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Abstract - In order to understand the population dynamics of red tide dinoflagellate Noctiluca
scintillans, we examined its hydrographical and bio-ecological characteristics at 19 to 20 stations
of Gwangyang Bay during all four seasons from 2010 to 2012. During the 3-year period, N. scintillans
was seasonally abundant during summer with water temper atures ranging from 15°C to 22°C and
salinity ranging from 25 psu to 30psu. On the other hand, N. scintillans population density signi-
ficantly decreased in spring, fall and winter, although they were present even in lower temperatures
(<4°C). However, high water temperature(>27°C) and low salinity (< 12 psu) led to the disappear -

ance of N. scintillans population. Chl-a concentration in winter, spring and fall was positively co

r_

related with N. scintillans population density, whereas the N. scintillans population was negatively
correlated with Chl-a concentration in summer. Thisimpliesthat densities of prey population such
as diatoms are one of important contributing factor for maintaining abundance of N. scintillansin
winter, spring and fall and for increasing abundance of N. scintillansin summer. During summer
season, bio-accumulation of N. scintillans population by the wind from southwest is also consider ed

to be akey factor in triggering the formation of lar ge-scale bloomsin Gwangyang Bay.

Key words: temperature, salinity, wind speed and direction, chlorophyll a, N. scintillans, Gwangyang

Bay
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Fig. 1. Map of the study areaindicating locations of sampling stations and meteorological support center in Gwangyang Bay.
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Fig. 2. Box plot of temperature, salinity and wind speed during four
seasons in the surface waters of Gwangyang Bay. Minimum
and maximum are depicted by black dots, the box signifies
the upper and lower quartiles, and the median and averageis
represented by short black lines and white dots, respectively.
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Fig. 3. Seasonal and temporal variations of rainfall from 2010 to 2012 in Gwangyang Bay. Arrows indicates sampling date.
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Fig. 4. Seasonal and temporal variations of Chl.a from 2010 to 2012 in Gwangyang Bay.
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Table 1. Correlation between environmental parameters and Nocti-
luca scintillans population densities in the surface layer at
19 or 20 stationsin Gwangyang Bay

Gwangyang Bay Winter  Spring Summer  Autumn
Temperature —-042¢ —0.40* 0.05 -0.14
Salinity 0.08 0.42* 0.11 0.15
Secchi depth -0.37* 0.30* 0.66* —0.27*
Suspended solid (SS) 007 -—-0.28 -0.08 0.05
pH 0.47* 0.41* 0.35* 0.16
DO 0.54* 0.46* —0.03 -0.20
PO, -020 -050* -0.12 0.53*
Si(OH)4 -010 -049* -0.10 011
NOs -016 -—-043* -0.15 0.04
NH4 0.11 —0.31* —0.10 —-0.18
DIN -008 -—043* -0.15 —-0.03
DIN/DIP 0.04 0.01 —-0.10 -0.24
Chl.a 0.74* 042 —0.30* 0.27*
Total phytoplankton 0.15 0.36* —0.29* 0.19
Diatom 0.12 0.46* —028 -0.13
Dinoflagellate 0.25 039* -0.02 0.00

Valuesin bold are different with a significance level alpha=0.05

Miyaguchi et al. 2006). oF3%2 43 FEIFIE, &
BEYEY & YPVESE Holdoz o gatAu,
F3 Hol(e Rn{Al AEZe=E ot} (Enomoto 1956;
Buskey 1995). 53] o]® nlH| 2R Holgoz %A g
FAF T weh A4 A (red tide) 3 = (green tide)
2 AT 4 Aok oA AASE £ T2 A
A& o] 37 (Huang and Qi 1997; Miyaguchi et al. 2006), %
Holalole] dd 4l oldds) < (eg. Thaland, India, Phi-
lippiness, New Guinea)ol| 4] *]2]%}l= &2 Prasinophyta
Pedinomonas noctiluceae?] A E-o] Alxzu FAst7] o
Foll HAe] HxZ 3 A3t} (Sweeney 1976; Hansen et
al. 2004; Sriwaon et al. 2008). 23l Jol|A] E&3}= of
F3& FER AFN F SAW 259 Helde] 3
B3l EAskE Aol FbHl FAe A 73
(Miyaguchi et al. 2006; Bagk et al. 2009). dHt o2 o}
FL 2R =7k ¥3, 3707 10um o] A%
A A Fo] o}xt} (Nakamura 1998). Kuroda and Saga
(1978)9] B.a1e] oshd, Y9 Setofsfoll A RdF
3le} ofFZo] A zubgnlw ol AT o] ], Tl
M= ejokst e vl 2Fe) B34S fikste] of
B3 Azabge] F3 dole= shekE ¢l (Uhlig and
Sahling 1990; Qi et al. 1993; Hung and Qi 1997). & <+
M= Fofut opBZe Chlasxel F3 ARAS
AHAAE 2% A 5 glgie (Table 1; p<0.05). 53]
e Tzn FAel Chlash F(+)9] AeAle] 3
B9l ort, o F WErt ¥ Aol & () ARl
77t A et F, AW AA S Amst Fea) F
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Table 2. Loading factors of seasonal environmental variables and phytoplankton biomasses on the first three VVarimax rotated principa com-
ponents for the surface water in Gwangyang Bay in 2010~ 12 (loadings > 0.6 are bol ded)

Components
Winter Spring Summer Autumn
Variable
F1 F2 F3 F1 F2 F3 F1 F2 F3 F1 F2 F3

Correlation coefficient

Temperature -0.48 031 -0.25 014 -037 -070 -0.38 -—0.67 034 -017 -083 -033
Salinity 004 -053 —-069 -0.80 0.17 050 -089 -0.22 0.08 -—0.88 034 -0.16
Sacchi depth -0.39 026 —-0.63 -0.78 008 -044 -010 -011 -08 -0.23 0.01 0.10
Suspend solid (SS) 0.31 0.05 -0.54 065 -031 039 -049 -0.01 034 -024 -028 -050
pH 0.77 0.09 0.08 —-094 006 —-0.04 -0.24 000 -064 -0.10 075 -043
Dissolved oxygen (DO) 0.84 0.19 032 -057 067 —-028 -0.58 047 -0.03 048 -0.08 0.83
Phosphate -051 -0.20 0.42 066 —0.60 0.03 058 -0.53 0.34 0.11 039 -032
Silicate -0.17 056 -0.10 095 -0.23 -0.07 090 -0.23 0.08 0.85 045 -0.10
Nitrate+nitrite -0.14 0.83 0.46 09 -0.16 -0.03 0.96 0.01 0.07 0.97 0.17 0.06
Ammonium 0.25 068 -0.25 068 -035 0.53 074 -0.37 0.19 042 -020 0.78
DIN —-0.02 0.93 0.26 096 -018 0.02 097 -0.05 0.09 0.92 0.06 0.33
DIN/DIP 0.24 088 -0.12 0.49 0.65 0.36 0.03 062 —0.06 086 —0.09 0.37
Chl.a 0.94 0.00 005 -011 0.93 016 -0.15 0.89 011 -034 0.29 0.53
Tota phytoplankton 0.38 0.27 072 -0.26 0.88 001 -0.05 0.95 011 -0.04 0.66 0.63
Bacilariophyta 0.34 0.27 072 -0.45 080 -0.03 -0.08 0.95 0.12 0.14 0.07 0.94
Dinophyta 024 -0.30 035 -0.06 0.60 047 -053 -0.28 045 -013 -0.75 0.13
Noctiluca scintillans 075 -0.15 0.03 -0.46 0.37 029 -014 -031 -073 -006 039 -017
Eigenvalue 4.79 3.69 243 8.88 3.36 145 5.82 4.04 2.30 5.94 3.13 2.68
% of variance 2816 21.72 1427 5225 19.79 855 3426 2378 1350 3495 1838 1577

Cumulative % of variance  28.16  49.88 6415 5225 7205 8059 3426 5803 7154 3495 5334 69.10

AL ke A7)l EA|, A4, FANE AEZYAE o] A ¢3¢k<d (Nitrate+nitrite, Ammonium, DIN, DIN/DIP)
ol AEF F HelAE =7t o AESHA, Zholl k()] frelst Zhe] oA A FA 7k 3
dAe] MAG H=E FAEE ALt 22 AdAE ZE 2] o> HoF wRo] Hel ke F2 FHA
ofFo] AEEIIES A 223t (-)9] A <> % EgoE AFAMAEY 2Fow dAYF FH
Aol FAFPH. 53] 201043} 20119 3hA ol = 3 Ha et As AAREIE EA ] oFEE A el ©F
gh iRk SAe2 gt Skeletonema costatume] Tl g mAl Aoz HdEe fedlorys AEEYA
Zo] SR, 2 A ofdZ AT A E 5 &7 Sk ko] Ao el AHN Y, AEE
A8l Fefut dj i A 215 VA H = FIEL SUket v oA AEELZE Y] &
7F A FEERGT fdglo Aoz vy 3 o] el FAFA. FALEN A= FA4 ALA
Aol 2 AR 2718 ZvE F749 oFRE Al A Tl dFdTet 23t Fhe] A24d oA Chla
oz AR $27t A A== FefutelA T Z¥3 AEFFIES] NAS fod el
22 2 NAGT FFE AL FE2F 2ol 54 Hodoh A AFE A [ eF FA R A 2] Al1A
o] gl A Ale|=o] HolAEo] ofFF FAo F& 3 A2 o] A IAFZ e A& & & U
g d&E 3 Aoz Aty ol9} Z& EAAH Q] Ar} Za‘ SEAELR o] FA A&
of}3o &3 3 3 eqlate] AAE go} EFIEL % ‘%3% wh2 A F58te] 4 '}%51, of3%
b7 HsiA AR EA T FAEEAS sdEH Z° A MASE A ¢ A RS FE2F
(Tables 1 and 2). W] FAel ofFF 7NAGell JeFS o] FAle gk 4~ (water column)y =eo 1% ] 53t
nzl Aoz Chlas=(r=0.74 p<0.05)& FHtE, o] A 2A819 7] WEe 2 Alg gl sHAdlE FAAREA
T FAERAAAME T4 ALENA pH, $84k4, AN FAI} FARRE ko] IRE ol 3, AT A e
Chla 5=, oF3Z7HA 4~ So] FAES 8N A== My A R o3RS A FE AEEHIEY
o3t Fho] vehd Aoz Hol, A 327 AEF MAe} o ARAde]l HFHAH. 53] Fgrt oS
FIAEL HHelgxe] FUhe oFRS JNAISS] S e o] AA-AA ofRF2] =2 MNAS H=rt #F
SAM oz gL w|Fl Aoz . FA AR Fa, o] E oftEe AEEHIE F JE2FE 94
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