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Effects of temperature, salinity and light irradiance on
phytoplankton growth in the Yatsushiro Sea

ToMOYUKI SHIKATA,2* KIYONARI SAKURADA,?2 YUSUKE JOMOTO,!
MasaAsHI ONJI,1» MAKoTO YOSHIDA3 AND KouicHI OHWADA!

LPrefectural University of Kumamoto, Tsukide, Kumamoto 862-8502, *Kumamoto prefectural Fisheries
Research Center, Kamiamakusa, Kumamoto, 869-3603, 3Saga University, Honjo, Saga 840-8502, Japan

In the Yatsushiro Sea, we investigated the population dynamics of phytoplankton and some environmental
factors, such as water temperature, salinity and underwater visibility. The field investigations at 8 offshoresta-
tions and Himedo were conducted monthly from April 2008 to March 2009 and weekly from June to October 2008,
respectively. Moreover, we examined the growth of main phytoplankton species under different conditions of tem-
perature, salinity and light intensity in the laboratory. Diatoms such as Skelefonema costatum, Chaetoceros spp.,
Thalassiosira spp. and Asterionellopsis gracialis dominated throughout the investigation periods, except for a Chat-
tonella antiqua bloom in August 2008 in the sea. However, the dominant species of diatom fluctuated over time.
Laboratory studies indicated that the growth characteristics of main phytoplankton species under different condi-
tions of water temperature and salinity vary among species, where as the growth characteristics under different
light intensities are similar to each other; the growth of most phytoplankton species tested saturated at a light in-
tensity of 80 umol m~2s~!. From statistical analyses with laboratory data, we found that the seasonal and tem-
poral dynamics of dominant phytoplankton species are closely related to water temperature and salinity and un-
derwater light intensity, respectively, in the Yatsushiro Sea.
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Fig. 1 Locations of investigation stations in the Yat-
sushiro Sea.

Fig. 2 Chaetoceros sp. 1 (a), Chaetoceros sp. 2 (b), and
Thalassiosira sp. (c). Scale bars indicate 10 um.

2), Chaetoceros debilis, Asterionellopsis gracialis, Ditylum
brightwallii, Thalassionema nitzchioides, Thalassiosira ro-
tula 33 LN 1 fED S 7 ¢+ F# Chattonella antiqua 12 O\
TR AT > 720 EBRITIE 2008 4 5~8 FIZ 21 TN
RGTEREL R E VD HBEL 727 n—U ik GFEE)
AW, SRR, A 7Ry FREEETHWT
BB RS LK, I5IC, BEOOHEICKE Y, 1
S W/ B R Y A7) Ay T (fFL£R 0.8 um, Nalgen)
Ze TR Tl L, ML L 7o, SRk ORAES
Fh LUFERBRICIE, St.6 (Fig. 1) THRKL, Y527
7 A /X—7 ¢ )% — GF/F (Whatman %) <T58%,
B ARIRGFT CRAE L 7oK 2 N — ZITERR L 7o &
SWM-3 £V % FHu 7z,

2. WEICRE KR SESORE BEERORE
13 10, 15, 20, 25, 30°C © 5 B, #4135, 10, 15, 20
28,33psudD 6 EfEE L, ZNHEMAADOYEIE30
O OFEBEMHEZHREL /o, 28psu L FDOE S, £
ARYEK e ZBHRIC L0 A KRS & TR AL 7=,
PRABRD FRERAEANOBIEUL L FOFITET - 720 %
IR 250 umol m~2s~2, BHREFIHH 14 hL : 10 hD ©
K tE, HE20°C OS%MH T C, ¥4 33 psu DRGH4
mLZiim LB E6mMLO TS5 AF v 78R BRE
(EVERGREEN SCIENTIFIC ##)) -CHEaik % ke



36 Snm, B, MoK, A, EHE, KNH

Table 1 Relationship between cell density (C; cells
mL-1) and in wvivo fluorescence (F) in tested
phytoplankton species

Species Equation R?

C=2477F—-6180 1.00
C=1032F-1704 1.00
C=4122F—-9412 1.00
C=4285F—8938 1.00
C=2156F—10044 1.00
C=1817F—6424 0.99

Skeletonema costatum
Thalassiosira sp.
Chaetoceros sp. 1
Chaetoceros sp. 2
Chaetoceros debilis
Asterionellopsis gracialis

Ditylum brightwellii C=144F-391 1.00
Thalassionema nitzchioides C=1519F— 2668 1.00
Thalassiosira rotula C=592F - 646 1.00
Chattonella antiqua C=122F-14 1.00
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Fig. 3 Seasonal variation of dominant species of phytoplankton from April 2008 to March 2009 in the monthly investigation at 8
offshore stations of the Yatsushiro Sea. Size and pattern of circles indicate total cell density and species, respectively.
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(d) in the Yatsushiro Sea.
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507 cellsmL~!, 10 HOF2HA) 7S L 72 (Fig.
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Fig. 6 Contour plots for growth rate (divd~1) of S. costatum (a), Thalassiosira sp. (b), Chaetoceros sp. 1 (c), Chaetoceros sp. 2 (d),
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Table 2 Partial regression coefficients and error terms of multiple regression equations showing the effects of temperature and salin-

ity on growth of phytoplankton species

Boz Bos B Pz Par &

Species Boo Bro B2o
Skeletonema costatum —0.27293 0.01908 —0.00038
Thalassiosira sp. —0.53422 0.03342 —0.00062 —0.04660
Chaetoceros 1 0.01647 0.01173  —0.00036
Chaetoceros 2 0.49943 —0.01591 0.00015
Chaetoceros debilis —1.31092 0.07021 —0.00116 —0.23781
Asterionellopsis gracialis —0.85616 0.04463 —0.00071 —0.23509
Ditylum brightwelii —0.30511 0.02112  —0.00045

Thalassionema nitzschioides — —1.07776 0.05644 —0.00091 —0.14616

—0.01419 0.00018 0.01110 0.00003 —0.00034 —0.30560
0.00514 —0.00013 0.00547 0.00004 —0.00015 2.39535
—0.01520 0.00024 0.00273 —0.00011 0.00005 —2.45548
—0.01043 0.00017 0.01326 —0.00014 —0.00015 —4.97961
0.00924 —0.00020 0.02383 —0.00001 —0.00061 7.27035
0.01140 —0.00026 0.01855 0.00005 —0.00053 5.06453
—0.01607 0.00021 0.00483 —0.00011 0.00002 —0.29277
0.00349 —0.00013 0.02443 0.00004 —0.00067 5.74464

Thalassiosira rotula —0.89841 0.04916 —0.00080 —0.01145 0.00166 —0.00015 0.01764 0.00014 —0.00061 4.11387
Chattonella antiqua —0.64838 0.03491 —0.00061 —0.07351 0.00261 —0.00003 0.00398 —0.00012 0.00007 3.75624
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Fig. 7 Monthly fluctuation of growth rates (div d=1) of S. costatum (a), Thalassiosira sp. (b), Chaetoceros sp. 1 (c, open circle),

Chaetoceros sp. 2 (c, open triangle), C. debilis (d), A. gracialis (e), D. brightwelii (f), T. nitzschioides (g), T. rotula (h) and C.
antiqua (i), estimated from the temperature-salinity examinations in the laboratory (Fig. 6), and seasonal variations in cell den-
sities of phytoplankton species. Note that the cell densities in b and ¢ indicate small size of Thalassiosira spp. and Chaetoceros

spp., respectively.
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m2s 1 L0800 umolm2s~ 1 THIFIL 72, AERIC
F0BoN@)RICE T H%4/85 A — 2 fE% Table 3
ICE LD, KFED K, LU L) Ol znZh 34.6~
61.1 yumolm-2s-1 35 L 1 8.0~20.2 umolm—2s~1 Dl
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Fig. 8 Weekly fluctuations of growth rates (div d=1) of S. costatum (a), Thalassiosira sp. (b), Chaetoceros sp. 1 (c, open circle),
Chaetoceros sp. 2 (c, open triangle), C. debilis (d), A. gracialis (e), D. brightwelii (f), T. nitzschioides (g), T. rotula (h) and C.
antiqua (i), estimated from the temperature-salinity examinations in the laboratory (Fig. 6), and short-term variations in cell

densities of phytoplankton species.
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Fig. 9 Growth rates of S. costatum (a), Thalassiosira sp. (b), Chaetoceros sp. 1 (c), C. debilis (d), A. gracialis (e), and C. antiqua

(), as a function of irradiance.
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Table 3 Parameters obtained by growth experiments un-
der different light intensity: maximum growth rate
(M,,,; div d 1), half-saturation constant for growth (K;
umolm~2s-1), and photon flux density at the light
compensation point (Iy; wmolm-2s-1) on tested
phytoplankton species

Species K, Iy M,,
Skeletonema costatum 34.6 8.00 2.73
Thalassiosira sp. 41.7 12.3 2.54
Chaetoceros sp. 1 42.2 10.9 4.49
Chaetoceros debilis 47.1 10.4 3.80
Asterionellopsis gracialis 52.5 17.3 4.25
Chattonella antiqua 61.1 20.2 1.49
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Fig. 10 Fluctuation of solar radiation in Kumamoto City

and attenuation coefficient in the Yatsushiro Sea (a),
and fluctuations of HI, (b) and variations in cell densi-
ties of diatoms and flagellates in the monthlyinvestiga-
tion (c) and weeklyinvestigation (d).

W75 7 v ORAKE Hl, OB % Fig. 10 1IC73
o EBROZERNRBROBERL HIT & A ORAY OB
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I, % 80 umolm~—2s-1 (1 H 14 IRefHl RS O FERAS R 7 D
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LERAHE GBEOBRTTFHME) »bHBREL OLET
X 27 (20001 HDHE3HEHE)~116molm=2d-!
(2008 -7 HDFE 3 HH) OHIFITHR L, 2008 F 4
A~7 AicliiicE <, £O%IF 20094F 1 A £ T
AR T L7z, E/z, ARIBIC BT 5 HEREU 0.31
(2009 41 H)~0.58 m~1 (2008 4= 8 ) O#iH CTH:R

wH, KA

L7eips, FFBE s LR b s> 7ce —T7,
HI, 13 2.67 (200943 O 1#8H)~851m (2008
FIADELHEA) O THERS L 72,

% £
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e L 7oA, G SRRV ZE L, 2008 4F- 5, 6,
9 A LT 200941 A S. costatum, 2008 47 H Ik &
10 ~ 12 A i3 & # @& Chaetoceros spp., 7 H 13 A
gracialis MES L (Fig. 3), COHEEHOMAE/ N X —
VHEHEHOLDOME (2004~2005 FFOFAAEARER) LB
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O HBIRFOKIR 2 KR X 0 B4 S 7o i E I FE K
Be&—FHLbtdNTW5S, &5[C, Karentz and
Smayda?? |35 4 vy FEIZEW T 22 4E O KR
TS Y v OBRER AL, FE 30 MO
TS5V VOB —VRENRBR LD PN S
HHANDREOHE L —HTHZ L REL TS

AFFRICEBNTH, RREfT-7cEW 7527 b vo
RIS AN B I L > TRE - Tz,
AT o FCEEEREI IR I VR ERIPA T L 7228, 2h b
DIFEAEITI0C TIFWHETEY, BTV TLHA
EMHEFREOKIE (30°C fF41) &L 72 2008 4F 7~
8 FIC I3 EEmE oM E B L7 (Fig. 3,4), —
¥, C. antiqgua 13 20°C LA ETOAHMM L, 25~30°C T
EWHEIEE AR L2, HBICBWTHAERNTRL
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Table 4 Comparison of growth characteristics p g under different temperatures among strains isolated from different sea areas

Temperature (°C) at which Temperature (°C) at which

Species Isolated sea area able to grow able to grow actively Reference
Skeletonema costatum Narragansett Bay <0—~31 22-25 Yoder2®
Hiroshima Bay 10-25 25 Yamaguchi2®)
Hakata Bay <10->30 20->30 Shikata?”
Yatsushiro Sea <10-25 15-25 Present study
Chaetoceros debilis Narragansett Bay 0-21 >12 Baars?®)
Hakata Bay <15->27.5 20-25 Shikata unpubl.
Yatsushiro Sea <10-25 25 Present study
Asterionellopsis gracialis  Narragansett Bay <0-30 25 Karentz and Smayda??
Hakata Bay <15->27.5 20->27.5 Shikata unpubl.
Yatsushiro Sea <10-25 20-25 Present study
Chattonella antiqua Harima Nada 15-28 20-25 Nakamura and Watanabe??
Osaka Bay >11 20-30 Yamochi3?
Hiroshima Bay 15-30 25 Yamaguchi et al.2¥
Ariake Sea 15-32.5 25-32.5 Yamatogi et al.3V
Yatsushiro Sea 20->30 25->30 Present study
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