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Abstract:To assess the characteristics of phytoplankton community structures related to
environmental factors, seasonal surveys were conducted in the vicinity of Dokdo. In 2019,
phytoplankton of four phyla and 69 species were observed. During winter, unidentified
nanoflagellates dominated, with an average of 3.19x 10% cells L™ In spring, unidentified
nanoflagellates occupied about 50% of the composition and a variety of dinoflagellates
appeared. The summer phytoplankton population showed very low abundance. In
autumn, various species of Chaetoceros appeared, along with diatoms, such as Bacteria-
strum spp., Guinardia striata, and Pseudo-nitzschia spp. In addition, tropical species
Amphisolenia sp. and Ornithocercus sp. were observed in both 2018 and 2019. The
diversity was high in the summer of 2018 and the winter of 2019 and the characteristics
of each index varied. Cluster analysis was divided into four groups according to species
and population characteristics regardless of the season. The stratification of spring was
particularly weak. In the autumn of 2018, the water mass was stabilized in the same way
as in the summer, which is considered a suitable condition for phytoplankton growth.
However, in 2019, the water masses were mixed, resulting in a low population. In a phy-
toplankton comparison, the dominant group showed seasonal differences, except for
summer when the population was low, and the difference was most pronounced in
autumn. Therefore, the waters surrounding Dokdo have different environmental and
ecological characteristics from the East Sea, but the seasonal characteristics of each year
are considered to be different depending on the topography, various currents, the island
effect, and other factors.
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° 7 43450} gttt (KORDI 2000; KIOST 2017). 744
o2= S50 EYEAY 9 AEEFIE ZAH(Noh
et al. 2006; Rho et al. 2010), 5= Fr o] AEZHIE
9 3o M A ZA(Jung et al. 2000; Jung et al. 2001; Kim
and Shin 2007; Baek and Kim 2018) 5-°] 3= 1|9t o
FE @8 A A4, 525 SHoE o T4 o
T= Al ot

mrebA, & As 5 AQt o) Al d =5 A
SETIE HHFE EAS Toetar e 1Arete]
AE oretotant. £39], 2019 RAPAIE FHOZE Lee
et al. (2019)2] 2018 A-A e} H| w5}, a2
oA AZ2EFIEY] ALE & d S
2 AN 55 At of9 Y] i F3E AJHeHA At
54 9 59| A& 7HS o[- 8AS ol 7

s,

ol

M L

e 25EoAE 874km, XS 7|HOR 9F 220
km A2 9] -2yt Z5Ho] 1|5t glow, & A+
+ L AEE ZF 59 37°14.1~37°15.1", T
131°51.2'~131°52.5" H919] == At s s7ie] el
A Y=t} (Fig. 1). H=Eslgast7 &Y R/V (53,
o]o]k &) o]-8sto] 2019\ F 430 AA AH ZANE
T35 (201949 2 279, 2019 6 3%, 2019 84
319, 20195 10 23%), 35| Lee et al. (2019)°]] 1%
20189 =k 47H AR E o]-85te] 2S5k
ok AL 710 B 2, $5, A A2 9' 5L
Aol =2 CTD (SBE911plus, Sea-Bird Electronics,
Inc., Washington, USA)E ©]-&5}3th 554+ HAL
2 AroloT, 555 AEH(AATL2NE 3osm 4T
H-3)+< Rosette Multi-sampler©]] 2 10 L PVC Niskin
sampler (General Oceanics, Miami, FL, USA) 2 |55}
t}. Phytoplankton net (Hand type; Mouth area 30 cm X L90
cm; Mesh size 20 um)< ©|-85t] EF 3mE 202 9
Jste] B3 FHO AZEIFIE FYEAE HES A
dotgth. AEEFIE dEF B4 Al 4 %
S} 500 mL-Z Lugol’s solution2.
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Fig. 1. Map of the study area schematically showing the main ocean currents (a); the northward flowing East Korea \Warm Current (EKWC),
the southward flowing North Korea Cold Current (NKCC), and the Tsushima Warm Current (TWC). Locations of the sampling stations in the

coastal area of Dokdo (b).

1|7 (Zeiss Axioplan 2; Carl Zeiss, Jena, Germany) ool 4]
200~400H] Hl-&= 54 A 7Skt Beldn| g o=
o] ol T2 & ol FE5HR 2, 10 um ©]5t
9] nano-flagellate+= 157 152 2 #7531 tE PRIMER
version 55 ©|-85t% T (Speices number; S), 5HF=
(Richness; d), 75 (Eveness; J'), TFFE X4 (Diversity
index, H') & #5}% Tt} (Shannon and Weaver 1949). 5%
L2718 0]-§5t9] Bray-Curtis AL 2|4 (Similarity
index) & 4FE013loH, o] AWE 7|¥EO R I (Cluster)
BAT oA A r B A (MDS; Multi Dimensional Scaling)
<= AAISFAT. SPSS version 17.0 (SPSS, Inc., Chicago, IL,
USA) 9] t-77 (Two independent samples t-test)= ©]-85
of 2 S AEER RAF HW, A HWE
Y5, ABEHIE 2442 201887 201912 A
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Fig. 2. Box plot of temperature (a) and salinity (b) in the coastal area of Dokdo in 2018 and 2019. The median is represented by solid lines. S:
surface; M: middle; B: bottom. T-tests were conducted between the surface and bottom, and between 2018 and 2019. The number is the
t-value, significant at *p<0.05, **p<0.01, ***p<0.005, N.S.: not significant.

= oAt (p<0.001). 2018 FAE A} FAFS
Qe BE £ BT ol K= A Hjo] 54

= = g doll= stA W FA | FF=50
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Comparison of phytoplankton composition in Dokdo
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Fig. 3. Horizontal and vertical changes in total phytoplankton abundance and relative dominant phytoplankton at the class level. a: winter, b:
spring, ¢: summer, d: autumn in 2018 (published by Lee et al. 2019), e: winter, f: spring, g: summer, and h: autumn in 2019.

ol AL g o4 HIE T (Joo et al. 2016; Yoo et al. BZ AESHAE MAGFE 3.02x10%cells L, 55 B
2019). SHAIRF Z Aot sjo] M Ald A4ZF ot 4 T 3.69x 10% cells L™, 215 B+t 2.85x 10 cells L‘li et
EETAE MAIFE 20199 F 47 6950 HEET2 Wk 2018 Ao} Bl wskGlS off & ZWAlg= Ak
Eo] Zdstl o, A4 B+ 1.90 x 10* cells L™ 2 B¢ & Aro] FxA4 Aol FA HE&siAl Yerdtt 2018
U VFERLTH (Table 1, Fig. 3). 5% A%t af 92 53] dol EolH oz FAlof 7277} oHA vehd Za g
ZAREAQl EA I} e k2 AT a7 5 E}"’J@ T 2],20190ll+= theket 157 v A 27 (nano-flagellate)
< J7] gi2ol o] dRtAQl ERI o2 AEEA 7} 78.8% 2] H]&= EoIrh 59, nlsA nlAHRF
E g EAS Holl A 0 & AR FITH(Baek ef al. 2018). Aug fJAoz Bg 9 FAo] 3] ot} Choi et al.
2018 == A%t A9 /_\11%%301-35 T A E (2009)3’4' Huang et al. (2012) 2] H.a1o] JstH, Fofjet 2
O]= Lee et al. (2019)°]l 0] o152 Aol A= oliE = W1l A= Prochlorococcus2t Synechococcus 22

A=2E 2019 A=} 3 li’_o}oﬂl Zﬂ/‘ SFSAT (Fig. 3). %ﬂli%%’fﬂ%ol UxAYAol| 3=A] 7)o gtet. ERL Shim
20194 =X A9t S| AEEHIE XA 2 5A A et al. (2008)°ll W2 Prochlorococcus= SHAIS A5t A

A B AEEFAE AASFE 3.19x10% cells L' G101, F2710 =& MATE B2, Synechococcusi= ©]<F
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AAREEA sHAlO &2 ANAITE E ATk kAR o] 2jh
picocyanobacterial diversity= 7+ 29| Clade©] w2t A
o] A 2tk d77F BalE 3 Qo] (Shimada et
al. 1999; Li and Harrison 2001; Choi ef al. 2013), % £}
Al EAo] W=y Hoh gty or =k FH

A= AHAE oldlishe H =&o] & Zo|tt 2019

ﬂH

cells L_IC’Tfﬂ, EZ AEEHIE /A= 2.87x10% cells
L7, %% "4 4.10x10*cells L7, A= F+F 2.22x10*
cells L& UE, &4 ti5412 Holx] Y3l vlE
74 WRR7L AA| Bt 482%2] HES Ao, oFH
DXF7} 29.1% 5 AR5 TE 0] 92 Prorocentrum
obtusidens”} th EASE O™, Gyrodinium spirale, P.
triestinum, Katodinium spp. 5] Th3t PHBR X F7F &
SHAT (Table 1). ‘&5l A o] R UH P dentatum-=
EFAET SHH T P donghaiense= T§FE o] KT P
donghaienser= "3, 4 TOE STl LT 4
ks oA tr AR5 4271 (Xu et al. 2010; Lim et
al. 2018), FHNA T 2 F2] h54lS BAI5HTH(Zang
et al. 2016). Jeong et al. (2017)> & E2] W2 24 §4
58& H5F. O™, Yang et al. (2016)2] AN &
o ASHEH dao] 3] FE53 YA &2 A
£ A5k olFste 48 Hisklt shAvt 2 F
= HHo 2T [GARE ZA7F
Qo] AEOA P shikokuense, 5=l A= P, donghaiense, 3F
o)X= P dentatum 502 SAE] o] FA = o] gt of
A|RF 2] Shin et al. (2019) 2] 15 Aifo] whzt o] 5
oA TEE F-2 P obtusidens O 2 TS 20191
SHA A % Bt ASETILE NATE= 046 %10 cells
L2 ol A TR, EF0NA 0.57%x 10 cells L7,

S
>
R
e
HE
2 o
2
A
i)
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% PASkT, NEY HORE 4302 248 Z7}
sttt o]= 4371 A5 vt 2ol Synechococcus”t oHA|
2 7FsAo] ot Ang Age s vt
A=} o] Bxjo] I @sir}, T3 2018
Fo] Hl-go] thA ot 201987} FFAo] I

L S5t o wste, o] ] e
AFANE 5ol S5 Ak et sol FraRrt 3
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HE= Eo]¥S B 15t (Kim and Shin 2007; Kim and
Park 2009). FAol= A 59 Yo ASEFIE WA
= 0.89x10* cells L 2 UEFG O™, = 1.48 x 10% cells
L™, 5% 0.78x10% cells L™, A& 0.41 x 10* cells L™ <=A4]
2 Uegth 25004 Bl w2 AAeE Held, 4
S e Apolg HAh S aE $249 45 1=
F7F AA Bt 52.5%0] HleS AAFoH, g o g of
HRZF7E22.9%9] &g AA6IAH. S22 1%
F oM E Tt Chaetoceros & (Chaetoceros danicus, C.
lorenzianus, C. perpusillus ")t Bacteriastrum spp., Guinardia
striata, Psuedo-nitzschia spp. '5-©] %515}t (Table 1). &
7] 2R 2HeiSFE ddisi 74 s =dst
AN Fom ol AtollA FACNE th HilE
Zo|th(Lee et al. 2016; Lee and Baek 2017). &4 A5
Hpe} ol Foff AEEdaES AU o= EH B HR
o ¥t &5k FEsiger FHE Aor o4
Z| 1Tt (Hyun et al. 2009; Yoo and Park 2009; Baek and Kim
2018). 3 4| 5 XA 5ol 2018 2] A9t
Yot Edl A EFR Ornithocercus sp.2} Amphisolenia
sp.7]' TEH Zlo|th(Table 1). Lee et al. (2019) 9|4 ESJH
e} gho], o] = ATk Aol A Tl Fo
Ae Hirt e $o&, 74 &gd 240 dRe|
o2 AlgEch Amdo 2 2019d & A¢H s
FAC =2 AitEE HQl 2018A} Ee, A- W
Zpo] 2 H AR AubA o g At o] v relyit,

rfrore

ke zo]lE Holth(Nishimura 1983; Choi ef al. 2011;
2016). 2 Ao A E 2018 F ot oA &
At AEEFIEY] P T 22758, 20199 F
23.155 22 FAFSHA] YEHLTH (Table 2). T3F, B 4]
EETIE &9 T FA W =3koeH, oA, 5
Al, A <=2 Yepyth FA1¢t st 2d £ 4= ]
ot L, A7 7P =9k d 2018 A 3282
TS HYth Bold oz Ao A7}
%

o
o9 Wetd 20199 A T3 354F 02 TP =4 L
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Table 2. Estimation of the number of species (S), richness (d), evenness (J'), and diversity (H') index in the coastal area of Dokdo in 2018
and 2019 (The number of species and diversity of 2018 was published by Lee et al. 2019)

2018 Stn. S d J' H' 2019 Stn. S d J’ H’
St. 1 19 1.76 0.79 2.33 St. 1 18 1.72 0.40 1.17
St. 2 23 2.04 0.74 2.32 St. 2 19 1.75 0.58 1.72
) St. 3 23 2.01 0.74 2.32 ) St. 3 18 1.62 0.562 1.51
Winter Winter
St.4 23 2.17 0.83 2.61 St.4 19 1.68 0.60 1.76
St.5 23 2.04 0.72 2.27 St.5 14 1.31 0.47 1.24
Avg. 22 2.00 0.77 2.37 Avg. 18 1.62 0.562 1.48
St.1 10 0.69 0.77 1.78 St 1 23 2.1 0.64 1.99
St. 2 11 0.82 0.73 1.74 St. 2 22 2.08 0.78 2.40
. St. 3 9 0.67 0.81 1.78 . St. 3 21 2.02 0.68 2.08
Spring Spring
St.4 9 0.66 0.82 1.80 St. 4 18 1.61 0.61 1.76
St.5 9 0.68 0.67 1.47 St.5 18 1.67 0.69 1.99
Avg. 10 0.70 0.76 1.71 Avg. 20 1.90 0.68 2.05
St. 1 32 3.77 0.89 3.09 St. 1 22 2.27 0.81 2.52
St. 2 25 3.1 0.85 2.73 St. 2 19 2.06 0.74 2.19
St. 3 33 3.76 0.86 3.01 St. 3 19 2.09 0.69 2.04
Summer Summer
St.4 23 2.81 0.85 2.66 St.4 19 2.23 0.63 1.87
St.5 23 2.70 0.80 2.51 St.5 17 1.99 0.68 1.93
Avg. 27 3.23 0.85 2.80 Avg. 19 2.13 0.71 2.1
St. 1 36 3.34 0.65 2.32 St. 1 41 4.20 0.75 2.77
St. 2 37 3.02 0.50 1.81 St. 2 34 3.35 0.71 2,52
St. 3 28 2.68 0.78 2.61 St. 3 37 3.86 0.73 2.65
Autumn Autumn
St.4 28 2.30 0.56 1.88 St. 4 35 3.58 0.69 2.46
St.5 29 242 0.38 1.26 St. 5 30 2.98 0.72 2.46
Avg. 32 2.75 0.57 1.98 Avg. 35 3.69 0.72 2.57

Atk 2HR 272} 757 nano-flagellate= &A1 7
o] E7tsdt 22 d5o=s BRI A el
ChaetocerosZ0] ThFolA Edote] &2 S5 71535t
T} (Table 1). 375 A5 S5 A2 59 4
2 BASH= FF AF0lH, gho] A-LE Al BZag
£ A218700] FBEThE 248 SJ0]g (Margalef 1958).
B AN BRE A%t 1277 o5 S0 st
FA O tha: w3k o ], EA9F A O IA 715 = ek o
e U F748Y ALt AR E UEl= AR
(Pielou 1975), & ZALAE 0.52~0.859] M S HAL)
FERI IR 20189 %7 0575 ST, 2019
Q9] 49 27} 022 1Y B8 e Hol A8 54
ok gALS] §57) 2 e F Ae® ARE
ok A4t P F FRE Ao} A A
4o FYE HoiFE A5z 2] BYAL Yehart

BN o

%@ d1 o

(Margalef 1958). o]& et F Y= A|4+= 20184 oFAI2t
20194 A 71 =90t 4 Fo] IA -] &
1 tpefotA veR 7] thEell 7P =2 F TS Bl

2o poht gyt o AESFIE] Frieky
2|5 0.45~2.450] M2 HEQlom 7t Atulct A
A7 O] ApolE Bt T B Ao = A 52T
AES] Az A 7 AT 4 2ke] 23 vl g flst
o], A ARE ©]83) Cluster =47 MDS £42 43
S}t (Fig. 4). T A AlR-A 0. 2= HAT A4lof A
o] 2 AEHE grfo] QFo R TEES M 30%2] &

At oM 2A 4714 A5 o2 F25 A 2018
W A1 22Nt B73H Group 12 H| WA SHERF
7} 7S wol Edstilon, HRERIt FE olF s 1T
o]t} (Fig. 3). Group 2+= 20199 FA<} AR A4+

HlIE 2 W] Sotul, SET 94T glo] G 7
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Fig. 4. Cluster (a) and MDS (b) analysis of phytoplankton communities at all depths and all stations. The dotted lines indicate a 30% similari-

ty. W: winter, S: spring, Sm: summer, and A: autumn.
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Fig. 5. Box plot of the total abundance of phytoplankton (a), dia-
toms (b), dinoflagellates (c), Cryptophycea (d), and others (e) in the
coastal area of Dokdo in 2018 and 2019. The median is represent-
ed by solid lines. S: surface, M: middle, B: bottom. T-tests were
conducted between 2018 and 2019. The number is the t-value,
significant at *p<0.05, **p<0.01, ***p<0.005, N.S.: not signifi-
cant.
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o= RHFel R R =34 0] 445 1, o9f el
=24 28] oote] YHAFIT 85 AR=E SaH
o] YA Fhe FARI whebA e Yol Etokal
A9 =2 AEEFIE A=l BAHAYL, AHEH
o2n FAo Aot =2 A4S BRIt (Yoo et al.
2004; Hyun et al. 2009; Kim et al. 2011). 5 <9t afjd E
{F 71 2 of| 14 2ol 2| qk 2 Aol A Fofo] &
Al A gt doltt AEELAE £E EAS oot
Skt

N o9

=
3, Bt AEEFAE WS 1.90x 10°
cells L™'2 wj-¢ WA Vet A= B+ 3.19x 10*
cells L' &2 )72 A]54 HEF7F S, EA
© 3.12x 10 cells L™ & A HEF7} oF 50%5 AFA|s}
Ao, P obtusidenss EFIF T StH R RV EF
g E7o] ATk sHAl WA= 0.46x 10 cells L™ & 7Y
G 22 A Fol yEht AL, FACE Bt Al
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