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Changes of fish species composition were analyzed using seasonal samples collected from Lake
Shihwa and adjacent coastal water from October 1995 to August 1996. Pelagic clupeids, Cynoglossus
joyneri and Johnius belengerii predominated in abundance in the adjacent coastal water. In the lake,
clupeids, gobies and freshwater Carassius carassius were collected in autumn. The clupeids, unable to
overwinter in the open water, disappeared after winter. The gobies and C. carassius were also
disappeared in spring except a few number of Acanthogobius hasta. A large number of Tridentiger
trigonocephalus and Eleotris oxycephala were collected in summer, supposed to move into the lake
during the exchange of water in lake and sea water. However, they were all died in the middle of
August. The concentration of ammonium-nitrogen was higher than 2 mg/l, which was higher than 50%
lethal concentraton in other fishes. Increase in temperature and pH in spring may elevate the toxicity of
ammonium to fish. We discussed the effect of the other factors of the polluted water in the lake on the
disappearance of fish.
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Fig. 1. Map of Sampling sites.
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AR 1995 114, 19961 29, 59 2 8ol A8tz g
2709) A3 vk o5 17] A otter trawl S o] &3} 2%
SHATHFig. 1). Al8kE Welliz vlgho] A E H o7 H7|Eo)
AbAIERe] 43 ofter trawl o] £k 3, 93l 2F{F T Aate]
AlgtE oA Boh & 288 o] 83 A8 E W ARl ol &
H otter trawl& G/l 1E0] 55 m(HE 24 mm), 55 L xF 1
Z(cod end)o] 7.7 m(T= 15 mm)o| ¢t} 7t A A A 308 4
A& A&z o, dlHol= #H7Eo] Hol 18] 2Y
3023 AR E F gl ASE F 49l A7he] 30%0] HEE
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o= 714 AR o2 A5t £3hx, 280dE & A=
A=A gt

AL AFe STt APHZ s 3

st 2t olFel A o

N
B
ofy
tio
e
ox,
o,
2
ar
i
1o
Mo

jnl

2 9]£35}¢] Shannon and Wiener?] £vlekA] A4
t}(Shannon and Weaver, 1949).
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A& APRE) stel 7 olfel olale & 251
oA e dER BH) 47158 AHE F Azl wBHAT

712t ASEAAE 11F, 1354012, 11,8088 g(& 5,
olal 2e)el oFsk AU Fuasidelre 5% 123
12%0] FHaALn, Polel 352 Astas AsEolA
AHE F7} 0 Fo|Yrk(Table 1). AIFHEA AU ol

Table 1. List of fish species collected by an otter trawl in Lake
Shiwha and adjacent coastal area from November 1995
to August 1996.

a. Shiwha Lake

Order Perciformes (%5°1%)

Family Gobiidae ("45o13})
Acanthogobius hasta (2%%)
Acanthogobius ommaturus (7} %5)
Chaenogobius laevis (M]EEH5)
Tridentiger trigonocephalus (FZ%4%)

Family Eleotridae (3 5X]|3})
Eleotris oxycephala (7-=%X)

Order Clupeiformes (% ©]5)

Family Clupeidae (%3 o13})

Sardinella zunasi (M%)°])

Family Dorosomatidae (o] #})
Konosirus punctatus (710])

Family Engraulidae (2X]3})
Engraulis japonicus ("8 3])
Thrissa koreana (¥£012])

Order Cottiformes (S th%)

Family Cottidae (5% 713})

Thrachidermus fasciatus (727 °])
Order Cypriniformes (U o] 5)

Family Cyprinidae (% ©3})

Carassius carassius (%)

b. Adjacent coastal area

Order Perciformes (591 %)
Family Gobiidae (F-5o13})
Chaeturichthys stigmatias (715 585)
Family Apogonidae (‘FZ&2})
Apogen lineatus (|F7141%)
Family Sciaenidae (%10]2})
Johnius belengerii (F1€})
Family Zoarcidae (57X 3})
Zoarces gillii (57 A1])
Family Callionymidae (E%Fe]3})
Repomucenus lunatus (ZF€)
Order Clupeiformes (% ©}5)
Family Dorosomatidae (¥o]3})
Konosirus punctatus (H91)
Family Engraulidae (& 3]3})
Thrissa koreana (0]2])
Order Cottiformes (3t &)
Family Hexagrammidae (3 =2jjv]3})
Hexagrammos otakii (7 %-2}v])
Family Psychrolutidae (E<=4l7]3})
Hemitripterus villosus (A+A71)
Family Scorpaenidae (%243})
Sebastes schlegeli (%3] 8)
Order Pleuronectiformes (7}A}0] &)
Family Cynoglossidae (ZAt]3})
Cynoglossus joyneri (A th)
Order Tetraodontiformes (&o]&-)
Family Tetraodontidae (%-5-7})
Takifugu niphobles (5°3)
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S EAY RoIF, B4 ol % WEZOT EY &
At Aolfe TEolF(Family Gobiidae)7} 4%, o]} {4}
g Fele] FFE X (Eleotris oxycephala) 2 23 o]7} A
O ol ol ZoFU 43 SUHAT, WEFORE ol
{Carassius carassius)7} 8319t

ANgzeA APE offie FANEAME EW5(Acantho-
gobius hasta)?} 5% %45 (Tridentiger trigonocephalus)o} 344,
Fol7t 2A4d 28U, A FEL 134 2dsld A
A 7)o wE 224 Wo|r} AlslgrH(Table 2). Moz = T2
B5, FEFA L 2ES0] 1000k o) AFHA AA A
2| 88%E AAsATE AP A G E FE 4 el (Repomucenus
lnatus)y7} 593} 89 FRHAT, UolA] L Aol 2
Havt. el (Johnius belengerii), T (Thrissa koreana) 2
A o) (Cynoglossus joyneriyt Sl AL Vo)
2 FE2 10nte] vkl A=Yt
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19953 1190 = A3l 3ol A & 105, 2910y, 6,951.2 g9] o}
57} AU THTable 2). 714 AR 0.2 34 v A" A
QahA Zadth ALY o) F 48U PEolst o5t 45, A
ol Boi77} 4%, Aol L F4oldl Rolx AR 4%
FSoist olfet Mol 7144 IR WL I A4S
7k e olFZolch. ol Bl3ie] Rl Fol% oAFE o
S0l GEST 2ol Lo 2 Belo} Aehe ol Foldd, 74S
o -20] Rol® WE37) Ao A2 Bf3hE ol RSl
TH1Lee and Seok, 1984). FA} wje] s=20] ojn| o}z vvhe) A
E o] RolFEo] hEE A2 o|F3IYE ToIth E, gF
5 o) HoFEoALE @& AHE Qe 27 I o
F8kA) Bl EA i HED Qe Ao E dddr.

AAE oAF 718 EWS(Acanthogobius hasta)e] 137v9}2]
2V gk, thEoBE #ol(Konosirus punctatus)7} 857}

Table 2. Seasonal species composition of fish collected by an otter trawl in Lake Shihwa and adjacent coastal water from November 1995
to August 1996. N and W represent the number of individuals and biomass, repectively. Samples in a were hauled for 30 min

and those in b were hauled for 60 min.

a. Lake Shihwa

Sampling time November'9s March '96 May '96 August '96 Total
Species N w N w N w N w N w
Acanthogobius ammaturus 10 318 10 31.8
Acanthogobius hasta 137 44955 63 26147 3 146.3 190  6966.1
Carassius carassius 6 270.4 7 58.4 13 3288
Chaenogobius laevis 1 2.9 1 2.9
Eleotris oxycephalus 345 782.7 345 782.7
Engraulis japonicus 1 10.0 1 10.0
Sardinella zunasi 33 275.4 33 2754
Konosirus punctatus 85 1702.3 85 17023
Thrissa koreana 11 72.8 11 72.8
Trachidermus fasciatus 2 64.0 2 64.0
Tridentiger trigonocephalus 5 26.1 1 53 657  1540.6 663 15720
No. of species 10 3 1 2 11
Total 291 69512 58 23880 3 146 1002 23233 1354 11808.8
Diversity(H') 1.42 0.39 0.64 1.38
b. ;\djacent coastal water

Sampling time March '96 May '96 August '96 Total
Species N w N w N w N W
Apogen lineatus 1 10.0 1 10.0
Chaeturichthys stigmatias 1 69 1 6.9
Cynoglossus joyneri 37 927.3 37 927.3
Hemitripterus villosus 5 1635.0 5 1635.0
Hexagrammos otakii 6 478.6 6 478.6
Johnius belengerii 30 380.9 30 380.9
Konosirus punctatus 2 75.1 2 75.1
Repomucenus lunatus 3 39.4 4 104.2 7 143.6
Sebastes schlegeli 2 400.7 2 400.7
Takifugu niphobles 5 255.1 5 2551
Thrissa koreana 98 977.8 98 977.8
Zoareces gillii 3 1712 3 1712
No. of species 6 7 12
Total 0 0 24 2980.0 173 24822 197 5462.2
Diversity(H) 1.73 1.15 1.57




Azt e ot mhe Algtze FH g

2 AR
&t

199613 3ol 3 URoA = 3%, 710k, 2,678.4 go] o
F7E ARHA[L, 35 ARoM= & vlelx AR HA ekt
(Table 2). el AgE & 71ed EWEo] 63utd 2 7t
WA Bolzt e, FE%5] 1] AQE o] 4 v
8hod wlokel g Bl

19961 5ol =AI 8t E o M= F4E 3ute] vho] A H AL,

of, o] F Fol d /WA 76%, BAF 89%F A

o5 AholM = 63, 24ute], 2,980 go] M= At s A
M 5Bl o) Fasty SFel LF I [Tl Al

o2 29 Q& AVIZ 4% 7MY 5& AEFS Rolt o)
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ok, Al dEFL ALY Ve 523 FEL Ay
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Fig. 2. Length frequency distribution of Acanthogobius hasta col-
lected from Lake Shihwa from November 1995 to May
1996.
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EUS: 19959 119 AFJH 2959 AP E 9= 100~260
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Ag By 100~110 mm¢! JRAE whd (19959 T el A,
23401993 AR 200mmE d3lew, Jox] gifEe
1319943 201 giek 19964 38 Qe E4EL 300
mmgl HAI7E & vlE] ARE AL AYsiae 1193 {AMs
A BIEE 2Rth 89 2R 123802 FAds0) Q)
ok 59 AHE 3vfeli= 1oy} 389 F& o] F YA A
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EYSL Gl TRl Aashs gEoly ofF s1Ed 7}
A AN} & ol FE, ol Bluy gilo] Z& Fol A2g
t}h 2-38 A Aol e R Eeel ol& B Ak Aew
el A vk Fol B Akl A 23 B2 Al o
by A2kl b ) By Ao e o], 1990). %)
g FolBe vuA F4do] 71E FoZ o|FslE ALR
oeix ok

FO{: 1995 11€ol A E Hole] A= 99.1~1555
mme| Mg 130~150 m 2718 AA 7L T2 o] 2 THFig. 3).
Hpgh dolz gadiA EEstn SR Yoz Zejet 4t
@sla Gl BHE 0] 8°C o1 R Yy & WA W

—

40 g
Konosirus punctatus
n =85

30

20

Frequency

10

80 » 1 12 ' 140 160 180
20r
Sardinella zunasi

=33
151

10F

Frequency

130

50 70 90 110 150

Length (mm)

Fig. 3. Length frequency distribution of Konosirus punctatus and
Sardinella zunasi collected from Lake Sihwa in November
1995.
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Table 3. Mean, standard deviation and range of fish length collected by an otter trawl from Lake Shihwa.

Species n Mean+SD Range
Acanthogobius hasta (Z24%5) 137 168.8+30.9 103.0-250.0
Acanthogobius ommaturus (7} 4%) 10 68.8- 6.5 56.2-78.0
Carassius carassius (‘5-°1) 6 130.8+33.3 80.0-178.0
Chaenogobius leavis (B]3d 35 1 71.4
Engraulis japonicus (B*]) 1 112.0
Konosirus punctatus (%101) 85 13524125 99.1-155.5
Sardinella zunasi (N§ol) 33 101.6+ 9.2 88.0-138.0
Thrissa koreana (¥01g}]) 11 96.3+15.8 84.3-140.4
Trachidermus fasciatus (27 °]) 2 137.6 137.0-138.1
Tridentiger trigonocephalus (FZ%%) 5 Nov. '95 679+ 6.4 62.0-76.3
43 Aug. '96 553+ 7.16 30.8-70.2
Eleotris oxycephala (7-Z5-%]) 24 55.8+ 4.72 45.5-64.8

ol A A ggeh(Lee, 1983). ol .rzz}b‘]- ol =7 } ol 130
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kel o] 8c7} 7] dojl 25L& A5t sz o) F3}

v AoR g A oy, FAL HGelA e ERe] B2} A

w0} o) F5hA] £ot Aoz FA Mt
BHEHO|: 1995\ 11¥€0) AR 7Hx114 A% 2= 88.0~138.
0 mm&E, 90~110 mmOI 7RA 7 rﬂ & AR, F3NE
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