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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�1 (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 cluster analysis
based on Bray-Curtis similarity index, phytoplankton communities were classified into five
groups. As a long-term pattern, signature of regime shift (cool to warm) occurred in 1989/1990
in the broad Northern Hemisphere was detected in the anomalies of SST and the total phyto-
plankton abundance, but was unclear in those of SG, TRANS and phytoplankton community
structure. Rather, partial autocorrelation analysis for environmental factors (SST, SG, TRANS
and DAYLIGHT) and phytoplankton abundance, and cluster analysis for phytoplankton commu-
nity structure revealed that the most predominant pattern was seasonal, reflecting local climate
events with 12-month cycles.
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 0��12 200834  !"��5��6#$%�7%
8��!9:$2; 10&'!���7 ENSO 0<=
#:#>()*�3 �?+��@A:BCDE(F,G
���
 (Tanimoto et al. 1993, Minobe 1997)4 ��#
-��������H� I.J�/-2;�012K
��3�LM&NE&�42���� 0Karentz &

Smayda 1998� 56 2001, Adrian et al. 20063� G;�
7�+89����LM&NE&� ���O:� �;
+P<=I.
Q�8>�
���?=@R�
S�(
ABG���
 (Aebischer et al. 1990).

 !"�TUC,�3�LM&NE&.D2 0NVV
DW=EF23 ���LM&NE&.D2�X&���
� 01954�1994&3 �Y
�� �Z�6 1960&G�
1970&G�H[�2\���I]�&GY^6JK<
_� S�HL�,��!�M���NO�?+���

�`	;���
 (Sugimoto & Tadokoro 1997).

Chiba et al. (2004)HPQ,�Ra�5\
 30&b�
������ S�,-H�!�/�c�%T�U-�
(V*�de�+^� ��fg/-2;�I.JWh(
Xi;�� jY�Z[J79\Ra�]�3�LM&N
E&^(&*k_lm�n
�Ao��
4 `p�qr
�Y
�� PQ,�3�LM&NE&�42�&���
Hs%t:Cu&a�v(NO�?+��5^� S�a
�v(d�&Hba�acd(dw
�[#-ef-(
/_+^� ��fgPQ,�Ra�3�LM&NE&H
xgh 0i)/jyef-3 �z^� �42Hk_�

S�(ABG���
 (Miller et al. 2004).

S�Y��{�k3�LM&NE&�����Hl|
+m}b~�:=-���
�M.M����
�)�
��k3�LM&NE&��Hl�n�M.M��	�
%���� ���M� oI.�+P� ���,pq�r
�n+m}b~�:=������d_��G�
S�
(st� �:V�����,2;ABG���
 (Kar-

entz & Smayda 1998, Facca et al. 2002, Nikulina

2003)4 �2�� �t���5\
�!�u�� 020&
�v3 ���_3�LM&NE&�������w��
��xyHz�{�5\
���|� (2008)�}�~
�����5\
 Nishikawa et al. (2009)�AB(n


��-n
4
 ���������$��|�{(���8>�

��{-H� 1947&2; 2004&w-�!�/�c�
�!+���u�3�LM&NE&��(�+/��
����H�-�ABG���
 0Kawamura 1966�
�� 1971, Motoda et al. 1987� ���r; 200034 �
qr-HS�;��!+��������� 1984�2004

& 021&b3 ������� 3�LM&NE&�^�
��Z[JNj��,��� .D2 0Z[JNj3 �
������!���S{���w���?��;2
��
S�����4

2. �����

��H 1984&2; 2004&�/�^� � 1�2��
�j-�/��4 3�LM&NE&��H� �%��
^�\��� ¡�E 0¢£ 30 cm��f� 0.1 mm3 
��� ��{�¤� 0%/ 5 m3 ��� (A)2;{¢�
0%/ 15 m3 ��� (B)�m2c�� �$�¥�� 1

m��j-%"�  340 m¦¡��¢� (Fig. 1)4 ��
]LM&NE&��H 10§ �k¨=©%&£ª�-¤
D��4¥«¦-S�¬&L=Y_§¨�� 0.5 mL
'%�����F®�¯u&°:��^� ��±©®
¥ 0Kª 150�300K3 -^S���J�+c�
(Guillard 1978)4 F®H¡�E��f� (0.1 mm)`
«�� Z[�l|G( 0.1 mm�v�3�LM&NE&
¬M��c�4 �J������ M&²B�®³´

Fig. 1. A map showing a sampling transect (A-B) in
Oshoro Bay, western Hokkaido.
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()�%� �����*�
�+* 3�* 1��*,��-.���� / ����
����*012345���	
�� 67�%8�9
:	 (1960)� ;
�7�%<� (1984)�=> / ? �
@A67�B��% Tomas (1997)C Horner (2002)

DEF�� / �G�%HIJ��K��LM�NO�
�P>�
'Q>  R� 1984� 11S 5J� 11S 26

J� 1985� 1S 21J� 2S 28J� 3S 12J� 4S 18

J� 5S 23J�PTU K��LM�NO�V�WX
!�� YHIJ�3Z$[��*�G��\R� ���
�����*����]�^_� /
������HI!1`���Ga (SST: b)��c
a]�de2� / ? � fgh�i���
�jG*
�i st (SG: g cm�3)!�k�K����
�jG*l�
] (TRANS: m)�e2� / mno�p%S 1q*r
s�PTU ()%t*V�� S 2q*rs�PTU 

()%t*�uV��^�� Yv*S*w�V!��
x> / YS*�+Jy`z (DAYLIGHT: h mo�1)�
{|}~����� (http://www.data.jma.go.jp/obd/

stats/etrn/index.php)4�� /
���������I��*��]*���%��

���p���� (BIOSTATII)�4$���p���
��
� ����z*����]!0��*�
�W�

�� ������
�	Q*������� / �
��*�|!� *%� �]dDY�����3
��
���������* 5�����R 0d� ����
] (x: cells L�1)����� (log10 [x�1])�� Bray-

Curtis similarity index�4���]������� 
�¡� �u�¢� (UPGMA: Unweighted Pair Group

Method using Arithmetic average)do��£��
� �� �¤*���]d¥¦>�
�	Q*���
��Z (Field et al. 1982)/ YG mn!§!���
�]*`¨"o�p�©?U$ª«¬�$ R#®¯
°B±� (Partial Autocorrelation Coe$cient)��^

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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3. � �

3�1. �����	
��
1984�2004��
���� SST, SG, TRANS, DAY-

LIGHT��� ����� ����� 12.3 (2.9�26.5),

23.08 g cm�3(12.71�26.93), 9.74 m (3.2�17.5), 137.8

h mo�1 (37.7�264.2)!"#� �����$%&'�
()��*+,-.� /0���12�34
56� 3
4� 12789���
:;��<=� (Fig. 2)� >�
?!� @A$%�B0���CD.��EFGHIJ2
�K SST!� 1989�1990�L1M�34NO12P
Q.RSH�T� 1992�?!P34NUV�� ?
1999�2000�L1M�FWX�O3412P34Q�
�TNY2�� SG. TRANSFZ[\]��
^�
N� _L SG�34� 1994�1995�LRSHO.]
`� 1997�?!O�34NVJ� DATLIGHT�34
� 1984�1985�LRS]P34Na2�N� bcZ

[\Ld9�� e0f
3ghijkl ������
	� !ml�no� SST, SG, TRANS, DAYLIGHTJ
p�LF 1278�qr]e0fNa2� (Fig. 3).

�����$%&'�e0fL 1278Nst�>
.12� 21��LuMKv8��w
56�� 1���
xy�=_f
:; (Fig. 4)� v$%&'�Ez �E
R� .E{ �E|� ����� SST!� 88. 28�
DAYLIGHT!� 58. 18La2�� 1�
 1}~�
�.����1L����J� SG. TRANS���
Le0f���Z��!"#N� Jp�F 48LuJ
�E|wNa2� (Fig. 4).

3�2. �����������	
��
3�2�1. ���

1984�2004����0�
���� �W�L�2]
1# spp.F 1�.6����� ���L����
���-��-������N 25� 99�� ����
�N 21� 35�� � ¡�N 4� 23�!"# (Ap-

pendix).

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.
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3�2�2. �����
�������	
���������������
���������� 3�� �!"#$%&�'(
)*+,- ./�0� 1,940 cells L�1 (111012103),

1,120 cells L�1 (011792103), 102 cells L�1 (012412
103), 3,037 cells L�1 (511792103)345� �����
	
�6789:;<:"#$=>?@������ �
����� A����'(>BC. 79.5D, 17.0D ��
� 3.5D 34EFG ���H=�����IJKL=M
>	� 6789:;<:!"#$�*+.�����N
OPQR	
SFI� �����. 1990T 7, 9�
1992T 718� 1997T 718� 12� 2001T 10

112� 2002T 11112=�6789:;<:"#
%&� 80199D �>?
SF (Fig. 2)G A���.
1997T 5N 1998T 516= 50190D�US>B
C�V	FG 	W	XY����6789:;<:"#

%&�,. 7.7195.3 cells L�1N� Z[=\S]34E
FG
/�0���� ���/�!^�_$*`	F"#
$%&�ab*+c� 21T��'(W��de )f
ghij- � 12k�l+'(3'mn	Fop�
Fig. 2 =VqG ����� (CENT)NA��� (DINO)

�"#$%&�de�aT*+rsj:.�tu
SF
I� ����� (PEN)�/�.vwEFrsj:�V	
FG 3�� �!"#%& (TOTAL)�de3/�xy
�z@N� {|=}~@�H=� 11$T���3��
��5�	
SFG Fig. 2 =���@����d���
��� )����9�- =�@ 1T )12k- {���
�����	FN��� ��� 3�� N/�!^=.
/�0������.4@I 6k )CENTN TOTAL

�z-� 12k� 24k� 36k�&�B�w��I�
��F (Fig. 3)G S������� 12kI��NwE

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).
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�������	
 1����������� 21�
��������� (Fig. 4)� ���
  !"#$
%&'()*+ 4�� 9�,-.
)/+ 1�0-1
�� 23"#$�45$%&'()*�)/+�6
76 10�� 1�
 5�� 1�,�	6� (Fig. 4).

3�2�3. ����
89:;<=>�	?@A( 89, 81, 73B0CDEF
�,GH��IJK9L8MLNO� 5PQR<K
SATEU ,V@W���X0Y� (Table 1)� � 5Q
R<KZ[
 5T11�,GH��\]^ !"#$0
_`ab	6�QR<K A, 1T4�,GH��c]^ 
!"#$0_`ab	6�QR<K B, 12T1�,GH
��c]^ !"0_`ab	6�QR<K CX_,
de0-1� (Fig. 5)� �6	fQR<K��gh

GH3ij��k�l��
 1990T1991�0+�
mn��oh.
 p�q�,GHW�QR<K CXr
�,GH�
 p�q��	s�,GHW�QR<K BX
tru0GH����� u�
 1995�� 1997�vp�
fQR<KGH��ghwx�oh.
 QR<K
CXy�,
 _oghQR<K DXr�,GH����
(Fig. 5).

3�3. ���	
�������
z{e|�k,+ 12}�~F���kX*Y
�1����	 (Fig. 3), SSTX)v��1� 1T3��
q�
 4T6��s�
 )v��1� 7T9��r�
 10

T12��y��QR<K�� (Fig. 4)
 f��z{e
| (SST, SG, TRANS, DAYLIGHT)�IJK9L8M

Table 1. 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
Chaetoceros lorenzianus
Chaetoceros a$nis

Warm water centric diatoms

B
January�April Thalassionema frauenfeldii

Coscinodiscus spp.
Cold water pennate diatoms
Cold water centric diatoms

C December�January Coscinodiscus spp. Cold water centric diatoms
D June�August, 1997

Pseudo-nitzschia spp. Warm water pennate diatomsNovember, 2001
E May�June, 1997, 1998 Ceratium fusus Warm water dinoflagellates

Fig. 5. Temporal variations in five phytoplankton community groups (A-E, cf. Table 1) in Oshoro Bay, 1984�2004.
�: no data.
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���������	�
��� (Table 2)� ���
��������������� SST� ��� DAY-

LIGHT���	������ �����������
������� SG����	���� �������
��� TRANS� ��	���� ���������
� SG� ��� SST� DAYLIGHT� ��	����
�������������	�!"#$�%��&'
()*+",�-�./� (Table 2).

4. � �

4�1. �����	
���
012345��� 678-!"9:;<=�9:
>� ?@�9:�ABCD(EF�";'GHIDJK
LM",�N �OP./" (Minobe 1997)� Q�RS�
T7U2VW
;<�XYJ� 1925/26Z� 1945/46

Z� 1956/57Z� 1970/71Z� 1976/77Z� 1988/89

Z'012345�-[\��,�-]</)H"
(Tanimoto et al. 1993, Yasunaka and Hanawa 2005).

Senjyu et al. (1999)�� ^	_`ab�a�cH_dJ
1951Zb1995Z�e
fQ�RS�g�W
��
1980ZhX;< 1990ZiX';j)��g;< �
g'�k�)H",��lm�� ,/-�n
JoI

C'[\��012345�'pq�)H",���r
�)H"� 	st'uH)Fv���Q�RS (SST)�
g- 1989/90Z'�;< >��w�)H�,��
(Fig. 2)� ,�012345�'pq��F��xy./
"� �;�� ,�RS �g�ABCD'zH)�
Senjyu et al. (1999)� 84{e'p�	stJ� 24{
e |1990b1992Z� Fig. 2} �*+)H�� ^	~�
_dJ� 1999/2000Z'Q�RS�g-�;< >�
wh 4ZDAB�� ,/-012345�;��;��
./)H"- (Yasunaka and Hanawa 2005)� v��
'uH)F,/�V�������M"Q�RS��;
< >��w- 1999/2000Z'��./� (Fig. 2).

��� Q�RS���#$�%J!"���� ���
e��^�ID'	�)�Q�RS'�</�(�+0
12345�'�����k��</+;�� ���
� 1999Zu(� 2001Z;< 2003Z';j)���
��� 1995Z;< 1997Z';j)��'�;�
(Fig. 2). 1995/1997'l</���+������o
Z�'��./�������'("F����</"
|7 ¡ HP}� Q�RS���#$�%�,/<���
+�'¢�£¤./)H"���</"�
4�2. ���������	
���
¥¦�§¨�������g� 1990Z' ;<�>

Table 2. Correlation coe$cients 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.

Environmental parameters
Cell densities of total phytoplankton

Winter Spring Summer Autumn

Winter
SST ª0.442� ª0.162 ª0.163 ª0.137
SG ª0.102 ª0.331 ª0.062 ª0.234
TRANS ª0.243 0.181 ª0.455� 0.213
DAYLIGHT 0.045 ª0.231 ª0.341 ª0.311

Spring
SST 0.171 ª0.077 ª0.238 ª0.441
SG 0.127 ª0.404� 0.189 0.038
TRANS ª0.065 ª0.163 0.438� 0.339
DAYLIGHT ª0.136 ª0.158 ª0.281 0.253

Summer
SST ª0.154 0.290 0.045 0.244
SG ª0.154 0.207 ª0.142 0.483��
TRANS ª0.111 0.069 ª0.295 0.270
DAYLIGHT ª0.100 0.356 ª0.206 0.289

Autumn
SST ª0.318 0.075 0.154 0.513��
SG 0.355 ª0.120 ª0.045 ª0.390
TRANS 0.207 ª0.059 0.320 0.300
DAYLIGHT ª0.426� 0.236 ª0.029 0.586��
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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� �����������	
Chaetoceros a$nis ��	
 (Kawamura 1966)� �
����
�������������������
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/!!!012"3�-� 4 4� 9 4�����!
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' (1971) <.= Motoda et al. (1987) !"#�>(�
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Appendix. 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 refering Algaebase (http://www.algaebase.org/).

Centric diatoms Pennate diatoms Dinoflagellates

Actinoptychus splendens Chaetoceros lorenzianus Hemiaulus sinensis Asterionellopsis glacialis Ceratium arietinum

Arachnoidiscus ehrenbergii Chaetoceros messanensis Leptocylindrus danicus Bacillaria paradoxa Ceratium articum

Arachnoidiscus ornatus Chaetoceros mitra Leptocylindrus minimus Climacosphenia moniligera Ceratium belone

Bacteriastrum comosum Chaetoceros pelagicus Leptocylindrus spp. Cylindrotheca closterium Ceratium candelabrum

Bacteriastrum delicatulum Chaetoceros pendulus Melosira moniliformis Donkinia spp. Ceratium carriense

Bacteriastrum elegans Chaetoceros peruvianus Odontella aurita Fragilaria crotonensis Ceratium furca

Bacteriastrum furcatum Chaetoceros pseudocrinitus Odontella longicruris Fragilaria islandica Ceratium fusus

Bacteriastrum minus Chaetoceros radicans Odontella sinensis Fragilaria striatula Ceratium gibberum

Bacteriastrum spp. Chaetoceros rostratus Odontella spp. Fragilaria sp. Ceratium lineatum

Bellerochea malleus Chaetoceros siamense Proboscia alata Fragilariopsis oceanica Ceratium macroceros

Biddulphia reticulata Chaetoceros teres Proboscia trancata Grammatophora marina Ceratium massiliens

Biddulphia rhombus Chaetoceros tetrastichon Pseudosolenia calcar-avis Grammatophora serpentina Ceratium pulchellum

Biddulphia robusta Chaetoceros vanheurckii Rhizosolenia acuminata Gyrosigma fasciola Ceratium trichoceros

Cerataulina pelagica Chaetoceros spp. Rhizosolenia castracanei Licmophora lyngbyei Ceratium tripos

Chaetoceros a$nis Climacodium biconcavum Rhizosolenia hebetata f. semispina Navicula elegans Ceratocorys horrida

Chaetoceros atlanticus Climacodium frauenfeldianum Rhizosolenia hebetata f. hiemalis Navicula spp. Dinophysis acuminata

Chaetoceros borealis Corethron criophilum Rhizosolenia robusta Neodenticula seminae Dinophysis caudata

Chaetoceros coarctatus Corethron pelagicum Rhizosolenia setigera Nitzschia longissima Dinophysis fortii

Chaetoceros concavicornis Coscinodiscus centralis Rhizosolenia styliformis Nitzschia sigma Dinophysis norvegica

Chaetoceros constrictus Coscinodiscus granii Rhizosolenia spp. Nitzschia vitrea Dinophysis rotundata

Chaetoceros contortus Coscinodiscus sub-bulliens Skeletonema spp. Nitzschia spp. Protoperidinium conicoides

Chaetoceros convolutus Coscinodiscus wailesii Stephanopyxis nipponica Plagiogrammopsis vanheurckii Protoperidinium depressum

Chaetoceros curvisetus Coscinodiscus spp. Stephanopyxis palmeriana Pleurosigma angulatum Protoperidinium spp.

Chaetoceros danicus Dactyliosolen blavyanus Thalassiosira angulata Pleurosigma elongatum

Chaetoceros debilis Dactyliosolen fragilissimus Thalassiosira baltica Pleurosigma intermedium

Chaetoceros decipiens Ditylum brightwellii Thalassiosira nordenskioeldii Pleurosigma spp.

Chaetoceros decipiens f. singularis Ditylum sol Thalassiosira spp. Pseudo-nitzschia spp.

Chaetoceros densus Ditylum spp. Triceratium favus Rhabdonema adriaticum

Chaetoceros diadema Eucampia groenlandica Triceratium gibbosum Rhabdonema arcuatum

Chaetoceros didymus Eucampia zodiacus Synedra fulgens

Chaetoceros distans Guinardia cylindrus Synedra spp.

Chaetoceros diversus Guinardia delicatula Thalassionema frauenfeldii

Chaetoceros eibenii Guinardia flaccida Thalassionema nitzschioides

Chaetoceros frickei Guinardia striata Thalassiothrix longissima

Chaetoceros laciniosus Hemiaulus hauckii Ulnaria ulna
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