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Abstract: A survey was conducted to analyze seasonal dynamics of the phytoplankton
community at 22 stations on the surface and bottom layers in the Anma Islands of
Yeonggwang (AlY) in the southern West Sea, Korea from the spring of 2020 to the winter
of 2021, using a marine survey vessel Ed Ocean. Based on the survey results, there were
87 phytoplankton species in 52 genera, diatoms accounted for 67.8%, dinoflagellates
26.5%, silicoflagellates 3.5%, and cryptomonads and euglenoids accounted for
1.1% each. By season, it was simple in spring and relatively varied in winter. The
phytoplankton standing crop on the surface was low (28.8+30.1 cells mL™") in summer
and high (87.0+65.1 cells mL™") in spring. In the phytoplankton community, diatoms
showed a high share (over 80%) throughout the year, and Skeletonema costatum-Is
was the dominant species with a dominance of more than 60% in spring and winter,
and 34.6% and 24.2% in summer and autumn, respectively. The diversity expressing
the characteristics of the community structure was high (2.79+0.45) in autumn and low
(1.82+0.18) in spring, unlike the phytoplankton standing crop. However, the dominance
was high at (0.86+0.08) in spring and low (0.44+0.13) in autumn. Based on the results
of principal component analysis (PCA) using environmental and phytoplankton-related
factors, it was estimated that the biological oceanographic environmental characteristics
seen through the phytoplankton community in the AlY were dominated by nutrients
supplied from open seawater and surface sediments by seawater mixing, such as tidal
mixing.
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Fig. 1. Map showing the bathymetric and sampling stations in
the Anma Islands of Yeonggwang (AlY).
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Fig. 2. Seasonal variable of chlorophyll a concentration at the sur
face and bottom layers in the AlY.
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Fig. 3. Spatio-temporal distributions of chlorophyll at the surface (upper) and bottom layers (lower) in the AlY.
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Fig. 4. Seasonal variation of phytoplankton species in the AlY.
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Fig. 5. Spatio-temporal distributions of phytoplankton species at the surface (upper) and bottom layers (lower) in the AlY.

74 (©2022. Korean Society of Environmental Biology.



Table 1. Seasonal dynamics of the phytoplankton species in the Anma Islands of Yeonggwang (AlY)

Seasonal dynamics of phytoplankton community in the AlY

Phytoplankton species

Seasons

Spring  Summer Autumn  Winter

Phytoplankton species

Seasons

Spring  Summer Autumn  Winter

CHROMONADS
Chromonas sp.

DIATOMS
Achnanthes longipes
Actinoptychus senarius
Asterionellopsis glacialis
Bacteriastrum delicatulum
Campylosira cymbelliformis
Cerataulina pelagica
Chaetoceros affinis
Ch. compressus
Ch. curvisetus
Ch. danicus
Ch. lorenzianus
Ch. socialis
Chaetoceros spp.
Corethron hystrix
Coscinodiscus asteromphalus
Coscinodiscus gigas
C. granii
Coscinodiscus spp.
Cyclotella cf. caspia
Cylindrotheca closterium
Dactylisolen phuketensis
Dentonula pumila
Dictylum brightwellii
Eucamphia striata
E. zodiacus
Gyrosigma sp.
Hemiaulux hauckii
Hobaniella longicruris
Licmophora spp.
Lithodesmium undulatum
Navicula spp.
Nitzschia longissima
N. membranacea
N. sigma
Nitzschia spp.
Odontella sinensis
Paralia sulcata
Planktoniella blanda
Pleurosigma directum
Pl. nornamii
Pleurosigma sp.
Proboscia alata
Pseudo-nitzschia pungens
Pseudo-nitzschia sp.

* * * *
* *
*
*
* * *
*
*
* *
* *
*
*
* * *
*
*
* * * *
*
* * * *
*
* *
*
* *
* * * *
* *
* * *
* *
* *
* * *
* *
*
* * * *
* * * *
*
* * * *
* *
*
* * * *
*
*
* * * *
*
* * *
* *
* *

Rhizosolenia delicatula

Rh. flaccida

Rh. imbricata

Rh. robusta var. robusta
Rh. setigera

Skeletonema coastatum-Is
Stephanopixis turris

Synedra nitzschioides f. nitzschioides

Thalassiosira nordenskioeldii

Th. rutula

Th. subtilis

Thalassiosira sp.

Vibrio paxillifer

unidentified centric diatoms

unidentified pennate diatoms
DINOFLAGELLATES

Akashiwo sanguineum

Dinophysis acuminata

D. fortii

Diplopsalis lenticula

Gyrodinium fissum

G. spirale

Heterocapsa triquetra

Karenia sp.

Noctiluca scintillans

Phalacroma rotundatum

Prorocentrum cordatum

P dentatum

P micans

P triestinum

Protoperidinium sp.

Pyrophacus steinii

Scrippsiella trochoidea

Tripos furca

Tr. fusus

Tr. kofoidlii

Tr. macroceros

Tr. muelleri

unidentified dinoflagellates
SILICOFLAGELLATES

Dictyocha fibura

Ebria tripartita

Octactis otonarius
EUGLEMOIDS

Eutreptiella gymnastica

* * *
* * *
* *
* * *
*
*
*
* *
*
* * *
* * *
*
*
*
*
*
*
*
*
*
* *
*
*
* *
* *
*
* *
* *
* *
*
*
* *
* * *
* *
*
* * *

*

http://www.koseb.org

75



| I
Korean J. Environ. Biol. 40(1) : 70-86 (2022)

1986; Kang and Choi 2001)01 o} & 4= 9t
b S o) 2Tt AEEFIE 8752 dnt
2627 (Shim and Yeo 1988), 27 S 233 (Shin 2013),
9T A 364%F (Kang and Choi 2001)°] H]3]| th-¢- W
2|9 17 A9t 865 (Yoon 2020), B3 A9 86% (Yoon
2022) 3} fFAFSFAAL, FE Alotsl 363 (Yoon 2000) E Tt
theFotelet. o] H gt F4= Zpol= sl o] SHEA, TAF Al
7], A3 et W, a2 AR F B4 7)Eof 23]
Y2 & Hiohs =22 AAEA (M
Zlo] H]af, 2

o =
_I—E__O‘I——]—lcl)}\ )

E D= )
L
>
rir
o
rE
o

|
o
o
tek
o,
o
Mr
ot

ol
o p g
i
e
o
H
rm r
ol
BN
%
rlo
ul
It
%
18
=
=
ol
i
EN
fu
Fo

oy o

1% ¥ Ju g Jm e |
R
g
=}
[ )
S
N
m‘lN[ [

rl

= FofollA A7 2 ZAE I Asterionella
glacialis7} M9~ 22 Fo] T FEj® EFsh= A A

27 dy +8E& JASH=E E. zodiacus?t - B o
oF

g
ASEFIE EFE BIA 7 1.8 cells mL™|
A 2 2472 cells mL™ (Bt 44.8cells mL™') HE =2, A
2 AL 1.2 cells mL oA & 191.6 cells mL ™" (<t 38.2
cells mL™) HE o7 ofFof @il Fof %o, 7k
T ALE gofl Hlof W FEFES UEUsleH, A4

160 -

(Surface)
g 140 4 [] Diatoms
o Il Phytoflagellates
° 120 4 [ Total
2 100
i)
»
o 804
2
< 601
L)
o 40
S
2 204
o
o4 Ll
Spring Summer Autumn Winter

Phytoplankton standing crop

AERE 5 HZ0] 30.8~247.2 cells mL™ F oA 87.0+
65.1cells mL™! Hl5 =2, A30] 36.4~191.6 cells mL ™ ¥
oA 89.9+37.6cells mL™ Hlg ZO02 FrjHoz =
2 AEFE Ul B RTEE - A TolA 25
7} 2} 87.0+65.1 cells mL™" Y 87.0+65.1 cells mL ™" ¥
25 AEAY HEXFE 2 147+169cellsmL 2 6.9+
7.0cells mL™'e] HE £0 2 F27 HF-&°] =AU} (Fig.
6). A5 TS 4.0~150.0 cells mL™" HLoA] 28.8+30.1
cells mL™ H5 22, AZ=2 3.0~18.8 cells mL™' H Lol 4
127+50cells mL™ H-g FO0 8 FFHo} o) 37t
VX Zp= B v 2 E4S B £ RTEE
- AHFNA F2F77F 2 23.8+309cells mL ™' E 12,1+
49cells mL™' HE H&, AE4H HEXFIF ZF 5.049.6
cellsmL!' 2 0.6+0.8cells mL™! H5 Z0g By} Zro] 4
Z5 Aol BAI AEA HEERE 55 A0l A
EF Zfo|7t w2 EAS YUt (Fig. 6). 7 &
T2 1.8~69.8 cells mL ™" 9]0l A 32.7+18.5cells mL™ ¥
5 Z2 A& 3.0~111.2cells mL™ HLolA 26.5+22.9
cellsmL™ ¥1F 02 FHo} UoIA|eh o] SRt =2 3
EHE etk ERuEE B A4 42771 4
32.4+18.5cellsmL™ 2 26.3+26.8cells mL™! ¥ =, A&
A MR Z27FZF03+03cells mL™ 2 0.240.2 cells mL™
HE Zog ARA ARxw dEFo] v I3t (Fig.
6). A& EZL 3.0~26.5 cells mL™ H oA 30.7+26.5
cells mL™! ¥15 Z&, #52 1.2~88.0 cells mL ™" H$]ol| A
23.5+222 cells mL™! HE &0 =2 WHsloto] 7153}t A}
Skttt ERrEE F- A S F2F7F ZF 3031264
cells mL™" ¥ 233+22.1cells mL™' F5 =2, A&4 HR
ZH7F 204403 cellsmL™ 2 02403 cells mL™' H5 =
O g 7hET o] AEA HEZXR dEF] we Wl

160 - (cel|s-m|.'1, mean * SD)

(Bottom)
140 + [] piatoms
- Phytoflagellates
120 + [ Total
100 +
80 <+
60 T
40 +
20 +
g NA
Spring Summer Autumn Winter

Fig. 6. Seasonal variation of phytoplankton standing crop at the surface (A) and bottom layer (B) in the AlY.
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(Fig. 6).
ABREEZYJE

=53 52
OFELo 4] 200 cells mL™! O] 0 & EfoL} BAzog
445 gasto], tiztol e 9 ol FH oA 150 cells
mL™" o, QPP B A RLOA] 50 cells mL™ ©]oFR A
stalth 4S5k 2359 fAFSH], Y 5570 A
ol Al 150 cells mL™" o]49] =& dEFo] FAZIgT]| ot
2} Zaxsto], Qbb e HE ol Al 100 cells mL™ ©]/4, 9F
o BARLE 321}t =229 100 cells mL™ ©]5HE
4ot U S92 50 cells mL™" ©|5t= kT (Fig.
7A). QR O] Ao A 100 cells mL™
olde] EE5E0R 445 ZAste], et
Ao AT 10 cells mL™ ©]6k= FrAsE3ITh. 12| il tiZfo]
T, S FHBOIA 20 cells mL™! O]}, QFHEE S5
Al 20~40 cells mL™" H 915 YEFHSITE A5 52530 &
2 2 AEFE WEEA] goron, G4 18 cells
mL™ O)d& A5, AA A 2= 10cells mL™ ©]5F= |l
<+ FATH(Fig. 7B). 7F E5-2 QHtE T JA oA S0
cells mL™' o)/fo] §5& 02 45 HAasto], Qe
A Fof| A 30~50 cells mL 7, BI% H&7l5te] thzto] &
ol FHO|A 10 cells mL™! ©]5l2 HASIALE HE52
BZHO oA B9 H50 2 Qg WA RoA] 100
cells mL™' o) dEFo] BF&F o= 445 fasto], &
Fof| A 50 cells mL™ ©]5}, Qtabt e AJH 2 BX5 72
I tjZtol & gl Folk FH o)A 10 cells mL™' OS5t
a4ttt (Fig. 7C). A St AR A S0
cells mL™! o], E3] B-5HQ Mute FHo A 100 cells
mL™ o] FEFS Bl oL Qi A Re} Tzt

ok W YEHAA 30cells mL™! 0]5HE HAY, B &

Iz

a

38

rlo

1=
s oy

el oju

}_aoko

-

=

ftfo
B
ofM
Mo

A% 8 R0 2 AYSHAA Zastel, AgHEelA 10

o 1—

Seasonal dynamics of phytoplankton community in the AlY

cells mL™" ©J5}e] FEFS eI 452 uhte
EEF oA 50~80cells mL™" O] & £qL oL, St
E ZEstE EAFNA 30cells mL™! o, AR 2 HE
.04 20 cells mL ™! ©J5FEL o}, ALHEAA 10 cells
mL™" oJ5}e] =L e Slct (Fig. 7D).

olmtZE FH O AEEUIE FEF AE Wl A

-

T2 Ae7] BSEY AT =2 AL = Akl
Al dEbA o = PR W-8-o] X% (Yoon 2011), 2115
7] HEEZRE Zet A HRERY B2 =%
2 TZE| 2] L9FTH(Yoon et al. 1992; Yoon 2011). T3, I
= &2k 3} 1.8~2472 cells mL! Y o] HEE A
312] 1980t 15T (Shim and Yeo 1988) 48.0~3,720.0

cells mL™}, T4F 19130 (Lee et al. 1989) 15.0~5,451.0
cells mL™, 1990t} %33 <12t (Kang and Choi 2002)
428.7~2,292.8 cells mL™", 20109t &7 S (Shin 2013;
Kim et al. 2020) 143~12,016 cells mL™" & 10.0~2,904 cells
mL™, A (Yoon 2015) 96~10,000 cells mL™ & 17
2 A9 (Yoon 2020) 2.2~2,415.6 cells mL™'f| H|5}H, %]
gk 7o 2 e w@okom, 4 At (Yoon 2022)
3.4~6472cells mL™" & 1990t 2L A|o}5f (Yoon 2000)
6.4~630 cells mL'HotE Yofct A F7HA AEZS3
E AEF Aol YR FEEE YYD T SEUAA
zfolof| X WASH= 721 © 2 (Parsons et al. 1984; Muniz et al.
2018; Yoon 2020), Qtoht e H1 a2 st =24 &%
ol ool FaEe YL oleel thd shd Fo] FA=
AdAo s e dEF-S UEHglH: ol 2 4

=
2 A 9 249%7)0] wet Aol QAT Yol A
e R4 o SEYOE BPotT ASEYAE @
Fopo] we QAT AAHL 5 s5 E8) U2 &
° H42E A8 ABEFIE GEUT IS4 q AL]

Standing crop(cells-mL') (Autumn 2020, Surface)

=)

3 [standing crop(cells'mL) (Summer 2020, Bottom)

= 58 .
. e, o |
& \kv/{

R .

AL\
P

Fig. 7. Spatio-temporal distributions of phytoplankton standing crop at the surface (upper) and bottom layers (lower) in the AlY.
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o] A Aol oA Hr(Yoon 2021). L]
23} 420 ABY HEEEO| 2 AEaF Aol
o

e WEERY dFzelF] he 2

2 HolL $UFS Py FHRAN 9F FEq
Ofgt @3l&o] m¢ =Uth & ol A= S. costatum-1s7F
AT B-AF BFOA LFSHA I (Table 2), B2 3F- A
S oA 2R HReol 47 83.1% % 92.3% % E2
A2 HArh T2 S. costatum-1s7} - A 50 A

o
of

&
7} 69.0% F 74.7% 74-& = F9-4okArh 2 HE-2 o
HILZF Prorocentrum cordatum®©] - 2ZollA Z}F 15.1%
9 7.0% FHES B3, 7IeF A5 S. nitzschioides f.
nitzschioides ( = Thalassionema nitzschioides) & P. sulcata”}
7t 4.5% H 4.1% &= UYEI AT (Table 2). 9152 =

o

I frArste] & A SO FE2F7T 2 82.79% B 95.4% A
a2 K, B3 291F2 S, costatum-1s7} 34.6% 5

AE, AF S A% Navicula sp.7} 30.9% ¢HE&2 E
AT A= mE9 2] P osulcata’t 30.4% FHER
Z]|HZE91 8. costatum-1s7} 25.3% &

=
B} B2 HRZF Prorocentrum

triestinum®| 11.0%, P. cordatum®] 7.0%, A= 450 P
sulcata?} 7.5%°] &S el oH, 2152 &3 2t
$HZ Navicula sp.7} 13.7%, S. nitzschioides f. nitzschioides
7} 5.5% &2 UEPH AT (Table 2). 7H-2 - 450
A FE2F7EZE99.0% R 99.3% &= W =9k, B
= X QHEL S costatum-1s7}F 24.2% %@%%, PRSI Nch
Rh. setigera” F6.7% -8 UEFWH AL, 71EF Chaetoceros
socialis, Pseudo-nitzschia pungens, E. zodiacus 2 P. sulcata
7t 4~5% HES eI 452 239 29 Ch
socialis7} 17.1% &= 2|38, Rh. setigera”} 15.8% -
HAE2 A4S eI, 718 Rhizosolenia flaccida
7t 12.4% 88, 25 ZHE S costatum-1s7F 11.6% 5
HES HEFHITH (Table 2). A2 F-AHIoMA 27
7t 7} 98.8% H 99.2% H-H-& =2 - w8k O ™, S, costatum-
Is7F - A 5ol 7t 61.2% H 58.2% +-HE&= -+
o}, A} H%-2 P sulcata”t F- 250N A ZF 11.7%2} 10.6%
SHER SHSIATE 7IE} S. nitzschioides f. nitzchioides”t
T-ASNA Z5.0%%) 6.7% -H-E-S HTH Table 2).
AZEHEE 739 $AFE =9 ok 7AE @
BRAA, = B, Y s, IFE 3 5ol s 2%
&, 2t golA GFFoel TR AL HE277T A
St A7 = FHE LR 5 A HRERE Hold
S

T} (Parsons et al. 1984; Yoon et al. 1992). T3

(¢}

Table 2. Seasonal variation of the dominant species and dominance at the surface and bottom layers

Dominance (%)

Dominant species Spring Summer Autumn Winter
Surface Bottom Surface Bottom Surface Bottom Surface Bottom

DIATOMS 83.1 92.3 82.7 95.4 99.0 99.3 98.8 99.2

Chaetoceros socialis 5.8 171

Eucampia zodiacus 49

Navicula sp./small size 30.9 13.7 1.7 10.6

Paralia sulcata 2.8 4.1 75 304 4.3

Pseudo-nitzschia pungens 55

Rhizosolenia flaccida 12.4

Rh. setigera 6.7 15.8

Skeletonema coastatum-Is. 69.0 74.7 34.6 253 242 11.6 61.2 58.2

Synedrra nitzschioides f. nitzschioides 35 4.5 b5 5.0 6.7
DINOFLAGELLATES 16.9 77 173 4.6 1.0 0.7 12 0.8

Prorocentrum cordatum 15.1 70 70

Pr. triestinum 11.0
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et ofj<-2 e 2, Dictylum, Rhizosolenia, Thalassiosira

5ol AT (Cloern 2018), §A ¢ 2+ W37t WAy

sk= ﬁﬁg.ﬂ—fi— :ﬂ | AT W A (Vigil et al. 2009; Bazin et
al. 2014)°] &

[¢]

HF2 o o]t} o]—u].q_lzl_ Z=H 9] AEZHIE O
dEe 47 9}%3_%}_%‘3 Al elshH, HiF& Ao EAHE
(Choi and Shim 1986)°]™, €74 ®H3le] QoA §-g5h=
HZAE E}(Fukuyo et al. 1990; Taylor and Trainer 2002).
O]'U]';LE FHA AF HSH= S. costatum-1s= =5l
& Al {ATH Fmo] A W ek o] ey
9} 2| 350 2 (lizuka 1985; Jaanus et al. 2009), 2t 3| o]l
A E kg o] 2ol ettt (Homer 2002). A5) A4
oA Bl WA 2 2348 = Ho|™ (Shim and Yeo 1988),
F3F Agte] A% 4 ?l"ﬂf(Kang and Choi 2001). =l
I Aofse] o E3t 7HS =97 (Yoon 2000), 117 A%t
oz 4 Eﬂ%ﬁ}(Yoon 2020). E3E o] T2 OFSt =
AL M 92 EH|5te] EAZ} (Miralto ef al. 1999) X
2 AE9] A Aslsto] (Howard et al. 1995), 57t 737
o f-2et YIXE H-5-5HH (Yamasaki et al. 2011), 2% 9F
Ao 2 oFAIZFO] LA Eof ulsfE HAYA] 7| = (Kent
et al. 1995), ThFRt A2 A e FHbsHH, b= ¢1Qtof A
HHZA o7 23} (Yoon 2020, 2021). THaF 33 <ok
9] S. costatum-ls PEF F-JFete vt D A=
o} of¢ e W= Bt (lizuka 1985; Yoon 2022). P
A2 o] At g int s o] a4
ol 3] A== (Azanza et al. 2005; Olenina et al. 2016) =
A gidAsto] o) HARE YA 7]= F 2 & (Rabbani et
al. 1989), e ool M= 1427 $HE 2 =8
A 25 WYAIZIT} (Taylor and Trainer 2002; Yoon 2011). S.

[e]
cordatum=

nitzschioides f. nitzschioides=" Thalassionema nitzscioides= ‘&
2 g7 HAA S FOo= S QoA dRbH o
2 Z35I™ (Choi 2011), Fafl AtellA L 4 Hig
o} (Yoon and Koh 1995; Yoon 2011). P. sulcata—= T3]
o] 7] 9l sfirof] 3 fotA F sk, At F A 5] &
74 A BF O 2 o]-8HH(McQuoid and Nordberg 2002). &
ek Mool HEA o g Sk YA Ff FToE, AF ¢
Hoto] A4t 597} 62 2|-2% (Shim and Yeo 1988),
27 S (Shin 2013) & w4F A9 (Kim et al. 2020) = A
S B IAREE (Yoon 2015)E 7HE ) AL, 14 A
QF(Yoon 2020)2 72, 18] E-3E AJo}3] (Yoon 2000)+=
AL Foll st 9 Aete AF SdsHA

Seasonal dynamics of phytoplankton community in the AlY

(Kang and Choi 2001; Yoon 2022), -3 Hil= glom,
ol Asete] 7] A Ao mhet oha Zfel= 9l
2 A AlE 24 EF5H= 5 (Yoo and Lee 1980), SH=
Aaf|et Eall APH EZEOI P triestinum< 541 E}H
oF oJotsfade] tiEA & = (Taylor and Trainer 2002)
2 Z3 7RSof Ax Ty 0 2 oA (Fukuyo et
1.1990), Rt SAQto A ol Uigkoll A 225 WA
T} (Yoon 2011). Rh. setigera% W] g U= Wit
gt ho Z A= & (Fukuyo et al. 1990) 0.2 &
T 5 (Nagasaki et al. 2004), TH= A2 &
A 9 Mool EZE 0 2 HAEE Fo|tH(Choi
2011). Ch. socialiss= 773 F 1 A9 (Sieracki et al. 1998),
W2 02 A (Cupp 1943) B 2 H-fet AME
(Booth et al. 2002) 2 ESHH, 19|k sfolA & F
F HEA ] 58 /& (Booth et al. 2002; Degerlund
and Eilertsen 2010)©|T}. Pn. pungens A = Aol &
HtA o2 Z3dok= F2 2 (Choi 2011), 71944 417
A T 5%21 domoic acidE AAHSH= GE0] (Taylor
and Trainer 2002). U} oJAIolA] AT A7 s 7ol A
domoic acid”} AEE A AT (Choi et al. 2009), A2 o]
A =3t Atells HArEA] ooton, G AgtollA &St
L JZFT 0] 2I9tTh(Yoon 2022). E. zodiacus GA] g
= Actel] HA 02 Edh= & (Choi 2011)°1H, HA
oM = F= A7 25 (Yoon 2011, 2017),
A2 Ut g ﬂ?ﬁﬂ"ﬁﬂ A S Tl A= AxE 84
AA, YF 7o 9] 447 ofsto] ot WA 2l ALk
FS AotA 7= W QIEo|tt (Nishikawa et al. 2007; Yoon
2014). TLey Aol AR 11 9 G AtolA= o
o 2 &R AI5te £ B (Kim et al. 2020;
Yoon 2020), Sttt —?‘?MHE AjHo =z jﬁio] =2
7heoll -5k Olaﬁ_
Az AL A=
A9k, 28t SA7F 047]‘-“’1], FEAE Y= HETF 87
= W-8olth(Yoon 2022). Z12]1! Rh. flaccida (= Guinardia
flaccida)+= RH=r AQboll LUREA 0 2 ZdA5h= Fo|U(Choi
2011), %8 =9 7152 ‘EJX] ofth Fofl S]] ol & 2
2591 (Yoon 1999), 55 =l &5 s|HoA o5 =
S5+ 0™ (Yoon et al. 2020), A5l 1% AQtel| A 4
SRR (Yoon 2020), =2 &= WHE 9 At ol
FAShE 7= WA WTH(Choi2011). BHE 11 9 9

[e)
ZAE

Y

Ol
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At ¢4 T= 594 @42 HOIE Leptocylindrus
danicus= AT FH0| ¢ 2] ¢t (Yoon
2020,2022).

A|m
ok
wi Lo
o LI e 2 =)
ol N
243
L
» °E‘
"D' oL

o
I

e i

2 o =

)
P
=
o) r‘

Foll ool 7347} E*E} }
H| W G7tol A= 07t H e st A
o FHE A|4e AR AsEo
& A A2 e FFo s A
= OYE U HE ASE e r B
| thote] 1zt
L1694 7T A& 3.16 HI=E
B2 1.26~2.02 HY A 1.82+
E2 1.16~2.62 F 9l
= iﬁﬂr oA =9k, Tk
1.38~3.16 HHONA 2.79+0.45 H ZOo 2 Bi} oJ5H
o} =9ttt 121 A2 1.38~3.16 HYolA 2.53+0.46
HE FOor 7 Htb= WA Folu o5 = &
Sttt (Fig. 8). 8% A4+= 7FE 0.27°14] o1& 0.98 H
oz Wgtalga, AZA o R B2 061~0.97 Ho)A
0.8610.08 M5 FHO 2 £qrom o5k 0.44~0.98 19
oA 0.73+0.16 ¥1F £ & FHET} thA WA|Th Al

)

4 30 O oo lo

N

4]
H1

s EH,
=710 A

old mX
&

1
il
=
EE_Q‘

2

p
ngE Q.
HU nlm

1.0
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Diversity (1)
Dominance( @ )
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Fig. 8. Spatio-temporal distributions of diversity (upper) and
dominance (lower) at the surface in the AlY (Bar in the figure rep-
resented the standard deviation).

A =2 245 Yehfdnt 7+ 0.27~0.74 HE oA
0.4410.13 B 07 o} ojFHTE Wetor) A&
2 0.34~0.87 HHolA 0.7240.12 HE Z0 g Ho|L} o
SHE = FUAR 7SR =0T (Fig. 8).

TFE A59] Al FHEE= &, S SAo=
1.9 o/d& YErf ARt *1‘%‘—9} Folke T FEFolA 1.9
ootz A Hslith &

o|st= ekt (Fig. 9A). o1& =

—‘?—Oﬂfﬂ 2.3~2.5 H9= lﬂ"*x]‘ﬂ Qi AR A

A= 2.3 olof, 121l HH 9 Fo|E Eiloh= &

ol A 2.0 o]5tE W3LTH (Fig. 9B). 7H-2 At Al
A 3.0 0|AFO & =Qkol) BAH ul Yxr ]/\1 2.0~3.0
W), 183 izt 9 Fo|E 23}
2.0 °]5}= WkTh (Fig. 9C). 7%5% Qb 55 Ant

T FHOA 3.0 oo R =, QML A HoA

ol & AZst= W2 sl 2.5~3.o£i H| WA =9k
O}, thZto| g ERtohE AR W bt FAH
Al 2.0 o]ot= Wkt (Fig. 9D).

SHE A5 A-FUEEZE 7, AN s
costatum-1s°l| &J gt %‘?‘7‘1:14 - 2of w-¢ =3kon, 59 =
2 éfa~ Hel

Art.
_I‘Oﬂ]\-] 0.8 OloF Al 2lstH, tiE-E ] ]
Q1= =S4Th(Fig. 10A). 52 Mt AR A A E
of AA 0.5 o|otR RkA|TL FA oA 0.7~0.9 o/
2 =%, e Eehs W2 sl gollA] 0.7 o1,
AR 0.8 010 2 =3kt (Fig. 10B). 7HE-2 oLt
o5 T2 TS ZFHE AFofA 0.5 olstE
Fotom, Qb B RO A A Qe W w2 ot
FE A5 BHE gizto|e 9 Fol= g Ziloh= At
HojA 5.0 o[22 =9kTh(Fig. 10C). 12|12l A& <t
Ut S EGohs FYRONA 0.8 ol o= FRA, ¢t
T AR B BE5HE T80 tfZo] 5 Eg ke dAMR
oA 0.8 o] LFEFHGITE 5] MR AR s H2 0.5

O

Diversity (Spring 2020, Surface)

. L / M,
:\""“. /:1'7_# : ) /—25—% ..>
i 2 4%

1y(Atmn20203 rface) ity (Winter 2021, Surface)

Fig. 9. Spatio-temporal distributions of diversity at the surface in the AlY.
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Dominance (Spring 2020, Surface)
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A| [Pomimance Summer 2020, Surface)

RO

B [Pominance (Autumn 2020, Surface)
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Fig. 10. Spatio-temporal distributions of dominance at the surface in the AlY.

e
ol
—

Jo
o

o2
H

o2 & S Alefstd, Zolu o 53 ol
2155 e At (Fig. 10D).
e FHEY] AR po A 7SS Alefshd, ot
AeHey @ E 257t ol Eqk o, o] H gk At
T AL S. costatum-1sl &g 4, 181 A5
ofli= S. costatum-1s°l F7F5F0] Navicula sp.7F A 4]
FAE S Alchs 54 Ho|7] Wiwelet &
Atk I8y 7R AtiE R w2 o A4
QHAE Ae= FHE S, costatum-1s7F 25.3% FHES
Holz|gt, o] ejel i H|w A theFRt Rh. setigera, Ch. socialis.
Pn. pungens, E. zodiacus 2 P. sulcata 52| 5~8%2] W2
Has Hetlo] iAoz oot A= Foll ot 4
T27F A=A 917 wlZolth

Qupe FRIFE AZFEHFIE FHolA 1.16~3.16
(B 2.33) 9] L A= Ao F7 S (Shin 2013)
1.04~2.49 (< 1.72), Foll AA A% (Yoon et al. 2020)
0.73~3.30 (B 2.13) Hot= =29, 4 At (Kim et
al. 2020) 2.60~3.25 (B 2.96), 117 1St (Yoon 2020)
2.24~3.04 (B 2.60), 12|31 FF AL (Yoon 2022)
1.11~3.35 (B4t 2.61) H = AU, FARRE gho 2 v
A Fog #HTRE 7 & S Aok $HE A
T 027~0.98 (B 0.69) HEIZE 117 At (Yoon 2020)
0.77~0.94 (B4 0.93), &7 SH(Shin 2013) 0.42~0.85 (H
T 0.67), WA A (Kim et al. 2020) 0.57~0.81 (Bt 0.68),

Hr
rlo

08
rO
o

rr
o

>
o

rr
o rlo ¥ M o

W 4>

3l AA A9t (Yoon et al. 2020) 0.46~0.86 (Bt 0.62)
T W2 Zrolu, %33 A (Yoon 2022) 0.28~0.90 (B
0.57) Bt =2 252, AdRE Zo] uf¢- 2 EAL 94
o ASEFAE ol £4 Tl Yol ApiEE A& &

e ey el

3ASETIE U EX Y AHHE EY

Add 49 535 34 9 AEZHIE 2 dAE
ol-gste] FAAE BHg ALtetg o, Qlat Haleg
oA AR AEEHTE LA EF EA U AE FF
2 SHEAS 1S FAE B4 0] At Av=
Table 33} 2t} B2 A2 TRV +2 7]91-&°] 70%
5 AF3]stal QAT 71et AL Al FAAEZA] 3 7]
oAgo] S0%E g 2ol AR TR 240 o
FTHEAGEY] Mo Aot tha oFshAT, s o= Al

o H

2 A2 FAETRS tjAto 2 S TH(Yoon 2021).
F 239 AFHEE &7, Al T2 £,
A% EF AE Ak, 2EE S, costatum-

Is Y G54 g 5Ll e o] BAE Holr, P&, sigma

tof] A3t 9 WAE Hol= AA A =2 23
Hol= QMY 27 &9 545 UBUe AR=E I
AEQATh Al FAAES AEY HEEF 2 FeE4
P. cordatum®l] 7Fqt &FO] TAE Kol fx7F E 93
Z S. costatum-1s°] 2FRt FO] WAE Hol= A4 A&

Table 3. Eigenvalue, eigenvector, and proportion by principal component analysis

Spring Summer Autumn Winter
Principal component
st 2nd 1st 2nd 1st 2nd st 2nd
Eigenvalue 6.897 2.159 3.865 2.854 6.480 2.291 4.381 2.007
Proportion (%) 62.7 19.7 29.7 22.0 40.5 14.3 36.5 173
AP (%) 62.7 82.3 29.7 517 40.5 54.8 36.5 53.8

AP: Accumulative proportion (%)
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A HEZXT 2d EAS U= AEE A EHAH =k 223 e 27 C. pelagica L E. zodiacus= 3
= FER7F Asks AESEEaE 22 SAE o A W2 e2& Aoshs Aoz e th(Fig. 11C). A
A e Te A Sl A= o, F2 4 Al olE tid FEFe Ae ASolA Ax2E TPA71A
EEFIE AT G54 a5 Aol 794 TRA L, w$- 52 U2 A= 2 o] HH T (Nishikawa et
o] 15|t (Fig. 11A). 52 A1 FAE &, sigma al. 2007; Yoon 2014; Kim et al. 2020). 12|11 A& A1 /3
t, B, SEAA Go] 73eh oFo] IAIE YEY, 5 B2 25, P sulcata} S. nitzschioides £. nitzschioides®ll 73
2, Psulcata B G54 a7} 3T S0 BAE Hole Aol T o TAE, 2Ea FEV -&Eqtaof ofjt ol B
A, g 1S40 eFed g Uedie AlE= £ Holw, B, Y84 a 9 . costatum-Is©]] 2FF 20]
AU A FEE2L 2 2 A BRERF P AE Hetdle ZolA, M F27 28 54 UE
triestinum©ll 7t %] WAE HolH, #2729t Navicula e A B2 s Al FHELS HE, §E5404E, o
sp.oll A%t 0] TAE Hols A, A Alp2elA 2 ol ARt o] AE e, sigma tof] At =2
Aed HEER 8 545 Yetdle A2z 4H3d PAE Hole AA slig &l ot =2 /& 54
o = 5 AeEd a2 tEFe U 2T BT A = Uetdi= A1 22 = S Ae AMA 27
2 a1 o] ejsl @ HrkE A gl a2 At B AJHl A sl St ofjt &2 A estiled, 7t 2
Hlom, e HEERE Al &2 v2e A2 o] AF4 a T s Tl A "ol 27 IF=
SH= A (Parsons et al. 1984) 2.2 LFEFSITH (Fig. 11B). 7H& W= A0 2 W= ok (Fig. 11D).

2 Al FAAE A&, sigma t, TE5 9 S, costatum-1s°ll 7+ FAR BX0 B BExoA 2 7]9-& 62.7%2] Al
ol ¥AE B, Dol A 59 ¥A, 2B E TS 7R A g2 a2 427 FEFOI
T 3 G54 ao ot 59 BAE Hetdis AelA 4 2 o3} o]t ARtd BEAE Hole nefdger +
2 s 200149 27 Ede Uetdle AER TEH, olE2 AR} 71918 19.7% 2 Al FHES 71E S
S = Ak, Al 472 @ R, Cerataulina pelagica B AEAH AR @EF0] E2 11 E 11 S} ARt
% E. zodiacusOll 7%+ ¥ TAE B, 20 A = HE54e vl 2 "R 2 g e AR = ¢
of PAE Hole AoM g 774 272 244 Ut HE RO 1 HollA] ot SR A Folert
= Uetdl= A E2 4= = A5 AE27= 4HE 219 1-1 St ALHO] 1.2 sl sigshH, Sttt
E2 Gud] MgeidS Ao, §54A W d54a £ Zdoh= AR m 92 bt HAFE 111 sf
s AEER e FEFEY s gl o7t B A3 AR 112 sl HFskAT (Fig. 124). 9152
S At gofieh siA E#E2] A7 R (Sun and Cho 2010; Oha W2 71998 29.7% 2 All FAHEE 7€ = A4
Kwak et al. 2013; Yoon 2014)°f| 2|3t ko] & A o= 54 2 Qe $2 AEERAE AEFS U= 1919

A @l Loading Factor B L1 Loading Factor Cc 2 LoadingFactor D) 2 Loading Factor
2 (spring) Y (Summen . (Autumn) Ty (Winten)
, R e T s e T y 21— e
" 3 . w2 8", i T P " " £y

40 10

Fig. 11. Spatio-temporal distributions of loading factors by principal component analysis (PCA) at the surface in the AIY (WT. water tem-
perature, SAL: salinity, ST. sigma t, DO: dissolved oxygen, DOs: saturation of DO, TB: turbidity, Chl-a: chlorophyll a, DT: diatoms cell den-
sity, PF: phytoflagellates cell density, Cp: Cerataulina bergonii, Ez: Eucampia zodiacus, Ns: Navicula sp. Pc: Prorocentrum cordatum, Pp:
Pseudo-nitzschia pungens, Ps: Paralia sulcata, Pt: Prorocentrum triestinum, Rs: Rhizosolenia setigera, Sc: Skeletonema costatum-Is, and Sn:

Synedra nitzschioides f. nitzschioides).
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Seasonal dynamics of phytoplankton community in the AlY

Spring 2020 Summer 2020
. o

Autumn 2020

Winter 2021

ottt (Fig. 12B). 7F-2 71918 40.5%2] Al1
71202 AiA F2 Qu 2F dEF] =
1o} e EAS Hol=nog oz =3Ik
Ol &2 Al 7]91E 14.3%2] A2 FAHES 7] A&
A HRzE dFFo] 211 9 11-1 s} o] <} At
S Hols 122 12 o2 FEE Ik
T AR ¥ afjodS Zatsh= 1ol oA 7 A
A7} Q1A Sh= AR 12 o<, 18]l Qi FH 9
FoaoE Zilohs mogolA e BARE 2 &
ol AP 111 ST QM XS
&1 112 s ol siEgtet (Fig. 12C). 12|22 A
5%2) Al F4ES 7|2 AAY %
1|3} AdutE E4& Hol= a9
=< ARt 17.3%2] A2 FdE= 71E2
54 05 B = -1 9 111 s} o
A4g Hols 12 % 2 sg o s FEE
= 5 9 94 B & 55
Heloll A bt B89 11 a7} Qe
A EO] 12 39, 2]l Sttt E5E W ASHEE
Fob= 11 s ollA] HAE-2] 11-1 s &2t AMR9] 112
of| sttt (Fig. 12D).
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