.85 3 544
Liparis agassizii 1200
Liparis tanakai 13 291

Lophiomus setigerus 752 781

Muraenesox cinereus 18:2 1603 375 535
Neosalanx andersoni 2.04 451

Okamejei kenojei 2570 3362 3500 2908 982 1107 700 35 480 873 1132
Oplegnathus fasciatus 1

Pampus echinogaster 492 47

Para lichthys olivaceus 1270 117

Parapercis sexfasciata 117

Pennahia argentata 33.77 20.13 7 41.74 50 352 156 270
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Appendix 7. continued

Month

Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Pholis nebulosa 62.02
Platycephalus indicus 4 600 16.3 15 21 731
Pleuronichthys cornutus 400
Pseudaesopia japonica 30.36
Pseudorhombus pentophthalmus 112.8
Sardinella zunasi 8 122 63
Scomber japonicus 37
Scombrops boops 31 56
Sebastes schlegeli 170 184
Setipinna tenuifilis 12.28 13.03 532 373
Sillago japonica 305.2 8.79 22.56
Stephanolepis cirrhifer 79
Takifugu niphobles 36
Takifugu pardalis 118
Thryssa kammalensis 7.83
Trichiurus lepturus 21.21 48.8 130
Tridentiger barbatus 2.09
Upeneus japonicus 14.26
Zebrias fasciatus 64 27

TOTAL 3170.09 397340  4301.56  3234.32  2183.00  3698.00  4959.00 577.74 2081.90  2469.00  2915.00  8491.90




Appendix 8. Monthly variations in the biomass of the decapoda by shrimp beam trawl fishery in Wan-Do, Korea from
December 2004 to November 2005

Species Month Dec Jan Feb Mar Apr May. Jun Jul Aug Sep Oct Nov
Carcinoplax vesbtitus 32.61 4.82 7.83
Charybdis bimaculata 26.86 32.66 155.6 108 886 337 2373 59.52 64.12 67.94 196
Charybdis japonica 37.03 263 248 177 128 110 978
Hemigrapsus penicillatus 6.85
Leptomithrax befidus 2.08 2.12 4.6
Ovalipes punctatus 1.25 59.14
Paradorippe granulata 9.09
Pathenope(Platylambtus) validus 77.8 9.45
Petalomera wilsoni 1.12
Portunus trituberculatus 526 127 288

TOTAL 28.11 95.00 39.15 160.21 108.00 1675.00 585.00 2619.20 531.37 196.94 195.22 1174.00




Appendix 9. Monthly variations in the biomass of the cephalopoda by shrimp beam trawl fishery in Wan-Do, Korea
from December 2004 to November 2005

Month

Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Loligo beca 2426 143.8 76.3 50 62 33.29
Octopus dofleini 500 600
Octopus minor 33.75 1400 1647 31.78 200 1245
Octopus ocellatus 800
Sepia esculenta 200 263 3259
Sepiella japonica 41 41 30.93

TOTAL 33.75 2442.63 1790.78 108.08 200.00 791.00 966.00 4568.22




Appendix 10. Monthly variations in biomass of the crustacea and shellfish by shrimp beam trawl fishery in Wan-Do,
Korea from December 2004 to November 2005

Month

Species Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
Atrina pectinata 1500 2400
Dardanus arrosor 30.47
Hemifusus ternatanus 615
Oratosquilla oratoria 54.52 52.14 31.76 98.01 29.98 903 461.8 635.1 368.6 115 65.1 443

54.52 82.61 31.76 98.01 29.98 2403.00 461.84 1300.14 368.57 115.04 65.10 2843.00
TOTAL
5075.99 6193.09 7285269 9697.45 5877.88

10710.12 1198539 = 5623.28 3551.58 4511.62 5140.12  18520.59
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