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Changes of zooplankton community and
population dynamics of Oithona similis Claus (Copepoda: Cyclopoida)

near Oryuk islets off Busan, South Korea

Minkyung Shin

Department of Marine Biology, The Graduate School,

Pukyong National University

Abstract

The monthly variations of zooplankton community and population dynamics of
Oithona similis were investigated at four stations near Oryuk islets off Busan,
South Korea. Zooplankton was cellected by using a conical net'(45 cm diameter
with 200 um mesh) from near bottom to surface from May 2011 to May 2012.

Zooplankton community consisted of 132 taxa including 57 copepoda. Total
density ranged from 5,584.7 inds.m™® in January to 28,335.2 inds.m ™ in November.
Copepoda dominated the zooplankton community, reaching 59.8~92.8% of the
total density. Acartia omorii, Corycaeus affinis, Oithona similis, Paracalanus
parvus s. 1., Calanoida copepodite, Copepoda nauplius, Cirripedia nauplius, Podon
leuckarti were dominant species. Of these, P. parvus s. 1. was most abundant

throughout year, accounting for 18.6~69.7% of density of total zooplankton.
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Except for the density of P. parvus s. 1., A. omorii and P. leuckarti were dominant
from May 2011 to July; Copepoda nauplius and Cirripedia nauplius from August to
October; O. similis and C. affinis from November to January; Calanoida
copepodite from February to May 2012. These results suggested that changes of
zooplankton community near Oryuk islets off Busan were related with variation of
temperature and Tsushima warm current.

One of dominant species, O. similis occurred throughout the year, ranging from
5.0 to 31.9% of density of tetal zooplankton. The lowest density of O. similis was
observed to be 179:6 inds.m > in May 2011 and the highest density in November
with 1557.8 inds.m™®. Density” of O. 'similis was strongly "correlated with
temperature and had no correlation with| salinity. There were more than six

generations of O. similis near Oryuk islets off Busan in a year.
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Fig. 1. Location of the sampling station near Oryuk islets off Busan, Korea
from May 2011 to May 2012
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Busan from May 2011 to May 2012
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Fig. 5. Composition of zooplankton mean density near Oryuk islets off
Busan from May 2011 to May 2012
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LRz gEY F9 94 BEHISE 27MF(Copepoda), A ZH#(Cladocera),
2 A7 (Chordata)®t w2+ -4 (Cirripedia larvae)©] 21 tH(Fig. 6).
8779l MASE 1,130.4~6,476.0 inds.m™® gon, d=x =HEL

59.8~92.8%% HA FEZHIAE NMASTS 7P 2 HES AHA| ST

|

2779 JfAlE 20119 5¥€d HA, 11€9e Hdidew 8493 11¥
a8l 299 5,000 inds.m™® o]AFo.= o] A7} &3 s}
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&L 04~10.9%9t. Malrs 29 71 wora, 7¥€3 89 adu
2012 493 59 ZHgkth 793 8¥elE 100 indsm® o|dte] W
MAFE A7 995 H Hak F7keke] 2€o Hd AAF] 771.6
inds.m™*7} =935k}

A 2bFe] A £882 747 0.0~1,239.0 -inds.m 7S+ 0.0~30.8% A T}
2011 5¢3 649 = AATIF AR Bk, =S EIF 26% o=
AR st A ZbRe AAGet EEES Aoz AR whddSs
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WAE e A FdEE 74 1.3~5351  inds.m ¢t
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Fig. 6. Monthly variation in the density of zooplankton major groups near
Oryuk islets off Busan from May 2011 to May 2012
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3.2.3 8 ¥3F €4 ¥T F&

Q75 Acartia omorii, Corycaeus affinis, Oithona similis, Paracalanus
parvus s. 1., Calanoida copepodite, Oithona similis copepodite, Copepoda
nauplius, W2+ -+ (Cirripedia nauplius), A2} Podon leuckarti, V]%5F
Oikopleura spp. & T8 $#d3te 10F°] HA S==HAE MATY
64.4~95.8%%5 A4|8t3ltH(Table 1, Fig. 7).

20119 59dl= P parvus s L AAST7F 607.2 inds.m *(47.4%)%

Zd 8o 7MY E=9al, A omorii®l MASZF 178.3 inds.m (13.9%) %2 F
HAZ SF380] =gt 6ol P leuckarti®l 7BA57F 1,219.2 inds.m”

(26.7%)%2 HEetYow, 7dole 7189 P. leuckartiZb 3R tH(117.3
inds.m™(3.5%)). A. omorii® NAFE 1,160.3 inds.mP® F7}&t]
=3 o] 7M. = (34.7%), P. parvus s. 1.9] WA+ 1,091.0 inds.m”
’(32.5%)2 Ed o] FHARZ =gl 8¥ol= P _parvus s. 1.9] A7}

Ho3te] 4,550.5 inds.m™(76.:4%) 2 3351, 643 7o SUtEAE A
omorii®] WAF7} 135.7 inds.m™(76.4%)% #FA3k3th. 9¥dl= P parvus
s. LY MAF7F 1,284.9 inds.m™P(40.2%)2 74891, £7HF nauplius$t
925 nauplius® WAF7F 242 478.1 inds.m™(15.0%)¢ 194.9 inds.m”
36.1%) 2 2% =719t 10€9l= P parvus s. 1.9 WASF7F 1,319.4
inds.m™(41.0%)Q 1, 7% nauplius®] 7HA<=7}F 482.1 inds.m™(15.0%)%
9¥ 3 GAEA Y. w2 naupliusd ZRAISFE 511.3 inds m3(15.9%)=
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ZAF 717 F =8 AAST P 2tk 11959 Y 197MA] P, parvus s.
1.9 A7 AL ZFAEe] 19l ZAF 71 & P oparvus s, 1.9
=d&o] M $WEka(22.5%), O. similis & =d&LS XA 717 5 M
E=3TH22.3%). 2¢¥3 3¥€elT= Q7' nauplius® E3&o] STUFSEAL
(16.2~16.8%), <d°]o] 4€¥€3} 5¢¥€o|= Calanoida copepodite®] Z=&&°]

24 .5~27 8% = Z7}s1S ).
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Table 1. Density and percentile of dominant zooplankton species near
Oryuk islets off Busan from May 2011 to May 2012

Rank  Species Avr Min Max SD %

1 Paracalanus parvus s. 1. 1842.1 260.3 4550.5 1264.2 41.5
2 Oithona similis 381.7 1184 11855 264.3 8.6
3 Calanoida copepodite 319.9 0.0 1168.6 358.3 7.2
4 Copepoda nauplius 241.1 127 953.6 2846 54
5 Corycaeus affinis 214.3  94.6 622.6 1426 4.8
6 Acartia omorii LAOd S P 1160.3 325.3 4.6
7 Oikopleura spp. 188.7 185 768:6 2057 4.3
8 Oithona similis

150, . O19 365.4  '92.0 3.1

copepodite
9 Podon leuckarti 116.5° 0.0 1219.2 332.9 2.6
10 Cirripedia nauplius 113.5 0.9 511.3  154.3 2.6

Avr = Average abundanee (inds.m™®)

SD = Standard deviation
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Fig. 7. Monthly variation of deminant zooplankton composition near Oryuk
islets off Busan from May-2011 to May 2012
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87+F P parvus s, L AA sE2ZEFAE MATY 18.6~69.7%%
AR e H9-Hela, Fd MASFE 260.3~4,550.5 inds.m™ WAt
843 11l Adidoezw B2 /MAG7E =dsdAT, Aldd e F3g
sl A YEUA] ke (Fig. 8), &3 el d#glel st
(Fig. 9). O. similis®] WA W9+ 118.4~1,185.5 indsm™2 AF
Zdega, 11¥€e &3 JRASFE-1,185.5 indsm 2 HW A7}

=839 H(Fig. 8).-A. omorii®} AT+ 3.2~1,160:3 inds.m™ HY Y,

-3

Aol H A7 EDAHFig. 8). 14~18°CY . Hxo=w T
MA(00 inds.m™ o]Zh)7F E@stala, 20°CYd W= 2& =e A vho]
=dstion, AEde dudel siMHFig. 9). C. affinis®] NAF=
94.6~622.6 inds.m’2] WHZ AT Fds¥, 20124 5€ AL

o7 71kl tHFig. 8).

k)

FHF Tl A7 obd -2 #FA(Calanoida copepodite, Oithona
similis copepodite, Copepoda nauplius, Wz A (Cirripedia nauplius)©]
¥ 3HE QItH(Table 1). Calanoida copepodite®] 7§A4=+= 0.0~1,168.6 inds.m”
ol Melgleon, 1958 MAs F7ketel 20121 5¥el= 1,168.6 inds.m”
‘2 o FAd AAZE @A HFig. 8). 12~17°C, 33.0~35.0 psu & W
Calanoida copepodite®] =& MAF7F DA Fig. 9). O. similis
copepodite= O. similis Aol ZdLAI FASIF oW, JASF=
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19.9~365.4 inds.m™®¢] W1, 11¥€94 365.4 inds.mZ Hu A7}
%3 35}9 tH(Fig.8). Copepoda nauplius®] /WAFE 12.7~953.6 inds.m 9 2L
9¢, 10¢, 2¢ gla 3€9 F7Fekth(Fig. 8). 12~14°C, 33.0~35.0 psu

d o g2 JHA7E =8 thFig. 9).

W7H7 28 (Cirripedia nauplius)?] 7HA9=&= 0.9~511.3 inds.m™¢] W=
A% EFdsgon, 5YRE dRHoR Fykste] 10¥€d AW AAG11.3

inds.m™)7} 88t 1 3 7435 294 thA] F718 v (Fig. 8).
AN ZVF P, leuckarti®) MAGE 0.0~1,219.2 inds.m® Hgom, 6¥9

T43 F7rste] 7 B /RA(1219.2.inds.m™) 7 E&@ 8k tHFig. 8).

o

MAGE ZFA8H] 100 inds.m™® ©]5ll e, ¢k 16°C, 34.0~35.0 psu ¥

=)

B A5 Zd 59 tHFig. 9).

Oikopleura spp.2l WA+ 18.5~768.6 inds.m”

o3
of\
e
[..-9{_5
s
=)
ofj
u

‘QrHFig. 8). ol BE 29U(12~13°C)oll AAGIE FREHA F718H% L,
T8 =9 9% M= 32.0~35.0 psusittFig. 9).

ZAE 71Zbe] HRA ARTE FdeY. EolS  Sagitta enflataw
99HE 11€d FAFHdo= Zdsx, 474 8747 Cosmocalanus
darwini, Nannocalanus minor, Paracuchaeta plana, Undinula vulgarist

thE A7)0 vls] 1093 12¥€¢ Aror we A7 skt

(Appendix 1).

20



1500
Acartia omorii

1000 +

500 +

1000
Corycaeus affinis

500 +

1500
Oithona similis

1000 -

500 -

Density (inds.m™)

5000

Paracalanus parvus

2500 4

1500
Calanoida copepodite

1000 4

500 4

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2011 2012
Month

Fig. 8. Monthly variation in the density of dominant zooplankton near
Oryuk islets off Busan from May 2011 to May 2012
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Fig. 8. Continued
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FEZHAE 7Y F UdH AFe 1.42~2.879 WHYF i, 8EFE
2 2.0 Wl grelddth FAF 71 F 9€3
108 = gy A57 =93, 897 11¥€e = gy A7)

diH ez Skt (Fig. 10). & v Aot & =8 A= vldEskA

ok olth(Fig. 10).

35 8000
3 + 7000
% 25 6000 &~
% 5000 E
£ 5 g
£ L 4000 =
>
o 15 .;_3.
> - 3000 2
(] 1 [0}
L 2000 O
0.5 L 1000
0 - 0
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ODiversity index = Total density

Fig. 10. Monthly variation of the species diversity and the density of
zooplankton occurred near Oryuk islets off Busan from May 2011 to May
2012
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3.2.6 & £4

(
-—

A7z 2@ FEZZAE NATE o8&t Cluster 45 @
A FAE AT 60% FEAA ol Y] aFoR o, oE
nMDS g o2 YehfItHZE 1 20113 5¥9, 2% I 69~8€, I1F&
I 9€¥~10¢, 1% IV: 119~12¢, 1 V: 20129 1¥€~5¢)(Fig. 11).
One-way ANOSIM &4 A3}, &% 5709 17 tel SAHSZ o3t
2ol 74 AT (Table 2).

3 R ¢ ada

o

A A e Ba) TrE 5o 25 wek e,
ol

Z %A A5olA 2ozt At g I 22 13.4~13.8TC P, 1F

ot

[19] & [15.4~21.9C% o, 15 & 22 20.0~242CHRY. 1%
Vel 22 16.8~18.8CA3L, 17 Ve 22 120~165TC=2 Ig¥E=
F29 ztol7k YU, TFLIME Feo] THE =dokEig. 2). 1F el
i zol= ItKEig. 2). 1w [ 47EFol%laL, 1w 112 46~48

EHFolden, OF M -74~76 (EfFzoldth. 1% IV 65~70

b9

OF Ve 45~73 BEFoR OFHWR 3 BET S

A

, 2w 19 R 7 P BdkFig. 3). 1F 19
MAGE 1890.3 inds.m°¢3L, 18 119 MAGFE 3572.8~6521.1 inds.m”
Suom, IF IO AAFE 4025.0~4966.8 inds.mCYth IF IV
NAFE 3513.6~7083.8 inds.m gL, 18 Ve MAFE 1396.2~7047.7
inds.m™Z 1§71l AT Aol A FATHFig. 4). T TFA AFE
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% Io] 2030193, 1§ Io]  1.42~207°9°ew, 1§ IIo
2.48~2.8701%t}t. 1w IV & TS AFE 1.53~2.1901%13, 1w V9

F %A AFE 1.72~2452 a5 119 5 ¥ A57F 7 3ok (Fig.
10).

SEEEEE A

[t

Zb gl 9%

d

12

T

off

1 3L ~Z T
EEHOE FE3

flo

ll

TE9 7dEE <l

¢

171 #fel SIMPER 45 d}3lth(Table 3). L3

[l - += P. parvus s. 1.9] 7] =7} 35:8%% 7} #3kal, Evaden tergestina
(25.9%), A. omorii (10.3%), C. affinis (7.1%) =22 7|4 =7t FA%Th 15
[1efl st 7|y %+ P. parvus.s. 1. (48:4%), A. omorii (13.8%), O. similis
(11.8%), C. affinis (5.1%) & 875 <] 7|57k 79.1% oIt 15
e wisk 7] == P. parvus s. 1.(87.0%), Copepoda nauplius (12.3%),
Cirripedia naulius (8.7%) o2 =%OH, F 11F0] 7los] 71HF 57}

7F okt a8 IVelE= P parvus s. L7} 57ARE A= 7HE A

m

Qkal, O. similis (12.2%),-Oikopleura spp. (6.0%), C. aftinis (5.1%) <=2 &
7| =7 9T I Vol P oparvus s, 1.9 7| E7F 42192 7HE
=9tow Calanoida copepodite®} O. similis= 10%7} @+ 7] =S Bt}

B g FROIE 82479 Aol 1 Bkt
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Fig. 11. Two-dimensional non—-metric MDS ordination plot of sampling
date based on the density of zooplankton near Oryuk islets off Busan.
Dashed lines represent groups over 60% similarity by Bray—Curtis cluster
analysis.
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Table 2. Results of ANOSIM pair-wise tests for difference on zooplankton
community between groups with more than 60% similarity by Bray—-Curtis
cluster analysis

Group R statistic p level

Global test 0.806 p<0.001

Groups compared

[vs. II 0.841 p<0.001
I vs.II 1 p<0.01

[ vs.IV il p<0.01

[ vs.V 0.575 p<0.001
II vs.III 0.872 p<0.001
I vs.IV 0.984 p<0.001
II vs.V 0.691 p<0.001
I vs.IV 0.936 p<0.001
I vs.V 0.855 p<0.001
IV vs.V 0.737 p<0.001
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Table 3. Results of SIMPER analysis for zooplankton species for five
groups with more than 60% similarity by Bray—Curtis cluster analysis

Group Species Av.Ab. Av.Sim. Contrib.% Cum.%
Paracalanus parvus s. 1. 607.2 23.0 35.8 35.8

I Evadne tergestina 512.6 16.6 259  61.7
([gzgg?' Acartia omorii 178.3 6.6 103 720
' Corycaeus affinis 112.9 4.6 7.1 79.1
Oikopleura spp. 126.8 3.8 5.9 85.1

Oithona similis 118.4 3.7 5.8 90.9
Paracalanus parvus s. 1. 2325.2 25.3 48.4 48.4

I Acartia omorii 627.0 7.2 13.8 622
(2\2]231)1 Oithona similis 433.2 6.2 11.8 74.0
Corycaeus affinis 180.3 2.7 5.2 79.1
Podon‘leuckarti 453.1 2.4 4.5 83.6

Cirripedia nauplius 137.0 2.0 3.8 87.5

Oithona similis copepodite 130.5 1.8 3.4 90.9
Paracalanus parvus S. 1. 180.4 3.3 5.1 70.3

IH. Copepoda nauplius 216.1 2.9 4.4 4.7
([gggg? Cirripedia nauplius 273.9 2.7 41 788
Oithona similis 128.4 1.8 2.8 81.6
Hydromedusa 125.7 1.6 2.4 84.1
Corycaeus affinis 169.8 1.4 2.1 86.2
Echinodermata larvae 89.7 3 2.0 88.1

Acartia omorii 66.2 0.8 1.2 89.4
Oikopleura spp. 180.4 3.3 5.1 70.3

Calanoida copepodite 216.1 2.9 4.4 74.7

Sagitta bedoti 273.9 2.7 4.1 78.8

Oncaea venusta 128.4 1.8 2.8 81.6

Av.Ab.= Average abundance(inds.m™®)

Av.Sim.= Average similarity

Contrib.%= Percentage contribution

Cum.%= Cumulative contribution
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Table 3. Continued

Group Species Av.Ab. Av.Sim. Contrib.% Cum.%
Paracalanus parvus s. 1. 2938.2 35.4 57.1 57.1

W. Oithona similis 765.3 7.5 12.2 69.2
(g;gg- Oikopleura spp. 311.8 3.7 6.0 752
Corycaeus affinis 236.6 3.2 5.1 80.3

Calanoida copepodite 154.2 2.6 4.1 84.4

Oithona similis copepodite 234.9 2.2 3.6 88.0

Oncaea venusta 113.1 1.6 2.6 90.6
Paracalanus parvus s. 1. 1576.9 21.0 42.1 42.1

v Calanoida copepodite 636.4 7.6 152 57.3
(AV.SIm. 540na similis 272.3 5.9 119 69.1
1986 Corycaeus affinis 245.2 27 7.5 76.6
Copepoda nauplius 344.0 ¥ 6.5 83.1

Oithona similis copepodite 140.8 2.4 4.8 87.9
Oikopleura spp. 220.1 1.9 3.9 91.7

Av.Ab.= Average abundance(inds.m ™)

Av.Sim.= Average similarity

Contrib.%= Percentage contribution

Cum.%= Cumulative contribution
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3.3 Oithona similis &) WA7 S

3.3.1 8 MA+ £ =AE

Hu
ki
o

A Yol 0. similise 9% =dsion, A 9
copepodite AL 3 O, similis®] & =34 MAGF+= 179.6~1,557.8
indsm™2 HAA FEZZFIAE AAFI 5.0~31.9%F AAsAT 0.
similis® € ¥ JNASE 20119 593 2012d 5¥el 77 179.6
inds.m™¢} 239.4 inds.m”& thE-Al7jo] H|d Aoz Fd AAFTL
zZkgkom, 11499l 1,557.8 inds.m™2 713 B2 AA7F &3 8 A chFig. 12).

AA AN 2elA O, similis®] HaEdAE JHAs= A d3lo]l 336.4
inds.m™2 7}% 2%, copepodite V7]7F 131.3 indsm 2 F #HA=
wolth, Copepodite 112 1A= 2.3 inds.m °= 74 2k} A=A b7l 9
MAFE 20113 58] 109.1 indsm 2 7% 2gton, 697E 8¢
Vet 99l sk H, 11499 1,048.3 «inds.mP= A7 7
2okth, AA SR JiAeE 1199 137.2 inds.mTE 7Fg @il
copepodite V719 7WAl4+= 8¢, 119 18|31 20123 29¥€o) Z}z} 174.2
inds.m™, 346.9 inds.m’¢} 213.7 inds.m™% tE A]7]] vl&) & A7}
=4kl vH(Fig. 13).

O. similis®] A /WA T GAERE AA = vl&s B A A
63.9%(336.4 inds.m™), AA AL 7.7%(40.5 inds.m ™), copepodite V7|+&=
24.9%(131.3 inds.m )ek. A e 245 39.7~89.1%30 1, 9ol
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248 M vk AA Rl 2AEES 0.7-178%% ddHo=

BN

AEo] Wi, copepodite V719 FAES 7.3~39.4%% F WAR

= okth(Fig. 14).
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Fig. 12. Monthly variation of the total density of Oithona similis near
Oryuk islets off Busan from May 201 1ite May 2012
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Fig. 13. Monthly variation of the density of adult (female and male) and
copepodite V of Oithona similis near Oryuk islets off Busan from May
2011 to May 2012
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Fig. 14. Monthly variation of stage composition of Qithona similis near

Oryuk islets off Busan from May 2011 to May 2012
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3.3.2 Oithona similis®] NAFS 34 29

Pearson 384 Ai}, Z

O. similis®] AA §A 42}

O. similis A A3 L&, O. similis®]

A#AAA7E gl HTable 4).

ZyZy 0. similis 73 A

e 3

el folF gl A

7 A

dE o=

AZF A

o}l copepodite V7],

shA

felat

Table 4. Results of pearson correlation analysis between temperature and

salinity and the density of Oithona similis near Oryuk islets off Busan from

May 2011 to May 2012

Parameters Temperature Salinity
r D r D
Density
Female 0.693 0.018 -0.271 0.420
Male 0.455 0.160 -0.089 0.795
Copepodite V 0.653 0.029 0.026 0.940
Total 0.711 0.014 -0.192 0.572
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HES W& AVl sEEFIAEY MAs, § 24 o 9432 iy
(UNESCO 1968). se=®=aE A Al EAHo= AREH= 330 um UE
Z AFEEE 100 pm- Yl EE AR S WlH Y 2725 nauplius®t Oithona,
Oncaea 5 4238 9779 Zx7F 9 108] o] A Y9kow (Hwang et al.
2007; Makabe et al. 2012), = & =7|7F 1.0 mm °]3}¢! Oithona 42 *
geta Rk AHS fsiAe HEo] 100 umel UYEESE AREsfoF gt
(Fransz and Gonzalez 1997). SpA|RF k<ol Al w] A gt &0 YEE AHE
& A5 UE %3 (Clogging) o= &l AH sHol A stdtHLee and Park
2004). ol#1g HIE =3NClogging) F&d= HAssHr] s o5 A717)
200 pmol’de]l YIEE A&3loF 3™ (Omori and Ikeda 1984), 0.5~30.0 mm
A719 FEEEAEY S 2AEPICds 200 ym UMIEZE A" sk
(Vinogradov and Shushkina 1987). 3+ X Ao = O. similis®] 7 &7
7} ol A9} copepodite V71E A2 AFERom2 200 ym UE A}

gol Agsta gorgh,
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el A AL

=

Kang 1998; Lee and Park 2004).
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Y E 9]

Fis
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fife)
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tHMoon et al. 2010).
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109 (2% 1Dl 2.4 °]de] =2 #olddt. ol dvfdi{ Ag o=
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2 Al
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F9l WolF Sagitta enflata
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(Park 1970)x= 997H 11€e T4 on, {4 874F
Cosmocalanus darwini, Nannocalanus minor, Paraeuchaeta plana, Undinula

vulgaris (Noda et al. 1998; Hsieh et al. 2004)= 10¥€+¥ 12€€9

7} F7kare)

4

9FH0o2 2@se]l RN FRIYAEY 2@ PRHE
wEolt. wehA E yalelo] glebig Aol s e RRE 57}
ZrhstAA F O9H AR webiow], AnHom nhdii

sEEdAE ¥ AN S AANLEEFe N Ao Add.

parvus s. 1., A. omorii, O. similis, E. tergestina, P. leuckarti = ©|31t}.
FANZ 5 wEEEAE AEAA 71 =7 7HE w9k | P parvus s.
L& &= Jvtelly /% $Hst] 3 ookl sl diFoe=
S 5k= FoltHCalbet et-al:-2001;-Park et-al. 2002; Soh et al. 2002).
AR st A= P parvus s. 1.9 28 WRI7F 72 4.4~29.6°CeF 9&
2.1~32.8 psu M9l oH, o] & HH &2 14.9°C, HA 92 32 psu
ol th(Park et al. 2002). AW+ X A+ AN Z=ASt= P. parvus s.

Lol F A H9E Fee 18.1~24.2°C, A%E 31.0~33.2 psu & o] 7}

AdAT. FIwo = 10€3 12¢€e] ¥ Jang et al. 2004),
HEuto s AF sl 6Y€olA 119 Be /A7 8P 1 0]

38



ot A7)l EE AT A tHHwang et al. 2011). E AT

Ao Eds= P oparvus s. 1.5 FAF 717 260.3~4550.5 inds.m CE

k)
2,

stgm 89t 11490 we AAt Fdsda0

kv

TC = = le)
, THE W G

L,

it o= P. parvus s. 1L.7F B4 W2 F2 §& AT Hedd sk

2 AT AN 5EFEH 8Ydl EdEo] =UH Acartia S T oA
12F0o] &dotH, s Tol-dd HWr AN =2 A=FS AA o= 5
Q3 EFoltH (Yoo et al. 1991; Soh and Jeong 2003). 5% <l 3
i+ Acartia % 3% (A. omorii, A. erythraea, A. pacifica)®] =33}t 1 F
7V w2 VMRV 29 Alomoriic: SEIUEF A At A AEE 7R
il Fdshe TolthYoe et al. 1991). ¥ dAFsel = 15 120114 5
) 25 M6~89)oll 7TedZo] #=8kom, "14~18C 9| F2oA FHqo=
B2 JHAIZE Edsiar 20T o] delM = A2 JRAlInte] &t o=

ol Ackel A HeE MaPAFEo o ME A omoriel =d g

(]

0] F7FsH AR UIALE o] olX|al AAH o] 5435 FolA| 7] wjEo]
(Kimmerer and McKinnon 1987; Uye 1981). &3+ A. omorii® 78|+

39



)

0,
oft
fllo
.
2
_Orh

Ir
&
ofy
to
r

4
ox
>
1B
s
+
rlo
>
0|

I ol Eo] A A3ty

WA ECH Uye et al. 2000). 2 AT Aol M E. tergestinar= 20113 5¥€ 3}

20123 599 &=d JAFTE Hol FEEFAE T digk 7o =rt

w

¥al, P. leuckarti- 5EF-EH 7Hol) FHQ A FUHE HYoeH P

avirostriss= 723 8¥o] & JNA7F FH3G T npato = 83}

©

ol Y= P, avirostris7t =3t i, E. tergestinar= ‘a2 i A|qHo]
=33l 2 (Soh ‘and /Choi 2004),  Rsrtel| s E.  tergestina®t P.
avirostris | 2 Al719l Hld o Ee ®e AT 5o B A9
2ol 7k A A TH(Yoo and Kim1987). €¥FE O = Z 2 sl7]o] ot S o A
2 Y A 4] (parthenogenetic: reproduction)S Ea &2 A7) ZWtx o
ALY A717F Frretoe - A 2R 545 1 sH(Longhurst  and
Seibert 1972; Egloff et al. 1997), As¥d AFEF} & AFLZA} 7Ho] YERG
E. tergestina®t P. avirostris, P. leuckarti®] =3 EA4 2fol= FAF

IS5
Aol g 23 o Xolo &gk Zlo|w, AR FE3 WA E

sotslr] aiA #7149 @F 4 2A7) B e,

diAor R Qv d9e] FeIdas TS 9 L wge
Hebdfie  QIF i el s #AeEHe Jhedel Ak



ol FEEYLh webd olF u WHI ] AL Fo BRI

4.3 Oithona similis &) WA7 S
oA dide] 9HFQA 0. similise 9% Eds e, 1146 /AA=7}

7HE @ol =8yt o] Weddell 1Sea, Baltic Sea 5 A3 A+E3

e

A 2 ™(Fransz and Gonzalez 1995; Falkenhaug et al. 1997; Hansen

et al. 2004; Hwang et al. 2011), ¢]g]8t T EZHIEL] £+ 23 o

Al

59 37 Q%o d8kS W=t} (Vanni 1987; Planque and Taylor 1998;
Gaard 1999). Kola Bayell &&83l= 0. similis®] =%} 427k 7343 ok
A7 d 2 (Dvoretsky and Dvoretsky 2009), 1191 %=o] A23= O

similis®] FAF & Fhol] H= Aol AtH(Ward and Hirst 2007). &
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Aol FHTH7] "ol Aol TASH O similis®] FTEE AT
Aozl B dth(Hansen et al. 2004). dA|7F wprkarol M O. similis®)
Tt Ao e el o7 daaAzE gllem (Yoo and Lim 1995),
oA Gl = O similis®}—Fx=ek AW ol FYE AHaAVE
AN (=-0.192, p=0.572). & AF-3|FollA &FdA 0. similis (Hansen et

al. 2004)7} k] FadArE glvkal vERE A2 2 s AT

A& W7l 27 ol gk deE T
Aot M2ASheE Q778 FHe dlEE oF 2~-3719€olH, O. similis AW
T 2o \S7etH 97w AANZITE, BEAIE Fol| 9%

u] % (Sabatini and Kigrboe 1994; Uye and Sano 1995; Nielsen et al. 2002),
Q7FFo] M7|zte] FolrltiKlein- Breteler-et al. 1995). O. similis®]
Aol #3F H3YAGE B Kola Bay (Barents Sea, 0.8~10.5C)o| A= O
similis7F 133 2At17} 383} (Dvoretsky and Dvoretsky 2009),
Okhotsk Sea®} western Bering Seadl A= 44t (Shebanova et al. 2011),
Andaman Sea(Thailand waters, >15C)dA+=  5SAlt7F  Ed33ATH
(Satapoomin et al. 2004). & A5 9] F2¢] Kola Bay®} Okhotsk Sea
SO v FiHoer Forng B A Gl = 0. similis7t 1\dol HA
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64t ol E=-dFdv FAHAGY. olet 0. similis®] AW A
FA ) AN BEr] 2R O, similise] & AT A S| e
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Appendix I. Monthly mean density (inds.m™®) of zooplankton occurred near Oryuk islets off Busan from May
2011 to May 2012

R 2011 2012
Phylum Class (Order) Species
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Cnidaria Hydrozoa Liriope sp. 0.0 0.1 0.9 1.1 0.0 0.0 0.1 0.0 0.0
Hydromedusa 1.9 6.5 3.9 21.4  216.0 1447 19.3 2.5 0.4 2.4 1.5 1.9
Siphonophora Abyla sp. 0.3 0.0 0.0
Abylopsis sp. 1.2 5.3 0.1
Bassia sp. 01
Dimophyes sp. 0.0
Diphyes sp. 0.0 0.1 2.6
Muggiaea sp. 13 2.2 50.3 14.9 0:1 0.6 1.1 0.3 0.8 41.8
Ctenophora Atentaculata Beroe sp. (eF) 0.1 0.1
Ctenophora larvae .3 0.0 21.0 3.9 0.0 1.8 45.4 0.4 0.1 0.0
Phoronida Actinotrocha larvae 0.0 6.5 0.1 0.4 1.6
Mollusca Gastropoda Atlanta sp. 0.0 5.0
Gymnosomata sp. 5.5
Cephalopoda Cephalopoda larvae 0.0
Annelida Polychaete Autolytus sp. (Gayid F) 0.1 0.1 0.1 0.2
Spionidae larvae 1.2 20.3 12.4 19.0 41.2 10.7 0.1 0.0 4.3 5.4 5.6 12.6 1.1
Polychaete larvae 2.6 2.1 0.8 34.3 25.9 26.7 7.7 9.6 4.1 61.2 4.0 40.8 17.9
Arthropoda Cladocera Evadne tergestina 512.6 16.9 BEHES 26.0 9.1 475 20.5 113.4
Penilia avirostris 9.6 20.8 25.7 5.9
Podon leuckarti 59.9-.1219.2 117.3 22.8 10.4 6.4 0:2 4.1 3.4 19.7 39.7 11.9
Ostracoda Conchoecia sp. 65 2.0 0.3 3.8 1.9 2.8 9.8 9.8 26.7 53.2 2744 33.2
Cirripedia Nauplius 6.2 SOIE N 12Qat= 204 GEF MO .3 9.4 24.3 104 298.7 4.4 0.9 3.4
Cypris 5.7 6.4 8.7 | 193.4 56.5 23.8 4.5 0.1 4.6 0.4 6.4
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Appendix I. Continued

Phylum Class (Order) Species 2011 2012
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Copepoda Acartia omorii 178.3 585.1 1160.3 135.7 189.2 67.7 6.9 3.2 26.2 1404 137.0 9.2 34.4

Acartia erythraea 0.0 1.6
Acartia pacifica 99.0 16.9 12.4 0.1
Calanus sinicus 1.2 0.1 0.5 0.4 15.0 3.1 7.0 6.0 4.6 2.3 4.7 25.4
Calocalanus pavo 14.9 13.6
Candacia bipinnata 0.1 0.1
Centropages abdominalis 2l 3] 22.7 1.4 7.6 19.1 15.4 0.6
Centropages tenuiremis 1.1 0.1 148
Clausocalanus furcatus 29:6  100.3 0.1
Clausocalanus sp. 0.1
Clytemnestra sp. 0.1 4.0 0.1 5.3 1.8 0.2 0.0
Corycaeus affinis 112.9 1 510 94.6 231.3 335.8 96.3  189.7 283.5 171.6 157.8 109.3 164.9 622.6
Corycaeus speciosus 6.2 25.4 15.0 0.1
Cosmocalanus darwini 3.0 0.1
Eucalanus attenuatus 0.4 0.0
Eucalanus crassus 0.1
Eucalanus mucronatus 0.2 0.0 0.2 1.4 0.1 0.0
Eucalanus subcrassus 0.2 0.1 2.9 0.1 0.0 0.0
Euterpina acutifrons 6.1 5.7 2.4 2.3 0.7
Labidocera euchaeta 0.6 0.1
Labidocera rotunda 0.1 0.0 1.0 5.7 fo, " 0.2
Macrosetella gracilis Ol 1.8 1.4 7.4 0.1 0.1 0.7 2.9
Mecynocera clausi 8.1 19.8 2.4
Monstrillopsis sp. 0.0 0.1 0.2 0.2
Nannocalanus minor 0.1 0.1
Oithona nana 17.3 0.8 4.7 2.1 2.3 4.6 3.4 1.1
Oithona setigera 4.0 0.5 1.4 6.4 11.3 6.7 11.6 30.1 1.2 6.4
Oithona similis 118.4 528.9 381.3 389.2 2325 419.5 1185.5 345.2 258.0 329.2 280.5 3224 171.5
Oithona spp. 1.1 3.0 6.9 5.8 1.9 3.2 14.2
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Appendix I. Continued

R 2011 2012
Phylum Class (Order) Species
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Oncaea conifera 14.2 37.9 18.1 35.6 27.1 28.5 42.8 2.0 9.3 1.4
Oncaea venusta 9.1 87.2 45.3 93.2 133.0 459 130.0 2.4 2.2 0.2
Paracalanus parvus s. L. 607.2 1334.0 1091.0 4550.5 1284.9 1319.4 4259.7 1616.6 260.3 2404.5 1407.7 1937.0 1875.1
Paraeuchaeta concinna 0.0 0.5 0.3 0.2
Paraeuchaeta plana 0.2 1.1 3.7 3.1 0.0 0.1
Pseudodiaptomus marinus 13.0 1.4 1.6 0.0
Rhincalanus cornutus 0.1
Sapphirina spp. 0.1
Scolecithrix danae 0.1 2.6 0.0 0.1
Temora discaudata 14.2 0.2
Temora turbinata 0.1
Tigriopus spp. 1.9 0.6 20.5 7.6 4.2 3.2
Tortanus discaudatus 0.0
Tortanus forcipatus 0.0 6.4 5.1 .5
Undinula vulgaris 2.8 ¥l 1.2 0.1
Copepoda unknown 0.1
Calanoida copepodite 1.3 1 7459 152.1 3805.0 34.6 1425 1659 105.8 576.0 466.2 8655 1168.6
Calanus sinicus copepodite 1.2 09 9.1 34.7 66.4 40.0 13.9 11.8 0.5 36.2 23.7 17.1 28.9
Candaciidae copepodite 0.6 0.0 0.1 0.9
Centropagidae copepodite 0.1 0.1 3.2 2.9 0.1
Euchaetidae copepodite 0.3 0.8 0.4 19.9 25.6 76.1 0.0 0.4 0.1 3.3 0.6
Eucalanidae copepodite 0.0 0.1 0.1
Oithona setigera copepodite 1.5 V.~f 172 9.6 8.5 60.2 52.5 10.2 2.3 3.0
Oithona similis copepodite 58.3 (070" 14 3W0== 7.5 19.9° 172.3 3654 104.4 187.4 243.8 1029 102.8 66.8
Oncaea sp. copepodite 7.3 18.2 86.9 100.3 3.5 10.5 8.7
Temora sp. copepodite 2.1
Nauplius 12.7 62.6 198.2 73.2  478.1  482.1 34.8 72.8 83.3 953.6 527.8 29.6 126.0
Nauplius (Rhincalanus sp.) 0.1 14.2 4.0 5.8 0.7
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Appendix I. Continued

. 2011 2012
Phylum Class (Order) Species May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Mysidacea Meterythrops sp. 0.0
Siriella spp. 0.2 0.1 0.1 0.1
Unknown juv. 0.0
Isopoda Gnathia sp. 0.0
Gnorimosphaeroma sp. 0.1
Idotea sp. Qe
Munna sp. 0.0
Cryptoniscan larvae 0.1 1.3 2.6 0.2 0.1 0.1 0.1 0.7 0.1
Amphipoda Caprella sp. juv. 0.1
Themisto japonica 0.0 1.6 0.4
Themisto pacifica 0.0 0.0
Themisto sp. juv. 3.9 0.1 16.2 0.1 1.0 4.4 47.8 14.8 0.1 0.0 0.2 0.7
Unknown juv. 0.1 | | 0.2 0.6 0.2 0.2 0.1 0.3 1.7
Euphausiacea  Egg 6.2 5.5 2.4 3.1 279.2 29.5
Nauplius 5.7 37.9 21.3 1.6 .o 38.8 22.9 35.3 43.5 185.8 24.8 8.6 54.2
Calyptopis 2.2 4.6 0.1 0.0 8] 4.4 6.4 7.5 7.6 94.5 9.5 1.1 2.3
Furcilia 0.2 0.1 0.1 1.3 0.3 0.5 0.0 1.2 0.1 0.2 0.4
Adult unknown 0.0 0.0 0.0
Decapoda Anomura zoea 0.6 0.2 O 0.6 2.4 1.6 0.1 0.1 0.2 0.9 0.2 0.9
Brachyura zoea 0.2 0.1 9.2 12.5 13.2 11.0 2. % 0.1 0.3 0.1 0.1 0.0 4.4
Brachyura megalopa 0.3 0.2 0.0
Crangonidae larvae 0.9 0. 1.8 0.1 0.3 0.6 0.1 0.3 0.5 1.1 1.4
Dorippidae zoea 0.1 0.0 0.1
Galatheidae zoea 0.1 0.1 0.0 0.0 0.1 0.1
Hippolytidae larvae 0.1 0.2 0.2 0.3 0.0 0.1 0.1 0.0 0.0 0.4
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Appendix I. Continued

R 2011 2012
Phylum Class (Order) Species
May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
Lucifer sp. larvae 7.5 3.9 110.0 11.1 2.4 2.1
Lucifer sp. 0.1 0.1 0.1 0.0 0.0
Paguroidea larvae 0.1 0.8 2.3 0.8 26.2 20.8 19.2 4.6 0.6 14 2.3 0.6 3.7
Pandalidae larvae 0.1 0.1 0.2 0.3 0.2 0.5 0.1 1.0 0.4 0.3
Pandalus sp. 0.1
Penaeid shrimp larvae 0.0 0.0
Porcellanidae sp. zoea 0.1
Shrimp larvae (unknown) 0.0
Stomatopoda Oratosquilla oratoria larvae 0.1
Cumacea Unknown juv. 0.0
Chaetognatha Sagittoidae Pterosagitta draco 0.0 0.0
Sagitta bedoti 4.6 S 13.0 46.5 115.4 63.9 7.8 24.3 4.6 7.5 7.5 7.1 5.7
Sagitta enflata 0.1 0.1 1038.4 14.9 21%9 5.6 0.1 0.6 0.1
Sagitta nagae 0.1 0.1 32 0.6 0.3 1.3
Sagitta sp. juv. 10.6
Echinodermata Echinodermata larvae 3.9 0.4 8.8 24.3  406.1 141.7 10.4 8.7 235 58.1 10.5 2.9 2.2
Chordata Doliolida Doliolum denticulatiun 19.8 0.0
Doliolum nationalis 6.5 82.9 10.9 0.4 1.6 0.1
Salpida Brooksia rostrata 0.0
Thalia cicar 4.0
Thalia rhomboides 17.8
Appendicularia  Oikopleura spp. 126.8 287.6 45:5 18.5 145.5 105.9 415.5  208.0 51.3 768.6 84.6 67.8 128.1
Ascidiacea Tadpole larvae 5.4 1.9 253 3.0 4.1
Pisces Egg 1.0 0.1 0.5 .7 des 2.7 0.9 1.2 0.0 3.5 0.1 0.0 0.4
Larvae 0.3 16.9 1.6 1.8 7.3 0.3 0.1 0.1 0.0 0.3 0.1 0.7 0.5
Engraulis japonica egg 0.5 4.9 5.6 0.5 0.1 1.8
Maurolicus muelleri egg 0.1 0.2 0.3 0.2 0.7
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