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Seasonal Bycatch Variations in the Shrimp Beam
Trawl Fishery of Coastal Wan-do, Korea

Chul-Woong Oh*

Department of Marine biology, Pukyong National University, Busan 608-737, Korea

We examined shrimp and bycatch species composition in the shrimp beam trawl fishery off Wan-do, Korea
(in the major fishing ground) from December 2004 to November 2005. We observed a total of 103,072
individuals in 96 taxa. By densities of individuals, 96.97% were shrimps, 1.20% decapods, 1.10% fish,
0.30% cephalopods and 0.43% other species. By catch weight, 57.29% were shrimps, 26.33% fish, 6.82%
decapods, 4.64% cephalopods and 4.92% other species. In spring, the dominant bycatch species by biomass
were Okamejei kenojei, Lophiomus setigerus, and Charybdis bimaculata. In summer, the dominant species
were Charybdis bimaculata, Muraenesox cinereus, and Paralichthys olivaceus. In autumn, dominants were
Okamejei kenojei, Conger myriaster, and Setipinna tenuifilis,and in winter they were Okamejei kenojei,
Chaeturichthys stigmatias, and Sillago japonica. Bycatch species composition and individual species
abundances differed significantly among seasons, probably indicating that variations were related to the
life history characteristics of bycatch species. The diversity index was highest in October (2.797) and lowest
in July (1.012). The July dominance index (0.569) was much higher than in other months; evenness was
highest in September (0.856) and lowest in July (0.374). During the study period, the bycatch-to-shrimp
ratio of this fishery varied from 0.063 in February 2005 to 11.031 in May 2005, with a mean of 3.363.
These temporal variations may be linked to variations in reproductive behaviors and migration patterns

of the marine animals sampled.
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L3HA olFojA: Qo AF
2 3laL Atk A2 FAHLE F ojg FERoIF
v £301EQ oF, GAF 2 Ve ANEE 5
ol el AZAL 2tk (Caddy, 1993). 3] B EFolE e
BT E (bycatchyo]2}al 3, 58 FEAJ o] Q1o npdt
o M Al o]gFL AQH7E (discard)®] B3 2|3l 2
At

AZ2ToAY-L e ofFof HIF)] GE=Z 7|7} Ftoba B
Frojg e ALt Jla, B ES A7 8t
L&Y ofds gl A 5:1, SuisiGAX 10:1 AEEA]
FrolgE9] HlFo] Eom, Al o3 ogHINEL
AA F olGHZ1E 9] 1739 slFETtn Bastas Af$-F
oj}del tigk A4 FE¥o] 91848 Asdtt (Slavin, 1982;
Alverson et al,, 1994). 53] o]E o]QH71EL % YEE2)
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A2 gl Al e o] Mk} 7 FF
TH 2L F - Ao 2 s AEA] B2
31T} (Stobutzki et al., 2003).

olg|gt AATE - AHEt FaA dEo AeF 2ol
L EE0 ] B ojFEo] s FAEA N nX= G
3t A7E A AAE] F4HAL (Saila, 1983; Pender and
Willing, 1989; Andrew and Pepperell, 1992; Kennelly, 1995)7}
Ha glow AA e vtllA FEAR] 4o =RE $
A& B337] At B2 FAE ©EL AU (Sainsbury
and Sumaila, 2001; Hall and Mainprize, 2005).

FoolgEs AT 9% oFet AR 8% Abo]
& ©]-8-3 947 (Bjernar and Valdemarsen, 1994), &5 A%
EZo|QY FFolHE B4 &3 IF (Eayrs et al,, 1997;
Eayrs, 2003), ¥5018&E Z+4 A 742 (Day and Eayrs,
2001), NFE gindE ]8T FFolFdES Fhol g A7
(Fonseca et al., 2005)7} 3P H 3 Jom Hi;o]gEe =
Z4 B4 AT AT (Tonk et al, 2008) L A5 Tl 7{F7}
A AeA] me JI F3F OHIF A7) o] FoiA 1
T} (Prena et al., 1999).
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o] F-olPE dFo A AT E AF2E (Oh and Jung,
2002), A-5-F olgel A R EY Hriel Age 2
7§ (Oh and Ma, 2004), Al@YE, ZAF7]d) W& J¢F
Kol ge] Wxel A gk B3k A} o] R0l 1 Yt}
(Oh et al, 2009). 53] A7 o]YolA FolFEeF 3t}
A4 Rl B3 AFANE A$FE FE o)g3l=
2% Feu o) 1E oIt AAYEAIE AATen
A A ARA) F23 YHE AFsta o) w3 2
HESHAA I A7 AGoA FAYse Roi ek
o] FHAHRI AT, 7 odolM T3l Fr ojFEe] B
2 R ojFg Fol7] A3 71EATe] e s AxRn
Atk

waba], B AFdME Az TgoIdo] EisiA o]Fex|
3 e MR 9T dxidS FAoz Az
Ag=E BpogEe 548 ] sk A, 400
e AAF] T2 £ ¥F L votsla, B4, S5
Azl d e Al ol g Bolg ] HlE HuRer

AbEShal, A, Fpoldee] THSEE getdtaat gk

Mz Wy

E AT7E 2004d 12958 2005\ 1197hA] Wg A&
FoQzALE ST SR g HE 4L 10-15 m
2, & ZA W32 13,220 haol At} ZAR) ALE-H Ml

ujgke] Agojr o vjd Aol AR sy 2%
o8 B3 F, A& 13~22 knotsE F 3087 Q1381
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Fig. 1. Map showing the sampling area (dotted line) in
Wan-Do, Korea from December 2004 to November 2003.
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YEE BF3l AEE (B 3~59, 9E: 6-8Y, 7HS: 911
4, AL 1229) 24T ASF € FolgE ] FHHQ)
HE 2&3gTh

XM zA

AYEY T2 AIYE AFS FRoz Ay,
Al A-Fel Ego1FE Rl AAse QA
ZASYT. ASRE JFES S%E TAY FE 33
(random sampling)3}e] Ao 10% T4 F2gzlo=z 1
g AREE SN & BRI o f T oFED
(Kim et al, 2001), ¥AFE-L National Fisheries Research
Institute (NFRDI) (1999), Roper et al. (1984)2] EFXE o]&
sty FASAT. A¥ES A EFE () ASF
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Shellfish)@ 83+ t}.
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and Wiener, 1963), %% (Simpson, 1949),
1966)59 Aejstd A5g &8

REo|YE £¥F) AAFEY T 24 €9 HgE ot
8l7] 98t} AFHEA (Cluster analysis)¥ ChH 3 =R
(non-Metric Multidimensional Scaling: nMDS)% ] #H &A1&
AX BT} ThAFE-A A AEAELY] AFE T3] Hd
AAG D AAFE AE EF WAFZ (fourth-root) 2 2 F3}
@31, Bray-Curtis FrAVE AFE F3la 2 23 ¢Egolzl
FALE BEel| 7]Z38l] ARE RFolge ZfolE ANOSIM
(Analysis of similarities)y2 AHE3te] A& AFsAT
(Detailed Oh et al., 2009). T A=H A AATE stress
value ZH-2 Z1EEZY £E9 f - FE vYElli= ez
whEo 2 <02y S 5 98 Fol7t ke 2E 4
e, AZ o) 3t BEETH] A7 F54F stress valued]
Zre 27181 Fi(Clarke, 1993). E8H ANOSIM 2438 stress
value?] gto] <02% 77t #4¢] 7531, ANOSIM &
Ao A} R-values7} >0.501H, 1FETHY] 528 2o} rk=
AL ulBt} (Clarke and Gorley, 2001). Z& SAEAYLS
PRIMER (Plymouth Routines Multivariate Ecological Research)
computer program (ver. 5.2.4)% o} 23ty Tk

F BFogEe AMY HaME

ZAIZE Bt 4AAE (B 359, 98 684, 7 9~118,
7€ 1228) BT F98l1, T8 $HF WA (Gmoglossus
robustus)®} A7YA (Squilla oratoria)S W02 AME Hit
AL vlwstHch AMHS} A7 25 A7 (Total Length:
TL)S MY} A aE ARSI 001 emZ7bA] 4315
ARE HFAgzre HolfFe AWE W FAA
(homogeneous test of variance) A& A% F AN
(ANOVA)S. 2 7R3

5= (Pieloy,

2

Heg =4

A E28ET, (8T L MR E

ZAZE B F oj8d S8FL 577 96F oo, A
A AT 103,07270 A, A FHL 159,739.8 go| AUtk EF
TEE Aol 5750 R JF woken, Ae-R7E 19F,
AEo] 105, T30 6%, 718t 457 2 dF771 4528
B2 =

Z og o) g & ERwe] AMAF A ojgnl s
= AHEHE AAGF B 77T 99,94571 A (96.97%)F
A9 YFEE AABIReH, T o2 A7 (1,240704],
1.20%), o137 (1,130704, 1.10%), 71t 45 2 )5 @445
A, 043%), T B1270A), 030%) 22 YEFRT Fig.
2, A). BAZL A$F7} 91,523.66 g (57.29%) 0.8 TE-E-S
AR, THEoZ o] A7) (42,054.91 g, 26.33%), T
(10,900.46 g, 6.82%), 7€} 45 L AF (7,853.57 g, 4.92%),
AZHE (74072 g, 4.64%) 2.2 JEbsTH (Fig 2, B).
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Fig. 2. The composition of number, biomass of species by
the shrimp beam trawl fishery of Wan-Do, Korea from
December 2004 to November 2005 (A: Number, B: Biomass,
C: Number of dominant species, D: Biomass of dominant
species).

2 o A s 2GS (Palaemon gravieri)7}
95,58070 A (92.73%)E 71 B3, DAE (Parapenaeopsis
tenellay 1341704 (1.30%), ZEAS  (Trachysalambria
curvirostris) 1,18970A)(1.15%), FRAZo|AEA (Charybdis
bimaculata) 1153703 (1.12%), 71€} 3,80970A (3.70%)& =}
A8t Tt (Fig. 2, C).

Zd oY AAFE 27 8033528 g (5030%) 2=
ARGt A 2L BlE&S AXIHAL, T (Okamejei
kenojei) 17,649.43 g (11.05%), ZA-% 6,378.44 g (3.99 %),
3R] (Octopus minor) 4,557.53 g (2.85 %), 71E} 50,819.12 ¢
(31.81%) «2.2 Vet (Fig. 2, D).

A EAE AAYE HEINA T B dX g

-2l o] g H oS GE A (100 nf)o.z At
NA AR AAFG AAFE vwstdch AdE 2 ER/
9 &Y WFF AATeT B A7 1,33970A (90.14%),
NZE 7I0A (5.18%), 71EF HAFH R IHF 3470A] (2.26%),
7} 1970A (127%), FE7 17744 (1.15%)2] 0.5 v1E}
gl 8L ANSF 286704 (57.99%), HZE 12470
(25.18%), o147 41704 (831%), 71t A4H 2 w5 34704
6.95%), F=7 704 (1.56%)9) £22 YElgth 7He2
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Fig. 3. Seasonal variations in number and biomass of species
by the shrimp beam trawl fishery of Wan-Do, Korea from
December 2004 to November 2005 (A: Number, B: Biomass).

S5 439707 (61.50%), o137 166704 (23.32%), FZ57%
557070 (7.66%), AZHE 37744 (5.13%), 718 A4 2 HF
1744 239%)8) €22 vt AL A5 8,65770A
(98.95%), o144 1270 A (0.83%), A ZHE 1670 A] (0.18%), 71
e 345 2 dF 2744 (0.03%), F=Z 1A (0.01%)9)
T2 VYERT (Fig. 3, A).

AdE 7} BRTe 99add AAFE Bl A+F
1,864.62 g (49.31%), o1 1,600.82 g (42.34%), AZHE 308.1 ¢
(8.15%), T57F 375¢, 718} 4T 2 A7 389gSE A
ATt FEL o 1,627.87 g (44.63%), M7 1,226.46 ¢
(33.63%), A ZFE- 783.68 g (21.49%), FF 4.63 g (0.13%),
et A2F L 97 447 g 0.12%)2 VERSTE 7S ot
7 4,065.83 g (72.66%), M-5-F 1,074.81 g (19.21%), MZ=
430.04 g (7.69%), FE7 17.6 g (031%), 718} 447 2 AF
753 g (0.13%)2 ZAIEeH, ALL N7 724553 ¢
(70.15%), 01737 3,04027 g (29.43%), WZHE 4256 g (0.41%),
71el A F 2 G F4 FEFL 0.01%EY A YEgT
(Fig. 3, B).
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Fig. 4. Monthly change in bycatch-to-shrimp ratio of the
shrimp beam trawl fishery of Wan-Do, Korea from December
2004 to November 2005.
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Fig. 5. Monthly change in diversity, dominance and evenness
index by number of bycatch in Wan-Do, Korea from
December 2004 to November 2005.
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4= s G 9 A2 FdAA

E H| (FFold &S A AT/ A HE ZASIAT
FpolHE vl SERE 19714 EolgEo] A¢-FET
Bo] A=t E3] 5990 AR} FrogdEY @ejdd
2 A o] Z+ 7+ 75 /100 nf, 831.634 g/100 MO 2 F0]F
E9] ¥ ()7} 110312 7F Eor, dhde 2¢¥= 74
5,777.556 g/100 1, 366.245 g/100 {2 F0]FE-9] u]7}
006302 7P& vA et Fig 4). AT 717 59 g=A4
Az Hit FeodE Hle 336302 EAHAG

Yy 250188 ZRTE 24

A=A A Fgojdole] FpoHE] EAE got
27) A8l FHFEE e AESY 54U F O
=, s, 55 AFE AEgch 92 EA% & O
=& 784 1.012Z ©9kor, 1084 2.7972 U (Fig.

5, A).

SHAEE T GE9) W E 1029 007322 Yk,
78 05692 EUTH AHAA 5 B8 A5 AR S0t
e AES EoH, 79 ol 534 Fhdte BEE
et Ktk (Fig. 5, B). £3 55 78] B 03748
Bygon, odd] 085622 B4 ZAMHAY (Fig. 5, C).
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Fig. 6. Dendrogram based on the community similarity of each
month and non-metric multidimensional scaling (nMDS) based
on the community similarity of each month ('¥: Spring, l:
Summer, @: Autumn, A: Winter) by number of bycatch by
the shrimp beam trawl fishery of Wan-Do, Korea from December
2004 to November 2005 (A: Dendrogram, B: nMDS).

A ol g e AZH HE 73

FojgEe] 9 w39 AHE ¢ fstk JAEH
Ay 27/ 32522 FEHNAT IF AT 1249, 149, 24,
392, 21§ BE 49, 59, 649, 74, 8¢ 181 1§ CE
99, 109, 1192 FEHA Fig. 6, A). THEA A e
x93 =X (non-Metric Multidimensional Scaling: nMDS)$
243 AAE oA AAT JAEN Aol Zo] =A
32FOE FEEO §oF 2oz} e Ao g ZAERR
o} (Fig. 6, B). Al F50]F <] 2to]E ANOSIM (Analysis
of similaritiesy2 AH8-3}4] 998 AT AHAME 53
3} o Ed7 {3 Zol7k YehtAl %09 (R=0, P=0.5),
AL, B/AE, 7L A2 F9$ Aolrt Vet 102 AA]
H Atk (Table 1).

Table 1. Analysis of similarities for each season in the shrimp
beam trawl fishery of Wan-Do, Korea from December 2004
to November 2005

Spring Summer Autumn Winter
Spring
R=0
Summer (P=0.5)
Autumn R=0.667 R=0.815
(P=0.1) (P=0.1)
Winter R=0.519 R=1 R=1
(P=0.1) (P=0.1) (P=0.1)

Fe Frolg e HEYE ErAE

A=A G Q2P delA FE 250l M} A
ZYAS] AdE FEAZEe] AoliFE AR A MY
(C. robustus)y= &l BT EETHAD 1546 (#4.11) em, FF
o 14.14 (+4.71) em, 7}l 1546 (x4.11) cm, A& 3024
(#5.54) em E VERoH, Mo AdE Aol gist
o 93 Aol BAFUT} (ANOVA: F = 199.26, df =
3, 276, P<0.001). ZA7}A) (S. oratoriays= B9l 17.46 (+5.78)
cm, 9 & 15.00 (24.59) cm, 7}l 17.69 (£5.50) cm, &
2031 (#4.26) emZE YERGo®, ZAZIA 9] AdE P gol]
tate] o8 xolE BAFATE (ANOVA: F = 1593, df
= 3, 329, P<0.001).

il &

2 AFAA o188 F 25T 96F (37 57F, A%
19%, A& 105, 557 6%, 78 47 € JF 45)
@A kel ZedA Z2AE AR FxAe
A ol A 22%F (Oh and Ma, 2004), FEFTH] 2ot
A} 26F (Huh and An, 1997)°] 2@3}52H, £ A7 9RT}
Ui & SEFEE By vhd 18] 9A8 dds 9
el A= 115 (Huh and An, 1999)°] £33l e £HF
TE BRI o g9 o7 T4 BT 54% (Cha
and Park, 1997), 347t 258192 66% (Han et al,, 1998),
AZ2E 9 Rojx AY 74FH FAR X & HYoy

L Hu
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(Park and Lee, 1988), Ad 1§ (¥%) ¥lE 23 A 935
(Lee et al., 1990)% 3ot A3} X Qo X 114F (Lee et
al, 1998) Bthe= Wgirh Egk R0l Bk 7oA Oh
et al. 2003)2 BV} ARE F9 AR o]r] g0l
FL 139% 02 B89, Cha and Park (1997)& 33-<kqh
A Mol 2g R0} BE L 54%F, Oh and Ma (2004)E
At AS-F AAGolM EFAgEL 103502 Bashy
th B PR Bojg B 17508 RAEH M, A
5, Aalie A99 Ry g ERTe A, By AHR
O B2 Fgolgso] £ o[XY AR ¢ B4
AGE F2A49 AolE vehle olft A, A7 2
Y1 ZARA G o] AFeHE FA 9] zolof wet g7 Yyehe
ASE BuHI ot (Huh and Jung, 1999; Weiley and
Mclntyre, 1964; Cassie and Michael, 1968; Yi et al., 1982).
AAEA S o] &3t FojgEe] 9 FHTXE v
g 27 Ax g R EL F 30502 FEHIG
& AL (12€, 19,24, 39), £ - 4EH (¢4¥€, 59, 64,
74, 89) I3 JHeE 99, 109, 119)E E3shA] LB
A} o]H g R0 E ] AAE FF 5L grdde
FHLE Nz o8 Bo)g o] Adds ol
A& Jehddhe A& BoFa ), o]gl dge B J7
A 23 F2 oFo] AEHARFAEY HEIA
Bol dddte] AE7A A8} g AL IRE
e $4S 7K Q7] BlEez BT (Kim et al, 2001;
NFRDI, 2004; NFRDI, 2005).
A7t FeolgEe] 9 ve-g Aurd 24, 349,
4L A ZE 2ol|A Epo g g v7l A vepd
< & & 53], s€oe BE5ou7) 11.03E 7HE

S

A Yelston, Faolg o] ExojF R} 18] o] A
edthe AL BoFa ok AR B¢t By B
29 HE 33602 EtoH, o] AFE Az doly
B34 19 AAE B¢ EXOFHET vl EF o F0)
FFo g o Ei gitke AL AF Fuh 2 AT
Bt 0|8 E9] o] FH]-8-& Slavin (1982)0] & & o}
U A Fol A A AF Ol F5olgE9 vl s:1R2n
BaAoRe 2A Jelgx g, g¥EE 59 (11.031), $¥
(7.083), 11€ (6.748)] & &4 Vel 8, 2o ER
1&g AAU G AVA ) BAAF S 243 d ALH
Aol o, Ag, 7HE AFol A4 Vet Aw, Ag3
N AZEA st 2L R g NAss U
o] Axe A= go] AR JEFo g ALS dtn
Atke & AZAF glon, B A ofF9 Xoir)
SERE o o] g5, o]F PJEHE B ofFo] o]F
ARTG7} Agol = AAL Hol = I fahar A=
goll AEHA gol, FgrolF e niyl FojAe Ao
"t ole]gt Add o] HES dEX G £Hs)
€ %Y 3§ € A5 22 AL S BEo)
AE Ao FE BT o]#j st AME R4yoFE WELS A}
Ao B Y FE9 §4 Wl e /s 2

2
o]
o]
o
Bt

AAEEe] Wsle) e AEALA EAo) wsle}l #Eo] Y=
Aoz BT} (King, 1995). Ye et al. (2000) FE8F 0] E &
I AT HE ZAEN] WA BpolgET AN A7
Fe ARERE FHF A9 F 7 A w9 wFe
o1& tlFFe] @A} sl AAAQ W3} Pito] vl
wria Baston, B AARAE Ye et al (200009 72
79} FAFSFA

A5-F ol}dell o] &F o] T eol ule} o] 79 eyl
Apo| 2 A% REojg e vyl tr2A Uelyith B ZAld)
ol 4H MSEE o] LE YEIV} I6mmE F50]HE 9]
H17} 33622 UEldow A A FoM FE=27]71 9.8 mm
A ANFEES o] 83 o) 8E-2] H) (.18 (Oh et al, 2009)3
Agietol A BEF717F 5mmg) FHy Gl 2ES o] &) A
FE2 253 AL AR, EU2AE dFske AR
olgel A ol g Ee] v 0618} EA YehdT) (Oh and
Jung, 2002). ¥Hde] SRt R HL FEF7] (<5
mm) °-&8A YL e e IS ALF oYl
B0l E vl vlws] By EdUuis=r) 1471, 915y
Alol7} 12,01, 28 Z717} 11.10, BA]ZHE0] 1030082 B
11.8028 ¥ x4 AR I8 #4 Jelstt) (Table
2) (Alverson et al,, 1994). ©]9} o] A5 o Ho AL Fr0]
&9 v zpole AR Y, HEA7], o, o7 HH
(F5/15%)7F 0E27) g o2 Bk (King, 1995; Pascoe,
1997).

oFge] TE oYd HlAPE WE F5ojFE9] nl9] 2lo]
7F AT o FE YR 3 oPolM BT FolEE
HE B AFEE 284, 5F EE0| 0,002, 5010
0.78, Agoldo] 025, ]Fo] oJYho] 044, Tdoldo] 1972
A oldell A B 88 AA JeRTH (Table 2). ©1 8]
A7 ARA FpoigEe] o glool wis) we AL
B8 77 AL EES o] 839 AFAY L 7] v
Ao g dE Ao o AA (mANHEIY
g olFEe] B4y 2 ogE: tdFoidy 44L 71A
I Q7] wEojth (Slavin, 1982; Caddy, 1993). Alverson et
al. (19949l W2 A} A 749 RFogE e 23 g
TATRE) o]2H, o] F 23 79 E] MHXL i, 3
NSESS] Byolgae 13 MIkES 2 A o] & 99 54

__?__
ghEo] Hithel] F715 1 itk olF A 4PA 01877} ¢l

Table 2. The top weight-based bycatch-to-shrimp catch ratios
by gear type (modified from Alverson et al., 1994)

Fishery Description Bycatch ratio

Non-Pelagic Fish Trawt 2.84
Pelagic Fish Trawl 0.002
Shrimp Trawl 11.80
Longline 0.78
Purse Seine 0.25
Danish Seine 0.44
Pot/Trap 1.97
This study 3.36
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