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Characteristics in distributions of T, S, nutrients, chlorophyll a concentrations and meso-zooplankton abun-
dances and the relations among these parameters were investigated with the data collected in Asan Bay around
the rainy season from May 24 till August 25, 2006 at about 10 days interval. Freshwater input during the rainy
season clearly affected the distributions of zooplankton and phytoplankton (chlorophyll ). Freshwater dis-
charge resulted in high nutrients decreased zooplankton abundances. On the contrary, chlorophyll @ con-
centrations increased at the end of the rainy season. It seemed that the increase of chlorophyll a concentrations
was the result of the decreased zooplankton and enriched nutrients caused by freshwater discharges. Seawater
temperatures were certainly the reason for the zooplankton succession. However, overall abundance of zoop-
lankton and abundances of some zooplankton such as Noctiluca scintillans, Acartia pacifica, and Sagitta crassa
seemed to be influenced by lowered salinity caused by heavy rain rather than seawater temperatures.
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Fig. 1. Map of the sampling sites in Asan Bay.
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Fig. 2. Daily mean and monthly sum of precipitation in Asan Bay
during 2006.
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Fig. 3. Temporal variations in seawater temperatures in Asan Bay
from May 24 to August 25, 2006 (A: surface, B: bottom).
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Fig. 4. Temporal variations in salinities in Asan Bay from May 24
to August 25, 2006 (A: surface, B: bottom).
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Fig. 5. Temporal variations in averaged nutrient concentrations in Asan Bay from May 24 to August 25, 2006(A: nitrate-nitrite, B: ammonia,

C: phosphate, D: silicate).
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Fig. 6. Temporal variations in chlorophyll a concentrations in Asan
Bay from May 24 to August 25, 2006 (A: surface, B: bottom).
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Fig. 7. Distribution of total zooplankton abundance in Asan Bay.

ek, k) 9 g2l 1274 indiv/m’ATHFig. 7).

FAF 717 B ot S ellM et AR A Al
1% °)d& AR3ke TEEHAE 5 2472 Acartia hongi,
Acartia pacifica, Calanus sinicus, Paracalanus parvus, Tortanus
spinicaudatus®t BRYFER] Noctiluca scintillans, 345 742
Decapoda nauplii, 28]1 E2F5-ER! Sagitta crassaz 233 874
FHre] A ol Al FEERAE AATY 87%F XA}
R Aol wEt AAFES) §4, X2 (Podon spp., Evadne
tergesting), =952 HA, T8l ZAO)F(Mysidaceayso] $3
ERTOE YERTHTable 1).

FQ 4 Q7Y Acartia hongic 7] Q0 58 2447 6
9 164(1, 23 ZAhollE B AT} 418 indiv/m’Q oL} 01 %
A48l 68 234 3A AP 171 indiv/m®, ARE710 72,
52} ZAhel= 29 indiv/m®2 A3t 886, 7AF FAhOl= 21
indiv/m’® Zrt7) o1 A% asigivh. AE A s
n7] el 7E) Q4 Hlelld AIE 12 A B2 3o, 69
23U 32k ZAbele 7] /gl niske] wte] RPEE (gl 4, 5y
A ok, Anpl AR EA dAF 02 A4S thFig. 8A).

Q7Y% Acartia pacificac 52 AAEA Gttt 68 olF
Uehtr] A Zsieict. Anlriel 745 Tkl ekl £330 F4
& T AA3] SRkl B 16 indivim’E 578 o, At
717F At 88 11Y(63F ZAhelle whe] KER1 A 20014 # o)
594 indiv./m’, H¥ 245 indiv/m’E 7P B2 JRAISE B3 8
4 25973 ZAPellE oA HAsle] gkl Qi AT 100
indiv./m* W19 78 FA8I%0L whe] nigF o 7PEA A
3lod AA 4, 56141 1 indiv/m® ") 3CKFig. 8B).

QZVF Calanus sinicust> SBHE 88717 A e 2ds3
on Aupy] Aol HHF 132 indiv/m’E 7P Botrh AgERe
TE] QM 44 indiv/m’)ollX] W] MpEER O R ZheE fobg
T 237indiv/m’). 68 o1F WA Al Hasie] Anrld]
= He 7 indiv/m’P 25 Fvlr] Fol & HF 12 indiv/m’E &S]
CHFig. 8C).
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Table 1. Abundances (indiv./m’) and averaged percent composition of major zooplankton in Asan Bay.

Averaged abundance Composition
Taxon
May 24 Jun. 16 Jun, 23 Jul. 13 Tul. 24 Aug, 11 Aug. 25 (%)

Noctiluca scintillans 324.6 191.0 2277.5 23.7 34.7
Hydromedusa 272 23.6 7.3 0.7
Bivalve larva 0.7 14.9 0.2
Gastropoda larva 49.6 15.8 104 5.9 1.0
Polychacta larva 24.8 0.3
Cirripedia larva 44.8 90.2 12.2 1.8
Podon spp. 24.8 0.3
Evadne tergestina. 184.6 23
Acartia hongi 427.6 409.0 171.3 53.0 5.7 38.2 13.6
Acartia pacifica 20.2 10.8 245.2 312 38
Calanus sinicus 112.5 211.4 71.9 12.7 1.2 23.1 53
Paracalanus parvus 51.5 31.0 26.9 0.8 915.7 32,6 13.0
Labidocera bipinnata 28.1 36.9 0.8
Pseudodiaptomas marinus 44 0.1
Tortanus spinicaudatus 335 66.6 12
Corycaeus affinis 24.9 0.3
Mysidacea larva 32.6 04
Decapoda nauplii 323 259.7 132.6 161.6 334 190.2 104.3 11.3
Sagitta crassa 29.5 39.9 29.1 17.6 6.9 124.6 80.6 4.0
Echinodermata larva 74.4 21.3 1.2
Oikopleura spp. 5.8 0.1
Fish larva & eggs 46.8 1.6 0.6
Unidentified eggs 2.7 0.0
Sum of above listed taxa 1003.1 1269.9 2713.4 364.1 63.8 2021.2 443.2 97.0
Others 30.5 40.5 69.5 19.2 3.1 54.3 28.8 3.0
Total 1033.6 1310.3 2782.9 383.3 66.9 2075.6 472.0 100.0

2 HY o} 68o= A 41 indiv/m’E Holgith FAnlr)e) 7€
ole 7iAIGTE 48] B 14 indiv/m’Poh Fepr] 391 89
1462} 2Ahell= AAG7E 343) F7181] BT 916 indiv/m’
RO}, 88 25U(7AF Aol B 33 indiv/m’E THA] 7HAs)
ok I EXxE= e FAEA 2, 30l wREoE 94 9
ArhFig. 8D).

|2 Q7ZVF Tortanus spinicaudatus= 37F7] A3 Aulr) o
£ -2 indiv/m’E Ao Aupr] Fofl= whe) okl FH 18
SHOE 212} 112, 206 indiv/m’® Z7V8IITHEE T 34, 67 indiv./
m’), 2| FH2 7] QM| 9iglor vkl ngE o 7 sl
WA= 4301 tHFig. SE).

HREER! Noctiluca scintillans= 740}7] Rol= B 931 indiv./
m'3 2w, 64 2343 ZAholE o) vlEE AAQ] 49) sollA]
Z}z} 6009, 5049 indiv/m’Z T TABSIIT} Aulrlol= A A4
oM A3 EHaA Bzt Anp17r At 88 25U (7R} FABel
T W vl Eolut A8kt 24 indiv/m®) 283K Ul =
71et 687} v|EiA|Nt 2HFL 1¥Q) 8Yol| EXFAL ulo] nf
2o tHFig. 8F).

45 -4 (Decapoda naupliiy® 7 131 indiv/m*E k] &
R AR 29} 3& FHoE nEA B¥Egct Zulr) A 5
B3 AR 78 244 (53 220l 44 HE 32, 33 indiv/m’E

7F¢ A} om, eyl AAGT} Aasl ) AT 2 Jeke
2] ek9kth(Fig. 8G).

2B Sagitta crassa= 377 AdlE B 33 indiv/m’Y
1, Aup7lels B 12 indiv/m’ 2 7P AUrk. Aep] Fejle
HF 103 indiv/m’S 271510}, M 0 2= whe] ¢k} dhof] 1
EA #2350 THFig. 8H).
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2 FBY SR Fo7] ARl 72 13 B5ex T
=& 72 X3} Chlorophylt o5& oF 1020] 2|t 7€ 244
o 718 &3tk sFrdel AEE B o] g A EEa
S A L AP FFE £ F U BRI, 9, FE 59
ofg] 74 83 AAES dAIFE WSIAIZItHCloem et al,
1983; Malone ef al., 1988; Boyer et al., 1993). A 52005y
ZA] FF MEAl drF oz B kol Tl H=EE Thild
FEE W1 YU T SURM Brha sslvh. G
F=Ut Zuplel 7P A JERd R A o) Aol o
o] &7 FY=] wiEel, 1 ©]%¢] chlorophyll a EE7}
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Fig. 8. Distribution of major zooplankton abundance in Asan Bay (A: Acartia hongi, B: Acartia pacifica, C: Calanus sinicus, D: Para-
calanus parvus, E: Tortanus spinicaudatus, F: Noctiluca scintillans, G: Decapoda nauplii, H: Sagitta crassa).
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HIE0R F EFTEY 54 BHd sk ERdE
¥ AgHo)| = BRTER TEIY. Calanus sinicus, Acartia
hongi, Decapoda nauplii, Noctiluca scintillans?} 4%+ ATHF2 )
WA o] Y2 rC 03] 5, 620 F3IR. W, Coryeaeus affinis,
Paracalanus parvus, Acartia pacifica, Sagitta crassa, Tortanus
spinicaudatus7t %3 BIE-S Arl| o]F 0] Hobse(20°C
oy 8ol At AL WFol 2 22 Wsle} AniE
U3 HE- A TS AVIF R FHEEe] WS Wil
[910] A GEAAE 23k A2 4A gvh 1 F&
EHAE MAF7L T HER] oL, Gl tiste] AgER1 g
4& BRIthd o] gQlo] ] B JE& FHEA wdo] §o]
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Fig. 9. Dendrogram showing the degree of co-occurrence among the nine taxa of zooplankton obtained by the cluster analysis with cor-
relation coefficients of abundance data in Asan Bay from May 24 to August 25, 2006.
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T2 10°C o3}, HE 33 psu o|FHllA $-ATTL s3I} okt
Gl A hongi7t 648 015 MAF7} A BAS R C. sinicus
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Table 2. Correlation coefficients (r) between zooplankton abundance and temperatures in Asan Bay from May 24 to August 25, 2006.

Cluster analysis group  Species

Correlation coefficients (r)

all data pooled  Before rainy season Rainy season After rainy season
Total zooplankton -0.78"
A group Calanus sinicus -0.51° -0.62"
Acartia hongi -0.72° -0.417 -0.81"
Decapoda nauplii 0.43™
Noctiluca scintillans
B group Corycaeus affinis 0.34" -0.71°
Paracalanus parvus 0.34" -0.78'
Acartia pacifica 0.36" 0.60" 0.60"
Sagitta crassa 0.44"
Tortanus spinicaudatus 0.50° 0.57"

Asterisks indicate the level of significance at "p<0.05 and *"p<0.1. Blanks indicate no significant correlations.

Table 3. Correlation coefficients (r) between zooplankton abundance and salinities in Asan Bay from May 24 to August 25, 2006.

Cluster analysis group Species

Correlation coefficients (r)

all data pooled  Before rainy season

Rainy season After rainy season

031"
04'

Total zooplankton
A group Calanus sinicus
Acartia hongi
Decapoda nauplii
Noctiluca scintillans 0.25"
B group Corycaeus affinis
Paracalanus parvus
Acartia pacifica

ok

Sagitta crassa 0.25

Tortanus spinicaudatus

*

0.51

0.61"

-0.55™
0.40™
-0.94"
039"

-0.54" -0.77

-0.51™

Asterisks indicate the level of significance at "p<0.05 and *p<0.1. Blanks indicate no significant correlations.
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Table 4. Correlation coefficients (r) between zooplankton abundance and chlorophyll @ concentrations in Asan Bay from May 24 to August

25, 2006.
. . Correlation coefficients (r)
Cluster analysis group Species p : -
all data pooled  Before rainy season  Rainy season  After rainy season
Total zooplankton -0.71°
A group Calanus sinicus -0.25" -0.49™ 0.61"
Acartia hongi -0.42" -0.54" -0.54" 047"
Decapoda nauplii -0.51"
Noctiluca scintillans -0.49"
B group Corycaeus affinis -0.52™ 0.59"
Paracalanus parvus
Acartia pacifica -0.57"
Sagitta crassa -0.68"
Tortanus spinicaudatus -0.64"

Asterisks indicate the level of significance at *p<0.05 and **p<0.1. Blanks indicate no significant correlations.
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