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Characteristics of Meteorological Conditions in the Years of
Intensive Red Tide Occurrence in Mikawa Bay, Japan
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Abstract
Reported monitoring data on red tide found in Mikawa Bay, Japan, over 12 years from 1979 to 1990, re-
vealed that the occurrence of red tides increased from 1983 and that the duration of red tide tended to
be longer. In 1983, 1988 and 1990, the red tide occurrence was particularly prominent, with the total num-
ber of days reaching up to 390, i. e. were 100 days or higher than the average. Analyses on the meteoro-
logical parameters were carried out for different time scales. Deviations in the scales of year, month and
day showed no clear trend, but the deviation in seasonal scale followed characteristics of meteorological
conditions in each year. The possible mechanisms involved in increasing in number of red tide occur-
rence and the prolonging duration of individual red tide were considered as follows. A common mete-
orological factor governing the mechanisms of the increasing in number is heavy rainfall. Heavy rainfall
appeared to bring nutrients and other chemical substances required for growth of phytoplankton from
land through river discharge. In addition to this process, rainy weather seemed to protect
phytoplankton in shallow Mikawa Bay water from photoinhibition in summer of 1988. Wind is also con-
sidered to play an important role in the accumulation of floating species, Noctiluca miliaris, in the case

of 1990.

[FL&HIC

=R ERE604km?, KM OEWETH
D, HE, BEOMESOEEICLDBONEIERT
B, dpkAeiR I EY (PHg, 1984), 7, RIEI,
BN o—EFANZF Lo &7 M) & 2HKRAR
BIEH I AREL, ERKEBOREONBNEELED
nNTWa (Fa%, 1984), Lizdi-T, #HAZHOE
SCEEEMEORRAFEY, BRI IR A
LRTWETHBEEVL B,

hBREIC BT BREFEERTOED £ EDIE, 1979
£ (EFI545ERED) L0 KETORMEEE LTTFE
Sh, SEEHEESIOKEERERBEEESE LT,
v =2 TMEEshicFEERECAY, £ 2 BoiH

19974F 2 H12E %8

* [RERFEYEFESE  Faculty of Applied Biological
Science, Hiroshima University, Higashi-Hiroshima, 739,
Japan,
Email: tamyama@ipc. hiroshima-u. ac. jp

R KEOEENIThbNTE S, ZHETH, Chb
iz, KESREOHEMPLENROMEIRD R
Ditic X AEESEH 2EREEfThNTVWE, TOX
IBBEOEWE=F ) Y7tk -T, REIOFEER
HAEFDICBITTE 2 TOT— ¥ 0BRSS T
E T,

A - FEH (1996) WREloRACEETRIITHE
HER0D S b, [RERESLOYRETEEEE52T
VWARANRERE LTESATHRIFL, ZAETE
—RENC TR B L ORER & D REE L,
BENSTFY, BETKESREERCFREGTHE T
EERLMIT Ui, L LIEMS, ZHBItBVWTER
ETaRERRIMEB IR L TE T B T &N
Baxhcsh (HEEH, 1985 1986), ZOT i
BLTHAREREIE SN TVWEYL, £TT, KWL
TSR B 51979~ 19904 D 1245 D FRIF A
RO EE L®, L LRHSREOKRERND
BYMEHOhcTs T Eickd, REMRET~EHKO

—114—



TREZRIEDKH

BNFERB LU ZoEcH W TEET 3 L2EHN
E L7,

& A&

FREF— & ~— XDIERH
ZETHRE L RT3 T - 4 N — 243,
[REGE « =R OFRMFLRI] (BHE, 1980,
1981 ; FENE KEERERE, 1082, 1983, 1984 ; tE 3
7, 1985, 1986 ; =AIZA, 1987 ; (LAiE A, 1988,
1989 ; 1A « B2, 1990 ; (L34, 1991 £ & &i
e Lo BB — 5 O ATTICINA, Tk GEE)
KOWTHAFRERERAREA 2 -V 2+ + F
(NEC, PCIN503G) T2 ¥ EFa—# (NEC, PCI801)
KHDIAS, 7574 v 7BREREMET A EICE -
TF—g =24t L7 (LA« BAE, 1997,

SEREFR OB

KRF—FICO>VWTHREDF— & ~— 2 EEREIC
1979~1990E D 12 ic> 0T TSR A (HES
RGRMBAR, 1979~1991) 2HVT, ZEEHO
KR, BNE, HEEE, BE - BE04>0RRE
RicoWTF -5 &y b EER L7 FRMERRE C
NOSDRRERFhEFNICH> VT, FB, BH8], B
Bl, BAlOREEEZENL, ZOBMARS L, =5
DOX4rid12, 1, 2H%%L, 3, 4, 5A%%F, 6,
7, 8A%E, 9, 10, WAZKE L1, &< I, 3R
MERECHEEL, ThdDEOTROBMET~,
FEERMIC O WTEB L/, fob, BucBIL TR, X
B (1992) wiksw, BEEMESms™ BlE, &L
CRHERAREEISms ' P Eob0EEEE L, 20
BRI L 72,

HREEE

ZREBICE T B FRBBEIRR
EREBIBWTRE LR OEXHEE, 1979~
19824E DL As205H T % Dot LT, 1983~1990
FEDOFHIZ346HTH D, 19835ELDIKE, EHEDKIE
WML TWAIERESHTH - (Fig. la)e —
7, FREAFEAE R 19894E D 39D 5 1980 D T4 &
1T 2 EREOAREHEHER LoD b, BIMERIC
HBLERVALDP oI, TNEDT ENDS, =ZHREII
B BEFEOREIZ, Fho—f—ESEDRELTY
BLERZ D, EEICI, MEAEMNLI~0HOEDP
SIHZ Lo M oBEmiEETH - - (Fig. 1b),

500 100
80 O
[2]
» 2]
>
g GOE
3
403
=—{+— Taotal number af days g
100 0
Qe Ogourrence
o 0
E
150~ =5 days
b El  6-10 days
o
g 1004 B 11-30 days
[
2 B 231 days
3
o 504
Q

3004

2004

Days

100 oo

——{}— Flagellates

seeQuene Diatoms

79 B0 B1 B2 83 84 65 86 87 83 89 90
Year

Fig. 1. Annual variations of red tide occurrence in
Mikawa Bay during 1979-1990. (a) total number
of days and the number of occurrence, (b) propor-
tion of red tide forming duration, and (c) the pro-
portion of two major phytoplankton taxonomic
groups.
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Fig. 2. Annual variation in areal distribution of red tide formation from 1979 to 1990. Rank was determined in
terms of total number of days of red tide occurrence in each 1 X1 km mesh. Number in parentheses shows the
occurrence in each year.
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Fig. 3. Annual variations in (a) air temperature, (b)
precipitation, and (c¢) sunshine duration at
Nagoya. The average value is indicated by a
broken line.
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Fig. 4. Monthly variations of deviations to the aver-
age in (a) total number of days of red tide occur-
rence, (b) air temperature, (¢) precipitation, and
(@) sunshine duration.
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Fig. 5. Daily variations in (a) air temperature, (b) precipitation, (c) sunshine duration, (d) wind direction,

and (e) wind velocity.
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Fig. 6. Characteristics of meteorological conditions in
1983, a year with intensive occurrence of red tide
in the autumn.
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Fig. 7. Characteristics of meteorological conditions in
1988, a year with intensive occurrence of red tide
in the summer.
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Fig. 8. Characteristics of meteorological conditions in
1990, a year with intensive occurrence of red tide
in the spring, summer and autumn.
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