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Seasonal Variation of Species Composition of Fish in the Coastal Waters
off Wolseong Nuclear Power Plant, East Sea of Korea by Otter Trawl
Survey
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We examined seasonal variation in fish species composition in coastal waters near Wolseong Nuclear Power Plant
in the East Sea of Korea. A total of 72 species, 39 families, 14 orders, 46,214 individuals, and 4,639,667 g were col-
lected. Glyptocephalus stelleri was the most dominant species by number of individuals (35%), followed by Clupea
pallasii (26%). Liparis tanakai and Lophius litulon were the dominant species by biomass, accounting for 46% and
28%, respectively. We showed that bottom salinity and temperature are the most important environmental factors
influencing fish species composition. Although bottom salinity did not differ statistically among seasons or stations,
we detected some variation among stations. Additionally, bottom temperature differed among seasons and stations
(P<0.05), affecting numbers of individuals and biomass. Thus, seasonal variation in fish assemblages can be classi-

fied into two groups: spring/summer and autumn/winter.
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3ol AlF2t RISk} AloHA] Yolib= EAE Hol= Ao

CH(Park et al., 1991).

SR} Fol W Asko) olRe] a4 delae
2] ¢19K(Baeck et al., 2010), HUTH(Lee, 1999; Hong et al.,
2008), AlLA AR EA A 271 (Choi et al., 2008), 53l
A QK(Yoon et al., 2008), &4+ A<H(Han et al., 2002) 54 &
TFE R om, ARt A FHO| PR deljAe &

AET} 7o 4] B A o] AFE K Seo et al., 2009;
Kim et al., 2010).

Arpeu sl oo] AT W4Tt SR WE
of M4 ] 20| ol T o] 2 Q3] 7 FopEY
of 21- 7 A 2 &2 8-S 1] %] (Crema and Bonvicini Pagliai,
1981; Lardicci et al., 1999), 2uj=2] &% =214 G4t
wHeloll whef oheket FEj = AEAl FaFs m1ZtHGibbons
and Sharits, 1974; Durrett and Pearson, 1975; Warwick, 1993;
Kim et al., 2007; Teixeira et al., 2009).
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Fig. 1. Sampling stations of the coastal waters off Wolseong nu-
clear power plant.
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B EFA = 8Y o] 7P Ekow, 29 7pak vt
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EESS
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145(Order), 392K(Family), 72%(Species)©] %I tH(Table 2). £
T ST FolH(Perciformes) ©1 77} 163} 2052
2 71 Wk o, &ulo| = (Scorpaeniformes)> 61} 165, 7}
Zpu)E(Pleuronectiformes)y2 23} 9%, tj+-=(Gadiformes)x}
A A Z(Clupeiformes) 23} 45, Eal7| = (Zeiformes)} Hich
1 o] &5 (Osmeriformes)©| 13} 2F-0] 3= o™, U 2] = 1
T 154 2R = Sk

A=A A 7157 (Glyptocephalus stelleri)7} A o
9 35.0% (16,15371A)E 2HAlste] 7H ol A=
I, TR o2 Ho|(Clupea pallasii)7} 25.6% (11,85171A)])



2 sttt o] Qo= =W 7| (Liparis tessellatus), 2173
O|(Trachurus japonicus), o}tF|(Lophius Iitulon), £-7}A}1]
(Hippoglossoides pinetorum)7} 212} 213 7§A|=2] oF 5.3%
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A& A A5t Aol M= FA|(Liparis tanakai)7b {7
H o] 72145.6% (2,116,296 g) 5 AHAISF AL, b1 7127.6%
(1,279,005 g)= 2H--5}kGITt. o] 2of| = 7|57 1Apu] &} A o] 7}

Table 1. Environment factors at the stations of intake (I), discharge (D) and reference (R) in the coastal waters off Wolseong nuclear power

plant
Temperature (‘C) Salinity (psu) pH DO
Surface  Bottom Surface  Bottom Surface  Bottom Surface  Bottom
R 11.8 11.3 34.0 34.0 8.0 7.9 8.0 8.1
February D 1.7 11.1 33.8 34.0 8.0 7.9 8.3 8.4
I 1.4 11.0 34.0 34.1 8.0 7.9 7.9 8.1
R 14.4 13.4 33.8 34.0 8.0 8.0 94 9.2
May D 151 14.3 33.7 34.0 8.0 8.0 9.4 9.4
I 14.7 14.4 33.8 34.0 8.1 8.0 94 9.2
2006 R 20.0 10.0 33.9 34.1 8.0 7.8 9.2 8.1
August D 18.0 9.8 334 33.5 7.9 7.8 9.2 8.7
I 20.4 7.7 335 34.0 8.0 7.8 9.2 7.8
R 17.9 12.2 33.3 33.8 8.0 7.9 94 7.6
November D 18.5 15.1 32.8 33.7 8.0 7.8 8.9 7.5
I 18.0 16.7 33.3 334 8.0 7.9 9.4 8.9
R 13.9 10.5 34.0 34.0 8.0 7.9 10.1 9.1
February D 14.0 12.5 34.0 34.0 8.0 8.0 9.9 94
I 13.9 12.4 34.0 34.0 8.0 8.0 10.1 9.7
R 13.5 5.6 33.7 34.0 8.0 7.8 9.5 7.8
May D 14.7 6.3 33.8 34.0 8.0 7.8 94 8.3
I 12.8 6.5 33.8 33.9 8.0 7.8 9.3 7.7
2007 R 18.9 10.7 334 34.1 7.9 7.7 9.2 7.2
August D 22.4 11.9 33.2 34.1 8.0 7.7 8.3 7.8
I 22.6 12.4 33.2 34.1 8.0 7.7 8.5 7.9
R 19.7 14.2 33.5 34.1 8.0 7.7 8.9 7.5
November D 20.9 18.0 33.2 334 8.0 7.8 8.8 8.6
I 201 16.0 33.2 34.1 8.1 7.7 9.0 7.6
R 12.2 10.8 33.8 33.9 8.0 7.8 9.7 7.5
February D 14.6 11.6 33.9 33.9 8.0 7.8 8.4 8.3
I 12.5 11.8 33.8 33.9 8.0 7.8 8.9 7.8
R 14.0 10.1 33.9 34.0 8.0 7.9 9.6 8.3
May D 14.6 10.0 33.7 33.9 8.0 8.0 9.3 8.0
2008 I 13.4 10.1 33.9 33.9 8.0 7.8 9.3 8.4
R 17.0 8.4 334 33.8 8.0 7.8 9.2 7.6
August D 18.9 12.3 33.6 33.9 7.9 7.8 8.9 8.2
I 17.4 9.3 335 33.8 7.9 7.9 8.9 7.9
R 16.3 13.9 31.9 34.1 7.9 7.8 9.6 7.9
November D 16.9 13.2 31.1 33.8 7.9 7.7 9.6 8.8
I 15.3 13.1 32.3 34.0 7.9 7.7 9.8 8.4
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A o WA 22} 8.5%2 7.6%, £71AFu] 2t EH| 7]
2} 3.0%E A5k

rr
N
N
N
w

o
ATH 2L 20064 41%, 20079 40%, 2008 47F0] AA
%9101, 20061 7} 2008 o= 7|57 A 7E 2007 o=
o7} 714 wo] A = it FAE R 2 FHE S 47F,
et RS 50, vl RS 495 0] A= qleH,
2t FHs|oat vt FHE G A= 7| 577 #H
G Ao A= o7t - H o2 A=t

A ST 20061 290 11502 7P 29131, 2008
W 290l= 30508 7Y Wou AR B o
SI5HA] A tH(Fig. 2).

ARG A= 2008 8L 317HAZ 714 22 A 71 A
A= 9131, 2008 5Yol= 11,35870 A1 2 714 W A7 3
HE= ek AR 7HAI=e] A7 S22 7157 FAm et Aol <
ESHPAT} v LEH . FAE A ME-2 FARH
BATE v =t 2Bl Aol A B8] AR o] Wkt

A ko] A= 2008 80| 8,584 g O & Lk 20084 11
Holli= 1,914,726 g & 7P =9tk A7 53] Fef= 4
Aol Zpo]S He=t, 20079 1199] uj47t s}
20089 11€ 2] Ha Rl ol A= ZHz A FA17F 2 3
oFA 2} A7} ol 5] Aol =8k

Zrjoke 2)4x(H’, Diversity index)= 0.52 (200841 119)-
1.77 (2008'd 2€)2] Y et vid 1Y W2 h8 B9,
53] 2008 ofli= A o1 7} 342270 A = A o2 oF 88%,
2|7} oF 8%E AHA|5te] FTHFEA|G=gko] THE Al7]of| H]3|
okt AR = 2 FHs Yol 4] 0.16-1.80, vl 5
w4 0.77-1.86, F4= F=RIs ol A= 0.75-2.009] &

A A SHFY WAl G olgste] Al71ek Aol
T2 SEFSS TRRAT A, 40%9] A=A 5789
FO& FEEQITHFig. 3). & 12 ¥, E8]E|(Coleo-
rhynchus multispinulosus), 3 ¢, &o}7|7} 35402 Zd3)
3, 715 2 Holo oAt AF Ao FHsidon, 15
& 7157k, 071, 87k, Ao, golrt s Ao s
=35t} 155 4= "B X|(Engraulis japonicus), M -=(Psenop-
sis anomala), F17§017} 3-FH 02 E¥st= 1FolH, 1F S5
= W EA| 2 2] (Acropoma japonicum) @} o] FEZ 07
SAsh W EA 227 -4 5hs 1ol
2AI7|9 BHETE ol B0 Ao)2 AR Sls)
o] FEEA eyt Aut & 23719 Ro2 Fe Hith
AA WHEE] 7241 50%7H4] 7]ofsh= el s AT A
I}, PC 1-57FA]1 9] a--%k(Eigen values)< 5.0 ©]44o| 1L, ¥

)

B18 0] a7} 4.6%2 RE AHo] ulehA] F24 W

AT - GE

7|43 Aek(Table 3). o17-2] T4 Mgl 71 g2 Fd=
2 g 8elE doty] el FEE 2= AT
Z3(Table 4), PC 1= A5 Aol 23t Atol7} gllem

(P<0.05), PC 2= AS 20 3-2]3t Z}o| 7} A A Th(P<0.05).
o] e]of| = PC 32 25t afj ek aglo] §l3laL, PC4= A5
&, PC 5 #5529 725t A1E B ATHP<0.05). =
Aol 71 FFE vl A= AR F ] SR 0] B4 ATl(Fig.
4), PC 13} PC 2= 17 A% FRI A S 202 I3 5419

A T A
. —
5709 2E2 2 YeRth PC 19 (13RS Fio] Watd A7)
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Fig. 2. Seasonal variations in number of species, number of indi-
viduals, biomass (g), and diversity index of fish collected by an
otter trawl in the coastal waters off Wolseong nuclear power plant.
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Fig. 3. Dendrogram of hierarchical clustering on fish assemblage for seasonal sampling in the coastal waters off Wolseong nuclear power

plant (I: intake, D: discharge, R: reference).

2,2006' 114 W= o] £319) o0 T145 49]] 3= ol F
=0 TR Fdsloy gl IFe] (Dl &3k=
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Table 3. Eigen value, variance and cumulative variance of the prin-
ciple components

& Aolf7h 22 AR HE o] 72 FeiA YT N H oz
FHEE o], B4 & FolRk dF A== Ao oy
A Uth(Lee 1991, 1999). G ARt A Q%2 o]-&3t ¢+
o= F 5959 o F7F A = e, = (Repomucenus
lunatus), F="35(Tridentiger trigonocephalus), %€ (Re-
pomucenus huguenini), 7F2](Ammodytes personatus), 7 £

i (Sillago japonica) 5-2) 28 Ao 77} 22 A7 Ho] 1 ¢l
Toh= T2/ 0A Aol & EATH(Lee, 1999). o]= & ¢+-sh
o] QJefe} AA o] JlaL, =4lo] 72 AAlgh E/4dof 7121
e Ao = etEth Egh 273 S ARt A= 22t 20,

= a4

Table 4. Correlation coefficients between principle component
(PC) scores and environment factors. The mark (*) denoted sig-

PC Eigen Variance (%) Cum. Variance (%) ]

1 8.61 120 12.0 nificant level at P<0.05

2 6.73 9.3 213 Environmental factor PC1 PC2 PC3 PC4 PC5
3 586 8.1 20.4 Suarface Temperature -0.100 -0.200 0.205 -0.176 0.392*
4 5.40 75 36.9 Bottom Temperature ~ -0.272 -0.411* 0.257 0.004 0.231
5 5.30 7.4 44.3 Suarface Salinity 0.141 0.039 -0.123 0.100 -0.184
6 4.58 6.4 50.7 Bottom Salinity 0.524* 0.182 -0.014 0.461* 0.048
7 4.46 6.2 56.9 Suarface pH -0.012 -0.308 0.039 0.094 0.114
8 4.07 5.7 62.5 Bottom pH -0.142 0.168 -0.140 0.018 -0.082
9 3.78 5.3 67.8 Suarface DO -0.072 0.086 -0.201 0.137 -0.042
10 2.73 3.8 71.6 Bottom DO -0.082 0.168 -0.278 -0.028 0.273
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Fig. 4. Principle component analysis of fish assemblage for sea-
sonal sampling in the coastal waters off Wolseong nuclear power
plant (I: intake, D: discharge, R: reference).

23F0] Edstglon, 2H7], 7157k, &7 k] 7 -8t
= A= Yehg=tl(Lee, 2011), & A-tE ot A3 o]Fo]
A QAT 9-F o] Aol Rehs A2 skt

SHA R ST 7|57 FEl A QoA A, o
5 ASEE 502 72 of3un glon, LEUE EF &
S Ao ® dA et Fof FH (a2 ofeRrl, 4): 300-
450 m)a} F-5-6 (&% F32, 52411 110-130 m)ofj A -3 4 .
2 ZEs}, B4 45 A0 elot sl 753 AAE 55 4
3(200-1,000 m)of| A &= E@Ast= A o2 A2 A ArH(Park et
al., 2007, Yoon et al., 2008; Choi et al., 2012). & Lo A=
59 7MY w2 =8 WAeE BT, o= A9l 3-5¢
off Agte = olF3t 7|57 o] AEjA S Qg ZAow
Ho|m(Kim et al., 2005; Cha et al., 2008), 11 ¥2] & =3 (4
WA G Aol A Q= o] F3 7] wiizoll A2 o] 8= A
o Ao 71018k A 0 & FehE th(Park et al., 2007).

shH, 1,00070A o4 A-E 1070 o1F 5 =759 49,
94% o]0l 2006\ SHof| o] =|Git ERE2 A AlG20]
2-13T, AF=20] 6-10.5C 2 22 20l A AA5H= T&
= A glem(Kim etal., 2005), 7R Aol Ak 918l 7
= Hoto 7 3|73l o] o7 B EQItk(Yang etal., 2012).
2 AFoA = ol =2 SNAIE Belo o5 7
o= S| gz A& Ueht Yol AAlet= TiAlE
o] 420 53t oA At sl B4Rt A o= whetE T E
gk mid HAoA SHske =FE STl 543 Eolte
A= Bl 20061 o] ¥ s ke of Wt wet R 5
o] offpo] A= g Haf BAYsho] thFE U Aol A 3
A E]9)7] el A0 & AzHE ch(Yang et al., 2012).
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Choi et al., 2008). A& 22 A|7]9,
FE 2o AR WAL Al A F
2] 0 & 905} x}o]7} 91 TH(P<0.05). Kim et al. (2010)-

J YR L TGl AAshs FEEFAES £

OF TR GA| AEA ol FFE rom vt =
o= =8 T4 2 Aot =2 Atolof AtAI7F &
Aoh= A0 R YEpdThil B 16tg) o, 24 FFr T} 7]
E} 3|FeHd 20(FUE, Hold 5ol FEFE A Aoletn
LERTAC Pl )

2 Al 91 DA Akl A o] Ao A H ol F AT
2 w5(649), 95@Y)Y 7E(119), A=Y + 152
2 = AEA]] Q1R = PC 291 AF 22 43S
ol Bh= Z 0 2 yepydth A Eot G x5k g
Tk 3 o] 3 29| Bzt o 5(8Y), 7H(11€)2 A
229), 5692 A-ARl Fx=th2U PC 29 A =
20] oJal] o] Fo| 2= A 07 UpEh} A F =2-0] F3lIt A o]
FHAFRE A3 54T 8l Ao AhEr(Lee
etal, 2012).
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