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Abstract The expansion of blooming in the toxic dinoflagellate Alexandrium tamarense in Osaka Bay, eastern
Seto Inland Sea, Japan, is examined from investigations at 13 or 20 sampling stations from 2002 to 2016, as well as
long-term environmental monitoring from 1975 to 2016. Alexandrium tamarense blooms were mainly observed
from March to May in Osaka Bay, at approximately 15°C and 30 PSU. High cell densities were observed at low nu-
trient conditions, especially low phosphate, and low chlorophyll 4. Temperatures in April and May gradually rose
over the study period, but salinity from February to May showed no trend. Dissolved inorganic nitrogen (DIN)
declined from the 1980s onward, and the downward trend became conspicuous after the 2000s. Phosphate drasti-
cally declined until the 1990s and then remained at a low level. Alexandrium tamarense blooms in Osaka Bay in-
creased in scale approximately from the 2000s onward. Long-term trends in the dynamics of A. tamarense popula-
tions were considered to relate to the concentration of DIN and the cell density of the dominant diatom in Osaka
Bay, Skeletonema spp. Short-term blooms of A. tamarense in Osaka Bay may have been induced by declines in
phosphate concentration. However, the long-term expansion of A. tamarense appears to be related to a decline in
DIN concentrations and subsequent decreased spring blooms, especially of Skeletonema spp.
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Fig. 1. Location of the sampling stations for monitoring of Alexandrium tamarense in Osaka Bay. A: stations for the samplings on every first
Monday and Tuesday in each month and B: stations for the samplings on other days of Monday. a: station for measuring densities of all species
of phytoplankton (especially diatoms). b and b': nearby stations, so treated as same station. c: station for samplings usually on every third

Monday (middle of month).
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Fig. 2. Changes in cell densities of Alexandrium tamarense in Osaka Bay from February to May, in 2002-2016.
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Fig. 3. Horizontal distributions of cell densities of Alexandrium tamarense in surface water showing maximum bloom phase for every years
from 2002-2016.

ftzzhzturLiz. 2H 3 ADKIERIZ L A R LN o7z, DIND2 A Y 5 AOFIEIE 4.02~30.93 uM
OZbERL, BIFEEVTHot. 272, 4Ars5A TEEL, 198080 & ki L CHUAMEM 2 7R L 7225,
DK, ZHRENEREKEEIS%, 9% TH %‘at;i:ﬁ{tﬁ 2000 FARLASF I AMER S BHEE € 72 5 /2. DIPI30.13~
mzaRL7z, R Thod b ERRZHEIZEED 0.82uMTZEAL L, 1990F K £ TRENCHED L 1214,



A« s - S 0 KIS OBREEZE L ¥ Alexandrium tamarense 7 )v— L HRBEDHEK

2000 FERLERIE N Em 2 R L7225, AMERE 2 Ao
EICBVWTHEETH 7. DIN,DIPY b2 5 HDF
Nz, ARUKEOR TEREREAERY R L. Dk
DA% & FHE L 72 DIN : DIP (3 24.75~79.85 T2 L 723
FL Y RIZOWTE—EDEMER VI ol 2
nwr74vam2H e s HOYEEE, 1977FELETIIAE
B/KHEQS % THEICIHMEMICH 5 72, 3 51220029
RIS RIKEE 99% THHE L AMEM SRS b iz, KR
LK PE R BRI WA 2 & Al L 72 1993 £E ARG O

15

19784E ¥ 1986 - D 7 — & 1%, Protogonyaulax tamarensis Jf
Py LTEHBSINTEY, 221660 cellsmL™,
dcellsmL™ ' TH 2. 1978 FDE\NMEIE5 AFRAICEHEES
NicbOTHY CREHFH 1980), R OKiR18.1°C, Ho
31.15, HEMREIIE No detection) ¥ L T Alexandrium
catenella (Whedon & Kofoid) Balech T& % ¥ HIi 341 3.
1993 FELART DFRLERIEZ T N6 ISMTIFIE L e e o 72, 1994
LU O B R A 13 1994 4610 13 cells mL ™' ¥ %8 o T2
%, 20004F £ T10 cells mL ' LA F O L~ v THER L 72,

1000

s a— P ——

100 5
= 10- :-‘ S < K -
= 3 L amEe e =
) 1‘:‘:‘:'2003 2008 2013
[T} 00 . - P
3] - e
;’ 10 . . 777;-‘:‘ = . M.f'S:
té) 1 S erar St i W) e s
g 1075004 2009 2014.
E 100- . . 0
g 10 o
"~ . - o
<- 1 N S | —— e R i
s " 2005 2010 2015
> 100 3 . +
T 2
I 1
2 " 2006 201 2016
o 100 . 4 3 .
o 3 ; s

e f - ot

15 -12)- 15 20 25 5 '-1-0 -15. 20 25 5 17.-15 .20 25

Fig. 4. Relationships between water temperature and cell density of Alexandrium tamarense (1 cell mL™") at each station from 2002 to 2016.
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cell density of Alexandrium tamarense (>1 cell mL™") at each
station (a) and frequency distribution (b). Data were obtained
from 2011 to 2016. Chlorophyll a is the value obtained by sub-
tracting the estimated chlorophyll a of A. tamarense from the
whole.
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Fig. 8. Long term fluctuations of water temperature (a), salini-
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(Mann-Kendall test)..

fRiEEciEs H~6 A (B3M2003), W{kETc2H~7H
(Shimada et al. 2010), FH&—V 2#ETiz6 H~8H (EH
2007) ¥, Mt BECEESH 5. s OHEK
w2 H 2 e dbimEc o3 ER 5°C~11°C (Shimada et al.
2010), EH{TI28°C~9°C (Ichimi et al. 2001), SEETIZ
126°C~16.6°C¥, 2 YHIBESH 2 Z 30 h 5.

BN e LB EERBIC BT, HEE
I B 72 /KRG ¢ b1 15°C, AR RE R KRS 2
ZN5C~20°C, 10°C~20C e ME SN T3 (LA -
£1997). S S ICBEHRTIIREKIED28C VIl
HB (Suetal 1993). ZhoHKIC & 2 HEFEAGRE DD

25k Alexandrium tamarense 7 )v— L BIE DK Iz

AU RERICOWT, B> s BESHES NS =
TERE CHEFARTRE/ IR & 902, BRI & 2 KR
FENHLAREERH S, L L, KRBICB T 77C~
214°C Y JRVIKIRHIF TR S Nic 2 € b, RIRMEK
IZBWT Y A, tamarense \3 5272 Y RN 7K IR P © HE5E A]
RECHERIS B,

AWFZEIC B THBRFEOE 538 3012 ICER L
Tz a8, m%?@éﬁ FTHL BRI s L
A A (1997) OREEBRTIE 28 OMICE T 5 Fo
5532, 30, HEASETTAE 72 B4 #PH 13 10~35, 15~35 ¢
WESN TV, KRBEICAIE T 2 78/ ORI T3
M I L TS DI EE BT 2 2 3% |,
20164F 2 TIZARII e L C4liERR S w2 (bR
2009, ILUAIE 22201072 ¥). UEEBIZ B W T H I ONHE
THNEY 3 v B2 ¥ (—RIED2000), HFED
St. Lawrence ) || O[5 72 ¥ CHEGEABHFE L T3 2 ¥
h%>@wmmmﬂmwaz)i%mm¢’£v1m&
HNRE D Z D H 5 ¢ HELES

KBE T, wEIAMSEWERT @iﬁé’iﬁx, B
IR TOEEOKTEMNIC 2 oD 82—y psR iz, &
DI b, FIFEDNZ— GERHCEKIET S 2 e G
KBRS TER SN D Z e 2o T, IR
2 (2011) (BB T OMED &, JT)IEEC B
V2 EENELE, WEE CRAL Y- FREaLr—vay
Oy, BN TOY 2 F OFEEOA R R LT
V3. g Iﬁﬁﬁﬁtiﬂf FHEE LEIKIR O ERESRE G o
MR e L L CRIICHERRE S B e v, i#E S
HEAD L BRI T O 2 2k p3REF L 7 desEiiiass
WK & ) BLHEES 2 & v T, BRI 1
B D —D ¥ 7 o T 2 AREME DS HES S v, — T,
T O Y 2 MIBHE D b 2SS IR 2 T OHRERG
FECRBEEON MR L, FroangEIEc 2 wiEm
DH otz (LUAIES2009). T 720 b KIEHERIAFEE
BV TIE, @%@wtﬂH@ﬁﬁ?yxhﬁ FEIF
L, BN CHEE L 2R e L—3 3 VAR
ERT B 82—, BRAEETHIF LY 2 bR
DR 2L —Ya VICEREHEPFEICLVREEAT2H0
CHERI SR, Z OBHE S & — Y OEVCOERIZOWT
WEARWZE T & 2 i3k 72 2> - 7255, Yamamoto et al.
(2013) 12, VE)IEEIRIC 35 2 BEHEHSR 15 2> b DK
IKBICK S HEBERRI B, TRhDLEKEI DR
RS b ORUKD 72 CGEICRHEICIETE L, 20
BEEIEDS RN EIRL TV R b, FHGE
HIC BT 2RO & > THED S 2 — > OEWHE
C2a[REEDBEZ 6N 3.



18 AR5 o Vel

Heatk H1E (2017)

Chlorophyll a ( ug L)

% ‘ ° ° .
'E‘ a 880 b y=135.5e070x
2 s.° ; 0.69 $ ° r=0.41
= ol i - r=0. SR S S— -
§ 100 ——— iy .
3 PO . e, ®
S ° °
& 1Or ® L R e se °
° @ e e g @
8 . o, e .
< ® A
- 1 - °
: 0 5 10 15 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
£ DIN (M) DIP (M)
c 1000 — T
] o e® ® e o
2 | y=61.9e0 14 d
I S ° 1=0.38 Gy
® e
E L y = 5*105*x148
g @ L ’ r=0.62
LTy = B
E o @ - P e © oo
5 N ° e
E ° L[]
gl . Y R
0 5 10 15 20 25 100 1000 10000 100000

Cell densities of Skeletonema spp.

Fig. 9. Relationships between DIN, DIP, chlorophyll a, cell densities of Skeletonema spp. and cell densities of Alexandrium tamarense (>
1 cell mL™") respectively. Data were obtained from 1994 to 2016 (DIN, DIP, Chlorophyll @) and 2000 to 2016 (Skeletonema spp.). DIN, DIP,
Chlorophyll a: average of February and May, Skeletonama spp.: Average cell densities of Skeletonema spp. from Feb. to May at Stn. a.
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