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The Effect of Hydrology on Phytoplankton Assemblages and Its Adaptive Strategies in Lake
Hwaseong, Estuarine Reservoir with Seawater Exchange, Korea. Song, Tae Yoon, Man Ho Yoo, In
Ho Lee', Eue-tae Kang', Mi Ok Kim' and Joong Ki Choi*(Department of Oceanography, Inha
University, Incheon 402-751, Korea, 'Korea Rural Community Corporation)

Abstract A survey was carried out to understand the influence of hydrology on the composition, abundance
and adaptive strategies of phytoplankton in artificial Lake Hwaseong, an estuarine reservoir with seawater
exchange through a sluice. Samples were collected seven times from May to October 2012. Hydrological events
(seawater exchange, rainfall) resulted in a wide variation in salinity along with nutrients and turbidity. Shifts
in the dominant phytoplankton composition occurred on every survey. Chlorophyll-a ranged from 9.7 to 104.1
ug L', Multivariate analysis allowed us to identify the four phases on phytoplankton community change.
Phase I (May ~ June) was characterized by small-sized Gymnodinium sp. and Heterosigma akashiwo dominated
in warm temperature and high salinity derived from seawater exchange, and followed by Cylindrotheca closte-
rium blooms due to rainfall and winds during phase II (July and September). During phase III (August), the
dominance of Oscillatoria spp. was correlated with high temperature and low salinity. Abundant cryptomonads
were associated with lower temperature during phase IV (October). Adaptive strategies were identified in the
phytoplankton as morphological and physiological characteristics. These strategies identified small-sized
flagellates as CR-strategists, fast-growing opportunistic species, which might favor the weak stratification of
lake due to the seawater exchange during phase I and IV. Dominant species during phase II and III were char-
acterized with R-strategists, medium-sized stress-tolerant species, which might favor turbulence by river flow.
The results indicate that stronger stratification following the termination of seawater exchange for the freshen-
ing might intensify the predominance of smaller flagellates. In conclusion, this study suggests that hydrology
may drive phytoplankton community change and blooms through the controls of salinity, turbulence and nutri-
ents.
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Fig. 1. Map of the Hwaseong Lake, showing sampling stations.
Light gray color indicates area having low depth as tidal

flat before construction of Lake.
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Fig. 2. Precipiation and volumes of Inflow and outflow through
the opening gate at the 10-day intervals from May to Octo-
ber 2012.

x10°m’ ez, 747t Zx4=ke) 56%9} 87%% 2x|s}

¥olet. 5 Aol A5 W - 9F Y97 w
ibslg] o At = el &2 ol F1%
. 249Ee] A7]ell = 5ol mls) k2 AR /4
frZol 79 Hw—ﬂ_i oy} (Fig. 2). 5~10Y A}
o]oﬂ T”-‘T‘ - o]/\l-_/] le\goli\\— i 1501010:]_0_
o, o] F iA}%‘i-rEi 59 ool AF A 64,
74, 99 (12} FA}el) %Hﬂ%}aiv‘r =3 T4
Aupd o 7 JFaEulsr T (VAR RO TAjulsk F&
(UA)e] o =z, %H HJ?{JE FAM=E FF (=5 WD
o] ¥ v} (Fig. 3).

ZAPZ|ZE Feb ol3leh we] AT Aol BA
o7 FosA] dskont, AMH o7 T A
U (p<0.01; Table 1). 422 ArpdE A
A Zr}ste] 8ol HH 32.7°C(£0.N=E 7F =9
Zrasle] 109 HHF 14.8°C (0.7 = 7}AF

Lo
_‘4‘

I ol F

wvolc) 1o 69 (29.5+0.9 psu)ell 7HE EQkw o] &
FA%) hobd 7~949 (IFHF o Ipsu A= §4

5}‘:}7} 109el] o4 Z7lekgeh 224, 29 2% 7}
Zol 7 Wi H_oﬂ A =4 g2 A)7)e} Geo

T Hol2 B0 HHERE JEES A7 (19, 99
1] 9325 B, °l Al7)el B = 7H ‘7%‘3&
(p<0.01).



slN5 0l 428 SN0 2 ASSYIE0| MM 75

v v v v
) SIAAMC "th"l\i\.n“"’\ e f\iAn l'l'\.‘f A ~N
0 ‘{ \"l v A ‘ Jv vy ‘ ‘! ') '\,{ J \"V\.\. -\\\VMV ‘,f| ‘\I
'

Wind velocity
|
W

U component
= = - V component

| T T 1T T T Lo T T T T T T T T T T T

5/1 6/1 71 8/1 9/1 10/1 11/1
Date

Fig. 3. Mean wind force (m - s~') values in the region of Hwaseong Lake, in the period from May to October 2012. Triangles indicate
dates of survey and the largest negative peak indicates wind driven due to typhoon Bolaven in last August.

Table 1. Physical and chemical parameters in Lake Hwaseong from May to October, 2012.

May Jun. Jul. Aug. Sep. Ist Sep. 2nd Oct.
Inner WT (°C) 21.4%0.2 23.6x1.3 24.410.6 32.7+0.7 24.4%0.5 23.5%0.5 14.8+0.7
Sal (psu) 26.4%0.6 29.1+0.8 3.8+£3.2 29+0.6 3.1+£0.3 3.1+£0.7 16.7+4.7
TN (mgL™") 0.661£0.078 0.612+£0.103 2.448+0.125 1.195%+0.113 1.347+0.243 1.303+0.25 1.306%0.66
TP(mgL™") 0.072+£0.007  0.09£0.009 0.185+£0.013 0.076+0.015 0.097+0.02  0.0961+0.025 0.137+0.045
SPM (mg L") 13.2+4.6 16.2+4.6 23.8+4.4 10.3£2.1 16.6£2 10.4+1 12.3£7.6
Trans (m™") 0.5+0.1 0.6+0 0.3%0 0.7£0.06 0.4£0.05 0.6+£0.05 0.6+£0.21
Chla(ug L™ 18.0£7.2 9.7£1.3 26.0+24.5 30.7£8.2 104.1£17.6 61.5+13.5 18.2%7.1
Abun (cells mL™") 2165+1219 783 £606 3110£2639 1089643375 27877+10864 1391144031 11814308

WT, water temperature; Sal, Salinity; TN, total nitrogen; TP, total phosphorus; SPM, suspended particulate matter; Trans, transperancy; Chla, chlrophyll

a; Abun, phytoplankton abundnace
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Table 3. Spearman rank correlation among physico-chemical and biological factors of surface water in the Hwaseong Lake from May to

October, 2012 (**

Precipitation, Abun.=Abundance.

=p<0.01, *=p<0.05) Abbrevations are: Trans.=Transparency, WT=water temperature, Precip.=

Trans. Temp. SPM TN TP Chl-a Salinity Precip.
Trans. 1
WT —0.07 1
SPM —0.72%%* 0.21 1
TN —0.52%%* 0.38%* 0.38%*
TP —0.54%%* 0.02 0.46* 0.64** 1
Chl-a -0.13 0.32 -0.07 0.41%* 0.002 1
Salinity 0.23 —0.45% —0.06 —0.79%* —-0.21 —0.43* 1
Precip. —0.55%%* 0.18 0.3 0.84%* 0.53** 0.48%* —0.76%* 1
Abun. 0.01 0.41% —0.24 0.34 —0.24 0.85%* —0.53%%* 0.46*
2D Stress: 0.02 Brecip
*®
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Fig. 5. Multi-dimensional scaling (MDS) ordination for sampling ! Temp
-1.0 1.0

sites in the reservoir Hwseung based on Bray Curtis simi-
larity distance of temperature and salinity data collected
from four stations. Former and latter numbers indicate the
month and station respectively.

Table 4. Summary of CCA analysis based on the species-environ-
ment data in the Hwaseong Lake from May to October

2012.

Axes Axisl Axis2 Axis3 Axis4
Eigenvalues 0.755 0.530 0.399 0.327
Species-environment correlation 0.971 0.984 0.909 0.951
Of species data 147 250 327 39.1
Of species-environment relation ~ 34.8  59.2  77.6 92.6
Temp —0.377 —0.737 —0.394 0.088
Salinity 0.886 0.009 0.366 0.032
TP —0.148 0.450 —0.060 0.830
Wind 0.296  0.509 —0.707 0.074
Precipitation —0.578 0.757 —0.125 0.081

g se] ABTAIE Rxsl WS A

2 BN CCA 7%+oﬂ °)spm

L 57Ne] B g i3t

A 2k =71 (constrained condition) 3}ol| 4] CCA = 1 (eigen-

Fig. 6. Distributions of 28 species (+), including only above 15%
species weight range to increase presentation clarity, sam-
ples (circles) and environmental variables (arrorws) in sur-
face waters of Hwaseong Lake during the study periods
relatvie to the first 2 canonical axies. Lengths of arrows
and their angles to the axes give a qalitative indication of
their relative importance to the ordination. Abbrevations
are: Precip=Precipitation, TP=Total Phosphorus, Sal=
Salinity, Temp=Temperature.

value=0.76)3} % 2 (eigenvalue=0.53)= A &&=
F Bz dsiA F HEF] 25.0%5 A }31 4
FEGZE 343 29 WA 9L gl ol
59.2%2] A==E-S ¥} (Table 4). AHFET A
B, ‘41”%}*_1 HE, A e

A= uh,
%9)o| #FZ(canonical axes)¥} “H—r A 3’14_'%74]%
i‘}\i\:]-(Table 4). A L F2 i 23 Ay

A3, FHA e Ah ool o8 Bt T

23} Q3e 59 AL Zo| Yz BAwpoe
AL w79 (Fig. 6). 5, 692) AES CCA %
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18] ofo] whefel] Rzt wkho|, U A A|7]9] AEZ
CCA 5 298] ¢f& Wgko g F 239t} CCA & 18 o
2t Bx3t o}Hw 2T Prorocentrum triestinum, Katod-
inium glaucum, Scrippsiella trochoides, Gymnodinium
sp.1, Prorocentrum minimum, 2 25F Heterosigma
akashiwo, S-28 Y5 Eutreptiella sp.= 1924 27
o 2+ AMAslAY. Y257 Anabaena circinalis, Micro-
cystis sp.1, Microcystis sp.2, Spirulina sp., Oscillatoria
spp-&t 257 Cosmarium sp., Sphaerocystis sp., Mono-
raphidium contortum, -ﬁ’-—zﬁﬂ‘/}a Trachelomonas sp.1,
LH R ZFF Rhodomonas sp.2 A3 A} 3425 A
s3l9lot. G &F Merismopedia sp., 5Z5 Selenastrum
Sp., Scenedesmus quadricauda, -n-i—ﬁ— Cyclotella sp. 71
2l 2R %F Rhinomonas sp.2 A E‘rﬁ-v]- 5]'771]
T3} AeAfole] SgolA AAeldeh F2
drotheca closterium, Skeletonema costatum, «}iF}‘%

EE e

T Cylin-

Cryptomonas sp., unid. cryptomonad,

5 Gymnodinium sp.2, Gymnodinium sp.3-2 7}, 4=
2 visk 3le) Aoz QJgke Wk
Eo U HE
WAL AN B3 ot RejgRRe 37
E}— "IEE%—:"% \:}9’] ;\;'"7—:]1_11' tﬁ%’% —*—EH:}]:]'
(Zhu et al., 2013). 3A 5 FA=7]9} B A ZE IS 1)

IR, FA 5 FA 27](2002d 6~ 11) A 2=}
FE ZAL F2 A FREER U - 9= Sz
Ao zpel7} glolom #FEFL 150~ 1,880 cells mL ™
2] We)E ¥} (Chung et al., 2004). A2t 2 A}
AN B o2 2 Fafel dEdl, hEe sk
xR, AARZRF, G2F 5257 H
 2alse] 8 GE SATEE n9w V1Y
783~27,877 cells mL™' 2 34 27]o] 3
&3t} (Table 2). o)== 3337 A&l
Autgsrt 24 F FeekstEwAa AEEEIE 2
Kol =l viAlm AEeke] BAS 27k P Al
&+3 7} (Choi et al., 1997; Shin et al., 2000; Choi et al.,
2013).

MDS 243} CCA A2 3| 23, i3 22
2 FEHE AP B2 AEEREE 239 AA
H Ao] Pkt $9%) NABAE & AR D
A (5~64; H-F2 A7) oheFet @Al ez
F2o &7 Gymnodinium sp.1 (59)3 Heterosigma

- Zolef - Yo/ -

b

4 |=571
akashiwo (69)7} 4381t} o] A|7] &dgh o REe
$}H 7 % 7= Smayda and Reynolds (2001)7} ¢tgimx
5 Hel-MAA B o3 971 AE3 (life-form
Type)o. 2 E73 71 & Type I (Gymnodinioides; e.g.
Gymnodinium spp.)Z} Type 1I (Peridinians/Prorocentroids;
e.g. Scrippsiella trochoidea, Prorocentrum micans, Pro-
rocentrum minimum)ol| 333t} Type I, 119 o}HA =
2R Fe )N $2 A BAE AR,
MlmA fale] v dekelel Fasie slsiselel @
o] e F)4dol N SRR PolA BYso) B
ZAz7 3} v$ Y *]35}93 ol (Smayda and Reynolds, 2001).
& H. akashiwos SFHRZFE ofA|RE 2k Z7]
AEeFes Type 9 22 EHS 7HHE Hoz
5 olek B QAT AFsolN 2R3 dAvE
A2 >20°CY &Y o|a, H. akashiwo®] A
28 23~254°C ¥l AE & 9| (Choi et al., 1997,
Shin et al., 2000; Kang et al., 2013), 3} 5.2] &2 7122

O

o wg to I-H

A St vzl APwzE 2o /A B /\]7]
2 ¥ 5 gk oepd 28 AL 2719 A4 Hus
R A Ry

A HIA T2 oA 7]Qldt Aoz Beld 1)
AZE33 A7) (74, 99)dll= Cylindrotheca closterium
o] ¥ FEFS Wk o] 2 F= 3h7e N H
Agel 2H5je] AR, S0z YD ol W
XA st= AZEA S 7FRH (Kingston, 2009). =3 C.
closterium-2- A LA HE1]== EPS (extracellular poly-
meric substances) 222 E|AE mwo BAE T o]F
sA|9E, A8 FEAtAa=E EPS 4|7} ZAssiA g 7hst
v (F4 3m - s oJAh o2 EmEte] Yo o A
B 3HA %D]- (De Jonge and Van Beusekom, 1995;
Moita et al., 2003; Underwood et al., 2004; Apoya-Horton
et al.,2006). WA == FHe £A 1m o3 £
HA z=27r 7 3A WY o 2R C. closterium®]
NAA 2 2495 Fig 1. o A4S 5554 A4
< 53 29 ggks W] 48 Bk o=}, AL
3~49 A 32m - s7 (FMYSF R U=-2.96m - s7)
TR Z o 23 C. closterium®)
A ATRE SARE A 0 1 ol$H e
AWl B5FE AQAT 790t o dopl A
9 Al not A% §3lo] ALHALE F 4 3
o o A7lel AEFFE AL N14FAN FoE
o2 YA F2F Oscillatoria spp.2] =2 34
=9} & F&F Anabaena circinalis, Microcystis spp.,

=235 Cosmarium sp., Monoraphidium contortum 50|
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Z3 319t} Oscillatoria spp. Anabaena circinalis, Micro-
cystis spp.= H-oJF37F gt 3ol EH3= A3
Al JzFo} (KaradZi¢ et al., 2010). E3] Oscillatoria
spp.7} TURE 947} ZsA 8Ye] HoUEs
veRd Al Fx2F7 dubdeg 3142 (>25°C)ol A
FHd "E’E}Eﬁ 7+7] wjF-o]c}(Robarts and Zohary, 1987).
w3} Oscillatoria spp.= 34 Ao Y& 3491 7}
A4 A5 B Fou AT YT HAu
(buoyancy capacity)e] 17| w]&el UH—?— 2 Fx74)
2 A 231} (Kim et al., 2005; KaradZic et al., 2010).
T AR W, o) A7) S 3Y
QAL ABEFIES FA AAt SHAN 3
27)|= 7{;{]1::]/&1 AAE ZEo] 347 SF gL 7}-1
o2 A2 E o IV) 71 (109) o= 99| o]o] C. clos-
teriumo] A|&H 02 SAFGAIN AEIF> A 4
Sk ¥hHol] 23 ¥ 254l unid. cryptomonad®] &Egko]

-
a

¢

Zrlelolc Aoz cRRaRE AT FAAY
PR ] 55 299 e 0 o Lo

2= 9t} Mallin, 1994). 7}&-& B3} 37 ogimzx
%—"4 =3 7FsA o] B2 A7l ARk o] el s
A Uy 422 16°C o3tz A "ol ™A o}
fr=shoiet.
2l Reynolds (1991)2] A&z eke-
A MAEAS Fobshetd 48 4 otk Rey-
nolds®] 714 (Reynolds, 1991; Smayda and Reynolds,
2001 wet A 5] $AFE2 A-ol o2t CR-3
R-A2ke Adsodet. A3gA el & 549 2 S-A
FFo] A > A IAIIF Ut F HAdA
elol e omsiaiet. 181 A st AS3E S
o= C-7} obd CR-AFZFo] 33l 712 w3l 3
el o2 A o ootk kA FE T
FAAAM 357} 714 A2 W25 & wdte] 2wt
g 7S 22 72719 st R/ v RE HEx
r(C-AZH)e] F94e] A3tE 4 9o (Smayda and
Reynolds, 2001). & &2, HZ A 3tz=kubd s o A
I 3o xS v wdt A+ (Kang er al., 2013)]]
m2w, o A AH oz il ey 1 &
2]A oJdko] ML A|3la AFRdAE 2L F7)(2F 10

p b
~20um)Q] &}#H 2 ZFF (Gymnodinium aureolum, Para-

d O

mafuce SRweRe 318
Jel-71%54 H2H

gymnodinium shiwhaense, Karlodinium veneficum %)%}
picoeukaryotes, phototrophic nanoflagellates7} ®#1¥3}A|
Atk ARt 2 AL o] Fele o3 F
S X FZF (Thalassiosira spp., Skeletonema costatum,

Cylindrotheca closterium $) 2 97 %FA o] W3dlgl=1|,
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3 el A m #Re] Qe eE HlH ¢
A AEEGTES) AGT HE T Ase & 5 §A
ghoolA ™ e A A3E AR slefEe] el
A7) w el W= pico 27] (<2um)~20 um$| F7]Y
9% 2 $48%0] CR- =& C-AHE 2E floz &

AR s 2719 —‘?—7@%— oo} f-d3tA 4|
Cylindrotheca closterium (Chung et al., 2004)-2 R-Z=f
Fozn, 3404 SEus A4 DA Anqal
3w e AR el SE A4 o
= A4 4 U9E Aoz wald e RAHEe
2, 3127)o| Rojok 3148 M353sl= Oscillatoria spp.
7h el w2 AL dER 21T 74—3— 571
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o o5} 2ol Sgol 2L R x%rf%% P

o= Fxzlel B Ul FrT WL s
shs R-AHFS] A¥A 54& Hebli sloh (Reynolds
1991). &3} o] RAFFES] 2L FEH o2 B4
of ZA elEa7] wlel, W A5l 4E Ag R-

AEuc CR-ALE (I 5o, 4t ARz F)ol
A $914008 28T 4 Aok webd HY sl
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2 ATE AL AT 2Ate #
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