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The Demersal Fishes of Asan Bay
I. Optimal Sample Size
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The demersal fishes of Asan Bay were collected by an otter trawl in August 1990 to
determine optimum sample size for the analysis of community structure. A total of 17
species comprising 957 individuals and 21,840 grams in biomass was collected.
Predominant species were Cynoglossus joyneri, Thrissa koreana, Hexagrammos otakii and
Johnius belengerii. Coefficients of variation for fish numbers in ten replicate tows ranged
from 2.2 to 385.1% for four abundant species and from 52.2 to 162.0% when all species
were considered. The cumulative number of species increased rapidly until 4 hauls, and
less than 1 species per haul in average was added thereafter. The cumulative diversity
index reached nearly an asymptote value when three of samples were combined. Variance
in the number of individuals diminished as the sample size increased. The ratio of
variance to mean numbers (dispersion index) was not significantly different from the unity
when first 4-haul samples were combined. Four of 20-minute trawl haul are proposed to
be a proper sampling size for the unbiased estimation of abundance in the study area.
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Aot HFAES dHEE, YEAYN T st

t g2 A7 FYHALY /FIAEY 3
T2, EX 2 Jd %ol uig dv= vvg A
olt}. ol Rt A 2|H o) ulz} Ao} o] F(pelagic
fishes) % A o] ¥ (demersal fishes) & HEE 4+ 3
) BoFE dutrez fgFo] HAA AT
w2 Wbyl Astd FFA e 32H o g
o] Wt} AHojFT FoF vty FHhYo| o
33 upgto] R AlZto]l A7] w & vhA

F& FAFA o] Hojfdl wiste §ojd Holth
ol & olf =2 A¥E ogxE7t v A
o7 YAHFTE FAY W Ao FE U=
3le A0l 2on, AA7I7NZE otter trawlo)
de) o] &= c}(Livingston, 1976; Horn, 1980; Allen,
1982; °l, 1989).
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(sample) & 28 o T4 (paramaters)st A A
(statistics) Alololl&= 2 errors) 7t 4719, o] &
2} W&o 259 W¥el(sample variability) 7} A8 71
th. g9 Hole DWARES ANFT EE, 2)
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Tol A ojFo YA st BAHHY, of W
ol Hasgtaly] AstdEe DUAZAEY AT
X e Aostd A LS FE37, 2)
o5 s met A7 N7 A=
el desitt, & FE2HRFANAM EEF
7t Aaield Fo] E1 FAAE 25
Ao a8y, ZEFS 7o € + )
g FoI st AHA=E L + A&
HgQA Yol Beastd

T Agsidods B A AGA Dol
AL =UA AL@ o] Wt qlo] Y ET
A= Wata e Aoz dddd o A9
g74uste] g #ee FAon ofFE THT
FAE g g A FAHL At 19
4, d7ode vz AsFAAPAM g9
Az g HEQC] A8E 4 431 3l
of A5e AHEE 5Y T e AEFH WY
g A7 4% a7H

2 dTFoME AGBHEEHS AT AFAR
o] & 53 S1E trawlE WFo R, g Wol FFE
vtetatn olf e ¥ WE % TR EHLS
A3t FAR 2AAAHHAA AHAE w& ARF
e A8 AFAP5E AU

MF L &

AEE 19902 8¢ 259 104 5-E 8% 26U 054
Ato] opatul e QJux FH LA otter
trawl& ol-83le] 2A1ZF 2tH o0 & Fof 747t 53] 9]
AE2E A AQAFL 4 10~25m F
Tolm AL Rz Hol dow x2{FIF A
Holr}, AAo) ujg} AolFo FxA datd
7] Wl Ao A9 FAG JAE FHY
S8 OF 2km, FA F 3wl WS oM AA
Aok AR o2 H otter trawle T wEHE
(bottom rope)®} 20m, 27 15 (wing net) o] FH$
2zt 74m, 7420 BollA 2518 (cod end) €7}
Ao Aole smolUtt. B TE F37(stret-
ched mesh size)= SN 21EH} EF 18] 24mm,
AT 2B 2mmolATh 1EL SHIE o
BE 15m ol &3 05mX1me] H7)H(otter
board) ol &8l <iAA] 1Eo] HojA} A F
o 1Eo) HolXE EL JE9 ), A&k,
FEH AEF 59 HEFFALoE FAR sl
g2 2 & A3 F437e o o (Oviatt
and Nixon, 1973). ¥ QFX= dF ojf &

AR % Im AT WAL Aoz gEA o
o] o] gg oYty 1B RFIEY B
wako g 138lof 2084 AAsHLt Trawiz A
g e BE HAol Hehdto ol Eo] glojof
i @AM ol WESE F£AE ulpr] of
H7] o), Algaietat Zol sAH] BFAG
Fo] 21 FAAH] BE XAHE dAgAHE
dojz AAsed ojEgol flof, £
ok el M 7hE 208 dUdAItez Y
o dAR e 2AMA YY) X @ LORANS o] &
sto] =grox)g) ol YA 2HE o2l AzE =
Aslgeh, o]EA sod AtE 2087 HFd
A-lE 2kmolR2m HAE 5% wgto| Ao}, whet
A, 18 4 HHL 3X2,000m% &, 6,000m> &
gH.

AFE g YFEHA]Y dFg4de
& 24 Ml £AE 2439k 29 5300
£ A(1977), Masuda et al.(1984), Lindberg and
Legeza(1965), Lindberg and Krasyukova(1969) %
< o) &3H. -

AFEE F7te) w2 A8 Wl AXE detst
7] fl5te <1 Azdel AFE NAFE FeA
A B2 Astetan, A-WA ol mE BAkx]
F(ID)E E439d(in Ludwig and Reynolds,
1988).
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ID=s%/%
=12 (i~ 0%/
=ID(N-1)

o714, x=HINAF
s?=7MA g9 EAt
x=id# TR MAF
N=FFE 40|t}

BRSO F7t AL A9-(N<30) IDE &AHH-T(de-
gree of freedom; df) N—1olA 2 EXo) 7}7+&
Aoz A Utk A" 3ol 2Eolre
25~975 % B4 <Y (D=1 Poisson{random) ¥
X,975% #}EG ZAAD>1) F&l(aggregated) ¥
¥, 25% #2t Fod(ID<1) &Y (regular) ®X
e ojulgi

A AL FE FAH}] Yot BES 3
AIZIAA A e ZOYIASse] bsles £43
Ao, YA A4 (H)E Shannon and Weaver
(1949) 9 4& o83t

H=- Z:lpi In(p)
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of7|AH, S=&dZxSF
p=N/N
N=Z7NA%
N=ifl A £ QAo

1. TEAR

Fof 7+ 53l9 AF FA F 17F, 957/4A,
21,8400 ol F7F AHHAT. FHUEAAN= F
At (Cynoglossus joyners), =12 (Thrissa koreana),
FA =0l (Hexagrammos  otakil) & Vel (Johnius
belengerii)7} 93] o] FE3LA o A7] o] HHS
MEsE 202 AFHH(Table 1). 7HAF2 A
AZFe AL 2R Y FAter Foe e 2%
ZANAGY BAF 79%9 63%E AA3t §-
Aatgoh e Ui o fFEHANA &FFoh 93t

Qe AL kA HA o, A HF
Tl M E stAle] Fafdh, ojel 2 WErt £33
o} FAH FFS EhSiT(e], 1989).

Otter trawl®] 13] o)l Hd A F= 957 WA
olglen], 1 W= 50014 155 MAR, BHFo=
FE 522~162.0% 9 HHE HEbAUS BT A

A ZL 2184g, 2 HYE 657.5~4,7266g0 2 HT
o UFdE 30.1~2164%9 W HWAE RY).
olg} o] & ZAIAAAAN T4 2HLE AF
3 Aol{ AF7F 2 WHolg Ro|7l W, A A
22 2oz & o 13 AFo 2w MAFAA
3u, AR ZFA e T A o7} B E F
olg Aol7t itk B § 9eg dAvgch & F
N A9 ol o] Bt} Ate] 103 AMIET A%
Etﬂzﬂ AAY AAFY BLE HoodA 2~264
, 2olgY Ae= 3~385 %9 zols HFPTH
°19} 2o 279 ol otter trawlE 202 AT
ARE T ZAAAY Rz o4 F gle
< 9wt
olg g A7 wWelyl Wto] wWE ojFo ofF
3 BEe Holo o AJNAE fetstr] 3
o Fob 7+7t 53 iﬂ%]ﬂ g el Ha-E t-testdhed
B @3lG T (Table 2). 28F ] F7 YL 74F
ofzroll= 88%0) &Y ’3}01 1 zole 98E 5%
o| A Fope] utet Fo3t ME Holz ggtth
AT AAFE AEE 5%004 FF Aol
Rolz ¢t7] W&o AHA zﬂ@ﬂ*%‘ A8 A%
A5 Z2BAAAN FE FEI}HA FIh

2. BIREEH

Table 1. Species rank and ranges of abundance in numbers and biomass (g) of the demersal fishes collected
from Asan Bay in August 1990.
Species Number of Abundance in numbers Biomass
occurrence  Totg] % Range Total % Range
Cynoglossus joyneri 10 447 4671 1~118 11,3652  52.04 13.1—~2,691.3
Thrissa koreana 10 309 3229 1~119 2,421.6 11.09 6.5~ 932.0
Hexagrammos otakii 9 78 815 2~ 16 2,7009 1237 678~ 7708
Johnius belengerii 9 27 282 1~ 8 660.5  3.02 99~ 1523
Repomucenus valencienni 7 24 251 1~ 8 4084  1.87 6.3~ 1214
Zoarces gilli 5 15 157 1~ 7 778.3 3.56 514~ 388.7
Platycephalus indicus 6 11 115 1~ 4 1,023.2 4.69 52.1~ 603.3
Sebastiscus marmoratus 3 10 104 2~ 5 5902 270 1224~ 299.6
Zebrias zebra 4 9 04 1~ 4 5619 257 28.2~ 1984
Inimicus japonicus 3 6 063 1~ 3 4732 217 504~ 269.8
Stllago japonica 4 5 052 1~ 2 849 039 173~ 302
Conger myriaster 3 4 042 1~ 2 2498 114 492~ 1450
Tridentiger barbatus 1 3 0.31 3 449 021 449
Konosirus punctatus 3 3 031 1~ 1 1178 054 270~ 617
Takifugu niphobles 2 2 021 1~ 1 1329 061 376~ 953
Argyrosomus argentatus 1 2 0.21 2 90.1 041 90.1
Kareius bicoloratus 1 1 0.10 1 1360  0.62 136.0
Total 957 10000 50~155 21,8400 10000 657.5~4,726.6
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oM P 126F0] £33 4%, 43 ¥ 7
A= 84% 9 Fo] a3 Ah

124915 2L Fol FUiEA o, 1449 1 FREUFIATE FHZFA vEd waA
Fol F7tEo] 11%, 1624191 3F°] F7tso] 43  2~33] 259 FHPA Ao HITAH e
FHRNE 140l AFHATE 2 o) F 2149 A8 HFig 2). 71FEAIZ 1049 A5 1249} 1449l
77}1 E FAAE 0 To Frke IR 2340 2 oErt dFgem st AT R
01A1ell 1%F0] F7t=o] 88 AYARA 2ALEA  FHLEEAFIE 33 A A Fad F 43 o F
%?ifﬂ 17% 257 AFHARG v AdE 7] FE S71EE O 138 A3 g7 SOggd s
FoE2 F& FAMNFES W, 19AE Agslie L1101, 23] T3 Ha FUYAdATE 121
33 ARAR TR Q2o FHEE Fo £ 19 oﬁ‘iﬁ} 9% 7t 38 3 o]F= 5% ol
#2738 F7hsta 43] o|F & 1~2% o] AjEe] b E7FEIA T Table 3).
ZH3AUTh o] A= 48] olF R EHIE 2) HEWRE B 2 THEEEe #b
FE 108 AY F 1~239 FHUYEE Holw AHHFo] F74E W Eite W3E F438}7)
Az APE FEIAT AYAHY Frbel st QXS Ao HAE AASsE ged
wE Aoy HFEee ZF7ME AHEBEE(Table A B4HS Aldstz ARAAE Zrle w2 B3R
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Fig. 1. Cumulative number of species from successive  Fig, 2. Cumulative diversity index from successive

trawl hauls versus different starting time of
accumulation.

trawl hauls versus different starting time of
accumulation.

Table 2. Day-night difference in abundance of fishes collected by an otter trawl from Asan Bay in August 1990.

Mean of

Mean of

Source day catch night catch Variance t Significance
‘No. of species 74 858 78 0.795 NS
Total biomass(g) 2,012.3 2,355.7 1,619,887.5 0427 NS
Numbers 105.0 864 14764 0.764 NS
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Table 3. Mean number of species and diverisity, and

increas in proportion as the sample size
increased.
Cumiative o, Noof pecies - Divrsiy
of samples  Mean (% Mean (%)
1 8.1 111
2 106 303 121 9.0
3 126 196 127 50
4 14.3 13.2 1.32 39
5 15.0 50 1.34 15
6 158 53 1.38 30
7 168 6.0 142 29
8 170 15 14 14
9 17.0 0.0 145 0.7
10 17.0 0.0 148 2.1
F(ID)E 43 YK Fig 3. 13 Ad2 BaA
Are 957703, 1 42 1407801929, ID=
1478, 4ol Hd Bt FoAsA Z %&
vehnich AW Al Fkge) wap B 7t
zote} WALl 6318 FHNAL MolE P
o] 945, 1 #4Fo] 492F Ht o] ti gk B4 gho|

15} gtk T, ¢ 44 2% 38 olahel A
A FRAME Fao] Wi E439) vy} fol&A
180 Zov 43 T M =887, df=69Y
9] %05 = 1249} y%es=14.45 A}o] ZtS 71R ID
=13 23 2§ ok s, 7Aoo
otter trawl 20% ¢l 43] o]4& FHAZl WA o

Variance

Number of Samples

Fig. 3. Variances of number of demersal fishes versus
number of sample hauls. The dotted line
represents the mean number of individuals.
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3tz Amrt & W 2AFAH(S) S FUMARe
24 4% offFdzy AYUerst F7lE L 9jn
gheh 2AF Sgol A e wgoez 103 WE A
He A% $Aolfd M, o8 2 FAx iy
o] MAFE HI wetd 27 22~264.0%,
32~3851% 2 231~184.6%, S3olF AA:
52.2~162.0%2] W Az WolE BT o]HA
Ztgdole Zo| & AL oFI LHUEEIS 9
v]gtct, A G el A HEe EXE AFRESe
T EEY 4xd Hole oy dutroesw
gAo] x5 AolFE ALY UlFE o9 2

Aoz 4 A It (Taylor, 1953; Clark, 1974;
Oviatt and Nixon, 1973; Lenarz and Adams, 1980).
webd, fHE 7o MArE 0 FHo B HE
Z Zte dAx(skewness)7t & FEE s &
©] 3 X (negative binomial distribution)7} 2 #
S 2 olf T ZAEY oFTUR FURE
7tA17171 H3tdE nSE SUFA AR 30, nSE
Z7k4)717) 9 E nolt SE Eeof 3t} Fof
A FAAAZE T neld $F FUE =9W e
e 7Aad)

Taylor(1953) ol ejatd F A (nS)o] A3}
AHE o 18 AIHEAY =V F24E AT
w=7F Z7hsrg v Z2Eu trawl AFCAM =
trawls A <1dte AZtRY 738 9slo FH]E
© Az FYAIE Az So] i AeHe], 3
AR AT FoA FAAAITT) A3 HS
) 13] AGHEA, F, dAANTE FolAEE F5)
AAAL ZAHY, B 2A) o] &4 trawle] AS
18] S Ydted oA olgdef 2o e AL
oF 408 FYERE 208 AT A$ 147l 288
o}, Lenarz and Adams(1980)& 13} ®d M7}
11, o] F7F R Aol EXEE AL 9y dud
S £902 FIlEE oHUEd Ui AUE
FAE FAxee By Yoy FAFHARL

fo 5 ox

2 H

J

ofN

oy rr X &8
m

ng FEW A 2F €6 2ol Azt
wasts] WEe] 18 (9w 5% F/HIAE A
o) FAANAL F7AIE WiHolTh

i
olabure] A9 FAHo] e FEL HE A#
s dar djerd FEde vwge] w&H
o] AAY oA o] AAF trawl Aol 7HE
g o] AgrEo] AU <l AL Yz 23
&7 o @k oA AFas & w9 o9l
AlZES 208 oldo =2 5 7E ofzg &9 A
AlFE 20822 A3t AEE A 4
3. 53], AU F2EARAINA S oFF
AL Bool e RAGAE, AAMAE, 843 S

XA} FeRbE e
kel A-PE & okm WY A7 giREe
trawl®} Q] Aj7to] dojd A9 ZAIAHo] K9
uaad & Qo mEkA, 208 ¢de AS ol
EAFo] sjdHo] g2 219 FEL A F
de FHE At

o7t T s SO oEEE T 9 99
Lenarz and Adams®] 2]eA¢} o] AYHZH o
Z7tgho) wrel Ad s Zohseh B AF Ag
A GHA A HHE A FE FAHAAINH, F A
JAAA S FMAFIH A8 E BAMEHE, AR
g9z gk #ike AA3%%S Jelyqdct 43
AHol el AREE T3S W e Hidx
Hoh fo3tA 2 grs JEhgo 29 AAF
7t &9 olFE XA PoissonEEE O|HES &
F Stk A HAEL FeAo] £X3A

T AEY FHE 3 292 B 0 e I
Aol A AFEE 77 BREE e Aoem &
g2 ok A DA A oFe MAES T

Aol EEsteo] AFHA) Z& wol= MAY &
dol FE Ve &9 oFEEE 3T AF
HAo] Z713t otter trawl 20% ¢l A8 E 43
o4 343 Az MALEY EAHTGE Ty
59 £X 5A4o| A8 YENY Poisson #X &
g Holye Aoz FAH A gl ALe e
3 FHANM 208 trawl Q) 43] o4& 3§13 A
v AAREIER AFENAA 2 HAH F
HA 2 ol 8dE § 3 Tt vHFS Wy
AME 43] 74 ojFd e MZE T F7F 7
A3 F85o] ofdwt AojR AL T AN
otter trawl 20% 43], =, AFHH] 24,000m> X
Tt AR APHA R wvdE

3 ¥

1990'd 89 ofitetel Al otter trawl ©o]-& 3}
ZRE Mt APEL PEF ¢ dE= AAH
T3 A5FY BHEE AT AN F F
17%, 95770 A, 21,840¢9] o1 F7F AFHded, F
20 (Cynoglossus joyneri), 212l (Thrissa koreana),
F =2 v] (Hexagrammos ~ otakii) %t Vel Johnius
belengeriin)7} 23 WE% =1 AAS9} A o
Al S4B A FoF 108 vt AP Fxde
Fofell wtel ol g AlolE Holx Fgot otter
trawl 20% <19 A ABEE $HFY FAE
Hool wste 2.2~385.1%, Ao}E L 522~162.0%
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