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Abstract - Zooplankton was sampled vertically with a Norpac net from Gamag Bay in
April, July, September and December, 2001. Copepods were predominant in April and
December, and cladocerans in July and Noctiluca scintillans in September, respec-
tively. There are high spatio-temporal fluctuations in the abundance of zooplankton
with a range of 22~17,197 indiv./m3. In the copepod community, neritic species,
Eurytemora pacifica, Acartia omorii, Centropages abdominalis and Calanus sinicus
were predominant in April; Labidocera rotunda and A. erythraea in July; A. erythraea
and Paracalanus parvus s. l. in September; A. omorii and E. pacifica in December.
However, oceanic species Eucalanus sp. and Neocalanus sp. were abundant in Septem-
ber. It indicates that although Gamag Bay is semi-closed, the distribution pattern of
zooplankton is seasonally strongly affected by oceanic waters in addition to neritic
ones.
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Fig. 1. A map showing sampling stations in Gamag Bay.
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Fig. 2. Spatio-temporal distributions of chlorophyll ¢ concentration in Gamag Bay on May and June 2001.



Zooplankton in Gamag Bay 121

Fig. 3. Spatio-temporal distributions of chlorophyll @ concentration in Gamag Bay on October 2001 and January 2002.
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Table 1. Variation of mean water temperature (°C) and
salinity (psu) at each station in Gamag Bay from
April, 2001 through December, 2001.

T-S Temperature Salinity
Stations\Apr. Jul. Sep. Dec. Apr. Jul. Sep. Dec.
1 142 286 249 115 276 319 308 315
2 141 269 245 11.7 31.0 319 31.8 322
3 138 27.7 247 116 314 318 31.8 322
4 141 269 241 11.7 314 31.7 317 321
5 134 26.7 240 11.7 314 319 31.8 32.2
6 133 26.8 24.0 11.7 313 319 31.7 322
7 137 30.1 234 122 31.1 319 316 324
8 135 254 235 119 313 321 31.7 323
9 135 25.8 236 119 313 32.0 31.6 323
10 125 255 236 — 312 319 315 -
11 127 238 236 - 312 321 315 -
12 129 270 235 - 313 319 315 -
13 12.7 239 238 - 313 322 314 -
14 126 240 239 - 310 315 309 -

Percentage

12 3 45 6 7 8 9 10 11 12 13 14
Station
W Noctiluca 8 Copepods E1 Appendicularians
I Sagittids a Larvae B Others

Fig. 4. Compositions of zooplankton in Gamag Bay on
April 2001.
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Fig. 5. Compositions of zooplankton in Gamag Bay on
July 2001.
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Fig. 6. Compositions of zooplankton in Gamag Bay on
September 2001.
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Fig. 7. Compositions of zooplankton in Gamag Bay on
December 2001.
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Table 2. The list of zooplankton observed in Gamag Bay.
Roman numeric IV, VII, IX and XII represent
April, July, September and December, respec-

tively
Species Month

Noctiluca scintillans IVv. VII IX XII
unidentified Siphonophorid spp. VII IX
unientified Trachymedusa spp. v VII IX
unidentified Ctenophorid sp. X
Evadne tergestina VI IX
Podon polyphemoides XII
Penilia avirostris VII IX
Acartia erythraea VII IX

A. omorii v XII
A. sp. VII

Calanopia thompsoni X
Calanus pacificus VII IX

C. sinicus v X1I
Centropages abdominalis v XI1
C. dorsispinatus X

C. furcatus X
Eurytemora pacifica v XII
Eucalanus sp. IX
Euchaeta rimana IX
Labidocera acuta X

L. rotunda VII IX
Neocalanus sp. X
Paracalanus parvus s. 1. Iv VI IX XII
Pseudodiaptomus marinus Iv VII IX XII
Temora turbinata VII IX XII
Tortanus forcipatus VII IX
Undinula vulgaris X
Corycaeus affinis Iv VI IX XII
Oithona sp. XII
Euterpina sp. XII
unidentified Amphipod sp. IX XII
unidentified Isopod sp. XII
Squilla sp. VII

Lucifer sp. Vil IX
Sagitta crassa Iv. VII IX XII
S. enflata X
Oikopleura dioica Iv. vl IX XII
unidentified Dololium spp. IX
Gastropod larvae w vl IX
Cirriped nauplii and cyprii Iv. Vi IX XII
Decapod zoea and mysids Iv. VII IX XII
Polychaet larvae IX XII
Ophiopluteus larvae VII X
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Table 3. Species composition and abundance (%) of zooplankton in Gamag Bay on April, 2001

6 7 8 9 10 11 12 13 14

Species 1 2 3 4 5
Noctiluca scintillans 00 0.0 0.0 0.0 0.0
unidentified Cnidaria 30,9 00 00 00 0.0
Acartia omorii 6.8 9.7 6.1 10.6 9.0
Calanus sinicus 1.3 22 0.8 5.6 4.6
Centropages abdominalis 5.1 4.9 6.6 6.3 8.4
Eurytemora pacifica 559 83.0 862 739 732

Paracalanus parvus s. 1. 00 00 00 35 45
Pseudodiaptomus marinus 0.0 00 00 00 0.0

Corycaeus affinis 00 01 00 00 00
Sagitta crassa 00 060 00 00 00
Oikopleura dioica 00 00 03 00 02
Gastropod larvae 00 00 00 00 01
Cirrepediid larvae 00 00 00 00 00
Decapod larvae 00 01 00 00 0.0

60 00 00 00 00 08 b4 155 0.0
00 00 00 00 00 00 00 00 0.0

10.1 94 113 134 164 157 23.0 274 143
89 44 28 20 20 64 61 81 561
96 7.5 103 122 22.7 33.8 42.0 37.0 102

66.2 759 734 707 560 393 186 36 6.1

45 10 10 10 20 30 41 72 82
03 06 02 00 00 00 00 00 00
00 02 01 00 01 02 02 05 00
00 00 00 00 00 O01 01 02 20
03 04 07 07 08 07 06 05 00
02 06 02 00 00 00 00 00 00
60 00 00 00 00 00 00 00 20
00 00 00 00 0.0 0 00 00 10

Total abundance (indiv. m=3) 2375 15762 7891 11434 6480 4901

4841 6413 8254 4794 3480 3167 4217 986
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Table 4. Species composition and abundance (%) of zooplankton in Gamag Bay on July 2001.

Species 1 2 3 4 5

6 7 8 9 10 11 12 13 14

Noctiluca scintillans 119 00 00 00 14
unidentified Siphonophora 0.0 00 00 0.0 0.0
unidentified Trachymedusae 0.0 00 00 00 0.0

00 00 06 01 07 90 116 510 53
00 00 00 00 00 02 00 00 43
00 00 00 00 00 02 00 00 04

Evadne tergestina 5.5 5.6 6.0 21.3 116 12.1 116 145 353 55.6 522 815 299 275
Penilia avirostris 440 626 724 224 177 225 97 262 130 28 98 41 17 490
Acartia erythraea 46 6.7 45 336 463 423 189 203 256 28 06 03 05 22
Acartia sp. 1.8 1.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Calanus pacificus 00 00 00 00 00 00O 00 00O 00 00 01 00 00 00
Centropages sp. 00 00 00 00 00 03 00 06 00 00 00 00 00 00
Labidocera rotunda 1.8 56 25 145 136 161 448 128 135 299 113 09 84 20
Paracalanus parvus s. 1. 00 00 ©O00 00 ©04 05 04 06 04 01 08 00 00 05
Pseudodiaptomus marinus 2.8 45 60 04 00 00 00 00 00 00 00 00 00 33
Temora turbinata 00 00 03 00 00 00 00 00 00 00 00 00 00 00
Tortanus forcipatus 2.8 1.1 0.8 0.0 0.7 0.0 0.0 0.3 0.1 0.1 0.3 0.2 0.2 0.0
Corycaeus affinis 18 06 04 00 o00 00 00 00 00 O0O0 09 00 00 10
Oithona spp. 12.8 2.2 1.0 2.2 0.0 1.3 0.0 0.0 0.0 0.1 0.8 0.0 0.0 0.0
Squilla sp. 00 00 00 00 01 00 00 03 00 01 01 00 00 0.0
Lucifer sp. 00 00 00 00 0O 00 0O 0O 00 OO0 01 00 02 00
Sagitta crassa 0.0 0.0 0.0 0.0 5.7 0.6 54 157 104 2.9 1.0 0.1 0.2 0.3
Oikopleura dioica 09 00 00 00 00 00 00 00 00 OO 08 00 01 03
Gastropod larvae 09 00 00 o00 OO OO0 00 OO0 01 00 06 00 00 00
Cirrepediid larvae 3.7 6.7 2.0 1.1 0.0 0.3 0.0 0.0 0.0 0.1 1.7 0.1 0.0 1.5
Decapod larvae 46 34 35 45 25 40 93 81 15 48 96 12 79 23
Ophiuroiid larvae 00 00 00 00 00 00 00 00 00 00 02 00 00 01
Total abundance (indiv. m=3) 22 36 199 89 1174 124 829 550 860 2301 1065 16330 3827 1258
erythraea®} 5214 Q) Labidocera rotunda7} ot Fot%- 0 5 10 15 20 25
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Fig. 8. Dendrogram showing each station by clustering
with squared euclidian distance, within-groups
linkage on April 2001.
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Table 5. Species composition and abundance (%) of zooplankton in Gamag Bay on September, 2001.
Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Noctiluca scintillans 0.0 314 888 619 869 984 802 881 979 887 766 72.7 66.6 93.3
unidentified Siphonopora 0.0 00 00 00 02 00 09 03 00 03 13 11 09 01
unidentified Trachymedusae 22 13 00 00 02 00 05 03 00 01 03 02 00 03
unidentified Ctenophora 00 00 00 00 02 00 00 00 01 02 01 02 00 00

Evadne tergestina 467 96 55 49 16 00 06 11 03 07 03 05 03 01
Penilia avirostris 00 00 00 00 02 00 00 OO 00 00 00 00 0.0 0.0
Acartia erythraea 484 478 44 228 49 04 27 19 01 26 59 48 44 1.7
Calanopia thompsoni 00 03 00 00 02 00 01 00 00 00 01 00 00 00
Calanus pacificus 00 00 00 02 00 00 01 08 00 02 03 05 00 00
Centropages dorcipinatus 00 00 00 00 00 00 00 00 00 00 03 03 00 0.0
Centropages furcatus 0.0 0.0 0.1 02 05 00 02 03 0.0 03 0% 1.2 06 0.1
Eucalanus sp. 00 00 00 00 00 00 00 01 00 01 01 02 00 01
Euchaeta sp. 00 00 O00 00 00 00 00 00 00 00 00 00 03 0.0
Labidocera acuta 00 00 00 00 00 00 00 01 00 900 060 00 00 0.0
Labidocera rotunda 00 03 01 02 00 00 00 o00 00 01 00 00 0.0 00
Neocalanus sp. 00 00 01 00 08 01 16 01 01 63 04 03 09 01

Paracalanus parvus s. 1. 05 03 0.1 1.2 1.1 04 87 45 07 1.9 48 64 150 20
Pseudodiaptomus marinus 00 00 00 060 00 00 00 00 00 01 03 06 03 0.0

Temora turbinata 0.0 0.0 0.0 00 00 0.0 0.1 0.1 00 0.0 0.1 0.3 0.6 0.0
Tortanus forcipatus 0.0 10 00 06 05 00 00 01 00 0.1 0.3 0.2 00 0.0
Undinula vulgaris 00 00 00 00 00 00 0O 0O 0O 01 00 00 00 00
Corycaeus affinis 60 00 00 00 02 00 01 00 00 00 OO0 02 00 0.0
unidentified Amphipods 00 06 00 00 o00 00 01 0O 00 01 00 00 00 0.0
Lucifer sp. 00 o00 OO0 02 00 00 O00 00 01 01 00 00 03 0.0
Sagitta crassa 00 10 02 10 03 01 00 02 01 09 04 08 06 02
Sagitta enflata 00 13 03 59 21 03 09 04 01 08 21 18 06 0.3
Oikopleura dioica 0.0 0.3 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.3 0.7 0.5 0.9 0.1
unidentified Dololium 00 00 00 00 00 00 00 o00 00 01 00 00 0.0 0.0
Gastropod larvae 05 00 00 00 00 00 00 OO 0O o000 01 05 00 00
Cirreped larvae 00 26 00 04 02 01 14 09 02 09 21 42 47 11
Decapod larvae 16 19 03 04 02 01 11 06 02 13 26 23 25 02
Polychaet larvae 00 00 00 0O 02 00 00 02 00 00 03 06 03 0.0
Ophiopleuteus larvae 00 03 00 00 00 00 00 01 00 00 00 00 0.0 00

Total abundance (indiv.m=%) 636 934 5793 664 1895 15285 1296 3148 17197 1405 1686 1785 537 5306

0 5 10 15 20 25 0 5 10 15 20 25
Sta. |— f t t t — Sta. | t t —t f {
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Fig. 9. Dendrogram showing each station by clustering Fig. 10. Dendrogram showing each station by clustering
with squared euclidian distance, within—-groups with squared euclidian distance, within-groups

linkage on July 2001. linkage on September 2001.



Zooplankton in Gamag Bay 127

Table 6. Species composition and abundance (%) of zooplankton in Gamag Bay on December, 2001.

6 7 8 9 10 11 12 13 14

Species 1 2 3 4 5
Noctiluca scintillans 0.0 0.0 00 00 6.9
Podon polyphemoides 00 00 00 00 07
Acartia omorit 53.3 723 785 80.5 639
Calanus sinicus 00 00 00 00 07
Eurytemora pacifica 455 26.6 209 184 1.7

Centropages abdominalis 0.0 0.0 0.0 0.0 88
Paracalanus parvus s. 1. 00 00 00 00 15
Pseudodiaptomus marinus 0.0 00 00 0.0 0.0

Temora turbinata 0.0 00 00 00 0.0
Corycaeus affinis 00 00 00 00 0.0
Oithona sp. 0.0 0.0 0.0 0.0 1.0

unidentified harpacticoids 0.0 0.0 0.0 0.0 0.5
unidentified amphipods 00 00 05 08 0.0

60.3

73 264 212 160 187 140 133 234 94
09 05 00 00 05 00 00 00 11
233 400 370 275 323 412 271 816
05 10 35 20 38 54 24 75 08
14 16 47 40 16 32 24 19 11

106 52 47 60 27 32 52 65 19

1.2 212 141 70 176 161 85 84 15
00 05 00 00 11 11 14 09 00
00 05 00 00 1.1 00 05 19 00
00 05 00 05 11 11 05 00 0.0
1.2 10 12 15 05 22 09 09 15
07 00 00 05 00 00 05 00 04
00 00 00 00 00 11 00 00 00

unidentified isopods 02 00 00 03 00 00 00 00 00 00 ©00 00 00 0.0
Sagitta crassa 00 00 00 00 00 00 00 00 05 00 22 09 28 00
Oikopleura dioica 02 00 00 00 135 151 161 9.4 23.0 192 161 204 140 0.0
Cirreped larvae 00 00 00 00 07 07 10 12 10 16 11 05 19 0.0
Decapod larvae 02 12 00 00 00 00 00 00 00 00 00 00 09 08
Polychaet larvae 06 00 00 00 00 00 10 00 10 27 11 14 19 00
Total abundance (indiv. m=3) 1609 3108 517 1850 2437 876 360 620 1242 359 520 1474 193 1715
5 10 15 20 25
Sta. |— +— = —+ t ; B 9|

L (A)

-(8)

Fig. 11. Dendrogram showing each station by clustering
with squared euclidian distance, within-groups
linkage on December 2001.
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