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Abstract A survey was conducted to analyze the water masses and the spatio-temporal variations of the
phytoplankton community at 22 stations on the surface and bottom layers of the Yeonggwang Coastal
Waters (YCW). There were thermal discharges at the YCW by a nuclear power plant from May 2017 to
February 2018. This analysis indicates that the water temperature ranged from 0.8C to 32.2C, showing
differences of sizeable seasonal variation. But, the salinity changed from 31.61 psu to 32.86 psu on the
surface. Therefore, the seasonal variations of water masses in YCW were mainly determined by the water
temperature. The phytoplankton community consisted of 55 genera and 86 species, showing a relatively
simple distribution. The phytoplankton standing crop ranged from 3.4 cells mL™ (autumn) to 647.2 cells
mL™ (spring), with an average of 109.4 cells mL™". The average was low in autumn and high in summer.
The seasonal succession of phytoplankton-dominant species was mainly diatoms during a year. In
particular, the successions were Asterionella glacialis, S. costatum-ls in spring: Leptocylindrus danicus,
Eucampia zodiacus in summer; Pseudo-nitzschia pungens, Rhizosolenia flaccida in autumn; and
Cerataulina bergonii, Coscinodiscuss anguate-lineata in winter. The ecological index showed relatively
high diversity, but the dominance was low, indicating a relatively high diversity of the phytoplankton
community. In other words, thermal discharge by the nuclear power plant strongly influences the
phytoplankton's diversity and standing crop. In addition, thermal discharge acts as a factor that
increases the volatility of the phytoplankton community in YCW.
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Fig. 2. Spatio-temporal distributions of water temperature difference (4T) at surface (upper) and bottom

(lower) in the YCW.
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Fig. 3. Spatio-temporal distributions of salinity at surface (upper) and bottom (lower) in the YCW.
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Fig. 4. Seasonal variation of water type by T-S
diagrams of surface in the YCW.
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Chlorophyll a (ug/L)

Fig. 5. Seasonal variation of chlorophyll a

concentration.
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Fig. 6. Spatio-temporal distributions of chlorophyll a concentration at surface (upper) and bottom (lower) in

the YCW.
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Fig. 8. Spatio-temporal distributions of phytoplankton species number at surface (upper) and bottom (lower).
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Fig. 10. Spatio-temporal distributions of phytoplankton standing crop at surface (upper) and bottom (lower).
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Bt}
nitzschioides £ nitzschioides R A. kariana’?t ZYZ+
29.2%, 26.3%, 16.6% % 9.8% *H8&=2, 239 ¢
A% 4 AT o] uA=UKTable 1). o 52
L. danicus?t 52.1% $HE&2 FHs191, = £
zodiacus®t Ch. curvisetus’t Z¥ 9.6%2F 9.2% -8&
= Bo ASE #3 tEA 5931 T2 AR
HZoA -SR] AYE  Guinadia delicatula?t
19.8% -2 HHY, 2O 2 G striata, S
costatum-s7t 7+ 9.3% L 6.2% A& &ds9ct
(Table 1). 7}2-& =2 RoBx W ko H2Foa =

AR, e

ANEL S costatum-ls, A glacialis, S

(o] Z O
TX-]

T=0

O

Pn. pungens’t

293

11.2%% H$4d, G striata, Ch.
nordenskioeldi?t ZYZ+ 9.8%, 6.7% X 5.4% 38&
Hok A& 57 E‘lﬂ P sulcata®} C. gigas’} Z}
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Dictylum, Rhizosolenia 53 &2 ¥ #2571 $
AstH([53], 4% &4 ¥t EAgske g F A
ol 2 A[54,55]0] UHtHolr}. G At
R Ao EZFo|H(33], thi= &4 #slo] w7
StA BhSske AXYERE FHFske Tolths6,571.
B ¥ - AS 83FQ A glacialis= o) et L A
Qo] A427] -5k (42], Q1= W 8539 3,
4] o] B ER|TH58], Asi= Aloks) W 3¢
Aol A AT & S8 A o]0l ZioflA £4 7]
2 Qlth. 71 ool A S costatum-ls= WA
FHoR @t YA FYUYE AFEF(59]0E
= & A 2Jsid, Ql FolH, 2t s
B O 9 G0l A8 A7)l o &3
Z71&E ol9jel A% st 33], Aol Bl
2 l“ﬂc SHEE Bol1[47], FF A2 AT [T
tH18 =95
2 TRkt

I 2913 2% Aotslol clg T 7he F9
25], 7% AQto|w oHE 7] T3l o] 2L

A Ax 9z Hulsle] EAAH61] & THE Fo] 4
FS AFElel[62], 27+ AR S5t 9= 95
3], Ao 7 QFAIR} LAMYES] TS TAYA]Y)

51641, THFt ARSI EA L FHlol=E $02 S A
ekl S
ARt o

curvisetus, Th.

costatum-Is=

(ol S B3

m{n

aoN

o r{r

o] HHzog 43tH27,42]. oFTt
costatunr-ls @EF-L FJFstd viqt
H5) W2 =& HHTH65]

R 2

I
jui]
=



&3 =84 A23d A4ZE, 2022

Table 1. Seasonal variations of dominant species and dominance at surface and bottom layers in YCW

Dominance (%)
Dominant species Surface Bottom
Spring Sunrnme Autumn Winter Spring Sumner | Autumn Winter

DIATOMS 99.2 98.8 95.7 99.4 99.5 99.9 96.8 99.6
Asterionella glacialis 34.9 26.3

A. kariana 10.1 9.8

Cerataulina bergonii 32.1 23.1
Cheatoceros curvisetus 9.2 6.7 11.5 6.7
Coscinodiscus anguste-lineata 15.5 17.2
C. gigas 10.4

Eucampia zodiacus 9.6 12.3

Guinadia delicatula 19.8

G. striata 9.3

Leptocylindrus danicus 52.1 14.4

Paralia sulcata 12.6 5.8
Pseudo-nitzschia pungens 11.2 8.7
Rhizosolenia faccida 9.8

Skeletonema costatum-ls 23.6 14.9 29.2 6.2 14.8
Synedra nitzschioides f. nitzschioides 12.0 16.6

Thalassiosira nordenskioeldii 5.4 8.2
Th. rotula 5.1
PHYTOFLAGRELLATES 0.8 1.2 4.3 0.6 0.5 0.1 3.2 0.4

7\et B 8ZE S nitzschioides f. nitzschioides=
Thalassionema nitzscioides2 &R A72 HES
0F gt Aol HEA o2 EH3IH[66], LF- oY
L QHMTHG66,67]. A. kariana= qF L H FO2
b gt gvkdog EFsHAT, & &t 715
< A9 QleHo6l. Rt & AFFEol S nitzschioides

f. nitzschioides?t A 73 &do] HIHTHGTI.
ol& 2o FHTN L. danicuss AA At
B “]—Oﬂ 3 EdolH(68], BHA-S o] gdst
o] | Feust 2| EEo 2T o] HTHEI. A3 I A
gtoll ‘ﬁw £do| BuE9[18], o5 1 ALH27I%
AL & FAE Aotf[35]of -5 Bavt Qltt. St
ol Xsfigte] & AEEH3E +H0A 80% oY =
Sok= 51701 g Altol Hudog SHIITH66].
J83 g B2 SHER &8 E zodiacuse =
At HHA o= EHcl= F2E[66], T HA] S
oA 2 AHp27lo] S-5H[42,71], G& T H A
g I FAF Tl A AZRE DYANA, IT 7
yog 7]9] A d3tol ozt A W PAES A5HA
7l YQ1solTH72]. Lt Alsl 4 1 9 Fg A
QoA AEo] -tk B2 HIrh27,28]. ol
3t AdH &8 Aol AF Fol Aol = AS

Az 9&% 57} B-:ILQTL: LH%O]E} Sk
-?*@ﬂ Ch. curvisetusf ‘ﬂ;q?;ﬂ_?i %9
"ﬂ Yol= F73102, Aof HAeRtolA oF 294
45 [47], TdAEE D 1’8‘ Oqol'oﬂ 7 Ee

rir

ofFo A SAUTH7,27]. FF Aol AF SH3
Uﬂ 18], & 5¥ ddl AsfeoA FHed sk

1, 3= ARtellA dutd o R SHTITHEOG].
7P— 3ol AR Po. pungens AA T ARt
o ¥t oE Edsl= FOE[66], 7|4 A7
T 7=2 domoic acidE FAitsk= FFZCITH571.
‘-'_1"‘41 oJAIZ oA g dH mjFollA domoic acid7t
SEAJAT74], AN =3 AlEle =R
0“’“’t‘il FY AQtelA EQocts ASFE WS- Rk
ot AZolA LAt P osulcata= 24 e 75
g Sfgof] FH oA Ex5t, At FHS9 4 A
HEOR O]‘RQE} 751. °l ? 2 Adfo] HHAo g #a
He AA BRECoE, tEE siqo] A5 s, &
5] A71% AZol £3&0l E—%J_[%], A5k 597 6
4 2A[47], 37 obF & A AAQte AL[40)3 &

(28], TdAEEE 7R ALl7), Y Ak T
[27], 2 Alotells Aext Eoll 2--HstHTH35]. 9

g

F Aot AF EHSHATHI8), R Bk glo
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S 715e ok gic
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RRASE ABRY T2 5L BN ARE o
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(Fig. 11B upper). 7F&2 73t o= o= 245
Fo] EEFSto], FAFlA 2.5 o4, A Ao
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g1 Y, ZEE 236k FHolA 2.0 olstE W
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Fig. 11. Spatio-temporal distributions of diversity (upper) and dominance (lower) at surface in the YCW.
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Aof| ozt ko] TAE HolA|T, sigma t, F&E 52 oF
gt 59 BAE Hole Ao, 285 TG #=2
7 £ E4E Ugls ARE A= A2 34
B2 520 A% Fo TAE, &8 T I ¥Y
TAE Holy, sigma t& A kariana®t 733t 29 A
£ Hol& A T dFEE Uehie AEE si4H
ArkFig. 124). A5 E B3 FAkSHo] A1 42 4

=,

l

A AEELIE | 72F AN HERR S98F5 L
danicus ¥ W2 ¥ES Hol= HF, S
Costatum—ls Ch. curvisetus° 7% ¥FQ| B4, &4
2= G 5% 9 E zodiacus 3 ¥t ¥ T
Ag ‘4"‘4’1417(]”]' & 2 sigma 2 Z3F 20 #A, 1
1 g%} ot 29| BAE Bol= Ao, 244 9

ool AEEHIE S8 B4 UEhle AEE 9
AEJet. A2 FAHAEL G striata, E. zodiacus, &
T4} AT ¢ BAE Holu, FET} A% 39 TA
£ Ho], &9 F oOPES U= ARE A ESIT
(Fig. 12B). 7F&2 G. flaccida, Ch. curvisetus, Th.
nordenskioeldii @ A EEZFIE J2F 1FF 4 4]
=4 HuzxRF 9 29 350 A ¢Y TAE HolA
o B, 484 2 Bk, sigma t9F 9R(F 29 #AE
Hol= A4 AEEFAE #HY S Uehle
AEE A=Y} ot 7R Bolu & T2

Table 2. Eigenvalue, proportion and accumulative proportion by principal component analysis

Spring Summer Autumn Winter

Principal Component

Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd

Eigenvalue 5.068 | 2450 | 2.391 | 7.187 | 3.974 | 1385 | 4.996 | 3.631 2.626 | 7.140 | 2.610 | 1.727
Proportion (%) 39.0 18.8 18.4 51.3 28.4 9.9 33.3 24.2 17.5 44.6 16.3 10.8
AP (%) 39.0 57.8 76.2 51.3 79.7 89.6 33.3 57.5 75.0 44.6 60.9 71.7

AP : Accumulative proportion (%)
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Fig. 12. Spatio-temporal distributions of loading factors by principal componant analysis (PCA) at surface.
(WT: Water temperature, Sal: salinity, ST: sigma t, DO: dissolved oxygen, DOs: saturation of DO, TB: turbidity, Chl-a:
chlorophyll a, SN: specis number, TCN: total cell density, Dt: diatoms cell density, Pf: phytoflagellates cell density, Ag:
Asterionella glacialis, Ak: A. kariana, Ca:. Coscinodiscus anguste-lineata, Cb: Cerataulina bergonii, Cc: Chaetoceros
curvisetus,, Cs: Ch. socialis, Bz: Eucampia zodiacus, Gf: Rhizosolenia faccida (=Guinadia flaccida), Gs: Guinadia striata, 1d:
Leptocylindrus danicus, Pp: Pseudo-nitzschia pungens, Sc. Skeletonema costatum-ls, Tn: Thalassiosura nordenskioeldii, Tz:
Thalassionema nitzschioides (=Synedra nitzschioides f. nitzschioides)).

A AEEFAE FRTY 20 F94:0 BA= T
A Fortt. A2 F9E-S Pn. pungens, &8 T} 4
EEHAE A2 4 xR0 A% &9 TAE Hol
ARk gk 9 JEA 2 550 AT 29 TAE Hol=
oA sfig=e] T8 AEE Ueifi= AR 4=
(Fig. 120). AL All 480 dEF, 12F, Th
nordenskioeldii, C. anguste-lineata, C. bergonii,
A. glacialis 5 8% 4 2, 8844 23T 5o
75t Q] BAE HolA|gt, sigma ol 73t 229 A
£ 193 A7 9 R0 ot 29 BAIE Hol= A
oA 2t SfGS FHOE of= AEEFIE +HY
RS Uetis AXER A= A2 F4E82 E
B4 a5k, £8 35 gkl A3 ¥ BAE Hol
Ak, FEol At 9 BAE Hol= AoA, EH=
A AR i) A E UEE ARE s
AcHFig. 12D).

AA}HslF AE EZo\N B A glacialis, S
costatum-ls X Th. nordenskioeldii & 420 3
Al AR, S nitzschioides f. nitzschioides 2
A. karianae 4250t & ol AuliEl= FoR o
SE At oAEo% L. danicus, S. costatunrls, Ch.
curvisetuse 529 YFE oM LAY, G striata
= It 7N G flaccida, Ch. curvisetus, Th.

nordenskioeldii B A& WRRFIA] 29 F3F
o] ¥otow, P pungense 2Rt di4 TE HEo
A=A}, B3 AEA 2 v AESTIAE AT
Hoh £2 9%, & HAEY ARl A=t A&
2 Th. nordenskioeldii, C. anguste-lineata, C.
bergonii, A. glacialis7t 20 AWiE AR, S
costatumr-ls D AEA HEZFE $29] o] 4]
ATt ESH 2AAE AEEHIE dEF YRS
AL YA, G54 2 5= AESHIE @

B4 Agold 7hee Aslst AU G Agteelo]

AEERRE 29 28] Lus7 DHs) Bl

T gglom, G984 a4 SEE AZEYAE GEF o
o

—_

FoE B 54 2E= S99 Fwohd, & Al
AR FHY 99 w2 a2 FEFS Hole 4
T oA AdiFos gt Fo] Edstke 2l
T F5 1-13 F Ed0] d2EL Fol= F
-20% FERAJT AFEE 509 dI9d W2
2 FEFE Hole AHT NolAe ddidez
3ol et AE H5 I-13 Adid & &9l

3|

'E

BNl 4 = o2 mi N

AURY

Summer

Autumn

Fig. 13. Spatio-temporal variations of the separation of sea area by PCA score in the YCW.
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Sk Fig. 13A). o152 A1FHE FHHA 999
w2 £ AEFE dehdle AT Tol4 2
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kel I-1 AT} &F Fo] Arhros gree A4
=B ARl -2 9o FRE, AIFge
()9 FARl F2 $23} FEFE Hole FHL 1]
A AHoR 9 Fo] ohdt e ARl 1-13
29 Fo| R AR BRI 122 TEHY
CHFig. 13B). 7He2 A1F429] FH+) JHoR v
WA 2 FTYI R Fo] FWshe FRolM &
FH BHTE 1 ANFEE 509 FIe We 3
EF F Sdo] I A AR 11-13 A
& E90] B2 PAR 9l 1122 FEEHAS
(Fig. 130). 223l A&L & 9 o534 fAlsto] A15
BE FH o8 w2 LI} WEFS Hole 4
A 1914 29 Fo] thefet HAx ARl 1-13%
AiHoR &8 Fo] dx2e Bt gl Fol= FH
[-28 FEE90h AIFYR 3()9] FHo= A
S P23 FEFE Hole BT oA 23 5ol
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