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Zooplankton community and seasonal variations were investigated at four stations around the Oryuk Islands in Busan
in August, October, and December 2016, and March 2017. Zooplankton was vertically collected with a 45 cm diame-
ter, 200 wm mesh size conical net. In the study area, 33 taxa were identified in August, 54 in October, 44 in December
2016, and 30 in March 2017.The zooplankton densities ranged from 6,754.4 ind./m?® to 20,874.1 ind./m®in August,
2,569.8 ind./m? to 10,028.0 ind./m? in October, 576.2 ind./m?* to 1,520.0 ind./m? in December 2016, and 6,419.7 ind./
m? to 10,398.2 ind./m? in March 2017. Copepods were the most dominant taxonomic group at all stations during all
seasons. The zooplankton community composition was two in August, three in October and December 2016, and one
in March 2017. The dominant taxa were Oikopleura spp., cirripede nauplii, Pseudoevadne tergestina, and paracalanid
copepods in August; Oikopleura spp. cirriped nauplius, paracalanid copepods, and Paracalanus parvus in October;
Paracalanus parvus, Ditrichocorycaeus aftinis, and paracalanid copepods in December 2016; and paracalanid co-
pepods, calanoid copepods and Oithona similis in March 2017. Mesozooplankton communities showed a strong
seasonality around the Oryuk Island.
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oJ3f) 9J3FS WH=thK(Lee et al., 2017; Zhao et al., 2022). -2
g Aol A AHL] ¥g} = 7| SHzke}l 22 A7) 2l 3 ¥
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FREQAES sl A QAel DAaR
AAs= S35 oy x| AEAbe|tk(Kierboe, 1997; Turner,
2004; Robert et al., 2014). 3EZHI =S A4 274 H
stofl RIZsHA ¥Eg-5H7] wiZo] s EEFAE A9 He
SfFAENA e AHA WesS ;Y 5 UTth(Winder and
Jassby, 2011). Wb E2E5FLES 39 29 Wsh=
ol Al sy El Ao Lot HMSkE REF st AEiA Q] A
¥ &2 285 4= QIti(Chiba et al., 2018). 3 ==H A ES] +3
< T2 Gt T HAETA] aut AEETEAES A
of, FRFdA o FE=ol ot 24 5 AESE L a8l

il

Sh= HAESHA Q910 AE5H sHS WSHA|7| AL, tolrt
FEEYAE Y o] P32 ErHKimet al., 2024). &
2220 Mot sl AloA ugEstY ol
=014 291 il SR o2 AgShA] ¢fal BetAlow 2t
ool FEEFAEY Aol YIS Frh(Lee et al,, 2017,
Zhao et al., 2022).
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9] kS Wh=tk(Seung et al., 2007). ipdRF= A-dz oz
Hgo] A, AHA Hed e £ ASHoA] dojd
thH(Seung et al., 2007). = P2 Ff4re} Algrof| A 4=
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of &5 71 39 ] 47 A (Fig. 1)ollA 453 WEGHH
45 cm, 954200 um) & WIS E 271 S 0.2 A4
Sth TEEFAEY AR Al 2, diE, EE AT 5 9
¥ 1 m 44lof| A4 YSI 6600 (YSI, Yellow Springs, OH,
USA)E o] 3t0] 2431911, Eat 53 a4 1 LE A)4:5o]
=224 a(Chl-a)9] &= B4

FEEGIES By 4 A4 AU HL] S-S v}
%, 7t e vhetol A 1 m 1R E3714 AYskick A
Al o] o <=7 (Hydro-Bios Co., Altenholz, Germany)& A
Zsto] ol =¥l sie ST AHE AR AdollA
24 T0%¢] ofghe-2 14 F 4P Lkt

YA = A7 3] H(Wild M-5; Leica, Wetzlar, Ger-
many)¥} 3188 3383 ] 7 (Olympus, Tokyo, Japan)= ©]-&
sto] 7HsRlet & A B4, AT Alme vl o
718} %7d (National Oceanic and Atmospheric Administration)
of mrERo] ofa] 254 0% 300-500441% 54 L A
Sttt Al Hloel= SA3 o vk viE o ' el 84
F(?) WA = gkl FEEH =0 578 Chihara
and Murano (1997)& #a15}$i T

SEEFAEY 2AFA], A 2P s e A4
AWAE Thotslr] sl Al-5-+E-4](canonical correspon-
dence analysis, CCA)2S A A|3} tH(Legendre and Legendre,
2012). CCAoA o|-&H ety 2tz % SR s==F2
E AR AR T log (X+1)2 HE519Th CCAS MVSP
(version 3.0; Kovach Computing Services, Anglesey, UK)=
s,
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Fig. 1. Map of sampling stations around Oryuk islands.

2017 3¢ 420 H 9= 12.71-12.74°CE Vrepyton, A}
717k WL 233 7k 2ol 7k A Qi

ZAF 712 5 i Biske vgsielou A g8 wske
A FokTh Hat G2 20179 39 34.59 psu= 7 =9
o, 2016\ 129 34.27 psu, 20161 10 22.27 psu®| 1,
20169 8 ¢450] 30.17 psuz 7H Wrorch(Fig. 2). 20164 8
9 B H9L 30.13-30.23 psuc] 9L, 20164 10Y FE
33.12-33.38 psuc|gitt. 201649 129 ¢Ho] 34.17-34.369]
2131, 20179 39 ¢GE-2 34.58-34.60 psui H 77k 2fo]= A
et

A ZAIFERE 5 85 A= 201749 390 7MY =%
11(8.63 mg/L), 71 tF2o.2 20161 U9 &-& A7} 8.19
mg/Lg.2H, 20164 1020l 7H3 w2 7.17 mg/LtHFig. 2).
2016\ 8Y99] 8- A4k 8.03-8.30 mg/LSIL, 20161 109
O] & Abar= 7.3-7.38 mg/L3ith. 2016 124 9] §<& 4ba
=7.30-7.38 mg/L, 2017\ 34 9] & Ak4L 8.59-8.65 mg/
L2 yepgton, A A2 Fe BRIt 2ke|7F 4] ok

% ZA71ZE 599 Chl-agh A Al71E AW 2ol 7L 71
t}. 20164 8¥ Chl-a2] 4 SEE 1.045 ug/LE 71 =9k
31, 20 & 20169 109 0.838 pg/Lolglon, 20161 12
U7} 20179 399] Chl-agh2 0.623 pug/Lt 0.63 pg/Lo&
GARSE 3HS B QITh(Fig. 2). 20164 8Y A7 Chl-asEs
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Fig. 2. Temporal variation of sea surface temperature, sea surface salinity, dissolved oxygen, Chl a concentration around Oryuk Islands.

Error bars indicate standard errors.

0.64-2.09 pg/L <], 20169 109<] Chl-as %= 0.53-1.17
ng/L 9], 20164 12¥€2] Chl-a%s %= 0.06-0.91 pg/L H9
%z, 20174¢ 399] Chl-a% %= 0.40-0.80 pg/L M2 A =
AZ1ZE 37t B Afo|7h A UrER T

REL FHY S=

A A7t St 2 B S 30700l 4] 547 = oheFst
it 20161 1090 547 EF<to] Edsto] 7MY 2E 2R
o] Wk, 20179 3937} 20164 8€ 2] £ EEiL227} 33
7N} 307] = TF2 AlA ol Blsf Al A o 2 WkThFig. 3).

A ZA7 7 28 NA4E 20166 8L o] Hat 12,324.5 ind./
m’= 7P wo] Edt L, 1 thE o R 20179 39| Hat
8,468.8 ind./m7} Z&3191, 20164 10€] H 4,976.4
ind/m7} Z@slglon, 2016\ 120 71 AL 4=¢]
1,033.5 ind./m*7} 2 &3} c}.

2016 8¥oll= AT E@/HAI4=2] WM9= 6,754.4 ind./
m® (B4 4)o| A 5E] 20,874.1 ind./m’ (B4 4)74A] TheFsted
tH(Fig. 4). 201618 10€oll+= A3 1914 & 7HA142(10,028.0
ind/m’)7} 7} =orow, 1 theo g AH 204 4,070.4,
AZ 404 32373 ind/m*0|QoH, AA 304 71 Ao
2,569.8 ind./m*7} & 3}glch 20164 1290= A7 40]4]
1,520.0 ind./m’7} E@sto] SdMNAF7F 7 worar, FH
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Fig. 3. Temporal variation of zooplankton taxa around Oryuk Is-
lands.

sk A 10| M= 71 28 4291 576.270A171 &3 5F )
20179 3¥of|= A A 30]4 10,398.2 ind./m*7} &3] 28
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Fig. 4. Spatial distribution of zooplankton abundance (inds./m?)
around Oryuk Islands.

& At on, 2016 1290l A 29 H4 30] 1HS
dskGitt. 201749 390l e S0 8T =5
AEE0| B IES Pk

TEEYAE R S A AIE 9 Al 2
1%01449) %0 BR7o] B8 GRS RALKY] Wi chost
S tH(Table 1). 20161 8Y il Oikopleura spp., Cirriped nau-
plius7} F-HA o2 EH3}%1L. Pseudevadne tergestina,
Paracalanid spp. copepodite 5-¢| 10%0]42] 3-8 A8
S tt. Paracalanus parvus s. ., Polychaete larvae, Penilia avi-
rostris - 3%0°|5t9] 2@ &5 HATh ol ¢AF &
< AA S U= 91.1%F AHAJstlH: 2016W 10€l=
Paracalanid spp. copepodite, Oikopleura spp., P. parvus s. 1.,
Polychaete larvae, Copepod nauplius 5 157 £57+20] 1% ©]

ol oflt

Aol 298 B 311, o]|F oA Paracalanid spp. copepodite
7k S o FHs 1% ol $HES B 5
o] 238-9] 3o 88.1%9%T}. 20164 12¥€)= Paracalanid
spp. copepodite, P. parvus s. 1., Ditrichocorycaeus attinis, On-
chocorycaeus giesbrechti, Copepod nauplius 5 127 &°] 1%
olel &S HAAth 1% o] &2 2ol 7t
% 3H2-86.3%31t}. 20174 39 of|:= Paracalanid spp. copepo-

™
ox
Jor

Az
i
&

dite, P. parvus s. 1., Oithona similis Calanoid spp. copepodite,
D. affinis 5 6%0] 1% o|40] ZHE&-S B, WL %
3he- 83%%ch.

ZF ZAAZ] E2 1% ol ST 49 $AEFS o=
CCAS AAJsIATh A1l Higt 2= 2016| ] 0.005
(8¥), 0.087 (104), 0.063 (12€), 2017d 3¥ofl+= 0.001°]%}
O, H2=0] gt 11-5-%]+= 2016119 0.001 (8€), 0.011 (10,
124€), 2017d] 3¥ofl= 0.0000]tH(Table 2). A1, 230
i3t =4 7] o823 2016 8HFE] 201743 3€7HA] 76.547—
97.551%%= YEtdlth. SR eeEd =3 sided 1ol A&
A= Hgorlth(Table 2). HA] ZARAZ] oA A1}
Azl F2 G vAE HFBAL chepslrkFig. 6).
201641 8¥-2 Chl-a7} 29 AAAIE HolE3l o, 2016
10o= F&3 8& Akarh AR 104 o] AaiAE 2
oW, 8- HH17} 2004 0] JPTAE moIFrt,
20161 1280l 47 2014 -2, G, 8 Ak, Chl-ach o
o) TS RoIZ9T). 20174 3ol 4-3} oFo] Al
PAZ B oIFrH(Fig. 6).

o g

= 2l sfoll Y1AIstaL glof s o] A Al |
312 AsIcH(Kang et al., 2012). 915 ¥29] =20 7} =
A, I HFO R Tk, AR, i oo R #59] o] Yot
(Kang et al., 2012; Choi et al., 2013). Hong et al. (1994)2 31
A7t FAR] o5 59 -20] 19.1-20.5C, 7 £5:°
520] 199202°C, AL E50| 522 97-11.0C, & 5
&] 4220] 16.0-17.5CZ o]l Aaeh= Al Ho| wpz} 24 1°C
(7F) Wel, 2T 4°C (A& Zolg HYi o] Aif= 2A
sfeo] 20] & tirhdRe] Joks Wol T 2
Y| 2ol U Aoz 4

<t sfolld = dite Aol whet Wkttt 54 %7
oF g9 frelo] I Y2 FEe] WekEo| ¢ At 2
e AQHE U B9 Aot go] AEA o s BERoR
SeE ARt dopdRe] gk e soltk(Seung et al,
2007). &2t Tl Ysddh =87del fAIs) glof divkd
9] A F4 5P O] G vh=th w0 792 o
5 &7l gie WAL AS drlole diol B4 8l
59| Feof 77tk o] Aol A = f-Efuteke] thE 3
Ao A AFHY FZol 7P WL, 7k, AeS Av =3
2 242 234 F715t0] A2 B Aol 34 psu o2 U
Epde o] A Selut dafol o dNkE oR o gl B
spe] 0] 3] eletso] gzol 31 psuolstol st 71& A&
A2 71 gito) 33 psuol o R A the Wl ao]
9] A Ak(Jeong et al., 2013)2}F -GFAFS}FEL

ol & Al BEo] AES FAlsh: I B8
Qlofef. Abell YAIEE QIZEe] AAI s o2 At Aol &

1o
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Fig. 5. nMDS analysis based on the Bray-Curtis similarity with zooplankton abundance around Oryuk Islands.

Table 1. Average abundance (Abu.: inds./m?) and composition (Com.: %) of major zooplankton around Oryuk Islands

Species Aug 2016 Oct 2016 Dec 2016 Mar 2017
Abu. Com. Abu. Com. Abu. Com. Abu. Com.
Oikopleura spp. 4,005.3 31.6 635.2 19.9 20.5 2.7 - -
Cirriped nauplius 2,900.7 25.1 - - - - - -
Pseudevadne tergestina 1,315.2 15.7 - - - - - -
Paracalanid spp. copepodite 1,665.5 12.2 1,722.6 9.4 114.7 8.6 1,872.6 24.5
Paracalanus parvuss. /. 374.0 2.3 318.8 8.1 213.3 28.7 987.2 11.8
Polychaete larvae 2253 22 61.5 2.0 - - - -
Penilia avirostris 2293 2.1 - - - - - -
Copepod nauplius - - 261.3 8.0 49.9 2.3 3504 5.0
Bivalve larvae - - 205.5 7.3 - - - -
Paracalanus aculeatus - - 177.4 6.9 - - - -
Oithona similis - - 2222 4.0 - - 1,034.2 12.2
Oithona nana - - 50.4 2.8 - - - -
Oithonid spp. copepodite - - - - 241 2.1 - -
Calanoid spp. copepodite - - 268.4 5.6 43.7 3.2 24714 28.5
Gastropod larvae - - 83.2 35 14.3 1.9 - -
Parvocalanus crassirostris - - 93.8 3.3 - - - -
Conchoecia spp. - - 90.4 2.6 33.3 5.0 - -
Euphausiids - - 76.8 24 - - - -
Euchaetid spp. copepodite - - 67.4 2.3 - - - -
Ditrichocorycaeus affinis - - - - 113.6 16.6 434.8 5.0
Onchocorycaeus giesbrechti - - - - 58.9 7.6 - -
Acartia omorii - - - - 30.1 4.5 - -

Oncaea media - - - - 28.1 3.3 - -
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Table 2. Summary of CCA for zooplankton abundance data around Oryuk Islands

2016 2017

CCA August October December March

Axis1  Axis 2 Axis 1 Axis 2 Axis1 Axis2 Axis1 Axis2
Eigenvalues 0.005 0.001 0.087  0.011 0.063  0.011 0.001 0
Percentage 81.537 14206  86.153 11.174 82177 14.242 76.547 21.004
Cum. Percentage 81.537 95.743 86.153 97.326 82177 96.419 76.547 97.551
Cum.Constr.Percentage 81.537 95.743 86.153 97.326 82177 96.419 76.547 97.551
Spec.-env. Correlations (R) 1 1 1 1 1 1 1 1
Canonical coefficients (c)
of environmental variable ~ Temperature (°C)  -0.073  -0.018 -0.407 -0.136 -1.749 2528 1.261 0.772
of environmental variable  Salinity (psu) -0.755  0.701 0.567  0.626 0 0 -0.242  -1.565
of environmental variable DO (mg/L) 0 0 0 0 2178  -1.504 0 0
of environmental variable  Chl-a (ug/L) -0.823 -0.634 0.651 -0.755 0521 -0.561 1.027 -0.885
intra-set correlations (r)
of environmental variable ~ Temperature (°C) 0.676  -0.133 -049  -0.309 0.632 0.767  0.451 0.163
of environmental variable  Salinity (psu) -0.62 0.784 0.672  0.632 0.716 0475 -0.013 -0.392
of environmental variable DO (mg/L) 0432 -0.589 0.541 0.471 0.795 0.601 -0.626 0.432
of environmental variable ~ Chl-a (ug/L) -0.705 -0.708 0.645 -0.744 0.718 0.064 0417 -0.293

CCA, Canonical correspondence analysis; DO, Dissolved oxygen.
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- [e]
F Akl A 83 A HEYQL 7.1-8.65
mg/L #9]o] Qlo] B/ deoll = A o= Alm .

20 #|eflA] Chl-a z=2] AEA Hah= s A=A <] A
43t 2| sHA S Wheth E9h St 22 B e o] 2
7HE7HA] ElE-2) g gFdoll glol ZFgt vhgol o5k =3 453t
7} Z014 4= 9lo] Chl-a &&= kst o= itk olitth ¢l
of YIXFt = F7 T Y57 T HrdortE 4D I
o] o]Fold ke Qlrh B0 Kol W U5 5kt 5
Chl-a % %= 2.4-253 ug/L= o] 2} A7}e] 50] 4] 604} o]
A} urokar, 109 Chl-a ¥ %% 0.8-5.7 ug/LE FARBHAL 64)
A= wetth(Kang and Kim, 2020). o83 Falol Y=gt &
=Y T 390 Wt =1 4.0 ug/L, Fafoll AT P
S| Wt 5= 263 ug/L, A3l I ] Bt w3 8.6
ug/LE Sorth(Seo et al., 2013). Hal] E4- 3|1 2] Chl-a= 7
Eo] 15 ug/lolyol i, ABEFAES qii 7t ol B2
& 3.0 ug/Lofl 7H7F¥th(Son et al., 2012). L5 = 392 o]
S Hrte X Chl-a 555 UER It 255 o doflA] 9]
Chl-a 57} W2 2L 1.2, 11, Blgoke] tjupdiol 3
S Z o2 A}

TEEYAE P YT Y S et 2, A,
8 Ak, Chl-a= Ao whe} Zpo| 7} gll o, 54 Aol

47 Apol= AA UEhA] Skt AFAT S5
T2 AFEE zpo]7} 9litk 20161 8ol AR 13
94 2, A 39 A 4 7ol E e g skt Oiko-
pleura spp.2} WH2HF 5489 7|0 27} of 153 Al A
© & ®elrh 20169 10¥oll= A% 29t A 471 155 34
3}9=1| Oikopleura spp., Paracalanid spp. copepodite, Para-
calanus parvus7} 47 7 SEMNA L Apol7t 7 T E AHE
I o2 I5S FASHI 20164 12¥€9 % $F 9] IES
A8} 1L, Paracalanus parvus®} Ditrichocorycaeus aftinis7}
o2 Ao RS e A SR Kk 20179 39ofl= 474
o] FHEoNM S8 TAIG 7o & TS B,
AT =8 A9 2ol -oJshA] ehjtth

Oikopleura spp.+= 589 AgkolA HHZ] H& =
o] A4S 3t} O. dioica= T8 2T oA FE e 714
E3E31 O. labradoriensiss= Y53 S o E32$HH(Galt and
Sykes, 1983). 2t 2} Arff 3 A ol| A Otkopleuraspp.= & 5=
20| E2 A7l ge® St Ao g A Qla(Galt
and Sykes, 1983), 7-8.3} A-of teko 7 2algh ¥ uw oot
(Hwang et al., 2011, Kim et al., 2015; Lee et al., 2021). £3]
Lee et al. (2021)+= Oikopleura spp. & &% JH1} %49
A Itk 7] skgieh. AN E oAl = 4519
A 2A}A71%5 Oikopleuraspp. 7t o2 A JE A7 7}
8UE A2 7P WAL 0] 7P & A7]o] A, Lee et al.
(2021)9] A3tel= vt 235]d o 54 @42 Fl} o

X i
m



LFE FW BREYAE P4 W3}

459

15 20
sal. Ll
st.3 St.4m
s sal.
10
10
Do
05
= 0.5
st. 4
- -
42 L 1 ;
é—lS -1.0 -05 0] - 1.0 15 ‘:-ZD 15 1.0 0.5 0. 0.5 10 15 20
Temp. st.1
[ ] Temp. -0.5 L
05 st 2 st.3
L]
St. 2 -L0
-0
e Chl-a
Do
u
st. 1
15 2.0
Axis 2 Aug 2016 Axis 2 Oct 2016
10. 2.0
St.3 g
1.5
8.0 DO
Temp.
10
6 Do
Temp.
= 5.6
e <, 1 19, 10 1 2
5 st 2
- n
20 5t.4 Chl-a
L) ]
L0 {
5t.4 Chl-a sal
L = T s N .
2 o 2 4.0 b 8 1 15
S5t.3
m Sl
2.0 2.0
Axis 2 Dec 2016 Axis 2 Mar 2017

Fig. 6. Canonical correspondence analysis (CCA) biplot showing the relationship between stations and environmental variables (Tempera-
ture, Salinity, DO, and Chl-a) for zooplankton abundance data around Oryuk Islands.
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