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� NEMUROn[t(4) =åɘ#��hYIQn[t"�9�ÞǂǤ'ȉŰȾn

[t(�Ưǐɗʝ˚=�ţ#�!�˟ȉǾ"�9ǀǾfrwI\wɔ�˟=Ȳ
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cyI�ȅ:���:(ŝƷ'Ĩɽǫ£#Ȑ%�!(�%��0�Ưǐɗʝ˚

'`BEjQ(Ĩɽǫ'ƭĞ¯.$&ĕÓ�9íɞũ��9�#=ȡ����

��zɥ&(¶á�9(�'ĞČFB@O˚'`BEjQ=ʛ	9.$'n[

tƅħ¯(ȅĨ'ɽǫ¯#(ñɢ�%��3��7&ůŏÅƹ&68Àǁʁ=

ɯ��� 
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�Ưǐɗʝ˚'ˢ�Ɗ˛ʪŏ#ÈƲ`BEjQ¯'Ʉ1ñ<�"�9�#�Å

����0�Ưǐɗʝ˚&69ĴČǀǾfrwI\w�šĴ×ǾfrwI\w
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1. ōʎ 

 

1-1. ȉŰȾn[tȜȭ'ɜƧ 

ǤǟȉŰȾ(ǾȇȒȈĔɹă�ØĦȒȈĔɹă�ðƽ˞Ǐˋ&�9ɷƓȉǾ

ɔ'Ǡ×%$ǅ�%fvSQ'ɷˏ%ȗ�¡ȋ&6�!ę×�!�9��:7

�-!'ɹă=«Ê&ȖƄɽĮ�9�#(íɞ���ȗ�'˃ʬ�Ƣ7�&%

7%�ˆ8�ƥȾÇȒ%ę×´ô=�ǫ�9�#("
%����"�Riley(5) ( 

ßɀ%ƓĦȒn[t=ȋ�!�ȈĔɹăȗ�'˃ʬ=ƅħ�!��ɹȉǾɔˎ

'ę×'Àȅ=ʇ1��ÙȺƸǤľ'PqyPQǬ&
�!ǀǾfrwI\w

'ŉę× (PP) =ħʻȒ&Àȅ�9�#=ȕȒ#�!�ǕǪ (T)�ƽ˞ēǴŏ

˧NˬȞʷē, Pˬswʷē˨�×ǾfrwI\wȉǾʻ'ɽǫ[yV (Z) =¢

ȋ�!ĜʹĂņÅƹ=ɯ��� 

PP=-153T-120P-7.3N-9.1Z+6713...........................˧1˨ 

(1)&68�ǀǾfrwI\w'ę×(�ɷƓȈĔɹă'ę×'ɍñȒ%Ɇƺ&

¥Ĥ�!ę×�9�#=Ɠő|(ȡ��#�"
������«Ê'ȈĔɹă

˂'ăƺ˃§=Ƣ7�&�9�#=Ůą�!�%��3��'Ǥč,'ʴȋ%

$(ː���#�Å���� 

Riley 'Ǌ'n[t(6) "(ðȉǾɔ'ę×=Àȅ�9�3&šÅƙȩő=ĳ

º���ǀǾfrwI\wɍȉǾʻ(P)=£&�:)��'ƥ˂Ȓ%ę×��ǀ

ǾfrwI\w'ÈƲɂɝƓ(N) �¹ñŲ&69ĕǎ(Ph)�úö&69ǩĵ(Re)�

ſ˛ə&69ǩĵ(Gr)%$"ɰȅ�:9�#=ȡ��� 

dP/dt=N(Ph-Re)-Gr ...........................˧2˨ 

ǄŲ�9ę×armyV'z "�9¹ñŲʪŏ&
�!(��"&Ȝȭ£'

�9¹ñŲ―¹˧P-I˨ƩɎő%$=ĳº�:)ȉǾʻ=ħʻȒ&Àȅ�9�#

�íɞ"�9�#=Ůù�9�¹ñŲ%$«Ê'ę×ʱȩ(�¹ȈĔ�Ȑ%9

đñ&(�'Ǥč&ǿƯ' P-I ˃ʬ'§Ɠ%$=�	:)6��3�ªǌ(Ī

ƣ"�9�«�'ɹă'ę×& �!(�68ʈɂ%[yV5Ɠő'Ǝɦ'Ť

ɹ(�9��(2)(zɥő#�!ȋ�7:9�#&%��� 
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� Fasham et al(7)(Îʧ'ǄŲɹɁ&Ó	!�7&[\rBVQ˧Ƚ�Ǎ��ȉ

ǾȍƷ'ȝǽ%$˒ȉ�ȻȀƯǉǾ'ɍȦ =˨Ó	� NPZD˧ Nutrientˬ ƽ˞ē�

phytoplanktonˬǀǾfrwI\w�Zooplanktonˬ×ǾfrwI\w�Detritusˬ

[\rBVQ˨n[t=ˁȑ���ǀǾfrwI\w&į�9ƽ˞ē'¤ɇ&

ˆħ����'ŝĺƽ˞×Ǿɔ&69ƽ˞ē'dAy]`YI�Ó<8�Ǿʙ

'ŠȈ=ɽĮ"
96�&%����7&MwcpyV'ȑʲ&68�ĎƵǄ

ŲɹɁ˧Mway\mw\˨'ĜǅØ˧frwI\w'ȫ˚%$˨�0�Mw

ay\mw\˂'˃§˧armyV˨'ɷˏØ&įŦ�!�ŝƷ684Țƥ˂

"ˢŏ%ɾƹ�íɞ#%�!
�� 

Kishi et al(4) (�Fasham et al(8) 'n[t=åɘ&�Ùɸğňǟ'ŌȸĄǤč=

įʓ#�!��ɹ%frwI\wȉǾɔ�ţ'ȉŰȾn[t=Ƈƾ����7

&×ǾfrwI\w'ĥȷȒʾȖȧ×˧ĞČ×ǾfrwI\w�ȣĥ&}Ļ,

ȧ×��Ƥ&|Ļ&ų9ɯ×˨%$=ę×ɹă&Ó	!Żŕ��� NEMURO

n[t=ˁȑ����:&6�!ĬÂǤč'ĥȷ�#'ǀ˛ũ×ǾfrwI\

w'¶áȫ'ę×5�Ƥĥ'Ğĕǎ˧etyl˨=Àȅ�9�#&ŲÒ���

�' NEMURO n[t(�Ƙ�&Mway\mw\=Ó	9�#5�army

V=ęƫ�9%$ǑʟȒĪƣ&ªǌ"
9�3��Ǥč,'ʴȋ�íɞ"�9�

ƵȜȭ'įʓǤč�ÞǂǤ"�8�NEMUROn[t'įʓǤč"�9Ùɸğň

ǟ#(ĬÂǤč#��¼ʩǷ��9�¶á�9frwI\w5ȉŰȾ'Ǆʫ�

Mway\mw\˂'armyV4ʦ��!�9ʶÅ(ʴȋíɞ"�9�3�

�' NEMUROn[t=gyQ&�!�Ƙ�%n[tǄȹ=ʇ1�� 

 

1-2. ÞǂǤæ*�'ȉŰȾ'ǿŢ 

� ą 1(ÞǂǤ'ǤǟǄʫ'ǃɹ=ȡ�!�9�Þɑ 40ŏ(40oS)�ʦ&�ǼŅ

éƶɎ�40°S �7 50°S '˂&�ÞǂÎɎ�50°S øʣ&ÞǂÎɎ�Ĥĉ���

'ÞǂÎɎ�Þ�ÞǂǤ#ú):�0��ǼŅéƶɎ�Þ'Ǥč�ÞĞǟ#ú

):!�9(9) � 

� ÞǂǤ'frwI\wȉŰȾ#�!(�ǀǾfrwI\w'đñ&(Ȅɬ˚
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�¶á�9�#�Ĝ��Isf\ɬ˚
6*_f\ɬ˚%$ĜȫĤĉ�9�×

ǾfrwI\w(��&šĴ×ǾfrwI\w�FB@O˚�EG@k˚
6

*TrXwʙfrwI\w&6�!ǄŲ�:!�9�EG@k˚(ÞǂǤȉŰ

Ⱦ&
�!ʿȫ#�:9�#�Ĝ���Åń&
�9Ŗ�~ċzũ�ǿŢ"�

9�_f\ɬ˚æ*Isf\ɬ˚%$'ĴČǀǾfrwI\wJtyf(Þǂ

Ǥ'ÞʶǤč&
�!(¶á�%��3ĞČ'FB@O˚5EG@k˚%$&

(Ɗ˛�:���&šĴ×ǾfrwI\w&Ɗ˛�:9#ɿ<:!�9(10) � 

 

1-3. ÞǂǤ&
�9Ưǐɗʝ˚'Ȝȭ 

Ưǐɗʝ˚#(�×ǾfrwI\w' 1Jtyf"�9ǣʰũŃʔ'�#"

�8�zɥ&(¶á×ǾfrwI\wɔ#(%7%���ĬÂǤč%$&
�

!Ȩ&ˢīŏɔ�Äȅ�9�#�ȟʉ�:!�9(1) (2)�ʦŉ�ĊȆɻǇ'ȈĔ

Ā˘'z "�9ǤǟʷũØ�ʮɯ�9đñ�Ưǐɗʝ˚'ǶʷFtOCl'

ǐ'ǯɾ�ʮɯ��'ȉĤ�âŬ�:9�3&(3) �Ǟȕ�:Ģ3!�9ȉǾɔ

'z "�9�ˢǈ(13) 5ʽƳ(14) (ʱäÜƓŉ'ÞǂǤ&
�9Ưǐɗʝ˚5

FB@O˚'«�Ɠ=ʍƼ��Ɇƺ�Ưǐɗʝ˚(ňċȒ&(FB@O˚'

10 %.$'«�Ɠ"�9��Ȩ&FB@O˚&ȗŗ�9«�Ɠ�ȟʉ�:9�

#=ȡ���Ưǐɗʝ˚'¶áɔ"�9 Limacinaĺ&
�!4��:7'ȉŰ

Ⱦ&
�9µ
& �!(șɺ�ÜÅ"(%��3�ʷũØ�ʮɯ��đñ'

�:7'ȚƲȒæ*ˀƲȒ%ę×´ô��9�(ǩĵ��đñ'ȉŰȾ»�,

'ǝæÖƺ%$ȼŏ6��ǫ"
9Ǐˋ&(%�(11) ��  

� ȣɩ(2) &6:)�Ưǐɗʝ˚(ÞǂǤ'Ěĥ˧1Ʈ˨&
�!(�¸ɯȜȭ

˧ˢǈ�2012˨(13) &
�9ƭĞ¯&ÚƔ�9ȅĤʻ=ɷƓ£ɽǫ���0�S

[Amw\\rYf=ȋ��ʍƼ&6�!�ȣĥ˧2˭3ƮƲ˨&`BEjQ�

ƭĞ#%8�ȉǾiwf˧ǀǾfrwI\w�Ǖ�'�ʷØǶɁ=ê8ʤ1�

¹ñŲ&6�!¡7:�ǶɁ�ȫ�'ǀ˛ũ'frwI\w&69Ɗ˛ȴ&6

�!Ư¹Ļ�Ǧ,ʡʨ�:9¡ȋ"�9(12) ,˨'ʕȂŏ4ȗįȒ&ˢ09íɞ

ũ��9#�ŭ����'�#(ʷũØ&6�!Ưǐɗʝ˚�ǩĵ��đñ�



9 
 

ȉŰȾ¿"'Ǿʙʡʨ,'Ř˔�Ğ
�íɞũ��9�#=Ůù�!�9� 

� ȣɩ(2) �ŽƋ��6�&�Þǂ'frwI\wȉŰȾ'�"ɗʝ˚�¶á�

9�#(ĵ%���ƃˎ'ƥƲ5Ǥč=ʴÆ&ʵŹ�9�#&68�ŝƷ'ȅ

ĤʻĐ÷¯684ˢ�íɞũ��9#���#(Ǟȕ&¯�9� 08ƜĐ¯

684ȅĤʻ�ˢ�%7)�ɗʝ˚'ȉŰȾ¿'µ
�ŝƷ'ƅħ=|Ă9í

ɞũ��9�7"�9��:7=ȟʉ�9�3&(�Ɠĵ%�Ĩǫ¯�7ěž

�9��"%�!�n[t=ȋ��ƅħ4Ưȋ"�9#ɘ	7:9��ś�Ǥ

ǟʷũØ%$�ĲƷŌȸĄ&<�9ȈĔę×��ǫ�:9đñ�ĊȆɻǇ'n

[t&į�!ÞǂǤ'ĸŴȒn[tūĐ�Ưȋ"�9#ŧ<:9� 

� ƵȜȭ"(ŝƷ' NPZDn[t&Ưǐɗʝ˚=ĳº��ɗʝ˚&˃ʬ�9�

#��ŭ�:9ǀǾfrwI\wȉǾɔ��'ǀ˛ũ×ǾfrwI\wɔ�ɛ

˛ũ×ǾfrwI\w#¼&ȉŰȾn[t=¡Ų���ƵȜȭ'ȕȒ
6*ƙ

ǜ(�}'ʩ8"�9� 

1˪ɦ ä'șɺ5ʬɊȒ%ɽǫ[yV�ĵ%�Ưǐɗʝ˚'ę×=�ǫ�9�

3&�ƜĤ' NEMUROn[t(4) =åɘ&�ÞǂǤ&
�9ɗʝ˚=ĳº��

ȉŰȾn[t=ˁȑ�9� 

2 Ě˪ĥ�7ȣĥ&
�9Ưǐɗʝ˚ȉǾʻ'ę×=Àȅ���:7'ȉǾʻ

'ǂĞ¯5ĥȷȒęØ'´ô�ʱä'Đ÷¯&ñɢ�9�$��=ȟʉ�9�

½�Ȓ&(�Ưǐɗʝ˚'ȉǾʻ�¸ɯȜȭ&
�!((13) Ȩ&��Äȅ�%�

��6�%ˢīŏ&ʲ�9�#��9�$���0�¸ɯȜȭ(2) �Ĩǫ&68

ȡ��6�&�ĥȷȒ%ę×&
�!Ěĥ�7ȣĥ˧2~3ƮƲ˨&ȉǾʻ'ǂ

Ğ�Äȅ�9�$��=ȟʉ�9�#"�9� 

3 Ě˪ĥ�7ȣĥ&
�9Ưǐɗʝ˚ȉǾʻ'ĕǩ&Ř˔=�	9ɹă=Ƣ7�

&�9�|ʂ 2 '6�%ę×�ȟʉ�:�đñ&��'ę×&Ř˔=�	9ɹ

ă& �!�ůŏÅƹ=ʩ�!Ƣ7�&�9�  
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2. n[t¡Ų#ɾƹƙǜ 
 

2-1˪NPZDn[t'ǃɹ#ǄŲɹɁ 

� ƵȜȭ"(�ƽ˞ē(Nutrient)�ǀǾfrwI\w(Phytoplankton)�×Ǿfrw

I\w(Zooplankton)�[\rBVQ(Detritus) 'ę×=ȋ��NPZDČ'n[t

=¢ȋ�!
8�ß��Ȭŗ�8'ƯǉǶɁʻ˧mg C m-3˨=ę×'ĎƵß�

#���ą3 (ƵȜȭ&
�!n[t=ȋ��MwcpyVyOkpuyOq

w=Ĩɯ�9�3&ŭħ�:�ÞǂǤ'ȉŰȾ=ǄŲ�9�ɹ%ɹɁ
6*Ƕ

Ɂʡʨ'ǃɹą"�9�Walker et al. (10) &6:)�ǀǾfrwI\w#�!_

f\ɬ˚�Isf\ɬ˚�ǀ˛ũ×ǾfrwI\w#�!�:7=ɗʝ˚�F

B@O˚%$�Ɗ˛��ȽȻ5Ǎˡ�`IZs@&Åɾ�:ǯĤǹǉǶɁ,#

ʮ>"�9�ǯĤǹǉǶɁ'ǀǾfrwI\w,'dAy]`YI(ŭħ�:

!�%��ƵȜȭ'n[t'ǄŲɹɁ˧ Mway\mw\ (˨zʶ�Walker et al. 
(10) 'ȉŰȾ'ǄŲ=åɘ#���Ƶn[t(ĞČǀǾfrwI\w (PL: 

phytoplankton large)�ĴČǀǾfrwI\w (PS: phytoplankton small)�Ų�
6

*ŋȉɗʝ˚ (PtA: pteropod adult, PtJ: pteropod juvenile)�ĞČFB@O˚ (ZL: 

zooplankton large)�ĴČFB@O˚ (ZS: zooplankton small)�šĴ×ǾfrwI

\w(ZM: microzooplankton)�ɛ˛frwI\w(ZP: predatory zooplankton)�ȻȀ

ƯǉǶɁ(POC: particulate organic carbon)�ǯĤǹǉǶɁ(DIC: dissolved inorganic 

carbon)'10ȫ˚&68Ų8Ȯ�!�9� 

ƵȜȭ'NPZDn[t&
�!(�ɰĻǕƻ˧0-30m˨=z 'hYIQ&ʄ

ħ��ðMway\mw\'ę×=Àȅ���ǀǾfrwI\w'¹ñŲ&6

9ǹǉǶɁ'öé
6*úö&69ǹǉǶɁ,'Óº=ʴȋ�!�9��:�

ě'ǶɁ'ǡ:(�ȉǾ˂&
�!(Ɗ˛ʱȩ˧ǀ˛˨�ſ˛ʱȩ˧ɛ˛˨&

��!ȉ�9�OkpuyOqw'Ĩɯ(Ěĥ˧12Ʈ1Ɲ˨�7Ģ3�4Ʈ30Ɲ

&Ƀ����� 



11 
 

ǀǾfrwI\w
6*×ǾfrwI\w'ȉǾǶɁʻ˧`BEjQ˨=ę

×��9ɹă˧ɷƓ'ęƓ˨=Ʉ1ʤ>�šÅƙȩő=¡Ų��˧ɰ2, 4˨��

:7=łÅƙȩő&�!zȥ�#'QZYf"ǰȵ=ɯ���ǰȵɆƺ(zƥ

˂�#'Ɇƺ=CSVd?Bt"ÄÑ��ɰʀȵUd\'EXCEL&6�!íɼØ

���¢ȋɿʊ(Fortran 90"�8�ʂʧ��fvJrlɿʊ=gFortran &6�

!MwaBt���Fortran=¢ȋ��ȇȍ#�!(�ǑʟȒɖŞ�Īƣ"�9

�#�ƓĦȒ%˃Ɠ�Ĝ��#���!ȉŰȾn[t&
�!åɘ#�!�9 

NEMURO n[t(4) ��'ɿʊ=¢ȋ�!�9�3"�9� 

 

2-2˪ę×ƙȩő#armyV 

n[t'OkpuyOqw&¢ȋ���-!'ę×ƙȩő
6*armyV�

ħƓ%$(ɰ 1,2 &ȡ���OkpuyOqw'ʀȵ&
�!(�ǀǾfrw

I\w`BEjQ'ÈƲ¯&(JARE 52ɤǤ˧ ȳ52ǊÞǂĊčɽǫˊ&69Ǥ˥

�=¢ȋ��ÞǂǤʍƼɤǤ'�#"�60OS�110OE�ʦ&
�9Ǥǟɽǫ=Ĩ

ƚ�!�9�˧ǈȌ�(15) ˨"§ȏɽǫɳɓ˧��Ƴ�(16) ˨&68ɽǫ�:�

12Ʈ7Ɲ'ǕǦȿ28m'IvvdAt'ɮ¹ŏ'Ĩǫ¯=4#&�!ǶɁƈȵ

��¯=¢ȋ���ŗǤč'2010ŉ12Ʈƴ�72011ŉ1ƮÈ3&ɽĮ�:��

110OEɎ|'0-100mĻ'IvvdAta Ǵŏ'ʾȖÅńą&69#˧ ą3 �˨60OS

&
�!(˙ɪ%�ɰĻǂĞ(ɺ7:��0-50m˂(./ċz"�9�0��ē

ÅǴŏ'ʾȖÅń&
�!(�0 m �740 m0"33.9 PSU"./zħ"����

�'Ǥč&
�!(0-30m'Ǖƻ'ǀǾfrwI\wǴŏ(./zħ"�9#

ɘ	7:9���"ƵȜȭ'n[t&
�9ǀǾfrwI\w`BEjQ'Ǵ

ŏ(0-30mǕƻ&
�9ňċ¯#�!ɘ	��IvvdAt=ǶɁ&ƈȵ�9�

3&�ǶɁˬIvvdAtǑ˧POC/ Chl a˨(30=ȋ��� 

ǀǾfrwI\w`BEjQ'ę×&
�!�ĕÓɹă#�!(ǀǾfrw

I\wɠʞ'¹ñŲ�ǩĵɹă#�!(ǀǾfrwI\w'ɠǺǍ�˧Ǚ˅ǥ

ġ˨�úö���!×ǾfrwI\w&69Ɗ˛"�9˧ɰ 2˨�¹ñŲʪŏ

'ő&(�¹˝ün[t˧Saturation models(17) ˨=åɘ&�!
8�ƭĞ¹ñ
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Ųʪŏ#ɡʴ¹ʻ&į�!'ȅĉ'¹ʻ'Ðñ=���4'"�9˧ ɰ4, ą5 �˨

¹ñŲ'Ìˆɹă#�!¹ʻ#ǹǉǶɁ=ʴȋ�!�9�����ǹǉǶɁ(

ǤǕ�&Ǳǚ&�9'"ĨʙȒ&(¹Ìˆ&%�!�9�ʩŇ(ƽ˞ē=Ìˆ

ɹă#�!ő&Ʉ1º:9��zɥ&ÞǂÎɎ�Þ'ÞǂǤ&
�!(ƽ˞ē

(Ǳǚ"�9�Ȟʷē'Ǵŏ#�'ê8ʤ1ʪŏ=kFDsQymwZwČ'

ʪŏʎő&ŗ!(39#��'Ǥč&
�!(ǀǾfrwI\w'ê8ʤ1ʪ

ŏ� 08ĎȠȉȊʪŏ=ę×��9ȞʷēǴŏč684ˢ�Ǵŏ"�9�7

˧ˢķ.��2011˨Ìˆɹă&(%7%�#ɘ	7:9� 

JARE 52 'ɽǫɆƺ&6:)�IvvdAtǴŏ'ʾȖÅń(˧ ą3 Ǡ˨ȑ%

ǧñ'�3&0�750 m0"./ċz"�9��¹ñŲʪŏ=Śʪ�9¹Ŗŏ(

Ǧŏ##4&ǩɱ�!�9(�"�9�¹'ǩɱ§Ɠ(JARE52&
�!(12Ʈ

ƴ&
�!'1ɽǫ�:!�9�3(19) ��'ǩɱ§Ɠ=ȋ���ǕǦ28m'¹

Ŗŏ(§ȏȾ'ɮ¹SwNy&69ʬɊǫħ¯� (2010ŉ12Ʈ6Ɲ�2010ŉ12

Ʈ31Ɲ) �9'"(20) �ǩɱ§Ɠ=ȋ�!0-30m˂'ðǦŏ'¹Ŗŏ�Ǘ37:

9��:7=ňċ�!0-30m˂'ňċ¹Ŗŏ#���1Ʈ�˅&
�!(�ǿħ

�ɓ˧60oS, 110oE˨&
�9Ǥɰ˓'Ğǔ�'¹ʻ=Ǘ3�Ǥ�&Ÿºƥ'ǩ

ɱȃ 23 %"ɶǌ�!�Ǥ˓Ȗ}'¹ʻ=Ǘ3��Ǧŏ&��¹'ǩɱ§Ɠ(|

ʂ(19)'¯=¢ȋ����:7�7ɰĻǕƻ¿ňċ¹ʻ'ĥȷȒęØ=Ǘ3�ǀ

ǾfrwI\w'¹ñŲʻ'ĥȷȒęØ=ƅħ��� 

×ǾfrwI\w&˃�!(�ÞǂǤ'ĞČ'ǀ˛ũȎǐ˚×ǾfrwI\

w#�!�ǀ˛ũFB@O˚"�9Calanoides acutus =ʴȋ���Hagen and 

Auel &69#(21)  C. acutus (Ěĥ&
�!(ɰĻ˧0 ~ 50 m˨&Ĥĉ��Áĥ

(}Ļ (500 ~ 1000m),#ĥȷȒʾȖȧ×=ɯ%�!�9���" C. acutus (

Ě'Ƀ<8"�93ƮśÝ&�ǦĻ,ĥȷȒʾȖȧ×�96�&ʄħ���½�

Ȓ&(OkpuyOqw=ʬɊȒ&ʀȵ�9�3&�3Ʈ�˅FB@O˚'`B

EjQ' 25 %=ȿ7Ɲ˂˂ˌ"�ǦĻ,ȧ×�����'ʾȖȧ×=4Ă&Å�

!»`BEjQ=ɰĻ�7ȧ×��� 3Ʈ�&ɰĻ'`BEjQ=0.0 mg C m-3 

#���ĴČ'ǀ˛ũȎǐ˚×ǾfrwI\w&(ĴČFB@O˚' Oithona 
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ĺ=ŭħ���šĴ×ǾfrwI\w&(ɒǒɭ˚ (ciliate)=ŭħ��ĴČ'ǀ

ǾfrwI\w=Ɗ˛�96�&ʄħ���ɛ˛frwI\w#�!IrL˚

%$'TrXwʙ×ǾfrwI\w�Ȏǐ˚'EG@k˚�ȱɟ˚�Ȫ�ˣ˚

%$�ɘ	7:9����"(TrXwʙfrwI\w'Nta˚=ŭħ�!

�9��'ȇȍ#�!(�Walker et al.(10) �ȉŰȾ'�"ĞČfrwI\w'ſ

˛ə#�!TrXwʙfrwI\w=ŭħ�!�9(10)�Ó	! Kishi et al. (4) '

ĬÂǤč&
�9ǀ˛ũfrwI\w'ſ˛ə#�!4TrXwʙfrwI\

w=ŭħ�!
8(4)��:&į�!'armyV=¢ȋ�!�9�Nta˚(

ɛ˛ũ×ǾfrwI\w"(�9��˒ʵŹȒƊ˟=ɯ�!�9�3�:7'

˟ȉǾ(×ǾfrwI\w��"%�!ǀǾfrwI\w=õ2ǅ�%˟=į

ʓ#�!�9�3�ƵƷ(ˏ˛ũ"�9 (Stergiou et al., 2002) ��'ɛ˛ũf

rwI\w�ſ˛
6*Ɗ˛=ɯ�įʓ(�ĞČǀǾfrwI\w�ĞČFB

@O˚�ɗʝ˚'Ų��ŋȉ"�9�NEMUROn[t(4) &
�!4�ɛ˛ũ×

ǾfrwI\w(ó�6�&IrL˚=ŭħ�!
8ˏ˛ũ#�!�9� 

n[t'ʄħ#�!�Ų�
6*ŋȉ'ɗʝ˚�ĞČ×ǾfrwI\w%7

*&ĴČ×ǾfrwI\w(ƝøʾȖȧ×&��Ɗ˟'Ɲøũ=ɘű���Ɲ

�(}Ļ&ȧ×�Ɗ˛=±ǋ��ĝ˂(|Ļ,ȧ×�!ǀǾfrwI\w=Ɗ

˛�96�&���0��ĞČ×ǾfrwI\w�ĴČ×ǾfrwI\w�š

Ĵ×ǾfrwI\wæ*ɛ˛ũfrwI\w&(zħ'Ǵŏ&%9#Ɗ˛�ſ

˛=ǋ396�&ƭĞ¯=ʄħ��˧Ivlev ˃Ɠ˨��:(˟Ǵŏ�ˢ�%9#

˝üȀŰ&%8�Ɗ˛ʪŏ'ƭĞ¯�|&%7%��Ų�
6*ŋȉ'ɗʝ˚

(ĞČ
6*ĴČǀǾfrwI\w'çƙ=Ɗ˛�9'"�ǀǾfrwI\w

'`BEjQǴŏ'Ðñ&Ŧ�!Ɗ˛Ĉ=Ð8ŗ!�� 

×ǾfrwI\w'Ǎ�'˃Ɠ
6*Ǎ�ȃ( Fasham et al.(7) =åɘ&�!

�9�Ƶn[t&
�!4×ǾfrwI\w'īŏ'ĕÓ&��Ǎ�ȃ�|ơ

��īŏ��}�9#Ǎ�ȃ4�}�96�%ʄħ"�9��×ǾfrwI\

w(`BEjQ'2�&Ǒ£�!Ǎ�ȃ�ę×�96�&��˧ɰ4˨�0��
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ǀǾfrwI\w'ɠǺǍ�ȃ(ǀǾfrwI\w'`BEjQ&ħƓ (0.01)

=���� 

� zʶ'ȻȀƯǉǶɁ([\rBVQ#�!Ĥĉ�9��frwI\w'ɠǺ

Ǎ�˧Ǎˡ˨�ƁǛ˧Ƚ˨&6�!ĕÓ��šȉǾ&69Åɾ&6�!ǩĵ�

9�Åɾǥġ�9ȻȀƯǉǶɁ(ǯĤǹǉǶɁ&Óº�9�0��[\rBV

Q(|Ļ˧0-30m˨#}Ļ&Å�!�8�ĴČ'frwI\wȍƷ'4'(|Ļ

hYIQ¿&ȏ08�ĞČ'frwI\wȍƷ'4'(}ĻhYIQ,ȧɯ�

9�ǯĤǹǉǶɁ([\rBVQ'Åɾ"ĕÓ��ǀǾfrwI\w'¹ñŲ

&6�!ǩĵ�9� 

 

2-3˪ÈƲ¯ 

OkpuyOqw=Ĩɯ�9đñ'ÈƲ¯& �!(�ǀǾfrwI\w&


�!(12Ʈ7Ɲ&JARE 52'ɰĻ§ȏȾ'IvvdAtSwNy"ɽĮ�:�

ɮ¹Ŗŏ¯=¢ȋ����:=IvvdAta¯&ƈȵ���7&ǶɁƈȵ���

×ǾfrwI\w'ȅĤʻ'[yV(60oS, 110oE&
�!1988ŉ�˅2007ŉ0

"JARE&6�!ɉɊȒ&ƃˎ�:�ʇƖ=ȋ���FB@O˚(ʽƳ(14) �0

#3�Đ÷=¢��ɗʝ˚(ˢǈ(13) �0#3�Đ÷'��7ňċ¯=źÄ�!�

ÈƲ¯#�!ʄħ��˧ɰ6˨� 

 

2-6. ůŏÅƹ#�'ƙǜ 

n[t=ȋ��Okp―uyOqw&
�!(�ȋ��armyV'ę×=

Łî�9'(�armyV¿'§Ɠ"�9�§Ɠ�ę<9�#&6�!��'

armyVŲÅ�$'ȩŏ&ę×�9�=ȟʉ�9Ťɹ��9�ůŏÅƹ#(

armyV=ʵŹ�!��'�'§Ɠ=ęØ��!��'armyV�VyL

Y\˧»ǄŲȉǾɔ0�(įʓ#�9ȉǾɔ˨&į�!Ƒů&èŦ�9�$�

�=ʍ-9ŵǜ"�9�½�Ȓ%ƙǜ#�!(�ðJtyf'`BEjQ=ę

×��9ƙȩő�'Ɗ˛ʪŏ�ƁǛʪŏ�ɲ˛ʪŏ�Ǎ�ʪŏ'˖��8��
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:�:'˖'ƭĞƊ˛ʪŏ5Ǎ�ħƓ=ęØ��9�0��ħƓ#�!`BE

jQÈƲ¯=ę	9ʇ14ɯ��� 08�Ǎ�ȃ#ɲ˛ʪŏ'ħƓ=ęØ�

��đñ�Ǎ�ȃ�zħ'Ðñ� ǩĵ�!��'&į�!�ɲ˛'˖=ę×

���đñ&Ũǳ&ęØ�ɺ7:�đñ��'ȉǾ'`BEjQ=Ğ
�Łî

�!�9ʹɹ%ɹă(ſ˛əfrwI\w"�9#ɾʸ"
9�� �  

 

3 Ɇƺ#ɘĮ 

3-1. n[t'OkpuyOqw�ȡ��ðȉǾɔ'ę× 

� n[t'OkpuyOqw&68Ş7:��-!'ȉǾɔ'ę×=ą 6-a &

ȡ���ĞČǀǾfrwI\w˧PL˨æ*ĴČǀǾfrwI\w˧PS˨� 12

Ʈ}Ơ&cyI=ʥ	!�9��' 31Ɲś˧ 1Ʈ|Ơ &˨ĞČFB@O˚˧ ZL˨

5ɛ˛frwI\w˧ZP˨�cyI=ʥ	9�PL
6* PS'cyI'ȿzʭ

˂ś˧1Ʈ 7Ɲ�;˨&ɗʝ˚'Ų�˧PtA˨�ŋȉ˧PtJ˨�cyI=ʥ	!�

9��'ś�1Ʈ}Ơ�7 PL, PS, ZS, ZM, ZL, PtA, PtJ, ZP'`BEjQ(ǩĵ

´ô=ȡ�!�9��ZL( 3Ʈ�7 4Ʈ&��!ĥȷȒʾȖȧ×&6�!ɰĻ

�7ǥġ�9�PL# PSæ*FB@O˚�ě'×ǾfrwI\w˧ PtA, PtJ, ZP˨

( 3 Ʈ�˅&
�!(˙ɪ%ǩĵ(ȡ�%��ĴČFB@O˚æ*šĴ×Ǿf

rwI\w(ÈƲ¯�7˙ɪ%ę×(ȡ�!�%�� 

ą 6-b ( PL, PS'ę×=ą 6-a�7źÄ�!ȡ��4'"�9�ĞČǀǾf

rwI\w( 25ƝɅʱś&cyI=ʥ	��'¯(ȿ 40 mg C m-3 "�9�Ĵ

ČǀǾfrwI\w( 30Ɲś&cyI=ʥ	��'¯(ȿ 12 mg C m-3 "�9�

�'ś(˫Ʈ�Ơ0"ɐ5�&ǩĵ�!�9� 

 ą 6-c( ZS# ZM'ę×=ȡ����ə#4 1Ʈ|Ơ� 08ǀǾfrw

I\w'cyIś&ƭĞ¯&ʲ���ZS
6* ZM'ƭĞ¯(�:�: 1.3 mg 

C m-3, 0.9 mg C m-3 "�9�ą 6-d (ĞČFB@O˚'ę×=ȡ���ĞČFB

@O˚'ƭĞ¯(ÈƲ¯"�8˧ 15.7 mg C m-3 �˨12Ʈ( 15Ɲś'ȿ 9 mg C m-3

&ɡ90"ǩĵ´ô"�9���'ś`BEjQ(Ăş�˧ȿ 12 mg C m-3˨�
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À*ǩĵ�9�  

ą 6-e( PtJ# PtAæ* ZP'ę×=ȡ��4'"�9�PtJ( 1Ʈ|Ơ&c

yI=ʥ	��'ƥ'¯(ȿ 15 mg C m-3 "�9�PtA4óǅ�1Ʈ|Ơ&cy

I=ʥ	�ȿ 10 mg C m-3#%9�ZP(Nta˚=ŭħ�!�9�3��'Ɗ

˟ǅő�7�ǀǾfrwI\w#×ǾfrwI\w'�ƙ=ſ˛�!�9�È

Ʋ¯�ƭ4ˢ�˧ ȿ 8.15 mg C m-3 �˨�'ś 12ƮśÝ&Ăş�9˧ ȿ 7 mg C m-3˨

´ô�ɺ7:9� 

»�'´ô#�!�¹ʻ'cyI&ŗ�912ƮśÝ& PL#PS`BEjQ' 

ǂĞ�17:��'Ȗś&ɷƓ'ǀ˛ũ×ǾfrwI\wɔ˧ ZL, ZS, ZM, ZpA, 

ZpJ˨'cyI�Äȅ�!�9�ƭÈ&`BEjQ'cyI=ʥ	9'�ZL 5

ZP"�9�12Ʈ�Ơ�7}Ơ'PL#PS'ĕĞ´ô#ǕǦ30m�ʦ'¹ʻ'˃§

=ɺ9#˧ą 5˨�¹ʻ(12Ʈ|Ơ&ƭ4ˢ���'śŜ�&ǩĵ´ô=ȡ�

!�9�¹ʻ(ÞÝȆ&
�!( 12Ʈ20Ɲ˕&cyI=ʥ	9(���7�¹

ʻ&¹ñŲʪŏ�Ìˆ�:!�9 PL, PS 'ɀȉȊ(ǩĵ�9(�"�9��

��`BEjQ(12Ʈ'śÝ&��!ĕĞ�!����'ȇȍ#�!�}'�

#�ɘ	7:9�1 (30mĻ'¹ʻ'Ɉį¯(ǩĵ�!�9��˝ü¹ʻ�|

"�9�3¹ñŲ=ɯ�'&ÜÅ"����#"�9�2 ȕ#�!(ZL, ZS'

Ɗ˛Ĉ'�}"�9�Ěĥ'˂(Ɲǻƥ˂�ˀ��3�ƝøʾȖȧ×&
�!

ZL#ZS(}Ļ&�9ƥ˂�ˀ��#&681Ɲŗ�8'Ɗ˛ƥ˂�Ț��#�

ɹă"�9#ɘ	7:9�ZL#ZS'Ɗ˛ʪŏ(˟"�9PL#PS'Ǵŏ&¥Ĥ�

9�3�PL#PSÈƲ¯���đñ&(Ɗ˛Ĉ����PL#PS'¹ñŲʪŏ#ZL

#ZS'Ɗ˛ʪŏ'ʻȒ`rwQ�Îə&´��đñ&(�Ǖƻ¿&ɫȬ�:!

`BEjQ�ĕÓ��#ɘ	7:9� 

ZL(ˀƲɽǫ'ňċ¯&ŝ�!(14)�×ǾfrwI\w'�"(ˢ�ÈƲ¯=

ʄħ����'�3OkpuyOqw'ÈƲ'Ǐˋ"(¶áȫ#�!PL#PS,

'Ɗ˛Ĉ�ˢ��ZP'đñ(ʄħ|ˏ˛ũ#�!�9�3�ȅĤʻ'ˢ� PL 

5ZL =Ɗ˛æ*ſ˛�!�9�3 ZL óǅ12Ʈ'�Ơ�7}Ơ&��!cy

I=ʥ	�#ɘ	9�0���'n[t'Ɇƺ"( PtA, PtJ (ZL'`BEjQ
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=|Ă�!�9��:(ő�&ʄħ��Ɗ˛ʪŏ'ƭĞ¯=ʵŹ�!�9�#

�ãă'z "�9���'PtA, PtJ 'ˢ�`BEjQ& �!(ůŏÅƹ'

Ȱ"ɘĮ�9� 

 

3-2.n[t'ǁʅ 

¡Ų��n[t��ŭħ�!�9Ǥč'ȉŰȾ=Àȅ�!�9�$��=ǁ

ʅ�9Ťɹ��9���"�'Ǥčøʣ"ɽǫ�:�Ĩǫ¯#'Ǒʟ=ɯ���

ǀǾfrwI\wȉǾʻ˧PL+PS˨( JARE52˧ȳ52ǊÞǂĊčɽǫˊ˨&


�!�ɷƓ'SwNy=ɳ³��ȚƲɰĻ§ȏȾ&69ȿ20Ɲ˂'ʬɊɽǫ�

7Ş7:�IvvdAtɮ¹Ŗŏ'Ĩǫ¯�7ƅħ�!Ǒʟ���ɰĻ§ȏȾ

(60o S, 110o E�ʦ&Ÿº�!rJrwPowɽǫ=ɯ��4'"�9˧ ą 7 �˨

§ȏȾ�ózǕĒ¿&#$0�!��#�:)�ǕĒ¿' PL, PS`BEjQ'

ęØ(�Ìˆɹă"�9¹ʻ�
6*ǀ˛ũ×ǾfrwI\wɔ˧ ZL�ZS�ZM�

PtA, PtJ˨'Ɗ˟Ǡ×&6�!'1ę×�!�9(�"�9��'ɽǫ"Ş7:

�ǕǦ30m�ʦ'¹ʻ˧PARˬ¹ñŲƯÖƐı˨�IvvdAtɮ¹'Ĩǫ¯

=¢ȋ�!�n[tƅħ¯#Ǒʟ��� 

ą 8 (n[t"ʀȵ�:�ǀǾfrwI\w'`BEjQ˧PL + PS˨#ɮ

¹ŖŏĨǫ¯�7Ǘ3�ǀǾfrwI\wǴŏ#'Ǒʟ'Jrd"�9�ƓƝ

˂'˂ˌ" PL, PS 'ȉǾʻ(ę×�!
8ÎÝ�7Ŝ�&`BEjQ�ĕÓ

��20Ɲȕ=Ĕ&�!śÝ&(ǩĵ�!�9#��»�Ȓ%ę×´ô(ʦ��

!�9�0��n[tƅħ¯#Ĩǫ¯&
�9ǀǾfrwI\w`BEjQ�

Ǵŏ'EyWy#�!4./ñɢ�!�9�����Ĩǫ¯&
�!(ƓƝ˂

'QKyt"ǀǾfrwI\w`BEjQ�ę×�!�9�#�ɽĮ�:!�

9���:(n[t"(Àȅ�:!�%��Ĩǫ¯&
�!�'6�%ȚƲȒ

ę×�17:9'(�rJrwPowĨˠ=ʩ�!./ózǕĒ�'ɽǫ=ɉ

Ɋ��(�"�9��ĴɻǇ'ǀǾfrwI\w`BEjQ'ę×�ȉ�!�

��#=ȡ�!�9�ĴɻǇę×#�!�ǧñʱȩ%$&69ŲĻØ'ŖŔ'

ȩŏ�0�(ƽ˞ē�šʻʼĺ%$'ĸŴȒ¤ɇĕÓ%$�ɘ	7:9��'
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6�%ȚƲȒ�ĸŴȒǾȇȒfvSQ�˃��!�9%7)�ēÅ5ǕǪ'ę

Ø%$"ɽĮ�9�#(~íɞ"(%����'ę×=n[t&(Ʉ1ʤ2�

#(ː��#ŧ<:9��'¸ɯȜȭ"Ş7:�Ĩǫ¯#Ǒʟ�9#�Fitch et 

al.,(22) �ÞǂǤɰĻ&
�!Ě�7Á&��!˧12Ʈ�73Ʈ0"˨'ǀǾfr

wI\wȍƷ'POC'ę×´ô#ʦ��!��� 

×ǾfrwI\w'n[t&
�!ȋ�7:��ÞǂǤ&
�960° SøʣǤ

č"ƃˎ�:�ZL#ZS'`BEjQ˧ɰ7˨(ʽƳ(14) 'ɽĮɆƺ"�93ƮÈ

Ơ'ȅĤʻ=ǶɁƈȵ�!Ǘ3���:7=n[tƅħ¯#Ǒʟ�9#n[t

ƅħ¯' ZL (3.58 mg C m-3"�����Ĩǫ¯'ňċ¯
6*ǆǮ°ł(

35.00±31.24 mg C m-3"�8��%8���ZS 'n[tƅħ¯(1.06 mg C m-3

(Ĩǫ'ňċ¯�1.22±1.01 mg C m-3#./zɢ�!�9��ə#4&�ǆǮ°

ł�Ğ
�Ĩǫ¯&
�!4ę×�Ğ
��3�n[t(�'ę×¿'¯%7

)ƅħ�íɞ�#ŧ<:9��:7'�#�7�n[t&69FB@O˚`B

EjQƅħ(
<3!ǌȟ%4'"(%����9ȩŏ'©˗ũ��9#ɘ	

!�9� 

ZL '�ɰ#�!ƃȋ��C. acutus (3Ʈ˕&}Ļ1000 m &0"ĥȷȒʾȖ

ȧ×=ɯ��10Ʈ˕&ɰĻ&ų9�#�ș7:!�9(23) ����C. acutus �

$'�7�'Ʋ˂¿&$'�7�'«�Ɠ�}Ļ,ȧ×�9��0��:7'

�"$'�7�'«�Ɠ�À*ɰĻ&ų�!�9'��& �!ħʻȒ%șɺ

(%������n[t'OkpuyOqw&
�!(�Ɗ˛ʻ'Ğ
� ZL �

� ˕�ɰĻ�7ǥġ�9��& �!(ǀǾfrwI\w`BEjQ'ɋż�

0��'Ȳñə'ȉĤ&#�!ǂ3!ʹɹ%ɹɁ"�9�ƵȜȭ'n[t&


�!ɘű�:�ĥȷȒʾȖȧ×ɯ×'ʄħ�ʴÆ"����$��& �!'

ÉƗ(ː����ɘű�Ťɹ%fvSQ"�9#ɘ	!�9�ƵȜȭ"¡Ų�

�n[t&ˆ7��zŉ�|=ŭħ��ˀƲȒ%ȉŰȾn[t=¡Ų�9đñ

&(�ĞČFB@O˚'ĥȷȒ%ʾȖȧ×'ħʻȒ%șɺ�Ťɹ"�9#ɘ	

9� 

� Ưǐɗʝ˚(zɥȒ&Ěĥ'È3&`BEjQ�ƭĞ#%8�ĚĥśÝ&�
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'`BEjQ�ǩĵ�!�9�0�ɕƤ&ŋȉ'ƘɻÓº��9�n[t&6

8ƅħ�:�3Ʈ&
�9`BEjQ'Ɇƺ˧ 8.0 mg C m-3 (˨ʱä'Ĩǫ¯˧ 3.19 

mg C m-3 , 4.32 mg C m-3, 0.04 mg C m-3� ±3.14 mg C m-3; ˢǈ(13) #˨Ǒʟ�9#ˢ

�¯"�9�ňċ¯'ǆǮ°ł'ȸĄ684ˢ�#���#(Ĩǫ¯'ę×'

ȸĄ�	4ʛ	!�9#���#"�9��:(�ɗʝ˚'ȅĤʻǫħ0�(

n[t&69`BEjQ'ƅħ��9�(�ƙ&
�!Ā˘��9íɞũ=ȡ

ÿ�!�9� 

ˢ�¯&%��ɹă#�!�z (ɗʝ˚ȅĤʻ'ħʻȒŷƉ'ƙǜ&Ā˘

��9�#"�9�ȣɩ(2) &6:)�ÞǂǤ'ĥȷȒǤǖč˧60oS�Þ˨&


�!(�Ěĥ'1ƮƲ&
�!ˢīŏ˧ >1000«� m-3 '˨ɗʝ˚˧ Limacina sp.˨

�ƃˎ�:��#=Đ÷�!�9��'ňċ¯(0.36 mg C m-3�ˢǈ˧2011˨

�ɽĮ��ňċ¯=ʛ	!���ƵƷ~ʬɊ&Åń��ˎɔũ'�9ɗʝ˚�

��ƃˎƥƲ5Ǥč=ʴÆ&ʵŹ�9�#&6�!ŝƷ'Đ÷¯684ˢǴŏ

&Ĥĉ�9íɞũ=ŽƋ���Ó	!�×ǾfrwI\w'Nwft(zɥ&

ǕǦ150 m �7ʾȖƪ
&6�!ƃˎ�:!
8��'ňċīŏ=ȋ�!�9�

FB@O˚5ɗʝ˚�ɰĻ30m�Ǣ&Åń�ˎ��!�9đñ&(�ɰĻ'Ĩ

ǫ`BEjQ(4�#ˢ�(�"�9(2) �0-30m'n[tƅħ¯#Ǒʟ�9đ

ñ&(�0-30m'Ĩǫ`BEjQ#Ǒʟ�9�#�Ʊ0��� 08n[t"ƅ

ħ�:�`BEjQ�ˢ��9'"(%�!�Ĩǫ`BEjQ�ʱĴ"�9í

ɞũ��9#ŧ<:9� 

Ǌ&n[t&69ƅħ¯'Ā˘4ɘ	7:��ɗʝ˚'ę×n[t&¢ȋ�

�armyV'�'§Ɠ�ʱĞ"�9%7)`BEjQ'ʱĞʆ¦=4�7�

íɞũ��9�óƥ&ˢǈ(13) 'șɺ"ȡ�:�FB@O˚&ÚƔ�9`BEj

Q'Àȅ4ȟʉ�:��3Ĩˍ&FB@O˚#óǅ��'Ǥč"(Ưǐɗʝ˚

'Ĥĉ(frwI\wȉŰȾ&
�!ʹɹ%ǉɞ=Ư�!�9íɞũ=ȡÿ�

!�9�ǊȰ"(ůŏÅƹ=ʩ�!Ưǐɗʝ˚'`BEjQ=Łî�9ɹă(

 ��0��ʱä'ňċ¯684ʱĞ#%��ãă& �!ʐʎ�9� 

 



20 
 

3-3. ůŏÅƹ 

� ą9 (ƵȜȭ"¡Ų��˧ÍˈˬNPZD˨hYIQn[t�7ɗʝ˚=ˈ��

OkpuyOqwɆƺ#ɗʝ˚=õ3�OkpuyOqwɆƺ=Ǒʟ��4'

"�9��'Ĩˠ'ȕȒ(ɗʝ˚�ȉŰȾ¿&Ĥĉ�9đñ��'ȉǾɔ&į

�!$'6�%Ř˔=æ/�!�9�& �!�ȟʉ�9�3"�9�PL &į

�9Ř˔=£&�9#�PtA, PtJ �Ĥĉ�%�đñ�'cyI¯�ȿ50 mg C 

m-3� &ʲ�!�9���'cyI'ƥƲ(OkpuyOqwˁĢ�733Ɲś"

�9�PS 'đñ�PtA, PtJ �Ĥĉ�%�đñ'cyI'¯(ȿ31 mg C m-3 "

�8��'cyI'ƥƲ(ˁĢ�765Ɲś"�9˧ą9˨�PtA, PtJ�Ĥĉ�9

đñ' PS 'cyI¯(ȿ14 mg C m-3 "�8��'cyI'ƥƲ(ˁĢ�730

Ɲś"�9˧ą9˨�PL 'đñ�PtA, PtJ �Ĥĉ�9đñ#Ĥĉ�%�đñ#

'`BEjQæ*cyI'ƥƲ'ł(Ĵ����PS 'đñ�'cyI'¯5ƥ

Ʋ&Ğ
%ł�ȉ��� 

ą10 (ÞǂǤ&
�920ŉ˂'ɗʝ˚ȅĤʻ(13) =`BEjQ&ƈȵ�!�

�'ňċ¯˧Ƶn[t'ÈƲ¯&¢ȋ��¯˨#ƭĞ¯�ƭĴ¯=ÈƲ¯&ʄ

ħ��đñ'ɗʝ˚`BEjQ'ę×´ô=ȟʉ��4'"�9��'ȕȒ(�

ɗʝ˚'ÈƲ¯�ś'ɗʝ˚'ę×&Ř˔=�	9�=ʍ-�4'"�9�È

Ʋ¯&6�!Ğ
�ę×�9đñ�ɗʝ˚'Îŉ'ʜÁś'ȉĤȃ&6�!ɕ

ŉ'ɗʝ˚'ę×�ǘħ�:9�#=ȡ��#&%9� 

� ą 8-a & PtJ 'ę×=ȡ��ÞǂǤ&
�9ɗʝ˚'`BEjQÈƲ¯'ň

ċ¯�ƭĴ¯�ƭĞ¯(�:�: 0.36�0.01�4.74 mg C m-3 "�9�ÈƲ¯ƭ

Ğ'đñ�PtJ 'cyI�Ɵ�ʃ:˧ 1Ʈ 7Ɲ �˨�'ƭĞ¯(ȿ 13 mg C m-3 "

�9�ÈƲ¯�ƭĴ'đñ�PtJ 'cyI�ʯ:!ȅ:��'ƭĞ¯(ȿ 16 mg 

C m-3 "�9��'#
ÈƲ¯`BEjQ�ƭĴ'đñ&�cyIƥ&ƭĞ'

`BEjQ=ʲŲ���� 

 PtA (ą 10-b) 'đñ�Îʧ'ʩ8�12 Ʈ�Ơ�7ŋȉɔˎ'zʶ�Ų�&ȧ

ɯ�9�#=ŭħ�!�9'"��:7'Óºȃ&6�!�'ś'Ų�`BE

jQ�Łî�:9íɞũ&Ǟȕ�!ŋȉ'ÈƲ¯'ę×&69�'ś'ɗʝ˚
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Ų�'ę×ɽĮ=ʇ1��ÈƲ¯`BEjQ#�!ňċæ*ƭĴ¯=ȋ��ƥ

' PtA`BEjQ'cyIƥ'¯(ȿ 10 mg C m-3�zƙ�ÈƲ¯�ƭĞ'#


(cyIƥ&ȿ 9.5 mg C m-3 &ʲ��� 

ą11 (ɗʝ˚'Ɗ˛Ĉ=ę×���đñ'`BEjQ'ę×=ȟʉ�9Ĩ

ˠ"�9�Ƶn[t'OkpuyOqw&¢ȋ��ĎǮ¯(Pakhomov et al.(24) 

&ȡ�:!�9ɗʝ˚'Ɗ˛Ĉ 701.6 ng (pigm) ind-1 day-1"�9��ʱä'Đ÷

£�'ƭĞ¯"�9�zƙ�Perissinotto (25) �ȡ��¯ 51.0 ng (pigm) ind-1 day-1�

=ƭĴ¯#�!ƃȋ����:7'¯(ǥØȶ¿ɧɁʻ=Žǆ#�!�9�3

�:7'¯=ǶɁʹʻƈȵ��� 

 ą11-a ( PtA 'Ɇƺ"�Ɗ˛ĈƭĞ¯'đñ&cyIƥ'`BEjQ(ȿ

10 mg C m-3 "�cyI=ʥ	9ƥƲ(OkpuyOqwˁĢ40Ɲś"�9�z

ƙ�Ɗ˛Ĉ&ƭĴ¯=¢ȋ��đñ�cyI(ȿ60Ɲś&ɺ7:9�cyIƥ

'`BEjQ'ƭĞ¯˧ ȿ6 mg C m-3 (˨Îə&Ǒ-!��¯"�9�ą11-b (

PtJ 'Ɇƺ"�9�Ɗ˛ĈƭĞ¯'đñ`BEjQ(ƭĞ"ȿ15mg C m-3 Îś

"�cyI=ʥ	9ƥƲ(ˁĢś40Ɲ"�9�zƙ�Ɗ˛ĈƭĴ¯=ʴȋ��

đñ�cyI(ȿ60Ɲś&Äȅ��ƭĞ¯(ȿ7 mg C m-3 #%8�Îə&Ǒ-

!50%�|��¯"�9� 

ą11-c ( PtA, PtJ 'Ɗ˛ʪŏ'ƭĞ¯#ƭĴ¯=ʴȋ��đñ' ZL 'ę

×=ʍ-�4'"�9��'Ĩˠ'ȕȒ(�ɗʝ˚'Ɗ˛ʪŏ=ęØ���đ

ñ�ȉŰȾ'�'ȉǾɔ&į�!$'ȩŏŘ˔�!�9�=ȟʉ�9�3"�

9�PtA, PtJ 'Ɗ˛Ĉ�ƭĴ'đñ�ZL '`BEjQ(ƭĞ"ȿ20 mg C m-3 Î

ś#%9��PtA, PtJ 'Ɗ˛ʪŏ�ƭĞ'đñ�ZL 'cyI'¯(ȿ11 mg C 

m-3 "�9�Îə#Ǒʟ�9#ȿ50%ȩł�ȉ�9�0��cyI=ʥ	9ƥƲ

(1ʭ˂�|ʯ:���  

ą11-d (PtA, PtJ 'Ɗ˛ʪŏ=ę	�đñ' ZM '`BEjQę×=ʍ-

�4'"�9�PtA, PtJ 'Ɗ˛ĈƭĞ¯'đñ��:4`BEjQ(ƭĞ"ȿ

0.9 mg C m-3 Îś"�ZM �cyI=ʥ	9ƥƲ(ˁĢ�7ȿ30Ɲś"�9�

zƙ�PtA, PtJ 'ƭĴ¯=ʴȋ��đñ�ZM 'cyI(1xƮ�|ʯ:�ƭĞ
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¯'ȿ1.7 mg C m-3 (Îə&Ǒ-!ˢ�¯"����ęØ'Ðñ(ZL#ZS68

4ˢ�� 

ą12-a( ZP 'ȫ˚æ*�:7ɛ˛ə'ſ˛ʪŏ=ęØ���đñ' PtA, 

PtJ #ZP '`BEjQ'ę×=ȟʉ��Ĩˠ"�9�Nta˚%$'TrXw

ʙ×ǾfrwI\w=ƃȋ��đñ&(0.2 day-1 (4)�EG@k˚=¢ȋ��đñ

(Ɗ˛ʪŏ 0.4 day-1 (26)�
6*0.8 day-1 (27) =ʴȋ���3 'aVyw#4 PtJ 

'`BEjQcyI(ȿ14 mg C m-3 "���� ą12-b (ó�6�& ZP 'ſ

˛Ĉ'ʳ�&ʚă�9ɗʝ˚Ų�`BEjQ'ę×=ȡ��4'"�9�3aV

yw#4 PtA 'cyI(ȿ10 mg C m-3 Îś"���� ZP &69ſ˛'ʳ�

&69 PtA `BEjQ&�	9Ř˔(Ĵ����� 

Ǌ&�ZP 'ſ˛ʪŏ=ę	�đñ& ZP ɠʞ'`BEjQ($'6�&ę

Ø�!�9�=ʍ-!1�˧ą 12-c˨��:�:TrXwʙfrwI\w#E

G@k˚˧�:�:Ɗ˛ʪŏ: 0.4 day-1�0.2day-1˨=ʴȋ��đñ�TrXwʙ

frwI\w#EG@k'`BEjQ&Ğ
%ł�ɺ7:��7 mg C m-3 Îś

"�9�EG@k�68ˢ�Ɗ˛ʪŏ˧0.8day-1˨=Ư�9đñ&
�!4��

'`BEjQ(ȿ 9 mg C m-3  #55ˢ�%9��cyI4zʭ˂.$ś&Ä

ȅ�9� 

ą13 (�PtJ 'Ǎ�ʪŏ=ę	!�'Ř˔=ȟʉ��Ĩˠ'Ɇƺ"�9�f

rwI\w'Ǎ�ȃ(2Ȱ'n[t¡Ųǜ"ʧ-�#
8�Ǎ�ʪŏ'ħƓ#`

BEjQ'2�"Ų8Ȯ�!
8��:�: 0.01 (mg C m-3)-1 day-1, 0.02 (mg C 

m-3)-1 day-1 , 0.04 (mg C m-3)-1 day-1 =¢ȋ���ĎǮ#%9¯0.01( Fasham et al. 
(7) &į�!���"(�'¯=2¬#4¬�!Ǎ�ȃ#�!ȋ�!�armyV

=�¬� ʴȋ��đñ'ɗʝ˚'ę×=ɽĮ��4'"�9�ą13-a (�'

đñ'PtJ 'Ɇƺ"�9�PtJ 'cyIƥ'`BEjQ¯(�:�:�16.00, 

12.00, 8.00 mg C m-3"����Ų�&į�!4óǅ'Ǎ�ʪŏ=�	�#�;�

`BEjQ'cyIƥ'¯(ȿ 10.00, 8.00, 6.00 mg C m-3 "���� 

ą14 (ɗʝ˚=įʓ#���armyV=ɷñȒ&ę×���đñ'ůŏÅ

ƹĨˠ'Ɇƺ"�9��'Ĩˠ'ȕȒ(�«Ê'armyV'ęØ��"(ȟ
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ʉ�"
%�đñ&
�9�ɷñȒÖƺ'Ưǹ=ȟʉ�9�3"�9�arm

yV'Ʉ1ñ<�#�!PtJ 'ÈƲ`BEjQ#ɗʝ˚'Ɗ˛ʪŏ=ȋ���

½�Ȓ&(�ňċÈƲ`BEjQ#Ɗ˛ʪŏƭĞ�ƭĞÈƲ`BEjQ#Ɗ˛

ʪŏƭĴ�ƭĴÈƲ`BEjQ#Ɗ˛ʪŏƭĴ'3 'Ʉ1ñ<�=ɯ��� 

 ą14-a (|ʂ'armyV'Ʉ1ñ<�=ʇ1�#
' PtJ '`BEjQ

'ę×'aVyw"�9�ňċÈƲ`BEjQ#Ɗ˛ʪŏƭĞ'Ʉ1ñ<��

�'�"ƭ4cyI`BEjQ¯�ˢ���'¯(ˁĢ�737Ɲś'15 mg C 

m-3 "�9�Ǌ&ƭĞÈƲ`BEjQ#Ɗ˛ʪŏƭĴ'Ʉ1ñ<�"�ˁ Ģ�7

67Ɲś"ȿ 8.00 mg C m3 "�9�ƭś&�ƭĴÈƲ`BEjQ#Ɗ˛ʪŏƭĴ

'Ʉ1ñ<�"�ˁĢ�795Ɲ"ȿ2.00 mg C m-3 "���� 

ą14-b (óǅ'aVyw"' PtA '`BEjQ'ę×"�9�ƭ4ˢ�¯

��ňċÈƲ`BEjQ#Ɗ˛ʪŏƭĞ'Ʉ1ñ<�"�ˁĢ�775Ɲś&ȿ

10.00 mg C m-3"�9�Ǌ&ƭĞ'ÈƲ`BEjQ#Ɗ˛ʪŏƭĴ'Ʉ1ñ<�

"�ˁĢ�775Ɲś&ȿ7.00 mg C m-3 "�9�ƭś&ƭĴ'ÈƲ`BEjQ#

Ɗ˛ʪŏƭĴ'Ʉ1ñ<�"�ˁĢ�7110Ɲś'ȿ3.00 mg C m-3 "�9� 

PtA, PtJ 'ƭĞƊ˛ʪŏ=�:�:ƭĞ¯˧701.6 ng (pigm) ind-1 day-1˨�ƭĴ

¯˧51.0 ng (pigm) ind-1 day-1˨=ʄħ��#
'Ɇƺ=ą11 &ȡ���ƭĴ¯

=ʴȋ��đñ�PtA�PtJ çƙ#4cyI`BEjQ¯˧ 5.6 mg C m-2 , 6.7 mg C 

m-3˨æ*cyI�ȅ:9ƥƲ˧80Ɲś˨&Ğ
%ł�ȅ:���'�#�7�

ɗʝ˚'`BEjQ=Ğ
�Łî�!�9ɹɁ�Ɗ˛ʪŏ"�9�#�ȡÿ�

:��0��Ɗ˛ʪŏ=ę	��#&6�!Ğ
�ę×�9'(ɗʝ˚'1%

7��ó�Ǥč&Ĥĉ�9�'ǀ˛ũ×ǾfrwI\w&4Ř˔�ȅ:!�9

˧ą 11-c˨��:(�PtA, PtJ 'Ɗ˛ʻ��}���#&6�!�Ȳñ�!�

9ǀ˛ũ×ǾfrwI\w�68�|&ǀǾfrwI\w=Ɗ˛"
9�#&

6�!ʚ
�4'#ɘ	7:9���!�'Ř˔(Ðñ"ɘ	9# ZL 684

ZM &˙ɪ&�7<:!�9˧ą11-d˨��:( ZL�ĴČ'ǀǾfrwI\w

=Ɗ˛"
%�'&į�!�ſ˛Ɍ=ȋ�9 PtA, PtJ 'Ɗ˛Ĉ( PS &į�!

ˢ��#&ʚă�9#ŧ<:9��'�3ɗʝ˚'Ɗ˛ʪŏ'�}&68�PS 
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=Ȳñ�!�9 ZM 'ĕÓ#�!Ř˔�Ä�#ɘ	7:9� 

ȉŰȾ'�&ɗʝ˚�Ĥĉ�9đñ#Ĥĉ�%�đñ=Ǒʟ��Ĩˠ'Ɇƺ

"(˧ą9˨�PL &(Ğ
%ęØ�ɺ7:%���� PS &(68˙ɪ%ęØ

�ɽĮ�:��PtA, PtJ �Ĥĉ�%�đñ�PS 'cyIƥ'`BEjQ¯(3

¬ȩ|ơ��cyI'ÄȅƥƲ�2Ʈ�Ơ&%���̀ BEjQcyI'Äȅƥ

Ʋ&˃�!�zɥȒ&12Ʈ&ˢ��'ś�}�9�#=ɘ	9#�PtA, PtJ �

Ĥĉ�%�đñ�PS '`BEjQ(cyIƥ&(31 mg C m-3&ʲ�9���'

¯(IvvdAtǴŏ&ƈȵ�!ȿ1 mg m-3&ȗŗ�9����ʱä'ɽǫ£&


�!(�'6�%ˢǴŏ(Ȩ"�8�ȅĨȒ%¯"(%�#ɘ	7:9��

'Ɇƺ(ĴČǀǾfrwI\wǥʗə#�!Ưǐɗʝ˚'ʹɹũ=ȡÿ�!�

9� 

�:0"(ǀ˛ũ'×ǾfrwI\w#�!(FB@O˚�Ǟȕ�:!
8�

ʱä&ɯ<:�ÞǂǤ'ȉŰȾn[tȜȭ(28) &
�!4�ǀ˛ũ'ZL#ZS#

�! C. acutus '1=ŭħ�!�������'n[t(28) "( PL, PS `BE

jQæ*ZL#ZS`BEjQ#4&Ĩǫ¯&ʦ��!
8Àȅũ��9#�:

!�9�Inga et al.(28) 'n[t'įʓǤč�ÞǂÎɎ�ʦ"�8�ǀǾfrwI

\w˧Ȅɬ˨&#�!(ƽ˞ē'�"KBɁÌˆ"�9��'�3�Ȅɬ'K

BɁê8ʤ1&69ȉȊ=ʹɼ���:7'�ɹ%ǀ˛ũ×ǾfrwI\w#

�!ĞČFB@O˚' C. acutus '1=ʴȋ�!�9�ƵȜȭn[t'Ɇƺ=

19#ɗʝ˚'Ɗ˛Ĉ�ˢ�'(ĞČǀǾfrwI\w6842�;ĴČǀǾ

frwI\w"�9��'�3�ĴČǀǾfrwI\w=ŭħ�!�%�Inga et 

al.(28) 'n[t"(ɗʝ˚�Ĥĉ�%�#�!4��'ʹɹũ(˙ɪ&(ɰ:%

���#ŧ<:9� 

ƵȜȭ'ȕȒ(ÞǂǤ'�ǊȉȊȉŰȾ=ǄŲ�9frwI\wɔˎ'�"

Ưǐɗʝ˚'ƺ��řÐ=ȟʉ�9�#"�9��'�3&(ɗʝ˚#'˃ʬ

��ŭ�:9ĴČǀǾfrwI\w=n[t&ĳº�9�#(Ťɹ"�9#ɘ

	!�9�ĴČ'ǀǾfrwI\w(ĞČ'ǀǾfrwI\w˧Ȅɬ˚˨#Ǒ

ʟ�9#�`BEjQ(ȗįȒ&Ĵ����ȉȊʪŏ5ɲ˛ʪŏ(ʪ��3�
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Ũʪ&ŠȈ�!�9�3šĴȉǾ˂'Ǿʙʡʨ&
�!ʹɹ#�:9(12) �0�

¶á�9ĞČ'FB@O˚&(Ɗ˛�:%��3��:7=zħugt'`B

EjQ&ɋż�9�3&(�šɂ˛ə˧ĴČ'ǀǾfrwI\w=Ɗ˛íɞ%

ǀ˛ũ×ǾfrwI\w�£	)��Ƴ(12) ˨�Ťɹ"�9�ɗʝ˚�Ĥĉ�9

đñ#Ĥĉ�%�đñ=Ǒʟ�9#�ĴČǀǾfrwI\w'ę×&
�!�

ə'ł�˙ɪ"����#(�ɗʝ˚�ɰĻ"'ʹɹ%šɂ˛ə"�9�#=

ɴ��!�9#ŧ<:9� 

ɗʝ˚ę×'OkpuyOqw&
�!�PtA, PtJ 'ÈƲ`BEjQ'ňċ

¯�ƭĞ¯�ƭĴ¯=¢ȋ��ůŏÅƹ'Ɇƺ=ą10 &ȡ���PtA, PtJ 'ç

ƙ#4&ÈƲ`BEjQ'ƭĞ¯=ʴȋ��đñ��'Ȗś˧ȿ14ƝɅʱś˨

&
�!(�`BEjQ'ĕÓʪŏ˧ĕÓƩɎ'´
˨�ÈƲ`BEjQ�ƭ

Ĵ'đñ#Ǒʟ�!ȗįȒ&����'�3 PtJ &
�!�ÈƲ`BEjQ�

ƭĴ'#
&`BEjQcyI�55ˢ�Äȅ��˧ȿ16 mg C m-3˨��'ȇ

ȍ(�ÈƲ`BEjQ¯�ˢ��#&6�!ÈƲǏˋ�7�'frwI\w#

'Ȳñ�ȉ���3#ŧ<:9�˟#%9ǀ˛frwI\w�Ɵ�Ǐˋ"ǩɚ

���3 PtJ ɔˎ�ÜÅ&Ɗ˛"
%����3#ɘ	7:9� 

ZP 'ʵŹ& �!(��ȫ'­ɶ×ǾfrwI\w�Ĥĉ�9�3�ɰ×Ǿ

ɔ=ʵ+�#(Īƣ"(%����NEMUROn[t&
�!4TrXwʙfr

wI\w'IrL˚=�ɰȒɛ˛ũ'×ǾfrwI\w#�!
8(4) ��Ă4

�:&®���Ùǂć&
�!(ſ˛ə#�!TrXwʙfrwI\w'�&

IsE^˧Clione limacina˨5(29) �ˣ˚'Vr˧Boreogadus saida˨%$��9
(30)  �����ÞǂǤȉŰȾ&
�9ɗʝ˚'ſ˛ə&˃�9șɺ�ĵ%��

Walker et al(10) '6�&TrXwʙfrwI\w��%ɛ˛ũ'ſ˛ə"�9

�#�ě(Ƣȟ&(%�!�%����"�'ɛ˛ũ×ǾfrwI\w­ɶ#

�!�Ȏǐ˚'�ɰ#�!EG@k˚=ŭħ��˧ą 12˨�EG@k˚(Ěĥ

&
�!(�&ǀ˛ũ#�:!�9��ˏ˛ũ"�9Đ÷4�9(31) �����

ɗʝ˚'Ų��æ*ŋȉ&į�!�'ę×&˙ɪ%Ř˔=�	%���˧ ą12-a�

12-b˨��:(ǵʱſ˛ũ'ɛ˛frwI\w"�9Nta˚&į�!�EG
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@k˚4ˏ˛ũ=ŭħ�!�9�3�ȗįȒ&ɗʝ˚&į�!ſ˛Ĉ(�08

ęØ�!�%���íɞũ�ɘ	7:9�zƙ�ɛ˛frwI\w'EG@k

˚'ſ˛ʪŏ=ˢ��9#��:7ɠʞ'`BEjQ(55ĕÓ�9´ô&�

���ſ˛ə#�!Ȫ�ˣ5�7&|�'ȉǾ'ˤ˚5IPr˚%$4ɗʝ˚

=ſ˛�!�9#�9Đ÷(�9�(1), (32) ���"(ê8|�%���� 

Ǎ�ʪŏ=ę	9�#&6�!ɗʝ˚'`BEjQ&į�9Ř˔=ʍ-9�

3�Ǎ�ʪŏ=zħ'˂ˌ"ęØ��9ůŏÅƹ=ɯ��˧ ą13 �˨PtA, PtJ '

`BEjQ(Ǎ�ȃ&./Ǒ£�!zħ'˂ˌ"ę×���Ǎ�ȃ'ęØ(PtA, 

PtJ '`BEjQ&į�!ʹɹ%ɹɁ"(�9��BuHpry%ę×(æ/

�%�#ɘ	7:9�ʱä'șɺ&
�!�ǕǪ5Ǥ�'�ʷØǶɁÅĈ'ę

Ø�Ǎ�ȃ&�	9Ř˔�ʍ-7:!�9�(33) �ǕǪ8°C"ɗʝ˚'Ǎ�ȃ�

70% 0"|ơ���Ƶn[t'ŭħǤč"(ǕǪ�|ʧ'Ǫŏ0"|�9�#

(ɘ	&��'"�ǕǪ'Ř˔=ɘű�9Ťɹ(%�#ŧ<:9�����ʷ

ØǶɁÅĈ'|ơ(�ǤǟʷũØ=Œ
ʚ���ǶʷFtOClǐ=Ư�9Ư

ǐɗʝ˚&Ř˔=�	9�#4óƥ&Đ÷�:!
8(34)�pH�7.63�}�9#�

Ǎ�ȃ460˦|ơ�9�#=Đ÷�!�9(33) �ˀ ƲȒ%ę×=�ǫ�9đñ&

(�pH'�}�ɗʝ˚`BEjQę×&�	9Ř˔=ǹɼ"
%���Ƶn[

t&
�9ȚƲȒƥ˂QKyt&
�!(ɘű'Ťɹ�%�#ÉƗ���  

armyV=ɷñȒ&Ʉ1ñ<�!ęØ���đñ˧ą14˨�PtA, PtJ ¼&

ƭĴ'ÈƲ`BEjQ#Ɗ˛ʪŏƭĴ'Ʉ1ñ<��ƭ4��cyIƥ'`B

EjQ=4�7���z 'armyV=ę×���đñ68�:7'cyI

ƥ'`BEjQ(��¯#%8�ɦ ä20ŉ˂'3ƮƲ'ňċ¯&ʦ��9¯&%

���0��ą15 &(�7&aVyw=ĕ5�!ɯ��Ɇƺ=ȡ����5(

8ƭĴ'ÈƲ`BEjQ#Ɗ˛ʪŏƭĴ'Ʉ1ñ<��ƭ4��cyIƥ'`

BEjQ=ĳ��� 

�Ă'ůŏÅƹ&6�!�ɗʝ˚ɠʞ'Ɗ˛ʪŏ� PtA, PtJ '`BEjQę

×&Ř˔=�	9ƭ4ʹɹ%ɹɁ"�9�#�ȡÿ�:���ÈƲ`BEjQ

#'Ʉ1ñ<�&69ɷñȒÖƺ468ʹɹ"�9�#�ȟʉ�:��`BE
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jQ'ÈƲ¯�Ğ
�#���#(ÁƲ˂'Ǎ�ȃ�ȗįȒ&�����#=

Ůù�9��'�#(�ÈƲ`BEjQ#Ǎ�ȃ#'˂&ɷñȒ˃§��9�

#=ȡÿ�9����"(Ŷ<%���� 

 

4˪0#3#�ś'ʌ˘ 

� Ĩˠ'ȕȒ#�!Ɔ���#&į�!ʲŲ"
��#(�}'ʩ8"�9� 

1˪NEMURO n[t=åɘ&�!�Ưǐɗʝ˚=ĳº��ÞǂǤ'ĥȷȒǤǖ

čȉŰȾn[t=ˁȑ���Ĩǫ¯#'Ǒʟ&68�./©˗ũ'�9n[t

"�9#ÉƗ�:�� 

2.� Ĩɽǫ&69¸ɯȜȭ&
�!(Ưǐɗʝ˚�×ǾfrwI\w'�"¶

á�9�#(Ȩ"�����n[tƅħ¯'ę×�ȡ���#(�Ưǐɗʝ˚

(FB@O˚%$#./óȴ'ˢīŏ&ʲ�9íɞũ��8�0�ĥȷȒ%ę

×&
�!Ěĥ�7ȣĥ˧2~3 ƮƲ˨&ȉǾʻ'ǂĞ�Äȅ�9�#=ȡÿ�

��  

3.� ȉŰȾ¿&ɗʝ˚�Ĥĉ�9đñ#�Ĥĉ�%�đñ'�'ȉǾɔ,'Ř

˔=ȟʉ��#�;�ǿ&ĴČǀǾfrwI\wƊ˛ə#�!ʹɹ"�9�#

�ȟʉ�:�� 

4˪ɷƓ'armyV=ȋ��ůŏÅƹ&68�|ʂ2'6�%ę×'ɹă#%

9armyV(Ɗ˛ʪŏ�`BEjQÈƲ¯�Ǎ�ȃ�ɛ˛ə'ſ˛ʪŏ%$

"�9��«Ê'ɹă"(ɗʝ˚'Ɗ˛ʪŏ�ƭ4ʹɹ"�9�#�Å����

����Ɗ˛ʪŏßȁ��"%�!�`BEjQÈƲ¯#'Ʉ1ñ<�&69

ɷñȒŘ˔�ƭ4ȅĨȒÖƺ��9#ɘ	7:�� 

ÞǂǤ'ǤǟȉŰȾn[t=68ȼŏ'ˢ�4'&�9�3&(�� �'

armyV&
�9ęƓ�ħƓ%$'ªǌ�Ǝɦ�Ťɹ"�9�ǿ&ʹɹũ�

ȟʉ�:�ɗʝ˚'Ɗ˛ʪŏ&˃�9ĨˠȒ[yV'ɫȬ�Ʊ0:9� 

ƵȜȭ&
�!�armyV=ʵŹ�!�� �'ůŏÅƹ=ɯ����ɷ

ƓarmyV=įʓ#�9đñ&(nwZFtvǜ%$=ʇ19ƙǜ��9

(35) ��'ŵǜ=ȋ��đñ&(�Ǎ�ȃ�`BEjQ�Ɗ˛Ĉ%$'army
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V=rwWl"óƥ&ę×��9%$'ƙǜ=ȋ�:)�Ưǐɗʝ˚'ę×&

˃��9ɷƓarmyV'ȗįȒʹɹũ=ƅħ"
9�#��ŭ�:��:(

68ȅĨȒ%n[t,'Ǝɦ& %�94'#ɘ	7:9� 
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5. ʏʢ 
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!
80��Ȣ�²Ő|'Ā˘"�0�Ȝȭ�ʮ0%���ƥ4ħƲȒ&
Ę

=Ƃ�!�����
ˉ"ȕǆ=ɺġ<�ʮ2�#�ÄƷ0���óĞĦƒƀ�

˄ʶș˙¸ȉ�Ãƒƀ�ğȌĶť¸ȉ&(ÏƼ#�!Ȝȭ'@]`BQ=��

�
ʋ&Ưː����0���ŇɩĞĦƒƀ�țȌƢȉ¸ȉ&(ƓŉÎ�7n

[tȜȭ'ŵǜ%$'@]`BQ=���
0����7&Ȣ'àėʎƕ'Ï

Ƽ=
Œ
ë����
ůʏ�!
80�� 
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80�� 
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� 1. 
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��� 

 

 

 

 

 

 

 

 

 

 

 

 

Symbol  Description  Value  Unit  Reference  

Parameters for small phytoplankton (PS) 

Vmax
PS

 Maximum 

photosynthesis rate 

0.50$  ���
��

 ����������������	��	 

M
PS

 Mortality$rate 0.05 ���
��

 Fasham$et$al$.,$1990 

R
PS

 Respiration$rate 0.03 ���
��

 Kishi$et$al.,$2007 

Parameters for small phytoplankton (PL) 

Vmax
PL

 Maximum 

photosynthesis rate 

0.60$  ���
��

 ����������������	��	 

M
PL

 Mortality$rate 0.05 ���
��

 Fasham$et$al$.,$1990 

R
PL

 Respiration$rate 0.03 ���
��

 Kishi$et$al.,$2007 
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� 2. �����������
��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Symbol  Description  Value  Unit  Reference  

Parameters for large zooplankton (ZL) 

G
RmaxZL

 Maximum grazing 

rate  


���	��
�


 �������
��� �

���
��

 ��������� � ��������

�

� 

λ
ZL

 Ivlev constant 0.01 �������
�


�
��

����
��

 Kishi$et$al.,$2007 

α
ZL

 Assimilation 

efficiency 

0.7 (No$dim.) Kishi$et$al.,$2007 

β
ZL

 Growth efficiency 0.3 (No$dim.) Kishi$et$al.,$2007 

M
ZL

 Mortality rate at 

0 °C 

�����  �������
�


�
��

����
��

 Fasham$et$al.,$1997 
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Symbol  Description  Value  Unit  Reference  

Parameters for large zooplankton (ZM) 

G
RmaxZM

 Maximum grazing 

rate  

0.5 day
G1
 Kishi$et$al.,$2007 

λ
ZM

 Ivlev constant 0.01 �������
�


�
��

����
��

 Kishi$et$al.,$2007 

α
ZM

 Assimilation 

efficiency 

0.7 (No$dim.) Kishi$et$al.,$2007 

β
ZM

 Growth efficiency 0.3 (No$dim.) Kishi$et$al.,$2007 

M
ZM

 Mortality rate at 

0 °C 

�����  �������
�


�
��

����
��

 Fasham$et$al.,$1997 
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Symbol  Description  Value  Unit  Reference  

Parameters for large zooplankton (ZS) 

G
RmaxZS

 Maximum grazing 

rate  

0.14	10
G3
 �������

��� �

���
��

 ������������������

� 

λ
ZS

 Ivlev constant 0.01 �������
�


�
��

����
��

 Kishi$et$al.,$2007 

α
ZS

 Assimilation 

efficiency 

0.7 (No$dim.) Kishi$et$al.,$2007 

β
ZS

 Growth efficiency 0.3 (No$dim.) Kishi$et$al.,$2007 

M
ZS

 Mortality rate at 

0 °C 

�����  �������
�


�
��

����
��

 Fasham$et$al.,$1997 
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Symbol Description Value Unit Reference 

Parameters for predatory zooplankton (ZP) 

G
RmaxZP

 
Maximum grazing 

rate 
0.2 day

G1
 Kishi$et$al.,$2007 

λ
ZP

 Ivlev constant 0.01 �������
�


�
��

����
��

 Kishi$et$al.,$2007 

α
ZP

 
Assimilation 

efficiency 
0.7 (No$dim.) Kishi$et$al.,$2007 

β
ZP

 Growth efficiency 0.3 (No$dim.) Kishi$et$al.,$2007 

M
ZP

 
Mortality rate at 

0 °C 
���� �������

�


�
��

����
��

 Fasham$et$al.,$1997 
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Symbol  Description  Value  Unit  Reference  

Parameters for juvenile and adult Pteropod  (PtA & PtJ) 

G
RmaxPT

 Maximum grazing 

rate  

0.16	10
G1
 �������

�


�
��

����
�

 Pakhomov$et$al.,$1997 

λ
PT

 Ivlev constant 0.01 �������
�


�
��

����
��

 Kishi$et$al.,$2007 

α
PT

 Assimilation 

efficiency 

0.7 (No$dim.) Kishi$et$al.,$2007 

β
PT

 Growth efficiency 0.3 (No$dim.) Kishi$et$al.,$2007 

M
PT

 Mortality rate at 

0 °C 

�����  �������
�


�
��

����
��

 Fasham$et$al.,$1997 
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Program Smodel9!  

implicit none 

 

!*****time setting***** 

real(8) :: t = 0.00d0 

integer(8),parameter :: d2s = 86400 

integer(8),parameter :: s2h = 3600  

real(8),parameter :: mcr = 1.0d-6 

real(8),parameter :: dt = 0.5 

real(8) :: time 

integer(8) :: i = 1 

integer :: day=0,hour=0,dn=335 

 

real(8) :: lint1,lint2,lint3 

!*****prognostic variables***** 

real(8) :: TPL = 11.4525d0,qpl  !(Sasaki et al., unpublished; 
� �, 2011) 

real(8) :: TPS = 3.8175d0,qps   !(Sasaki et al., unpublished; 
� �, 2011) 

real(8) :: TZCR = 15.744d0,qzlcr!50d0,qzlcr! !(oithona carbon convert is elliott 

26.9 ) 

real(8) :: TZCRBTM = 0.0d0 !acutus ontogenetic migration 

real(8) :: TPTJVBTM = 0.0d0 !acutus ontogenetic migration 

real(8) :: TZS  =  1.22d0, QZS    ! Small Zooplankton 

!!!!!!!!!!!!!!!POC!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

real(8) :: POCTZCR = 0.0d0 

real(8) :: POCTZMIC = 0.0d0 

real(8) :: POCTPTJV = 0.0d0 

real(8) :: POCTPTAD = 0.0d0 

real(8) :: POCTZC = 0.0d0 

real(8) :: POCTZS = 0.0d0 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

real(8) :: TPtAd = 0.0d0, QPtAd 

real(8) :: TZMIC = 0.92d0,QZMIC 

real(8) :: TPtJv = 0.36,QPtJv!0.36(ave) 0.011387685,QPtJv!4.743659602,QPtJv!max 
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4.743659602 mg c/m3 (0.00436 c /ind) / min: 0.011387685 mg c/m3 (0.005176221 

c/ind) 

real(8) :: TD = 200d0,qd          !as POC 

real(8) :: TDIC=26400d0,qdic    !DIC 

real(8) :: TDOC=1445d0,qdoc    !DOC 

real(8) :: MIXPHY=0.0d0        !phytoplankton from bottom layer 

real(8) :: TBZL = 0.0d0 

!*****light setting***** 

real(8),parameter :: Iopt   = 104.7D0     ! PS Optimum Light Intensity  S          

wm-2 

real(8),parameter :: alpha1   = 0.072d0! 0.12d0!P  Light extinction coefficient [/m] 

real(8),parameter :: depth    = 30d0      ! P  Depth of the bay [m] 

!*****other carbon*****! 

real(8),parameter :: rdsink = 2.0d0/d2s !detritus sinking rate 

real(8),parameter :: alphapl=0.042d0/s2h !initial slope Hira 

!*****biological parameter***** 

real(8),parameter :: alpha2 = 0.027d0/d2s ! inga 2000 

real(8),parameter :: kspl = 106/16*12D-3!halfsaturation rate pl 

real(8),parameter :: ksps = 106/16*12*3D-3!halfsaturation rate pl 

real(8),parameter :: rrespl = 0.05d0/d2s  !respiration rate PL 

real(8),parameter :: rresps = 0.05d0/d2s  !respiration rate ps 

real(8),parameter :: rexcp0 = 0.135d0/d2s 

real(8),parameter :: rmorp0 = 0.03d0/d2s 

real(8),parameter :: rmorp0s = 0.01d0/d2s 

real(8),parameter :: IRCR = 0.003675/0.01/d2s! 0.003675d0/d2s ! calanoid acutus  

ingestion rate mg C ind-1 day-1  (Pakhomov  et al.,1997) (2013/03/12) 

real(8),parameter :: IRCRZmic = 0.5/d2s !0.5/d2s(yoshie 2005)0.4/d2s(kishi2007) ! 

calanoides acutus ingestion rate to Zmic 

real(8),parameter :: IRS  = 0.0001413d0/0.00203/d2s ! oithona ingestion rate  mg C 

ind-1 day-1 (Pakhomov  et al.,1997) (2013/03/13) 

real(8),parameter :: IRM  = 0.5/d2s !!C. finmarchicus nauplii as micro zoo  ingestion 

rate  mg C ind-1 day-1 (CASTELLANI et al., 2008) (2013/03/13) 
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real(8),parameter :: IRL  = 

0.016215d0/0.137/d2s !0.0015/0.137/d2s!0.021048d0/0.137d0/d2s!0.0051d0/0.137d0/d

2s!0.011289/0.137d0/d2s ! !!  ! L helicina ingestion rate Bernard et al 2012 

real(8),parameter :: IRLJv  =0.016215d0/0.137/d2s! 

0.0015/0.137/d2s!0.021048d0/0.137d0/d2s!0.0051d0/0.137/d2s!0.011289/0.137d0/d2s!j

evenile Limacina  

 

real(8),parameter :: Ivlv = 0.001d0 !ivlv const  

real(8),parameter :: grmaxzs2zl = 0.1d0/d2s  !zs=>zl1 Kishi 2007 

real(8),parameter :: optomega = 26400d0 

real(8),parameter :: grmax2 = 0.89d0/d2s!PS=>TPE.A. Pakhomov 1997 

real(8),parameter :: grmax2zs = 0.15d0/d2s  !Pakhomov 1997 

real(8),parameter :: shift = 0.11 

!*****zs*****  

real(8),parameter :: GRmaxSS   = 0.5D0/d2s !   

real(8),parameter :: lamdas = 1.40d-2 

real(8),parameter :: lamda =  2.00D-2  

real(8),parameter :: pster = 3.98825 ! sugimoto 2010 

real(8),parameter :: rexcz0 = 0.20d0/d2s 

real(8),parameter :: RExcZ0s   = 0.40D0/d2s 

 

real(8),parameter :: rmorpt = 0.01/d2s!0.02/d2s!0.03/d2s!0.04/d2s! 

real(8),parameter :: rmorz0 = 0.01d0/d2s !acutus mortality rate atkinson et.al 1997 

real(8),parameter :: rmorz0s1 = 0.01d0/d2s!micro zoo mortality 

real(8),parameter :: rmorz0s2 = 0.01d0/d2s!zoo mortality rate fasham 1990 

 

real(8),parameter :: rmorzs0 = 0.01d0/d2s !mortality fasham 1990 

real(8),parameter :: ruriz0 = 0.20d0/d2s 

real(8),parameter :: ruriz0s1 = 0.20d0/d2s 

real(8),parameter :: rurizp = 0.20d0/d2s    !zp urine 

real(8),parameter :: ruriz0s2 = 0.20d0/d2s 
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real(8),parameter :: rdec0 = 0.551d0/d2s 

real(8),parameter :: rdet2dic = 0.07/d2s 

real(8),parameter :: rpchla = 2.0d0 

real(8),parameter :: rcchla = 3.0d1 

real(8),parameter :: p2d = 0.05d0/d2s !conversion of poc to dic 

real(8),parameter :: do2di = 0.005/d2s !conversion of doc to dic 

real(8),parameter :: do2dib = 0.005/d2s !conversion of doc to dic 

real(8),parameter :: diassi = 2.2/s2h !dic assimilation mgCmgchla-1h-1 

real(8),parameter :: rddr = 0.05d0/d2s !detritus disintegration rate (day-1)(Anderson and 

williams,1998) 

real(8),parameter :: rddrb = 0.05d0/d2s !detritus disintegration rate (day-1)(Anderson 

and williams,1998) 

real(8),parameter :: VFP =0.00000446 !adult pteropods volume of fecalpellet mm^3 

(C.manno 2010) 

real(8),parameter :: VFPs =0.00000446 !young pteropods volume of fecalpellet mm^3 

(C.manno 2010) 

real(8),parameter :: CFP = 0.0495 ! carbon conversion of FP mgCmm^3 (Gonzalez et 

al., 1994) 

real(8),parameter :: GRmaxLps = 0.10D0/d2s ! ZL Maximum Rate of Grazing PS 

@0degC    [/s] 

real(8),parameter :: alphaZ = 0.7!assim rate of zooplankton(fasham1990) 

real(8),parameter :: betaZ = 0.3!assim rate of zooplankton(fasham1990) 

real(8),parameter :: rIRPt = (2.5*0.00015/86400) !ingestion rate of Pteropod(limacina 

spp) Pakhomov 1997 

real(8),parameter :: conPtjv = 0.004d0 

real(8) :: IRPL2PtJv,IRPL2PtAd,IRPS2PtJv,IRPS2PtAd 

real(8) ::ZCRege,ZSege,ZMICege,ZCege 

 

real(8),parameter :: Pmax = (0.6d0/d2s) ! El-Sayed and Taguchi (1981)K. Fennel et al. 

2002 ���	 

real(8),parameter :: Pmaxs = (0.4d0/d2s) !K. Fennel et al. 2002 

 

real(8) :: ICR,ICRZMIC !Ingestion of C.acutus 
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real(8) :: IS  !Ingestion of Oithona 

real(8) :: IM  !Ingestion of micro zoo 

real(8) :: ILPL,ILPS  !Ingestion of L.helicinaƒ 

real(8) :: ILJvPL,ILJvPS  !Ingestion of L.helicina jevenile 

real(8) :: lint = 0.0d0 

real(8) :: lfc  

real(8) :: theta 

real(8) :: Grazmic2PtAd 

real(8) :: gppp, excp,excps, morp,morps ,gppps,morz2,morzsn 

real(8) :: grap2z,grap2z2, excz,excz2, exczs1,exczs2,morz, morzs1,morzs2 

real(8) :: respl,resps 

real(8) :: Uriz1,decd2n,Grap2zs1,Graps2zs2,Uriz2,Urizs1,Urizs2 

real(8) :: GraPL2ZPn, GraZS12ZPn, GraZS22ZPn, GraZL22ZPn, 

GraZL12ZPn,MorZPn,ExcZP 

 

real(8) :: Graps2zl2 , 

Grazs12zl1,Grazs2zs2,GraPS2ZLn,GraZSs2ZPn,Graps2ZSn,GraZMIC2ZPn 

real(8) :: qbottomdet,tdb=0,tdocb=0,qdocb,tdicb=0,qdicb 

real(8) :: conp2d, condo2di ,condo2dib 

real(8) :: Dsink 

real(8) :: ddr !fomulation of det. disintegration 

real(8) :: ddrb !fomulation of det. disintegration  

real(8) :: det2dic ! detritus to dic  

integer :: lt=0,nt 

real(8) :: omega,FP,FPs 

real(8) :: imax 

real(8) :: shifTPtJv = 0d0 

real(8) :: ZCRex,ZSex,ZMicex,ZCex,PTADege,PTJVege,PTADex,PTJVex 

real(8):: ExpPL,ExpPS,Morpl 

real(8) :: IRPS2ZS,IRPL2ZS 

real(8) :: TZC = 8.15d0,QZC                   

real(8),parameter :: GRmaxPpl1 = 0.2D0/d2s ! ZP Maximum rate of grazing PL 

@0degC    [/s] Kishi 2007 
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real(8),parameter :: GRmaxPzl1 = 0.2D0/d2s ! ZP Maximum rate of grazing ZL 

@0degC    [/s]  kishi2007 

real(8),parameter :: GRmaxPzl2 = 0.2D0/d2s ! ZP Maximum rate of grazing ZL 

@0degC    [/s] Kishi 2007 

real(8),parameter :: GRmaxPzs2 = 0.2D0/d2s ! ZP Maximum rate of grazing ZS2 

@0degC    [/s] Kishi 2007 

real(8),parameter :: grmaxzs2zs = 0.2D0/d2s! ZP Maximum rate of grazing ZS @0degC    

[/s] Kishi 2007 

real(8),parameter :: MorZP0   = 0.01d0/d2s !bruce 2006 

real(8) :: Grapl2zs2  

!*****function*****! 

real(8) :: graf, mich, a,b,c 

graf(a,b,c) = max(0.0d0, 1.0-dexp(a*(b-c))) 

mich(a,b) = b/(a+b) 

 

!*****filesetting*****! 

open(1,file='Smodel_result.csv') 

open(2,file='Smodel_light.csv') 

open(3,file='Phyto_result.csv') 

open(4,file='POC_result.csv') 

write(1,*) 

"Days",',',"TPL",',',"TPS",',',"TZCR",',',"TZS",',',"TZMIC",',',"Days",',',"TPtAd",',',"TPtJ

v",',',& 

  "TZC",',',',',"IRPS2ZS",',',"IRPL2ZS",',',"gppp",',',"gppps" 

write(1,*) t/d2s ,',', tpl,',',tps,',',TZCR,',',TZS,',',TZMIC,',',t/d2s,',',& 

TPtAd,',',TPtJv,',',TZC,',',IRPS2ZS,',',IRPL2ZS,',',gppp,',',gppps 

write(3,*)"hour",',',"TPL",',',"TPS" 

write(3,*)t/s2h ,',', tpl,',',tps 

write(4,*) "Days",',',"ZSege",',',"ZMICege",',',"PTADege",',',"PTJVege",',',"ZCRege" 

write(*,*) t/d2s , tpl,tps 

 

do i=1, d2s*30*5 

time = i 



 78 

if((mod(i,d2s)) .eq. 0) then 

 

day=day+1 

end if 

 

if((mod(i,s2h)) .eq. 0) then 

hour = hour+1 

end if 

 

if(hour .eq.24 ) then 

hour = 0 

end if 

 

dn = dn + day 

 

if (dn .eq. 365)then 

dn = 0 

end if 

call lightmotion(hour,day,dn,imax) 

Lint1 = (Imax*0.25) * dexp(-alpha1*10) 

Lint2= (Imax*0.25) * dexp(-alpha1*20) 

Lint3 = (Imax*0.25) * dexp(-alpha1*depth) 

Lint = (lint1+lint2+lint3)/3 

Lfc =min(Lint/Iopt,TDIC/(kspl+TDIC)) * exp( 1.0D0 - Lint/Iopt ) 

gppp = Pmax* Lfc * Tpl 

gppps = Pmaxs* lfc *Tps 

 

 

   

  

 

 morz = rmorz0 *TZCR*TZCR 

 MorZSn = rmorzs0 * TZS*TZS 
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 morz2 = rmorpt*TPtAd*TPtAd 

 morzs1 = rmorz0s1*TZMIC*TZMIC 

 morzs2 = rmorpt*TPtJv*TPtJv 

  

 excp = rexcp0 * tpl 

 excps = rexcp0 * tps 

 morp = rmorp0 * tpl 

 morps = rmorp0s * tps 

 excz = rexcz0 * grap2z 

 excz2 = rexcz0 * grap2z2 

 exczs1 = rexcz0s * grap2zs1 

 exczp=rexcz0s*(GraZS12ZPn+GraZS22ZPn+GraZL22ZPn    

             +GraZMIC2ZPn+GraZL12ZPn) 

 decd2n = rdec0 * td 

 conp2d = p2d*td 

 condo2di = do2di*tdoc 

 condo2dib = do2dib * tdocb 

 ddr = rddr * td 

 ddrb = rddrb * tdb 

 dsink = rdsink * td 

 det2dic = rdet2dic*td 

 respl = rrespl * tpl 

 resps = rresps * tps 

 MorZPn = MorZP0 * TZC* TZC 

 FP = VFP * CFP *13* TPtAd/0.04*1/d2s !fecal pellets (adult) 

 FPs = VFPs * CFP *13*TPtJv/0.018*1/d2s!fecal pellets (juvenile) 

  

  

  

  

  

 if  (lint > 0.0 ) then 
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 ICR = 0 

 IS  = 0 

 IM  =0 

 ILPL = 0 

 ILJvPL =0 

 ILPS = 0 

 ILJvPS =0 

 ICRzmic = 0 

 grap2z2 = 0 

  

 grap2zs1 = 0 

 graps2zs2 = 0 

 grapl2zs2   =0  

 grapl2zs2= 0 

 Graps2zl2 = 0 

 GraPL2ZPn = 0 

 GraPS2ZLn = 0 

 

 GraZS22ZPn =0 

 GraZL22ZPn =0 

 GraZL12ZPn =0 

 GraZSS2ZPn =0 

 GraPS2ZSn = 0 

  

 else 

  

 ICR = IRCR*TPL*(1-exp(-ivlv*TPL))*TZCR 

 ICRzmic = IRCRZMIC*(1-exp(-ivlv*TZMIC))*TZCR 

 IS  = IRS *TPL*TZS*(1-exp(-ivlv*(TPL))) 

 IM  = IRM *TPS*(1-exp(-ivlv*(TPS)))*TZMIC 

 ILPL = IRL*(TPL/TPL+TPS+TZMIC)*TPL*(1-exp(-ivlv*(TPL)))*TptAd 

 ILPS = IRL*(TPS/TPL+TPS+TZMIC)*TPS*(1-exp(-ivlv*(TPS)))*TptAd 

 Grazmic2PtAd = 
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IRLJv*(TZMIC/TPL+TPS+TZMIC)*TZMIC*(1-exp(-ivlv*(TZMIC)))*TptAd 

 ILJvPL =IRLJv*(TPL/TPL+TPS)*TPL*(1-exp(-ivlv*(TPL)))*Tptjv 

 ILJvPS =IRLJv*(TPS/TPL+TPS)*TPS*(1-exp(-ivlv*(TPS)))*Tptjv! 

 ! 

  

  

 GraPL2ZPn = GRmaxPpl1*tpl*(1-exp(-ivlv*TPL))*TZC!��� Franks 

2002 

 GraZS22ZPn = GRmaxPzs2 *TPTJV* (1-exp(-ivlv*TPtJv))*TZC 

 GraZL22ZPn = GRmaxPzl2*TPTAD* (1-exp(-ivlv*TPtAd))*TZC 

 GraZL12ZPn = GRmaxPzl2 *TZCR*(1-exp(-ivlv*TZCR))*TZC 

 GraZSS2ZPn = GRmaxPzl2 *TZS*(1-exp(-ivlv*TZS))*TZC 

end if 

  

 !if  (TPL <  3.98825 ) then 

  

 !ICR = 0 

 !IS  = 0 

 !end if 

 !if  (TPL <  3.98825 ) then 

 !IM = 0 

  

 !end if 

 ZCRege = (1-alphaz)*(ICR+ICRzmic) 

 ZSege = (1-alphaz)*IS 

 ZMICege = (1-alphaz)*IM 

  ZCege= (1-alphaz)*(GraZL22ZPn + GraZL12ZPn+GraZSS2ZPn+ 

GraZS22ZPn) 

 PTADege= (1-alphaz)*(Grazmic2PtAd +ILPL+ILPS) 

 PTJVege=(1-alphaz)*(ILJvPS+ILJvPL) 

  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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     qpl = gppp - respl 

-Morp-IS-GraPL2ZPn- ICR-ILPL-ILJvPL 

     qps = gppps-resps-IM - 

Morps-ILPS-ILJvPS 

 

QZLCR = ICR +ICRzmic- MorZ- GraZL12ZPn- ZCRege  

QZS = IS -MorZSn -GraZSS2ZPn- ZSege 

QZMIC = IM  -ZMICege -ICRzmic-morzs1 -Grazmic2PtAd 

QZC = GraPL2ZPn+GraZL22ZPn + GraZL12ZPn+GraZSS2ZPn+ GraZS22ZPn- 

MorZPn-ZCege 

QPtAd = ILPL+ILPS + Grazmic2PtAd -morz2 - GraZL22ZPn-PTADege 

QPtJv = ILJvPL+ILJvPS - MorZs2 -PTJVege- GraZS22ZPn 

!******carbon*******************! 

QD=morzs2-ddr - det2dic+morzs1+morzsn+ZSege+ZMICege+PTJVege+morpl+morps 

QDIC = det2dic + condo2di + respl + resps - gppp - gppps +PTADex+PTJVex 

QDOC =   ddr -condo2di +ZCRex+ZSex+ZMICex+ZCex 

QBOTTOMDET = -ddrb+MorZPn+morz2+morz+ZCRege+ZCege+PTADege 

QDOCB = ddrb -condo2dib  

qdicb = condo2dib  

TPL = TPL + dt*qpl      

TPS = tps + dt*qps         

TZMIC = TZMIC + dt*QZMIC      

TZC = TZC+ dt * QZC     

TZS = TZS + dt * QZS 

TD = td + dt*qd 

TDIC = tdic + dt*qdic 

TDOC = tdoc + dt*qdoc 

TDOCB = tdocb + dt*qdocb 

TDICB = tdicb + dt*qdicb 

TDB = tdb + dt*qbottomdet 

TZCR = TZCR + dt*QZLCR  

 if (i==d2s*12.or.i==d2s*17.or.i==d2s*22.or.i==d2s*27.or. 

i==d2s*12+365.or.i==d2s*17+365.or.i==d2s*22+365.or.& 
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 i==d2s*27+365.or.i==d2s*12+(365*2).or.i==d2s*17+(365*2).or.i==d2s*22+

(365*2).or.i==d2s*27+(365*2)) then 

  shifTPtJv = TPtJv*(shift*0.25) 

  TPtAd = TPtAd+shifTPtJv  

  TPtJv = TPtJv-shifTPtJv 

else 

 TPtJv = TPtJv + dt*QPtJv 

 TPtAd = TPtAd + dt*QPtAd  

end if 

 

!************************migration************ 

 

 

if(i == d2s*110.or. i == d2s * 115.or. i == d2s * 120)then 

TZCRBTM = TZCRBTM + (TZCR*0.25) 

TZCR =tzcr - (TZCR*0.25) 

end if 

 

if(i == d2s * 125)then 

TZCRBTM = TZCRBTM + TZCR 

TZCR =0 

end if 

 

if (i/d2s == 360.or.i/d2s == (360*2)) then 

TZCR = 3.14 

TZCRBTM = 0 

end if  

 

 

 

!!!!!! 

 POCTZCR = POCTZCR + (ZCRege+morz) 

 POCTZS =  POCTZS+(ZSege+MorZSn) 
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 POCTZMIC = POCTZMIC+ (ZMICege+morzs1) 

 POCTPTJV = POCTPTJV+(PTJVege+morzs2) 

 POCTPTAD = POCTPTAD+(PTADege+morz2) 

 POCTZC =POCTZC+ (ZCege+MorZPn) 

 if ((mod(i,s2h)) .eq. 0)then 

  write(2,*) time/s2h,',',Lint,',',Lint1,',',Lint2,',',Lint3,',',Imax 

   

 end if 

 if ((mod(i,d2s)) .eq. 0) then 

  write(*,*) time/d2s , tpl,tps 

  write(1,*) time/d2s ,',', 

tpl,',',tps,',',TZCR,',',TZS,',',TZMIC,',',time/d2s,& 

  ',',TPtAd,',',TPtJv,',',TZC,',',IRPS2ZS,',',IRPL2ZS,& 

',',gppp,',',gppps,',',ILPL,',',ILJvPL 

 

  write(4,*) 

(time/d2s),',',(100*POCTZS),',',POCTZMIC,',',(100*POCTPTAD)& 

  ,',',(100*POCTPTJV),',',(100*POCTZCR) ,',',(100*POCTZC) 

   

   

 POCTZCR = 0.0 

 POCTZS  = 0.0 

      POCTZMIC = 0.0 

      POCTPTJV = 0.0 

      POCTPTAD = 0.0 

      POCTZC = 0.0 

   

end if 

 

 if ((mod(i,s2h)) .eq. 0 .and. i <= d2s*30)then 

  

  write(3,*)time/s2h ,',', tpl,',',tps 

 end if 
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end do 

 

 

stop 

end program 

 

subroutine lightmotion(hour,day,dn,light) 

implicit none 

real(8) ,parameter :: pai = 3.141592653 

integer :: Time 

real(8) :: light 

real(8) :: theta  

integer :: dn  

real(8)::qr 

real(8) :: JST  

real(8) :: pusai 

real(8) :: sigma 

real(8) :: Eq 

real(8) :: delta 

real(8):: Q,Qreal 

real(8) :: phai = (-60)*3.141592653/180 

real(8) :: keido = (110)*3.141592653/180 

real (8) :: alpha 

real(8) ::h 

real(8) :: kappa 

real(8) :: beta 

real(8) :: kusai 

real(8) :: iota 

integer :: day,hour 

 

dn = day 

jst = hour 

theta =2*pai*(dn-1)/365 
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delta 

=0.006918-0.399912*cos(theta)+0.070257*sin(theta)-0.006758*cos(2*theta)+0.000907

*sin(2*theta)-0.002697*cos(3*theta)+0.001480& 

*sin(3*theta) 

iota 

=(1.000110+0.034221*cos(theta)+0.001280*sin(theta)+0.000719*cos(2*theta)+0.0000

77*sin(2*theta)) 

qr=1/(iota)**0.5 

Eq=0.000075+0.001868*cos(theta)-0.032077*sin(theta)-0.014615*cos(2*theta)-0.0408

49*sin(2*theta) 

h=(JST-12)*pai/12+keido+Eq 

kappa = sin(phai)*sin(delta)+cos(phai)*cos(delta)*cos(h) 

alpha= asin(kappa) 

beta =cos(phai)*cos(delta)*sin(h) 

kusai = sin(phai)*sin(alpha)-sin(delta) 

pusai=atan(beta/kusai) 

Q=1367*qr*sin(alpha) 

light = 4*dmax1(0.0,Q)*0.33*0.65*0.73 

return  

end subroutine 

 

 

 

 


