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Seasonal variation of the fishery resource in the shallow waters of Ganghwado tidal flat was investigated
using monthly collected samples with a fence net from June 1998 to May 1999. Thirty-six species were
found, including 27 fish species, 6 crustaceans, and 3 molluscs. Of the fish, Konosirus punctatus, Sardinella
zunasi, Liza haematocheila and Synechogobius hasta dominated in the number of individuals (92.1%) and
in biomass (94.5%). A few number of resident species, such as L. haematocheila and S. hasta, were
collected only during the cold months. As the water temperature increased in the spring, the adult migratory
fish, such as K. punctatus and S. zunasi, were collected. In the summer, the juvenile fish recruited in
the shallow water showing a peak in fish abundance. The data suggested that they grew until late autumn
before moving to deeper waters for over-wintering. The principal component analysis showed that the seasonal
variation in species composition was principally determined by water temperature and/or water temperature
related factors. The species composition of the fish assemblage in the study area suggested that these species
are highly adapted to extreme seasonal temperature variation and high water turbidity.
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Fig. 1. Map showing the location of sampling site (hatched
area) at the shallow tidal flat off Ganghwado. Light shaded
areas indicate the tidal flat.
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Table 1. Species composition of fishes caught with a fence net at the shallow tidal flat off Ganghwado from June 1998
to May 1999
Speci Total Relative abundance (%)
pecies Number of individuals Biomass (g) Number of individuals Biomass (g)

Konosirus punctatus 2,499 7,756.9 47.09 11.77
Sardinella zunasi 1,214 5,210.5 22.88 7.91
Synechogobius hasta 1,032 40,680.1 19.45 61.73
Liza haematocheila 144 8,607.8 2.71 13.06
Taenioides rubicundus 106 2,278.6 2.00 3.46
Acanthogobius elongata 64 114.7 1.21 0.17
Chaenogobius mororanus 63 148.9 1.19 0.23
Thryssa kammalensis 35 2251 0.66 0.34
Acanthogobius flavimanus 29 46.4 0.55 0.07
Thryssa adelae 26 188.8 0.49 0.29
Takifugu obscurus 25 273.2 0.47 0.41
Luciogobius guttatus 19 45.8 0.36 0.07
Tridentiger trigonocephalus ] 36.1 0.17 0.05
Leiognathus nuchalis 9 7.2 0.17 0.01
Sebastes schiegeli 6 6.1 0.11 0.01
Hyporhamphus sajori 5 39.5 0.09 0.06
Coilia nasus 4 125.7 0.08 0.19
Trachidermus fasciatus 3 27.7 0.06 0.04
Enedrias fangi 3 14.6 0.06 0.02
Hyporhamphus intermedius 2 8.5 0.04 0.01
Acentrogobius pellidebilis 2 6.1 0.04 0.01
Pleurogrammus azonus 2 3.7 0.04 0.01
Favonigobius gymnauchen 2 29 0.04 0.00
Tridentiger barbatus 1 21.0 0.02 0.03
Sillago japonica 1 13.2 0.02 0.02
Collichthys lucidus 1 4.9 0.02 0.01
Coilia mystus 1 4.7 0.02 0.01
Total 5,307 65,898.9 100.00 100.00
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Fig. 2. Monthly variations in water temperature (C), number
of species, number of individuals, biomass (kg) and diversity
index (H") of the fish caught with a fence net at the shallow
tidal flat off Ganghwado, Korea from June 1998 to May 1999.
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Table 2. Monthly comparison of dominant species in terms of number of individuals and biomass caught with a fence
net at the shallow tidal flat off Ganghwado from June 1998 to May 1999

Year Month Number of individuals % Biomass (g) %
1998 June Synechogobius hasta 45.6 Liza haematocheila 63.4
Sardinella zunasi 327 Sardinella zunasi 17.8
Synechogobius hasta 13.1
July Konosirus punctatus 495 Synechogobius hasta 55.3
Synechogobius hasta 28.6 Liza haematocheila 18.4
Konosirus punctatus 12.8
Aug. Konosirus punctatus 85.9 Synechogobius hasta 74.9
Synechogobius hasta 11.3 Konosirus punctatus 20.0
Sep. Sardinella zunasi 65.3 Synechogobius hasta 56.3
Synechogobius hasta 1.9 Liza haematocheila 18.9
Sardinella zunasi 17.6
Oct. Sardinella zunasi 86.8 Synechogobius hasta 52.8
Sardinella zunasi 36.0
Nov. Synechogobius hasta 78.9 Synechogobius hasta 77.7
Liza haematocheila 13.2 Liza haematocheila 21.6
1999 Mar. Synechogobius hasta 59.7 Synechogobius hasta 95.3
Luciogobius guttatus 247
Apr. Synechogobius hasta 65.6 Synechogobius hasta 86.3
Liza haematocheila 13.6
May Synechogobius hasta 40.3 Synechogobius hasta 55.9
Taenoioides rubicundus 26.9 Konosirus punctatus 24.8
Konosirus punctatus 21.8 Taenoioides rubicundus 171
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Fig. 3. Cluster analysis of the species association of fishes
caught with a fence net at the shallow tidal flat off
Ganghwado, based on Jaccard's index of similarity. Circles
indicate the monthly abundance.
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Table 3. Eigen value, variance and cumulative variance of
the components determined by principal component analysis
of species composition of fishes caught with a fence net at
the shallow tidal flat off Ganghwado from June 1998 to May
1999

- ) Cumulative
0,
Component  Eigen value  Variance (%) . .. (%)
] 59 32.9 329
2 3.1 17.5 50.4
3 2.9 16.2 66.6
18 0.0 0.0 100.0
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Fig. 4. Scattered diagram showing the sampling months on
the principal component axes determined by principal com-
ponent analysis of species composition. CM and WM indicate
the cold months and the warm months, respectively.
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Fig. 5. Loadings of variables (Eigen vectors) on the first
principal component. Refer to Appendix | for genus name.
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Fig. 6. Scattered diagram of the first principal component
scores versus water temperature. The regression was deter-
mined by least square fit.
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Fig. 7. Monthly variation in length-frequency distribution of the major species (Synechogobius hasta, Konosirus punctatus,
Sardinella zunasi and Liza haematocheila) caught with a fence net at the tidal flat off Ganghwado from June 1998 to
May 1999.
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Table 4. Comparison of the number of species and dominant species of the fishes sampled in the western coastal areas

of Korea

The present study Lee (1997) Lee et al. (1995) Lee et al. (1997a) Lee and Moon (2002)
Study area off Ganghwado Off Inchon Off Namdangri Off Taechon Beach Off Chaeseokang Beach
Sampling gear Fence net Otter trawl Beach seine Beach seine Beach seine
Sampling interval Monthly Seasonally Monthly Monthly Monthly
Sampling period June 1998 -May 1999 Feb. - Oct. 1988 May - Nov. 1993 Jan. 1995 - May 1996 Jan. - Dec. 2000
Mesh size (mm) 14-16 22-24 12 12 5
Net size (m) 1200 30 25 10
Number of species 27 21 38 26 31

Dominant species
in number (%)

K. punctatus (47.1)
S. zunasi (22.9)
S. hasta (19.5)
L. haematocheila (2.7)
T. rubicundus (2.0)

C. joyneri (64.4)

C. stigmatias (9.3)
J. grypotus (8.1)
S. hasta (7.5)
R. lunatus (4.3)

C. mororanus (84.0)
H. intermedius (4.3)

L

T. niphobles (2.9)
F. gymnauchen (1.2)

F. gymnauchen (34.4)
L. nuchalis (15.2)
K. bicoloratus (14.4)
S. japonica (13.3)
R. lunatus (3.9)

S. zunasi (37.8)

E. japonicus (27.2)
L. hasmatocheila (13.9)
L. nuchalis (9.6}

T. niphobles (5.4)

nuchalis (3.4)

Lee 2001; Lee et al., 1995, Lee et al., 1997a, Lee and Moon,
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zAe] 27} 2 el A A thole] 2
UB W Z2RE ot Bole e
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T RoZ HIFHAThH
A7l A| g3t A Ao ol{e F7
dE7iol dFe s Fdst= 7
As g s 27 B2 H3) o
& Bt (Table 4). 22} THE A8
AREE A% =79 FEo)
14-16 mm, =L7]: 1200 m) ©f B3}
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71& A5.eF vashy Zsk A s o7 S
gt FEo|FE R B2 Hady $¥FoE B A
ol 748 AW Aol e 9Fo| AFHA, G A
A Folx= 1050] A= A thH o 4%, 47
A 62 Bl AT} (Lee et al, 1995; Lee et al., 1997a;
Lee and Moon, 2002). 2] & a8l = Ir)gEo]
ST, A JelMe dEYFo|, ¥ F3AE A
= E4=o] SRt Y= Az 297 syl
© 2% AFFHAT, 222 39 A e A vF
|32 & Aol o} AL 15cem 0|5t 28 RSl
o) 2t} (Im and Lee, 1990). 18U 73} ARAME
ZA 712 A% FEEAT, 6-780lE 15cm ©]ate) &

& Al
< Ay

=
KR
L

[e]

N2 o
T

AN FE o) RAX T HE A-ol= 20em o4 dHE
MAE0] FF o) F3Uc} (Fig. 7). ELES I Z7) o)

F Aa)H o)y, 53], 3t o] Ado] dEdl Moo
AEFo] & Aoz FAHPL O AHFES dgoz
A AFE v EEYEL AW MY G H
AY MAF 84.0%F A FHEAT (Lee et al,
1995). 181} 23} Ao E A} 7|17 F A% 28E9A
ok e ) o] EoFE Ao Ao 6em YEE,
FEo] & AT E e NAES & WA Uzg
Ao FAL o] A djFols MEo] HA 2L AR
Bt MAAT Z7h) Haljoli = A AAFEA &
e vlE) B FZAIANE dEojolE o)F F A4 wle
)t F8 7170l TLE o2 W3kt (Table 1, Appendix
1. MAaAL Hol wadg g3 oA AP ko] Bol
(Hwang et al., 1998), A o] A3t ZAL 3] Holl A Fol AF
g2 Re ¢ F Un.

FoJF 7h-d Hojeh widdolr} ool AR = A=,
olE AFELS ohE 1984-853 9 A Yl RAPAM = B
7)ol % <fo] AFH Ao, 1995.963 FALAME HUTh
(Lee et al, 19972). 1993 @& 3] A M= FHo
2 HATh (Lee et al, 1995). 1} HA7} Hsf e
=70 widolel HX)7} djFo 2 AFHATG (Lee and

=

=
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Moon, 2002). Wideolet Aol LJsfddlA dFatar Fo] HH
AojEo] Yrto g Eole} iehslal fojE2 Haf gl
VA A o F O (Lee, 1983; Gil and Lee, 1986; Lee
and Seok, 1984), A A doz iyt AFHA A&
& 5 Aok 7kl A Ay ERoA APHALH WEE
ol Eo1 A= (Lee et al., 1995; Lee et al., 1997a; Lee
and Moon, 2002), 23} A¥ Ao e FAEFE 50 cm
o]ake] HolE7A] AFFHACE F-olF T o2 Aol ¢
A ZolYW F%X] (Leiognathus nuchalisye 2 vle] AHE A
kL, B4l (Takifugu niphobles).e A9 F3| A ¢FSkth.
zA 9L AR g2r) Bof FAZFS ZAS H5dn
grrt & S E 33 245, kA, vkee] Soldth
F2o Ad WHal) A4 F20] A- T2A ¥ty Fa
o8 F2o] o Adds A FAT W] FH3 BE
gro] Yoty 2ol A&l o] A A& H{FFTY
Hojel widdole] fojEe] e YEFE wShoH, ol&
& 1&g o] sFel A AdAstATt
F8 AR 7, EUEL feivE A At i
7 F3) gE sl © Y&, T3, Ayl Tl EEsH, dRbe
Fio] Mashs WsoH olF F A7V M & o/ E
Aol vlalE FA4o] He Fo|A Mgt 2497 Aol
& doro® Fjof Abekatm YollA 5 oY
FolEe 2 FZ MM =rHE7tA A4 o
(Chyung, 1977; Im and Lee, 1990). 1995 11€o) A|3}5 9}
I Fusdeld AP E 295 3 B9 1026 com)d] 37
& 2418 bl 931, 10-11 cmE Bd Ao, 238
20emE oW 111-199cme] AF HHYS Bole /MAE
e B% Ao Z Hustgtlh (Lee et al, 1997b). B A} X
HRAE ELEY AF BEXE FH3t B 9 (Fig. 7), T
AL 68 RE AT AFEHT AoZ HolH, vh5al 8Y
o]© 20cm oL 2 e AL E FAATH HoE2 1€
ARE o] Hgoz gojo} B Addhe o8 FPHT
Hole 3-6Y0) Ay ntez Ejo} et v 19 0]
g AJste] Abgkgtol] 71dEkal (Chyung, 1977), Hg=5he]l
e sE5E 4S8l folEe =7hg 20] 8T olst=
Ui 2 wzbA el At Ao2 B HAUT (Lee,
1983). 9] zt8.9} B 2AlY A 24 AF (Fig. NE T
g o, H3lx P oM 497 E] HojEe] Eefe) Aest
o, 28l5 FoEL 10970A] "ol Agta 11gholle
AE357] 984 4L Fo2 o|FdEs oz ddHEth
ol A = Uivtel] A, FEASHIES
o] 2 3l o]F O Z 4¢olA oY Ale] iRt A Rf
2T} (Chyung, 1977). SRkl A] wigol= 2ol A &
3 F 4£20] 10T o) 5 oy Ko} 97 A iwhe =
E0]911 foj5L 7120 €5 {3t R ol5E Wt
A gk ] MAste Aeg ¥ F o8F ok (Gil and Lee,
1986). 748} g AslolA Mo 23 AJ7IE 3-104, Wdole

oX,
e a
offf tlo & &

4

6109 Alo]lZ Wimlol: Aolef uld) 344 Bx =A 293}
Rew (Fig. 7), @5 9% o]5& Hojg vl 2712
FA A

A A
g F =S F 3= U YEHEA A
Ytk £ d7E aagdTd 1998 d 7N RARAIYEE
g AEe] G4 o] & BEL AT AT d¥e=
FFHATS FPHH
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