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Phytoplankton Spring Bloom and Environmental Factors

in the Southern East Sea, Korea

Hyun-Jung KIM - Jae Yeong PARK - Chang-Ho MOONY

(Marine Eco-Technology Institute + ¥Pukyong National University)

Abstract

The phytoplankton distribution and environmental factors were studied in the southern East Sea from
the year of 2008 to 2012. Spring bloom occurred in 2009, 2011 and 2012 and the dominant species was
Leptocylindrus danicus during the bloom periods in the study area. Its abundance had a significant
correlations positively with temperature, while negatively with pH, suspended solids and phosphate. It was
also found that these was a significant difference in suspended solids and pH between non-bloom and
bloom conditions as a result of #test. It implies that low concentration of suspended solids and decrease
of pH may influence on the L. danicus bloom in the study area.
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A

KU 2 2¢O o> 32 o o
it
i
ot
&Y,

T g o

(Shim et al., 2015; Yoon, 2016).

Ee 48 9B 53 g g4
WEato] el W measc g 3
Q2 BA W LAY g AR

ol

[e}

3o 1?11-0 DH.E)\]%ST— 2= 0]1;].. A

20 o to

9] AF(Lee & Han, 2007), 9% 5
S7HLee et al, 2011) 18|31 12} 42H]ARQD &
ZH % A% 7+ (Kim et al., 1992)°]
AE=EFAE] e A7t BaEg

[e)

o

a}
o =3 Suetel 2L Lojael dAdbelN:
:‘,:

£ o b

* Corresponding author :
* o] =i BT A&

051-629-6573, chmoon@pknu.ac.kr
AT o016 )l o8l AFH U+

_19_


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2018.02.30.1.19&domain=english.ksfme.or.kr&uri_scheme=http:&cm_version=v1.5

Bl s Fre JFol AYFOR TR
B ABEYAE UFHo] F2 B
OE}_-

o

214 9 TH(Carstensen et al., 2004). 3}
of el AQbd e diRbe| A= A&
o<

2 T

mg
&
_\|]_,
ISy
2
R
2
R

ol
[U}l_'.
=2
krl
>

e @ 2 B ol 2 o r[r ot
1>, I-\r} =
iCl
e
ot
oy
i i

=1
D
ot
o,
ot
ox

Yoo et al., 2007).
Heby B ATeNE B
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[Fig. 1] Study area of the southern East Sea,
Korea. Circles represent the sampling
stations.
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<Table 1> The latitude and longitude at each
station sampled in the southern East

Sea
Station Latitude (N) Longitude (E)
1 35°43" 30" 129°29" 34”
2 35943 08" 129°29" 317
3 35°46" 48" 129°31” 08”
4 35°44" 16" 129°30" 36"
5 35943 017 129°30" 54"
6 3541 56” 129°29" 56"
7 35038 38" 129°29" 13”
8 35°46" 04" 129°32" 49"
9 35°42" 39” 129°32" 317
10 35°39" 437 129°31" 19”

AT T TS
1321+2.98C), F#2 33.81~3491 psu (F
34.25+0.44 psu), pHE 8.05~8.17 (31 8.10+0.09),
DO 7.26~8.95 mg/L (B3 824+0.76 mg/L), SS
= 5.53~8.65 mg/L (HIF 7.29+1.78 mg/L)E WF
SFITH([Fig. 2)). U9 FES AHEE DINS
1.95~2.51 pM (H1F 2.14+0.52 uM), P= 0.12~0.16
uM (BT 0.14£0.04 pM), Sit= 4.68~6.21 pM (H
7F 5.44£1.69 pM)°] A th([Fig. 2]). " FU3FE Al
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[Fig. 2] Temporal fluctuation of environmental factors during every May from 2008 to 2012. The black
circles and bars indicate average and standard deviations between the surface and bottom
waters.
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[Fig. 31 Temporal fluctuation of Leptocylindrus
danicus abundance during every May
from 2008 to 2012. The black circles
and bars indicate average and
standard  deviations between the
surface and bottom waters.

o]e} o] AF AN L. danicus AEHF
F&(+), pH, SS 4 P (-2 A##AA7} 9
O 7 "a 5 O (<Table 2>), ojust 574 3l
Q1] xfol2 Q& L. danicus® QEEH U
7 AR EHEAE Fetd 7 oldith webA
AT717E sb o] WA FE Al
(Group A, L. danicus @E <10 cells/mL: 2008
d 2 20109)8F tiE4) o] ASE A 7)(Group B,
L. danicus AE% >1,000 cells/mL: 2009, 2011
| gl 2012)E 28] L. danicus ) 54}—31:01]
QS A3 Qe v 7HA FHAGF
SS % pyell state] F 17 1F %%L% ttestS
AAET 1 A% 7 25 1 pH (EF, AT
2 AAESAT)NY SS (AT D AAGES+
A5)7F F2% 2olE Hoj(<Table 3>, [Fig.
4]), Aol e 54 L danicus NS
e pHﬁ} SSel zol® AR E Zo® e

}
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1x o ro
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o.osse 99 F3E paAenH £5
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FRE ART 5 ok, BRI Tfae
AEEdasddAes olgd mridsgel aA =
Q381 ¢trhBilotta & Brazier, 2008). & <I7-°]
A% BZoNA L danicus®] AEFTH SS Abole]

E HolA GO} A Fof
A (p<0.05, <Table 2>)5 Ho|al,
Group A (9.06£2.18 mg/L)¢} Group B (7.20£1.59
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<Table 2> Correlation coefficients ( by Pearson
correlation analysis between Leptocylinarus
danicus abundance and environmental
factors during every May from 2008 to

2012

Leptocylindrus danicus abundance

Surface Bottom Total

(n=49) (n=46) (n=97)
Temp. - 0.377" -
Sal. - - -
pH -0.774™ 05117 -0.702"
DO - - -
SS - -0.316" -0.215"
DIN - - -
Phosphate - -0.296" -
Silicate - - -

- not significant; * p<0.05; ** p<0.01

A BE S 9 v = gE #
3291 pHS! 55 A TH<Table 3>,
[Fig. 4]). A9z A= d7|= wj&Ed
CO= #doZ FFH 5 & pHE HFC
24 HfFstE L 4 AthDoney et al.,
2009). Wb HE SR s s kA El Al ol
s FEFE ﬁ+°"3}7l %’4311 CO, ¥% FT7HE
= 4 Oﬂ 17<1 %3
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<Table 3> Averagezstandard deviation and the result of #test on environmental factors which have a
significant correlation with the /Leptocyiindrus danicus abundance (Group A: non-bloom

conditions, Group B: bloom conditions)

Average+S.D.
Variables t-value
Group A Group B
Surface (n=49) pH 8.22+0.07 8.08+0.03 8.105™
Temp. (C) 10.40+3.19 12.45+2.65 -1.992
pH 8.1120.09 8.03+0.04 4.150™
Bottom (n=46) -
SS (mg/L) 9.06+2.18 7.20+1.59 4.031
Phosphate (uM) 0.17+0.05 0.15+0.04 1.491
pH 8.16+0.09 8.06+0.04 8.578""
Total (n=97) -
SS (mg/L) 7.98+1.98 6.83+1.47 3.338
** p<0.01; *** p<0.001
20 8.4
B Group A N Group B
17 8.3 4 .
“% 1] 8.2 |
£ 114 8.1 -
2 BE
8 4 I 8.0
5 o 7.9
Surface Bottom Total Surface Bottom Total
12 P 0.3
R —1— S 02 |
o S 2
g S E
7 6] L Zon
3 e 0.0

Surface

[Fig. 4] Comparison of average of environmental factors between non-bloom and bloom conditions. The

Bottom

Layer

Total

Surface

Bottom

Layer

Total

bar indicates standard deviation. (Group A: non-bloom conditions, Group B: bloom conditions,
** means p<0.01 and *** menas p<0.001 obtained by the #test analysis.)
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Thalassiosira nordenskioeldii)®) 2= Hk-& A3} 7}
g4 veldsE 497 At (Tortell et al,
2002; Fu et al.,, 2008; Riebesell & Tortell, 2011;
Kim, 2013; Hyun et al, 2014). A EZF9=L
e T F7IeA FHpH 829 W CO, <1%,
HCO; =90%, COs> =9%, Ricbesell, 2004)°l tu}
gt o5 FF 9 o]&E°] HWEi, CCM
(Carbon concentrating mechanism)< %3 HCO; &
CO® Agsto] Ccovt Agd 4= =52
4 tk(Badger & Price, 1994; Raven &
Falkowski, 1999). U%EW CCMO] §-=310] CO,
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20 HoOrE 44 0% AgeHe A4 Cost
HCOy & R+ &3t -9(Nimer et al., 1997;
Rost et al., 2006; Fu et al., 2008) &
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+d W B A T2 WsE opIAA
< U tk(Burkhardt et al., 2001; Rost et al., 2008).
AR 2 Aol = pHZE e W ol
A& 4o L danicus®l e FUR o] &FE

g e R

S7hel wE

L. danicus 52 WS E]‘qo] ‘3515”51010]: g A

v. &2 8
A= FEl el XS AFA |
Qb Leptocylindrus danicus®] HAEZF3 53
52 el wxl= F A el sl
A BT L danicus®] BEFS T2, pH, SS
9l pol folst daaAATE AN, rtest AT

0% R AolE mel BHLAL pHS)
SSU SR AT, K, ATAN 550

b gAY, AZoze TR we wat
7} 7Vssh, ool Wl L. danicus® 7l &
x%x%o] oC]z‘ﬂ:Q u]ﬂ EH&N%L z[: O]L—_ 7403
et B3 pHZF S ul L. danicus7t 5
Qate] F5 o] F CO, BE ZARIE op

. [e)
e L danicus® 984S

AN & des AAKeRITE ol gt %g
pHOl Wit L. danicus WEol dist w7+
o AgsA olalaty] el gad ol w}
E L danicus 5 2 o] &Fo| U3 F=7} AF¢
7 2 et

References

Badger, M. R. & Price, G. D.(1994). The role of
carbonic anhydrase in photosynthesis. Annu. Rev.
Plant Physiol. Plant Mol. Biol., 45, 369~392.

Barcena, M. A. - Cacho, I. + Abrantes, F. - Sierro, F.
J. - Grimalt, J. & Flores, J.  A.(2001).
Paleoproductivity ~variations related to climatic

Alboran  Sea  (Western
Mediterranean) during the last Glacial-Interglacial
transition: the diatom record. Palacogeogr.,
Palaeoclimatol., Palaeoecol., 167(3~4), 337~357.

Bilotta, G. S. & Brazier, R. E.(2008). Understanding
the influence of suspended solids on water quality
and aquatic biota. Water Res., 42, 2849~2861.

conditions in  the



Z

ek

Bode, A. - Alvarez-Ossorio, M. T. - Gonzalez, N. -
Lorenzo, J. * Rodriguez, C. * Varela, M. & Varela,
M. M.(2005). Seasonal variability of plankton
blooms in the Ria de Ferrol (NW Spain): II.
Plankton abundance, composition and biomass.
Estuarine, Coastal Shelf Sci., 63(1~2), 285~300.

Burkhardt, S. - Amoroso, G. - Riebesell, U. &
Siiltemeyer, D.(2001). CO, and HCOs uptake in
marine diatoms acclimated to different CO,
concentrations. Limnol. Oceanogr., 46(6),
1378~1391.

Carstensen, J. + Conley, D. J. & Henriksen, P.(2004).
Frequency, composition and causes of summer
phytoplankton
ecosystem, the Kattegat. Limnol. Oceanogr., 49(1),
191~201.

Chen, W.(1993). Population ecology of Leptocylindrus
danicus in Dapeng bay, north of South China
Sea. Mar. Sci. Bull.,, 1993(2), 39~45.

David, H. M.(1994). Marine Life and the Sea
(Wadsworth Biology Series). Wadsworth
Publishing Company, 512pp.

Doney, S. C.:Fabry, V. J. -Feely, R. A &
Kleypas, J. A.(2009). Ocean acidification: The
other CO, problem. Annu. Rev. Mar. Sci, 1,
169~192.

Fu, F. X. - Zhang, Y. - Warner, M. E. : Feng, Y. *
Sun, J. & Hutchins, D. A.(2008). A comparison
of future increased CO, and temperature effects

blooms in shallow coastal

on  sympatric  Heterosigma  akashiwo  and
Prorocentrum  minimum. Harmful —Algae, 7(1),
76~90.

Furuya, K. - Takahashi, M. & Nemato, T.(1986).
Summer phytoplankton community structure and
growth in a regional upwelling area off Hachijo
Island, Japan. J. Exp. Mar. Biol. Ecol., 96(1),
43~55.

Hyun, Bonggil - Choi, Keun-Hyung - Jang, Pung-Gu
k - Jang, Min-Chul - Lee, Woo-Jin + Moon, Chang-Ho
& Shin, Kyoungsoon(2014). Effects of increased
CO, and temperature on the growth of four
diatom species (Chaetoceros debilis, Chaetoceros
didymus, Skeletonema costatum and Thalassiosira
nordenskioeldii) in laboratory experiments. J. Env.
Sci. Intern., 23(6), 1003~1212.

Kim, A-Ram - Youn, Seok-Hyun : Chung, Mi-Hee *

iz

02

Ho
fok

Yoon, Sang-Chol & Moon, Chang-Ho(2014). The
influences of coastal upwelling on phytoplankton
community in the southern part of East Sea,
Korea. The Sea, J. Korean Soc. Oceanogr., 19(4),
287~301.

Kim, Hyun-Jung - Park, Jae Yeong - Son, Min Ho &
Moon, Chang-Ho(2016). Long-term variations of
phytoplankton community in coastal waters of
Kyoungju City area. J. Kor. Soc. Fish. Mar. Edu.,
28(5), 1417~1434.

Kim, SeulMin(2013).  Effects of CO,
Temperature Elevation on Carbon Uptake and
Organic Matter Production by a Natural Assembly
of Coastal Phytoplankton. Master's Thesis, Pohang
University of Science and Technology, Pohang,
55pp.

Kim, Woong-Seo  Chang, Man & Shim, Jae Hyung
(1992). Multitrophic interactions as a trigger of
the Gyrodinium aureolum bloom in Reeves Bay,

and

New York. J. Korean Soc. Oceanogr., 27(4),
268~276.
Lee, Jin Hwan - Jung, Seung Won & Kim,

Jong-Man(2005). Effects of environmental factors
on phytoplankton communities the marine
ranching ground of Tongyeong coastal waters,
Korea. Ocean Polar Res., 27(1), 15~24.

Lee, Juyun & Han, Myung-So00(2007). Change of
blooming pattern and population dynamics of
phytoplankton in Masan Bay, Korea. The Sea, J.
Korean Soc. Oceanogr., 12(3), 147~158.

Lee, Yeon-Jung + Min, Jun-Oh - Shin, Yongsik - Kim,
Sung-Hwan & Shin, Kyung-Hoon(2011). Temporal
and spatial variations of primary productivity in
estuary of Youngsan River and Mokpo coastal
areas. Korean J. Limnol., 44(4), 327~336.

Nanjappa, D. - Kooistra, W. H. C. F. & Zingone,
A.(2013). A reappraisal of the genus Leptocylindrus
(Bacillariophyta), with the addition of three
species and the erection of Tenuicylindrus gen.
nov. J. Phycol., 49(5), 917~936.

Nimer, N. D. - Iglesias-Rodriguez, M. D. & Merrett,
M. J.(1997). Bicarbonate utilization by marine
phytoplankton species. J. Phycol., 33, 625~631.

Park, Kyung-Woo - Suh, Young-Sang & Lim,
Weol-Ae(2012). Seasonal changes in phytoplankton
composition in Jinhae Bay, 2011. J. Korean Soc.

in

_26_



Mar. Environ. Saf., 18(6), 520~529.

Raven, J. A. & Falkowski, P. G.(1999). Oceanic
sinks atmospheric CO,. Plant, Cell Environ., 22,
741~755.

Riebesell, U. & Tortell, P. D.(2011). Effects of
ocean acidification on pelagic organisms and
ecosystems. In: Gattuso, J. P. & Hansson, L.
(eds.), Ocean Acidification. Oxford University
Press, Oxford, pp. 99~121.

Riebesell, U.(2004). Effects of CO, enrichment on
marine phytoplankton. J. Oceanogr., 60, 719~729.
Rost, B. - Richter, K. U. - Riebesell, U. & Hansen,
P. J.(2006). Inorganic carbon acquisition in red
tide dinoflagellates. Plant, Cell Environ., 29,

810~822.

Rost, B. * Zondervan, I. & Wolf-Gladrow, D.(2008).
Sensitivity of phytoplankton to future change in
ocean carbonate chemistry: current knowledge,
contradictions and research directions. Mar. Ecol.
Prog. Ser., 373, 227~237.

Shim, Jae Hyung * Yeo, Hwan Goo & Park, Jong
Gyu(1995). Primary production system in the
southern waters of the East Sea, Korea II. The
structure of phytoplankton community. J. Korean
Soc. Oceanogr., 30(3), 163~169.

Shim, Jeong-Min * Kwon, Ki-Young - Jeong, Hee-Don
g - Choi, Yong-Kyu & Kim, Sang-Woo(2013).
Spatial and temporal variability of phytoplankton
in relation to environmental factors in Youngil
Bay. J. Env. Sci. Intern., 22(12), 1683~1690.

Shim, Jeong-Min + Kwon, Ki-Young - Kim, Sang-Woo
& Yoon, Byong-Seon(2015). Seasonal change of
phytoplankton dominant species based on water
mass in the coastal areas of the East Sea. J.
Korean Soc. Mar. Environ. Saf., 21(5), 474~483.

Tortell, P. D. - DiTullio, G. R. - Sigman, D. M. &
Morel, F. M. M.(2002). CO, effects on taxonomic
composition  and
Equatorial Pacific phytoplankton assemblage. Mar.
Ecol. Prog. Ser., 236, 37~43.

Verity, P. G.(1982). Effects of temperature, irradiance,
and daylength on the marine diatom Leptocylindrus
danicus Cleve IV. Growth. J. Exp. Mar. Biol.
Ecol., 60(2~3), 209~222.

Werner, D.(1977). The Biology of Diatoms. University
of California Press, Los Angeles, 469pp.

Yeo, Hwan-Goo & Huh, Sung-Hoi(1999). Temporal
and spatial variations of phytoplankton communities
in the pelagic environment of Kori, Korea. Korean
J. Environ. Biol.,, 17(1), 71~77.

Yoo, Man Ho * Song, Tae Yoon * Kim, Eun Soo &
Choi, Joong Ki(2007). The characteristics on the
spatial and temporal distribution of phytoplankton
in the western Jinhae Bay, Korea. The Sea, .
Korean Soc. Oceanogr., 12(4), 305~314.

Yoon, Yang Ho(2000). A characteristics of the
spatio-temporal phytoplankton
community in northwestern Kamak Bay, southern
Korea. Bull. Fish. Sci. Inst., Yosu Nat'l Univ., 9,
34~47.

Yoon, Yang Ho(2016). Bio-environmental characteristics
of the Uljin Marine Ranching Area(UMRA), East
Sea of Korea. 1. Spatio-temporal distributions of
phytoplankton community. J. Korean Soc. Mar.
Environ. Energy, 19(1), 37~46.

nutrient  utilization in an

distribution  of

® Received : 06 September, 2017
® Revised : 18 November, 2017
® Accepted : 23 November, 2017

_27_



	동해 남부해역에서 봄철 식물플랑크톤 대증식과 환경요인
	Abstract
	Ⅰ. 서론
	Ⅱ. 조사 방법
	Ⅲ. 결과 및 고찰
	Ⅳ. 결론
	References


