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Statistical Analyses on the Relationships between Red Tide Formation
and Meteorological Factors in Mikawa Bay, Japan

Tamiji Yamamoro* and Mitsuru OKAI*

Abstract

Statistical analyses were carried out on the relationships between the red tide occurrence and their re-
lated four meteorological factors (air temperature, rainfali, sunshine duration and wind velocity) in
Mikawa Bay, Japan for the data over 12 years from 1980 to 1991. The occurrence of both diatom and flag-
ellate red tides through 12 years were significantly affected by those meteorological factors. However,
the analysis on the seasonal basis showed that the contribution of the four meteorological factors was
different among seasons, showing 31.3 % for autumn diatom population, 16.4%6 and 32.6% for spring and
summer flagellate population. Among the four meteorological factors, temperature showed close corre-
lation to the occurrence of both phytoplankton groups, although the correlation between temperature
and flagellate red tide in summer was negative, indicating that temperature higher than the optimum
level may suppress the growth of flagellates. In addition to temperature, it was assumed that gale-force
wind during late spring to early summer may resuspend the flagellate cysts in the surface sediment into
the upper water column, then induce to the formation of red tide in summer. Diatoms were significantly
affected by rainfall about 10-20 days prior to the red tide inception. It is considered that this group can
effectively utilize some riverine nutrients. Light inhibition was found for diatoms in spring when the
solar radiation is the highest. Wind velocity showed significant negative correlation to the red tide oc-
currence of both diatoms and flagellates, excepting one positive correlation to the 30 days prior to the
flagellate red tide inception in summer. From these results, it was concluded that calm weather with
warm temperature and low wind velocity is commonly favorable condition for red tide formation,
probably because of less dispersion of the vegetative cells of red tide organisms.
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Fig. 1. Map showing the location of Mikawa Bay,
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Fig. 2. Comparison of the red tide occurrence by dia-
toms and flagellates. Seasonal average of total
number of days during 1980-1991 in Mikawa Bay,
Japan.
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Table 1. Results of multiple regression analyses for testing the contribution of four meteorologi-
cal factors on the red tide occurrence of diatoms and flagellates during 1980-1991 in Mikawa
Bay, Japan. (a) For over 12 years, and (b) for each season. Single and double asterisks indi-
cate significant correlation at 5% and 1% levels, respectively. Value in parentheses shows ¢
value. D and F are diatoms and the other flagellates, respectively.

(a)
Standard partial regression coefficient
Period Group Sunshine Wind n R F value
Air temp. Rainfall
duration velocity
All years D 0.178 —0.060 -0.079 -0.011 424 0.187 3.778" "
(2.975) ¢ (~1.057) (-1.424) (-0.181)
All years F 0.226 -0.003 -0.028 ~0.085 425 0.281 8.983° "
(3866)°"  (-0.049) (-0.518) (-1.483)
(b)
Spring D 0.272 —-0.186 ~0.105 0.066 107 0.280 2.169
(2.581)" (-1.830) (=0.979) (0.612)
Summer D 0.201 0.000 -0.143 -0.128 108 0.220 1.303
(1.836) (0.002) (-1.259) (-1.185)
Autumn D 0.540 0.018 -0.078 0.012 105 0.559 11.38*"
(5.946) "~ 0.173) (-0.765) (0.138)
Winter D -0.164 0.115 0.056 0.019 105 0.188 0.903
) (-1.418) (0.997) (0.499) (0.166)
Spring F 0.404 0.021 —0.069 0.007 107 0.405 4991*"
(4.028)"" (0.211) (-0.675) (0.072)
Summer F —-0.546 ~-0.053 0.090 -0.177 108 0571 1243
(-5.938)""  (-0.556) (0.942) (-1.949)
Autumn F —-0.080 —0.044 0.070 0.043 105 0.161 0.666
(-0.740) (-0.361) (0.576) (0.402)
Winter F 0.127 —0.225 -0.143 0.177 105 0.229 1.384
(1118 (-1.980) (-1.283) (1.586)
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Fig.3. Contribution of four meteorological factors on
the red tide formations of diatoms and flagellates
in Mikawa Bay, Japan (multiple regression results
were used). Data sets from 1980-1991 were used.
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Fig.4. Effect of air temperature on the red tide occur-
rence prior to the inception. Circle and filled circle
are for diatoms and flagellates, respectively. (a)
Over 12 years, (b) spring, (c) summer, (d)
autumn and (e) winter. One and two asterisks
show the significant level of 5 % and 1 %, respec-
tively.
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Fig. 5. Effect of rainfall on the red tide occurrence
prior to the inception. Circle and filled circle are
for diatoms and flagellates, respectively. (a) Over
12 years, (b) spring, (¢) summer, (d) autumn and
(e) winter. One and two asterisks show the sig-
nificant level of 5 % and 1 %, respectively.

5 AiCEE1690 E m57' Th b EHILRXE, 1994),
IR EORELS & TA T 2 EmEMER L ELT
b (Y= v R G, 1974), A E s E
UBRBETH 5,

T, BEEZRLEHOEEE RULTOEHIK
B AR E 0 IEER & ofic R ERR
BRSNS D - 7o, Hih « 5 (1980) oL
£5&, BFEORHETHHFEFEIZI0~15mTHY,
SREOEEKEI2ZMA I NI DEVT L AEZLD
L—EEBLTELALKERENFNRETHY, B
EF THRERSITONS &GN E (Fik F
R, 1977, 20, ZFABCRBRAZEDACE
K 7S5 v b v OREKFIRICE-TWB &R
EZIL K, TOTEHNABIERE & FREIFALEXE K

0.4+
0.2 (@)

04
-0.2 1
-0.4

-0.4-—

Correlation coefficient

T T
-30 -20 -10 0
Days prior to red tide inception(d)

Fig. 6. Effect of sunshine duration on the red tide oc-
currence prior to the inception. Circle and filled
circle are for diatoms and flagellates, respectively.
(a) Over 12 years, (b). spring, (¢) summer, (d)
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Fig. 7. Effect of wind velocity on the red tide occur-
rence prior to the inception. Circle and filled circle
are for diatoms and flagellates, respectively. (a)
Over 12 years, (b) spring, (c) summer, (d)
autumn and (e) winter. One and two asterisks
show the significant level of 5 % and 1 %, respec-
tively.

HRAERPTH B AMMERFOREIC & - THE
IREETH 2 2 EARL TV, FicsRE, WESE K
EVNEROS L, BEHTHD, —HRINCHEEE
BEO/NS WiRMEEE (BRI, 1987) & - T, Bl
X B DA OERBIEKE WV,

—%, EEOFRBEEOFHNETE VI DRES & 5
CrEb oEic iz, SRAETEREE BEE D
KL s 2T od 5, b5, BBl
MiEkEEES L, ERKD» > 0NEER X CBEY
BHoHBPEB L TWE Y 2 0%E LOE
BEEEHBEODEEZONG, EFE - BH (1984
1, BMIE#O—E Peridinium sp. OIEBRFEBROKE
Eh oY R M PREORERE 2 254 & LTKRIRE

Table 2. Significance of four meteorological factors
on the formation of red tide. + and — indicate the
positive and negative effects, and those before
and behind the slash show the time prior and dur-
ing the occurrence, respectively. (a) Diatoms and
(b) flagellates.

(a)

Sunshine| Wind

Season |Air t .| Rainfall . .
eason 1 temp amnta duration | velocity

Spring +/+ +/ -/

Summer +/

Autumn +/+ +/+

Winter -/

All year +/+ +/ -/ -/
(b)

Sunshine| Wind

eason |Air temp.| Rainfall | \ .. 00 velocity

Spring +/+

Summer -/ +/—
Autumn

Winter /+

All year | +/+ +/ -/
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