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A g A3 s74HFY £X 2 11~12709 ERT) Sdle FEERAE 2HE UYs
L AAEHo 2 BYEYGon ols AE2%A ANS £, g, COD, TINY EX9} ABAA 24
o) AYBES DAY

d] 2le] 874 FEo] &8s, o|EL dFA AYEFER Acocalanus gracilis, Euchaeta
plana, Pareuchaeta russelli, Plewromamma gracilis, A3 A%< Centropages abdominalis, +73
% Metridia lucens, LAXBE Acartia omoriiFth {4 €3e] A4, 109oe Wi dUdA
ZE0], 187 490l A H&AE S AN Yoz HIUFE Q AXNHES) Acartia omo-
rig] BX7F $A3%es COD ¥ TING £% Z3), oA ugog 7194 golAs A%e
JeERAQIT wide] oks s Sjgold Uigle g JMEA Yol g Jehgglth

AP Aol 1087 78dle 3709 ddoez azja 1943 490e 2709 #Hgog J¥ozct
Y 12 dEEAR 241 8 YL AU dFE ve Yo Udmrt g0, A omoriis]
Wsrt ¥ g7HFe] A0 =4 vehdch fgolA Yo sFAA didsold s 1I¢) I
9 [ Mz 71384 Hal3eg ggert BolAw, A omeriid] v FolAe 548 o
e EF, aZtFe AE] WolAln, 480 Y Mol WA FEQ] Noctiluca scintillans7}
HeAvoldr. agm 744 sy MM e A7t ATt ABEY FE9 X9 Ay
EAA Udold gL &Y 83 YHE gAE JeEhiig.

The relationship of zooplankton communities and distributions of copepods as indicator species
to environmental variables, such as temperature. salinity, chemical oxygen demand (COD) and total
inorganic nitrogen (TIN) was studied in Pusan harbor in October 1990 and January, April and
July 1991. Zooplankton communities were analysed by using cluster analysis and species diversity
index. Four groups of copepods as indicator species were Acrocalanus gracilis, Euchaeta plana, Pareu-
chaeta russelli and Pleuromamma gracilis as the oceanic warm water species; Centropages abdominalis
as the neritic cold water species, Merridia lucens as the oceanic cold water species; Acartia omorii
as the polluted water species. The offshore waters of Pusan harbor was dominated by the oceanic
warm water species in October and by the nentic cold water species in January and April. This
area showed the low values of COD and TIN. The inshore waters of Pusan harbor, where the
high values of COD and TIN and the low value of diversity were recorded, was represented by
A. omorii. Cluster analysis of the zooplankton community revealed two or three regional areas in
Pusan harbor. Area I, the offshore area of Pusan harbor, not only was represented high species
diversity and low density of A omorii but also was dominated copepods in zooplankton groups.
Areas II and TII were grouped horizontally from offshore to inshore of Pusan harbor. Area II was
showed intermediate values in diversity, density of 4. omorii and percentage composition of copepods.
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Area I was revealed the lowest diversity, density of 4. omorii and percentage composition of Cladoce-
rans. Copepoda was a dominant zooplankton group in each area during the study periods except
two special cases. Area II was dominated by Noctiluca scintillans in April, and Area Il was occupied
by Cladocerans in July. Distribution of indicator species and areas demarcated based on cluster
analysis showed a close relationship with environments.
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Fig. 1. Zooplankton sampling stations in Pusan harbor,
. Korea.
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Fig. 2. Distribution of temperature (°C) and salinity
(%) of surface and bottom waters in Pusan Har-
bor, in October, 1990.

A9 v NBAY 22Fe $HES TG

4 =}
suuA
Hegdglege B33 AHEY F£&, 9
COD @R Aaxg7%) gl TIN (F 7

Fa)el Bt

1990 109 2] 3%, E55&2 199~202C ¥
fAE A9 ap) Q= whad HFFLL 167198
C 2 °F 3¢ 9 448 B9t (Fig. 2). AZ5 L
golr Wtez 7N FolHTh F¥Y AL,
HEL 303~325% HHR 497 =i
do] 320%°142 JRELE uvehien
T2} 97 HAo] 303%=2 M e 4
B4k &L 315~334% WA B3 obdrl
e oAl oz 7pAAM ol COD:=
BZoMe 32~44mg/l HHE shll $U4F71 64
mg/i2 713 A Jdehgtos, A& e 20~5.2
mg/l M2 2ol Waow JfAAM Eobdth
(Fig. 3). TINE EZolMe 0.073~2.273 pg-at/i2]
weolz 9gA oz 7IHA molHow, A
Zo| A= 0.109~0.995 pg-at/le] WAZ EFN F
Mg BEHES JERRUT

}

o Y
Mo 1o &

P

Fig. 3. Distribution of COD (mg/) and TIN (ug-at//) of
surface and bottom waters in Pusan Harbor. in
October, 1990.

Fig. 4. Distribution of temperature (°C) and salinity (%)
of surface and bottom waters in Pusan Harbor.
in January. 1991.
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Fig. 5. Distribution of COD (mg/l) and TIN (ug-at/}) of
surface and bottom waters in Pusan Harbor. in
January. 1991

Fig. 6. Distribution of temperature (°C) and salinity (%)
of surface and bottom waters in Pusan Harbor,
in April. 1991.
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Fig. 7. Distribution of COD (mg/l) and TIN (ug-at/l} of
surface and bottom waters in Pusan Harbor, in
April. 1991.
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Fig. 8. Distribution of temperature ("C) and salinity (%)
of surface and bottom waters in Pusan Harbor.
in July, 1991.

Fig. 9. Distribution of COD (mg/l) and TIN (ug-av/) of
surface and bottom waters in Pusan Harbor, in
July, 191
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Fig. 10. Variation of mean temperature, salinity, COD
and TIN at all sampling stations in October
1990 and January, Aprl and July, 1991
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Fig 11. Correlationship between density of Acartia omoni
(individuals/m®) and COD (mg/) in each mo-
nth.
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January, 1991

Fig. 12. Distribution of indicator species (individuals/m?)
of copepods {(Acartia omorii. Acrocalanus gracilis,
Euchaeta plana, FPareuchaeia russelli Pleuroma-
mma gracilis and Centropages abdominalis) in Pu-
san Harbor, in October, 1990 and January, 1991
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&4t} (Fig. 11). A omorii® 2%9} CODee) &
Ae ZAHLC wel zleole i, 488 A QF
A ZAgol Fel AEAAE B

2t AFEAPES] BEYPSE AHEE 1099 B5
A. omorii®} &F AUYAHEL Acrocalanus gracilis,
Euchaeta plana, Pareuchaeta russelli, Pleuromamma
gracilis7t 283t (Figs. 12, 13). A omoriix= 3
ZAH A A 2dsgon HT 103570A/m*e
@22 Jehligdeh 53 Wy FEHGSTH T
Za}rlo) A ztzt 130.870 A /m®, 391270 F)/m’e] E&
z8ge Jehidd GF 9FIFEL 1074A/m’
ol3te] W& IS Yehilon F2 Ty
oA &3t

199 A%, 1084 £d3R<d
o 23R gdgroy At AL Centropages
abdominalis7} 1074 A /m® o]8te) @& FHFL
ehie Q&el A 2HEYTh A omorii= BT 2990

3 OF APNEE
4%

f 4



138 A4S - oA - A

April, 1991
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Fig. 13. Distribution of indicator species (individuals/m’)
of copepods (Acartia omorii, Centropages abdomi-
nalis and Metridia lucens) in Pusan Harbor, in
April and July, 1991
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Fig. 14. Diversity distribution based on the data of the
major zooplankton groups and copepods species
in October, 1990 and January, April and July,
1991 in Pusan Harbor.
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Fig. 15. Dendrograms and maps showing the ecological areas demarcated according to faunal groups by cluster analysis
in Pusan Harbor, in October, 1990 and January, April and July 1991
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Table 2. Percentage composition of zooplankton at station in each area defined by cluster analysis

Month October January

Area 1 I m I 11

Zooplankton St 1 2 5 6 3 4 1 2 3 4 S 6
Protozoa 013 1.66 1796
Coeclenterata 041 224 026 116 1.66 1.21 094 1.59 3.09
Polychaeta 013
Chaetognatha 363 1124 026 1163 277 543 121 1.59 1.03 028
Cladocera 028 159 1753 1.56 028
Copepoda 9476 7752 9723 8023 8670 8370 9272 9810 7617 7732 9818 9914
Cirripedia 0.81 145 0.28 435
Amphipoda 041 562 103
Decapoda 0.83 1.09 1.21 0.79 0.26
Oikopleuridae 337 0.40 349 1.66 543 1.21 0.40 0.28
Euphausiid 094
Pteropoda 121

Month April July

Area I I I 11 i

Zooplankton St. 1 5 6 2 3 4 1 2 3 4 5 6
Protozoa 2143 37.60 649 9231 6238 8900 209
Coclenterata 130 198 244 209 734 041 520
Polychaeta 134 0.53 099 201 0.70 367 1.64
Chaetognatha 130 799 384 206 520
Cladocera 2812 1280 6234 477 1386 342 1399 2500 2201 5000 3374 3377
Ostracoda 198 070 183
Copepoda 4642 4960 2338 239 990 416 5198 3749 3027 1923 1564 2727
Cimipedia 260 099 049 1000 1042 1651 1153 3169 2338
Amphipoda 1.98 201 384
Decapoda 260 396 1201 1042 1101 384 988 260
Oikopleuridae 134 099 049 503 734 384 329 2.60
Fish egg 134 099 139 384 123
Fish larva 0.70 1.16
YAl JERte ™ A omoni9] YES ®AH ok ZA8L I3 493 794E 20~30% W9
gy gdse 798 AL A ZAMC MR Hg ZAEL 29tk 4¥0le Noctiluca scintil-
=4 Jveigth ¥R fZHF F A omori= A lans?t & 291 A5 E(Protozoa)® A Z}(Clado
ZAH] 1.009) £88¢ JERAT B F A cera)7t 281 7T¥lE AZtHIF HinF & £
Z2 1087 2339 =d Acrocalanus gracilis, &S VERRIT
Pareuchaeta russelli$} Plewromamma gracilis< 0.25 A 1o Yolr EAAQ e 1082 AYe

o] 2982 123 Euchaeta planas 0752 €@
&2 Yehidch 193 4900 At ALLFRY
Centropages abdominalis%to] 0679} 2888 e
WAt

s IelM

SAHA FEEHIAETS 8
(Copepoda)2A] 1043 1€el&

B 80% <)ol

ZAelol CODE 39 It o &9 vt
1A Uelygtel 192 2% A omoriie) 9=}
Mg 953 Egch gdes 798 AT A
ZAFolA aY 12T @A Jdebdth AEY 8
g 24€8e 2 89 1% 2ol A omori7}
A zZA YL 1.008& JehR o 420 C. abdom:-
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nalisTrol 0.672) 28-&S VeEAT 1084 Y
I 23sYd GF AFEFTE 2A3HA st
w3t 79olv 874 EQ Metridia lucens7t 0.502]
248e2 JEth §8 EF3E9 A Y
13 o] &Y [ANE 22477 3 HolH o,
49T+ Noctiluca scintillans7} 5 20 LAEE 0l
8123%2 HHToldch 9 1o a4F BT
ZAEL 19 AT A 2AY Y (W} @
srom &9 IMuchks =8k

g ML 1093 78w diEsolAe gL
g2, COoDY ¥x 2 A omoni®l Y7t Y I
Ilo] ¥l Eov dose 7 WA Jehudoh
TINg] 7A$ 10€9+e t& algof vjsf] e ¥y,
790l 7P EA Jelgth XNEAY 24dRFE A
omoriigro] E¥stgeni A =AMYA 1009 &3
&8 Jehigih &Y o) &33e FEETA
EF9 A9, 1090 8477 9P Tl
ZAEL Y I3 NRg @ik 7€l A4HF7
#H9ATFo|H o)9o] 27, TAF FA(Cirripe-
dia larva)$o] BT 20% ol & ZAHES B

Aok

o ¥
5 AEEZIE, ANNE 5 47 HY 24
232o 2EAY 2 24 I 2 H49 4

I A Jge w3 gtk B3, ol F EXE
7o} se A=l EXe AEAY FEA
Byopte REHde YR AsLHE Z 4
os|Zc} (Bary, 1963ab,c; Johnson and Brinton,
1963; Colebrook, 1964).

Ao QAT A e A, JgFHe €d
7 Ws}h Aete], 4% Qg £X ¥ T
8733 U BAE 2tk Collins and Williams
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E o] d¥o g Zehl eva Eust
Ack Lee (1972)¢ Asfivt 2 2 AF #HAol &
T3l 9Z4F TEAe) A IFAHY vt
wtgl gEpzica ok

B ApoMe 249 QAs e #dse a4
53 Fa AEAH T Ay ¥ ¢ FEZ
SdaE FARLS dTstgoen, =g HS8E A
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2

HE €°1 %}‘”Ol =
vebygth dEe] ¥kt F Eold AL
dEgn Fade #F ¥ F=E ‘3}%
Fgut 24 Jehdois Rojh ol

S8t ot MERo2RE ‘{J-‘ﬂﬂ
A7 oleg 2R P duha I8
7S H7ZAAEo) T0cm/secE ¥4 ool H%
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yopages abdominalis7t 73 ZAFA A thek &8
i len, 789de ¥FA FA Metridia lu-
cens7t, 1090l W& 9F3 EA Acrocalanus
gracilis, Euchaeta plana, Pareuchaeta russelli, Pleu-
romamma gracilis7} 288 Qc}. o] ehzde] 743} 10
Yol 9] A3 woy 193 4¥de ¥
obee] dEe A Mg lor 53|, 1¥€dd=
C. abdominglis= S|&oMT AF FEIIY
COD 2 TIN:EE 9o ez 7N ¥
olNE AT Urhiio] gro Ugte] g Ft
g Rog JEhith

AcartiaZ A& Fdo] FAHD Rggsrt 1
g Weks e fr1edREZoR 7 ik
B3y vt ¢le} (Yamazi, 1956; Park and Lee, 1982;
Ueda, 1986). & A7olM vt &8ss Acartia
omoriis QAAFAZEoE FEFAE W7 H
sty ZAMY ¥=2 CODste) A@aAE it
o] 2o ZAFPo] FHHE 448 AstnE ¥
ABBAAE JeRAR oD FAMLe wet xtole
QA Hnd e ABVBAE JehHA

7t AEAZS BIPFEL HA, A omoriie A
ZA o] 2@AsPoU 190 HPo] 7MY ¥R
on JatdA Ugez sHaM F8Fe] T8
opge Uehfo]l COD 2 TINF=7F %A W
stoz 7N Zrlete g 2e e UE
Witk

W& 9kAEQ Acrocalanus gracilis, Euchaeta
plana, Pareuchaeta russelli 28] Pleuromamma
gracilis7} 1090t F2 AFoIM 47 e
Wgsl 2 sodtA 9gE nxe Ao u
eld}. olsizrol 10¥e] IH7L FaiAte) it
A7tA A YL mATR: AHA L ofr] T
g7te 9 motgel BEX d7o] oz 2uH ¥
9lch (Lee, 1972; Park and Lee, 1982). A% A&
%01 Centropages abdominalis= Z=A 194
Sjatol A A% @3] AR 49ole WETAA
o 2yae guisid 28T ol FA ¥
A5 7) AR Qg Aeqrt 490 3 HHE
gz B3 7108 RHojgt Az 0T &
Ao Kang (1974)% Gong (1971)¢ G Ak
WXo] B ATANE £ d79 dAEe ARE

E:ﬂs}'——ﬂ %lr,],_ %U]())J\“E‘ 215]'8‘ {ﬂ'%}\é%ﬁ Metndla
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o3l Aoz o7k Kim and Kim (1983)2 ¥
getol 2¥ste W47 sHAldlE A7 2 &71
a8 97 oAz 21§ w2y Lim
and Chang (1969)2 siAlol digtsidel X35& &
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232 Jehfdch

bk ol A$ COD 2 TING F=7t 7 2
190 713 oo, 193 79E COD% TIN®
T7b oA Ugez shEA FohAE ¥l
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+ vt} (Sanders, 1968). ojstg& AbEE 1
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HZWES Noctiluca scintillans?} B3 7o)},
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