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Abstract Phytoplankton samplings with 0.1 mm mesh nets were made bi-weekly or monthly at
Oshoro-Bay, western Hokkaido, during 1984 through 2004 (21 years). Sea surface temperature
(SST), specific gravity (SG) and transparency (TRANS) were also determined at each sampling.
Daylight length (DAYLIGHT) was available from Homepage of Meteological Agency. Through-
out the study period, the abundance of phytoplankton ranged from 5.2 to 179,682 cells L™ ! (grand
mean: 3,037) in which centric diatoms were most abundant (mean: 79.5% of the total), followed by
pennate diatoms (17.0%) and dinoflagellates (3.5%). The total number of species identified was 99
for centric diatoms, 35 for pennate diatoms and 23 for dinoflagellates. From a cluster analysis
based on Bray-Curtis similarity index, phytoplankton communities were classified into five
groups. With regards to long-term patterns, the regime shift (cool to warm) that occurred in
1989/1990 in the broader Northern Hemisphere was detected in the anomalies of SST and the
total phytoplankton abundance, but was not reflected in the data for SG, TRANS or phytoplank-
ton community structure. Rather, partial autocorrelation analysis for environmental factors
(SST, SG, TRANS and DAYLIGHT) and phytoplankton abundance, and a cluster analysis for
phytoplankton community structure revealed that the most predominant pattern was seasonal,
reflecting local climate events with 12-month cycles.
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BRI D g EAERER NG A 5 B TR 5 TR
DO EDELT, FERERZER 7 KUREE) & iR
BEOZEAL, ENITHES EYRHROINEIC DLW TORE
=41 v 7 LT RO 2 s c BT TV
5 (HFriEA 2008). JEAREFEICH W T & EiH7Kim P K
foREW7— 455 10 EF P 0ZH  ENSO (= v
=—= 2 EARE) ICBELL Y- a7 RS
LTV % (Tanimoto et al. 1993, Minobe 1997). B
[ ORGSO LH)E, KEROERE) O OiEREE N
LTHY 7S5 v v vEEEICEEL (Karentz &
Smayda 1998, T%£ 2001, Adrian et al. 2006), & 51iZ
aYrEEEE L TS v 2 v, 2 LTRME, A
1 & BRI AL 4 B BRI e d % & & s
R XN TW A (Aebischer et al. 1990).

JERF IO 7 5 v 7 b YEfFE (7 anm
74 VEHER) LTS v b B RORELE)R
fr (1954-19944F) &k b &, LWEFh b 1960 FA4R,
1970 FARDOPIDITH T TE DRiZEOER L D bEUES
<, TNRABHROENKRET EFERICBEEL TV
EFEZ 5N TW 5 (Sugimoto & Tadokoro 1997).
Chiba et al. (2004) [$HEHK DO HEF I 5 30 [FRD
ghb e U, FEigcEERicb i - TkEokEL
DRI E 8D, 2 OFERERE D S ORELAHIGH
i ohn, HEREOMEECETETCZVEY T S v/
N VRESELFDEEICH B EHETVD, IO
kB &, HEIKOWY 7 5 v o~ VEEROFEENIC
E7 ) a— e VEKUENERICEE L TB D, oK
KUED RV I A F O FHIE N E 5 Ic o RERAEH
By, T oERBIEEOBREOREY T 5 v 7 b vid
K (ERFEE<RER) by, HEEERREDT S
T EDEE SR TV S (Miller et al. 2004)

DX IHFEIEY 7 7 v 7 b VERDOEFIIRE
IR 2 o — L TEALT A AR BRI T 5 — 4,
IR 7 5 v 7 b VBRI RKEBESRBERICINA T
KEREREE, RRE, SXK#El S, T oMl o/
HIBSEZERI 2 7 — VO BRBATIC M P s b T &
HKE, T —8o v NOREE, SHEIN TV B (Kar-
entz & Smayda 1998, Facca et al. 2002, Nikulina
2003). Lo L, HERFECE T 2 EHERIER (20 4
PIb) iSO EW 7 5 v~ vEEEE L T 0 ERO
RIS 3R EGEIC B 25 « A3H(2008) & A
HEEPEHEIC 351 B Nishikawa et al. (2009) O¥REH &

BDATH 5B,

JLHEETEER O AR IS L 7o ARSI L& T 5
BEEAETI, 1947 F» 5 2004 £ TEMITHL-T
EM B E WY 7 5 v 7~ YRED TN
ZD—ERIFT TlIclEEI N T3 (Kawamura 1966,
JCH 1971, Motoda et al. 1987, EEX « /NE 2000). A&
e T b o R RESR O 5 B, 1984-2004
(21 F[HD) oRBEERWT, MY~7 5 v s b v OfEE
E L MIfECEE 0B ATV, BiffE RIS &
HEME O R INAH) & [AE O BRIBER & OBAREIR S 5
95 EAHME L.

2. M#LTE

FE X 1984 0 5 2004 FEicb 2, H1~2[ED
W CiThNI. Y77 v o b vEENT, KRG 2R
O PP % » b (030 cm, H&W 0.1 mm) %
M, AEEhRE OKZE 5 m) OER (A) 5 5 &L
Ok#E 15m) OEM (B) K[ - T, #BHE 280 1
m OEE TKFTH 340 m M L <7 (Fig. 1). &%
%75 v b viEkEE 10% Bk r v~ ) vigiER TR
Bl ERETCIOH Yy 7P EX L, 05mL %
70y ROOWIREHF » vox—1t & b, HYIBEMES
T (53R 150~3001%) THFEE & HETK -7
(Guillard 1978). H#EEZ %~ FOHA&WV (0.1 mm) =%
L, fiAoREXIN0.lmmbl o> v v
EXRIIT» 7o, FHOREEE LT, 7 vy aItBEAL
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Fig. 1. A map showing a sampling transect (A-B) in
Oshoro Bay, western Hokkaido.
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F oy vN—KRIZOWT, 7V v NMEicHiiaskz itk
L, éﬁ%77/7b/ﬁ@mmﬁWUi ELE
=, &3VIFHEKS DI WESICE, Fr v N DJE
D 34 @1UL@$E¥%%EE%3LJZ&L7‘_ LY
Y7 b vOREREB LI VT, HEEEFITN
ALk (1960), IRHEE AR LIRS (1984) ITfE~ 7. F 12,
L EEZEICEI L Tid Tomas (1997) % Horner (2002)
%?%ubt.ﬁ*ﬁi%%ﬁﬂu*vU7V_va/
EIToTWIhotofow, 19844511 A5 H, 11 7 26
H, 198541 H21H, 2H28H, 3H12H, 4H 18
H, b H23HIZiThbNkF+ ) 7L —va Vst
EL, BEERHICBI S % FOEKEEZRY, Y7
A N Fi ] e = K RO

°5 v b VR EEFHCEEKE (SST: °C) 2k
BREERTCHE L, Fio, RAXIERZH ko
HE 0 (SGigem™®) &, & F —EHV /KD BEH
£ (TRANS: m) #llIiE L7z, BEF— 45137 1[E0H
BRTONIEEEZOME, A 2 BOHEENTTON
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BHdzoVEEEiTREL, S0 HoREMEE LT
-tz B HORREHBIER (DAYLIGHT: hmo™!) %
KRFF+ — & <= (http;//www.data.jma.go.jp/obd/
stats/etrn/index.php) & 0 57,

W75 v 7 b v RGO O @Ticida v
Ea—%—v7 b BIOSTATI)IZ L %7 5 2% =i
TRV, ¥ 7V O REEER & A O E VIS
WT, @Y YT EVLOhD T IV—T I L. K
fRITORR E LIcDld, —ETd&Y v 7 ricbunta
LA A ‘/iﬁz@ 5% LI EAEED T, Mk
B (: cells L1 25 (logo [x+1]) L, Bray-
Curtis similarity index I X D FAPE < b ) » 7 2 &(E
Rk, SEHEALE: (UPGMA: Unweighted Pair Group
Method using Arithmetic average) T7F ¥ Ko7 5 A
ZAER, EEOIFHUE XU > T 2hD 7 v—7
29 13 72 (Field et al. 1982). /KERERBETN & flfask
BEOWRRI| T —7IcGEN 5 Bt %E A 5 - DEHC
FHEAR L (Partial Autocorrelation Coefficient) %315
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Fig. 2. Long-term variations in monthly/bi-weekly data of sea surface temperature (SST), specific gravity (SG),
transparency (TRANS), day-light length (DAYLIGHT), cell densities of total phytoplankton (TOTAL), centric diatoms
(CENT), pennate diatoms (PEN) and dinoflagellates (DINO) in Oshoro Bay, 1984-2004. Grand mean and 12 months
moving means (bold line) are superimposed to facilitate detection of trends.
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Fig. 3. Partial autocorrelation analyses of sea surface temperature (SST), specific gravity (SG), transparency
(TRANS), day-light length (DAYLIGHT), cell densities of total phytoplankton (TOTAL), centric diatoms (CENT),
pennate diatoms (PEN) and dinoflagellates (DINO) based on 1984-2004 data in Oshoro Bay.

L, avessazfERL.
3. ¥ =)
3-1. REEROREEEE

1984~2004 4:f%@ L T, SST, SG, TRANS, DAY-
LIGHT o34y (Z#ig) 324 12.3°C (2.9~26.5),
23.08 g cm3(12.71~26.93), 9.74 m (3.2~17.5), 137.8
hmo ! (87.7~264.2) Th - 1-. ZNZNOEIEFER D
REEZE) s — v &, UL S ORERE, R
#0312 » ABIITFEE KD TERL L 72 (Fig. 2). Th
T, MEREORENZHOEES LTRbLCHVS
% SST T3 1989~1990 F i TREMAD & IE
ANEKRECEML 1992 % TIERENFHRE L. £k
1999~2000 Fiz1F T b EE D ARZED O ElREND
EhinH SNt SG & TRANS & RHHIS AT 27 L
723, HRIT SG DIRFEF 1994~1995 Hi K& B & 78
D, 1997 H£F THORAEMFE WV 72. DATLIGHT O fF#%
13 1984-1985 LT K W IERAEN R S s, DB A

FRANCHERS Lo, BIMEA2HE CHEBES T (2ve s s
L) THRFT L 728558, SST, SG, TRANS, DAYLIGHT W
Thich 12 5 HoFESEES R S nic (Fig. 3).

ZTNENOLEEEER OB 12 » AL 722
Lino, 21 FERIcB I 28 A EEM AR L, 1 £/
TR AR 72 (Fig. 4). SBEEERNORS (R
R EEN RIK) BENZENSST T8 AL 2 A,
DAYLIGHT Tid5 HE 1 Hicioh, 14421447
V&L TERPICHER L T, SG & TRANS OZH)
ICREAER DO R TH - 7245, WFhb 4 Hickw
THIKEDS RS i (Fig. 4).

3-2. Xv MEMITS VY b UDORIBEEE
3-2-1. HIE

1984~2004 FoFHEMM 2@ L ¢, HEEEICES]
Motospp. b 1 EREIT UL, BEEEICHIRL okl
W75 v b vigHOEESE 25 8 99 fE, PHREEE
#N 218 357, MMl EEN4IE 23T TH - /2 (Ap-
pendix).
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Fig. 4. Monthly variations in the mean sea surface temperatures (SST), specific gravity (SG), transparency (TRANS),
day-light length (DAYLIGHT), cell densities of total phytoplankton (TOTAL), centric diatoms (CENT), pennate
diatoms (PEN) and dinoflagellates (DINO) based on 1984-2004 data in Oshoro Bay. Bars indicate standard deviations.
Vertical dashed lines in SST indicate seasonal categories used for correlation analysis between phytoplankton cell

density and environmental parameters (see Table 2).

3-2-2. fERHBE

SEEM AR LT, &HOMLHEER, IR S
HiBsEHES X N5 3 0O RMIAEERE O
EFE) FThEn 1,940 cells L™ (1~101X10%),
1,120 cells L™ (0~179x10?), 102 cells L™! (0~241 X
10%), 3,037 cells L™' (5~179X10% T& b, LM% @
LTem> s v o~ villagac 5% 2 o BE#E,
IREE#E, EEROE HEFRIT 79.5%, 17.0% B &
U385% TH -1z, TOXHITHLEHERDEER I E
GHL, W75 v 7~ iR oZE ) E MO EEEE S
FIE—F LTV, CPHRHEEREIR 199047, 9 H,
1992 F£ 7~8 H, 1997 £ 7~8 A, 12 A, 2001 £ 10
~12 A, 20024 11~12 Bicef@> 5 v 7 + villla
FED 80~99% % LTz (Fig. 2). 7BHiESZ
1997 #£5 H & 1998 & 5~6 HIZ 50~90% &\ HE
AR LUk, UL LA eEY 75 v 7 b v Hild

BEEDIEIL 7.7~95.3 cellsL™! &, JEFITEWETH -

FNZENONMER S X % ORREH O L - fila
B oRBEF KO 21 FH o A 5 oFE (7
/=) =) 212 5 HOBEI TR L kR %
Fig. 2 1w/Rd. M.OHEE# (CENT) &iE#iE#: (DINO)
DHMIIEEE DIREDEFELF ¥ — v i3 LTV
75, PHREEE (PEN) O 2 3R - 78y — v ZR L
7. 3B ORRMIIEE (TOTAL) O fFZE T % OFEY
EHDE, DINCl<2 X5, 1~EIFEo bR
DR LT\, Fig. 2 IC R oh 2 EEM:4RE A
BT (2vossa)icks 14 (1258 LR
WAt Lz & T A, T SHMBEE T 0TI
FNENETOHEIH 556 » H (CENT & TOTAL
DA), 12 n A, 24 A, 36 » ARREOEELFANRR
Shic (Fig. 3). WINORHASK 12 » APEARLE -

~
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Five phytoplankton groups (A-E) separated by cluster analysis, and characteristics in terms of the season

observed, major component species and thermal preference of each group. Characteristics of representative species

are derived from Kokubo (1960) and Yamazi (1984).

Group Season observed Representative species Characteristics
A May-November Chaeloceros loren:zmnus Warm water centric diatoms
Chaetoceros affinis
January—April Thalassionema frauenfeldii Cold water pennate diatoms
B Coscinodiscus spp. Cold water centric diatoms
C December—January Coscinodiscus spp. Cold water centric diatoms
D June—-August, 1997 . . .
November, 2001 Pseudo-nitzschia spp. Warm water pennate diatoms
E May-June, 1997, 1998 Ceratium fusus Warm water dinoflagellates
Month
1 2 3 4 5 7 3 9 10 11 12
1984 - - - - - A A - - A -
1985 A A A A A A _
1986 A A A A A A A
1987 A A A A A A
1988 A A A A A A
1991 A - A A A A A A A
1992 A A A A A A A A A A A A A
5| 1993 A A A A A A A A A A A A A -
;'i 1994 A A A A A A A A A A A A A
1995 A A A A A A A A _ A
A A A A A A A A A A A A A A
A A A A A A A A A A A
A mm A A A A A A
A A A A A A A A A A A A
A A A A A A A A A A A A
A A A A A A A - A A B
A A A A A A A A A A A A
A A A A A A - A A A A
A A A A A A A A A A A - -

Fig. 5. Temporal variations in five phytoplankton community groups (A-E, cf. Table 1) in Oshoro Bay, 1984-2004.

—: no data.

TWBETAhD, 1EMOFEHZEE RS0 21 F
Mo S 2FHE L 7 (Fig. 4). = O#ER, MOHERED
flasEEoRKI4HEIAICHD, NI 1 ATH -
fo. PHREH#E S HEEREOMIAEE R A L R/NIE N
Zh10H&E 1 H, 5 &1 HicRenr (Fig 4).
3-2-3. BEHEE

7 5 A5 — gt h S IEEMIE 89, 81, 73% TAMAM
RHcHB LW 7S5 v o b vBERZ S DDV —F
(A~E) I ¥id 5 &MmT&E/ (Table 1). D57
V=705, 5~11 JIcHB L Bk L HE#E T
o ohs 7 v—7 A 1~4 g8l L 7ok
DHEETHES U oNE 7 V-7 B, 12~1 HIcHiH#
L7cm/KEMLDE TREO O 5 s 7 — 7 CKFIc
EHETH - 2 (Fig. 5. INH0KT IV —F OFRHENG

HERWOBELE 2 A 2 &, 1990~1991 FETRZ D
AR DEL R D, PIFEAFICHBIT 27 v—7 CHE
FICHHL, PUELE» OSBRI T Z2 70 —7 BA
ME L CHBE LTV, 72, 1995 4 & 1997 4F & 4
DE TV —7 DB OEEHNISHER LRy, 7v—7
CHOMEI, HBEMRZ 7 V—7DHPEFICHEL TV
(Fig. 5).

3-3. BREERLENTS VI by

BIEZEROEHICIE 12 » AAMOFHEH N KA S
Mot T EM S (Fig. 3), SST Bk bE» -7 1~3 A%
A%, 4~6 HEEE, kbm» -7 7T~9 HE2H=E, 10
~12 AxMFE 7 v -7 L (Fig. 4), ZRBHOBEEE
(SST, SG, TRANS, DAYLIGHT) &7 5~ 7 b
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Table 2. Correlation coefficients between cell densities of total phytoplankton and environmental parameters (sea
surface temperature: SST, specific gravity: SG, transparencies: TRANS, daylight length: DAYLIGHT) in Oshoro Bay,
1984-2004. For this comparison, all the parameters are grouped with winter (January-March), spring (April-June),
summer (July-September) and autumn (October-December) based on seasonal changes in SST (cf. Fig. 4).

* p<0.05, ¥: p<0.01. Degree of Freedom of all comparison was 19.

Cell densities of total phytoplankton

Environmental parameters

Winter Spring Summer Autumn

Winter

SST —0.442% —0.162 —0.163 —0.137

SG —0.102 —0.331 —0.062 —0.234

TRANS —0.243 0.181 —0.455* 0.213

DAYLIGHT 0.045 —0.231 —0.341 —0.311
Spring

SST 0.171 —0.077 —0.238 —0.441%*

SG 0.127 —0.404* 0.189 0.038

TRANS —0.065 —0.163 0.438* 0.339

DAYLIGHT —0.136 —0.158 —0.281 0.253
Summer

SST —0.154 0.290 0.045 0.244

SG —0.154 0.207 —0.142 0.483**

TRANS —0.111 0.069 —0.295 0.270

DAYLIGHT —0.100 0.356 —0.206 0.289
Autumn

SST —0.318 0.075 0.154 0.513**

SG 0.355 —0.120 —0.045 —0.390

TRANS 0.207 —0.059 0.320 0.300

DAYLIGHT —0.426* 0.236 —0.029 0.586**

v MG & OMHBAS T 21T - 72 (Table 2). %AFED
WY 75 v o b villlakk a4 FE o SST, KFED DAY-
LIGHT Lt B oREER L. BFEOWMM TS5 v o b v
s FEFED SG L A0MHREZ R L, EFoMiaiid
#Z D TRANS & IEOMHBZR L, KEO M I:EF
D SG, kZED SST & DAYLIGHT & IEOH#BEZERL,
W7 5 v 7 b v HilaE & HB O b 2 BERESERNE FREiIC
& o> TR 2 EAURE N (Table 2).

4. & =3

4-1. REEZERORRAZHHMH

LY =LA v T b e TREND ZIRED SR E
~, Bx OREOEFGIAM X 0 135 I E O E
BdacL] EEFRSNS (Minobe 1997). Fifi/ki &
KT — & @ SALEER T3 1925/26 4E, 1945/46
H, 1956/57 4, 1970/71 4, 1976/77 4, 1988/89
Fiorvy—avy bWREELLIEBHONTVS
(Tanimoto et al. 1993, Yasunaka and Hanawa 2005).
Senjyu et al. (1999) 1§, HARMEREH ~ILH OIL VWK T
1951 4£~ 1995 4 o H -1 &K i 2= & R L,
1980 & 5 1990 R 1 TARZED S IEfR
ZRELTWBE T EARBL, INPILKEEECRIE

WicRE LY =2y 7 MITHIELTW A T &2
LTW3., AFRICE VT b EEEE O LEKE (SST) 1R
ZEM1989/90 FICEHMLSIENEEML TV LR
(Fig.2), TOLY—Aav 7 MG Lz b o L Hr s h
5. Lirl, CoOKBIERZDFRBIMIZ>WVTE
Senjyu et al. (1999) @ 84 » Aot LAWIFLTIE 24 »
H (1990~1992 4, Fig.2) &5 - T, HARZI
T 1999/2000 i RIEKEMRE B 5 A
M AERESEL, CbL Y=o v 7 bhES bR
XN TV BH (Yasunaka and Hanawa 2005), ZP&A
LW TbInE s A3 v 70— d 2 ERBKEDOAN
5IEANDZERIA 1999/2000 FIcHIZ S iz (Fig. 2).
—75, REKELIA OEREER T d 2 BIHKE, HE,
H 2R HBERICE L ik RmkECA SN LS L
V=LV T MT—H LR A SN e, BIPE
131999 £ & T 2001 &2 5 2003 HE AT I TR L,
HEE 1995 0 5 1997 FFiT i TEAEF ITE ) »
(Fig. 2). 1995/1997 IcH o BEE K HEDOK T IZFE
FERICEFRENCENEOEINICXZ2bDEEZ LMD
(K&T HP)., KoK/ OBIRERIE 1 S fERE
e KilEhTVWa EEZL LN 5.
4-2. WEHTS VU b ORIAEEMSM

M0 HEESE O ffa% R O R 2 1E 1990 I iEd S B~
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AL, BOIREEN 1993 & Thc\ 72 (Fig. 2). fEY~7
5 vy N ONERAEA D E, TIHREHEREC RO
FIEHIOZ BN ML HEER & 3—8 L TV, 20
Y A/ A e p SRS BREy N = FE 3T Ak | EE AR FEY VAN
SV, BT 5 v b v OHIERE R E DA E) E
MLAHEEOEE ¥y — v &R KL T\, 1989/
FEL Y-y 7 FTROENALFRF/KED LF &MY
75 v b v HIEEE ORI ORRBRICOWT, Eifl
KR D EAD UK ORERS 215, KE» O OKEE
HifaER LSRR EEZ ONDG, TS5 v o b v
MRk A o4 2 BRI TREIC X D 5B 3%, ABFZEIC
BOWTAZOREY 75 v 7 b VIR ICRmEKE E &
DIHBEH - 72 2 & 1F (Table 2), T DFERmAKE FHE-H
K@D & ORBEMHA AT TV T & DK E R T
x5,

Chiba & Saino (2002) & H & i @ th e #Bic 510 T
1972~1999 EHFZF 0N 75 v 7 + vEIFRE (7 oo
7 4 VE) ORFFEEAB AN L, 1976/77 FITFHAEL
SROLY—ALY7 b EEICINGOFEREBL T oD
T4 VB LT EERFAL LI L, Bl
1980 FER D KB O REHE ZE L, ZHIIHEEON
IR D REORKES L DR FEL, FEgh o ORER
BEEDME T S N7 AER B LT W % (Chiba & Saino
2002). TO LI ICKEEOMESRY TS v b v D
HIAEEICKRESSEEL TV L2 EET B &,
1995 #E ~1997 I K o h - 2 s L E /2 o R
(Fig. 2) ZBNNDOHKFA &L ZIcfE S KEEO MG

Bkd s Ems (B2 1Eh 200D, ToFERICHY
75 vy b vOlEEEREL B EBTHENS.
FBRIC 1995~1997 FFopIgd T i, MOH « PR HE
B, HEEROMINEE RO 2B s /o s,
BT LTk (Fig. 2). 1995~1997 FED %
KBTI BWEMT 5 v 7~ A ORD OB A
ThH AN, RlRD L5 OEICEKELSBE LT (K
LFF HP), 2FiH BRI (DAYLIGHT) 2AEICiE U C
& (Fig. 2) M2z D HEKNEZEZOLND, DL ITHKE
O¥EIME, BKRAERMINC X 2 REEHBIC L 2 ED
TER &, SRR HBRERNREDL T 2 LIk 2HOEH
D, HNT2EEEWEY 75 v 7~ vBRICEZ TV
LEZONB.

W75 o v vBEO 7 528 - s, BhT
L2500 FETNV—TOFHEENBIHS MK >
(Fig.5). TN oDE LIV — 7 OREIEBORTELH %
ABE, 1989/90FE DL YV — L v 7 FABKIcIhE
TFELTI2~1 AIcHB L7 v =7 CHEZEI,

INETI~ AR LA Vv—7F B2 6 A% cHER
TEREDMOFEICHNTRLE > HHAEZEL TV
(Fig.5). 7 Wv—7 COEZFHBI-WVT, 1990 FidA
BZEic B 0T SST ORENAED SIEIKEE L2 8 1 3
Ve LTEBY (Fig. 2), LY—4v7 MITHILBL
TR T 5 v o b YEHEOE(L LR T B LA TE
3.

1999~2001 F O ZEEE I B S N F/KE O L5
ik, PEHREEEOMIEE 3ADORETH - 725, il
75 v b v ORIIEEEIZ 1989/90 fED L ¥ — 4
V7 hERIY, MINORES/NS Do e BIEDRET
bt (Fig. 2). WEWI7 5 v 7 b v OREREEICBWT
b, 5857V — 7 ORI ICHTHR OE & R
Do HHIZE SN h - 72 (Fig. 5). 1989/90 £ L
V=LAV 7 h Tl L DT, FREKED EFIIKED
R L Z R LRBEOIKEY & 0 fis 2151, Thic
Ko THYI T 7 v 7+ v OMIlaEEISEET 20 ThHN
1, 1999/2000 DL Y — 4 v 7 F TEAHIETIRE
L TWIR WO BRIFEER () 2 1 EIC & 28R A 7S
E) L -THEYT 5 v o b vaskEESHE S Tv
rEREE b E A SN B, 121, WT T v b UK
I 2 BREE TR IR EENIC L  EL % 729 (Table 2),
AHEOREI 7 5 » 7 b I 1999/2000 0 v
V=LY T MR L2 B A S NI - Fo R 35
ELELD - 7.
AsBAEIEGEREEH O 5 5, JLH (1971) & Mo-
toda et al. (1987) 13 1949~1969 D75 v 7 ~ v ik
R CKEBYRWEY 7T v 7~ v) T LT, %5
TRILBENZ L, FHEHTRIFEICL > THTOEE)
MHELNEHEDODHE (4H) & (9 KitBED v —
IMREONBTEERE L., 2hEND Y — 7 ZHEK
TEHEMWEMT T v vid, BEEESHENLHEEE

30 4
\

20 1

-z
X
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Fig. 6. Long-term variations in percentage anomaly
from grand means of sea surface temperatures (SST)
and cell densities of total phytoplankton (TOTAL) in
Oshoro Bay, 1984-2004.
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Chaetoceros atlanticus, FKZ= 13 B /K 10 H He e
Chaetoceros affinis Tdb » 7z (Kawamura 1966). 7 5

v b vk SRR B VI I IR R B B
ERGEL, AWIE (1984~2004 ) OfER & HET %
&, AW TIE SST LiaMIafiER: & D AR 1984
~1994 £ F TRFAF TH » 1A%, T hLIFEHE O BIf%
AR E 78 > Tz (Fig. 6). FFITE > TEH I H B
booHAEFHLT, 4L 9 HicHlBEED
-7 SHEL, ThPMLHEERTHEEKEh W5
Z &3 (Fig. 4, Table 1), Fuid Kawamura (1966), JC
H (1971) B £ 0" Motoda et al. (1987) DfER & —F L
TW3,

4-3. WEHMT S v v REBZESOMIEEE

A, MEEOWY T 5 v 7~ vEEOEE#HOE
K& LTk, 5, HEE, KBRS E OREER D
HETH S I L RN AR L 0 IRESh
TWw3,. fHlZ1E, SKE Narragansett Bay T 1959~
1980 fFEich e » T 7 5 v 7 b v EMER O Z B %
ALcE A, KivHEEOECHE) L 72 54, 10
FExHE L RBEZE P s Tw 5 (Karentz &
Smayda 1998). EREIHKTH S A ¥ ) 7D Venice
Lagoon T3 1970 f£48A 5 1990 ¥ £ T ATUHE
Vil di Lcuwreds, 1990 SR E - 72 K H
HEEDTEFRAL D i RHER YR O B £ 5| i C LK
B S, W75 v VHIIEEE O & B
EHEEOEL AV EEZ 5N TWVWAS (Facca et al
2002). 74 v 5 v FEKEO Neva Estuary (B4 2
MY 7 5 v 7 b VBT 1980 £ 0 thoe 2 g 87 >
5, 1990 FARIT 1T E REMHETE LI & K&
CELLTHY, BEREMICLZIEETOMRAZATEIC X
DY YEREOHENKAICYD, ZTOMBEELTN P
Wb U, ERE2RKH)» 5 EBREEICK > THD C
CHENABT2EBEINLEEZ 5TV 5 (Niku-
lina 2003).

HEE T 1960~ 1970 FFEARUICH I TR E
ICHEVWERB(LWZEITEIT L, & OfERESE O AN
FEOHEE L, hEELRECED UL HH Gl
(2008) (3 1981~2000 £z THEH 1 B EE RO
1 ERCREShICGER» SR 7 5 v 7 b v ORI
DA« FEAFZ T L, AFEHRICIELME SN
O, &, E, KEBHRCITFEHNL LN, TOJFH
A& U CREERE () VBRI % DL (Si:N) @
EEPERICES L TVWA T EERE LA, 58, 0O
WS TR GBI HIE U /cEES8H 25 8 94 T, il Bk
$H 9 8 32 M3 H BB O AMERE R I e~ THEE (1

DHAIRE: 46 & 134 8, Appendix) Tl <,
RS 4B 23 ) TlEh -1z

WEE NHBIRESEC 12 A B O KEMEIC 0.042°CT 2 1
5L, B SR (DIN) 238 1970 D 10 oM R
5 1990 FfURF D 5 y MR £ TRV L 7. Nishi-
kawa et al. (2009) & 1973~2007 fFiZ 1 THREE#E D
19 S TRES LA =ML, W75 27 b v
fH %13 DIN &[Gkt 1970~ 1980 FEAFIE £ T
<, 1980 FBBELIB DI -TH Y, Td 1980 4F
RFIF O Z B [ L < LD Skeletonema
J&D> 5 Chaetoceros [BICEH -1 T EAHSHITL 72,
BB cB 20X 5 v~ vl s B
SREDRIIZH) IR EREE~N O ASRIFEOREERA R
M-l &tk b EEZONTOVS,

Zokoi, W7o v s~ Y HEORINEZFHOER
3, WEERE GREE, JNFEED, KREERE (BXE,
R, BARE), AATEROFEIBEICL > TRELE
k42 E0nh s, FHBENLERECOMY T 5 v
7 b volifFE GIREE) &2 oS ORRIE
3, ARANICEEERO 14 144 27 vE LAt
G Lz b DTH b (Fig. 3), KRAAITHN7 1984
~2004 FIcEBEA R PG EERESRKE CELLEL
EIRE LAY

KR TR T 5 v 7 b vl e i3 % RS
RIFZEHIC L > TR B EHRE NI (Table 2). %
ZOMRIENREKENS RN EZ W &Eid, SHEERAI
X BRBIEMENERE L EERLTVE, F1KED
AREBORBSD &b, REEPIMETICHOVEL
IV &N, KFoMifaieE< T2EKRTHE T
LERELTVES, BEOMIBMICEEOKOLEEH
DOHEBEMNSH - 72 Z & 1d (Table 2), Rlk/KIC X 258l
HHANERE L L AR LTVWE, EFICBZOFHICE
2 ERIEHEN E OB R SN h - fons, XF0EH
BEIooWTHD, BEOBEFREIC>WTIEOHBE,RS -
7z (Table 2). ZEBITBVTEHE R 5~ 7 b
vl & B ORERNH B (Fig. 4). oD &k
BT aEHiTOMMT S v o b VIO ZE LY —
v =Ny — v (ZARICHlaE W E, BERICDEL,
BRICHUVZ W) B ->TLWAIEEREBLTWS, &
DX O ICHERET 2 FHIREE 2K > THARKRICIH S
D bEIN IV, KEOHITIEIEEEDILE, KEFEOE
/KR & BT H IR o R IE 0 AHRAAY & - 7 (Table
2). FEEREKEN T, BESHNLTOLEHT
»BH (Fig. 4), X oRErHECTREICEL 7S v 7
NUDEEE BT ENHIRT, HREMED X W HlaE
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MEVWEEZOND.

KFE TR L2~ 5 v 7 b v RES 0.1
mm D% v b TRESNLLDT, THLTOMIEY 1
2O T 5 v b viREENTWEL, X < /NG
(2000) (F 1989, 1999 FFICRBOHERICE T MW7 5
v N VBEREEROKEE v NERERTHE L, 1999
FITE %y N TREESNBOWNME 7S v 27 v D
BEETN—LBb- I EEREL TV, M/NMEY 7
Iy NIRRT 5 v 7 b IC R TR
LT OB AEETH » (Lalli & Parsons 1993),
REBIERE S X o MEY T 5 v 2~ v EHEOBIR A T
T2 EcEEEEbLNS. L LIRS TRREERIC
WTRIMMAHBERPELET 20AT (hEE0
2001), SHER2ERE UKEE—MIMEY 7 5~ 7 b
v—3% oy MEYMIT S v 7 b v OEEIEE) OIS %
LI T BHLEND A S,

it &

A X D B A TR Fo b K K B K EERFF IS
B D 4 H—EREdZ I HEfLEE L B 97, AL TRV
77 v b vEkE X OmEBNE RS A T ligE R
ARG ERITTEEAGRNBRIC L > TH O
DThD, e & bICRIEKOEFICE B HITEEL T
BrxLLEd. {BoREPSEERORMEZ T ]
HEE N TR YK PERRBRIG O/ NS IR R L B &
9. i, FEIRFERFREFIOR O AR
RO ZTF = v 7 2THEE L, L THEERERL
ES:
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A list of species of centric and pennate diatoms and dinoflagellates recorded in plankton samples from

Oshoro Bay, 1984-2004. Species names were updated by referring to Algaebase (http://www.algaebase.org/).

Centric diatoms

Pennate diatoms

Dinoflagellates

Actinoptychus splendens
Arachnoidiscus ehrenbergii
Arachnoidiscus ornatus
Bacteriastrum comosum
Bacteriastrum delicatulum
Bacteriastrum elegans
Bacteriastrum furcatum
Bacteriastrum minus
Bacteriastrum spp.
Bellerochea malleus
Biddulphia reticulata
Biddulphia rhombus
Biddulphia robusta
Cerataulina pelagica
Chaetoceros affinis
Chaetoceros atlanticus
Chaetoceros borealis
Chaetoceros coarctatus
Chaetoceros concavicornis
Chaetoceros constrictus
Chaetoceros contortus
Chaetoceros convolutus
Chaetoceros curvisetus
Chaetoceros danicus
Chaetoceros debilis
Chaetoceros decipiens
Chaetoceros decipiens f. singularis
Chaetoceros densus
Chaetoceros diadema
Chaetoceros didymus
Chaetoceros distans
Chaetoceros diversus
Chaetoceros eibenii
Chaetoceros frickei

Chaetoceros laciniosus

Chaetoceros lorenzianus
Chaetoceros messanensis
Chaetoceros mitra
Chaetoceros pelagicus
Chaetoceros pendulus
Chaetoceros peruvianus
Chaetoceros pseudocrinitus
Chaetoceros radicans
Chaetoceros rostratus
Chaetoceros siamense
Chaetoceros teres
Chaetoceros tetrastichon
Chaetoceros vanheurckii
Chaetoceros spp.

Climacodium biconcavum

Climacodium frauenfeldianum

Corethron criophilum
Corethron pelagicum
Coscinodiscus centralis
Coscinodiscus granii
Coscinodiscus sub-bulliens
Coscinodiscus wailesii
Coscinodiscus spp.
Dactyliosolen blavyanus
Dactyliosolen fragilissimus
Ditylum brightwellii
Ditylum sol

Ditylum spp.

Eucampia groenlandica
Eucampia zodiacus
Guinardia cylindrus
Guinardia delicatula
Guinardia flaccida
Guinardia striata

Hemiaulus hauckii

Hemiaulus sinensis
Leptocylindrus danicus
Leptocylindrus minimus
Leptocylindrus spp.

Melosira moniliformis
Odontella aurita

Odontella longicruris
Odontella sinensis

Odontella spp.

Proboscia alata

Proboscia trancata
Pseudosolenia calcar-avis
Rhizosolenia acuminata
Rhizosolenia castracanei
Rhizosolenia hebetata f. semispina
Rhizosolenia hebetata f. hiemalis
Rhizosolenia robusta
Rhizosolenia setigera
Rhizosolenia styliformis
Rhizosolenia spp.
Skeletonema spp.
Stephanopyxis nipponica
Stephanopyxis palmeriana
Thalassiosira angulata
Thalassiosira baltica
Thalassiosira nordenskioeldii
Thalassiosira spp.
Triceratium favus

Triceratium gibbosum

Asterionellopsis glacialis
Bacillaria paradoxa
Climacosphenia moniligera
Cylindrotheca closterium
Donkinia spp.

Fragilaria crotonensis
Fragilaria islandica
Fragilaria striatula
Fragilaria sp.
Fragilariopsis oceanica
Grammatophora marina
Grammatophora serpentina
Gyrosigma fasciola
Licmophora lyngbyei
Navicula elegans

Navicula spp.
Neodenticula seminae
Nitzschia longissima
Nitzschia sigma

Nitzschia vitrea

Nitzschia spp.

Plagiogrammopsis vanheurckii

Pleurosigma angulatum
Pleurosigma elongatum
Pleurosigma intermedium
Pleurosigma spp.
Pseudo-nitzschia spp.
Rhabdonema adriaticum
Rhabdonema arcuatum
Synedra fulgens

Synedra spp.

Thalassionema frauenfeldii

Thalassionema nitzschioides

Thalassiothrix longissima

Ulnaria ulna

Ceratium arietinum
Ceratium articum
Ceratium belone
Ceratium candelabrum
Ceratium carriense
Ceratium furca
Ceratium fusus
Ceratium gibberum
Ceratium lineatum
Ceratium macroceros
Ceratium massiliens
Ceratium pulchellum
Ceratium trichoceros
Ceratium tripos
Ceratocorys horrida
Dinophysis acuminata
Dinophysis caudata
Dinophysis fortii
Dinophysis norvegica
Dinophysis rotundata
Protoperidinium conicoides
Protoperidinium depressum

Protoperidinium spp.




