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Seasonal Variation of Zooplankton Community Structure in Southern

Sea of Korea
Ye Ji Lee*, Jeong hoon Lee and Yeonghye Kim

Fisheries Resources Management Division, National Institute of Fisheries, Busan 46083, Korea

We aimed to study the structure of the zooplankton community in the Southern Sea of the Republic of Korea. Zoo-
plankton samples were collected in February (winter), May (spring), August (summer), and November (autumn) of
2020. The zooplankton collected belonged to a total of 166 taxa and 12 phyla, including some unidentified individuals
and those from upper taxa. The number of taxa collected were the highest in winter at 117, and the lowest in May at
93. The dominant taxa were Oikopleura spp. in the winter, Gastropoda larvae in the spring, and Paracalanus parvus
s.l. in the summer and autumn. The community structure of the zooplankton was clearly distinguishable between the
seasons. The mean density of zooplankton was the highest in autumn and the lowest in summer (576,039 and 313,000
individuals/1,000 m?, respectively). Based on the analysis of relationships between the density of the six major taxa
and environmental factors, a significant correlation (P<0.05) between the four taxa and environmental factors was
found. Therefore, in order to understand changes in the zooplankton community, quantitative and qualitative investi-
gations of biological factors as well as physical factors should be conducted.
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Fig. 1. Sampling site in Southern sea of Korea. Dashed line, sampling site.
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Fig. 2. Environmental condition in Southern sea of Republic of Korea, 2020.
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Fig. 3. Density of zooplankton community in Southern sea of Korea in winter (A), spring (B), summer (C) and autumn (D), 2020.
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Table 1. Zooplankton community structure collected in Southern
sea of Republic of Korea in winter (A), spring (B), summer (C)
and autumn (D) 2020 (Taxa with an abundance of more than 1%)

A)

Taxa Density ~ Abundance
(The number of total taxa, 117) (ind./1,000 m3) (%)
Annelida 1,822.8 0.05
Arthropoda 2,795,418.2  69.39
Copepoda
Euchaetidae spp. copepodite 437,856.0 10.87

342,118.4 8.49
199,008.0 4.94
161,011.2 4.00
143,366.4 3.56
122,611.2 3.04
113,772.8 2.82
102,464.0 2.54

85,094.4 2.1

71,644.0 1.78

Paracalanus parvus s.|.
Paracalanidae spp.

Calanus spp. copepodite
Bestiolina similis
Scolecithrichidae spp. copepodite
Oncaea venusta

Scolecithricella nicobarica
Oithona similis

Calanus sinicus

R7V2-91 Paracalanus parvus s.1.0] Zy2+ =& 4] 19.0%, 17.0%
2 (g5t 2 AAE 20 5 vheby A4H)E 5
o 3.01 Z12jar EA 9} shA o Z42F 2.28, 3.01 Z12]aL A9
3238 et EA0f 7P wekew A of 7 =3tk
A sEEYAE T A dEs AR 95,601.0-
954,808.8 ind./1,000 m’ ¥ ]2 LJEh O] W Wl 335,
386.6 ind./1,000 m’E LFERCHFig. 3A, Table 1A). 27 ¢] &
27 MEs 61,171.5-1,089,191.2 ind./1,000 m® H2]glon
W WEL 353,058.8 ind./1,000 m* S TH(Fig. 3B, Table 1B).
A9 & 7 W= 31,917.6-659,032.0 ind./1,000 m*=2 L}
Elgton i YW= 313,000.5 ind./1,000 m’2 ZAP|7F 5

(B)
Taxa Density ~ Abundance
(The number of total taxa, 94) (ind./1,000 m3) (%)
Annelida 4,798.4 0.13
Arthropoda 2,881,0485  76.71
Copepoda
Euchaetidae spp. copepodite 494,691.2 11.68

257,606.4 6.08
256,214.4 6.05
139,561.6 3.29
118,428.8 2.80

83,489.6 1.97

Calanus sinicus

Calanus spp. copepodite
Paracalanus parvus s..
Ditrichocorycaeus affinis
Eucalanidae spp. copepodite

Clausocalanus furcatus 61,324.8 1.52 Bestiolina similis 58448.0 1.38
Scolecithricella longispinosa 49,920.0 1.24 Ostracoda
Ditrichocoryceaus affinis 49,491.2 1.23 Conchoecia spp. 378,593.6 8.94
Clausocalanus farrani 46,542 .4 1.16 Amphipoda
Ostracoda Themisto spp. juvenile 79,756.8 1.88
Conchoecia spp. 283,022.4 7.03 Bryozoa 512.0 0.01
Chaetognatha 42,6724 1.06 Chaetognatha 53,796.8 1.27
Chordata 1,037,601.6 2576 Sagittidae spp. juvenile 52,276.8 1.23
Appendicularia Chordata 17,620.8 0.42
Oikopleura spp. 1,024,864.0 25.44 Cnidaria 9,216.0 0.22
Cnidaria 21,581.6 0.54 Dinoflagellata 71,337.6 1.68
Dinoflagellata 79,244.8 1.97 Dinophyceae
Dinophyceae Noctiluca scintillans 71,337.6 1.68
Noctiluca scintillans 79,244.8 1.97 Echinodermata 23.6 0.00
Echinodermata 13.2 0.00 Mollusca 1,833,417.2  43.27
Mollusca 41,258.9 1.02 Gastropoda larvae 1,829,382.4 43.18
Pisces 9,064.9 0.23 Pisces 2,296.2 0.05
Total 4,028,678.4 100.0 Total 4,236,693.9 100.0
?}v\%ﬁg; of zooplankton density 335,386.6 ind./1,000 m?® ?}vg;?igg of zooplankton density 353,058.8 ind./1,000 m?
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Table 1. Continued
©) D)
Taxa Density ~ Abundance Taxa Density ~ Abundance
(The number of total taxa, 105) (ind./1,000 m®) (%) (The number of total taxa, 106) (ind./1,000 m®) (%)
Annelida 4,798.4 0.13 Annelida 5,936 0.09
Arthropoda 2,881,0485  76.71 Arthropoda 5,582,4184  80.76
Copepoda Copepoda
Paracalanus parvus s.l. 712,179.2 18.96 Paracalanus parvus s.l. 1,172,112.0 16.96
Euchaetidae spp. copepodite 404,556.8 10.77 Euchaetidae spp. copepodite 884,796.8 12.80
Acartia omorii 244,528.0 6.51 Oncaea venusta 481,977.6 6.97
Calanus spp. copepodite 169,136.0 4.50 Paracalanidae spp. 253,844.8 3.67
Oithona similis 165,884.8 442 Clausocalanus furcatus 231,654.4 3.35
Bestiolina similis 136,121.6 3.62 Eucalanidae spp. copepodite 198,163.2 2.87
Acatrtia pacifica 132,742.4 3.53 Undinula vulgaris 176,231.2 2.55
Oncaea venusta 109,747.2 2.92 Oithona similis 163,002.4 2.36
Oithona atlantica 108,688.0 2.89 Calanus spp. copepodite 147,500.8 213
Paracalanidae spp. 62,040.0 1.65 Acartia pacifica 124,921.6 1.81
Calanus sinicus 60,172.8 1.60 Centropages furcatus 123,353.6 1.78
Clausocalanus furcatus 60,198.4 1.60 Calanus sinicus 122,248.0 1.77
Clausocalanus farrani 52,2944 1.39 Bestiolina similis 108,953.6 1.58
Euphausiacea Euphausiacea
Euphausiidae spp. calyptopis 89,891.2 2.39 Euphausiidae spp. furcilia 313299.2 4.53
Ostracoda Euphausiidae spp. calyptopis 211635.2 3.06
Conchoecia spp. 70,828.8 1.89 Ostracoda
Bryozoa 5,684.8 0.15 Conchoecia spp. 132,406.4 1.92
Chaetognatha 25,984.0 0.69 Bryozoa 5,683.2 0.08
Chordata 101,363.2 2.70 Chaetognatha 91,326.7 1.32
Appendicularia Sagittidae spp. juvenile 85,433.6 1.24
Oikopleura spp. 99,7056  2.65 Chordata 525,174.4 7.60
Cnidaria 1,700.0 0.05 Appendicularia
Dinoflagellata 540,649.6 14.39 Oikopleura spp. 511,712.0 7.40
Dinophyceae Cnidaria 135,724.8 1.96
Noctiluca scintillans 540,649.6  14.39 Unidentified Hydrozoa 102,016 1.48
Echinodermata 24128 0.06 Dinoflagellata 153,420.8 2.22
Mollusca 50,148.7 1.34 Dinophyceae
Gastropoda larvae 48,084.8 1.28 Noctiluca scintillans 153,420.8 2.22
Pisces 142,215.5 3.79 Echinodermata 13,331.2 0.19
Unidentified Pisces eggs 137,147.4 3.65 Mollusca 395,128.0 5.72
Total 3,756,005.5 100.0 Gastropoda larvae 327,622.4 4.74
i/-r\]vsel:?ngr?]grf zooplankton density 313,000.5 ind./1,000 m?® Pisces 4,318.9 0.06
Total 6,912,462.4 100.0
IV S G ALK Fig 3 Table 10). 24 A LE g oo 576,038.5in01,000 m?
+ 84,007.0-952,440.0 ind./1,000 m* §YF o™ Ht U=
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Fig. 4. Similarity of zooplankton community between each sea-
sons in Southern sea of Republic of Korea, 2020. Dotted line, 60%
similarity line.

576,038.5 ind./1,000 m’& ZA} 7|17F % 71 =8 ZHS UpEbd
tHFig. 3D, Table 1D). 2+ AAE Hat U= dhAIL}E AT
of) §oJak 2ol 7} 9l A0 & Lkt o vi(ANOVA, Dunnett
test, P<0.05, Standard error=100,903.1), 1 ¢]2] A&7 o=
T3t zJo|7} ¢l A& YEFFTHANOVA, Dunnett test,
P>0.05) (Table 2).

4 AR seEdAE FZk 60% wIRke] frAHE
2 woj 23 2400 Qlo] Aol} s ACR UehirlFig,
4). 7t A9 Eefof| 7]ofgt RS A=A, =A-5H
o+ Gastropoda larvae$ 2™, 54-51412] A9 Oikopleura
spp.2] 71017t 7HE =& Ao ' Ut FA-FA|, =A-
A, SHA-FA 8] Beloll 7H w2 719 =F YEhd &
B8 P parvus s. 1.2 LFERTE

xQ ER2Y AN Hs

AMAE SR e sEEEAE e T4 50% o
S AA|eE 8BRS AU E P parvus s.l., Gastropoda
larvae, Euchaetidae spp. Copepodite (22153 ©|AdA)), Oiko-
pleura spp., Conchoecia spp. ZL#] 1L Noctiluca scintillans%tt.
67119 Eqt WO AR A4 AFERE £ H&S UE
Wt o] &2 A0 28T B S EEEAE U 5 54.8%
£ A8k o, A0 69.2%, SHA Ol 49.9% 12| AL FA o
46.0%% A 51T

N

=

[e]
e

l
-

_ﬁ
o)

P, parvus s.1.2] &7 Yx+= 139,561.6 ind./1,000 m*= 714+
wokom slA|9F A9 W= 7k} 712,179.2 ind./1,000 m?,
1,172,112.0 ind./1,000 m*Z% 2174 Al&o| vl 23 U= =
717} YERTt. Gastropoda larvae] A= 549 36,857.6
ind./1,000 m’2.2 7} Wokal B2 o) Wregho| 1,829,382.4
ind./1,000 m*2 <F 508} 7} =718 o) S1A| Q] W]
48,084.8 ind./1,000 m* 2.2 thA] ¢k 408 715 A= 5 A
Hol W2 415 ¥ Lt Euchaetidae spp. copepo-
dite®] WL F A S1A7H) 2 Aol LiekA) gigtort
S7A12] W7} 404,556.8 ind/1,000 mPo| 913 ZA|2] W}
884,796.8 ind./1,000 i S 1A o]] u]3] 2uf 7}k Z7bat w
50| Yyebgtt. Oikopleura spp.2] W= FA ) 1,024,864.0
ind./1,000 m’2& 7P &=9k1 A9l Wyl 17,144.0
ind/1,000 m’ 2.2 oF 604l 7k 246k o shA|9F FA o
HolEm ZH2t A4 Al-ol vlsf ouf, S} 7HF F71sto] Al
Aol whE S43 S5 et itk Conchoecia spp. 2|
= ESF A9 378,593.6 ind./1,000 m*O. 2 7Y =2 FH
Holt} sHA o HolEw Sulf 7Fg Haxshe & Al o ¥
sz} 2 Ao 2 Yl N. scintillanse “$A12F &A1= Z+z}
79,244.8 ind./1,000 m?, 71,337.6 ind./1,000 m* O 2 B]|<=5F
w2 28512 57} H7F WEs} 540,649.6 ind./1,000
m’= FACE EA O vlsf 7-88f 7t FTIRE RG] LT
(Table 1).

etk T2 AL 258 B80T FREYAE 27 A0
O] AJHAAAE 89.9% Argstqiet. =8 6719 ERatol] gt
T|o]& At BA1E AAIRE At o] F 4709 Bl 2
B 40 FO3 A S U I P parvus .12 423}
ko] ABPAZS 1.goH, Conchoecia spp.= 523 &2 A4
A, B8 ok A A1 S YERF tH(pearson correlation
analysis, P<0.05). Oikopleura spp.= @53} oFo] AFIAS
Helon] N scintillanse= =27 ko] A, FEI} 2]
AA S UERHTH(Pearson correlation analysis, P<0.05)
(Fig. 5, Table 3).

Table 2.0ne-way ANOVA evaluation of seasonal zooplankton average density in Southern sea of Korea (post-test, Dunnett test)

('Season Season (J) Mean difference (I-J) Standard error P
Winter 240,653.0 100,903.1 0.140

Autumn Spring 222,980.7 114,453.5 0.311
Summer 262,988.0* 89,163.1 0.046

*P<0.05.
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Fig. 5. CCA (Canonical correspondence analysis) bioplot for
environmental factors (blue arrows) and zooplankton (dots, red
circles). Sal, salinity; Tem, temperature; Tub, turbidity; Coc, Con-
choecia spp.; EuC, Euchaetidae spp. copepodite; Gap, Gastropoda
larvae; Noc, Noctiluca scintillans; Oip, Oikopelura spp.; Pap, Par-
acalanus parvuss.l..
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il

sEEgaEe 27 72 9 WEe] Wskt 8% Ei 4
o] W50l oJgt 2+ 2 Qlof &3k =T} Roman et al., 2001;
Otto et al., 2014; Pinchuk and Eisner, 2017). Ho}Z2]7} Ka-
souga 3ol A 2ARY EEEFAE w9 B a2
ot BAE Holon 7o FA ol wet 94 5ol W
3}l H45o] YERGTH(Froneman, 2004). Newfoundland2}
Labrador Shelfell 4] AR 522 3E 24 T2+ 739
EA 3} 733t A 7HR] AL 1A Th(Pepin et al., 2011). $-2
uet dalloll A AR FEEFAE 23 Mg A o
ot 5ok 2, A, 454-a vl 9 s Bt o}

)

Table 3. Pearson correlation coefficient (r) between density of
main zooplankton group and environmental factors in Southern
sea of Korea

Temperature Salinity Turbidity

(°C) (psu)  (NTU)
Conchoecia spp. 0.33* 0.19 -0.34*
Euchaetidae spp. copepodite 0.27 0.16 -0.21
Gastropoda larvae 0.13 0.03 -0.26
Noctiluca scintillans -0.38* -0.39* -0.21
Oikopleura spp. -0.06 0.43* 0.09
Paracalanus parvus s.|. 0.43* -0.15 0.15

*Significant correlation (P<0.05).

Uz} ebebRe] A2 W Al7]el thet 2 53 91%ickMoon
etal., 2010). S-FB= QI To| A RAG BREFAE 24
A 2, At 22 2 a1yt ot ATt e
A0 & YePITHDo et al., 2017). £ Lol A 4 Wxo] 9]
o] SHA-FAE ATt 2= AES o7 2ol S YEhlA] &
AUtk 2y R oA lolA= AHAE B S5 &
o]F UEtHon o] AT 52t & SHH|E e P
parvus s.l., Gastropoda larvae Z12] 3 Oikopleura spp.©l| 2|3
TEA O KT EEE vl Al ol ket 55kt o] =
=24 3 247 7F Aol AT 78 Rt Al
FE v A SR A At 6719 E R
o2 gk mloj& At A 23S Sl 8 8471 olE9
T o]l S 7HAI AL QS =l & 4= QI SiT. e 21
Q1= ojwet HHl e ARl wet FEE
FAEY HEZE & 23 2449 Blgof w
o} 73] o] AYelah], =5t HEsto] Uehd Zle s
AztE ], weba] 23 ol A S8E AR e e s
A7 RS Ao g Y7E

P, parvus 8.1 29 AtFO 2 L2t} At A AHAIA
25 HHsH A2 AeiA 9lon] o2 el dig ZAshe
Aoz d#H At Hawng and Choi, 1993; Peterson et al.,
2002; Seo et al., 2018). 3FARE Fafjof| A ZAFSE P parvuss.].2]
A= o5 do) 7P Wi 7Rl 71 =31 (Moon et
al.,, 2010), 7Fabgtol Al ZALSE P parvus s.1.8] W= Ao
7F =2 gho] UElU= S(Soh et al., 2002) S| 2 &3 oF
gol LASHA ATt P parvus s.1.9] #3E= &4 849
o5l A il A TKSeo et al., 2018) P, parvus s.1. ZHA]
of AAAIEIOl L} Al B E] A 5 AT A9l E
3 2ol ek v 4 9l 0% A2IA ekLee etal,
2012; Seo et al., 2013). & ALl A P. parvus s.1-2 A|7}A] £k
A 94 % 40} oFo] ATHIAS el ek, 2 A0] 24}
afj ol Al Z&Tt P parvus s.1.9] W= 2AF 717F 5 7P AL
22 YW sHAlof] =2 2 el ou 7 =2 1

= A0 etk 2L Bit 42 18.6°CR 5110 Bt
T2 18.8°C} frAlsto] =2 710 Qlo1A] P parvuss.l.o] ¥
dst7)ol AAFE Aoz AlrErh 21U AMAE 5 24 g
7 & 240 Uehd shAZFobd A0 7P =2 H s
Bl A2 ol2fgt &2 4 a.¢lof Tlsto] oA Q] 2l 3k 4
T TS Ao A s dukdl ez 4 o] %2
A} A S-S E bloomo] Yofjuh= A2 defA glom, &
At A Yeld P parvus s.1.9] 52 WEERS o] 50] WSt
7)ol ARt s FAIT L FAlO 0] F9] Blo] o] H=
Al EFEY bloom A 7]of] YRS 7] Wt o= 25
o 28U 2 A dEa-a T E RARE ERHAEE
FAE B 2ARS ASHA] ghot ool sl 27F AP H e
Ao Yzt
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Fome) A5 A4 WA o Al i EE
Qla HEI AE4-a0] BFo] AR 8401 Aog Ut
IthHMoon et al., 2012). A5to| A 2ARE 5 EZH9E
7 & &¥3t Gastropoda larvae= 595E 797H4] =2 &4
H| S Yebdlom Jitits 59 RIS Btk (Lee et al.,
2012). & ¢4 Lo]| A Gastropoda larvae= 4|2 © & §-0]3}4]
= R AIZHA] B a4 5 Bt 7P Aol e A
O Ueyton o590 Wieel B = 50| AYRHAIE YE
Wit o]#gt Ak= 7]& ol A A1 Gastropoda larvae
o) A2 STt Adoldl=dl, ol 71 A A S '
P gol v ek | oo|8l7] Edste Fol & AFAY
oflA E¥T Fah= AE A SA0] A EEE Ao ® A7
. 3hH 2 &1 3Lo]| A Gastropoda larvae®] W= A0 714
it SOl A E 7P sk o, shA o S AR

HRl % ohA] FAo S71skelet. ool &= mlH= 7t
o] U= &F RlorA UutH o m A9 FA o Yo
AL A Sl AEETAEY 1A} 2% bloomA] 7] 9F ¢
sto] AZballE 4= Qleh T3 o] Al7]ofl U B S A] A
AE 5 7P & 4 UEhslon, Bee ditEo s 4
SEFAES AR 4 S 4R ddA gt May et al,
2003). whehA] 2 A1) A Gastropoda larvael] U= o] A
710l Yepd Al S-S5 aE AETe] 7]ofdh B2 gl 7
Ao JRFE WS AR ALREY, & A AEEEE
= TS SASHA| ot ofof| thgk =71 ARl A7t Ha s

Kl
)
30

e oofr Bl S
Ooox dlu x2

Euchaetidae 8717 o1 579] Hol7} E # op e} 423 87}
FE Aolshs ZARLRA soF A o] HoldZ 7714
© 2 JASH(Yen., 1983; Lee et al., 2021). Euchaetidae 2.7}
e UrhdRE] Gl AaliAlE oI5 EEE 7R Aolell
714 wol &3 sl Ao2 Al A Qltk(Soh et al., 2013). £
& -Lof| A Euchaetidae spp. copepodite= 5744 0.2 72|54
= UUANE 23} O] A E Helow HA= ohA 9
Hlga 0] 408 el 20 14 B 2HUES
Kt} 0|2 ?13)| Euchaetidae 22}-77} =~of g2 S
4 Sl 7Re AT B 2A0) 9L B 4 e 371 &
Qo] 91 Ao 3wk BAEHYN A HAbe TR
& 4 ¥ Euchaetidae 8 7}57-0] 3Z = 42 Hibe A0t
#Jel 2913} ¥ Fhelo] Qi 202 trebdrh(Lee ctal, 2011),
2 Aol FAE F8 EF0I9Y P parvus s 15 EZFH5L
6] Oncaea venusta, Clausocalanus furcatus “s- Euchaetidae &
7450] vjo]7} Bl 49 a7o] o] Rttt nehy 27
9] Euchaetidae 8.717-2] 7+%] U= Ho| &9 Frrof J3F
e 4 g AoR A7k,

sute], BOREE 52 mRsHe WetHA BYaEOR BE

&= Oikopelura?: 9] a5 AAA A& ke ol& &
3ff sE o7 WA o2 ASEFAERT o2t vt
g|2|ol7bA] Adolste] ulA] ol o] o x| EFof FaF
Z A= AEZ 02 o AZItK(Vargas and Gonzalez, 2004).
Oikopleuras; 2] #-320] F3F= 7|1 = 8912 2, 9,
H 5o 4HA Jlon 53] o5 AR ddT o R
A A It Gulfitoll A EAFH Oikopleurat; o] &2 €%
O Zavof| whet F7bete Hgo] UERstH(Flores-Coto et al.,
2010). gt alld=g-5-dollAl &8 g Oikopleura spp.+<= SHA|
of d sEEFIE A T IS el AL Zlafivtol A=
stA el F=A o S35k o 58] A0l o Tt 2A F
7Fsl¥ th(Hwang et al., 2011; Kim et al., 2015). 2 Ao A Lt
el 2H 2 4-9} Oikopleura spp.9] W= Aol 3lof 72
St o] At A E YR I 1y G2 Al Hsol A2
A ol = -5kl Oikopleura spp. Bx=0] Ald HES =
Al UERtS 1= oty o] Aol A Oikopleura spp.7}
A AP 27 2710] 20°C o]4+2] a14=231} 30 psu W 2]
o] JE-E HYE v 2 Ao A Oikopleura spp.2] U&7}
7P =okd B Al 22 Wt =2 14.6C, B HE
343 psus Kol o] A+t X199 s IH= T Aol F KAl
t}. o= A AA %3 Oikopleura spp. % 60% ©]4+o] SA|o]
UrebLb gk AA ] S xxio] FA A lo] gEHo s
HrE o 2a et At A o2 Azt webs ok 2 g
7 2710] 54T o ¥4 F7Fe} Oikopleura spp.o] W=7}
FO| TAE 2= A2 A, o] & 23t thE 9 R ARl &
Qlo] AAAQ] M5 o] = A o= A7t HH Oiko-
pleura spp.= grazingS 3l A4 Q7FRel= AAYTA
FolA] glom ZF Fol] ATstAY 23N 4= Q= A&
AE9 A7]+=thE A o2 & A Itk Vargas and Gonzilez,
2004). wepA] & 2Abl|A UERt At SHEIE AlEE
FAE 2 2O Afoloe JERFS Wk A0 R FE5EY
AEEGIE A AR o RO A A ot ofof Higt =714
)l ZAPEE RS A o2 A7tET

Conchoecia®:0] FZ FdllolA 294 Fo& E3dh= &
AEA W oA 350 Slof Sa3t YIXE AFAskaL et
(Ikeda, 1990). 53l FH-ollAl &3+ Conchoecia pseudodis-
cophora= 42 1-3°C, ¥ 34.06-34.10 psu ¥ 9|2 Lyehd
250-300 m Ato]of| A 714 Wi 3] Eskeich =3t C. pseudo-
discophora= A% ArdstH A5 SHA7ZIA 7} 5= AlRt7] o
| Zet A Q) HlERAL A3 EA7E T5%, SHAIZE 94%E
Effjo] Ao B W2 Algto] o] o= A 0= eyl 5
4bgto] o] 0|l EARE SHAZIR| O &2 F =22 oF
10-22°C, @42 2F 33.2-34 psu H ¢ 2] A o 2 YeEPdth(lkeda
and Immamura, 1992). 53l A4 oA A3 SEZHIE
3 2AF A3, Conchoecia spp= $H =0l A UElLb= &
¢Jo| & F th(Park and Choi, 1997). ¥ Z A} A Conchoecia
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spp.= 2= 20 AT, el gl s
Ehfiglom 7M=& W s Uil AES 24, Lol
E& U sA UEbTh 2AIA UeRd 2 e 4x0f +
|0] WE7he] A B]aL A], o] o] HAT 4= Q= 24 &

AR o] Y g7t =3 ARl AoE 251
TLEu o] bl Bl RO HokS uff o] 52 Ak EA
T2 A7)0l dojubiz A 02 A7, wheba] 2 ot
oAl YePd EA19] w2 WE= 0|59 AA 7|9} wrEe
SR A o= A7 weba] 23 Aol A= Conchoecia
spp.o] AEARE aLestojor a A 0 & AtR Ect

N. scintillans= A0 2 Q750 eholu A EE33E
< dolsto] o] 59 AT s AR 4= Q= 1A} &H[F}
o Hofuet S GIAITE Yot & SV A o7 F
Atell AgFS I tHQuevedo et al., 1999; Tada et al., 2004;
Nikishina et al., 2011; Baliarsingh et al., 2016). T3+ N. scintil-
lans= Ul A2N), (P -2 IFES 35S Bt
ofuz} o] o] AbEsHH A49] 7] ¢lo] H 4= Qlrh(Back et al.,
2008). N. scintillans7} & SA1E 4= Q&= 2 4L 52
15-25°C, A+ 23.1-35 psuql A Q2 {350, th=f F4] A7)
3 AutA o= A oA sHAIRl Ao ® U A GltH(Tada et
al., 2004; Kim et al., 2015). 3Ffqta} Asfuto] A £33k N,
scintillans®] 54 28] Z71ef oA & =7 btk A
= 2RI = o FAA SR FootA|= o A
A%l AYE 1(20-25 psu)oll A =2 A5 skl
(Baek etal., 2011). & Aol A && gt N, scintillans'= 523
ol o] A, dEdte fold 5o A A E vEr
Wit A 2F Aol =2 W gh2 ol ow 58] A ol A o}
A= dof7hm oF 8ulj 7FF FA © 8 W7t ST ol Bl
et A 5 oHAl= 7S 222, A1 20 e LS
o, o] Ao A ol R N. scintillans®] 22 54 7 ¥ 9
of| L] Qe whaba] 2 Atol| A A F 71 2 &7 0] 9
9 SHAlell N. scintillans®] HiZ5-410] doftd A o2 Aztdnt.
E3F5HA th o & 2 WEE YEE FA= 20 3l
SHA th5 o2 1S e gl o @359 o 2 ET o
TS UEhd i 240l Qo= A & FHAR =
< Fite YE o] ofof] BgekR] ghSit opgE-S A L
2 dHA glov; £ HolYd2 AlEEHE S E(Enomoto,
1956; Buskey, 1995), whehbA] Ao Yehd =2 U= =2
21} HEo] ARk o g2 A A Sl FA G 23 A= ER A
= bloome®]| P WS A 0= AY7HE T

2 Atol|A 3t FEETAE HA R 9] ¥ Ao

2 SRR Aol7t A B oofUet =8 ERaS

o= gt ek e Ato] o] AR AT 670 9] BT
4709 ERtoll A S 2 aeh FolRt AHEATE Q= Ao R
et o] T s S aEY Yot He AEEY
AE 32 ARIA HAY B sEEFILEY AokE

o,
fo

>
o

DLorlo oX d

i)

Algtsto] o] 52] Blo] Ao]ebE A3tE|o] ¢l H(Roman etal.,
2001; May et al., 2003), & Ao A =9 FRao] e W
ot AT Q= A SR YERlTE ey oo of
SF A= AR A 02 o]of gt AP} 5o 2ils)
o|FojHof & A 0 & AYZFE ) Egh =8 FRte] theh 24}
A EE Q] 8213H= M3 Ho] glS W opuaf o] A+
of|A] Bre A E EelAQl Q4 tf-gake] Ueht B2 wfjE v}
FAl AolatA Uepgd Bt UERGTE o= BT 2
o E3t FEEHIAE 7] HEol TS FUS AYS A4
P 23 AEEHIE 2, d2FS 2T AETA A4
Q1 AP F7HH 0 & o] Foj Aol 3t A o & AY7tE Tt

ol
x

il
K

ox
iy

Al AL

o] =F-E 20211 FSAMSH(GATHEEHI ARG, R20
21028)9) Aoz 43 Adyct.
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