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Seasonal Variation in Species Composition of
Fish with Depth in Asan Bay

Hak Bin Hwang and Tae Won Lee
Department of Oceanography, Chungnam National University, Taejon 305-734, Korea

Seasonal variation in species composition of fish with depth was determined by analysis of
bimonthly samples collected by a beach seine at the shallow water (St. 1<1.5 m) and by beam
trawl at the two stations (St. 2, 5~7m and St. 3>15m) from October 1997 to August 1998 off
Ippa-do in Asan Bay. Of forty species identified, 13 species at St. 1, 28 species at the St. 2 and
30 species at the St. 3 were collected. The fish density was also increased with depth.
Favonigobius gymnauchen occupied 55.7% at St. 1 and 38.9% of the number of individuals at
St. 2. Almost of fish collected at these two stations were juveniles, and they were principally
collected in August and in November. At St. 3, relatively large fishes were collected. Among
them Pholis fangi and Chaeturichthys stigmatias predominated in the number of individuals.
Abundance was low, but a large number of species were collected in winter. Principal com-
ponent analysis revealed that the species composition at the shallower stations was different
from that at the deeper station. The number of species and abundance of fish in Asan Bay was
lower than in the other western coastal waters of Korea. Species composition in the study area
of sandy bottom was different from that in the inner Asan Bay of mud bottom.

Key words : shallow water fish, species composition, Asan Bay, Korea

N B

AFE feiel A4 AT e Aas Helst
Haha, AN hepsted B e ol & 24 AR
£ 2 A oz 23] ofRic o FE AN
wel A AoFst FolF F 2R 2 FEIHH, XA F
£ Rolfel WA AdHez o5el o] BE
o) A3 o] g8 HelTh(o], 1989). o] o|F= <l
A 374 W3} offel mAE 9G¥ ZAlelA otter
trawle]v} 7t3%2] 18 (beach seine, x| 193} o] ®|iL

A Aol 7F5d FFTE AR F 24 ¥
H wE& BAsE 797t @ot(Livingston, 1976;
Hillman et al., 1977; Allen, 1982). 2o gty ¢4 of
Fe £ ¥ BRY A HsiddA ARE
83, fei7)17kA] RS P, o] ol 4le]
& Foz oFdHE Aoz MIAURAIF o,
1990; Y} o], 1990; o] E, 1997; &, 1997). $U3 Fo]
gt A@ael AAo] wEl MA Aol 2] JE
o, ] F F =A9 A HiE FAAo=E Tl
AAME £AE AHe] 2 7€

HAsuke) Q3 Ao s, 2709 £Z HAY &

—52 —



Seasonal Variation of Fish in Asan Bay 53

Y ol Fu} ol A¥e21EZ, HolHE otter trawl =,
HolRE Y 2FE olLsl: AAuto] AYW Yy
717190 el sz (el A, 1984; o], 1989, 1996; A1}
o}, 1990; o] %, 1997).
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Fig. 1. Map showing the sampling site (shaded area) and
bottom topography (depth in m).
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B £ A&Eld 8¥d 24.1°CE A A7) F<t 7t
A okl g2 19979 10%¥e)] 27.0psuc|$)3, 1998
Q296 29.4psu 7FF B} Aup 2 Fel 19989
8¢ 21.8psuz 7} ek}

2.3 24 AX W%

A} A7) Bkl 3 43%F] AREYLH, A 100
A 13%, AH 2614 28%, A 391A 30F¢] HAHAA
o} (Table 1, Appendix 1, 2, 3). M| AN FFLZ &
B3 22 I/ E (Favonigobius gymnauchen), ¥F=
(Repomucenus lunatus), 1 317] (Syngnatus schlegeli), &
7}A}u] (Kareius bicoloratus), E7E- (Synechogobius
hasta), 38 (Thryssa kammalensis) 6F°| ¢} A A4
2 233 NEHE A AAH 1dM=
55.7%, 34 2014 38.9%% XAstd s, A
A 30llM= 38| =8k (Pholis fangi)7} 26.5%, 414195
(Chaeturichtys stigmatias)o| 21.7%8 Xx}*|s} ¢ 3}
%=} (Table 1).

AR sleiME HH 164 EFLEe] 55.5%F 2}
sl -GG, Loz G LFe] 20.1%F AA|
ok AA 20 ME E7HAE AL 25.1%8 At $
A5 1, F 2l 0] (Hexagrommos otakii)7} 14.1%, *§7}
A}8) (Verasper variegatus)?} 13.1%, 3| &-% (Sebastes
schelgeli)o] 13.0% <=ol3iet. AA 3dME 4459
19.8%& A5t A3 T, FxHvist 16.8%,
x8x7} 14.0%, £} (Raja kenojei)7t 13.0%<=01%
t}(Table 1).
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o] AAHUT & AR A7l 3F oI5yt MASH
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8Yel| 12Fc] AAFH] 20| ¥ & W &Y FHF R
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Fig. 2. Bimonthly fluctuations in temperature and sal-
inity, number of species, number of individuals,
biomass (per 1,000 m? at St. 1, per 4,000 m? at St.
2 and St. 3) and species diversity indices (H’) of
fish collected by beach sein (St. 1) and beam trawl
(St. 2 and St. 3) off Ippa Is. from October 1997 to
August 1998.

124, 29, 499l = A 57 Ao (Fig. 2). 19989
643} 8ol AMA L7t FrHetd Ed, 53] 64 & 27l
wEo] 850te}7} AMAHS AMFrt AR wAH
(Appendix 1). A% 26| 19973 1093 E] 1998\ 2
7R ARSE & WEel glo] 1009k oz AF
51t} (Appendix 2). 19984 44ell: 142v0}2)7} RA=
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Table 1. Comparison of species composition, relative abundance (%) of fish collected at different depths in Asan Bay from

October 1997 to August 1998
St. 1 St. 2 St. 3
Species (<1.5m) (5~T7m) (>15m)
N w N w N w
Favonigobius gymnauchen =) 55.7 20.1 38.9 3.5 44 0.2
Synechogobius hasta (=) 7.5 55.56 1.2 3.5 0.2 0.5
Syngnathus schlegel Ax7) 1.3 0.1 33 0.6 2.7 0.3
Thryssa kammalensis 3 4) 1.3 1.9 0.2 0.0 1.5 0.7
Repomucenus lunatus (Ee) 0.9 0.2 10.1 2.6 4.4 0.6
Kareius bicoloratus (E7}AHa]) 0.4 0.9 3.7 25.1 0.7 2.8
Takifugu niphobles & A) 16.2 4.7 0.2 0.1
Acentrogobius pflaumii &1 0.9 0.3 1.2 0.0
Sillago japonica (Beeg) 0.9 3.3 0.2 0.1
Trachidermus fasciatis (B A o)) 6.1 1.0 0.2 0.2
Acanthopagrus schlegeli (BAE) 3.9 4.0
Mugil cephalus % ¢ 3.1 57
Hyporhampus intermedius &3 1.8 2.3
Pagrus major F =) 7.5 2.7 0.3 0.1
Repomucenus koreanus (FEJH=) 6.2 4.8 3.2 1.4
Sebastes schlegeli (=9 84) 6.1 13.0 3.2 2.7
Pholis fangi (" =2kA) 5.6 24 26.5 14.0
Hexagrammos otakii (FHxHn)) 3.6 14.1 4.2 16.8
Sebastiscus marmoratus (%4 o)) 3.4 0.6 10.9 1.3
Platycephalus indicus < =) 1.9 6.8 2.4 5.6
Paralichtys olivaceus d =D 1.2 2.1 0.5 1.5
Acentrogobius pellidebilis (He%x®) 0.6 0.0 1.4 0.1
Cynoglossus abbreviatus (&) 0.3 0.6 0.2 0.1
Zoarces gilli (5771 A)) 0.2 0.2 41 7.2
Repomucenus valenciennei (A ekd]) 0.2 0.1 0.3 0.3
Limanda yokohamae (BX]7}2}m)) 1.6 1.7
Verasper variegatus 84 7}=}a]) 0.8 13.1
Takifugu vermicularis (v} 2] &) 0.8 1.1
Stephanolepis cirrhifer & A 0.6 0.3
Pholis nebulosa Ml =g x]) 0.2 0.1
Ratabulus megacephalus (Z-2-8 k) 0.2 0.4
Takifugu poecilonotus (¥y8) 0.2 0.3
Chaeturichthys stigmatias #HAA4=) 21.7 19.8
Cynoglossus joyneri FAd) 1.7 3.6
Chirolophis japonicus (A =2+x]) 1.4 2.7
Raja kenojei (F o) 1.0 13.0
Ammodytes personatus 7hta) 0.8 0.2
Tridentiger trigonocephalus (FE9s) 0.8 0.2
Pseudorhombus cinnamoneus 33 ) 0.3 2.1
Tridentiger barbatus (o} =t }%) 0.3 0.4
Amblchaeturichtys hexanema (=3a} =) 0.2 0.1
Conger myriaster (7)) 0.2 1.0
Liparis tanakai & A 0.2 0.3
Total (%) 100 100 100 100 100 100
No. of species 13 28 30
Abundance 228 590.7 642 6782.3 589 8642.6

N=number of individuals , W=wet weight

3, 640l ATzt 8ol A gL 214mlEls)
A=A AA 3e0ME 19973 109 7Hg He 12
ulgl7} AR H T, 1998 496 71 e 246vte] 7}

A= o, 646l Frastgir} 8Hel A7) A
%7}38199 %} (Appendix 3). '
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Aej=d), 1997\ 1049l 231.0g, 199831 8Yol| 197.0g
o2 g& A A7lel wla YA Fe] ¥t (Fig. 2).
A 20| M 19973 109 3E] 1998 247X &
W3yl N, 44 FE] YA FE HAH FU13te] 84U
2607.1go2 7P g@atch A 3eME A7 A9
w1997 109 181.1gez2 AA| o] 713 HU,
12993 296l & W37l gl 1998 44l
3623.0ge2 71 @t 6¥ole AAFe] ERUAT
8doll= oAl Aol F713k+

AR 1ME A F59 AL Blzd gUud
1997\ 1093} 19981 8ol FHYAASIt o =
A 7)o w3 Eokeh(Fig. 2). 2¥Yel: 3% ¥
A7) Wi TR A7k wd AAE 200ME
19973 109EE 19981 247X & w2} ¢, 4
Yol AL Fo] N5 89.4%8 A5t Fok
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Fig. 3. Frequency distribution of total length (nm) of fish
collected during the study at the different stat-
ons.
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FA4E v

A3 WYl M2 & 4 HHe 249 F4E VR
8}7] $1A] rarefaction method& ©]-§3} A A]7]
Wz 7t Ao QA 28 F4 [ESn)]E A A,
A4 1o e 199811 8Yell n(AHYA7])=16YU « 6%
oz Fo] 7 FR3AI, AH 2414 n=409 =
1997 12%e)] 7F, 1998 8Yol 10F02 S FHo
Fo] 331k A 30l ME n=404 9 19973 12¥
o] 14%, 642} 8Yol] ZH7} 9F o2 ALHH| Fo| FX
g Aoz A, £4lo] & AHNME AFel,
Ale] 71 AHeME Agdd 28 F47F BEE ¢
4 =t

$AAA AR AA 72 Y FX (Fig. 3=
A4 1] 50mm ©|3}8] o] F7t oF 1509t 2 HA
2] 66.0%& A 3E 3, A 2041= 30~80mm Alo]
o] AAE 2= oF7F AAMY F 60.0%8 AX]FAH L,
A3 394 100~200mm Ape]o] A W ¢jel &3}
= o] F7t A oF 65.0%F A8t $Ale] 7 A
HAd4E 2 77 AARAUS.
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Fig. 4. Scattered diagram showing the sampling time on
the I-1II principal axis. They are determined by
principal component analysis of species composi-
tion of fish collected from the 3 stations (A St. 1,
o St. 2, @ St. 3 off Ippa Is. from October 1997 to
August 1998).
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FolA W37} 33 o)l FuE WAz <9
FRATE o] 4% FAE FAHE Y B4 A
2 ALILII AR WEsly s #4e ZH7 221
%, 16.8%, 12.5%0. 2, A A3 Zo] ¥ HAlS] 51.8%&
AR BT A TR 2= FA 1, 29 8] A}
AlZ1el #A Qo] kel Hedl fAAsH T, AH 39 =
22 32 WHelel AR H (Fig. 4). ATAQE & 7}
Z%)& & eigen vector Froll A, AA 13} 2004 28 1l
=7} ¥uw BA [(Takifugu niphobles), 9%, 3747
=, Wrlzpu), X720 1 (Limanda yokohamae) 5-2-
Z 9 & /3 AA 344 8 W=r) ¥Ud
#4153 FA9 [(Cynoglossus joyneri), ¥, W=
B3 5 2 &9 3 v A IR S AHF 1
I 298] #Eo] Mz HYPIA FEHAAAE gAY,
A 39 BREAE F THo| HelA, &4 F 10mE
AAR F 24 2 Aoz wddo

n @
LF 24 AREE

A BANA 2F 2H% F2 NS, 4, AL
7], 274w, 5, Ad 6302 A 99 A4 F
Eeol%wt(Table 1). $4 1.5m o|3t2] A3 1914 &d
g F2 18%F2=2 o9& A v HAx, FH F&
A& A E7bA], B4, A, 233 Hypor-
hampus intermedius), %% (Acentrogobius pflaumii),
%0(Mugil cephalus), 7}*& (Acanthopagrus schlegeli)
< FIEER, d47]dl 69~10¥o 23T o] A
Z1elE 4 ¢ NLEH ¥ 28 el &
F7lel AdelEe] A7) ASIM =X folEol AR
7] AsiA A ez oFd: Aoz wddd

+4 5my29] HA 20 28%F 0] F¥sHEY A
A 15 v 2 derlad 84U ~104 A &Y Fo
weich B4, 295, A Beld (Sillago japonica)®] o
7} A 1M 8} s 2 E¥sS A 20ME
AR 1M ARHA GARD 19F¢] E¥3AeH
(Table 1), o] & Foll = frol2] v]ge] Fitor, 28T
AQeole] vlEe AdHez Ittt §3], 19989 8Y A
Ao = HE (Pagrus major), &Y o] (Sebastiscus mar-
moratus), 3 ) (Stephanolepis cirrhifer)®] $ol&e]
& zusgen, 20 foirt wel sk A
22 A F AN} A wskeh 1B AR1E
ue, FEE 4~597, AL 5647, $uolk
B, AN 2RRE 27 27 o)A
427)Q Aoz ufel ¥ o, B Bl o ES)

Fol7t A 317 $EA 8¥7 4 5m g A
Joz oFg Foz PIdd

15m o2 419 AAH 3ol o AHANN 2
A AU 11F 0] 2343 (Table 1), A4 1, 2¢]
Al felz 2R E%F, A, FAE, $o,
EFFA e 24 AT HHFAUD B, F g
(Ratabulus megacephalus), W| £&}X] (Pholis nebulosa)%}:
E2)7}A0], WrkAu) e ool AAEA ket of
Ao 28T 11F FAM 7Rt E Alstz A
2717k & FEe] Bt Y4719 12~4Y Aol F
2 AFE Fol, Y&, HAUE, 27, FE2LSE
(Tridentiger trigonocephalus), 3 X] (Paralichtys oliva-
ceus), 2% (Acentrogobius pellidebilis), FEFeh
(Repomucenus koreanus), 945, 2 A o] (Trachidermus
fasciatus), 7} -}2] (Ammodytes personatus), 3] (Liparis
tanakai), o} = (Tridentiger barbatus), 3 =2} %]
(Chirolophis japonicus), E7}X| %] (Zoarces gilli), A oFel|
(Repomucenus valenciennei)= ‘3427191 8~ 10+
283 gAY, AFERA R Foi7t 23 A FH o,
AdA oz £ FE5Y Aot UL & £4 15m
o|del FelME =77} & FAH Fo| F2 AMAFY
Ao wel o] FEo] HE ROz ojFdld ALE B

+ Aoz A7

ol el AHE Fgs BW, o) ¢ =4 R
A (<1.5m)F 5~7m W2 R HellM d7]d
NS =7l ¥ FES] 28 v do] ¥ uhdd,
W47l 9% FA4 Fute] 29341, £4 15m o
4l A 3ME Y47l AddHez sHH e ot
Fol & dF #FGelA AFEE F47le AL A
A FE Foz YTl 45E M 4 Rz
olFd AL A& 4 ULH -8 AFES FAEE
F2 $£4 5m U AH F4Td g5 8IS
o] HHE& n&AFoz o]fd Hoz Wiy

2.7]1& A8 w2

Nl Held o2} #(1995)9 ofabtt AR Am
E $4o] 15m ool Ao AMat sl £ A7
A 39 ZHzel wimslac}. ol 219958 A=
1990\ 37-€] 1993742 ofabgl WX vt FZ s Hol
A Az AEL, 97 28 F4E 37F 30%,
21F 02 wid zha g udch £ Aol 30F
o] Z#3}e] (Table 1), 1990~ 1991:39] 372 HT}E= A
Q7, 1992~1993d 9] 212w i wolkch whe) WA
7Y A 4= (inds/4,000 m2)7} 140=}8}, 102u}e], 229ie] 2
19903 HE] 19933744 391 Fote s, 2
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QFAME 99utE| et o} A2 oo (1995)2 HE
24 mm$] otter trawl g AF&-3F Wb, B dFM = =
¥ 10 mm$] beam trawlg A}8-3}ed, 24mm HF 1
ol AAFHA g9 e FEe] & A7 AHE
o 7] Aol el F47F ST 1) oF
o Y= FF2 ofAlul W Re| X AL o] FoiFl o]
o} 2(1995)2] dAFolME FAUsL @eol Ay AL
o} AAgAA SAH3AT, AF HFo] Y= A 3
gl 2 AFdAME Aw et} ge] AASH MA
Follr $Asld 2 T2 Zolrt Ui FAHE
7ol W AQl oA MEFe] WA, L ol =
AolM e £¥o] B2 uhH (o], 1993), A=A =
A FolM AHHLAD Fo=2 (¥, 1989, F AF &
o9 Aol Ystx FF T HEe AfAe] W=z
o|FoA 31, YTz AMZF gL =i AHe] A%
A4 o]FojA Qlo}(Park and Yoo, 1997), F A<
A2 xpolz $HFo] g Hoz Az
RFTEE o4 A off: A sHul(e] ¥,
1997), A5t B G| A (o] &, 1995)el A =AM ¢
o o] E dFolA AMEE A o FE B AT AL
43 oM ZHols}t HFo] FHovt o U4 F
AFolA AMgE ¥ g B ATl o] &% ¥
218 F 7172 oFE A} F 24 AsE ¥
wg A F 24 /A Zelrt dLe (o], ug
® Aw). 7o) 37 M2 g8 A7) o FeiF 1,
A 4z et AFHQA vlue AHAT M2 98
A Ao HodelM AL F 2L ¥IE 4
UE Aoz HwAFHe 2 A3t (Table 2). ¥
&2 rarefaction method®& AH&-3led AA =7] (n)7}
100d 7348 7IEoe vmsded, & d7edMe 11
Z, A AN E 14F, e 8Fe] £
Aoz AAFHG AF HAHE 1,000m?z FASIHE
o, A4 o} QA e @, AA i,
BE M2 Fase B A7 2G| e A Qe vl
A AEFFe] ¢ vl AL & 4 U AL
A SAHYH F2 o] W]l FFeME dHIE
(Chaenogobius mororanus)°} A 84.0%F x|},
AAo] wal A AN E R F ] 344%F A}
Ao, & Ay GALE] NA S 55.7%
2 Aste Ao maAQ AFelM AGEY &
A=rl woioh €A FgelMe vhe shrteldlA
F= BHAF, 7HAuF, FelF7l 18F (o] F, 1995)2
2 A 28 F9 48.6%F AU AHe] =A<
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Table 2. Summary of sampling method, expected num-
ber of species (E(Sn)), abundance, species diver-
sity (H’) and dominant species of fish collected
by beach seine in the different areas of the

Yellow Sea
Off Namdang Off Taechon Off Ippa Is.
Leeet al. Lee et al. .

Source (1995) (1997) This study

Mesh size (mm) 12 12 5

Sampled area 5 5, 2,500 1,000

(m?)

Sediment type Mud Sand Sand, Mud

E (S100) 8 14 ' 11

Mean density

(ind./1,000 m2) 1034 58 38

Biomass

(/1,000 m2) 1283.2 143.9 98.5

Species _ _ -

diversity (H’) 0.15~2.13 0~1.92 0~1.62

Dominant C. mororanus F.gymnauchen F. gymnauchen

species (84.0%) (34.4%) (55.7%)
L. nuchalis  T. niphobles

(15.3%) (16.2%)

o] Wik & dFAYL =9} W] Ao sie AA
e, BEF} THAv R} 5Fo= AN ¥ F
o] 38.5%%F A3t ddel wiA A ¥ Foe
AT, Al vl ot A wep F 249
Apol7t e A& & 4 AKH-

¥ =2

1997y 109 FE] 1998y 8471 270y A= o}
AL Q1 itE EZellM $A] 1.5m o]Fhel AA 1o
Me ZFY1EE, 24 5~Tmel A 29 15m o4
A AA 30lr= beam trawl2 o] {F-& A3t $A4)e
e F 249 AE HEE BMIRGH F 43F ] A
AEd e, AA 10AM 13F, A 2614 28%, A 3
A 30%F¢] AAALNL, == Aol Zeilel wzt
Z7kstec) AA 13 26 = @70 9-=E (Favonigobius
gymnauchen)o] A MNA 9| 55.7%, 38.9%8 *}A 3}
[I, JEH 2¥ F4od NAS wtew, fE
o] folEeldet. AR 3eMx= | =2kA] (Pholis
fangi)®} #4195 (Chaeturichthys stigmatias)o] 7|34
Hel A -3, F2 Aot @7t & A Ee] A
A=A o] AHAME 7)o Dert @Fohon, A
ol AdiA ez @ Fo] UG FAHE ¥A49
A3 F 24 FL B FE Fo] Fd2A el
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Appendix 1. Species composition of fish collected by a beach seine at St. 1 (<1.5m) from October 1997 to August 1998.
N and W represent the number of individuals and biomass in gram per five hauls (1,000 m?), respectively

Sampling time  Oct. 97 Dec. 97 Feb. 98 Apr. 98 Jun. 98 Aug. 98 Total
Species N w N w N w N w N w N w N w
Favonigobius gymnauc 19 6.6 11 50 2 11 85 78.2 10 27.9 127 1188
Takifugu niphobles 3 12.9 34 149 37 278
Acanthogobius hasta 61 80.4 1 29.5 10 1178 17 3277
Trachidermus fasciatus 14 5.8 14 5.8
Acanthopagrus schlegeli 9 234 9 234
Mugil cephalus 2 27.6 5 5.8 7 334
Hyporhampus intermedius 1 2.8 3 110 4 138
Thryssa kammalensis 3 11.5 3 115
Syngnathus schlegeli 3 0.7 3 0.7
Acentrogobius pflaumii 2 1.7 2 1.7
Sillago japonica 2 19.6 2 196
Repomucenus lunatus 2 1.1 2 1.1
Kareius bicoloratus 1 54 1 5.4
Total 33 2310 12 78 5 583 3 11.0 101 857 74.0 197.0 228 590.7
No. of species 5 2 3 1 3 8 13
Species diversity (H”) 1.23 0.29 1.05 0 0.50 1.62

N=number of individuals, W=wet weight

Appendix 2. Species composition of fish collected by a beam trawl at St. 2(5~ 7 m) from October 1997 to August 1998.
N and W represent the number of individuals and biomass in gram per five hauls (1,000 m?), respectively

Sampling time  Oct. 97 Dec. 97 Feb. 98 Apr. 98 Jun. 98 Aug. 98 Total
Species N w N w N w N w N w N w N w

Favonigobius gymnauch 35 244 44 316 4 2.8 127 68.8 14 312 26 81.2 250 240.0
Repomucenus lunatus 8 165 9 220 6 147 3 63 5 42.8 34 722 65 1743
Pagrus major 48 186.2 48 186.2
Repomucenus koreanus 18 58.5 2 59 20 2628 40 3272
Sebastes schlegeli 1 13.1 2 1120 36 7579 39 883.0
Pholis fangi 1 22 32 1235 3 339 36 159.5
Kareius bicoloratus 5 4996 7 1279 2 516.7 10 560.7 24 1704.9
Hexagrammos otakii 4 1488 1 284 8 1617 10 6172 23 956.2
Sebastiscus marmoratus 22 394 22 394
Syngnathus schlegeli 1 0.1 14 311 6 122 21 434
Platycephalus indicus 2 60.4 10 4028 12 463.2
Limanda yokohamae 2 38.2 2 11.9 6 62.8 10 1129
Acanthogobius hasta 1 93.1 1 83.0 6 58.2 8 234.2
Acentrogobius pflaumii 6 2.3 2 0.3 8 2.6
Paralichtys olivaceus 1 150 1 375 6 89.9 8 1424
Takifugu vermicularis 5 73.3 5 1733
Verasper variegatus 1 47.5 1 1724 2 3549 1 3123 5 887.1
Acentrogobius pellidebilis 2 20 2 0.6 4 2.6
Stephanolepis cirrhifer 4 21.7 4 217
Cynoglossus abbreviat 2 40.8 2 408
Pholis nebulosa 1 4.3 1 4.3
Ratabulus megacephalu 1 25.7 1 257
Repomucenus valenciennei 1 10.0 1 100
Sillago japonica 1 6.0 1 6.0
Takifugu niphobles 1 7.0 1 7.0
Takifugu poecilonotus 1 21.0 1 210
Thryssa kammalensis 1 1.9 1 1.9
Zoarces gilli 1 11.6 1 116
Total 65 6177 87 668.7 56 5705 142 965.3 78 1558.5 214 2607.1 642 6782.3
No. of species 14 10 10 8 10 12 28
Species diversity (H") 1.73 1.51 1.49 0.54 1.97 2.18

N=number of individuals, W=wet weight
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Appendix 3. Species composition of fish collected by a beam trawl at St. 3 (>15m) from October 1997 to August 1998.
N and W represent the number of individuals and biomass in gram per five hauls (1,000 m2), respectively

Sampling time  Oct. 97 Dec. 97 Feb. 98 Apr. 98 Jun. 98 Aug. 98 Total
Species N w N w N w N w N w N w N w

Pholis fangi 2 114 13 40.8 36 1293 70 654.6 35 376.1 156 1212.2
Chaeturichthys stigmatias 16 1131 16 2988 90 1277.0 6 18.8 128 1707.8
Sebastiscus marmoratus 64 1133 64 1133
Favonigobius gymnauchen 2 14 6 33 2 03 14 95 2 1.5 26 15.9
Repomucenus lunatus 1 27T 7 129 1 2.7 1 119 16 19.3 26 49.6
Hexagrammos otakii 2 554 5 1885 1 536 12 5943 3 2074 2 3516 25 1450.7
Zoarces gilli 20 4769 4 148.6 24 6255
Repomucenus koreanus 5 209 6 334 8 69.5 19 123.8
Sebastes schlegeli 2 288 1 171 4 1239 12 60.7 19 230.5
Syngnathus schlegeli 1 0.2 13 234 2 54 16 29.1
Platycephalus indicus 1 0.4 2 52 3 280.7 8 199.2 14 4855
Cynoglossus joyneri 2 285 1 284 4 1295 1 188 2 93.8 10 299.0
Thryssa kammalensis 1 69 1 3.0 7 54.3 9 64.2
Acentrogobius pellidebilis 2 1.2 6 6.8 8 8.0
Chirolophis japonicus 8 232.5 8 2325
Raja kenojei 2 1634 2 494 2 9143 6 1127.1
Ammodytes personatus 1 58 4 11.2 5 17.0
Tridentiger trigonocephalus 1 2.2 4 18.7 5 21.0
Kareius bicoloratus 2 36.8 2 208.2 4 2450
Paralichtys olivaceus 1 90.9 2 36.56 3 1275
Repomucenus valenciennei 2 30.2 2 30.2
Tridentiger barbatus 2 37.0 2 370
Pagurs major 2 8.5 2 8.5
Pseudorhombus cinnamoneus 2 1845 2 1845
Acanthogobius hasta 1 45.0 1 450
Amblchaeturichtys hexan 1 9.0 1 9.0
Conger myriaster 1 84.3 1 843
Cynoglossus abbreviatus 1 9.8 1 9.8
Liparis tanakai 1 285 1 285
Trachidermus fasciatus 1 20.8 1 208
Total 12 181.1 68 800.5 62 6015246 3623.0 79 1222.3122 2214 589 8642.6
No. of species 9 17 10 14 11 13 30
Species diversity (H') 2.14 2.38 1.29 1.88 1.80 1.70

N=number of individuals, W=wet weight
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