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To assess the relationship between environmental factors and seasonal phytoplankton community structure,
we investigated abiotic and biotic factors in Ulsan Bay, Korea. We divided the bay into two areas based on geo-
graphical characteristics and compared the difference in each factor between inner and outer bay with #-test sta-
tistics. As a result, temperature in the outer bay was higher than that of the inner bay during winter (¢ = -5.833,
» <0.01) and autumn (p > 0.05). However, opposite trend was observed during spring (= 4.247, p <0.01) and summer
(t=2.876, p <0.05). Salinity was significantly lower in the inner bay than in the outer bay in winter, spring, and

Received December 14, 2015; Revised February 4, 2016; Accepted February 14, 2016
*Corresponding author: backsh@kiost.ac.kr

24



AR U539 2] Sl A A2 874 a.Q1e] wistel

1o
ol

>,
i
[
ot
H
r
o
X
=)
M
==

25

summer (p < 0.01). However, the salinity was not significantly different between the inner and the outer bay in
the autumn (p > 0.05). In particular, high nutrient concentration was observed in most stations during winter season
due to vertical well mixing. The nutrient concentration was significantly higher in surface layers of inner bay after
rainfall, particularly in the summer. The relative contribution (approximately 70%) of <20 pm (nano and pico) size
phytoplankton was increased in all seasons with continuously low nutrients from the offshore water due to their
adaption to low nutrient without other large competitors. Interestingly, high population of Eutreptiella gymnastica
was kept in the inner bay during the spring and summer associated with high DIN (nitrate+nitrite, ammonium)
after river discharge following rainfall, suggesting that DIN supply might have triggered the increase of Eutrep-
tiella gymnastica population. In addition, high density of freshwater species Oscillatoria sp. and Microcystis sp.
were found in several stations of the inner bay that were provided with large amounts of freshwater from the
Tae-wha River. Diatom and cryptophyta species were found to be dominant species in the autumn and winter.
Of these, centric diatom Chaetoceros genus was occupied in the outer bay in the autumn. Cryptophyta species
known as opportunistic micro-algae were found to have high biomass without competitors in the inner bay. Our
results demonstrated that Ulsan Bay was strongly affected by freshwater from Tae-wha River during the rainy
season and by the surface warm water current from the offshore of the bay during dry season. These two exter-
nal factors might play important roles in regulating the seasonal phytoplankton community structures.
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Fig. 1. Location of sampling stations in Ulsan Bay, Korea.

W Ui5e] Bodoksls S e9loR 28 4= QItK(Cloern,
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#5495 GF/F(25 mm, pore size 0.45 pm; Whatman, Middlesex,
UK)ZEIE o]&3le] of#st § PERel Y3 HeClLE 37Ist &
Ws B3I (Kattner, 1999). W Bkt Gokde- HA A 5
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al. (1984)2] F4 ol wpg} g AFFE24 7] (Autoanalyzer
QuikChem 8000; Lachat Instruments, Loveland, CO, USA)E ©]
B3] BB, YU B EFA2R! Brine solution (CSK
Standard Solutions; Wako Pure Chemical Industries, Osaka, Japan)=-
o] gato] B}

Chlorophyll-a (Chl. ) & @&lx Z7158E 918 20 ume}
3 um polycarbonate filter= o33}t & =17] ¥ Chl. a 579 $30
Whatman GF/F glass fiber filters (a 47-mm diameter; pore size
0.45 pm)E ©]&3to] JEEIITH(100~300 mL, A 9 A& E3
gol] ule} 2}o] S 7). DEE= 15 ml FHel Yol £4] 2714 20°C
oA Ws RIse o, o]F W Hakst o] 7A]E 90% Acetonedl]
Jo] wolkiold] 244)7F Bk AAS &3 5 930747 (Turner
BioSystems, Sunnyvale, CA, USA)S- ©]8-5}0] 7413131 CH(Parsons
et al., 1984).
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el 914k 0.1 uMelA 5.6 uM2] FEHSE B, b
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Chl. a= F%(Total Chl. a)3} =.7]% & (Pico: < 3 um, Nano:
3~20 pm, Micro: > 20 um)d FE= T2ate] B7yela, 1 4
= Fig. 39 YERASATH & Chl. 032 34(0.7~4.1 pg L) >
ZA(04~1.8 pg L) > 8}A41(0.6~2.6 pg L) > SA(04~1.0 ug L)
T =7 YT At Z F Chl. a2 F7 215 oA
T FEE IEEAL, 53] YR 12004 4.1 pg LR 1o

Table 1. Seasonal ranges of temperature, salinity, nutrients (silicate, phosphate, and nitrate), chlorophyll-a, and the abundance of phytoplankton
(diatoms, nanoplankton, dinoflagellates) in Ulsan Bay, Korea. Data represent as mean + SD. Results are analyzed by ANOVA and Tukey’s post hoc
test. Upper letters (a, b, and c¢) represent significant differences. N.S: not significant. ***p < 0.001, **p <0.01, *p <0.05

Surface (Bottom) Winter Spring Summer Autumn F-value
Temperature (°C) 114+£13°(11.9£0.8% 143+04°(134+05*) 209+1.59(144+22%  19.0£03°(17.9+2.1° 22617 (31.97™)
Salinity (psu) 333+£12°(34.1£03)  329+1.6'(34.1£04) 274+53°(33.7+18)  31.8+20°(332+£06) 1033 (244"
DIN (uM) 20.1+£283* (173 10.0% 272+26.7*(10.6+4.3%) 73.0+543°(189+£204%) 264+39.0°(452+£39.02%) 7.14™(5.90™)
DIP (uM) 13+14(08+0.3) 0.9+0.5(0.8+0.2) 1.9+12(1.0£0.5) 0.9+1.1(0.7+0.4) 24385(1.36 M)
DSi (uM) 150£53(132+26%  183+145(12.9+22% 39.6+268(193+6.8%) 188+157(16.0+7.0*) 550" (4.327)
Chlorophyll a (ugL")  0.6+0.1°(0.6£0.1*°) 1.2+04%(0.9+0.5*) 12+0.6%(0.5+£0.29 20+ 1.1°(1.1£0.3°% 8.85"(8.86™)
Phytoplankton abundance (10° cells L)

Total abundance 96.6 £ 74.6° 2450+ 117.4* 298.9+ 126.6° 204.3+ 169.6*° 317
Diatom 49.7+34.9° 77.4+43 6" 126.6 + 786.2% 150.7 + 157.6° 321
Dinoflagellate 12+13 3.0+35 3.1+25 39+34 226N
Cryptophyte 452+52.1° 136.0+ 116.7° 46.1 +33.8 470+ 16.6" 591"
Euglenophyte 0.6+09 285+51.2 11.7£21.1 22£22 2.78N8
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Fig. 2. Seasonal and horizontal distribution of nutrients at sampling stations of Ulsan Bay during the four seasons. (a) silicate, (b) nitrate
+ nitrite, (c) ammonium, and (d) phosphate. Black and white bars are values from surface and bottom, respectively.
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Fig. 3. Seasonal and horizontal changes in Chl-a concentration at
the surface at sampling stations of Ulasn Bay. Percentages of total
Chl-a concentration for each size fraction (< 3 pm, > 3 um and <
20 um, > 20 um) are shown.
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like species T3t 71.8%E XA At FA Ht AEEFTE
NAGFE 20 % 10° cell L' oW, 158 +H2AS Avind
A 14004 s SHTZFI} 66.5%% =2 Hl&S A6,
o] 2]¢] A= =T} 74.9%(Chaetoceros debilis, Chaetoceros
curvisetus, S. costatum-like species)= U= ZFA|SFSIT

E 9

SAeA U5 2152 #4AkE Esle] Hrkehd, -
SA (test: ¢ = -5.833, p < 0.01)2} FA (r-test: ¢ = 4.247, p < 0.01),
SHA(t-test: ¢t = 2.876, p < 0.05)°1 It xjolE B, FAlol=
o] gk Aol & HolA] Adthp > 0.05). F-EAI2 A<l thwhdt
T A A3 =] diskslg o] Aot Holo] &
8= 202 B ¥ 3 313 (Ohwada and Ogawa, 1966; Cho and
Choe, 1988), & ATAME FA ST} 95 -2 digt /-9
3k zlo)E ERIE 4 qid AL FA) ATl sl AEA
SEAT A wpest dint GRe) o] gS5elx R US|
AslA Jge v|R Azz Pt AE-S 9S Fe 33.1 psu
+1.32 psu= A9 WA &= 5L Holom, U= A9 A
o7 9%l ujg)] YW ks K3tk 53] s HsdsE o
gk EjsPo 2R H ] S FEOE WIS die] HA 135 psu
AR DE Y2 g 715s180H, FAIE Alglstal uiS aiel
FARSE felsH Wk s & 7 UK p < 0.05)(Fig. 5). 4
WA o7 ghltelx] W5t o]5e] -2 9 sl SRERIApL
HESE 20| & HolA] ok A FAIE YERAL, o) Z-Eo]
A o7 Folte A1 AdA EA3 3, divhdt 7149
2 315 91re] Gl A AgE o= ) opge,
7} 95 A9 Aol sHAlel FEEAA YERRAL, ol &
o} sHAlell AFEE Aol 2 WSl AvishA 93
vz o g ek
AEZHIEL] el T8 JE mXE Gl o
=3 2159 Hlwe USslelr [N oR =4 Yek= As
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Fig. 5. Box plot of abiotic factors in the surface waters of Ulasn Bay during the four seasons. The median and average are presented by
solid lines and dotted line, respectively (Significant at **p < 0.01; *p <0.05).
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Table 2. Loadings of parameters for the first two principal components in the surface waters of Ulsan Bay, Korea (Loadings > 0.6 are bolded).

Winter Spring Summer Autumn

Parameters

PCI PC2 PCI PC2 PCI PC2 PCI PC2
Temperature -0.84 0.14 0.77 0.31 0.80 -0.04 -0.70 -0.20
Salinity -0.92 0.27 -0.93 -0.02 -0.94 0.09 -0.86 -0.47
DIN 0.91 -0.30 0.95 0.24 0.98 0.08 0.90 0.39
DIP 0.80 -0.31 0.96 -0.10 0.96 0.08 0.96 0.15
DSi 0.94 -0.30 0.83 0.33 0.99 -0.04 0.91 0.28
Chl. a 0.55 0.72 -0.52 0.67 0.92 -0.17 -0.61 0.55
Diatom 0.64 -0.02 -0.48 0.85 0.46 -0.51 -0.79 0.48
Dinoflagellate 0.43 0.75 -0.68 0.38 -0.52 0.70 -0.60 0.55
Cryptophyte 0.85 0.43 0.10 -0.12 0.58 0.65 -0.32 0.82
Euglenophyte 0.11 0.88 0.79 0.45 0.10 0.74 0.31 0.00
Cyanophyte 0.00 0.00 0.00 0.00 0.49 0.63 0.00 0.00
Eigenvalue 5.54 242 5.58 1.81 6.30 2.18 5.33 2.02
Variability (%) 55.39 24.21 55.75 18.05 57.31 19.80 53.31 20.15
Cumulative % 55.39 79.60 55.75 73.81 57.31 77.11 53.31 73.47
and Purdie, 1994). SHAIRE 2 Aoe] AEEF=0] w3 20 AR A ¥APE 1AL, S thEAs FrelvRe Ak
A, SHEEF7E A5 U5el 52 HWER fAto] 2 Y dUE B3, sl dpi g v Ak e kel
¥ ol EskaL EA WiRkellA] Pico B! Nano =1719] Chl. o0 7835 B3Itk & Aelxe &4 43 13 4°] DIN 5527
FE7h vt Z1o® hkEith sA19] Chl. as s o] % 834 pMS) 802 pME TRE HA¥ vlmate] vl e ghe K
Mol Az o= v vebdar, 7] 289 et Chl o555 301, 3 AH 4% DIN 557} 106.1 pME =3] 52 3k

Pico 7)7} 17.4%%, Nano 717} 56.4%%, Micro 717} 26.3%%,
Nano 2712 &€ AEFo] 7P =7 velsitt. 53] vt 4
Ao 99 7t # YeElols B8k, Micro 27
7} 52 5 QMW ol AF 39 et 9] e o
Ao ® FaE Pgddo] AP AEEZIES] ARele 1
thA] kS w|x|#] 23 Aag g d3A 07 shAlo=
7357 A&7 A7 Ak ool W2 dokedo] fR|E o,
Pico2} Nano=7] 8] A FAHUE A 0= AbmHrt. RH,
FAlE duF oz & AT vlwete] =& Chl. agte] &
2 let. B3] Chl. o7} 4 pug L' olde) ke Bdd - 73 12
o= Micro 17| ¥&¥ Chl. o557} 78%%} 64%= =4 UEL
Wk o5 T AHE ALshd, FA12 A7) £2E Aol FAF
A LERSTE. Ao 2014 24 & Chl. a&%+= Kwon
and Kang (2013)°] Rt Avpwct Aoz oz v vehd, &)
A7k FIHARQD FaxoR e et 548 meksh = QAL
WA O 2 Pico?} Nano 7|2 39 Chl. o0 F=7) ANEE oz
=7 e s 5A0 7 Wit o) Sahtaolo] ¢joke] vk
gk T FES s L dvhs AE AR 4= 9k

Ao AMA AEZFAE] SRS AR, 256
o9& FHoE FRFV SN, WS HelM = dukg oz
SATZFT) -HSIATE Lee et al. (2005)2] ool Hao o
s, ¥ AR FARH USsl oo SREE/R7E 93
ol Fd AN F2577) B2 82 Rusisith
olgog SahtoM= A 1~4)2) A 40N Eutreptiella
gymnastica’t W& 43E SH0R 37 Vel v
E. gymnastica’= Q372 F-8lg0] =& AN il s
Zo7 AdelA] QIrk(Kant, 1989; Kim ef al., 1998). Kim and Boo
2001)2] Aol &J&hd, E. gymnastica?} 22 F=dUEFv 9

A gy

Rty AAH 07 E gymnastica®) /3742 DINEE7} =2 3
Aofli Holxog 9R83a, ol F71d 9 52 FUsiel
PG A T3E A, 718402 wEA ggste] oy &
AOF et of&], A WSAA 1, 2, 3, 5olX= B2+
7} 27t 44.3%, 33.9%, 33.8%, 75.5%% & H]E-S AFA )
53] 44 1, 2, 30X Oscillatoria sp., 873 59V Microcystis
sp7h 4 Bhih PCARA S AIREH N E QA5 23t ¢
o], 5 & ool AaRs R Ha ARl o8 e
0w Rs0] tAE 3 9l 2lalo] USAEeR £9)
A 9w e 58] o) £4F A 3017k A gae
98.6 mm= 9k, USHAelA A 25Ul 13.5 psu 7]
ool 545 Haltho14d 84 71 W AR Axk
o spl WS AReN BoEel Sde Bael gare
WO} et QAR Earew sjelwiglt. wekd w7199 vl
AT A A A oR B ekort, aieel %
& Qo] 438 & q) Mg %4 BHE Qo) Chl. 5
7F GA vERd Rl sletEgitt. A9 sA10 AeEREaE
TREAAE AR AalEe] Aol o, kAo gt
Z58) vlEo] SHEIEFIF RS AHEITE 11 F 1t ERe
QAFL ZA T2 Chaetoceros 5 Chaetoceros debilis, Chaetoceros
curvisetus, Chaetoceros socialis=- ‘/]'E]";}:.TL, FA Al 7

A 71998 F2 Chaetoceros debilis, Chaetoceros curvisetus=.

UERLE o]8 2 4220] & FAlolM Al AA 3= o
Sl $AF0 7 sl Fo7 Buso] YrHOh ef al., 2008;

Park et al., 2009). A3}x 02 gAkate] A9 738} Chaetoceros
BRI BUBF B 129 5
e}, 2 TR o R AEHoR =
SERERE YR, 252 A9 Al

<
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SHEZRFY =& XS S(>77%)S Bt} Marshall and
Lacouture (1986}04 2J&PH, Chesapeake BayollX HRE 277} 3f
ALt FAl 2 vl&S AAEI T, sAlllE dados vk

WA= ELo}aiD‘r. Baek et al. (2015)2] ko] Atelx=
A Chl. a7} ok AV SRR A S 27598
AR, FANE W =S FXI3HAT}. Sommer (1985)2F
Klaveness (1989)x= &<l ﬂ%f‘a ﬂxm** o] EAEHA o=
FAoA 7|3 A o7 mE RS Ho|= SHEZRFI) ¢4 S
kL Barsigint. obae, & E’——JZ—%”": b A v J*Z
ZoME Hlwa] & A-gato] -Hehs o= deiA] 3lrh(Barone
and Naselli-Flores, 2003). Bae et al. (20142 334TlollA] 2010~2012
d FAlel SRR 52 WAl HieE SISl ol &
Al S gl Heol oEdo R HASe| v} Al
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Al YERtaL, o= AEERaE] v Sk X
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=
A AL
B A= skl )4 Y QAR (PE993IA) U Slek
AR« o] 24718t 0] 8- (PG48910)72] X el 25t

Y
£t 17 %1 (References)

Anderson, D.M., P.M. Glibert and J.M. Burkholder, 2002. Harmful
algal blooms and eutrophication: nutrient sources, composition,
and consequences. Estuaries, 25: 704—726.

Bae, S.W.,, D. Kim, Y.O. Kim, C.H. Moon and S.H. Baek, 2014. The
influences of additional nutrients on phytoplankton growth and
horizontal phytoplankton community distribution during the autumn
season in Gwangyang Bay, Korea. Korean J. Environ. Biol., 32:

.710%.

by

fol
Fin
fo
_IE
of

fol

=i
AL

35-48.

Baek, S.H., D. Kim, M. Son, S.M. Yun and Y.O. Kim, 2015. Sea-
sonal distribution of phytoplankton assemblages and nutrient-
enriched bioassays as indicators of nutrient limitation of phyto-
plankton growth in Gwangyang Bay, Korea. Estuar. Coast. Shelf.
Sci., 163: 265-278.

Barone, R. and L. Naselli-Flores, 2003. Distribution and seasonal
dynamics of cryptomonads in Sicilian water bodies. Hydrobio-
logia, 502: 325-329.

Cho, K.-D. and Y.-K. Choe, 1988. Seasonal variation of the water type
in the Tsushima Current. Korea. Fish. Aquatic. Sci., 21: 331-340.

Cloern, J.E., 2001. Our evolving conceptual model of the coastal
eutrophication problem. Marine Ecology Progress Series, 210:
223-253.

Cushing, D.H., 1989. A difference in structure between ecosystems
in strongly stratified waters and in those that are only weakly stratified.
J. Plankton Res., 11: 1-13.

Dortch, Q. and T.E. Whitledge, 1992. Does nitrogen or silicon limit
phytoplankton production in the Mississippi River plume and nearby
regions? Cont. Shelf Res., 12: 1293-1309.

Fisher, T., 1992. Nutrient limitation of phytoplankton in Chesapeake
Bay. Mar. Ecol. Prog. Ser., 82: 51-63.

Goldman, J.C., J.J. McCarthy and D.G. Peavey, 1979. Growth rate
influence on the chemical composition of phytoplankton in oce-
anic waters. Nature, 279: 210-215.

Guinder, V.A., C.A. Popovich, J.C. Molinero and J. Marcovecchio,
2013. Phytoplankton summer bloom dynamics in the Bahia Blanca
Estuary in relation to changing environmental conditions. Cont.
Shelf Res., 52: 150-158.

Iriarte, A. and D.A. Purdie, 1994. Size Distribution of chlorophyll-a
biomass and primary production in a temperate estuary (South-
ampton water) - the contribution of photosynthetic picoplankton.
Mar. Ecol. Prog. Ser., 115: 283-297.

Joo, HM.,, J.H. Lee and S.W. Jung 2011. Correlations between cell
abundance, bio-volume and chlorophyll a concentration of phy-
toplankton communities in coastal waters of Incheon, Tongyeong
and Ulsan of Korea. Korean J. Environ. Biol., 29: 312-320.

Kattner, G., 1999. Storage of dissolved inorganic nutrients in seawa-
ter: poisoning with mercuric chloride. Mar. Chem., 67: 61—66.

Kim, D., H.-W. Choi, K.H. Kim, J H. Jeong, S.H. Baek and Y.-O. Kim,
2011. Statistical analysis on the quality of surface water in Jinhae
Bay during winter and spring. Ocean Polar Res., 33: 291-301.

Kim, J.T. and S.M. Boo, 2001. Morphological variation and density
of Euglena viridis (Euglenophyceae) related to environmental factors
in the urban drainages. Korean J. Limnol., 34: 185-191.

Kim, J.T., SM. Boo and B. Zakrys, 1998. Floristic and taxonomic
accounts of the genus Euglena (Euglenophyceae) from Korean fresh
waters. Algae, 13: 173-197.

Klaveness, D., 1989. Biology and ecology of the Cryptophyceae: status
and challenges. Biol. Oceanogr., 6: 257-270.

Koh, C.H., J.S. Khim, D.L. Villeneuve, K. Kannan and J.P. Giesy,
2002. Analysis of trace organic contaminants in sediment, pore
water, and water samples from Onsan Bay, Korea: instrumental
analysis and in vitro gene expression assay. Environ. Toxicol. Chem.,
21: 1796-1803.



SARE U539} @] Sell A A A 4 el

Kwon, O.Y. and J.-H. Kang, 2013. Seasonal variation of physico-
chemical factors and size-fractionated phytoplankton biomass at
Ulsan seaport of East Sea in Korea. J. Korea. Acad. Industr. Coop.
Soc., 14: 6008—6014.

Lee, S., Y. Sin, S. Yang and C. Park, 2005. Seasonal characteristics
of phytoplankton distribution in Asan Bay. Ocean Polar Res., 27:
149-159.

Marshall, H.G. and R. Lacouture, 1986. Seasonal patterns of growth
and composition of phytoplankton in the lower Chesapeake Bay
and vicinity. Cont. Shelf Res., 23: 115-130.

Oh, S.J,, J.S. Lee, J.S. Park, I.H. Noh and Y.H. Yoon, 2008. Envi-
ronmental factor on the succession of phytoplankton community
in Jinju Bay, Korea. Korean Soc. Mar. Environ Eng., 11: 98—104.

Ohwada, M. and F. Ogawa, 1966. Plankton in the Japan Sea. Oceanogr.
Mag., 18: 39-42.

Palmer, C.M., 1969. A composite rating of algae tolerating organic
pollution2. J. Phycol., 5: 78-82.

Park, J.S., Y.H. Yoon and S.J. Oh, 2009. Variational characteristics of
phytoplankton community in the mouth parts of Gamak Bay, south-
ern Korea. Korean J. Environ. Biol., 27: 205-215.

o] wste]

35

1o
ol

>,
e
[
ot
[\
rim
o
o3l
¥,
He
==

Park, S.-E., S.-J. Hong, W.-C. Lee, R.-H. Jung, Y.-S. Cho, H.-C. Kim
and D.-M. Kim, 2010. Summer water quality management by eco-
logical modelling in Ulsan Bay. Korean Soc. Mar. Environ. Saf,,
16: 1-9.

Parsons, T.R., Y. Maita and C.M. Lalli, 1984. A Manual of Biolog-
ical and Chemical Methods for Seawater Analysis. Publ. Perga-
mon Press, Oxford: pp. 184.

Riley, GA., 1942. The relationship of vertical turbulence and spring
diatom flowerings. J. mar. Res., 5: 67-87.

Sommer, U., 1985. Comparison between steady-state and non-steady
state competition - experiments with natural phytoplankton. Lim-
nol. Oceanogr., 30: 335-346.

Thompson, P.A., P.I. Bonham and K.M. Swadling, 2008. Phytoplankton
blooms in the Huon Estuary, Tasmania: top-down or bottom-up
control?. J. Plankton Res., 30: 735-753.

20159 12€ 149 QuHF
2016 2€ 4Y FHE He
2016 29 149 FAE A

LR



