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of common occurrences of Thecosphaera, Lithelius, Phorticium and Tetrapyle; rare but consistent occurrences of 
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はじめに

Vase� et al�, 
1979

Subarctic water 
[��ashio water] Kawabe and Taira, 1998

�Subtro�ical water [Kuroshio water]*
�Transitional zone 

between Kuroshio and ��ashio waters*

�seasonal thermocline* ��ermanent 
thermocline*

NPST1W: North Pacific Subtro�ical 1ode Water
/anawa and Suga, 1995

 �NPIW: North Paci�c Intermediate 
Water* Lalli and Parsons, 1993

PSIW: Paci�c Subarctic Intermediate Water /asunuma, 
1978 P W: 
Paci�c  ee� Water 1983

PYW: Paci�c Yottom Water
Yolin et al�, 1983 Lig� 1 NPIW
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�����

S�erdru� et al�, 19�2

/asunuma, 1978; Yasuda et al�, 199�

2��8kg/m3 3��2 3����su
/asunuma, 1978; 

Yasuda et al�, 199� PSIW 25

NPIW Lalli and Parson, 1993

PSIW
NPIW PSIW

Reid, 19�5

P W
1�2

1983 3��585 3���5�su
P W

PYW PYW
1�2

Yolin et al�, 1983

e�g� 
�hkushi et al�, 2003

30-�0
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e�g� Kamikuri et 
al�, in �ress

�000m

VV 

��0

� P �cean  rilling 
Program Leg 198, Site 1210

���1 1a

 

地質概説と試料

� P Site 1210 32 13 N 158 1� 3 2573�5 m*

Northern /igh Ventral 
/igh Southern /igh �Lig� 2* 

10 1a 5

�Yralower et al�, 200�* ��1

29 32 Site 1210

Unit I 0 128�80 mcd� mcd = meter in com�osite 
de�th Unit II �128�80 2���33 mcd*  Unit III 2���33

2�5��2 mcd �Shi�board 
Scienti�c Part�, 2002* 

Unit I Subunit I+ IV
Subunit I+

Subunit 1Y Lig� 3 Subunit I+ �0
91��� mcd*

10 cm

Subunit IY �91��� 12��52 mcd*
10 cm
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1 m
Subunit 1+

 
3�ans et al� �2005* 

25

Vande and Kent �1995*
Lig� �

San�li��o and Nigrini �1998*
Vande and Kent �1995*

1�5 m 1/2W

1�5 mcd 10/�W 97�7 mcd 59

1/1W 0 1�5 mcd 1/3W�3�0 ��5 mcd*
2/1W 7�� 8�9 mcd 2/3W 10�� 11�9 mcd
2/5W 13�� 1��9 mcd �/1W 27�2 28�9 mcd
� Ligure 3

10

試料処理と解析方法

1 . 試料処理
1978

5 g �0

Shi�board Scienti�c Part� 2002

Site 1210

Valgon©

�3{m
38{m
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5�D��
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��E�	�

Increase Unchanged Descrase

Inrease
Rapid increase in the
target group than
others

Reproduction rate in other
groups decreases

Slower decreas in
reproduction rate in
the targert group

Unchanged
Reproduction rate
similarily increases
with other groups

No changes appear in any
groups

Reproduction rate
similarity decreases
with others

Descrease
Slower increase in the
target group than
others

Reproduction rate in other
groups increases

Rapid decrease in
reproduction rate in
the target group

R
el

at
iv

e 
ab

un
da

nc
e

Producivity

�00  � , 
200�* 1978  

2 . 解析方法

Table 1

Takahashi �199�, 1995*
 �Radiolarian +ccumulation Rate: R+R*

, 

R+R [No� shells/�cm2 k�r*]=N/W D R   �1*

N W
 [g]   �dr� bulk densit�* [g cm-3]

R  [cm k�r-1]
N

1icrosoft Windows P+ST 
�P+laeontological STatistics� htt�://folk�uio�no/ohammer/
�ast/*  R R

Kano �20071S* 

ni/S �2*

ni S
i

i
Didymocyrtis Diartus

Table 2

結果

1 . 産出状況
59

59 100

37 58

 �Table 3* Thecosphaera
Lithelius Phorticium Tetrapyle

Site 1210

/ole �38+ 1oto�ama, 
199�* 38{m

1oto�ama �199�* �3{m
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�����
	��� ������

Phormostichoartus
�����
Phormostichoartus corbula �/����	�*
��������	
�������������Nigrini

Lamprocyrtis
�����
Lamprocyrtis hannai �V���D���
��
V���)*
Lamprocyrtis heteroporos �/���*
Lamprocyrtis nigriniae �V�����*

Anthocyrtidium
�����

Anthocyrtidium ophirense �3���	D���*
Anthocyrtidium zanguebaricum �3���	D���*
Anthocyrtidium jenghisi Steeter
Anthocyrtidium ehrenbergi �%�|��*
Anthocyrtidium angulare Nigrini

Theocorythium
�����
Theocorythium trachelium dianae /��)��
Theocorythium vetulum Nigrini

+�����	��
Didymocyrtis tetrathalamus
�/��)��*
Didymocyrtis avita
�������*
Didymocyrtis penultima
�������*

5�D��
&�
!���
��
�������
������
��	���
��
�
��	���
��������
�����
���
}��	��������
�	�������

38{m �3{m
�3{m

1oto�ama �199�* 
�0 2� Site 1210

Site 1210

 Cycladophora cornuta �Yaile�* Cycladophora 
davisiana 3hrenberg Spongodiscus osculosa � re�er* 
Spongotrochus glacialis Po�ofsk�

Itaki, 2003; Lombari and Yoden, 1985; �kazaki et 
al�, 200�; Romine, 1985 Site 1210

/ole �38+

+rtiscinae Spongaster tetras tetras 3hrenberg
Spongaster tetras irregularis Nigrini Tetrapyle octacantha 
1üller Lombari and Yoden, 1985; 1oto�ama and 
Nishimura, 2005; Yamashita et al�, 2002  Site 1210

+rtiscinae T. octacantha
+rtiscinae 0�5% S. t. 

tetras S. t. irregularis
/ole �38+
Site 1210

Table � Phormostichoartus �stula Nigrini
Last �ccurrence = L�  C. davisiana

Lirst Vontinuous �ccurrence = LV�
Axoprunum angelinum �Vam�bell et Vlark* L�

e�g� 
Kamikuri et al�, 200�; 1999 1998

 ��1 1a
1998 2�� 2�7 1a Kamikuri et al�, 200� 0��2 0�50 
1a 1999 Site 1210

0�9� 0��� 1a  2�8� 0�0� 1a 0��� 0�0� 1a
P. �stula

P. �stula L� /aslett, 
200� Lamprocyrtis heteroporos /a�s Lirst 
�ccurrence = L� /aslett, 200� C. davisiana L�
/aslett, 200� Theocorythium vetulum Nigrini L�
/aslett, 200�

3��7 0�1� 1a 3�29 0�15 1a 2�715 0�225 1a 1�58

0��2 1a Site 1210

0�9� 0�03 1a ��02 0�0� 1a 2�8� 0�0� 1a 1�55

0�05 1a C. davisiana L� T. 
vetulum L�

Site 
1210 2573�5 m  Site 1210

Cornutella profunda 3hrenberg
e�g� Kling, 1979

Bathropyramis quadrata 
/aeckel 0��5

Cyrtolagena cuspidata 
�Yaile�*

500m Site 1207

C. profunda B. quadrata
20071S C. cuspidata

20071S
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Actinomma boreale
�V����* *Lamprocyrtis nigriniae
�V�����*

Actinomma medianum Nigrini Larcopyle buetschlii
 �����

Amphirhopalum ypsilon
/��)�� Larcopyle decens
�4�H����*

*Anthocyrtidium angulare Nigrini Larcospira quadrangula
/��)��

*Anthocyrtidium ehrenbergi
%�|�� Litharacnium tentorium
/��)��

*Anthocyrtidium jenghisi Streeter *Lithocampe heptacola
*Anthocyrtidium ophirense
�3���	D���* Lithocampe teuscheri
�/��)��*

*Anthocyrtidium zanguebaricum
�3���	D���* *Lithomelissa setosa

*Artostrobus annulatus *Lithomelissa thoracites
Artostrobus jorgenseni
����������)��� *Lithopera 

*Axoprunum angelinum Lithostrobus cuspidatus �Y�����*

*Bathropyramis quadrata Lophophaena hispida
�3���	D���*

�������
����	����� *Spongurus cylindricus
Botryocyrtis scutum
�/����	�* Phormostichoartus corbula
�/����	�*

Lithobotrys cribrosa *Phormostichoartus doliolum
�������
��
%�	������*

*Botryostrobus aquilonaris ���������	
������������� Nigrini

*Botryostrobus auritus/australis Phorticium pylonium
/��)��

Botryostrobus seriata Jørgensen *Pseudodictyophimus gracilipes

*Carpocanium Sartunalis circularis
�/��)��*

Cenosphaera ���+ *Siphocampe lineata
Cenosphaera ���Y Sphaeropyle langii
 �����

Cenosphaera ���V Spongaster pentas
������
��
%�	������

Circodiscus microporus
�%�|��* Spongaster tetras irregularis Nigrini

*Cornutella profunda Spongaster tetras tetras
3���	D���

Corocalyptra elisabethae
�/��)��* Spongodiscus resurgens
3���	D���

*Cycladophora cornuta *Spongodiscus osculosa � �����*

*Cycladophora pliocenica Spongoplegma 

*Cycladphora davisiana *Spongotrochus glacialis
Dictyocoryne truncatum
3���	D��� Stichocorys delmontensis
�V���D���
��
V���)*

*Didymocyrtis *Stichocorys peregrina 
Druppatructus
���� Stichopilium bicorne
/��)��

*Eucyrtidium acuminatum Stylacontarium acquilonium
�/���*

Eucyrtidium calvertense Stylacontarium bispiculum
�������)�*

Eucyrtidium hexagonatum
�/��)��* Stylacontarium
����

*Flustrella Stylatractus
����

Gondwanaria campanulaeformis �V���D���
��
V���)* *Stylochlamydium 

*Heliodiscus asteriscus *Stylodictya 
Hexacontium anaximandri
�/��)��* Stylosphaera melpomene
/��)��

Hexacontium arachnoidale
/����	��
��
3	W���	� Tetrapyle octacantha
1�����

Hexacontium axotrias
/��)�� Thecosphaera dedoensis Nakaseko

Hexacontium multiporum
��	����
 �
���	� Thecosphaera grecoi
��	����
 �
���	�

Hexacontium octahedrum
/��)�� Thecosphaera inerme
/��)��

Hexacontium ���+ Thecosphaera paroniana
V��	�����

Hexacontium ���Y Thecosphaera ���+

Hexacontium subtile
V��	����� *Theocorys creticum
Hexalonche aristarchi
�/��)��* *Theocorythium trachelium dianae
�/��)��*

Hexalonche
���+ *Theocorythium vetulum Nigrini

*Lamprocyclas maritalis Tholospyris scaphipes
�/��)��*

*Lamprocyrtis hannai
�V���D���
��
V���)* Tholospyris stabilis Goll

*Lamprocyrtis heteroporos
�/���* *Tricolocapsa papillosum

5�D��
O�
5�E�	���
����
�	��	�����
�	
%���
"&"'�
+������)�
���
}��	��������
�	�������
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2 . 総生産量変動
Lig� 5 ���1

0��� 1a 0�3 0�� 105 [No� 
shells cm-2 k�r-1] ��35 3�90 1a
0�5 105 [No� shells cm-2 k�r-1] 2�78 2�2� 1a
1�0 105 [No� shells cm-2 k�r-1] 0��� 1a 3�5

105 [No� shells cm-2 k�r-1]
1�2� 

1a 0�90 1a

R

3 . Q モードクラスター解析
0�� R

R-I R-VI �

-0�� R-i R-�i �

 �Ligs� �, 7* R
+ /

Lig� 7 + ���1 3�08 1a
10/�W 7/1W 97�8 59�1 mcd* 3�08

2�78 1a �/�W �/3W 5��23 51�57 mcd
2�78 2�2� 1a �/2W 5/2W 50�23 39�32 

mcd  2�2� 1��2 1a 5/1W 3/VV
37��� 27�3� mcd 3 1��2 1�12 1a 3/�W

3/�W 2���1 21��1 mcd L 1�12 0�33 
1a 3/3W 1/VV 19�75 7�57 mcd G

0�33 0�18 1a 1/�W 12�23 mcd 0�18 
1a 1/2W 1�82 mcd

+ R-II Y R-III V R-IV R-V
  R-III  3 R-II L

R-II G R-VI / R-I
R

a d Lig� 7 a ���1 3��� 
1a 10/�W 8/1W 97�98 �9�35 mcd 3���

3�00 1a 7/�W �/�W ���77 5��23 mcd
3�00 1�72 1a �/5W �/�W 5��58 32�00 

mcd 1�72 1a �/3W 1/2W 30�3�

1�82 mcd a
R-i� b R-i, R-i�, R-�, R-�i �

 c R-�i
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4 . Ｒモードクラスター解析

0�32 R-I R-VII 8

1

R-VIII

-0�2�

R-i R-�iii 8  1
3 R-iE

�Lig� 8* Table 5 R+R

23

Lig� 9 Lig� 10

23

13 Table 5

   Group 1：Lithomelissa thoracites /aeckel Botryocampe 
in�ata �Yaile�* 2 L. thoracites

+belmann and Gowing, 1997; 
Vase� et al�, 1979 B. in�ata

� �

Krugliko�a, 1999 250m
/a�s and 1orle�, 200�

B. in�ata 7�0 102 
[No� shells cm-2 k�r-1] 0�35%

L. thoracites ��0 103 
[No� shells cm-2 k�r-1] 2�5%

 2��� 1a Grou� 1
1�12 1a 3/L

Grou� 1
0�33 1a L/G Grou� 1

0�9 1a
2%

Grou� 1
 ��35 3�90 1a Grou� 

1

2�78 2�2� 1a
2�78 1a

　Group 2：Lamprocyclas maritalis /aeckel 1

200m
Kling, 1979 1olina-Vruz �1977* L. maritalis

Vhile  factor
Lombari and Yoden �1985*

Grou� 2 Grou� 1 1�72 
1a 0��� 1a Grou� 1

2% Grou� 
2 1�72 1a c/d

 0�33 
1a L/G Grou� 2

Grou� 2
0��� 1a

0��� 1a Grou� 2

　Group 3：Spongurus cylindricus /aeckel Stylodictya 
s��� 2 120

200m Yamashita et al�, 2002 200 m
Kling, 1979; �kazaki et al�, 200�, 

2005 1olina-Vruz �1977* Spr. cylindricus
Spongurus s�� Peru factor

Kling and Yolto�sko� 
�1995* 300m

Grou� 3 Grou� 1
3�1 1a

3��� 2�78 1a Grou� 3
2�78 

1a 2�2� 1a V
2�781a

Grou� 3

0��� 
1a  0�1 1a ��0

103 [No� shells cm-2 k�r-1]
3�90 2�78 1a

Grou� 3
Grou� 3

Group 4：Botryostrobus auritus/australis �3hrenberg* 
1 50 C 200m

Kling, 1979; �kazaki et al�, 2005

Pisias, 198�

Lombari and Yoden, 1985
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Spongotrochus glacialis

Flustrella spp.

Eucyrtidium calvertense

Phormostichoartus spp.

Lamprocyrtis spp.

Anthocyrtidium spp.

Theocorythium spp.

R-viii

R-vii

R-vi

R-v

R-iv

R-iii

R-ii

R-i
R-I

R-II

R-III

R-IV

R-V

R-VI

R-VII

R-mode cluster
(accumulation rate)

R-mode cluster
(relative abundance)

L���
$�
 �	�������
��
������
������
�	������
�	
����������	
���������	
����
��+�*
�����
����	*
�	�
��������
�D�	��	�
�����
����	*(

���	�
���
����
�������



     

155

Welling and Pisias, 1998

2�� 1a 0��� 
1a

R

2�78 1a Y/V 1��2 1a
 /3

��35 3�90 
1a 2�78 2�2� 1a 0��� 1a Grou� �

 
　Group 5：C. davisiana Cycladophora pliocenica 
Lombari et Lazarus 2 C. 
davisiana +belmann 
and Nimmergut, 2005; Itaki, 2003; Itaki and Ikehara, 
200�; Nimmergut and +belmann, 2002

+belmann and Nimmergut, 2005; 
/a�s and 1orle�, 200�; Nimmergut and +belmann, 2002; 
�kazaki et al�, 2003, 2005 C. pliocenica

100 - 300m �Kling, 1979; 
�kazaki et al�, 2005*

Cycladophora davisiana 1�2 103 [No� 
shells cm-2 k�r-1]  C. pliocenica ��5 102 
[No� shells cm-2 k�r-1] C. 
davisiana Grou� 5

2�78 1a 1�72 1a c/
d 0�33 1a L/G

Grou� 5
Grou� 5 ��35 3�90 

1a
Grou� 5 2�3� 1a

2�78 2�2� 1a Grou� 5 2�2�

1�72 1a
Grou� 5

　Group 6：Lamprocyrtis  grou� Eucyrtidium 
acuminatum �3hrenberg* 2

Lamprocyrtis
Kling, 1979 Lamprocyrtis neoheteropors Kling

/aslett et al�, 199� Lamprocyrtis nigriniae 
�Vaulet* Nigrini and Vaulet, 1992

E. acuminatum 50 m
�kazaki et al�, 2005

Kling and Yolto�sko�, 1995 2�78

1�72 1a 0�33 1a

　Group 7：+rtiscinae Lithocampe heptacola /aeckel
Flustrella s��� Carpocanium s��� �

+rtiscinae Didymocyrtis
e�g� +nderson et al�, 1990

Carpocanium 50m �kazaki et 
al�, 2005

1993

Grou� 7 a/b 3��� 1a
V 2�78 2�2� 1a

3 1�3 1a
a/b 3��� 1a

Y/V 2�78 1a V/ 
2�2�1a c/d 1�72 1a

0��0 1a Grou� 
7

　Group 8：Botryostrobus aquilonaris �Yaile�* 1

300 C 
1000m Kling, 1979; �kazaki et 
al�, 200�, 2005

Site 1210

Grou� 8
Y/V 2�78 1a

V 2�28 1a
2�20 1a Grou� 8

3/L 1�12 1a
G 0�33 0�18 1a Grou� 8

/ 0�18 1a
2�78 2�2� 1a

Grou� 8
　Group 9：Lithomelissa setosa Jørgensen C. profunda
Siphocampe lineata �3hrenberg* 3 L� 
setosa Yamashita et al�, 
2002 C. profunda 300 C 1000 m

Kling, 1979; �kazaki et al�, 2005

��35 3�90 1a
2�78 2�2� 1a 0��� 1a Grou� 
9  /3 2�2� 
1a  1�50 1a Grou� 9

Grou� 9
5�51a +/Y 3�08 1a
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RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)

L���
#�

�V�	��	���*

3�08 2�78 1a
Grou� 9

Grou� 9
 2�2�

1��2 1a 0��8 1a
L/G 0�33 1a Grou� 9

　Group 10：Heliodiscus asteriscus /aeckel Bathropyramis 
quadrata /aeckel 2 /� asteriscus

Kling, 1979

Heliodiscus echiniscus /aeckel tro�ical fauna
2001 B. quadrata

Peripyramis
300m Kling, 1979

Bathropyramis quadrata 2�5 102 
[No� shells cm-2 k�r-1] 0�5%

H. asteriscus 7�0
102 [No� shells cm-2 k�r-1]
1��% Grou� 10

+/Y 3�08 1a c/d
1�72 1a 0��� 1a

Grou� 10

a/b 3��� 1a +/Y
3�08 1a

Y 3�08

2�78 1a Grou� 10

Y/V 2�78 
1a 0�90 1a 0�� 0�5%

 3��� 3�08 1a Grou� 10

2�78 1�72 1a
1�72 0���1a

Grou� 10

0��� 1a Grou� 10

��35

3�90 1a Grou� 10

　Group 11：Spongodiscus osculosa � re�er* 1

300m Kling 
and Yolto�sko�, 1995 300 1000 
m 100m
�kazaki et al�, 200�

a/b 3��� 1a



  

158

V/ 2�2� 1a
/

1�8� 1�7� 1a 3/L 1�12 
1a

G 0�33 0�18 1a /
0�18 1a Grou� 11

b 3��� 3�00 1a Grou� 11

3�00 1a V/ 2�2� 1a
Grou� 11  

2�2� 1��2 1a Grou� 11

 /3 1��2 1a L/G
0�33 1a

Grou� 11

G 0�33 0�18 1a Grou� 11

0

��35 3�90 1a 2�78 2�2� 1a Grou� 11

��35 3�90 1a
3���

3�00 1a
3�00 1a /

1��21a Grou� 
11

0��01a 0�33 0�18 1a

　Group 12：Theocorythium s��� 1

Theocorythium trachelium �3hrenberg*
50m Kling, 1979

Kling and Yolto�sko�, 1995

��35 3�90 1a
Grou� 12 a/b

3��� 1a Y/V 2�78 1a

2�3� 1a 1��0 1a Grou� 12

0��� 1a Grou� 12

　Group 13：

Stichocorys peregrina �Riedel* Lithopera 
�Lithopera* bacca 3hrenberg

Stichocorys peregrina

Westberg and Riedel �1978*

Vase� et al�, 1983; Romine, 
1985 Stichocorys peregrina

2�91 1a S. 
peregrina + 3�90 1a

��35 3�90 1a
3�90 1a 2�91 1a

S. 
peregrina 2�80, 2�3�, 2�20, 1�01 0�90 1a

Lithopera �Lithopera* bacca
Gowing, 1993 Kling, 

1979 2001

L� �L�* bacca
��8� 

1a

L. �L�* bacca
 2�2� 1�72 1a

考察

1 . S i t e  1 2 1 0 の放散虫群集の特徴
Site 1210

Site 1210 59 100

e�g� 
Lombari and Yoden 1985

e�g� 1oto�ama, 199�

Cycladophora davisiana LV� 2�8� 0�03 
1a Theocorythium vetulum L� 1�55 0�05 1a
Axoprunum angelinum L� 0��� 0�0� 1a

P. �stula L� L. heteroporos L�
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R-i C. cornuta S. glacialis

R-ii

Group 1 

L. thoracites 

�������	�

Group 4 

B. auritus/australis
T. creticum

R-iii A. annulatus L. cribrosa

Group 9 

L. setosa 

C. profunda 

S. lineata

����

Group 5 

C. davisiana 

C. pliocenica

Group 8 

B. aquilonaris
P. gracilipes

���
Group 2 

L. maritalis
E. calvertense

Group 10 

H. asteriscus 

B. quadrata

����

Group 6 

Lamprocyrtis spp.

E. acuminatum

Stylochlamydium
����

�����

Group 3 

Spr. cylindricus 

Stylodictya spp.

Group 7 

Artiscinae 

L. heptacola 

Flustrella spp.

Carpocanium spp.

Group 11 

S. osculosa

R-iii
Group 12 

Theocorythium spp.

Group 13 

S. peregrina 

L.(L.) bacca

������
A. angelinum 

Phormostichoartus
����
Anthocrytidium
����
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Nigrini, 1977; San�li��o and Riedel, 1992

Site 1210

Site 1210

��0 3000m
Shi�board Scienti�c Part�, 2002

e�g� Kling, 1979

Site 1210 B. quadrata C. cuspidatus
 Site 1210 �00

Site 1207 37 �7 N 1�2 �5

3 , 3100 
20071S

2,500m
Site 1210 ���1 1a

R
13

R

R 23

13 Table 5 13

Grou� 1 L. thoracites
B. in�ata

H. asteriscus
B. quadrata Grou� 10

L. thoracites +rtiscinae H. asteriscus
Theocorythium s���, L� �L�* bacca R

Lig� 10
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0.0

1.0

2.0

3.0

4.0

5.0

6.0

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Age (Ma)

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.5

1.5

2.5

3.5

4.5

6.5

5.5

L. thoracites 

0 6000

B. inflata 

0 700

L. maritalis 

0 1800

O. cylindrica

0 2500

Stylodictya spp. 

0 1800

0.0 2.5 0.00 0.35 0 2 0.0 0.9 0.70.0

Age (Ma)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Age (Ma)

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.5

1.5

2.5

3.5

4.5

6.5

5.5

0 6000

B. auritus/australis

0 1200

C. davisiana

0 450

C. pliocenica

0 900

Lamprocyrtis group

0 900

E. acuminatum

0.0 2.5 0.0 0.9 0.0 0.4 0.0 0.6 0.0 0.4

4.35Ma

3.90Ma

3.64Ma

3.08Ma
3.00Ma

2.78Ma

2.24Ma

1.72Ma

1.12Ma

0.44Ma

1.42Ma

0.33Ma
0.18Ma

4.35Ma

3.90Ma

3.64Ma

3.08Ma
3.00Ma

2.78Ma

2.24Ma

1.72Ma

1.12Ma

0.44Ma

1.42Ma

0.33Ma
0.18Ma

Group 1

Group 4 Group 5 Group 6

Group 2 Group 3

% % % % %

% % % % %

RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)

RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)
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Age (Ma)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Age (Ma)

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.5

1.5

2.5

3.5

4.5

6.5

5.5

0 1200

Artiscinae

0 1400

L. heptacola

0 14000

Flustrella spp.

0 6000

Carpocanium spp.

0 300

A. annulatus

0.0 1.2 0.0 0.8 50 0.0 3.5 0.0 0.6

Age (Ma)
0.0

1.0

2.0

3.0

4.0

5.0

6.0

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Age (Ma)

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.5

1.5

2.5

3.5

4.5

6.5

5.5

B. aquilonaris

0 1000 0 200

L. cribrosa

0 200

P. gracilipes A. angelinum

0 250

Phormostichoartus spp.

0 250

0 1 0.0 0.6 0.00 0.35 0.0 0.7 0.0 0.5

4.35Ma

3.90Ma

3.64Ma

3.08Ma
3.00Ma

2.78Ma

2.24Ma

1.72Ma

1.12Ma

0.44Ma

1.42Ma

0.33Ma
0.18Ma

4.35Ma

3.90Ma

3.64Ma

3.08Ma
3.00Ma

2.78Ma

2.24Ma

1.72Ma

1.12Ma

0.44Ma

1.42Ma

0.33Ma
0.18Ma

Group 7

Group 8

R-III & R-iii

R-IV & R-iii R-IV & R-iv R-IV

% % % % %

% % % % %

RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)

RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)
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Age (Ma)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Age (Ma)

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.5

1.5

2.5

3.5

4.5

6.5

5.5

0 250

C. cornuta

0 300

Anthocyrtidium group

0 600

T. veneris

0 800

L. setosa

0 1600

C. profunda

0.0 1.4 0.0 0.7 0.0 0.4 0.0 1.4 0 5

0 4000

S. lineata

0 6

Age (Ma)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Age (Ma)

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.5

1.5

2.5

3.5

4.5

6.5

5.5

0 450

E. calvertense

0 700

H. asteriscus

2500

B. quadrata

0 700

Stylochlamydium spp.

0.0 0.8 0.0 1.4 0.0 0.5 0.0 1.4

4.35Ma

3.90Ma

3.64Ma

3.08Ma
3.00Ma

2.78Ma

2.24Ma

1.72Ma

1.12Ma

0.44Ma

1.42Ma

0.33Ma
0.18Ma

4.35Ma

3.90Ma

3.64Ma

3.08Ma
3.00Ma

2.78Ma

2.24Ma

1.72Ma

1.12Ma

0.44Ma

1.42Ma

0.33Ma
0.18Ma

R-V & R-i R-V R-VI & R-ii

R-VI & R-v R-VII & R-viGroup 10 Group 9

Group 9 (see below)

% % % % %

% % % % %

RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)

RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)

L���
"'�
�V�	��	���*



     

163

0 700

S. osculosa

0.0 1.6

Age (Ma)

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Age (Ma)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

Pl
ei

st
oc

en
e

Pl
io

ce
ne

M
io

ce
ne

0.5

1.5

2.5

3.5

4.5

6.5

5.5

Theocorythium goup

0 4500 0 120

S. glacialis

3500

L. (L.) bacca 

0 900

S. peregrina 

0.0 1.4 0.0 0.6 0.0 1.2 0 10

4.35Ma

3.90Ma

3.64Ma

3.08Ma
3.00Ma

2.78Ma

2.24Ma

1.72Ma

1.12Ma

0.44Ma

1.42Ma

0.33Ma
0.18Ma

R-iGroup 11 Group 12 Group 13

% % % % %

RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3) RAR(N×cm-2×kyr-3)
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2 . 放散虫動物群の時系列変動
　6.41～ 4.35 Ma：Site 1210 R

���1 3��9 1a

��35 3�90 1a

　4.35～ 3.90 Ma：
R

R

Grou� 5 9 11

Grou� �
Grou� 12

Grou� 5 Grou� 5 C. 

davisiana C. pliocenica

C. davisiana

Site 1210

Grou� 9
Grou� 9 L. setosa

C. profunda C. profunda

L. setosa

L. setosa

C. profunda

300 C 1000 m Grou� 
11 S. osculosa

Grou� � B. auritus/australis
50-200m



  

164

Grou� 12 Theocorythium s���
50m

Grou� 
13 S. peregrina ��35 3�90 1a

B. auritus/australis
50m C. profunda 300 1000 

m

Theocorythium s��� S. osculosa

　3.90-3.64Ma： R
���1 1a + a

��35 1a

　3.64-3.08 Ma：R 3��� 1a

Grou� 3 7 10 11 12

Grou� 
11 S. osculosa Grou� 12 Theocorythium s���

��35 3�90 1a 3���

3�08 1a

Grou� 7

+rtiscinae
Carpocanium

Grou� 3
Spr. 

cylindricus 200-300m

Grou� 10

 H. asteriscus
B. quadrata

H. asteriscus

　3.08-2.78 Ma：
3�08 1a

3�00 1a R
R

3�00 1a
R 2�78 1a

3�08 1a Grou� 9 Grou� 
10

Grou� 9 Grou� 10

Grou� 9 L. setosa

C. profunda 300 C 1000 m
��35

3�90 1a 3�08 1a 2�78 1a Grou� 
5 11

��35 3�90 1a
Grou� 10 H. asteriscus B. quadrata

B. quadrata 3000m
H. asteriscus

　2.78-2.24 Ma：
R

 R
2�78 1a

Grou� � B. auritus/australis 2�78 1a

Grou� 2, 13 Grou� 10

11

Grou� 5
8 9 12

300m
Grou� 5 C. davisiana C. pliocenica

Grou� 8 B. aquilonaris Grou� 9 C. profunda
L. setosa

Theocorythium s��� C. davisiana

Nimmergut and 
+belmann, 2002 L. setosa

Yamashita et al�, 2002

B. aquilonaris C. pliocenica C. 
profunda Theocorythium s���

50 m
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Grou� 1 �, � B. in�ata B. 
auritus/australis E. acuminatum Lamprocyrtis grou� L. 
thoracites 2�78 2�2� 
1a

2�78 2�2� 1a

Grou� 3 Grou� 7
Grou� 3 Spr. cylindricus Stylodictya 
s��� Yamashita et al�, 2002

Kling, 1979 200 m
Grou� 7 +rtiscinae Carpocanium s���

Flustrella s��� Lithocampe heptacola
+rtiscinae Carpocanium s���

Carpocanium
1993 Grou� 3

200 m

Grou� 7

　2.24-1.72 Ma： 2�2� 1a

R 2�2� 1a

1�72 1a
2�2�

1�72 1a 2�78 1a
Grou� 

7

Grou� 1 5 8 9 13

300m C. davisiana, 
C. pliocenica, B. aquilonaris, C. profunda

2�78 2�2� 1a
2�20 1a Grou� 8 B. 

aquilonaris
2�2� 1�72 1a

Grou� 11 13 Grou� 
11 S. osculosa 2�2� 1a

2�2� 1a

/ 1�81 1a
Grou� 13 L� �L�* 

bacca

Theocorythium s���
Grou� 1

L. thoracites
Grou� 1

　1.72-1.42 Ma： 1�72 1a
1��2 1a
R 1�72 1a

1��2 1a
1�72 1a

Grou� 5 Grou� 12 Grou� 
5 C. davisiana C. pliocenica 2�78

2�2� 1a 2�2� 1�72 1a
1�72 1��2 1a Grou� 

10 H. asteriscus

Grou� 2
Lamprocyclas maritalis

200m
Spr. cylindricus Grou� 3

L. maritalis

2�78 2�2� 1a Grou� 9 Grou� 5
Grou� 12 1�72 1��2 1a

Grou� 9 1�50 
1a L� setosa

1�50 1a C. profunda
300 C 1000 m

　1.12-0.44 Ma：
Grou� 1

Grou� 1 L. thoracites B. in�ata
 

　0.44 Ma以降：0��� 1a 0�33 1a 0�18 1a
R

Grou� 8 0�18 1a
Grou� 11 0�33-0�18 1a Grou� 13
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Grou� 8 B. aquilonaris Grou� 11 S. 
osculosa Grou� 13 L� �L�* bacca

3.放散虫群集の変動とグローバル変動との関係
7 ��5 1a

Late 1iocene C 3arl� Pliocene 
biogenic bloom e�ent Vortese et al�, 200�; 
Larrell et al�, 1995 ���1 ��35 1a Site 
1210

bloom e�ent
��2� 5�50 1a

5�9� 5�33 1a  uggen et al�, 
2003 5�5 5�� 1a Gladenko�, 
200�

de 
Yoer and Nof, 200�

Zheng et al� �200�*
5�0 3�� 1a

Site 1210 ��35 3�90 1a

 3�90 3��� 1a
Zheng 

et al� �200�*

��35 3��� 1a

3��� 3�08 1a R R-i, 
R-i�, R-�, R-�i

3�15 2�80 1a
Ra�elo and Wara, 200�

Vhandler et al�, 
199�;  owsett et al�, 199�; /a�wood et al�, 2000; Sloan 

et al�, 199�  Grou� 7
Grou� 7 +rtiscinae

Carpocanium

3�08 1a
3�08 1a

Site 1210

2�78 1a 2�8 1a 2�� 1a
2�75 1a

Yarron, 1998; Vane and 1olnar, 
2001; Kameo and Sato, 2000 2�711a North Paci�c 
��al Yreakdown NP�Y Vortese et al�, 200�; /aug 
et al�, 1999; 1aslin et al�, 199�; Ra�elo et al�, 200�; Rea 
et al�, 1995; Re�nolds et al�, 200�; Sigman et al�, 200�  
2�5 1a

� 10

Vortese et al�, 200� 2�5 2�� 1a
1km 1cVarth� et al�, 200�

2�7 1a
Kamikuri et al�, 2007

300m C. davisiana C. pliocenica, B. 
aquilonaris, C. profunda 200m

Spr. cylindricus Stylodictya s���

NP�Y

NP�Y  Site 1210

1NPRY 1id-
latitudinal North Paci�c Radiolarian Yuildu�*

1NPRY �30Si �15N
diazotro�h
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Re�nolds et al�, 200�*  
�N+ W; North +tlantic  ee� Water* 

Rea et al�, 1995

 
N+ W

Site 1210

1NPRY N+ W
Site 1210 2�7 1a

200� Re�nolds et al� �200�*

L� 
�L�* bacca , H. asteriscus

/aecker, 1908 2�78

2�2� 1a

L. maritalis S. osculosa

2�2� 1�72 1a
Site 1210

200� 1�81a
/arwood, 1987

L� �L�* 
bacca L� �L�* bacca

Site 1210

L� �L�* bacca
2�2� 1�72 1a

1�72 1a
C. davisiana C. pliocenica L. setosa C. profunda S. 
lineata

1�71 1a
Kitamura and Kimoto, 200�

Braarudosphaera bigelowii
1�73 1a 2007

1�71 1�73 1a

1�8 1a 1�71 1�73 
1a 0�09 0�07 m���

1�12 0��� 1a
1�2 0�� 1a 1id-Pleistocene Vlimate 

Transition

Kawagata et al�, 
2005; in �ress

Site 1210

1�12 0��� 1a
0��� 1a

 B. aquilonaris S. 
osculosa L� �L�* bacca

まとめ

� P Leg 198 Site 1210

��0

59

100

Cycladophora davisiana LV� 2�8� 0�03 
1a Theocorythium vetulum L� 1�55 0�05 1a
Axopronum angelinum L� 0��� 0�0� 1a

Site 1207 Bathropyramis 
quadrata Cyrtolagena cuspida 2500 
m

��35 3�90 1a 2�78

2�2� 1a 0��� 1a

���1 ��35 1a ��35 3�90 
1a 3�90 3��� 1a 3��� 3�08 1a 3�08 2�78 1a 2�78

2�2� 1a 2�2� 1�72 1a 1�72 1��2 1a 1�12 0��� 
1a 0��� 1a 10 ���1

��35 1a Late 1iocene C 3arl� Pliocene 
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biogenic bloom e�ent

5�9� 1a 5�33 1a

5��1 5�18 1a
��35

3�90 1a
300-1000 m 3�90 

1a 3��� 1a 3��� 3�08 
1a 3�15 2�80 1a

+rtiscinae

2�78 1a
North Paci�c ��al Yreakdown

200 300 m

1NPRY 1id-latitudinal 
North Paci�c Radiolarian Yuildu�* 2�2�

1�72 1a
1�72 

1a
Braarudosphaera bigelowii
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Plate 1

1. Actinomma boreale Cleve


 
�%�����
"&"'+�'&/�'��*

2. Actinomma medianum Nigrini


 
�"&"'+�'&/�'��*

3‒5. Sphaeropyle langii Dreyer 


 �OX
"&"'+�'�/�'M�(
�X
"&"'+�'O/�VV(
MX
"&"'+�'Q/�'��*

6. Thecosphaera inerme Haeckel


 �"&"'+�'�/�VV*

7. Thecosphaera dedoensis Nakaseko


 �"&"'+�'O/�VV*

8. Thecosphaera sp. A


 �"&"'+�'"/�'&�*

9–12. Didymocyrtis tetrathalamus (Haeckel)


 �#X
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13. Heliodiscus asteriscus Haeckel


 
�"&"'+�'�/�'O�*

14–15. Larcospira quadrangula Haeckel
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"&"'+�'"/�'&�(
"MX
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16. Tetrapyle octacantha Müller


 
�"&"'+�'�/�VV*

17–19. Larcopyle buetschlii Dreyer
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20. Larcopyle decens (Kozlova)


 
�"&"'+�'�/�VV*

21a, b. Pylospyra sp.


 
�"&"'+�'�/�VV*

22. Circodiscus microporus (Stöhr)
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23. Phorticium pylonium Haeckel


 
�"&"'+�'�/�VV*

Plate 2

1. Spongotrochus glacialis Popofsky


 �"&"'+�'�/�'"�*

2. Amphirhopalum ypsilon Haeckel


 �"&"'+�'�/�V*

3. Dictyocoryne truncatum Ehrenberg


 �"&"'+�'"/�'&�*


4–6. Spongodiscus osculosa (Dreyer) 
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7. Spongaster pentas�����������	
�����


 �"&"'+�'�/�'O�*

8. Spongaster tetras irregularis Nigrini


 �"&"'+�'"/�'��*

9. Spongaster tetras tetras Ehrenberg


 �"&"'+�'Q/�'��*

10, 11. Spongurus cylindricus Haeckel


 �"'X
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""X
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"&"'+�'�/�'O�*

12, 13. Axoprunum angelinum (Campbell et Clark)


 �"&X
"&"'+�'�/�'O�(
"OX
"&"'+�'&/�'��*

14, 16. Stylacontarium bispiculum (Popofsky)


 �"�X
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"&"'+�'�/�'O�(
"�X
"&"'+�'�/�VV*

15. Stylacontarium acquilonium (Hays)


 �"&"'+�'�/�'O�*

17. Hexacontium arachnoidale Holland et Enjumet


 �"&"'+�'�/�VV*

18. Sartunalis circularis (Haeckel)


 �"&"'+�'$/�'O�*

19. Hexacontium multiporum Vinassa


 �"&"'+�'"/�'&�*

Plate 3

1, 2. Lithomelissa setosa Jørgensen


 �"&"'+�'�/�'M�*

3. Lithomelissa thoracites (Haeckel)


 �"&"'+�'�/�'M�*

4. Lophophaena hispida (Ehrenberg)


 �"&"'+�'�/�'M�*

5–7. Pseudodictyophimus gracilipes (Bailey)


 �"&"'+�'�/�'M�*

8. �
	��
���������	� (Bailey)


 �"&"'+�'�/�'M�*

9, 10. Lithobotrys cribrosa Ehrenberg group


 �#X
"&"'+�'�/�'M�(
"'X
"&"'+�'�/�'O�*

11. Gondowanaria campanulaeformis (Campbell et Clark)


 �"&"'+�'Q/�'��*

Explanation of plates
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12, 13. Eucyrtidium acuminatum (Ehrenberg)


 �"&X
"&"'+�'O/�VV(
"OX
"&"'+�'$/�'O�*

14. Eucyrtidium hexagonatum (Haeckel)


 �"&"'+�'$/�'O�*

15. Eucyrtidium calvertense Martin


 �"&"'+�'O/�VV*

16, 17. Lithopera (Lithopera) bacca Ehrenberg


 �"�X
"&"'+�'O/�VV(
"QX
"&"'+�'$/'O�*

18, 19 Stichocorys peregrina (Riedel) forma “cold”

 �"$X
"&"'+�'$/�'O�(
"#X
"&"'+�'�/�VV*

20. Stichocorys peregrina (Riedel) forma “tropical”

 �"&"'+�'�/�VV*

21, 22. Lithocampe heptacola Haeckel


 �&"X
"&"'+�'�/�'"�( &&X
"&"'+�'O/�VV*

23, 24. Theocorys creticum (Ehrenberg)
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"&"'+�'�/�'O�(
&�X
"&"'+�'�/�'M�*

25. Cyrtolagena cuspidatus (Bailey)


 �"&"'+�'�/�'M�*

26, 27. Cornutella profunda Ehrenberg
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"&"'+�'"/�'��(
&QX
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28, 29. Cycladophora cornuta (Bailey)


 �&$X
"&"'+�'�/�'O�(
&#X
"&"'+�'�/�VV*

30–32. Cycladophora davisiana Ehrenberg


 �O'�
 "&"'+�'�/�'M�(
 
 O"X"&"'+�'�/�'O�(
 O&X
 %�����
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33–35. Cycladophora pliocenica Lombari et Lazarus


 �OOX
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OMX
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36-37. Cyrlcadophora pliocenica Lombari et Lazarus (?)


 �"&"'+�'$/�'O�*

38. Stichopilium bicorne Haeckel


 �"&"'+�'�/�'M�*

39. Litharachnium tentorium Haeckel


 
�"&"'+�'�/�'M�*

Plate 4

1–4. Bathropyramis quadrata Haeckel
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5. Botryostrobus aquilonaris (Bailey)


 �"&"'+�'"/�'��*

6–9. Botryostrobus auritus/australis (Ehrenberg)
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10. Phormostichoartus corbula (Harting)


 �"&"'+�'�/�'M�*

11, 12. Artostrobus annulatus (Bailey)


 �"&"'+�'�/�'M�*

13. Artostrobus joergenseni Petrushevskaya


 �"&"'+�'#/�'��*

14. Siphocampe lineata (Ehrenberg)


 �"&"'+�'�/�'M�*

15. Tricolocapsa papillosum (Ehrenberg)


 �"&"'+�'�/�'O�*

16, 20. Botryostrobus seriatus (Jørgensen)


 �"�X
"&"'+�'�/�'"�(
&'X
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17. Carpocanium solitarium Ehrenberg


 �"&"'+�'�/�VV*

18, 19. Carpocanium diadema Haeckel


 �"$X
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"#X
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21, 24. Theocorythium dianae Haeckel


 �&"X
"&"'+�'O/�VV(
&�X
"&"'+�'�/�'M�*

22, 27. Theocorythium vetulum Nigrini
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23, 25, 26. Lamprocyclas maritalis Haeckel
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Plate 5

1, 2. Anthocyrtidium ophirense (Ehrenberg)
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3. Anthocyrtidium zanguebaricum (Ehrenberg)


 �"&"'+�'�/�'M�*

4. Lamprocyrtis hannai (Campbell et Clark)


 �"&"'+�'$/�'O�*

5–7. Lamprocyrtis heteroporos (Hays)


 �MX
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8. Lamprocyrtis nigriniae (Caulet)
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