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Spatio-temporal Distributions of Phytoplankton Community in the
Coastal Waters of Central South Sea (CWoCSS), Korea
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Abstract This paper described the spatio-temporal distributions in the phytoplankton community, such as species
composition, standing crops, and dominant species, from July 2012 to April 2013 in the Coastal Waters of Central
South Sea (CWoCSS) of Korea. A total of 87 species of phytoplankton belonging to 52 genera were identified. In
particular, diatoms and phytoflagellates comprised more than 62.1% and 37.9% of the total species, respectively. The
phytoplankton cell density fluctuated with an annual mean of 7.9 x 10* cells - L™ between the lowest value of 1.0
x 10° cells - L™ in spring and the highest value of 4.5 x 10° cells - L in winter. The seasonal succession of the
dominant species were Chaetoceros curvisetus, Ch. debilis in summer, Eucampia zodiacus in autumn, E. zodiacus,
Thalassiosira curviseriata in winter and Skeletonema costatum -ls (like species), Leptocylindrus danicus in spring.
According to principal component analysis, the phytoplankton community of the CWoCSS was characterized by the
mixing rate between the freshwater inflow from Somjin River and the seawater of the South Sea, Korea.

Keywords : spario-temporal distribution, phytoplankton community, chlorophyll a, Coastal Waters of Central South
Sea (CWoCSS), principal component analysis(PCA)
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Chaetoceros affinis, Ditylum brightwellii, FEucampia
zodiscus, Guinadia flaccida, G. striata, Leptocylindrus
danicus, Nitzschia longissima, Paralia sulcata, Pleurosigma
normanii, Proboscia alata, Pseudo-nitzschia pungens,
Pseudosolenia calcar-avis, Rhizosolenia setigera, Skeletonema
costatum-1s, Stephanophyxis turris, Thalassionema niztschioides
1653} 2152 HREZ, 9 Tripos kofoidii, Noctiluca scintillans,
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Fig. 2. Temporal variations of species number in the

CWoCSS
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Table 1. Seasonal change of phytoplankton species composition in the CWoCSS

Species Name SUM | AUT WIN SPR Species Name SUM AUT WIN SPR
DIATOMS Skeletonema costatum -ls ok * * wx
Actinoptychus senarius * * * * Stephanophyxis turris * * * *
Actinoptychus sp. * Surrirella fastuosa *
Asterionelopsis glacialis * * * Thalassionema frauenfeldii * * *
Bacteriastrum delicatulum * Th. nitzschioides * * * *k
B. hyalinum * * Thalassiosira curviseriata okk
Bacteriastrum sp. * * Th. nordenskioeldii *k
Bacillaria paxillifera * * * Thalassiosira rotula * * *
Cerataulina pelagica * Thalassiosira spp. * * *
Chaetoceros affinis wx * * wx PHYTOFLAGELLARES
Ch. debilis Hx * Akashiwo sanguinea * *
Ch. curvisetus o * o Alecxandrium catenella *
Ch. didymus Hokx Dictyocha fibula * * *
Ch. lorenzianus * * * D. speculum *
Ch. perivianus * * * Dinophysis acuminata *
Ch. pseudocurvisetus * D. caudata *
Chaetoceros spp. * * ** ** D. fortii *
Corethron pennatum * D. rotundata *
Coscinodiscus gigas * * Ebria tripartita * * *
Coscinidiscus spp. * * * * Eutreptiella gymnastica * * * *
Dactyliosolen fragilissimus * * Gonyaulax polygramma *
Detonula pumila * * G. verior *
Ditylum brightwellii * * * * Gonyaulax sp. * *
Eucampia zodiacus * HoHx Hokx *x Gymnodinium catenatum *
E. cornuta * Gymnodinium sp. * *
Guinadia flaccida * * * * Gyrodinium sp. * *
G. striata * * * * Noctiluca scintillans * * * *
Helicotheca tamesis * Octactis octonaria * *
Hemiaulus sinensis * Prorocentrum compressum *
Leptocylindrus danicus * * ** w* P. micans * *
Licmophora abbreviata * * P. triestinum * *
Lithodesmium undulatum * Protoperidinium oceanicum *
Melosira nummuloides * * P. pellucidum *
Neodelphineis pelagica * P. pentagonum * * * *
Nitzschia longissima * * * * P. spinulosum *
Odontella aurita * * Protoperidinium spp. * *
O. sinensis * * Pyrocystis lunula *
Paralia sulcata * * * * Pyrophacus  steinii *
Planktoniella blanda * Scrippsiella trochoidea * * *
Pleurosigma normanii * * * * Tripos furca * * *
Proboscia alata * * * * Tr. fusus *
Pseudo-nitzschia pungens * * * ** Tr. kofoidii * * * *
Pseudosolenia calcar-avis * * * * Tr. muelleri * *
Rhizosolenia imbricatum *
Rh. robusta * <%, %< **.<20%’ ***22(.]%
R SUM : summer, AUT : autum, WIN : winter, SPR : spring
Rh. setigera * * * *
T gl AeEdas S A7 2ARY, FEFY] AdRsl AF R ARl =1, 9
aEl3 2L 85 Sl e 2 Aol g etk A4l 7] AEARE EPF HBY ALEFE 157 B4
=0 P Aol M VEE EdES B, welles sl = S A2 e A1, 18, 23, 243
36 ~ 342%[18], B 95 ~ 409F[21], 12T Mal=  ZYESGelN dubHo s wAEE Ftole} & 4 9
96 ~ 268%[22]0.% Hol7k 109 7AE ASE ek 2],
ojgldt Zpol= AyAtell &l wAsAeM L EHE
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Fig. 4. The changes of relative ratio of diatoms and
phytoflagellates on total phytoplankton cell
density in the CWoCSS
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Table 2. Seasonal sussesion of dominant species and
dominance in the CWoCSS

. A Dominance (%)
Seasons Dominant Species
Surface | Bottom
Chaetoceros curvisetus 26.4 28.4
Chaetoceros debilis 8.5 17.2
Summer Chaetoceros  affinis 6.2 -
(July 30, Pseudo-notzschia pungens 4.9 -
2012) Chaetoceros didymus 4.1 -
Skeletonema costatum —s - 6.9
Asterionelopsis glacialis - 49
Autumn Eucampia zodiacus 75.2 66.4
(November 19, |Ch. curvisetus 43 6.2
2012) Thalassiosira nordenskioeldii - 8.6
) E. zodiacus 36.2 315
Winter Talassiosira curviseriata 24.8 21.3
(February 14, - -
2013) Leptocylindrus danicus 5.5 5.5
A. glacialis 4.7 4.6
S. costatum -1s 12.6 14.1
Thalassionema nitzschioides 10.7 6.4
L. danicus 10.6 7.7
. Th. nordenskioeldii 9.4 11.2
Spfmg E. zodiacus 7.8 10.0
(April 15, Pn. pungens 7.6 13.7
2013)
Ch. curvisetus 72 49
Guinadia flaccida 42 43
Ch. affinis - 4.7
Guinadia striata - 4.1

ol7|1 % 3t 18]. ©] T2 A Skeletonema 41 S.
costatum TFLE0] EABE AR Al UAAA|RY,
20001 o] % MAAW Al ofgk wAlFRe] A A
o] Holli= 100]F o] Fo7 5= o] By

ATH31-34]. 12t dAlel e AElE Asks Aol
A o5 T AIFA ERED o]He] A xdo
IR AMEEE BT Bl 71N AR
Fetdnt e o5 AFelA e & -4
Gk ARt oA
Fo7 F¥3, o x B3}

[e2

¢

2 off

E A3 Asterionelopsis glacialist

FE AFL7 +3F

THo

AL AF Hal TG AT 4 Fdske AL o3t
A7t Y EE AS wsske 23R ddE ot
[4, 35]. 28)1 & $4F o= S Guinadia flaccida
9} Guinadia striata2 #3129 S3TH30]0 78S
20114 4 EFst7]e AT, 71E ARk HellA
T4 st AL o# A oti25].

3.2 Chlorophyll ¢ s
2012 ool A 2013 B7RA] 4AH Fok
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o dActs oA Z=AH Chl-a FEE o1& 032 g
LEZ)NA AL 559 pgL(A2)9] W= wslsel

O Al S e RE #3995l 032 ~ 4.93
pg/Le] Mol 1.60 + 1.38 pgLe] W% & 7150

0.33 ~ 3.21 pg/Le] WY IA 1.25 + 0.72 pgLe] W5
2, AEE 034 ~ 4.08 pgLo] HSloA] 1.39 + 1.08 ug
/LY W% £S5 Tgela Bo 071 ~ 2.76 pg/Le] el
A 145 £ 138 o/l W 2o ANEZYAE A&
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She 7kl 7P Bdd 545 BIAt(Fig. 6).
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Fig. 6. Temporal variations of chlorophyll a concentration
in the CWoCSS.
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H A E=orow, A2 L
o] EAgko]l Al 9 A2 ol 3] oF= A TKTable
3). 7He2 FH7)01 8 74.8%E YERE A2 AR}
A& Z = 3.046Z, + 1.441Z,7% AXE AT Al A2
FARNA 7)8S 748%E 1) A BRG] Dok
HATKTable 3). A& vl ekt HFo] =4
AR ABFHEAA FAVAE 77.4%E HERI
= B A3l 7z = 49392, + 1.587Z, +
121272 ARSI Al FAE] 7)o & 49.4%, 1
3L A2 FAE] 7]9380] 15.9%= A1 A2 448
o] T &0] 65.3%2 HAA 547 2/3 oS
oF&}9] tH(Table 3).
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Z128)aL Asterionelopsis glacialis9}= 2] #AE Ho]
A%, G. catenatum R Ch. debilis, Ch. didymus,
Skeletonema costatum -ls o] IAE HAHFig.
8), 7Fs AT Eucampia zodiacuss V)53 U
T3 g2 #A

Octactis otonaris,

= o

L

=180
=3 A

H2FA L Ch. curvisetus

Thalassionema nitzschioides 2 S 7F%
Ol Thalassiosira nordenskioeldii®} %2 BAZ, E. zodiacus
9} Chaetoceros spp.©l &< #AE EATHFig. 8). A<

ANTFAAEL 8 2R &9 g, SHERR, P
triestinum A FSFA| T ko] AAE HY, A2FA

w2 E zodiacus®t Ch. curvisetus, A. glacialis, S.

costatum-1s 2 Th. nitzschioides$} 2] BAE, SAGF
2% Thalassiosira curviseriata, Leptocylindrus danicus,
RRCRIES
Pseudo-nitzschia pungens®t &9 #AE HATHFig.
8). & GAl ANFAEL 4L 3 &9 #AE,
AFAEL S, costatum-1s, Th. nitzschioides, L. danicus©l
Pn pungens$} Guinardia striata’} 2] 3715 Holu,

Th. nordenskioeldii, Guinardia flaccida, Chaetoceros

Th. nordenskioeldii, Chaetoceros spp. =

Table 3. Temporal variations of eigen value, proportion and
accumulative proportion by PCA.

Principal Summer | Autumn | Winter | Spring
component
Ist 4.982 3.064 4.939 3.878
Eigen value 2nd 1.844 1.441 1.587 2.999
3th 1.038 1.212 1.447
Ist 49.8 50.8 494 29.8
Proportion (%) 2nd 18.8 24.0 15.9 23.1
3th 10.4 12.1 11.1
A lati Ist 49.8 50.8 49.4 29.8
ceumuanve™ nd 86| 748] 653] 529
proportoin (%)
3th 79.0 77.4 64.0
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Fig. 8. Temporal variations of loading factor by principal componant analysis(PCA) on the phytoplankton dominant species data.
(Agla; Asterionelopsis glacialis, Chaff, Chaetoceros affinis, Chcur; Chaetoceros curvisetus, Chdeb; Chaetoceros debilis,
Chdid; Chaetoceros didymus, Chspp; Chaetoceros spp., Ezod; Eucampia zodiacus, Gfla; Guinardia flaccida, Gstr;
Guinardia striata, Gceat, Gymnodinium catenatum, Ldan; Leptocylindrus danicus, Ooto; Octactis otonaris, Ptri;
Prorocentrum triestinum, Ppun; Pseudo-nitzschia pungens, Rset; Rhizosolenia setigera, Scos; Skeletonema costatum-ls,
Tniz; Thalassionema nitzschioides, Tcur, Thalassiosira curvisetiata, Thno; Thalassiosira nordenskioeldiil)

spp. Ch. curvisetus, E. zodiacus, Ch. affinis, Rhizosolenia

setigera 5% &2 #AE R Ih(Fig. 8).

(@ Gymnodinium catenatum®l 23] A= F
5 opeielel Doz 29 Iagde

ol 3t T Al QIS A RRE Ha F ek -4 Fo] glE 9@ XA thFig. 9). 7F
G- Aol TRt R 2 HERF < 9A A5 Zo] AT R dF P2 $HE9
Aoldli= ZRe Aak BATAOIE Aol7t o), $AFoN $AHE WAl TP ASl(@) 2 A9
THAASZ Aouletd AAVL e AR BAHM,  F Eucampia zodiacusd A= Fa FYH A% A
St JHREEF Aloldle duoEd &9 A A H(0)S Xl [ 25 5 9850 §le
= = Ao & = AATE gt Ay 53 afj &<l =l &= Lkl ig. 9). A&
£ 7 Ao oldfg 4= Itk olejet A= T3l 7Y D5l )22 TEEAKFig. 9). AL
XA AG21] E AE] LHE FH[22]9] AEE 2 A% E. zodiacus 2 Asterionellopsis glacialis7}
FAE FHAMNE A Ago] AFFHI Uk A SskoA Pl ARE ddsE #Y9(@)

FAEENY SHREYZREE oF HSHEFT I ARSHT T cwviseriata®t Chaetoceros spp., Pn.
Chaetoceros curvisetus 2 AH25-E2 Ch. debilis= pungens’t 338 Bl TUE AEG(0)s £
A E ATt 2 T4 AE e Y(@), 18l sk 1 E3 54 H8F glo] vt AEo] 43}
Ch. debilis 7} §-43= 259 39S et [ & = 71 99l Ta3(Me)e= TR A (Fig. 9).
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Score i Summer N ®19  Autumn * V1vsin!er * ¢ Spring
:20 .15 .20 .17 .“ 12
14,110 18, “,.15” % 4 5,
i N e e St L .:j: | [ "’..:.:1;9 ot PO
"2 ¢ 7 K o1 o7 . P

Fig. 9. Temporal variations of score by principal componant analysis(PCA) and it's on the phytoplankton dominant species data.

450



N
i)

2R A3

¢
5id
[
A
o

2

2

=
—l>
©
1o
__(})g
4
=2
1o
:OL_"

ol
o2
o I
rir

ol
X0 M
ot

o o

ol
2
=
©

2ol o
o
°
o =
EEHUNHTE
7 9

d

2

12

R
ol
o
it
"
kl
oy *
o2

=)
12
o,
N
N
>

ko
m
ro

o
do B
£

e o

111
©
&

o 9,
N,
fU yo

it
12t oo

=
o He
2

o

o
= ]
>,
kl

[t
o =

s
K,
N =
Hé
L
E_u
=5
ko2

rot

2

N,
&N
[o

RN b A e T B v
2
o
=
B
e

451

(1]

[2]

B3]

[4]

[3]

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

References

J.S. Park, Y.H. Yoon, L.LH. Noh, H.Y. Soh, “A study of
organic matter and dinoflagellate cyst on surface
sediments in the central parts of South Sea, Korea”,
Korean J. Environ. Biol., vol. 23, no. 2, pp. 163-172, 2005.

T.R. Parsons, M. Takahashi, B. Hargrave, Biological
oceanographic processes(3rd ed.), Pergamon Press, Oxford,
pp. 1-330, 1984.

DOI: https://doi.org/10.1016/B978-0-08-030765-7.50006-4

Y.H. Yoon, Red Tides - The uprising from the sea-,
Gipmundang, Seoul, pp. 1-531, 2010.

Y.H. Yoon, S.A. Kim, “Seasonal variations of phytoplankton
population and primary productivity in the southern
coastal waters of Korea. 1. A characteristics of the
distribution of chlorophyll a and water quality in the dry
season in the Yeosuhae Bay and adjoining sea”, J.
Korean Environ. Sci. Soc., vol. 5, no. 3, pp. 347-359, 1996.

Y.S. Lee, “An influence of inflowing freshwater on the
diatom blooms in the eastern coast of Dolsan, Yosu,
Korea”, J. Korean Soc. Environ. Eng., vol. 24, no. 3, pp.
477-488, 2002.

LLH. Noh, Y.H. Yoon, J.S. Park, 1.S. Kang, Y.K. An,
S.H. Kim, “Seasonal fluctuations of marine environment
and phytoplankton community in the southern part of
Yeosu, Southern Sea of Korea”, J. Korean Soc. Mar.
Environ. Eng., vol. 13, no. 3, pp. 151-164, 2010.

OSC (The Oceanographic. Society of Japan, eds), 1986,
A Manual for Coastal Environmental Survey (Sediments
and Biology), Kouseoshakouseikaku, Tokyo, pp. 1-266,
1986.

J. Throndsen, “Preservation and storage. In "Sournia
A(ed). Phytoplankton manual, Unesco, Paris", pp.
69-74, 1978.

E.E. Cupp, “Marine plankton diatoms of the west coast
of north America”, Bull. Scripps Inst. Oceanogr., Univ.
California, 5, pp. 1-237, 1943.

J.D. Dodge, Marine dinoflagellates of the British Isles,
Her Majesty's Office, London, pp. 1-303, 1982.

M. Chihara, M. Murano, An Illustrated Guide to Marine
Plankton in Japan. Tokai University Press, Tokyo, pp.
1-1574, 1997.

C.R. Tomas (ed), Identifying marine diatoms and
dinoflagellates. Academic Press. Oxford, pp. 1-858, 1997.

G.M. Hallegraeff, C.J.S. Bolch, D.R.A Hill, L. Jameson,
J.-M. LeRoi, A. McMinn, S. Murray, M.F. de Salas, K.
Saunders, Algae of Australia, Phytoplankton of Temperate
Coastal Waters, CSIRO Publishinf, Melbourne, pp.
1-421, 2010.

T. Omura, M. Iwataki, V.M. Borja, H. Takayama, Y.
Fukuyo, Marine Phytoplankton of the Western Pacific,
Kouseisha Kouseikaku, Tokyo, pp. 1-160, 2012.

SCOR-Unesco, 1966. Determination of photosynthetic
pigments. in “Unesco(ed.), Determination of photosynthetic
pigments in sea water. Paris”, pp. 10-18, 1966.

Y.H. Yoon, “A environmental characteristics on
phytoplankton growth in the coastal water of Yosu by
multivariate analysis(MVA)”, J. Korea Soc. Water Qual.,



Frarsly|&akslenA) Aisd ALS, 2017

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

311

vol. 8, no. 3, pp. 141-149, 1992.

Y.H. Yoon, H.G. Rho, Y.K. Kim, “Seasonal succession
of phytoplankton population in the Hamdok port,
Northern Cheju Island”, Bull. Mar. Sci. Inst., Cheju
Nat'l Univ., vol. 16, pp. 27-42, 1992.

Y.H. Yoon, “Marine environment and phytoplankton
community in the southwester sea of Korea”, In, Choi,
JK.(ed,), The Plankton Ecology of Korean Coastal
Waters, Donghwa Tech. Publ. Co., Seoul, pp. 68-93, 2011.

Y.H. Yoon, “Seasonal dynamics of phytoplankton
community and red tide organisms in the Northern
Kamak bay, Southern Korea”, Bull. Mar. Sci. Inst., Yosu
Nat’l Fish. Univ., vol. 4, pp. 1-15, 1995.

D.I. Kim, Y.H. Yoon, “ Environmental characteristics
based on the phytoplankton communities in the
Southwest Sea of Korea early winter”, Bull. Fish. Sci.
Inst., Yosu Nat'l Fish. Univ. vol. 6, pp. 85-93, 1997.

Y.H. Yoon, “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. & Ener.,
vol. 19, no. 1, pp. 37-46, 2016.

DOI: https://doi.org/10.7846/JKOSMEE.2016.19.1.37

Y.H. Yoon, “Spatio-temporal distributions of phytoplankton
community in the coastal waters of Gogunsan Islands
(CoWGIs), West Sea of Korea”, J. Korea Acad.-Ind.
Coop. Soc., vol. 16, no. 3, pp. 2287- 2300, 2015.
DOI: http://dx.doi.org/10.5762/KAIS.2015.16.3.2287

JK. Choi, JH. Shim, “The ecological study of
phytoplankton in Kyeonggi Bay, Yellow Sea. III
Phytoplankton composition, standing crops, tychopelagic
plankton”, J. Oceanol, Soc. Korea, vol. 21, no. 3, pp.
156-170, 1986.

Y.K. Shin, “A ecological study of phytoplankton
community in the Geum river estuary”, Korean J. Ecol.
Environ., vol. 46, no. 4, pp. 524-540, 2013.

JK. Cho (ed.), The Plankton Ecology of Korean Coastal
Waters. Donghwa Pub. Co., Seoul, pp. 1-561, 2011.

Y.H. Yoon, “The characteristics of phytoplankton community in
Wando eastern coastal waters, soutjwestern Korea”, Bull.
Yosu Nat'l Univ., vol. 12, pp. 651-664, 1988.

H.K. Rho, I.C. Pang, 1995, “Seasonal variations of water
mass distributions around Cheju Island”. Report of the
International ~ Academic Research  (04045042) on
Japan/Korean Joint Study of Biogeography in and
Around the Tsushima Current Regions, Nagasaki Univ.,
pp. 1-9, 1995.

NKK (Nippon Kishou Kyoukai), Manual on Marine
Obsevation. Ocranogr. Soc. Japan, pp. 1-428, 1985.

M.V.M Wafar, P. Le Corre, J.L. Birren, “Nutrients and
primary production in permanently well mixed temperate
coastal waters”, Est. Coast. Shelf Sci., vol. 17, no. 4, pp.
431-446, 1983.

DOI: https://doi.org/10.1016/0272-7714(83)90128-2

Y.H. Yoon, “The characteristics on the spatio-temporal
distributions of phytoplankton communities in Deukryang
Bay, southwestern Korea”. Korean J. Environ. Biol.,, vol.
17, no. 4, pp. 481-492, 1999.

D. Sarano, W.H.C.F. Kooistra, L.K. Medin, I. Percopo,

452

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

A. Zingone, “Diversity in the genus Skeletonema
(Bacillariophyceae). II. An assesment of the taxonomy of
S. costatum-like species with the description of four new
species”, J. Phycol., vol. 41, no. 1, pp. 151-176, 2005.
DOI: https://doi.org/10.1111/].1529-8817.2005.04067.x

D. Sarano, W.H.C.F. Kooistra, P.E. Hargraves, A. Zingone,
“Diversity in the genus Skeletonema (Bacillariophyceae).
III.  Phyogenetic position and morphology of
Skeletonema costatum and Skeletonwma grevillei, with
the description of Skeletonema ardens sp. nov”, J.
Phycol., vol. 43, no.1, pp. 156-170, 2007.

DOI: https://doi.org/10.1111/1.1529-8817.2006.00305.x

W.H.CF. Kooistra, D. Sarano, D. Balzano, H. Gu, R.A.
Andersen, A. Zingone, “Global diversity and
biogeography od Skeletonema species (Bacillariophyta)”,
Protist, vol. 159, no. 2, pp. 177-193, 2008.

DOI: https://doi.org/10.1016/].protis.2007.09.004

M. Yamada, “Recent studies on biodiversity and
eco-physiological ~ characteristics of the  genus
Skeletonema (Bacillariophyceae)”, Bull. Plankton Soc.
Japan, vol. 60, no. 1, pp. 1-11, 2013.

Y.-K. Cho, K. Kim, “Characteristics and origin of the
cold water in the South Sea of Korea in summer”, J.
Korean Soc. Oceangr., vol. 29, no. 4, pp. 414-421, 1994.

P.J. Shaw, D.A. Purdie, “Phytoplankton photosynthesis -
irradiance parameters in the near-shore UK coastal
waters of the North Sea: temporal variation and
environmental control”, Mar. Ecol, Prog. Ser., vol. 216,
pp. 83-94, 2001.

DOI: https://doi.org/10.3354/meps216083

K. Gao, G. Li, EW. Helbling, V.E. Villafan, “Variability of
UVR effects on photosynthesis of summer phytoplankton
assemblages from a tropical coastal area of the South
China Sea”, Photochem. Photobiol., vol. 83, no.4, pp.
802-809, 2002.

DOLI: https://doi.org/10.1111/.1751-1097.2007.00154.x

V.E. Villafae, P.J. Janknegt, M. de Graaff, R.J.W.
Visser, W.H.I. van de Pol, A.G.J. Buma, E.W. Helbling,
“UVR-induced photoinhibition of summer marine
phytoplankton communities from Patagonia”, Mar. Biol.,
vol. 154, no. 6, pp. 1021-1029, 2008.

DOI: http://dx.doi.org/10.1007/s00227-008-0993-0

D.J. Gerla, WM. Mooij, J. Huisman, “Photoinhibition
and the assembly of light-limited phytoplankton
communities”, Oikos, vol. 120, no. 3, pp. 359-368, 2011.
DOI: https://doi.org/10.1111/j.1600-0706.2010.18573.x

S.U. Gerbersdorf, H. Schubert, “Vertical migration of
phytoplankton in coastal waters with different UVR
transparency”’, Environ. Sci. European Level, 23:36 (pp.
1-14), http://www.enveurope.com/content/23/1/36, 2011.
DOI: http://dx.doi.org/10.1186/2190-4715-23-36

I. Shulman, B. Penta, M.A. Moline, S.H.D. Haddock, S.
Anderson, M.J. Oliver, P. Sakalaukus, “Can vertical
migrations of dinoflagellates explain observed biolumi-
nescence patterns during an upwelling event in Monterey
Bay, California?*, J. Geophys. Res.: Oceans (1978 -
2012), vol. 117, Issue Cl1, 2012.

DOI: https://doi.org/10.1029/2011JC007480

D. Lee, “Characteristics of nutrients distribution in
summer and winter in the South Sea”, 'The Sea; J.
Korean Soc. Oceanogr., vol. 4, no. 4, pp. 371-382, 1999.




239 A5

N
2

T

¢

i

A

o

QF S(Yang Ho Yoon) (A3 3]

r=|o

01984 39Y : Nagasakits} tjsh
2 SR AT I (FAFEHA AL
©1989d 39 : Hiroshimath& tf
s+ AEAF}EA _'14.(61-/\131-/\]_)
* 1990 3€ ~ 20061 22 : o
et wg
*2006 3¥ ~

ERS

A : At

o

AEEYIE A - AH, AR, vARF A
o1, sdels R wel, Telm BHRA

453




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


