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Sea, South Korea, and to investigate the environmental factors influencing zooplankton variations.
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Abstract: To understand the spatiotemporal distribution pattern of zooplankton and
the environmental factors influencing zooplankton abundance in Gomso Bay, major
harvesting area of Manila clam (Venerupis philippinarum) in South Korea, zooplankton
sampling was conducted four times in autumn (October 2022), winter (January 2023),
early spring (March 2023), and spring (May 2023). Among the environmental factors of
Gomso Bay, water temperature, chlorophyll a concentration (Chl-a), dissolved oxygen
(DO), and pH observed different patterns, while salinity and suspended particulate
matter (SPM) showed no significant statistical differences between the survey periods.
The zooplankton in Gomso Bay occurred 33, 29, 27, and 29 taxonomic groups during
each respective survey period. In October 2022 and May 2023, arthropod plankton
were dominated, while in January and March 2023, protozoa were primarily dominant.
Among the Arthropods, copepods including Acartia hongi, Paracalanus parvus s. .,
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Temporal-spatial variations of zooplankton community

Corycaeus spp., and Oithona spp. commonly found along Korean coastal areas of
the Yellow Sea, were dominated. Cluster analysis based on zooplankton abundance
indicated a single community (stable condition) in each season, attributed to low
dissimilarity distances, while three distinct clusters (autumn, winter-early spring, spring)
between seasons indicated a highly seasonal environment in Gomso Bay.

Keywords: zooplankton community, environmental factors, statistical analyses, temporal-
spatial variation, Gomso Bay
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AN Q1T FF 9] o] E e o=, AAlst= A=
oA A = FAH FF2 2F 7] & Itk (Oh
al. 2

G
2 = dote] AEolAl FA2R1 FF2 mlAAL 8l
o} (Ansari and Matondkar 2014; Vieira et al. 2015; Lee
et al. 2022). E=ZTFTE (zooplankton) S EA|
oflA 12} AJAEAEe} Ak ABANE AdsteE A A
= & But opye}, €73 Wste] it mizH/do] ot vlAY
=7 (abiotic) T} A=A (biotic) 8212 HEL o|sfst=
o @22l BERTo 2 AFE QI (Richardson 2008;
Choi et al. 2021, 2023). FE=EFLES] T 24V X
= F2 43 (water masses), 5 (ocean current), A|d
(topography), 7§ S}, S| =79 A8 i 42t
&2t 5rAQl £4 (dynamic characteristics)©ll ©lof &
2Hd 4= 1t} (Seo et al. 2021; Shin et al. 2022; Choo ef al.
2023; Jeong et al. 2023). e oIt QA% sh-<Aet &
Aol MAlote FEEFAES T2 HE A (salinity
gradient)2} 92 =7 (topographic conditions)®l <]
3] E3271 AA =31 (Sabates et al. 1989; Hall and Burns
2002), sk 22 oheFo] @4 f9lo] gle At &%
olE A, AFA EA, QIXF BFol o7t ko] ol
o] Exof & JFS Xtk B HE 91t (Youn and
Choi 2008; Ryu et al. 2014; Zhao et al. 2021).

A AeEE 0T Qb Atolof 912]st
+ WH A4 grojoh, FATke] = oF 8km, YT =
FH W7EA] 9F 20 km, B A2 10 m<Q] W¢ &
AL A HA 0] 80% ol o] 7t g oIt (Yang et al.
2003). T3 9 4= (main waterway)+ T YollA &

A7) 8% ofor uhet A7) Wk glom, g 4

A2 9 Q1rellA oF 18.5m, ] H-2 °F 900 mol| ©]&
th(Chang et al. 2007). T+ 9to=2 Z=3 3} Q17 2+
= 29 sho] AR F4] tiFF frele] Ao /i
(Yang et al. 2003; Lee et al. 2008), T+ BFZ|Z(Venerupis
philippinarum)®] A=) oF 40%E AFAIoh= 2 4HA]
= Ao Qlot vpx|Eta e o|mjafiFe QJRbe AR}
(particle filter feeder) = 42 A2}to] JT-S 4P|k,
o] 59| TRt W FAZ SHFAYENA oA Hol a1z
(prey depletion), A=0°t2] H 4= (biodeposition)©] 57t
£ 2T 4 SITH(Gibbs 2007; Ferreira et al. 2018; Silva
et al. 2019). ©]9}F PG, FATE 7oA +F 4 E
A& Y aebAQl 821(8l, A4 5)9] 75 (Yang and Kim
2002; Yang et al. 2003; Jeong et al. 2006; Choi et al. 2015b),
2% ZAH(Xu et al. 2016; Park et al. 2022), A4 PIA| 257
of] T3t A+ (Lee et al. 2012b)7} Zo] 438 v} Q1
FEETIEY A3 2ot 7 25 oefs

sEEddes HoER o]8she A9l 4H|
(8t d) o] FAQ) ME-2 olsfishe d Fa35)
T} (Matthews and Mazumder 2005; Lan et al. 2021). ©]2]
e FRA0NE EokY, 54N SN FEEFHAE
O] Al g7t Rt 29 S/300 m| A= 2 a.qlof dish
AYEfoha] oA Hargh A7 A 9] QIgich whebA, =
dAFtE FaTelA ¥t FEEITAEY Al-FHA
A& S alES A5k, 4
o

—
&Il vpx|Et ofAo] W2 st Y sEERAE

of

A5 1070 BH-NA F 48] (71 2022 109, A-E; 2023
W 19, 245520234 39, 55 20234 59) AAISFATH (Fig.
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Fig. 1. Map showing the sampling stations in Gomso Bay. (a) Korea, (b) Gomso Bay. The survey area was divided into three areas as follows:
MWA; Main waterway area (ST01-03), IZ; Intertidal zone (ST06-09), and IB; Inner Bay (ST04-05, 10).

1). ZAF A7 42 (water temperature), A+ (salinity),
&-EAE4 (dissolved oxygen, DO), pHE CTD (model
6600; YSI, Yellow Springs, Ohio, USA)E ©]-&35}o] 745}
At} YE4-a 55 (chlorophyll-a concentration, Chl-a),
F-3-A2H=4 (suspended particulate matter, SPM)<> Van
Dorn A571E o8l At &, i3 HAId7 1=
(MOE 2018)°] wHzt =75k,

SEEYaE P2 ASA BS7HA] 959 HE
(8= 220 um, Y 27 45 cm)E ©185t] 1m s
=z A st e, o] W2 B¢ 234 Al
HE 5f 2~42] ¥ ARSI A E Aae SA
FolM FHz2TdE AHgsto AT T 5%7F HES
ARSI TEEHAE 28 MY AF 24 9
sto] Y E Qi+l 554 (Model 488115; Hydro-Bios Co.,
Germany)E F2&oto] ofi} sf5gFS S5} 3
T 24 9 E4 WA wherS sl AR 2] Ea
78-% Folsom?] £&715 o|-§5to] 1/2~1/64717] 2
T, Bogorov Alg=Hol| A sl Ar|7d (SMZ645; Nikon,
Japan)& AHESH] F E7HA] S5 B A, Hot
AIBRE ko] Hadt Bl 574 Batt FE5AE
afj-oto] 1Hl-g g5 )7 (ECLIPSE 80i; Nikon, Japan)
A ERolit s=2d2E &3 Ml 1m’3 7l
A4 (inds. m ) 2 2SI

U < Y

b rok o
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= Zo]1l 4+3}(standardization)
SHRTh o] & FATHY P S (72, dE,
Chl-a, DO, SPM, pH)°ll HollA= #F A=F AH&S}
RAL, z-score HFE2HE 48Y5t] H| W 7H5SHe S SFQ1
ok T3 ZF AR A7 E 74 74 (analysis of vari-
ance, ANOVA)Z 35to] A 7+ &7 2919 Zpo]
£ gelske. 2 9/l Waede o] 724 524
(homogeneity of variances)©| ZtH 2] ¢33t T, Ho] &
2 471 A7) "zl Dunnett T3 post-hoc testE 35}t
Ak, 7k’ T 2ol 2] 2HE (p-value; significance
probability)< p<0.052 p<0.001 F=llA HASHA
o Alde] mhE 25 542 mefshr] 915l Bray-Curtis
dissimilaritiesE 7]%F©. 2 Sh= Ward’s link method®l| T
2} AlSA 22 2H 4 (hierarchical clustering analysis)
= AAsT HAFAE oAkl A= vl ER 24 (non-
metric multi-dimensional scaling ordination analysis,
nMDS)-2 Jeong et al. (2022, 2023)Z} Choo et al. (2023)
of wet sttt ol AdE 4 Sl o A
woll njA= g afle G flste] =g
(canonical correspondence analysis, CCA)< S=35t%]
o} 2= HolH 2% 2 -S4 42 R program (version
4.1.0, R Core Team 2022)%} dplyr (Wickham et al. 2023),
reshape2 (Wickham 2007), vegan (Oksanen et al. 2022),
factoextra (Alboukadel and Mundt 2017), NbClust
(Charrad et al. 2014), ggplot2 (Wickham 2016), ggmap
(Kahle and Wickham 2013) packagesE ©]-85t31T}.
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&&, Chl-a, SPM, DO, pH)

20224 102 (7F2) 2] 22 16.2~16.4°C2] HSIE K

TH(Fig. 2). A7 A G Al FHOR o] 25 v
F= ™ (Fig. 1), IB2] ST10°14] 16.2°CE 4=20] 2]
T=E A, MWARFIZOA B F]3L 4-2(16.4°C)°] ¥
‘RiE} 20234 1€ (A2)9] 22 2.8~5.1°C2] H¥
H 3ok (Fig. 2). 129 ST06°1A 2.8°CE F=20] A &
=%]911, IBC] ST05914 5.1°CE 1 $&0] T=E
o} 20239 39 (28) Y $22 7.6~9.4°CY] HLE B4
TH(Fig. 2). MWA 2] STO1°14 7.6°CE F=2°] 27 #=
5212, 1BO] ST1001A4 9.4°CE F|11 4&0] T=E| ATt

20234 59 (H) 9 22 16.2~17.8°C2] WS HAck

ook xp

| mlm B[\

]

Temporal-spatial variations of zooplankton community

(Fig. 2). IB9] ST10°114] 16.2°CE 0]
12°] ST07°14 17.8°CE F1 ~L20] T
22 Al Tt AR Zpolg ‘/PEPH At (p<0.05).
2022% 104 (7F2) 9] G982 29.6~31.39 HYE U
E’rLHO*E‘r(Fig 2). Zt A 7ol E& Aol7t 7P & 7
2 MWA (29.6~31.1)=, B+ 7 At(salinity gradient) 2+
7do] A=At 2, 12 (31.2~31.3)2F 1B (31.3)°11A]
= A4 2ol A& Zpol7t yEhtA] gttt 20239 19
(AL)9] FE-2 29.7~31.49] WIS Y ATt (Fig. 2).
IB (29.7~31.0), IZ (30.7~31.1), MWA (31.1~31.4) &2 &,
83 2+ FiE Apol7t Wol U= AAF g o] A I
20234 3¥€ (&)< 31.0~31.4°] L& e
Atk (Fig. 2). ZF 9 Zholl A G2 zfol7F 32 ghotet.
20234 59 ()2 FE-2 30.5~32.32] HE YRR
(Fig. 2). MWA (30.5~32.3), IB (30.6~31.3), IZ (31.0~31.3)
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Fig. 2. The pattern of environmental factors (water temperature, salinity, Chl-a, SPM, DO, and pH) across different stations during survey
periods in Gomso Bay. SPM: suspended particulate matter, DO: dissolved oxygen.
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o=, AH T A' Aok gol Us A &0
= Aok FE-2 ZAF A7) dloll A ZF AR i) 2
7F Uebtol e et A ET Al Tt d2el F
A=A 2polE WA et (p>0.05).

20229 104 (712)9] Chl-at= 0.97~2.67 pg L' 2] H 9
£ UERH ATt (Fig. 2). 1B2] ST05914 2.67 g L' 2 71
=2 Chl-a 32 901, MWA 2] ST03°14 0.97 ug L™
2 7MY Chl-a 445 YEIHSIT 20239 1€ (A=) 9
Chl-a+= 0.67~2.60 pg L' ©] H 915 WEh 3Ih(Fig. 2) 1Z
] ST08IA 2.60 ug L' 2 7F¥ &2 Chl-a 32 2
™, MWA 2] STO1°l14] 0.67 g L2 7F WL Chl-a %I
< Yepfigict 2023 39 (248) 9] 1.42~6.12pug L9 ¥
5 HEr ATk (Fig. 2). 1BS] STO51A 6.12 ug L' 2 7}
% =2 Chl-a g2 H31.0H, 129] ST07°14] 1.42 pg L™
2 7F% W2 Chl-a = WEHGIT 2023 54 ()9
Chl-a+= 0.64~2.58 pg L™ 2] } 15 LEFU ATt (Fig. 2). IB
9] ST10°14 2.58 pg L' 2 7P =2 Chl-a @& O
™, MWA 2] ST03°11A4] 0.64 ug L' 2 71 %2 Chl-a 3+
UERY ST Chl-a+= 20229 109 (7H) 7 20239 39 (%
),202349 1€ (A2 39 (1), 20234 39 (285
A (&) 2l FAARJ] 2ol e AR (p<0.05),
2] AL A7) Zholli= SAIAQL Zbe|7F YehuA] eksk
tHp>0.05).

20224 10¥€ (7F2) 2] SPM2 12.9~109.7 mg L™'¢] ¥
QS YEPH It (Fig. 2). 1Z (29.0~109.7 mg L)l A Zt
47 7] SPM & #Fo)7t 7Y 2 SPM 5= AL 8

| 2=t} IBF MWAOIA &= 2+ A% 7kO] SPM &=
7} 2Fo17}h A1 MWA 2] ST0201A4] 12.9 mg L' &2 34
e UeER Sl 20239 19 (A=)9] SPM-2 11.9~26.0
mg L9 ¥ $1E eIt (Fig. 2). 122] ST0814] 2.60
mg L& 71 =2 SPM #h& HloH, 1BS] ST10014
11.9mg L2 7P W& sPM g2 YEFiSITt 2023 3
A (Z28)9] SPM2 20.3~66.1 mg L9 S e
T} (Fig. 2). MWA®] ST01°l4] 20.3 mg L™'2 A 3L,
ST03°l1A4] 66.1 mg L' & 2|21 Fto] TZE o, 7k A3
2k SPM F& Zpol7t ui9- A SPM k= ZAF @do] 24
=ik 20239 59(A2)°] SPM2 12.4~61.3 mg L9
HRE YebH At (Fig. 2). BE AHANA SPM & 7
AF gHgo] 2AESleH, 7P & A YEtdls 992
IB (31.9~61.3mg L"), 71 tha2 1Z (12.7~57.4 mg L),
MWA (12.4~16.9 mg L™)°]{t}. SPM2 Al 7te] 57

BN
2 ox

]
|‘_N d

N

tlo
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A1 2o]7F HERLEA] 2E3kHH(p>0.05).

20224 10¥ (7F2)2] DOE 8.9~10.5mg L] H9IE
LERH 1TH(Fig. 2). 1Z2] ST07°14 10.5mg L' 2 7 &=
< DO #= UEiSlAL, 1 32 MWA (8.9~10.2 mg
L), IB (8.9~10.0 mg L") <=o] 3tk 20239 19 (A2)<]
DO+ 11.0~11.9 mg L] LS YR ITh(Fig. 2). 1Z
9] ST07°1A 11.9mg L& 7P =2 DO 3= el
T, 1 o2 1B (11.6~11.7mg L™), MWA (11.0~11.4 mg
L) o]0t} 20234 3¥€ (28)9] DOE 10.3~11.3 mg
Lo HelE YeErH 9t (Fig. 2). MWA 2] STO1Z} ST02
oA 11.3mg L2 7 =2 DO %48 Yetligla, 1 ot
22 1B (10.3~11.2mg L), 1Z (10.4~11.0 mg L") =] %}
t}. 20239 5¥ ()9 DO+ 9.0~10.2 mg L'9] H$IE Y
e Ak (Fig. 2). 129] ST07°1A4] 102 mg L2 7FY =2

DO #== eI, 71 th5-2 MWA (9.5~10.0mg L™),
IB (9.0~9.8 mg L™) <=°]lth. DO+ Al Ttol] A
ApolE HEHH 3lTH(p < 0.05).

20221 102 (7F2) 9] pHE 8.2~8.32] HHIE YERASL
TH(Fig. 2). BE T4 8.2~8.39 HSIE, & Apolg Y
EFUIR] e¥eket. 202349 1€ (A=) °] pHE 7.5~8.02]
= UrEM‘ziD}(Fig 2). 1Z9] ST06~09<} 1BS] ST10°114]
8.0°% pH7F &2 @& UEHHSIAL, MWACIA 7.5~7.8
= 7P @& pH WSS UER L 9ISl 2023 39(%
)9 pHE 7.8~8.29] HLE HeEFH At (Fig. 2). MWA
©] ST01~03} 1Z9] STO7°l1A4 8.2= 7H =2 pH 4=
VR AAIRE, 1B (7.9~8.1) T & 3] 2FolE Yepliz] &
SATh 20234 59 (&) 9] pHE 7.8~8.19] HLIE UEUSL
CH(Fig. 2). 122 ST06°14 8.12 71 &2 pH LS e}
W AATE MTA 9] ST01, 122 ST09, IBS] ST059114] 7.8 %
7HE W22 pH gtol TS E Sk pHE AlE Thell FA12Q
AFolE HERH 3ITH(p <0.05).

EN
N
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offl
2
il
>
rlj
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| e
el
&
%9
H
ol
u
o, T
jn:
i
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< A2]5= (Arthropoda), X}ﬁﬁ%((ﬁmdarla), Ns=E
(Protozoa), 445 = (Mollusca), }5& (Chaetogna-
tha), %52 (Annelida), 24V = (Chordata), 555 =
(Echinodermata)©]%1.2™, 20221 1027} 2023 5]
+ AxEE0] 4 Ed5FAL, 202349 197 39l= ¢
A-5=0] skt (Fig. 3).
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Fig. 3. Pie chart of zooplankton's taxonomic group of Gomso Bay
in the study periods (Oct., 2022, Jan., 2023, Mar., 2023, and May
2023).
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FTOo=, B ST05904 19 BRwo =2 7P A7 &
5191 129] ST08AIA 31 R o2 7P wol &35t
ChH(Fig. 4). 20239 1'¥ (A=)l 3T s=EFILE2
29 B2 129] STosolA 14 R/ = 7H A7
ZHoFI L 129] STO79A] 22 BRI O=2 7P Wol &4
SHth(Fig. 4). 202346 3¢¥ (Z2@)ol &% 5 =53 IAE
2 Z 337l ERTCE, IBY ST05914 18 /2= 7}
A £@5FAL 129] ST06°IA 257 HRTo= 7}
wo| ZdotAtt(Fig. 4). 2023 59 (&) 3% &
SYIELS F 27 EFTOZ, MWAS] ST032 129
ST06~09, IB2] ST10°11A4] 16 E-Fw 0.2 714 27 s}
3L MWAS] STo1914] 22 B/t o 2 7P wo] Edst
At (Fig. 4).
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IE MASE
A EH, 20229 102 (7F) el B 3,203 inds. m~0[ %]
T} (Fig. 5a). IB] ST05°14 FEEF =2 1,512 inds.
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Fig. 4. Temporal-spatial differences in the number of occurrence species. The red color indicates high values, while the blue color indicates

low values for survey periods.
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Fig. 5. Temporal-spatial differences in (a) the abundance (inds. m™) of zooplankton, and (b) the relative abundance (%) of dominant taxa
except for copepodites and nauplius. The color numbers indicate that occurrence percent (%) of dominant taxa by period-station.

=}

F

HIEL 3,938inds. mP o2 7 Hol %ﬁ-ﬂﬁ}oﬂu}
ZAE A 7T0ll ST TEEFIE T Corycaeus spp.i=

24~60% (B 7HA1 1,056 inds. m™), Oikopleura spp.

= 15.9~34.0% (B 503 inds. m*) 22 4 EHSIA

T} (Fig. 5b). 20239 19 (A2)° 5EZFIAES] ZA A

Alore Bt 4, 312inds m~0]lth(Fig. 5a). IB2] ST10

oM FEZHIEL 959ind. mP2E 7P HA EF5}

“Hﬂ
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om, 1Z9] ST07°914 S EEFIE2 17,059 inds. m™
Ei 7V o] st 2AF A7]o] &A% FEE
S35 = Noctiluca scintillans= 75.5~92% (Bt 3,292
inds. m?) 2.2 7 EH5+Ark(Fig. 5b). 20234 3¥ (%
2ol FEEFAEY] E8 JIAS+= Ft 9,089 inds. m™
o] 91t} (Fig. 5a). 122] STO7°lA T EZFIES 4,139
inds. m~ 02 7P AA| S5 H, MWA ] ST02°



A TEESHIELS 10,055 inds. mP R 7MY Wol EH
Sttt A A7) 2@t FEEHTE F N. scintillans
= 70.7~89.6% (B 6,579 inds. m™), Acartia hongi+
2.7~29.2% ("B+F 325inds. m )22 9 ZHASIATH(Fig.
5b). 2023 5E (Bl FEELAEY &4 MA-= B
It 4,383 inds. m>©] At (Fig. 5a). 1Z22] STO71A 522
HIEL 3543 inds. mP L2 7P AA EF5 o, 17
o] STO8NA BT EZHIEL 8,344 inds. m P22 7} @
o] Fdstlth. AL Al7lO & TEETIE F A
hongi= 25.1~71.9% (vt 1,303 inds. m™3), Paracalanus
parvus s. 1= 2.9~39.7% (B 1,021 inds. m )2 & 4
Zol2lth (Fig. 5b). ZAF 717t S%F 344t 4% 5
EZIEL2 Table 19 st

o
i
iz
o4
oy

£ 23 MASE 7Ivre = g JEA 2
TS AT B, FATRS ZAL A7) met 2~37]9] AH
TO 2 FTREITHFig. 6a). 2022 104 (7H2)ollE ot
= o] == UTh Group A (MWA),
Group B (IB)2} Group C (12). 20234 1€ (A&2)ol= ot
21 o] 2709] 7o 2 FRE STk Group A (MWA
o A 17 HH), Group B (IB2} ¥ 1Z 7). 20234 3
(8ol ot 2ol 2719 AT R FRE AT
Group A (MWAS} 1Z), Group B (IB). 2023 5% (&)l
+ 2 2ol 2709 AT o2 FEEHATE Group A
(MWA), Group B (122} 1B). AlE WA= w712 =
2 FAETE BEE Lo, Al Tt A= Aol F3
SHA| L 212 ER1% 4= 13Ut (Fig. 6b).

35.H12E 78 SESETYIE Y I8 Oixl=

20229 109 CCA B35 Ao EH, AlL, 252 A4 =
=of g 71of&-2 247} 67.1%9 25.4% 5 UERL, 5
8 FEELAE AT B59] 92.5%F AP (Fig.
7a, Table 2). 1 0] A1 AREH FoFa F= B3R
)2 SPM, DO, 222 YR, ol Jg= = A
==+ Bivalve larvae, Aid. crassa, T. forcipatus= e}
ot Ala AR 9 F= &892 SPM, A=,
Chl-a= YEF o™, o]of JoF= W= BE== P parvus

Temporal-spatial variations of zooplankton community

s. L3 Acartia hongi= WEFHTE 20231 1€ CCA 23
S AT EH, AL 250 A Azl Higt 7lofeS 22
58.0%% 23.29%5 Wt 8 =23 3= Al |
59 81.2% 5 A5 T (Fig. 7b, Table 2). e o] A|
1 ARZHO] Fe = 8812 A3 Chl-a2 Ue
a1, o]of] kS M= =2 Bivalve larvae, A. hongi,
Polychaeta larvae® YEIRT. A2 AFEH| S T+
48912 DOR HeHg o, ol Jd= =
Aid. crassa® YEFSLTH(Fig. 7b). A3 AFEHO| 932
B892 Feolgler, o JFE U= AR
P. parvus s. 1., Par. crassirostris, Corycaeus spp., Cirriped
larvae= WEFETH Al4 AREHO| FoFe F= 82U
SPM 2.2 UEREoH, ofd JeFs W= A==+ Oithona
spp-ZF Noctiluca scintillans©| T}, 20233 3¢9 CCA 4
WS A E, A1, 259 AA Abzel it 7oe2 7t
7} 53.0%2F 32.1%E e, 8 FE2EF = A
4 H59] 85.1% 5 Yot (Fig. 7c, Table 2). L2 22
Al AREHO| S F= S8 a%e 42, 9, DOE
LR, o]of] ek W= AE 2 & Polychaeta larvae,
Corycaeus spp.= YEIELTE A2 AREH| FoF2 F+= &
78]l SPM Chl-a= YEIOH, off &
= XM=& Par crassirostris, Oithona spp., Unidentified
Trachymedusae, N. scintillans 2= YEFET A3 AHE
Holl FFe F= SH 202 Chl-az HERESH, o]
[EFES W= AEEE A hongi, P. parvus s. 1, Cirriped
larvae® UFEFHTE A4 AREHO| FFs = e el
DOZ, o]of & W= == Aid. crassaS} Bivalve
larvae® WEFITE 2023 59 CCA 23S AHEH, 7
1,250 AA] Akze]l et 7101&-2 22} 45.5%2F 31.0%
£ YL, 78 2T We HE 76.5%E
ot (Fig. 7d, Table 2). T2 0] A|1 AHEHOI| 3k
T Al 21 DORE YR, ol 3
= =2 Cirriped larvae, Bivalve larvae, Corycaeus
spp.2 LERITh Al AlRsle] e F1 gacle
SPMI GE2 2 Uegon, ol Je He de=e
Polychaeta larvae® WEFHTE A|3 AREHO| FFe =
38812 Chl-a2 UL o T, o] §FF< W= A==
+ C. sinicus, Cen. abdominalis, P. parvus s. 1., Oikopleura
spp. 2 LERITE Als ALRsle] Jaghe Fr gacle
SPM} G o=, olo] g W === A. hongi,

oX
o
KU

fr N e

it dlo mwx o
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Table 1. Seasonal occurrence list of zooplankton in the Gomso Bay. Asterisks indicate that abundance of zooplankton (* <500 inds. m™3,

**500 inds. m~3<, <1,000inds. m~3, ***>1,000inds. m™®)

Phylum

Species

Oct. 2022

Jan. 2023

Mar. 2023

May 2023

Protozoa

Noctiluca scintillans

* KK

* KK

* KK

* % ¥

Cnidaria

Unidentified Siphonophora
Unidentified Trachymedusae

Arthropoda

Evadne spp.

Podon spp.

Acartia hongi

Acartia hudsonica

Acartia ohtsukai

Acartia omorii

Acartia pacifica

Acartia copepodites
Calanus sinicus

Calanus copepodites
Centropages abdominalis
Centropages tenuiremis
Centropages copepodites
Eurytemora pacifica
Eurytemora copepodites
Labidocera euchaeta
Labidocera rotunda
Labidocera copepodites
Paracalanus parvus s. |.
Paracalanus copepodites
Parvocalanus crassirostris
Pseudodiaptomus marinus
Pseudodiaptomus copepodites
Tortanus forcipatus
Tortanus copepodites
Corycaeus spp.

Oithona spp.

Unidentified Harpacticoids
Copepod copepodites
Copepod nauplius
Hyperia spp.

Decapod larvae
Euphausiid larvae
Unidentified Cumaceans
Unidentified Mysids
Cirriped larvae

* KK

* %

* %

* %

* %

Chaetognatha

Aidanosagitta crassa
Flaccisagitta enflata

Mollusca

Bivalve larvae
Gastropod larvae

Annelida

Polychaeta larvae

Echinodermata

Ophiopluteus larave
Stichopus larvae

Chordata

Oikopleura spp.
Fish larvae
Fish egg

* KK

*%
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stress:0.033
Oct $T10
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Mar 704
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NMDS1
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o 1 g 106
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2

S
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stress:0.098 Jan §T08
Jan_ST06
Jan $T10
Jan T09 gl
Jan 105 A
® s
Jan 704 Jan §ST03 Bl
Jan_ST01
Jan_ST102
Jan_§T107
Jan.
stress:0.076
May $yiingigeos
May ;STO1
May g5T10 group
Ma: A
M§Toe P
May gST07 = ¢
May ;ST02
May 57103
May 4
NMDS1
—=
L e
F—
j‘.
group i~
A —
® B
®c

e

Bray-Curtis disimiarity

Fig. 6. (a) Temporal-spatial comparison in survey period of nMDS ordination plot. (b) Season-integrated dendrogram and nMDS ordination
plot. These plots show cluster groups based on the Bray-Curtis dissimilarity index and Ward's linkage method.

Aid. crassa, Oithona spp.&= WEFSTE 121} o] 2|3t 2H
813} IA S HolZ] = A. hongis Al2lstal

THE % 52 spmMIt AR dis) S0 AuE Yenl
et
4.1 X

AurE o ol ALWI AdHA g 24 SR

gk Ajsliere] el et

=

(tidal waterway)+=

5

E o] 2|9t (Choi et al. 2013), Z2|3}std & J&
2o

[e]
o

Ao g =R 42 HE0] Bol "orgith 13
T B0k 24 pRE o s] et sfie] oJRt AlE
2 5 Hsol o = ol B2 dkE T 9l
(Murphy and Voulgaris 2006; Choi and Jo 2015), 52 3@
Eljof] wet A Ak ANAlTEe] FA] ekl disiA e Be
SHA| A 2] dgkeh. TS, oy skt AEE o] Sl
TF 2ol A BEO] R Fiell ool 2A FHe-HH
el A UA|Tt(Lee et al. 2017; Seo et al. 2021; Jeong et al.
2022), &A1) & FF 1 s A A"l 2 FFE T

=
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2 (Venerupis philippinarum) G280 258 - %
FH (A, A 5T BF HH=C EAISE A AR
Of AF, A AR A¢- o
= Qs A4 BEelA £ Hol o] 24JH T (Yang
and Kim 2002; Yang et al. 2003; Jeong et al. 2006; Lee et
al. 2012b; Choi et al. 2015b). 121} g=49] A3l At
Zd 2217} 10 moll Eobe= 2 24 7] 212 <lsf &
AEo] AH EAES0] ARfote] g3t si-E 4
oty €A 9J=d| (Kellermann and Koh 1999),

o)

ANA d&t spMmo] AE Zhofl Zpol7t vehtA] ¢

O]|

(resuspension)oto] ERl e o] RAJE = Alofe] EAJe
71Q1et Zl o &2 wekE)

FARHe] vpz| g2 Q) Fofl A Whelet X & 4FaLst
o FASEAIRE, FA] WA 9] Algte] o) ofd ZHA7} 7}
JHEH B E v Qltk(Lim 2016). A ZAF A7l &
At oo F 7Y (Bivalve larvae)2 AlH o2 £~&
DO, Chl-a, SPM¥} 9] & Hetdl o, ol2fet &
A P2 AAQD YUY E 55 (anthropogenic supply
Y e Ay
Z (inherent) 219} 22 @21 B2 o2 J1dfjof
o Zart glovy, FHE FEEA] &) digel E4
& T Aol AT AU B A AE @ F
2= TR {48 (Cirriped larvae) @t 45 9.7}
=
=

YA}212L, 5] Acartia hongi, Paracalanus parvus s. 1.

Jo

i

Parvocalanus crassirostris 5+ Chl-a°ll =2 TS K
AT} Jang et al. (2010)2 = ‘Folf AA F=Tto|A &
W25 fA0] AL 717 B¢t =2 RASE RAE 5
A olfell tisiA A 7Hstt AEERIAEY] B2
ol 71Q1tcka B 53T Hwang et al. (2011)2}

et

2]
%S
1

=

ox %O

Choi et al. (2015a) FAF @ 5% ¢l |97} AA| =
oA AHE TZhE AL o] U R0l 22 5
It Aol 0| 7P W2 HhHo| =20] w11 HEO]
3o o 53t 7hSofls E90] 7MY B2 &9 EAS Ho|
I 23t GEo] whzkE FAY o] A B o] JFS 1]
Aoty B skt o]g A A s Edig FotelE
| ouke GAlS AFAH o7 L0 BBl ol 7
o] 891 E3H TtztR A o] JiA|SG B xof S n|A =

101a) 10| (b)
Te DO,
o6 emppo 05 \\ Jar_bi sal.
2 bl SPM 2 ' hi
chia
o o0 o T’fo o o i Aid.cr. !
o Noc.” “Aho O >arpg|;'
\sal. -
-0.5 -0.5 Temp.
chla
1.0 -1.0
-1.0 -05 0.0 05 1.0 -1.0 -05 0.0 05 1.0
CCA1 CCA1
10| (€)
SP
g 0.5 N\ /Temp, 2
9 o0 Noc & g oo O
(& s chla™ Aho - 'Aid.cr (8]
-0.5 Yar_bi -0.5
lar_cf
-1.0 -1.0
1.0 -05 0.0 05 1.0 -1.0 0.5 0.0 05 1.0
CCA1 CCA1

Fig. 7. Ordination plot of the canonical correspondence analysis
(CCA) showing the major species and seasonal occurred species
in relation to the physicochemical and biological factors. (a) Oct.
2022, (b) Jan. 2023, (c) Mar. 2023, (d) May 2023. Refer to the
table included in this figure for the abbreviation of each species.
Abbreviations as follows: Noc.; Noctiluca scintillans, A.ho; Acartia
hongi, C.si; Calanus sinicus, Cen.ab; Centropages abdominalis, Ppa;
Paracalanus parvus s. |., Par.cr; Parvocalanus crassirostris, T.fo; Tor
tanus forcipatus, Aid.cr; Aidanosigitta crassa, O.spp; Oithona spp.,
Co.spp; Corycaeus spp., Oik.spp; Oikopleura spp., lar_ci; Cirriped
larvae, lar_bi; Bivalve larvae, lar_po; Polychaeta larvae, Unid.Tra;
Unidentified Trachymedusae.

Table 2. Summary of canonical correspondence analysis (CCA) for the zooplankton matrix with environmental factors used as constraints

Oct. Jan. Mar. May
CCA1 CCA2 CCA1 CCA2 CCA1 CCA2 CCA1 CCA2
Eigenvalue 0.0262 0.0099 0.0325 0.0130 0.0304 0.0184 0.0284 0.0193
Proportion (%) 671 25.4 58.0 23.2 53.0 32.1 455 31.0
Cumulative proportion (%) 671 92.5 58.0 81.2 53.0 85.1 455 76.5
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2 AT 3709 2AF A7) (7FS: 20228 10, AE~E
: 2023 197 39, 52 20239 59)°] FEETALE A
o] P 2 Ao SN FEEITIAE EF
= 131
™ (Table 1), A151°] 73717t (Youn and Choi 2003), A2}
% (Yoo et al. 2010), OFiFTH(Lee et al. 2006), 7 - 5%1%
(Suh et al. 1991), A3l At (Moon et al. 2011, 2012; Seo
et al. 2018; Jeong et al. 2023)°] FTEEFIAE A A+
oA Bargt F Aol A F Abol 2 W] ehgitt. 71
i, ZAF A7) B8 4 29 Q2R T Acartia hongi
£ 7F (202214 10€)°ll 2~92 inds. m™, A2 (20239 1
)l 31~544 inds. m~, 2+l 336~1,303 inds. m~, &
° 281~2,318 inds. m 2.2 e}, 7RS4 o2 T
= HA FHog Frlohs e UER AT A. hongi
+ ool Al AL ol 4 EF5h= L+ (endemic
species) 2= LHA U3 (Seo et al. 2018), AL A|7] W
of|A offRt A R FFS RIS 4 UATH T, 7
= A Al A $H5H= Paracalanus parvus s. 1.2 7}
29l 0~230 inds. m~, A&l 0~139 inds. m™~, Z&]
18~116inds. m~, ¢l 42~2,484 inds. m > 2= Y, A
713 7hEolM Ag~2w o g 4 wol= olE9] ZiAla7t
dastal, goll vl S7she B3 UEri itk 4Rbd
O &, P parvus s. == o150l I A &5 ste 7t
2ol 4 A= 23T (eurythermal-euryhaline
species) 22 A2A Sl=t](Moon et al. 2011), & -3}
oAM= 7ol A7 ol AA Hehtal Fofl m-¢-
o] Yehb= Ak Bk e ZollollA P parvus s.
12 Aol F5lskA] ¢Fom A4 sfoe] whef, 22 of
Holete sfuft} 22 s Holx| gh=rha He Hf
QIth(Lee et al. 2006; Lee et al. 2012a). THEHA, 2 AL A4
IO E P parvus s. L. WAITES] 8 A4S Telstr]of
+ 77 A3tk 25 ol FAE F557] s o
e A0 RUHY AP B e Ao g AotE,

2 Aol A AR AZIE Y 24 Ae a4
oA AgH o FET G (Fa 42 P,
QHE)T FEEGAE £ A5 e 2ol
SHe PARS Lrehiglet e, 24 A7 ER PR
AEEe) Bl Ak 727} o g ol, ALY st
o 7HH FUT e AT QI Jeong e
al. (2022)== 733t Tke] BI-FARE A=7F Hl- W A
o= gloel /ol A A=) HIFALEE 7o = HH 0]

2> %0

_4
O

=
rios

BN
~
=

o
o ox A rE oM

mrﬂm

~

Temporal-spatial variations of zooplankton community

7] o] o83 cl4shaiol ] FEEYIE Y
o] 342 FRHALONT ko] 202 Weksn
QPN EF FAG VL STk, Tl n FAT 9
2 2 AR, A, 28, )2 A7) 24T 2,

Aol o Fo] EAEA] = AR HaR2 AE Aol

2
TaF] S 8 1E F 42, Chl-g, DO, pH-Z ZA}
7] AoH, GET SPME ZAF A7
o]7] gkt ZAL s ol A Rk
P EREo] S@RtelE 20229 1097 202319 59

2520, 2023\ 199} 3€ol= AB5EC] S-St
Atk ¢4 AT TEEFIAES oPES, Acartia hongi,
Paracalanus parvus s. 1., Corycaeus spp., Oithona spp.,
Aidanosagitta crassa, Oikopleura spp., Cirriped larvae,
Bivalve larvae, Polychaeta larvae <=0 2 A = QU T}, A}
A7 R HaTelA 4 Edcte sEEg el niAl
= B892 37 23 Hol 2Rl (Chl-a$t SPM) 2.2
e 2T @732 A Yelde 8d 1t =5
Az FA WAl AR o o B R (P
et Al 2t e sEEYAE H 0K A
e~ w2 TR ARAE AR

= v 38 4] FAR A FEEFIES]
A AT FEEYIE Al nAE B8R
& metsly] 91t 202219 109, 20234 19, 39, 59,
Z a¥le] AA 10719] FANA FEZLIE A
ot FaTte] B 8QlE F 42, Chl-g, DO, pH
£ XA A7) T o2 P BSlom, i SPM
ZAL A7) 28] BAAR] ztolE HolA] oFgteh FAT
o TEEHIAEE ZF A A7 E 337K, 2971, 277, 29
7fe] BERate] Edstaen, 2022 10€7 2023 5¢€
o= AAEEC], 202349 1€} 3ol dYEEC] F2
sttt A7) 55 F 7P B2 HlEE Aok &

12
filo

http://www.koseb.org 731



| I
Korean J. Environ. Biol. 41(4) : 0-0 (2023)

7Y+ (Copepods) & &2 Acartia hongi, Paracalanus

parvus s. 1., Corycaeus spp., Oithona spp.=, =1 2 At
¥} ol Agtell & Fish= TS0t s=EdAE
MAE 7IRte &2 3t 3 24 A= A HollA
4 AT ot Z3do] FREA] ¢ S E AJH
(stable condition) .21, AIE Trl|l A= 3709 24 (71,
Ae~2E, 7)o & T3 FEH0] o] sfg2 AEA
of wll-¢- 7t eg-& AL Q.
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