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Abstract: To investigate the characteristics of seasonal environment and phytoplankton
community structure in the coastal area of Dokdo, a survey of Dokdo around waters
was conducted during the four seasons. Phytoplankton of 4 phylum 72 species in four
seasons were collected in Dokdo around water. The seasonal mean abundance of
phytoplankton were 3.32 x 10* cells L™" in winter, 1.04 x 10* cells L™ in spring, 0.28 x 10*
cells L' in summer, and 4.86x 10* cells L™ in autumn in Dokdo around water. During
winter, the diatoms Chaetoceros spp. had dominated. During spring, when the nutrients
in the euphotic layer were depleted, the nano-flagellates and Cryptomonas appeared at
surface layer. In summer, the abundance of phytoplankton was relatively low, which lead
to occurrence of diatoms such as genus of Chaetoceros, Rhizosolenia, and Skeletonema.
In autumn, Pseudo-nitzschia spp. was the most dominant species and tropical species
such as Amphisolenia sp. and Ornithocercus magnificus were observed, implying
that they may have introduced within warm water current such as Kurosiwo Current.
Therefore, although natural phytoplankton communities in the vicinity water of Dokdo
are mainly influenced by Tsushima Warm Current branched Kurosiwo Current, their
population dynamics was affected on the spatio-temporal change of physicochemical
factors by short-term wind events, namely “island effect”. Long-term survey research
is needed to facilitate food-web response in marine ecosystem associated with
phytoplankton biomass and physicochemical factors including the warm water current
in oligotrophic offshore water of Dokdo, which may have significant role for sustainable
use of Dokdo.
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Fig. 1. Map of the study area showing schematically the main ocean currents (a); Locations of sampling stations in coastal area of Dokdo (b).
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Table 1. Characters of water environments in winter and spring (temperature, salinity, pH, chlorophyll-a, nitrate+nitrite, phosphate, ammo-
nium, silicate) and summer and autumn (temperature, salinity)

Temp. Chl. a NOx  NHa PO4 SiO2 Temp.

C) S gl M eM M M) co S

St. 1 S 8.24 33.59 0.73 6.26 0.51 0.45 8.03 St. 1 S 25.80 33.15
M 9.35 34.39 0.67 6.05 057 0.44 780 M 14.02 34.06
B 9.23 34.54 0.60 6.01 0.47 0.36 6.56 B 12.40 34.20
St. 2 S 12.82 34.66 0.79 6.40 0.56 0.44 8.11 St. 2 S 26.50 33.08
M 9.05 34.45 0.60 6.20 0.33 0.44 793 M 13.96 34.23
B 8.94 34.46 0.61 6.52 0.51 0.44 798 B 765 34.16
St. 3 S 12.99 34.58 0.80 6.70 0.66 0.44 786 St. 3 S 26.41 33.09
_ M 9.07 34.46 0.76 6.36 1.01 0.43 793 = M 22.96 33.37
g B 8.84 34.41 0.73 6.21 0.70 0.43 787 qg) B 12.59 34.38
g St. 4 S 12.84 34.39 0.85 6.32 0.59 0.45 8.11 % St. 4 S 25.36 33.19
M 8.98 34.42 0.70 6.03 0.83 0.43 776 2] M 14.18 34.15
B 8.68 34.39 0.63 6.08 048 0.43 772 B 6.11 34.12
St. 5 S 12.76 34.18 0.80 6.31 0.40 0.44 797 St.b S 26.03 33.15
M 9.25 34.05 0.67 6.31 2.62 0.43 774 M 16.76 33.88
B 8.88 34.39 0.60 543 0.39 0.43 783 B 12.21 34.24
Avg. S 11.93 34.28 0.79 6.40 0.52 0.44 8.02 Avg. S 26.02 33.13
M 9.14 34.35 0.68 6.19 1.07 0.43 783 M 16.38 33.94
B 8.91 34.44 0.63 6.05 0.51 0.42 759 B 10.19 34.22
St. 1 S 18.75 34.54 0.05 0.38 0.05 0.21 3.45 St. 1 S 18.38 33.65
M 14.87 34.68 0.32 039 023 0.26 3.92 M 18.38 33.55
B 13.78 34.68 0.17 4.98 0.40 0.54 5.82 B 18.03 33.57
St. 2 S 19.1 34.54 0.14 2.19 0.19 0.18 3.24 St. 2 S 18.76 33.61
M 16.22 34.62 0.28 1.46 0.18 0.26 4.57 M 18.64 33.59
B 14.63 34.71 0.33 3.74 0.37 0.53 .71 B 13.55 34.20
St. 3 S 18.85 34.46 0.06 1.64 1.01 0.20 4.68 St.3 S 18.61 33.56
M 15.26 34.88 0.31 082 046 0.24 3.62 - M 18.36 33.56
g) B 14.44 34.54 0.35 4.57 0.09 0.53 5.29 & B 18.30 33.56
& St. 4 S 19.04 34.53 0.18 050 0.26 0.36 3.37 % St. 4 S 19.03 33.64
M 15.20 34.70 0.30 115 0.21 0.25 3.62 < M 18.67 33.59
B 14.4 34.52 0.65 3.63 046 0.37 455 B 18.28 33.65
St. 5 S 19.17 34.59 0.05 1.69 0.49 0.21 3.21 St.5 S 18.90 33.63
M 15.20 34.75 0.26 0.63 0.14 0.28 3.96 M 18.27 33.54
B 13.75 34.49 0.16 5.34 0.09 0.64 6.25 B 1788 33.60
Avg. S 18.98 34.53 0.10 128 040 0.23 3.59 Avg. S 18.74 33.60
M 15.35 34.73 0.29 0.89 0.24 0.26 3.90 M 18.46 33.57
B 14.20 34.59 0.33 4.45 0.28 0.52 5.52 B 17.21 33.70

S: surface; M: Middle; B: bottom
of WE-sYe YL ojodio] BT A A Wslele S48 AWt Ea, shere] ARG o
O] AR & sfjH o] -2 ¥5-2 50~80m H || 2 4 St= RSl 45409 sE= A 55 B 094ug L
dom ool t7] £Eo] RS Bol W ASR A 2§ W SEE Bl HE FRiao] FEE 5
BHT HEshs A AE A 535olA 33.2~34.7 psu A 070 ug L, A 024 ug L2 YEPF O™, B.5.4 5
92 BUT 2} Bho] £208 WA R A B 2 7b0] Aok 24 AT (rg 2). LA Lhal ool
A3t FLoHA UERTE 252t FX Atolol= 44 Ae A4 AR 1l¢ =2 Q5409 5L E Ho|
2,000 m ©]449] k=54 7+ (Korea Gap) o] Y=gttt o] = (Harvay 1955), Beak et al. (2018)94 AL AE E o
Aol qubdR, BUUE, F24, IS S Ode o 2AgEA0] BuHol, # ZAlAE Solge
9] EAS BF & 4 Sl Aotk spAet 5 A 2 A AEELIEY A2 BEE ] T Jung
¢t o2 5] A EAA 100m o] W2 =4 etal.(2001)2] 5k 8 S| AL Ao A= ofE AE
=S Hof At} Zo] 7|Fof whef 20| Yot (FA, ¢k 0.9ug L)l HIsh EA2} stAoll= < 0.5ug L™

22 ©2019. Korean Society of Environmental Biology.
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Fig. 2. Cluster(a) and MDS (b) analysis for spatial patterns of phytoplankton communities. The dotted lines indicate the 40% similarity. W:

Winter; S: Spring; Sm: Summer; A: Autumn

Table 3. Phytoplankton species number(S) and diversity index(H’)
in the coastal area of Dokdo

Winter Spring Summer Autumn

S H S H S H’ S H’

St.1 23 232 9 178 32 3.09 36 232
St.2 23 232 9 180 25 2.73 37 1.81
St.3 23 261 9 147 33 3.01 28 261
St4 23 227 10 178 23 2.66 28 1.88
Sts 19 233 M 174 23 251 29 1.26

Avg. 22 237 10 17 27 2.80 32 1.98

(Jung et al. 2000, 2001; Beak et al. 2018)
l"i%’iﬂ}.t‘ri oosﬁl‘i—lﬂ QLA TAHE £3t 0]F Q]
ek F W] THs/do] 5718
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1 FRA LS Fofte] Fag TS of ShFol 3
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Qla7] flall 21441 24P Eastck

A= 3359 él%%%*ﬂ%ﬂ ZAstA, A4

rek
FPN
Sli

2 3.32%x10% cells L' &, 5 A&
2 4.14x10* cells L™, 53 B+t 324 x 10*
2.58x10* cells L' 2 LEFGIT} (Fig. 4).
£2499] Aol 79| Holx] elet. &
F7F A AEEFAE HE F Bt 79.6%2] HIE=E 7P
T2 HES ARSI o, o e 2HEEFTT 14.6%
o] Hl&-& A Aol 2R FolA e TRt
Chaetoceros & (Chaetoceros lorenzianus, C. pseudocurvisetus,
C. socialis)©] %-4o}3.0™, 71 Q]| % Pseudo-nitzschia spp.,
Skeletonema spp., Thalassiosira spp. 5°] =& 3}°qE]'(Table
2). A @& 7V 2A| 7198 Chaetoceros &2 -2
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Fig. 3. Canonical Correspondence Analysis (CCA) ordination dia-
grams of dominant phytoplankton with environmental variables.
Environmental variables (Red arrow), Phytoplankton (Triangle),
Sampling station (White circle)

2 FA et FAC e Agtollx
= ~’Fiﬂr FZo|A 9] B w2
5 S v A S 2 AFmHTH(Oh et al. 2009; Park
et al. 2009; Lee et al. 2016; Lee and Baek 2017; Lim and Baek
2017) E_E_,] X]deq E/H/Ul- ﬁg o]—sH__J 012:]_%(); o]
ol A =oll BRF A47F HESHH, 55] AEEEAE
52490] BjeAls B o} Se) gl Aolct A
Hog HoaA A% ZAH SuEA RSlAT, 948
53 EalEwo] A4 As4 9 4L, 5 540 B
QT T 459t A7) AR thER &
of 4E4a5E7 lopg L AR =84, AF SA

)

e 52 e, B St AT 59 29
ofl A ©F 0.1~0.2 ug L™ 71| 22 FL(Yamada et al. 2004;

Liu and Chai 2009)2 H.t}. &2
SAo e A

ZAP A= FA T

Hl=d, 71& 0.5~0.7ug L' 0=
el A == AQte] §EALq FEREL) FARE A
HATHKORDI 2017). TS 54 7380 o5t Hants &
T 4 91, o] 2 Qlsf B3 A o] & 29tEo] Ad 4

ol dgdel Fdsta =A {3 1jr(Table 1). &2
ol§i2 1 2B HiA £ QS b BEI P
S EGE B To e 2e ] gl

Seasonal characteristics of phytoplankton in Dokdo

Surface \ Middle . Bottom

Relative ratio (%)

Total abundance ( X 10* cells L™")

123 45"'"123451!'"123435
Sampling stations

[l Bacillariophyceae [ Dinophyceae

‘ [ Cryptophyceae [ Others O=:Total sbundanos

Fig. 4. Horizontal and vertical changes in total phytoplankton
abundance and relative dominant phytoplankton at the class level.
A: Winter; B: Spring; C: Summer; D: Autumn
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spp.2t B2 tfeet Fo] st o, dEFS Fo] ¥
Al W= AT} (Table 2). A/ Eo]H o2 2 572] H]
gol mj-g- wgrom, 7 9] WX Fe} oHHE 270 H|&
o] &=Skth 7]&e b &%l viet o] Fofel AEE
FAES HFE AUoRHE Qgor S22 Fhd

o] 9F2 73oHA =t (Hyun et al. 2009; Yoo and Park
2009). DHFH O = B W] Agt A Fko] S50 ol
3t o gatelo] o g Saof ke HlRsto] &2 x.
= 2o AN w2 AL S Hstgioh
(Kim et al. 2007; Liu and Chai 2009; Lee et al. 2018). =3%
Baek et al.(2018) 9] AollA= 20179 &4 B H &
Atofl Al FH B 2721 Heterosigma akshiwo2] tE2]0]
ZE =], ol AFE &l U H. akshiwo”t S5
o} =5 o] AP S0z els) 4 Hao] YHE o], A
afof| ot g5o08 AF0] e JFFo] HEOR H
Aslol AgEYAEC B0z FAT A B
Sj90ct. 2 24 Al 42 o BES 0y
(Table 1), ¥2E2 ALt e 9

ju =
TEE Holil BT FTole vl W2 @

=1
i

= Hoj,
ASORHE BSOoR TuEA] g2 JoR Heltt =
T et s Qs AeiA E44e 7HA7] HiEel, +
T =R R AT YA TH°l & AH99
5 JFAD 35dolth(Hyun et al. 2009). SHATF SFA] 1
wet Hiet Zo] A EolA ]l Fo] WEEA] ot &5
ol e H A ghgtom, o] YR AT w2 YFHl
TS FEEA 2 Ao w At 2 292
714 SiFo] Fd= WEsH Te AYgelHe &2 A
off 8 At E75kal P& e AH SS
et
SHAZANAE 4652 A&l S5,
=

2 o S2A BEE A,
SolA1 0.29x10* cells L™, 21014 0.21x10* cells L' =2
e e, AT} 440 T Az B34 Fol
57, #A0t Sl A glohh FEAL AR
A7) ABEADE F B 504%9] HIE-S AH|5HA
SPARZRI} 27.3%5 AAISHATE 27| 4

43t & (Chaetoceros spp., Guinardia striata, Rhizosolenia spp.,
Skeletonema spp.)©] S@SFALL, HI WA F2 HlES HQl
IR /= HE-2 Gyrodinium sprirale, Gyrodinium spp.,

Gymnodinium spp.& T3 = 1 KT (Table 2). SHAl= =

==

N
N

o
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AT FollA 7P AP Eds] a3E AEYE &
Tk, Wi W2 dapPAEE Hol= Adoelth uhehA
Chaetoceros 25, Rhizosolenia 25, Talassiosira 25, Guinardia <5,
Bacillaria % 5°] ThF @091, AEEHIE AEF
o] | ot Pt ¢ HFo] FEE A AT (Jung et al.
2001; Kim and Shin 2007; Kim and Park 2009).
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