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Abstract - The Korean coast is divided into the West Korea Coastal zone (WKC), the South
Coastal zone of Korea (SCK), the East Korea Coastal zone (EKC), and Jeju Coastal zone of Korea
(JCK). Each coastal zone has different marine environment characteristics. This study analyzed
zooplankton data of KOEM (Korea Environment Management Corporation) collected in the
Korean coastal waters the spring and summer of 2015 and 2016. In spring, water temperature
was lowest in the JCK, and gradually increased in the order of EKC, SCK, and WKC, while in
summer lowest in WKC and increased in the order of EKC, SCK, and JCK. Salinity was lowest in
WKC which had many rivers flowing inland, and increased in the order of SCK, EKC and JCK in
spring. In summer it was lowest in JCK and increased toward WKC, SCK, and EKC. In summer,
Chlorophyll-a concentrations were generally low, but was lowest in JCK in spring. In the study
area, a total of 77 species occurred, of which 50 species did in spring and 65 species in summer.
The number of species was lowest in JCK and highest in SCK in spring and summer, respectively.
Paracalanus parvus s. 1. was the most dominant species or the second dominant species in Korean
coastal areas in spring, but it was predominant in summer. In addition, in spring Acartia hongi,
Calanus sinicus, Oithona similis were predominant in WKC, Oithona similis and Corycaeus
affinis in SCK, O. similis and Corycaeus sp. in EKC, C. affinis and O. setigera in JCK. In summer
Corycaeus spp., O. similis, A. hongi, Tortanus forcipatus were predominant in WKC, C. affinis,
Pseudodiaptomus marinus in SCK, 0. similis, A. omorii, Corycaeus sp. in EKC, and A. steueri,
A. pacifica, Oithona sp., C. sinicus in JCK. The copepod community in the Korean coastal areas
were classified into four areas, WKC-western SCK, eastern SCK, EKC and JCK according to
differences in environmental factors such as water temperature, salinity, Chl-a concentration, and
suspended matter concentration of each coastal area.
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Agst= AFABRRQL FA]Of o] &}
AAEALY] G8-S Tdgtth (Richardson and Shoem an 2004).
Fe % 5ol A 159 #YFxe} &

Bz o} A 2A3t= 29lo] Hth(McKinnon et al. 2005,
2008). £ v A F-2 HEAE 7HA L §lo] 7 W3t
o % WS WS FEE gt B ABAEE ol
2 % ook tebd 284 275 BE Ws AL o
WA HBE Seen FHeRE 22 A7 P 4 Ut
(Gismervik 2006).

g Aok Z7) b sjgEE EA4S et Ad,
o, SaE RS 5 ok A A2 249 F7Fol 2
a1, vprkel A4 FEo] Wol fAlE jle
oA FYEE FILEE At 2 g ¥ =&
o] 9tk (Lim et al. 2009; Seo et al. 2013). T3+ Z3 A=
Yol s At JFS =ttt (Kondo 1985; Lie and
Cho 2016). ‘Fa A2 2H2 T} k2 o g A" A
PRI gopAd] st P o] 2 W E o] glon, 4o &
3 Fefrsol Aow, Ado| wet AFGR, 2AuRdRet
gl I Ad=ert st A Y-S Aok (Lie and Cho
2002, 2016). T AL A8f, oAt 2oz 24
9 ol Hou, S ol FUHE L2 2H9Y
AR ERE Zekz] FdRe 59 SRA #4
Hie A2 AEY Ry dFE W tk(Lee et al.
2017; Shin et al. 2017). 3tH G0 &3l= AF= F2A
2ol £19 2AERSG AR, 12T oie] B
o2 R FARBULY PRS0l ALY
F&FE |-tk (Ko et al. 2003; Lie and Cho 2016). o] &3t t}
¥er R dFE U A YL HYTEETIE &
s 254 aZRl Rl B9 A et

Kim et al.(1993)& gt Fajof| A 284 2717 179%0]
Z23%S B389, Kang and Hong (1995)2 8t 3 Y
oA FRA Q4F 4% SFS Felskidh ¢ 2017
Aol HPE 7} HFFABET FE- o st
= 54 847 23299F0] £EEJH(MABIK 2017). 21
AU olets djxFor 9ZRE IFS TEZSHIAE &
A EA dA3tE 3t A3l (Hwang and Choi 1993; Lim et al.
2009)2} 53} (Hue 1967; Shim and Lee 1986; Park and Choi
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dAeta o N &8ss FA4 847Y T2 2H+=
£ 7t 9 R ot 7+ g TEEIFIE &4
o] ¥ste] FFS nA FH NS getsta shglct

EYAE 2AE 20159 Asjet A 13ES
71202 e AF7HA], 2016W00= 3, @l 55, AF
detoll A F 1207 AHE A2 F(5Y)T o5 @Dl
AN AT (Fig. 1). 5EEFIES 953 YE(FE 220
pm, BT 60cm)E AHESHe] Ims ' SE2 SR 1m 9
RE B37H% 28] 47 AQeiYh SEEFAE FE )
A= YE Bo) $-44 (Model 4.8115, Hydro-Bios co.,
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Fig. 1. Sampling stations in the study area.
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Germany)& §25te] oint sl¢abg Bk &, ©¢l A
F A (ind. m)2 AT ARY AJRE A4
A FAZELUL gt AR HFEETE 5~10%
7t HEE nYsdch FEEYIE T 24 L 28 A
& mobg g8 AR 2o BaT H$ Folsomd] £

715 AHgdte] MRS BT T, UNSECOA] Aswo

$20 Aotk £ AToIE FREYAE o ¥
F2 3 MY e 2 ANSE AT Qb anwe
R |73

fog BASIAT. a4tRF & §82 T2 5d
(SMX1000, Nikon, Japan)& AHg-ste] AAJstglon, a7t
FF SRS A8 Hot At 3o 2o w= F 5
of agt H&XE sf5sto] wul& Fe-dn| % (ECLIPSE
80i, Nikon, Japan)©.2 #A|3] #Fslgict. B3 8247 &
Exo 9L nA= B 84U FE5] A& =23
Y& Chlorophyll-a (Chl-a)& &A%ttt 423 g1&
CTD (SBE 911, Sea-Bird, US)E AF&3}o] Z4stqich. 27t
= W0]9] A %9l Chl-a %+ Parsons et al.(1984)°] wzt
3+E 500 mL Y35t &, Whatman GF/FZ2 91}l om,
e IdHEL Chl-a % F58921 ofAlE 90% 10 mL
7b &2 ARG AT A 124]7F0] A & 2447 Y2
Flurometer (10-AU, Turner Designs, US)S AME-3lo] =43}
Aot Q7= £ 5L Chihara and Murano (1997), Soh and
Suh (2000), Ueda and Bucklin (2006) 5& 13t o, &
FA A= Boxshall and Halsey (2004)E w5kttt

A 2770 4 A4S gofsly] YA &4 Rl
7F A A 1% o1 £93 EREE AY T duF 2
Aol BE=H (classification)®} 8] ™ (ordination)S ©]-&
sto] 2ARAE AN 2ARA ot Rl 2
d AR ARE 24 G F Abol9] AAE BEAo]
of o Awo HFS FotaL, A A5 £ 5 HF3}
37] 98t 2(log (x+1)] A$E W3 JEE o))
skelch a2h7 239 AT A= 53S9l Bray-
Curtis A= A]4=(Shannon and Wiever 1963)E ET|Z H|
7t AH&B et (UPGMA)| st F33tsh= AlRA A3
£ (hierarchical cluster analysis)& ]33} nMDS (non-
metric multidimensional scaling) H{@H o2 #REHS ¢
Potch THEA Y Az 1EE 72 FH o dFS HA
= F2%8 1otstr] 93 SIMPER (similarity-percentages
procedure) 4% 33} 4 .2 ™ (Clarke and Warwick 2001),
Q7159 B a0l Aold] 45 BAZ srerals] Slstol 2}
o] £ 28 AARE HWFLeE FAEATEY (Can-
onical correspondence analysis; CCA)2 CANOCO ver. 4.5
softwareS ©]-&35}o] B3} th(ter Braak and Verdonschot
1995).
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Fig. 2. Distribution of (A) temperature, (B) salinity, (C) Chl-a con-
centration in the surface layer of the study area.
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(Bt 158°C) HH=2 AA Aol o]z} wlw|stgict. o &
AFatafige £HEEZE= 23.1~30.3°C (B4 27.2°C) ¥
A2 BH Aol Hdf 7.2°C ApolE Bt AsjAta e
A 20.8~24.7°C (B4 23.0°C) Y& 3.9°CE vrebyrt.
oAt gt e ALt g 2+ 19.9~29.4°C (B4
23.6°C) ¥ 9}, 20.3~28.3°C (B 24.9°C) M= A4 A
olofli= 8°C 0|49 Aol & K ATt
B A& (psw Y FHEZE 959 FdFol B2 Ad
ok ol A 28.9~33.2 (H 30.6)2] HZ AA Ato] )
43 Zpolg Hon, da|detaldL 54~338 (B 32.1)
Wz Y57 oht AT ok E A Atolol= o 28 o]
Arol ztolE Wt (Fig. 2B). 13U AF AL Gt F3)
A2 22k 34.3~34.4 (B 344)9F 33.1~34.8 (B
34.2) HHZ B Ape]9] Apol= ww]EkAT. A sl Htsl
A2 G A, G AN G dEH s BA
AN AddiHes 32 g7 FEE 2 odFdde AF
Actai At FafAtai oA 22 27.9~31.1 (B 29.2)
9} 29.6~32.4 (B4 31.8) HYE Hoj Hjg] R GRS W
Hom, g Afo] Aol 4 o]FtR AUt} A At S
L 296~324(H 31.8)E Eil ALY Zo]E Hol|x &
aot. et £ G54 skt S AQdstas
29.0~33.1 (Bt 32.0)9] WA= &3 AY FASIAT
¥ Chl-a %+ AFAMN G} FafjAta oA 2+
7 03~08pug L™ (B 08pg L H2 0.1~10pug L™ (B
09pg L) W92 wokon], 3 Abo] Ao|= 1pg L o]
stk (Fig. 20). 22U Asfdta] ol A= 0.8~13.9 ug
L (B 26pg L) 992 A7 13ug L7 o] 2 2
ol H3s B ofyet, 2AS|H Y Het F M =2 B
o2 By galdetsld £ 0.1~73pg L7 (B
19pg L) M2 Maqgtald thgos & 37 5
A Ato] B2 ApolE HAH o F AFAd At 5
Ao A Chl-a 3=+ 22 03~08ug L™ (B 0.6
LHe 01~10ug L™ (B 03 ug L) Y2 Eof )
QPJ agh v, s At g FadActal o2zt
08~139ug L™ (F# 33pg L) 0.1~73pg L™ (B 18
pg L) W92 B3t A9 wssA vehdt 28y 3
FEE Aaets g B9 Bol vld) 1.7pg L A Ut
o RHE, daf Agte g2 w3 A9 2pol7t glitt
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Fig. 3. Distribution of (A) the species number and (B) density of
copepods in the study area.

AFAE oA 15F0] EAEIATE AFolE A3t
Aol A 235, Fadctal ol 30%, oG lA 26
Z, AFaGol A 23%0] 3 THFig. 3A). B 9 A
sgts oM dajactigos A= 28 F £ F
Zhstglon, Asfdetadel &9 & o B3 o5 2
WSS Ho|z] koot T urel At de A 2A F7t
sttt

747 28 MASeE Bl AT G oA 96~30,684
ind. m~ (B 3,625ind. m)E FAF Ato] 2 zlolE HY
ot A8 FRAGNA 7 B EE MASE B,
AagRadoA 2 &8 MALE EHct. et
ol A} 336~13,190ind. m™ (B 2,029 ind. m ) E, F3|E
B go A WA Yebgon, dajA e golr w2 &8
MA4S Bk S Ae] o AE 55~1,971 ind. m™ (B
& 498 ind. m)E FEHFEFH oA BA Yehgon, B
B gol A E=A vebgh AF A golAE 404~8,119
ind. m™ (B 2246 ind. m)E AFEZRF I A EA
egon, d&agoz Z4E &9 MAeE T8I
o] 2o AafActafdol A 178~4,028 ind. m™ (F 1,001
ind. m)2 Uehgon, Asgis| e atel s @A
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Fig. 4. Density distribution of dominant copepods in the study area.
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Fig. 5. Dendrogram based on Bray-Curtis similarities estimated by copepod density in the study area.

9L 54~3864ind. m (B 970ind. m )E &
HollM A vdebgen, ARsHoM A e

A AL 54~817 ind. m ™ (B 400 ind. m™)
2 FlsFAdAA A vehgen, RN =4
Urebstth, Al Aghal o 298~18,616ind. m™ (B 1,131
ind. m)2 AF FEEH oA BA deton AF &
Za oA =A ek Th(Fig. 3B).

ol gt AbolA $HH o2 SHdt=s 8Z4R/= Acartia
hongi, A. ohtsukai, Paracalanus parvus s. 1., Oithona similis
oltt. A Eof&= olE F o9 A. omorii, A. pacifica, A.
steueri, Calanus sinicus, Corycaeus affinis, Corycaeus sp.,
Pseudodaiptomus marinus, Tortanus forcipatus©) At (Fig.
4). A AFf Gl E@T P parvus s. 1= B AFA%
QoA 8030ind. m 2 EA UEton, o Ed A
B3| AolA] 3208ind. m 2 £E FEE YEROY o945
o2 ZA4E &9 MAleE 28T AL hongi= Eoll A
e gl TG 7HA S@FHH, AEF

Ao N B3] 2 23 AAS(28,168ind. m HE B HT}
gl ol w3 &4 MA7E A FA2sES B
oflz, £ E3 Fof LETHE AEoE AFE. A
omorii= 15 FaldAtE Rt AFAGAN NN &
Astg o, AsjAstai g Fai At M= S@HA
Aokt A. steueri= A5 AFARN AN AT SH5H
t}. A. ohtsukaie Bl A3 AEHa oA Fadtal,
a3 AFALN G A EAFH o, Fa AdAF A
gt A £3] £ 8 A4 (6.036ind. m)E BT o
ol AsligRali oA dall LTHEbA] HE5EH oL,
£9d NA¢= FLSAT. A. pacificas B A3 ATEH
G}t G AMAEH G AT gl o] F
2 AFAetE o)A 258ind. m 2 BH|IF B &8 A
$E BYoy, I 9o i RRHSE 24 £
3ttt C. sinicuse Eoll A ALER|GolA] Faf At
AR G7EA] Ex28E o m, A AbeRal] ol A= 1,688
E2 28 MAsE B4 AdFole Asllagt

. -3
ind. m "8
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Fig. 6. Canonical Correspondence Analysis (CCA) ordination diagrams related to environmental variables (temperature, salinity, and Chl-a

concentration) and density of dominant copepods in the study area.

SR Fejdts RS, AFAta| 7R & st
Fom FaddERfgoAHE 828 ind. m™ B o 23
MNA+E BA. P marinus= Eol A3|dots] g} Fafa
AR o ATt s o, AU RGN A=
1453ind. m"& ¥ 28 A4S HYnh S A3
At Aol A At A7tA] @8I o, AlFALLS

o A= EEA] LTt T forcipatus= Eoll= E33}HA
dokom, o g Majataidat daAta el Ed s
o, MaALEEF A 302ind. m” 2 =L ZEMA
& E At Cyclopoidadl &3k= 0. similis= &l A3
et ol A Fa AN A7t E@stA o, FaANdEH
g A 1,549ind. m2 £ 28 A4S BTt B
o 2@ FH= S Hxsgen, AsjdtEEadelA

312ind. m 2 £& 2@ AASE R0 C. affinise B3
ol 5ol dalata gzt AFAta AT EAEA ouq,
G ARG 4575ind. mT 2 S EF A4

ST}, Corycaeus spi= &3 A5l oAt 2t Zﬂé@l
St Go Mt EAsIH o, FHAUFT RGN A 132 ind.
m° 2 &3 AA$7} B9t

3. 2789 AL BT B
AT o] 2ET RARE Aoz YTRHE AA

o Ay AFA L 5 oF BF AsjAte| -
StA RS, FeAtE RN, S AT, AFA
g9 47l NFoz FLHEIT} (Fig. 5). SIMPER 42
3 71o& 5% o|Ade aZ4FE AHE A Eo Afd
ots oA A. hongi, P. parvus s. 1., O. similis, C. sinicus
7}, GG ANA P. parvus s. 1., C. affinis, O. similis,
A. ohtsukai7}, S AN DA P. parvus s. 1., O. similis,
Corycaeus sp., Pseudocalanus sp.7}, A|FAs| Gof| A P.
parvus s. 1., C. affinis, O. setigera7t 8 $232 e
oAgoll= AsAstal ol A P. parvus s. 1., Corycaeus spp.,
A. hongi, O. similis7}, ‘3| AN SN A P. parvus s. 1., C.
affinis, Oithona sp.7}, S| At G oA A P. parvus s. 1., O.
similis, A. omorii7}, AF AN GAA P. parvus s. 1., A.
steueri, A. pacifica, Oithona sp.7} 58 £202 Uty &
I oF 2T A At HolA Calanoida 27479 &3
o] LAt o, Fafjdetsi oA Fafdctg ez A
2 Cyclopoida 22159 Z@e] A7 Z7shedc. AEvS
B4 A% Bl A5 259 DHAE 22 0.11,0030
2 eiron, A3 AREA] et FHsGlRE 144%
= Uehhgich B9 A1, 258 9] 8483 a7l
BAE 83.4%S A3t 24 23 A1£E 7|E22 A
hongiv Chl-a 5Z¢ ¥ AW-E BH oW, Pseudocalanus
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Table 1. List of copepods that occurred in the study area in May and August, 2015 and 2016

West South East Jeju

May Aug. May Aug. May Aug. May Aug.

Acartia hongi @) o)
Acartia hudsonica @)

Acartia omorii

Acartia ohtsukai e} e}
Acrartia pacifica ] o
Acartia danae

Acartia erythraea

Acartia steueri e}
Bestiolina coreana ¢}

Calanopia thompsoni

Calanus sinicus )
Centropages abdominalis
Centropages dorsispinatus o]
Centropages furcatus o
Centropages sp. o o
Centropages tenuiremis @) o o)

Eucalanus subcrassus e}

Candacia bipinnata o

Clausocalanus furcatus o [0)

Clausocalanus sp. ¢}
Euchaeta plana e)

Eucalanus bungii o
Euchaeta concinna @)
Euchaeta indica e}

Euchaeta plana o o

Paraeuchaeta concinna ¢}
Euchaeta rimana e}

Mesocalanus tenuicornis e} ©)

Metridia pacifica @) ]

Microsetella rosea )

Eurytemora affinis @)

Labidocera acuta )
Labidocera euchaeta e} e} ) ¢)

Labidocera minuta ]
Labidocera sp. o
Labidocera rotunda o o) 0] ) [¢)

Pontella chierchiae

Pseudocalanus newmani

Pseudocalanus sp. ¢}
Rhincalanus cornatus @)
Saphirina sp. o

Temora discaudata

Temora turbinata

Tortanus discaudatus @)
Undinula vulgaris o

Copilia mirabilis
Paracalanus aculeatus
Paracalanus parvus s. 1.
Parvocalanus crassirostris
Parvocalanus leei
Pontella spinicauda
Pseudodiaptomus marinus
Sinocalanus tenellus
Scolecithricella minor ¢) e}

O O0OO0O0OO0

O O0OO0OO0OO0
(@) @)
@)

©)
O

@)
OO OO0
O
o
o
o

OO0 O0O0O O O

[o}Ne]
O 00O
o
o
o
o
o
o

O O OO0
O
O
O

Tortanus derjugini @) o)

Tortanus forcipatus o o

Tortanus spinicaudatus @) @)

Oithona atlantica o ¢} o
Oithona plumifera o o o} e}
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Table 1. Continued
West South Jeju
May Aug. May Aug. May Aug. May Aug.

Oithona similis o o o @) ) [¢)
Oithona setigera o
Corycaeus affinis o o [¢) o)
Corycaeus longistylis [¢)
Corycaeus pacificus 0] o
Corycaeus sp. o o o) [¢)
Corycaeus spp. o o 0] o)
Farranula concinna o
Oncaea mediterranea o)
Oncaea venusta o) @)
Oncaea sp. @) o o) ) )
Oncaea spp. o o o
Monstrilla spp. o
Unidentified harpacticoids ¢} ¢} o o o ¢} o

No. of taxa 23 23 25 30 15 26 14 23

Total abudnace(ind./m’) ~ 3,625+5243 103141001 202942177 970+786  498+453

400+£200 2246+2,132 1,131+516

Table 2. Summary of Canonical Correspondence Analysis (CCA) showing relationships between dominant copepods and environmental fac-
tors in the study area

Axes 1 2
Eigenvalues 0.111 0.033
Species-environment correlations 0.605 0.523
May Cumulative percentage variance of species data 11.1 144
Cumulative percentage variance of species-environment relation 64.3 834
Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.173
Eigenvalues 0.185 0.037
Species-environment correlations 0.667 0.583
Cumulative percentage variance of species data 18.5 222
Aug. Cumulative percentage variance of species-environment relation 73.7 88.3
Sum of all eigenvalues 1
Sum of all canonical eigenvalues 0.252
2 BFOoH, 0. setigera®t Corycaeus sp= FEo| &2 A E AFdgolA F3 A5 &3 7 8475 F
L B A A=} 2&9 192+ 22 0.19, 0.04 77—*—0]°‘£’_E=] o] F dokEL 28%0] E]- Table 1). Bl&=
2 yehgen, A4 Azt gt FA7101&2 22.2% 3% A 847 50F F A T2 268012, o
£ etk B3 AL, 258 @4 8d0 27479 BA ol 65% F A% 5f 28F0)qiTh. & 2AOA @
£ 883%= AYsluct. B4 A} A. omorii, A. steueri, A. HAotE £ ZYAEARYT SE2E o 9= Z S0 v
pacificas 70 Fo| e HALH, P.parvus s. 1.2 4 Ak ol A g9 A, =AF A7), BH X]‘ﬁ o)
Foll ¥ J#E B Stk (Fig. 6, Table 2). o] Y& w3 A_E worg ot shate] 2dete a7kR
F - FANAIN A% G Ao Lotk gloy
(Seo et al. 2013), & AT A= FejdAtsiqol =2 =
o @ % 48 ngom, Ao ol AT
sgon 248 29 F St BaE A4S my o
=l 2dste FA 84F < § 23230 ¢HA 23t b= & AR o] Al =7tE ] L, 2AEA
AL (MABIK 2017), 0] & AYFS 34502 R T EZ Asjadat dejadte]l HFEH flof Z Y
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A 7 24 A9 Y
I & g

27479 &3 MAlee g5l vl &l =4 deb
ot 82t7 9 28 MMAleE 53 o F Chl-a =7 RA Y
B Faf At golA 7 wtew, Fo Chl-a =7+
A vehd AsjastaigolA £ AAS7E =4 UEi
th. ol Chl-a $&29 $7-2 22479 7HAl4= ¥t UH
sHA QS u|F 4= k= 7€ Z 3 Jhon 1965; Soh and
Suh 1993; Irigoien et al. 2004)2} LA|3tRt. 1Y o4&
AFAL Ao Fe Chl-a 5% (0.6 ug Lol = £73
YA O 2 ANSE AFAANG0] T,
298 AYAY, ABSYIE time lag 5 TR 8910
ofef JF& Wk,

2 AFoA Fofl SHAH R S QAT Acartia
hongi, A. ohtsukai, Paracalanus parvus s. 1., Oithona similis
ojtt. AEd+= ol F ol A. omorii, A. pacifica, A.

steueri, Calanus sinicus, Corycaeus affinis, Corycaeus sp.,

= =z A
‘?‘;—a——r

of,

e

i)Y

Pseudodaiptomus marinus, Tortanus forcipatus®]1th. ©] 5

P.parvus s. 1.2 2= S|FoA AF £ Edste T2
A Utk (Suh er al. 1991). B AFoH = AFALHS
oA 7Y 2 £8L, SHALANG LR 248 &3 A
TE AT, £ A. hongi, A. ohtsukai, A. pacifca, A.
omorii, A. steueri S Acartia & 50| ZAFYS GaEd &
Aoz EdsHh A hongie AsjAds| oA 1A
oz F¥sgen, 1 £2E 5o FlsFALHA7A
FFE O, o Folls FAlAFAL LFREARE F4
ot o3t 28 YA FFAdTE AEH R
Aete] G HA L USE HoFE

Atk 22y Kang (2011) AAF, FFF, S4FNA o]
ol W2 21 HEoA Edst, A4

o|FE UL 7HsdS Huskth FH Seo 2016)= T
et o Asf Atell E&dt= A. hongi®] FHA £4 4
1= EQ=, 3A Ws7] sjedo] Wik o & A
oz Attt Watr] o|F s Aso = Aol HF
st= @A & Fa At Edste FEFLE AT
T, A. ohtsukai= & AsEEa| A AFAR 7
A A oA E@stA oY, AFolE T FHO] A
ol el LZR=7A] Uebgth 22y A. ohtsukai
= AN g g7t fFUEHE odF 71 olF #
FtolA As FAHNCH, £& £2(21.7~275°0)% 4
L AE (2242~32.97 psu) H o &3+t (Moon et al.
2008). wekA Fof AsfiFRa ol E@L ul¥ oH
ol Y 4= Aok A pacificas 142710 LUt A A
otof] E3}A4 £& 3= £2 Z (Youn and Choi 2003), o] £

A AdoA Edstgon, AFAdA NN w2 EES
Bk o] Fol A. ohtsukai®t G2 1527] YFoA &
sl AL 188 u (Ueda and Bucklin 2006), Eof] A3f
RN G FeA R FolA o EHL FetR FFS
oujg 4= o}, C. sinicuse =1, =, 2 A 543} 6
4o =2 2@ MNAFE BolH, 5 $-20] 27°C o4

~
e

e

SHOLE o) £20] W £FTOR OJFHE AoB &
A QIth(Wang et al. 2003; Pu et al. 2004). 3t 5 +2
o] 24°C o]dd w Aol AP FFE MAE A=
SFelA Sk (Uye ef al. 1990). & ATIHE Bl o3
oA Fej AR G7IA] E@sEH o™, A5 AAER
oA AFARN 74 @t AFol ol A9

Nx e 8L FATETY FFS AvT 5 ek 19
U FgTe] e palo] AL oo oFo] &3
(Jang et al. 2004)3H= A 22 Hol 3= At 4o 2
oA AES A& 7Hs/do] % =t @ Cyclopoida
o &38h= 0. similise &3 A5 AsjddsidoA 3l
AN G7A] EEHHLH, C. affinise BT o 5ol H3l
Atz A=A AN, Corycaeus sp= EI
ol FadAta g AFAMANGANMT ST A+
2d3}of| g e o 2 27|17 A2 /A4 cyclopoda
8779 Fagol AXM7IL Yo, o5 Fofl thet A=A
ot A vl Aok webA] FYA NN TE=E
FAEY TS Bt AAS] olsfistr] fsfiAl= mlAlA
Eo|At&oA ZARRA Fa3 B A YA E A5k
& Cyclopoida 8270 tieh o @2 A2 9| F2o] Q.
g Aoz AAZ

At g 2@t 2AFE
A, 2 Fo =4 E4

o A (A -Fa AR S, Fefdtsid, s

e, AFdtei ) o2 FRo| FRE e, 3= At
o mAE 8 dF 540 & XA B FE A

=9} ko] A B0, A. omorii, A. steurei, A. pacifica
= £ o AIE, Pseudocalanus sp.= T2 &9
A2, A, ohtsukai'= BE| 29 A, P.parvus s. 1., O.
setigera®} Corycaeus sp= G| ¥ 4TS Ho 7} 3
o] EAE wtgste] 28 e & s 332 Ao
£3] Cyclopoida®l| 3} C. affinis, Corycaeus sp., O. similis,
0. setigera'= A3 AL Eth= et Saf, AFALL
oA ©4 2&3tgt. Cyclopoida 87t W 233
ofe] Za Ho|golu], S % shutele] o2 Fa
3t YA FAAUATk(Wang et al. 2017). Corycaeus &2 F
Z Copepod naupliis 423t &-2]4 0| (Turner 1984),
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Oithona 42 otgdd¢l A A 2 &8 /IA+== Y
o} (Boltovskoy 1999). £3] Oithona 42 RF2 $20] A
2 UEE 29 23 2P BAE Bon, ¥
Chl-a 59X &2 /A+E YeEbgth(Wang et al. 2017).
E3}t Oithona spp.(<05mm)= F2 UeZTHIESL H4
8t Oithona 49 A4 £4 23 #2771 58 Ho|=2
byttt (Pond and Ward 2011). ¥, g &53193
oA AEEFTIEY dF Mo W2 Calanus
chilensis®} Calanoida 87} (> 1 mm)2+e] Ho| ZHA oA
HAA &d MASE FA Uebgth(Escribano er al. 2007;
Wang et al. 2017). o] 2|3t e H AHAS2 Hajet 53, Al
239 Fe Chl-a 5=1A Oithona 48] A &8 2
2 #Ho] Q& 4 9th. 1Fo = E3taL Calanoida 87}
2ol B35} AiEOR A7)t Aol FHFREYAE A
Al T4 Hr7kE 4 glev g o171 F Q stk (Marlowe and
Miler 1975).

olsh o] AN aslolt AgH agle 7 Heled
Aol 4B BRatd oo AFT WS
P, Ol RUSE F2) 543 Ty
oo (Barton et al. 2013),
it BpE ¥ 4 Sk B A7 B 4 SUekDir
and Cabido 2001). 1222 A | A<, Fa] d ks of A
Calanoida 87}79] 94 @3 Faj AL, AFALAF
A] Cyclopoida 27}72] 93 £3d2 Chl-a 5= &2 A
E3H4 2o FFS ‘?:% Ao 2 Uetth ol 23t AMES
8745 I Ao a2, 42T 22 293 FHax
oj¢of] B} @2 HESHY a4 tist HHEV BaFS
AR Qe

¥ @

27) o2 S 87 SHL Holk Al gl Bl A%
ANAS o 2A (D% A 3Dl AT 244
22570 2AFE ot ARG B3} o 2] 29
3 a4 AGFE F 3FIgon, o] F Aol 28F

3

Ot} F(@9F)°l s AF(58F)l £ Fol HFsHA
o 8247 28 AAsE 3 4F Chl-a $=7F A Ue
& S Adei ol 7 Wk, Fofl Chl-a &7t &
A vehd Asjacdsigoln & A7t 24 HeEbdT
a8 o Fof AFAAF A Chl-a =7 06pg L2
Z 5 yebt o 2 €8 AeE 2o

ol = AollM Mo FRd= 8AF= Acartia

hongi, A. ohtsukai, Paracalanus parvus s. 1., Oithona similis

o}, A EoE ol & ol A. omorii, A. pacifica, A.
steueri, Calanus sinicus, Corycaeus affinis, Corycaeus sp.,
Pseudodaiptomus marinus, Tortanus forcipatus®] 1Tt.
Paracalanus parvus s. 1.2 8o AL s|FoA HSHF &
= AAFeE A"A A9E 2oy, ol A
Ao A HEHF R EASAY. AA4F FHEALS
2, &, Chl-a 5% 59 274 a2l w2t A, dall, &
3, A5 4t g o2 gestA FEE T

At Al

S~

e R E D DA R 2 PP AT RS

o] =R 2018¢¥x: A ( 3| oF 4= ALK )_,] AYoz Fops
1
o 29 A7

hi-d
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