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7 1.� -' 
 

1-1 ���
 
� ZX (Oncorhynchus keta) 3ƒŞ-A�JH�ɣʷǅ0-(+3A(-Aǂć/÷ƌ

2�ƌ,
G�Ȅ�2ZX©÷ˮ�ɦȢ�H+�Gĥȍ,3�“ZX” Kȃƌ-Ĉʦ 

G%@0\{[X-Ī8�-�
G��“ZX” 3ʷƌ2ʍƟ˹ʾ,
G�ZX3�Ƨ/

�-AɟʢŻȍ03ɏɣʷ,ƹ˧-�+˝˕�H+�%D�,
G (Ţɇ, 2005)�ZX

3ĩ˚DF�=�=/ʢĞ0á�H+�F�ǸȻʒ-�+A˝˕�H+�% (ɏʶ˲ũ

ɱʠÒ, 2003)�ĥȍ0��+A�ʶɣʷ,3ƽÉŞKœʮBǑĚ2Ǹɒʒ- Gȣ��

>EHG (ɏʶ˲ũɱʠÒ, 2003)�¦�+¸®/.2v`�m-�+AƽÉŞ3ŨJH

G/.�Ȗ/Gƹ˧-�+&�,3/��ʢ£Ɂ0AZX3ɣʷǅ0-(+Ŋý�÷,


G-��D� (ɏʶ˲ũɱʠÒ, 2003)� 

 

1-2 ���4�,�4?�9<2 
ZX3ZXǿ (Oncorhynchus) 2Ȫ,�őAķ�ʡー�KA(+�G (Salo, 1991)�Z

X2Ť˛Ƴ3ʶą��Eʡー��ɣʷ3N]NǺ2ʡー2ɠħ0ć��ZX3«ǥŧˤ

ď2ǒÆũďKA%!�Ǭ+2ĨȈ�Ŀ¶ď-/G (Salo, 1991)�ɣʷĒ2ZX3ɍ�E

ơƝ0��+«ƨ2˾Ð,7£��˛ éƎ22'ʗƱ G�ʗƱ�%Ȥ÷3�Ɲǣ0

ʊ̃ȳ 4–6 cm0=,Ǐȳ G-Ŀ¶���Ô�0Ȍˤ�/�EǏȳ G�ʊ̃ȳ 7–10 

cm ;.0Ǐȳ G-�Ô0�(+ʶƱ��ǒ=H%ɨ2¨0Sq�bV¶9-�ɗ 

G (ÝŢ�ǀ�2015; ŕɔE�2015)�Sq�bV¶,．ƒ=,­��%2'0�ʶȅ（

˔9-�ɗ��őơ2�ɍKľ�-�HG��ɍį3�¨ß0p�x|W¶9-ǒÆ2

ƳK���#H�Ŀ3Nw^T˼,ɍ�EƝK�̈ �Eƒ3p�x|W¶Kľ�˚�+

­� �Ǌɨį2¨ß0p�x|W¶,Ǐƙ�%ZX3 7–8 Ě0p�x|W¶K˟H�

Ť˛2%@0ɣʷ9-³Ý G-�H+�G (Urawa et al., 2018)�ĨȈ0DFZX2Ǐ

ƙɨ˱03 1–7œ-¹�3
G��Ȅ�2ĨȈ3 3–4œ,Ǐƙ G (ŕɔE, 2015)� 

ZX3ƒZX-Ī4HGD�0ɣʷ,2ZX2˿Ʊ3ƒ�Eū=G�����ɣʷ,

2ZX2˿Ʊ3ɍ=,Ȁ��ƒZX&�,3/��ɍZX-Ī4HGĒČ�>EHG 
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(ƾɇ�ȏĊ, 2015)��2ƒZX�ɍZX-Ī4HGĒČ3ɣʷZX2ʡー�0ķ�>E

H��。Ɂ0ǪÛČ�įÛČ-Ī4HG�{\NBNw^T,2ǪÛČ�įÛČ3¨Z

X�ƒZX-Ī4H+�G (ƾɇ�ȏĊ�2015)�ɘ�«ǥ,
(+A�ǪÛČ-įÛČ

�˿Ʊ G«ǥ3Ȅ�������HE2 2ĒČ2ZX3�Ť˛ƳƢ��/G�-�Ȣ

EH+�G�)=F�ǪÛČ-įÛČ3�ɘ�«ǥ,
(+AŻĉÐɁ0�/GǒÆũ

KA(%ĒČ,
G-��G� 

ǪÛČ-įÛČ,3�Ȥ÷27£ŻÛA�/G�-�「ń�H+�G�%&�ZX2

Ȥ÷2Ŀ¶ŻÛ3 2–5 Ě-ǁ÷2˿ƱŻÛ (9–2 Ě) DFAȚ�ÛÐ-/G��H3Ǫ

ÛČ-įÛČ,Ť˛ƨ2ǈ¡��/F�ǪÛČ2Ť˛ƨ2¡ɋ3įÛČ2Ť˛ƨ2¡ɋ

-ʄÁ�+Ⱥ�C(�F-ɵǒ�ǃ?�-0ˎ˚ G��2D�/ɛǎ3�ZXȤ÷0

-(+ǒŧ0ɂ�%ŻÛ�ħEH+�G�E,
G-²ƈ�H+�G (ŕɔE�2015)�

ƃŘ0�Ȥ÷2ơÛǒŧ3�«ǥ (Morita et al., 2015) B�Ô (Wagawa et al., 2016) 2ǈ

¡B́˧Íü2�āKý�ƍ�+�G-�HG�-�E�ɂǜ/ŻÛ0Ȥ÷�7£��

³ˏK¹ū G�-3�ZX�ƕȝK�ź�+��Ȫ,Ƙ˗/¬ȑ-��G&I��Z

X3ơÛǒÆ-Ť˛³ˏ2��ħEH%ÛÐ��«ǥK˝˕�/�A22�#2ǒÆũ

2Ȫ,ZXǁ÷�«ǥɞ,ɂǜ/ŻÛ-ƳƢ,Ť˛ G�-3Ƙ˗,
G-ļ�EH

G� 

˿ƱŻÛB�Ť˛ƳƢǩȒKū@-��ĨȈ2ɵǒ�ǏȳǾɋ�Ŀ¶�³ˏ2_Os

|WBǏƙŻÛ-�(%ǒÆũ0Ñ˳ GĐƂ3ǒÆũĐƂ-Ī4H�ȣ�0D(+Z

X2ǒÆũĐƂ03Ȅ˓ǎ�ɦ@EHG��2ǒÆũĐƂ2Ȅ˓ǎ3�ZX�Ĩ�2«

ǥÍü0ɂ��+�%ęª,
G-ļ�EH+�G (ŕɔE�2015)�#�+��2Ȅ˓

ǎ3Ȅ�2ZX©÷ˮ�ˌ Gʯǥ³Ýǎ0D(+Đ*�EH��ź�H+�G-�H

G� 

 

1-3 �����+F����
���8% 
ʷğî2Ɖ/ȱŎȣ�3ÕƋĠ-êƲĠ,
F��。Ɂ0Šˠȣʳ-�+=-@EH

G�Šˠȣʳ3��ˠǪ���ˠȪ���ˠ��2ŠŅKǵƭ�%ȣ�,
F�ĥř2

êƲĠ�ÕƋĠ�ǗƾĠ0
%G�Šˠ¶Ô2�Ôʙ03ZX�˿Ʊ GƦ«ǥ�Ȅ�
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ˣH�ɞˠʙ03ɏʶőȏ,
GʶƱǥ�ˣHG�̫ Ɛ2ZX2ö¾˩2 9Å�ƱKŠ

ˠŠĠ�Ǥ@+�F�ɛ0ÕƋĠ3ʶ¶ə0ż�, 2・˅2ö¾˩KĮGĠ,
G�ĩ

��EZXK˝˕�+�%ȣ�,A
F�ɟʢŻȍ�EZX2ņ�ƚɌ G�-�
G�

%&�ÕƋĠ�ɠ,ZX2ņ�ƚɌ G23ɟʢŻȍȪÛ�Ŀ,
G�-�E��2Ż

Û0ã�(%È˰£0ɷ(+�ZX3ÕƋĠ�ɠ0ǃƚ�%-ļ�EH+�G (Ţɇ, 

2005)� 

ĥř2ÕƋĠ,3�«ǥ�-0˿ƱǓÛ3�/GA22 9Ě�E 2Ě=,ZX�˿Ʊ

 G�ćɨ2rOV{ZcwOe DNAKA'�%ƕȝ²ǘ�E�ÕƋĠ2ZX3ȏ�

�ʶƱǥǈĒ0³Ý Gƕȝ (ʶƱǥƕȝ) -�Ô2Ʀ«ǥ0³Ý Gƕȝ0ʡ�H�

įƅ2�Ô«ǥƕȝ�ǪÛƕȝ (�Ô«ǥǪÛƕȝ) -įÛƕȝ (�Ô«ǥįÛƕȝ) 

0ʡ�HG�-�「ń�H+�G (Tsukagoshi et al., 2017)� 

ÕƋĠ2ZXŷĤ3 11Ě¢ƞ�E 1ĚƱƞ2ɍß0˚ˏ GįÛČ0ʧƘ�%ŷĤ

ĺǹK�+�F (�ʙ, 1992)��H3�Ô«ǥįÛƕȝ0D(+Ɖ0ĺǏ�H+�G-

�HG (Tsukagoshi et al., 2017; ȹ��}ʙ, 2015)��ʳ,�Ô«ǥǪÛƕȝ3�9Ě¢ƞ

�E 11ĚƱƞ2ƒß0Šˠ�Ô«ǥK˿Ʊ Gƕȝ,
G (Tsukagoshi et al., 2017)�ʶ

¶ə�E2˛2�Ʒ0D(+ǷŤ�ǆEH%ē�KA(+�G�-�E (Ʀǥ, 2010)�

�ɆɁõ˟Aʶ¶əƕȝ0ć�ĎĶ�>EHG (Tsukagoshi et al., 2017)�ʁ Ʊǥƕȝ3�

9 Ě¢ƞ�E 11 ĚƱƞ=,�ʶƱǥǈĒ2Űˣ9˿Ʊ Gƕȝ,�Ɖ0ǪÛČ2>,

ĺǏ�HG-�HG (Tsukagoshi et al., 2017)��HE2ZX 3ƕȝ3�ˀ¿/ƕȝĺǹ

KŽ��ŻĉÐɁ0A˟H%ƕȝ,
G�-�E��/(%ǒÆũĐƂKA(+�G-

ļ�EHG�����#2ǒʠÃɁɛǎ0)�+3��Ô«ǥįÛƕȝ0Ñ G��)

�2ğî�>)�Gȃ3 (Aoyama, 2017; �ȶ, 1962)�Ɩʡ0˞²�H+�/�2�ĥƶ

,
G�ɛ0�ȣí¡ȟ£2�āKý�ƍ�G23ʡー2ɠħ0ć�ÕƋĠ2ZX,


G-ļ�EHG��ZX2ɂǈ¡，�-�(%¡ɋɛǎ0)�+3ȱ:EH+�/�� 

Šˠ0ZX�˚ˏ G 10Ě�E 1Ě0��+�Šˠ�Ô�2ǈ¡3ȏ��ʨɗ G�

10Ě2¶ˁǈ¡3 20°CK��G�-�
G�ʳ,�1Ě3 12°CK¢³G (Tanaka et al., 

2000)��。Ɂ0ZX2Ȧųǈ¡3 24°C,
G-�HG�-�E (Schmidt-Nielsen, 1997)�

ƒß2¶ˁǈ¡3ZX0-(+3ʈƴ0ŀ�ǈ¡,
I��ǈ¡2ßǟʨɗ0ɷ(+�
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�Ô�0��GZX2ˏ�ľɗAßǟɁ/ʨ£KŽ  (Tanaka et al., 2000)�9Ě¢ƞ�

E 11 ĚƱƞ2ƒß0˚ˏ GZX3��ȵ�ɗKċFʪ �-�「ń�H+�G 

(Kitagawa et al., 2016; Tanaka et al., 2000)��2�ȵ�ɗ3��Ô�2ʎǰ0ʡー G«ǥ

ǈKÓL&ǈ´KȘŝ�))�ʎǰ2ŀǈ¡Kʇ��Ȉ¡K¢�G%@2ľɗǎȈ¡ȱ

ǟ,
G-²ƈ�H+�G (Tanaka et al., 2000)��ʳ,�¶ǈ¡�Ⱥ¢�% 11Ě¢ƞ�

Ŀ2ɍß,3�ZX3ƒß2ZX2D�/�ȵ�ɗ3>EH!�ʎǰKˏ��+ʯǥK

Șŝ G (Tanaka et al., 2000)�10Ě0Šˠ�Ô�K³ˏ GZX3�ľɗǎȈ¡ȱǟ0

D(+ēĢǈ¡K¶ˁǈ¡DFȺ� G�-�,�GA22�ĨȈ�-2 1ɣ2（Ćē

Ģǈ¡3 13–17°C,
F�¶ˁǈ¡ 12–15°C2ʎǰK³ˏ Gɍß2ZX-ʄÁ�+ŀ

�ǈ¡KēĢ G (Tanaka et al., 2000)�=%��ȵ�ɗ0D(+ZX3ǈ¡ÍüKǩȒ

,�G-ļ�EH+�G��ƒß0˚ˏ GZX3Ť˛³ˏ0��+ƴ0ľɗǎȈ¡ȱ

ǟKľ�GJ�,3/��ƒß2ɣʷ,3ȺÞ��々ɵ��Ȏʚ0DG�ȵŋłś˕0

D(+ǈ¡ˋǰ3」µ G�-�
G�E,
G (Kitagawa et al., 2016)�#2D�/ƶ

þ¢,3ZX3�ȵ�ɗKŶ>G��ƿ�ƿɋ0Ⱥǈ¡´Kġ)�G�-3,�!�ē

Ģǈ¡3ʎǰǈ¡-ɘ�0/G (Kitagawa et al., 2016)�#2ęª�ȺÞ�ȸ­į2ZX

2 1ɣ2（ĆēĢǈ¡3 18–19°C-/G (Kitagawa et al., 2016)�¦�+�«ǥ,3ǈ�

ƴ0ˣH+�G%@��Ô-3�/Fǈ¡ˋǰ2D�/Ⱥǈ¡´3ĐǏ�H0��%@�

ľɗǎȈ¡ȱǟ0DGȈ¡ȱǟ3,�/�-ļ�EHG (Hynes, 1970)� 

�Ʊ2�-�E�ƒß0˚ˏ GZX-ɍß0˚ˏ GZX�ēĢ Gǈ¡3ȏ��

�/G-ļ�EHG��2D�/³ˏÍü2��3�ZX©÷ˮ0��+ƕȝ
G�3

ĒČ�-0īˌ2¡ɋɂ�K��ã���G�-��ćɨ2ğîDFŽ�H+�G 

(Eliason et al., 2011)� 

 

1-4 ��� H��;:�
���$� 
� ÷ˮ3�ʙ2˯ºɁ/ƌKƣ�+�Ȉ¡�ºʙ2ɧĤ0�ȁ Gº¡ɗʠ,
G�˽

ɤˮBȴˮ2D�/ɞ¡ɗʠ3Ȉɞ2ɧŤǒ0DGȈ¡ʫźÜĺ0D(+�žǂ2ɞɁ

ƶȋK�ȼ0ʫ)Ǧˢ-G�ʳ,�÷ˮKū@-�%º¡ɗʠ3ºʙ2¡ɋÍü0ȉ�

+�ǒ˞Ɂ�ľɗɁ0ɂ� G�-,žǂ2ɞɁƶȋK�ȼ0ʫ)ǦˢK-G (Eliason 
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and Farrell, 2016; Willmer et al., 2005)�ǈ¡3ȍƆK°�+÷2ǒ˞ƶȋ0ȏ�/�āK

ˑ�G%@�÷ˮ2¡ɋɂ�2ğî,3ǈ¡-QiyU�ȍƆ�ɛ0ˌŦǮȍƆ-2Ñ

č�ĩ��Eȱ:EH+�% (Fry, 1947; Schmidt-Nielsen, 1997)� 

� ćɨ3�ŦǮƪʆǾɋ2őȏȡ,
GőȏŦǮƪʆǾɋ (Maximum (aerobic) metabolic 

rate, MMR) -ǒʿ�ź0ʌ˗/őȺħ2ŦǮƪʆǾɋ,
GèŲȍƆǾɋ (Resting 

metabolic rate, RMR) 2ō,
G (ǡȉ) ˌŦǮȍƆːȣ (Absolute aerobic scope, AAS) 

��÷ˮ2
Gǈ¡¢,2lmR�r|^ (¡ɋlmR�r|^) 2ůʍ-�+Ȭ˅�

H+�G��Ǫ3Æɗːȣ (scope for activity) -��İ�ɐ+3@EH+�% (ȹʷ, 

2013)�%&�ÆɗŻ2ȍƆ03�̩ ŦǮȍƆ&�,/��̔ ŦǮȍƆAɗ��HG�-

�
G%@ (Ejbye-Ernst et al., 2016)�AAS-��İ2ʳ�ɂǜ,
I��AAS3�ˌŦ

ǮȍƆ�Eùð�HGQiyU�2őȏǾɋ�Eǒʿ�ź0��GȍƆǾɋKō��

�%A2,
G�E�ˏ�B�́2ƪ£�Ǐƙ0ʆB �-�,�GˌŦǮȍƆ2˒˩

-Ǽ�G�-�,�G�ƃŘ0 AAS-ˏ�ɪ˪�
G�3 AAS-́2ƪ£ɪ˪03Ǒ

2ǴÑ�
G�-�「ń�H+�G (Auer et al., 2015; Eliason and Farrell, 2016)�#2%

@�AAS �ŀȡK�@ ǈ¡3ɂ�Ɂ,
I�-ļ�EH+�G (Eliason and Farrell, 

2016; Farrell, 2016)� 

� ɗʠ2Ȉ¡-lmR�r|^2Ñč3�Ʊ0ɝ2ĄǨ2Ñč0/G�-�ēĢɁ0Ȣ

EH+�G (Fry, 1947)��H3¡ɋlmR�r|^ĄǨ (thermal performance curve) -

Ī4H (Angilletta, 2009)�AASA¡ɋlmR�r|^ĄǨ0Ɨ� (Farrell, 2016)�ąȡK

Ž Ȉ¡3Ŵɂ¡ɋ (optimal temperature, Topt) -Ī4H�AAS0)�+3 AASŴɂǈ

¡ (optimal temperature for AAS, ToptAAS) -�HG�=%�AAS�ŀȡKŽ ǈ¡3ɂǈ

¡ (pejus temperature, Tpejus) -�H�#2ǈ¡，�3ɂǈ¡，� (Tpejus range) -Ī4H

G�¡ɋƱƩBȺ¢0DFőƓɁ0�lmR�r|^� 0-/G-�2¡ɋ3ˬ·¡ɋ 

(critical temperature, CT) -�HG��2ˌŦǮȍƆ�E2QiyU�ùðK×ʁ-�%

¡ɋɂ�2ļ�ʳ3 Oxygen capacity limited thermal tolerance (OCLTT) ¤Ǡ-�+�

PörtnerE (2000) �Ⱦƥ�+�˚�Ȅ�2÷ˮ0ɂ˕�H+�% (Sandblom et al., 2014)�

Ȫ,A�ZXǿ÷ˮ3Ȅ�2ƌ,�AAS2¡ɋlmR�r|^�ǽȼ�H�ƌÐ�ȣ�

ƕȝÐ2ʄÁ��H+�% (U|[X�O. kisutsh: Lee et al., 2003, Raby et al., 2016; ph[
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X�O. nekra: Eliason et al., 2011, Eliason et al., 2013, Lee et al., 2003; Twmer^�O. 

gorbuscha: Clark et al., 2011; h]r^, O. mykiss: Chen et al., 2015)� 

� ɛ0ȍʎɁ/23 FraserǥǈĒ2ph[X2ȣ�ƕȝÐ2ʄÁğî,
I� (Eliason 

et al., 2011)�FraserǥǈĒ,3�Űˣ�-0ph[X2ȣ�ƕȝ�ĐǏ�H+�F�ƕ

ȝÐ,˿Ʊ¹ūŻÛ (7–9 Ě) BŤ˛Ƴ92ɓȔŻÛ (8–11 Ě)�˿Ʊõ˟ (100–1100 

km)�«ǥǈ¡ (8–22°C) �ȏ���/G-�HG (Eliason et al., 2011)�FraserǥǈĒ2

ȣ�ƕȝÐ, AAS 2¡ɋlmR�r|^ĄǨKǇȼ G-�ƕȝ�-0īˌ2¡ɋl

mR�r|^ĄǨKA)�-�ˀE�-/(%�¦�+�Ǉȼ�H%ɂǈ¡，�3�˿

ƱŻ0Ǳȼ�HGēĢǈ¡2々ɋʡー-�Ȧ�+�%�-�E�ph[X3 AAS 2¡

ɋlmR�r|^Kőȏ£�"G�-,�#H$H2ǈ¡Íü0ɂ��+�G-ę˸*

�EH% (Eliason et al., 2011)� 

� AAS�¡ɋlmR�r|^2ůʍ-�+Ƙ˗,
G-��ƉȭA
G�ʳ,�AAS�

÷2ǒǻǈ¡0�Ȧ�/�˯A「ń�H+�F�AAS 2őȏ£3ʌ!�AǒȋɁ0Ƙ

˗,3/�&I�-��äˆAćɨȾŽ�H+�G (Norin et al., 2014)�ZXǿ÷ˮ,


GU|[X,A�˿ ƱŻ2«ǥǈ¡2ő々ȡ (10°C) 2-�2 AASDFA�őŀǈ¡

Ż (15°C) 2 AAS2ʳ�ŀ�ȡKŽ�+�%�-�E (Raby et al., 2016)�˿ƱŻ2ZX

ǿ÷ˮ,A AAS 2őȏ£�ʌ!�AƘ˗,3/�D�,
G�­ò2Twmer^ 

(Clark et al., 2011) B�ph[X2 Harrisonƕȝ (Eliason et al., 2013) 2ğî˯0��+

A�˦ƅ2 ToptAAS-«ǥǈ¡2ő々ȡ-3�Ȧ�+�/��ToptAAS3ő々ȡDFA 2–

6°Cŀ��Twmer^2 ToptAAS3U|[Xɘ˓0«ǥ2őŀǈ¡0ć�ȡ&(%��

HE2ęª3�AAS Kőȏ£�"Gǈ¡3ʌ!�AǒȋɁ0őɂ,3/��-K�0

Ž A2,
I�� 

 

1-5 I/46
���D�>G 
� ZX�Ť˛2%@0ǥKƱG�-3�。Ɂ0�˿Ʊ�-��Ħ˖�ɐ+3@EHG�

�˿�-��Ź03�ˣHK��2<G�-���ʻ�
F�ZXKū@-�%˿«³

ˏ÷3«ǥ2ˣH0çE(+�ɗ G�-��Ʌ0��+ȃ2³ˏ÷-ȏ���/G�

ɛ0«ǥ3Íü0D(+3ʐǾ 1 mKȲ�GˣH�ȁř��ZX3�HE2ˣH0ȇ'
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Ń)%@0ŀ�ˏ�ǾɋKɵÚ Gɪ˪�ʌ˗-�HG�˿ Ʊ GZXǿ2÷3Ãƛ˸

ʢ2/�,A athletic species-��ʎĥ�ŨJHG�-�
G (Clark et al., 2013)��H

3ZXǿ2÷3�AAS BźȀɁ/ˏ�Ǿɋ2őȏȡ,
Gˬ·ˏ�Ǿɋ (Critical swim 

speed, Ucrit) �ŀ��-0ˎ˚ G�����ZX2˿ƱKļ�%Ż0ʌ˗-�HGˏ�

ɪ˪-3Ȗ0lmR�r|^2őȏȡ&�,3/�&I�� 

ZXKÓL&�³、Ƹď2ZX©÷ˮ3úȸ�+Ť˛³ˏŻ0́K-E/�/G%

@�Ȉɞ0Ȩǚ�%QiyU�2>,˿Ʊ�、ƸKÊ˥�"Gʌ˗�
G�ĭ0�ZX

2Ť˛³ˏ0��+3�˿ Ʊ0ʆB QiyU�Kǟˉ G�-AƘ˗/¬ȑ,
G-

�H�˿Ʊ0��GY^e�ĩ��EȬ˅�H+�% (Hinch and Rand, 2000; Lee et al., 

2003; Rand et al., 2006)� 

� ZX2˿Ʊ0˗ GY^eKļ�GƱ,Ƙ˗/»ɩ-�+��ɗY^e (Cost of 

transport�COT) �ô�EHG (Videler, 1993)��ɗY^e3Ȗ�õ˟
%FK�ɗ G

20ʆB�HGQiyU�˩Ků��ĩ��E�ɗĳˡ2ůʍ-�+˝˕�H+�%�

�ɗY^e3
Gõ˟=,�ɗ G20��(%ȍƆY^e-ˏ�Y^e2˹K��ɗ

Ǿɋ,ƣ G�-0D(+ťƚ�HG��ɗY^e-ˏ�Ǿɋ2Ñč3�。Ɂ0¢0ɝ

2ĄǨKʏ���H3ˏ�Ǿɋ�ȧ �H4��ɗŻÐ2Ƿ¦0ɷ(%ȍƆY^e2Ƿ

ȏ�ã�F�ˏ �Ǿɋ�Ǿ �H4�Ƚĸ�Ƿ�G�-0DGˏ�Y^e2Ƿȏ�ã�

G%@,
G (Fig. 1-2) (Videler, 1993)�#2%@��ɗY^eKőƦ£ Gˏ�ǾɋK

˞˸Ɂ0Ǉȼ G�-�,���2ˏ�Ǿɋ3őɂˏ�Ǿɋ (Optimal swim speed, Uopt) 

-�HG (Videler, 1993)� 

÷ˮ2ȍƆY^e3ǈ¡0DFƱ¢ G%@��ɗY^e3ǈ¡2�āKƍ�G 

(Claireaux et al., 2006; Hein and Keirsted, 2012)�=%��ɗǾɋ3ɘ�ˏ�Ǿɋ	ȉǈǾ

ɋ
,
(+A�ˣH2Ķ�-Ǿ�0D(+ʨJG2,��ɗY^e3ˣH0DG�ā

Aƍ�G (Hinch and Rand, 2000)�Uopt3ǈ¡2ƱƩB�ˣǾ2Ƿ¦0-A/(+ƱƩ 

G-�HG��Ɨ˚2�ɗY^e2vdy,3 Uopt� UcritKȲ�GƶþKǠˀ,�+�

/�-��ˆȑ�
(%�ĥƃ2÷3 UcritKȲ�%Ż03ʅ˶��èǻK˗ G�E,


G�)=F��H=,2vdy,3�Ucrit-��ǌħB�³ʜ0˗ GŻÐKǯ>Ň

?�-�,�+�/�(%� 
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ćɨ�Ucrit0DGǌħBèǻŻÐ-�(%»ɩKǯ>ŇL&�ɗY^e2vdy�Ž

�H% (Martin et al., 2015)��2vdy,3 Ucrit3ˌŦǮȍƆ0D(+˺JHGQiy

U�ùðǾɋ2˒˩0D(+ȼ=G-�H+�F�)=F3 AAS 0DGǌˉKǯ>Ň

L&vdy-ÌĦ,�G�ƃŘ0«ǥ˿Ʊ Gr^j^X0�2vdyKɂ˕�%-�

I�AAS0DGǌˉKˑ�%vdy0D(+Ǉȼ�H%˿ƱǾɋ3�ǌˉKˑ�/�v

dy-ʄÁ�+ƃŘ2˿ƱǾɋ0ć�ȡKŽ�%�-�「ń�H+�G (Martin et al., 

2015)� 

 

1-6 B$��C9�=E(3 
� º¡ɗʠ2¡ɋɂ�3º¡ɗʠğî0��Gĩ��EȀ�ȪƻɁ/¬ȑ25-),


G (Angilletta, 2009; Farrell, 2016; Fry, 1947; Pörtner et al., 2000)�OCLTT0DG AAS-�

�ůʍ�,�+�E�Ȅ�2÷ƌ,ˌŦǮȍƆKȪƻ-�%¡ɋɂ��æ˸�H+�%�

ZXǿ0)�+Ȅ�2Ȣġ�ƕǚ�H+��Ȫ,�ZX0)�+3��HE2ğî�Ǔ

L/ʶ）,3ǈŤÃɁ¥ȡ��;.ŀ�/�(%�-�E�
=Fğî��H+�/�

(% (Eliason and Farrell, 2016)�ʡー2ɠħć�2Šˠ2ZX�ĥř.2D�/ǒʠÃ

ɁɛǎKA(+�G2��ɛ0¡ɋɛǎKź(+�G2�-��ˆ�3ȣí¡ȟ£�÷

ˮ0ˑ�G�ā�Ĝɩ�H+�Gĥř0��+�=!Ȑ�0Ƙ˗/ˆȑ,
I��=%�

AAS �÷ˮ2ǒ˞Üɪ-ʼǝ/Ñč,
G�-3ä�D�2/��ʳ,�ƃŘ2ɗʠ

2ǒȋ-2Ñ˳0)�+3ğîƱ2ĉɲ�Ȅ�ŧ�H+�G� 

� ʷğî,3Šˠȣʳ,Aɛ0ǲ�˿ƱǓÛKˌ GʶƱǥǈĒ2ZX-ÕƋĠ2Z

XŷĤ2Ȫƻ,
G�Ô«ǥįÛƕȝ0Ȭ˅��ʁ Ʊǥ-ĻŭǥKȱŎ«ǥ-�+�Š

ˠ2ZX2¡ɋɂ�2ƃȋKˀE�0 G--A0�AAS -ǒȋ�.2D�0ę6)

�+�G2�KȘŝ G�-K˅Ɂ-�%� 

� ʷ˸ʢ3�ʷƮKÓ@%Ǭ 5Ʈ,ĺǏ�%�Ȑ 2Ʈ,3�kOSczuex��kO

S{U|WƋʴK˕�+ʶƱǥ-Ļŭǥ2ZX2˿ƱȱŎKľ��Ť˛Ƴ92˿Ʊ0˗

 GŻÐ�˿ƱȪ0ēĢ Gǈ¡KˀE�0�%�Ȁ�Ȑ 3Ʈ,3�ˏ�ƃĢ0DFȍ

ƆĔǽKľ��2 «ǥ2ZX�.2D�/ AAS 2¡ɋlmR�r|^Kź(+�G2

�KˀE�0�%��E0Ȑ 4Ʈ,3�Ȑ 3Ʈ,ɚEH%¡ɋlmR�r|^KA-0
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AAS0DGǌˉKǯ>ŇL&�ɗY^e2vdyKśǏ��Y^e-��ÏɅ�EAAS

2¡ɋlmR�r|^�ˌ Gɂ�Ɂ�åKļş�%�=%�ƃŘ0«ǥK˿Ʊ GZ

X2ˏ�ľɗ-ƫE�łJ"G�-,śǏ�%vdy2Ȇɐǎ-Ǉȼȡ0)�+ĝɕ

�%�Ȑ 5Ʈ,3�ʷğî0D(+ɚEH%ęª-��H=,0「ń�H+�%ZX©

÷ˮ2¡ɋɂ�0Ñ GğîKÓ@+�Šˠ2ZX2¡ɋɂ�-#2˓ſ2ɂ�Ɂ�å

0)�+�ȞɁ0æ˸�%� 
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Figure 1-1. The effect of temperature on metabolic traits in fish. 

(A) Resting metabolic rate (RMR) exponentially increases with temperature. Maximum (aerobic) 

metabolic rate (MMR) exponentially increase with temperature, but MMR reaches a plateau. 

Absolute aerobic scope (AAS) is the difference between RMR and MMR. (B) Thermal sensitivity 

of AAS is described by the thermal performance curve, where AAS increases with temperature up 

to a peak (which is defined as the optimum temperature of aerobic scope, ToptAAS), and declines 

thereafter. Sub-optimal temperatures are known as pejus temperatures (Tpej) and critical 

temperature maxima (CTmax) is the highest temperature at which AAS is zero. 
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Figure 1-2. The relationship between swim speed and cost of transport (COT). 

(A) Metabolic rate increase with swim speed (U). Metabolic rate during swimming can be 

explained by the component of metabolic cost and swim cost. (B) When plotted in relation to U, 

COT is a J-shaped function. COT reaches a minimum and thereafter increases with U. The U at 

the bottom of the COT curve is defined as optimal swim speed (Uopt)  
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7 2.� 2�5����I/0!�"&1�
	 
 
 

2–1 ���
 
� ZX3Ĩ�2ȣ�B«ǥÍü0łJ"%ǒÆũĐƂKA)-�HG�ɣʷŅɞ0��

+AZX2�ɆɁɛǎB�«ǥ˿ƱŻÛ2ȣ�ǎ3ĩ��EÑƻ�A%H�ȱ:EH+

�% (ɪǍ, 1970; Okazaki, 1982; ŕɔE, 2015)�ŷ˧²ǘ0DG-�ʷƐȅ（˔Ǻ2ZX

2˿ƱǓÛ3ǗƾĠ�Eɠ¢ G0Ɨ(+ȧ�/GĎĶ0
F�ÕƋĠêĩŮKˣHG

ȶĕǙǥ�A(-Aȧ�-�HG (ŕɔE, 2015)�ȶĕǙǥDFAɠ0/G-ňɋ3ç

0˿ƱǓÛ�ǲ�/G-���-�「ń�H+�G (ŕɔE, 2015)� 

� ÕƋĠ2ZX2ö¾Ƶ「=-@%ÕƋĠ2���= 0Ñ Gŷ˧0DG-�ÕƋĠ

ɞ,3�ĥř 13 2Űˣ,ʶƱǥǈĒ2ZX�7£ʲˣŸĂ2%@0ʬ¾�H+�G 

(Fig. 2-1)�Űˣ0D(+öÛ3�/GA22���?1 10 ĚƱƞ�E«ǥʬ¾�ū=

F 10Ě2Ȫƞ�E¢ƞ0��+ǓÛKĖ��11Ě2Ȫƞ0Ɠ˥ G (Table 2-1�Fig. 2-

2)�ʶƱǥǈĒ2ZX3�êƲĠ,Aö¾�H+�F�ñʶƱǥ2ʡˣȣɅKȪƻ-�

%¢ˣ�,ö¾�H+�G (Fig. 2-3)�ÕƋĠɞ,2öÛ3 11ĚȪƞ=,/20ȉ�+�

êƲĠ,3 11Ě¢ƞ�E 12Ě=,öÛ�Ȁ�� (Table 2-1)�ʁ ƱǥǈĒɞ,>EHG

ō��Ȗ/GöÛ2��0ˎ˚ GA2�3J�(+�/��ĻŭǥǈĒ,3 11 Ě2

Ʊƞ�E 1Ě2¢ƞ=,ZX�ʬ¾�H�ȃ2įÛƕȝƉȈ2«ǥ-ɘ˓0 12Ě2Ȫ

ƞ0˿ƱǓÛKĖ�G (Fig. 2-2)�«ǥ˿ƱÛ0)�+3ŷ˧²ǘ0D(+�ȼ2ǈƟ

=,3æ˸,�GA22�ZX�«ĵ�EŤ˛Ƴ=,2˿Ʊ0.2ȿɋ2ŻÐK˗ G

2��.�,Ť˛ G�-�(%ƯŖ^X�y,2ʷƌ2ǒÆũĐƂ0)�+3�Ɩʡ

/Ȣġ�ƕǚ�H+�/�� 

� �H37£ʲˣŸĂ25-=!2ǏĲ0D(+�«ǥɞ,2ZX2ľɗ��;.Ƙ˗

ŵ�H+�/�(%�-0DG (ˌ¯E, 2009)�¦�+�˿Ʊ GZXKȷǛ Gˌ˕

/ƋȠ-�+�ɈɭɵƺÖK˕�%kOSczuex�Ƌʴ�ô�EHG��ȳÛÐ�

ķ，�2ȱŎ0/G-ȱŎ�2ʘȗ�ȏ��/G-��ėɅ�
G%@ (ˌ¯E, 2009)�

ZXKȵǝɁ0ȷǛ�%˿ƱȱŎ3Ņɞ0��+ZX2ğî�őAǓL/ʶ¶ə,A

Ǌě2ğî˯�ȢEHG2>,
G (Akita et al., 2006; ˌ¯E, 2009; Makiguchi et al., 
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2007)�=%��HE2ğî3«ĵ0ć�¢ˣ�2Ǌ kmĈÐB (Makiguchi et al., 2007)�

Ȫˣ��E2ʲˣȱŎ,
F (ˌ¯E, 2009)�¢ˣ��EŤ˛Ƴ=,ZXKȵǝȷǛ�

%ğî3/��«ĵ�Eʍƀʲˣ�Ʊˣ2ŒʬƳ,Őʬ¾�%ğî�ȢEHGȿɋ,


G (ǖˈ, 1958)� 

� Šˠ�Ô2Ȅ�2«ǥ3Ț�ëĴɰ,�ZX3«ĵć�2ʛˣǈ�ˍ�Ʊ�Gǥƨ˾

,Ť˛ G-�H+�G (Õɇ, 1987; �ȶ, 1962)�įÛƕȝ2˿Ʊ«ǥ,
Gȏ̀ǥ,

AŤ˛ƨ3«ĵDF 1–3 km2，�0ƕȪ G�-�「ń�H+�G (Aoyama, 2017)�

����ƃŘ0ȃ2�Ô«ǥįÛƕȝ0Aúȸ Gɛǎ�ʃ�3ˀE�,3/��ʁ Ʊ

ǥ3ɏʶȣʳ,3őȏ�őȳ2«ǥ,
F�ɣʷ2«ǥ-�+3Ĵɰ�Î� (ŅɌıȸ

Ƭɏʶȣʳǐʉă, 2012)�ʶƱǥǈĒ2ZX2Ť˛ǒȋ0)�+3Ʊˣ�2Űˣ,
G

Ȫȶǥ0)�+2>ȱ:EH+�G (ɉʩE, 2017)�Ȫȶǥ2ZX3�9 Ě2¢ƞ�E

11 Ě2Ʊƞ=,žǫŤ˛�Ïş�H�ʛˣǈ�ˍƩ G«ƨ,Ť˛ G-�H+�G 

(ɉʩE, 2017)� 

� «ǥ03¶˔0��Gǈ¡ˋǰ2D�/�ȵɁ/ǈ¡Ĵɰ3ĐǏ�H/�-�HG

��ʛˣǈBD.>2�ā0D(+ǈ（Ɂ0ǈ¡��/G�-�
G (Kramer et al., 

1999; �ȶ, 1962)�=%�ʷˣ-Űˣ,3ǈ¡0ō�>HEHG�-�
G%@�ȼɅ

Ïǽ0DGǈ¡Ƶ「3ʌ!�AZX2ēĢǈ¡-�Ȧ�/�-ļ�EHG� 

� ʷƮ,3ʶƱǥǈĒ-ĻŭǥǈĒ2 2ǈĒ2ZX2˿Ʊ�Ť˛ƳƢB�˿ Ʊ0˗ G

ŻÐ�#2Ð2ZX2ēĢǈ¡-�(%ʋŖ^X�y,2˿ƱǒȋKˀE�0 G�-

K˅Ɂ-�%�˿Ʊ�Ť˛ƳƢ�˿Ʊ0˗ GŻÐ3ǶȩÜÖK³Ǝ"!-AƵ「KɈ

ɭ0DFƊɚ G�-�,�GkOSczuex�Ƌʴ�ɂ��ƃŘ0ZX�ēĢ G

ʋŖÍüƵ「2Ɗɚ03³Ǝ2ʌ˗�
Gľɗá˷ĔK˕�GkOS{U|WƋʴ�

ɂ�+�G�#�,�˦ƋʴKǯ>łJ"%ʲˣȱŎK��/(%� 

 

2–2 @A 
ÆØ¯n 

� ˈºȱŎKƃű�%23Ȑ 1Ʈ,Ɯ:%ȸF�ʁ ƱǥǈĒ-�ĻŭǥǈĒ2 2ǈĒ,


G�ʶƱǥ3ˣ˵�ȳ 249 km,ÕƋĠ�EêƲĠ9-ˣHG�ï«ǥ,
G (Fig. 2-
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1)�ʶƱǥ3êƲĠ2Ɋ）ŮȶŢȰʕć,ñʶƱǥ-ʶƱǥ0ʡɮ��ñʶƱǥ3ǢȎ

˼9�ʁ Ʊǥ3ȷɭ˼9Ȭ� (Fig. 2-1)��ʳ,Ļŭǥ3�ÕƋĠ̄ǙŮKˣHGˣ˵�

ȳ 24.2 km2ɢï«ǥ,
G�.'EAĩ��EZX�˿Ʊ G«ǥ-�+ȢEH+�

G�ʁ Ʊǥ2ȱŎĨȈ3�ʁ Ʊǥ-ñʶƱǥ2ʡˣȣɅ0�ȥ G˻ȕǧ�,ʬ¾�H

%A2KŨ˕�%�˻ ȕǧ�3�ñʶƱǥ2«ĵ�Eˉ 35 kmƱˣ0�ȥ GʡˣűǞ

,
G�ZX2˿ƱŻÛ0/G-�2˙>0ZX�ȼ� G�-�ȢEH+�F�öĂ

ƅ%'3ZdNs-Ī8óȏ/_v˃,ZXKʬ¾�+�G (Fig. 2-3B)� 

� ʶƱǥ2ʲˣȱŎ3 2016ɨ 11ĚƱƞ (1–10ɣ) -¢ƞ (21–30ɣ)�2017ɨ 10ĚƱ

ƞ (1–10ɣ)�Ȫƞ (11–20ɣ)�¢ƞ (21–30ɣ)�11ĚƱƞ2 6ƞ,ƃű�%�2016ɨ

ɋ2ʲˣȱŎ,3�9ĨȈ2ZX0ɈɭɵƺÖ (MM130B; 13 mm in diameter, 40 mm in 

length, 20 g; Advanced Telemetry System, USA) -ɗʠɎŗď2ľɗá˷ĔKǶȩ�% (Fig. 

2-4C�H)�ň³�Ũ˕�%ɗʠɎŗď2ľɗá˷Ĕ2�˜3 Table 2-2 0Ž�%�ʶƱ

ǥǈĒ,ʲˣ�H%ZX3Őɋʬ¾ G�-�ŉɡ,
(%%@�ľɗá˷Ĕ2³Ǝ0

3ŻħſžɗǜF˟�\^ctK˕�% (Watanabe et al., 2004) (Fig. 2-4H)�2017ɨɋ2

ȱŎ,3�32 ʊ2ZXK˕�+ʲˣƃĢKľ(%�2017 ɨɋ2ȱŎ,3�ȱŎŻÛ�

ÕƋĠ,2öÛ-Ƙ/(+�%�-�E�Őʬ¾ˡ2Ǉȼ2%@0ǬĨȈ0ʍƀKǶȩ

�% (Fig. 2-4B�F)�#2ɞ 19ʊ0ɈɭɵƺÖK (Fig. 2-4G)�8ʊ0ɈɭɵƺÖ-ľɗ

á˷ĔKǶȩ�% (Fig. 2-4H)� 

ĻŭǥǈĒ2ʲˣȱŎ3 2016ɨ 12ĚƱƞ�Ȫƞ�¢ƞ- 2017ɨ 11Ě¢ƞ�12ĚƱ

ƞ�¢ƞ2Ĕ 6ƞ,ƃű�%�ȱŎĨȈ3�«ĵ�E 2 kmƱˣ0Ǟȥ�H%Ʀď2ɳ

˃,ʬ¾�H%A2KŨ˕��2016 ɨ0 8 ĨȈ�2017 ɨ0 9 ĨȈKʲˣ�%�Ļŭǥ

,ʲˣ�%ĨȈ03Ǭ+ɈɭɵƺÖ-ľɗá˷ĔKǶȩ�% (Fig. 2-4I)�Ļŭǥ,2ȱ

Ŏ,3¢ˣ0PwO�Ǟȥ�H+�%�- (Fig. 2-5B)�«ǥà˂�Ʀ���ɖŎ�§ɪ

,
(%�-�EǜF˟�Ƕȥ3˕�/�(%� 

� ZX92ÜÖ2Ƕȩ3Ǭ+ʸǉ¢,��/��y ǉˊ03 FA100 (DSmM�rNhr

yoy^�ȏŚ�ɣʷ) K˕�%�ʬ¾į�FA100 K 0.5 ml l–10Ùƈ�%ǈǳ0�H�

ʸǉKű�%. ʊ̃ȳ-ȈƘKǽȼ�%2'�ǶȥKȱŎĨȈ2ɯʑ×ʙʕć0gO{

|k|fKȸ�+ºʙǶȩ�%.  
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$0+&. !"$*�°�ÇÈ 

� ZX�Eɵ"EHGƺŁ2ƍƺ03�ɴƘƑʽǨƄǕ2ɈɭƍƺÜ (FT-817ND�ɴƘ

ƑʽǨÇſ±Ƅ�ɏø�ɣʷ) K˕�% (Fig. 2-4A)�ʶƱǥǈĒ2ȱŎ,3�«ǥ0ķ

，�0ţE4(%ʞǊ2ĨȈKħEH%ŻÐɞ,Șŝ Gʌ˗�
(%�#2%@�ʁ

ƱǥǈĒ,2ȱŎ3Ƈŗď2qOanN|cg (Fig. 2-4D)��D6ůĶǎ2ɴ˄N|c

g0DFĺǏ�% (Fig. 2-4E)�Ƈŗď2qOanN|cg3�ŸǪ0ǈ（õ˟,ɹđˉ

500 m�ɞ2，�Kƍƺ,�G�-K¿ɦ�+�G�ʶƱǥ3ǥʝ�ķ�(%�-0¦

��ɖŎ�ŉɡ/«ǥĈÐ�Ȅ�(%%@�Ǌ 10 mȖ�2�ȥǔɋ,ZXKǽ� G

�-�,�/�(%�#2%@�«ǥ2Ʊ¢ˣ, 2ʳĶ�E2ƍƺ0D(+Ɖ0�ȥK

ɛȼ��«ǥ2ʡˣȣɅ/.,3ɴ˄N|cgK˕�+Șŝ��̄ 300 m2�ȥǔɋ,

ǽ��%�ĻŭǥǈĒ2ʲˣȱŎAɘ˓2ĺǏ,ľ/(%��Ļŭǥ3«ǥ�0ʭə�


G�-0¦��ǥʝAÿ�(%%@ůĶǎN|cg-˅ŵKǯ>łJ"�10 m Ȗ�

2�ȥǔɋ,ȷǛȱŎK��/(%� 

� ʶƱǥǈĒ2Ť˛Ƴ3Űˣ-ʷˣ0#H$H
(%%@�ʁ ƱǥǈĒ2Ť˛Ƴ3Űˣ

-ʷˣ,ʡ��̫ ˣ3ŅɌıȸƬ�ɵľ�+�GʶƱǥǈĒ«ǥǐʉĔ®2«ǥĈʡ0

Ɨ(+�¢ˣ� (ʲˣȣɅDF 0–18 km)�ÿŜ� (18–51 km)�Ȫˣ� (51–147 km) 2 3

Ĉ�0ʡˮ�% (Fig. 2-3A) (ŅɌıȸƬɏʶȣʳǐʉă, 2012)�=%�Ť˛Ƴ92ɓȔ3

Űˣ92ǃɥ�
G�3ȷǛĨȈ� 1ɣ�Ʊ#2Ƴ0Ȍř��Ə�0、ƸľɗKľ/(

+�GZX�¿ɦ�H%Ż-�%�Ļŭǥ,2Ť˛Ƴ92ɓȔ3ȷǛĨȈK˅ŵ,¿ɦ

 G�-�,�%%@�˿ ƱľɗKŲ@%ƳƢ, 1ɣ�ƱȌř��、ƸÆɗ0š¦�+

�GƳł-�% ˿ ƱÛÐ2ťƚ3�ȷǛÛÐȪ0Ǭ+2ZXKʹɣȷǛ,�+�/�

(%%@�Ť˛ƳɓȔɣ2Ǫɣ0�ȥɛȼK,�/�(%ĨȈ2Ƶ「3Ĕť�Eƣ�%� 

 

�;�Å��· 

� ZX�«ǥ˿ƱŻ0ēĢ Gǈ¡Kɬ~ G%@0�ɗʠɎŗďľɗá˷ĔKǶȩ�

%ĨȈ�EēĢǈ¡Ƶ「Kȫƚ�%�ň³2ʲˣȱŎ,3ʞǊƌˮ2ľɗá˷ĔKǶȩ

�%� (Table 2-2)�ň³Ũ˕�%ľɗá˷Ĕ2ǈ¡ʡ²ɪ3Ǭ+ 0.1°C,
G�ǈ¡2
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á˷ÐÂ3.2ľɗá˷Ĕ,A 1ʐ-�%�ǈ¡Ƶ「3ʲˣȵį�EZX�ǒȁ�+�

%ÛÐ2>Kɶ�ƚ�%�ZX2ǒų3¦ǾɋƵ「KA-0ɸʦ��ZX2ɗ�0ˎ˚

 G¦ǾɋɭĐ�ĝƚ�H!�ZX2ŬǍÀ�ʨ£�/�(%Eųʵ-�%� 

� «ǥɞ2ǈ¡3ǈ（Ɂ0ʨ£ G�-�
G%@�˿ Ʊ GZX2ēĢǈ¡-3ʦ0

ȼɅÏǽ0×*�%«ǥǈ¡Ƶ「Ašƫ2%@0Ǝƕ�%�ʁ Ʊǥ2ǈ¡Ƶ「2Ɗɚ0

3�ŅɌıȸƬ2ǈˇǈƂd�_p�^ (http://www1.river.go.jp/) K˝˕�%�ŅɌı

ȸƬ2ǈˇǈƂd�_p�^DF 1 ŻÐ�-2ǈ¡á˷KƊɚ�%. ƊɚȼɅ3Ɋ） 

(Fig. 2-1) -�%. ĻŭǥǈĒ2ǈ¡Ƶ「3�d�_p�^£�H+�/�(%%@�ǈ

¡á˷Ĕ (DFEI2-T, JFE Nfk|caV, ʣĬ, ɣʷ) K˕�+ȼɅÏǽK��/(%. 

ʲˣȣɅDF 2 km˟H%ȣɅ0Ǟȥ� (Fig. 2-5A)�2016ɨ 9Ě�E 2018ɨ 1Ě=,2

ǈ¡Ƶ「K 15ʡÐÂ,ǽȼ�%. 

 

 ��ÄE�Å�� 

� ÕƋĠɞ2ZX2ö¾Ƶ「0)�+3�ÕƋĠ2���= 0Ñ Gŷ˧Kšƫ�% 

(ÕƋĠɫ˫ǈŤƼĀ¬, 2010–2016)�2010 ɨɋ�E 2016 ɨɋ2Ĕ 7 ɨʡ2ŷ˧Kšƫ

��öÛKȱ:%�öÛ3#H$H2ɨɋ�-0¹ūɣ-Ɠ˥ɣK#H$Hȫƚ��7

ɨÐʡ2Ȫ�ȡKì@%�êƲĠ,ö¾�H+�GʶƱǥǈĒ2ZX2öÛ2ťƚ03�

ʷȱŎ,Ũ˕�%ZX2ʬ¾ƳƢ,
GñʶƱǥ-ʶƱǥ-2ʡˣűǞ,2ö¾Ƶ「

KA'�%�2013ɨɋ�E 2017ɨɋ2Ĕ 5ɨʡ2Ƶ「KʶƱǥöĂûɘǯłDFƊɚ

�%�=%�¼ɨɋ2«ǥʬ¾Ǌ��#2ɨɋ2Ǭ«ǥʬ¾Ǌ2 50%K��%ɣK 50%

˿Ʊɣ-�+ťƚ�%� 

 

2–3 #� 
É��� ��ÆØ¯n 

� 2017ɨ0ʍƀʲˣ�% 32ĨȈ2�'�1ĨȈ�ÕƋĠ�ÑŮKˣHGʂ�ǥ,�2Ĩ

Ȉ�ɘŮKˣHGŏɃǥ,Őʬ¾�H% (Fig. 2-3)�ʂ�ǥ,ʬ¾�H%ĨȈ3 10Ě 1

ɣ0ʲˣ�%ɵƺÖ)�2ĨȈ,�Őʬ¾ɣ3 10Ě 17ɣ&(% (KT1701, Table 2-3)�

=%�ŏɃǥ,ʬ¾�H% 2ĨȈ3˦ĨȈ-A 11Ě 2ɣ0ʲˣ�%ľɗá˷Ĕ-ɵƺ
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Ö)�2ĨȈ (KT1728 - KT1732�Table 2-3) , 11 Ě 5 ɣ0 KT1732 ��11 Ě 6 ɣ0

KT1728�Őʬ¾�H%� 

� 2016 ɨ- 2017 ɨ0��+ɈɭɵƺÖKǶȩ�% 36 ĨȈ2ZX0)�+�Ť˛Ƴ=

,ȷǛ G�-�,�%23 15ĨȈ&(% (Table 2-3)�ȷǛ�%ZX3ʂ�ǥ�ŏɃ

ǥ� ¶ǥ (ÕƋĠ�ÑŮ)�ȏÑǥ (êƲĠɊ）Ů) 0¦�+�̫ ˣ2Ȫˣ��ÿŜ��

¢ˣ�,、ƸľɗK��/(+�% (Table 2-3�Fig. 2-3)�ȷǛĨȈ2Ȫ,A(-AƱˣ

=,ȷǛ�%ĨȈ3 KT1703&(%�10Ě 1ɣ�E 7ɣ=,2 6ɣÐKȷǛ��ʲˣȣ

ɅDF 93 kmƱˣ (Ȝȓǥ-˹¯ǥ2łˣȣɅ2ȪÐɅ0
%G) =,ȷ��-�,�

%A22Űˣ03ɥE!�Ť˛Ƴ=,3ɛȼ,�/�(% (Table 2-3)� 

� ɛȼ�%Ť˛ƳKʲˣƞ�-0>+��-�10 ĚƱƞ�EȪƞ0��+ʲˣ�%Ĩ

Ȉ3ʷˣ2Ȫˣ�BȪˣ�2Űˣ0˿Ʊ�+�% (Fig. 2-3)�10 Ě2¢ƞ0/G-ʷˣ

2ÿŜ�BÿŜ�2Űˣ0Ɖ0˿Ʊ��11 Ě0ɥG-¢ˣ�KŤ˛Ƴ- GĨȈ�ƚ

ĥ�+�% (Fig. 2-3)�̡ ˣ�%ĨȈ3ʲˣȣɅ�EȪˣ�2Ť˛ƳB�Űˣ92˿Ʊ0

（Ć�+ 5ɣK˗�+�% (Table 2-4)�=%�ÿŜ�2Ť˛ƳB�Űˣ93 3–4ɣ��

+˿Ʊ��¢ˣ�3 1ɣ�ɞ,ɓȔ�+�% (Table 2-4)� 

� ³Ǝ�%ľɗá˷Ĕ�EZX2ēĢǈ¡Kȫƚ G-�̫ ˣ,3ZX3«ǥǈ¡0;

<ɑ��ǈ¡KēĢ�+�% (Table 2-5�Fig. 2-6�2-7)�ʷˣ2ǈ¡3 10Ě2Ʊƞ,3

15°CǪį
(%��10Ě2¢ƞ0��+ 12°CǪį0Ⱥ¢�+�% (Fig. 2-7)�=%�11

Ě3�E0ǈ¡�Ⱥ¢� (Fig. 2-6�2-7)�2016 ɨ2 11 Ě2Ʊƞ3 7°C =,ǈ¡�¢�

(+�% (Fig. 2-6)�ŏɃǥ0ǃɥ�%ĨȈ2ēĢǈ¡3�̫ ˣ2ǈ¡-ȏ��ʨJE/

�(%�� ¶ǥBȏÑǥ,3ēĢǈ¡2ƱƩ�>EH� ¶ǥ,3«ǥǈ¡DFA 1–

2°C ŀ�ǈ¡ (Fig. 2-6�2-7)�ȏÑǥ,3 7°C ć�ŀ�ǈ¡ (Fig. 2-6) �á˷�H+�

%� 

 

hx�� ��ÆØ¯n 

� ĻŭǥǈĒ,3ʲˣ�% 17 ĨȈ0)�+�Ǭ+2ĨȈK³Ǝ G�-�,�%�#

2�'ʲˣȣɅDF˿Ʊ��、ƸÆɗK��/(+�%23 11ĨȈ&(% (Table 2-6)�

ʲˣȱŎ3 11Ě¢ƞ�E 12Ě¢ƞ0��+ȱŎ��A(-AƱˣK、ƸƳ-�%ĨȈ
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3ʲˣȣɅDF 1.4 kmȣɅ&(% (KS1602; Table 2-6)�«ǥKʲˣȣɅDF 250 m�-

0Ĉʡ��ZX�、Ƹ�+�%ƳƢKʡ�+��-�̡ ˣȣɅ�E 500 mDFA¢ˣ3

、ƸƳ-�+˝˕�H!�500–750 mĈÐ, 6ĨȈ�750–1000 mĈÐ, 3ĨȈ�1000–

1250 mĈÐ, 1ĨȈ�1250–1500 mĈÐ, 1ĨȈ�ʡー�% (Fig. 2-5)�ʲˣȵį�Eɹ

ɣȷǛ�%ĨȈ0)�+�˿ Ʊ��Ť˛ƳKĘ@G20ZX�˗�%ŻÐ3Ț�ĨȈ,

3ŻÐ,
(% (Table 2-5)�ʲˣɣ˘ɣ0AȷǛ,�%ĨȈ0)�+�ʲˣɣ03Ť˛

Ƴ�Ę=E/�+A�˘ɣ03Ę=(+�% (Table 2-5)�
G�ȼ2ƳƢ0Ę@+�E

3Ǌ 10 mK�ɗ GĨȈ3�%��250 mĈʡ2Ĉ®K=%�,�ɗ GĨȈ3�/

�(%� 

� ˿Ʊ�% 11 ĨȈ0Ƕȩ�%ľɗá˷Ĕ2�'�1 ĨȈ2ľɗá˷3�á˷Ĕ2ʔȱ

0DFd�_�ėȂ�+�=(%%@�Ɗɚ�%ǈ¡á˷3Ĕ 10 ĨȈ-/(%�ƞ�

-0�¼ĨȈ2ľɗá˷Ĕ0á˷�H%ǈ¡K>G-�11 Ě2¢ƞ0˿Ʊ�%ĨȈ2

ēĢǈ¡2Ȫ�ȡ3 9.8°C (n=1)�12 Ě2Ʊƞ3 7.7–10.7°C (n=4)�12 Ě2Ȫƞ3 9.4°C 

(n=1)�12Ě2¢ƞ3 7.5–9.4°C (n=3) ,
(% (Table 2-7�Fig. 2-10)�ľɗá˷Ĕ�á˷

�%ǈ¡3�ʲˣȣɅDF 2 kmƱˣ0Ǟȥ�%ǈ¡ĔDFA 1–4°Cŀ�ǈ¡,
(% 

(Fig. 2-8�2-9)�Ǟȥ�%ǈ¡Ĕ-A(-Ać�ǈ¡KēĢ�+�%23�őAƱˣ (ʲ

ˣƳƢ�E 1.4 kmƱˣȣɅ) ,、ƸľɗKľ/(+�%ĨȈ&(% (KS1602; Table 2-7�

Fig. 2-8)�=%�Ļŭǥ2ZXǬĨȈ2ľɗá˷Đ0�ɣʨɗ0ˎ˚�/�Ǌʡà˂2

ǈ¡ʨ£�á˷�H+�% (Fig. 2-8�2-9)� 

 

2–4 )* 
� ʷƮ,3�ʁ ƱǥǈĒ-ĻŭǥǈĒ2ZX2˿ƱľɗBēĢǈ¡KɈɭczuex�

-kOS{U|WƋʴKǯ>łJ"G�-,�ķ，��)ȳÛÐ0J%(+ȷǛ��Š

ˠ2ZX2˿Ʊ0Ñ G×ǭɁƵ「KƎƕ G�-�,�%��H=,�ɣʷŅɞ0�

�GZX2˿Ʊ0Ñ GȢġ3ħȼɁ,�ɛ0ʷƐ2ZX2˿Ʊ0Ñ GƵ「3/�(

%�ʷƮ2ęª3ʷƐ2ZX2˿Ʊľɗ�ēĢÍüKơ@+á˷�%ğî-/G� 
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2?�� ��tÔ�V���� 

� ʶƱǥ2ZX3�#2ŷĤ˩��Ôö¾0.2ȿɋØˑ�+�G2�3ȼ�,3/�

(%�-�E��H=,ğîȉư-�+Ȭ˅�H+�/�(%-�H+�G (ȹ��}

ʙ, 2015)����/�E�7£Ƴ�ɏɣʷȏǄŔ0DGȶɭ2�āKƍ�/�(%ɞˠ

ʙ0
G�-�˿ƱŻÛ�ǲ��-�Eŀ¡Ȋǎ�
G§ɪǎ�ŽŌ�H+�G�-�

ñʶƱǥ-ʶƱǥ2¢ˣ�&�,Aʹɨ 7.5ʺʊ�Œʬ�H+�G�-�E�ǈŤŷĤ

-�+2¥ȡ�Ȭ˅�Hū@+�G (ȹ��}ʙ, 2015)�2012 ɨ�E 2014 ɨ0��G

ʶƱǥǈĒǬȈ2Ȥ÷ʲˣʊǊ3 210–220 ʺʊ,
F�Ļŭǥ2Ȥ÷ʲˣʊǊ� 500–

700 ʺʊ,
G�-Kļ�G-�ʈƴ0Ʀà˂/7£ʲˣ,
G (ÕƋĠɫ˫ǈŤƼĀ

¬, 2010–2012) #2%@�ʁ ƱǥǈĒ2ZX2ĨȈǊ3Ɖ0žǫŤ˛0DF�ź�H+

�G§ɪǎ�ůɀ�H+�% (ȹ��}ʙ, 2015)�ʍƀKǶȩ�%ĨȈ2Őʬ¾ˡ� 9.4% 

(32 ĨȈȪ 3 ĨȈ) ,
(%�-�7£ʲˣ���/JH+�/� ¶ǥBʷˣ,Ť˛

�ľJH+�%-��ęª (Fig. 2-1, 2-3C) 3��H=,2ůɀ2ȸF�ʁ ƱǥǈĒ2Z

Xƕȝ3Ɖ0žǫŤ˛0D(+��ź�H+�G-���-KŽ A2,
I�� 

� �ʳ,�ĻŭǥKū@-�%�Ô«ǥ0˚ˏ GZXŷĤ3�Ôö¾2ȏʙʡKǤ@

G-�H+�F�#2ŷĤ˩37£ʲˣŸĂ0D(+�ź�H+�G-�HG (ȹ��

}ʙ, 2015)�����ćɨ2「ń&-�7£ʲˣŸĂK��/(+�G«ǥ0��+A

ˈǒ÷0DGžǫŐǒŤ�¿ɦ�H+�G�-0¦��ɣʷŅɞ,ȣʳK=%�&�˛

�ľJH+�%�ɣʷ2ZX3ȣʳà˂2ƕȝĺǹ3ˀ˨0ĝƚ�HG (ŕɔE, 2015)�

#H$H2ȣ�0ɂ��%ZX�ƁJH+�/�§ɪǎ�ŽŌ�H+�G (ŕɔE, 

2015)�ÕƋĠ2ZX,Aˀ¿/ƕȝĺǹKŽ �- (Tsukagoshi et al., 2017)�7£ʲˣ

ŸĂ�ʷ½£ GǪ2 1960 ɨȍ2ȏ̀ǥ  (�ȶ , 1962)-ĥř,2Ť˛ƨ2ʡー 

(Aoyama, 2017) �ȏ��3ʨJE/��-�E�7£ʲˣŸĂ0DG�ā3ʃȼ,�/

���ĥȍ0��+A��Ô«ǥįÛ2ZX3ʷ˚2ǒȋɁ/ɛǎKƧ/�E!ŧ�+

�G-ļ�EHG� 
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2?�� ��à������� 

� ʷƮ,3�ʁ ƱǥǈĒ2ZX2öÛ,
G 10Ě2Ʊƞ�E 11Ě2¢ƞ0��+kO

Sczuex�ƋʴK˕�%ȷǛȱŎK��/��«ǥ92ǃɥŻÛ�-0˿ƱƳƢ�

�/G�-�ǲÛ0˿Ʊ GĨȈ;.Ʊˣ9．Û0ć*�0)H+¢ˣ9˿ƱƳƢ��

ɗ�+���-�Ž�H% (Fig. 2-3C)��2ĎĶ3ÕƋĠɞ2 13 2Űˣ2ö¾Ƶ「�

EAɜ>ƊG�-�,��¢ˣ2Űˣ;.öÛ�˿ƱǓÛ�ú0ȧ� (Table 2-1)�ʶƱ

ǥǈĒ,3ŰˣÐ,�ɆɁʡ£�>EH+�F (Tsukagoshi et al., 2017)�ZX2˿ƱŻ

Û3�ɆɁ/�āKý�ƍ�G�-Kɖ=�G- (O’Malley and Banks, 2008; O’Malley et 

al., 2010)�ʷƮ,>EH%ŻÐē­0ɷ(%˿ƱƳƢ2�ɗ3�Űˣƕȝ�-0«ǥ˿

ƱÛ�īˌ2A2,
G�-KŽŌ GA2&I��=%�Ȫˣ� (ÕƋĠ) -¢ˣ� 

(êƲĠ) ,öÛ��Ȧ"!�11ĚƱƞ03ö�;<Ɠ˥ GȪˣ�0ȉ��11Ě2¢

ƞ=,¢ˣ�2öÛ�Ȁ�+�G23�11 Ě0«ǥ˿ƱK¹ū GZX2Ȅ��ÕƋ

Ġ2«ǥʬ¾0ɺ��H/�D�/Ť˛ƳƢ ( ¶ǥ�ȏÑǥ�ʷˣÿŜ��ʷˣ¢ˣ

�) ,2ŐǒŤ0ˎ˚�+�G-ļ�G2�Ȇɐ,
I��̫ Ʈ,3�ɆɁʡǘ�Ɩʡ

0/�H+�/�%@��HE2ZXKƕȝ-�+ˀ¿0Ĉʡ G�-3,�/���

 �/�-A�/(%ǒȋɁɛǎKA(%ĒČ- G�-�,�G&I�� 

� Ļŭǥ2ZX2Ť˛ƳƢ3ƃĢŻÛ0D(+˿ƱƳƢ��/(%ʶƱǥǈĒ-3ȉ

ưɁ0�ʲˣȣɅDF 0.5–1.5 km2Ð0ƕȪ�+�% (Fig. 2-5C)�ʲˣȣɅ3«ĵ�E

2 kmȿɋ,
G�-�E�«ĵDF 1–3 km2ǈ�0Ť˛ƳƢ�ƕȪ�+�%-�HG

ȏ̀ǥ2ęª-��?1�Ȧ�+�G (Aoyama, 2017)� 

� Ļŭǥ2ʲˣƃĢ0��+˿Ʊ�/�(%ĨȈ3ľɗá˷ĔB�ɈɭɵƺÖ2Ƕȩ0

DG�ā�ģ�-�+
�EHG�����̫ Ʈ2ƃĢ,Ũ˕�%ľɗá˷Ĕ2ȏ���

Ƙ˩3�H=,Ǒƴ-�HGľɗ�Ïş�H+�%ZX2kOS{U|Wğî,Ũ˕

�H%á˷Ĕ-ʄÁ�+�ȏ���/GA2,3/�(% (Kudo et al., 2007; Tanaka et al., 

2000)�˿ Ʊ�/�(%�-0)�+�ˀ ¿/˞ˎ0)�+Ɩʡ/ļşKˑ�G�-3ĥ

ƶ,3ɡ��� 
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2?�� ��à��Ò
�{K���� 

� ʲˣ�+�E˿Ʊ0˗�%ŻÐ0Ȭ˅�+>G-�Ȫˣ�9-˿Ʊ GʶƱǥ2ZX

3˿ƱKÊ˥ G20 1ƔÐȿɋ2ŻÐK˗�+�% (Table 2-4)�ň³2ʲˣƃĢ,ʶ

Ʊǥ2ZX�˿Ʊ�%Ȫˣ�2Ť˛Ƴ3ÕƋĠ0��GʶƱǥ2ZX2Ť˛Ƴ2Ȫ,

3ǴȉɁ0¢ˣ0�ȥ G2, (Fig. 2-1)�DFƱˣ2Ť˛Ƴ03 1 ƔÐ�Ʊ2ŻÐ�

��GA2-Ǉş�HG��ʳ,ÿŜ�2Ť˛Ƴ93 2–3ɣȿɋ�¢ˣ�93 1ɣȿɋ

,ɓȔ�+�% (Table 2-4)� 

� ň³�ʁ Ʊǥ,2ʲˣƃĢ0˕�%ZX3�ñʶƱǥ2«ĵDFˉ 35 km;.Ʊˣ,

ʬ¾�H%A2K˕�%�#2%@�«ĵ�E2Ǒ¿/˿ƱɣǊ,3/�-ļ�EHG�

%&�ŶĢɁ0ʲˣƃĢK¢ˣ�,��/(%Ř03�ŒʬƳDF 15 km;.¢ˣ,ʲ

ˣ�%ZX�ˉ 12 ŻÐį0ŒʬƳ2Ñ2˙>0ȼ��+�%�#2%@�ˀ¿/�-

3Ħ�/��«ĵ�,2ȌˤŻÐKƣ�4«ĵ�E 1–2 ɣ,ZX3ŒʬƳ=,ɓȔ 

GA2-Ǉǽ�HG�«ĵ�,ʍƀ�%ZXKƱˣ2ŒʬƳ,Őʬ¾�%ʶ¶ə0��

Gğî˯,3�4 «ǥ (ǖʦǥ�ƖƤǥ�ƴ˴ǥ�Ʉ�ǥ) ,ŶĢKƃű�+�F�ˉ

30–100 km 2õ˟KZX3（Ć�+ 10–30 ɣȿɋ,˿Ʊ�+�%-�H+�G (ǖˈ, 

1958)�«ĵ�,2ȌˤŻÐBƵ「žȈ�Ľ�%@�ȖƠ/ʄÁ3ɡ���#H$H2«

ǥ,˿Ʊ�ǲ�ĨȈ3 30 kmK 3ɣÐ (ƖƤǥ)�50 kmK 5ɣÐ (ǖʦǥ)�100 kmK

8 ɣÐ (Ʉ�ǥ) ,
(%�-�E�ʶƱǥ2ZX�˿Ʊ0˗ GŻÐ3�HE2ʶ¶

ə2«ǥ2ZX-ć�-ļ�EHG� 

� �ʳ,�Ļŭǥ,ʲˣ�%ZX03�ľɗá˷ĔKǶȩ GŘ0Ũ˕�%ʸǉ3Ƨ/

�-A 6ŻÐ3�ā�ŧG-�HGA2&(%0AÑJE! (Hayashida et al., 2016)�˿

Ʊ�Ť˛ G=,2ŻÐ�ǊŻÐ2ĨȈ��%�Ļŭǥ,2ZX2«ǥʬ¾3�11 Ě

2¢ƞ� 1Ě0ɥG=,èɣKƣ�+;<ʹɣľJH�ɳ˃žȈAËȯ�0Ǟȥ�H+

�G�-�E�̫ Ʈ2ƃĢ,˕�%ZX3șǈ�9ǃɥ�+ÐA/�ĨȈ&(%-ļ�

EHG�-Aɖ=�G-�Ļŭǥ2ZX�˿Ʊ��Ť˛K¹ū GŻÐ3ʶƱǥ2ZX

B�ʶ¶ə2ZX-ʄÁ�+ąț0Ț�-ļ�EHG� 
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2?�� ��[b�;���� 

� ʶƱǥ2«ǥǈ¡3 10 Ě�E 11 Ě0��+ȏ��Ⱥ¢� (Fig. 2-2)�˿Ʊ GZX

�ēĢ�%ǈ¡AʲˣŻÛ0ɷ(+ēĢǈ¡2Ȫ�ȡ3 15°C�E 6°C=,ȏ��ʨ£

�+�% (Table 2-6)�«ǥ3ʷˣ-Űˣ,ǈ¡��/G�-�
G� ¶ǥ-ȏÑǥ0

ɥ(%ĨȈ�ēĢ�+�%ǈ¡3ʷˣDFAŀ�ǈ¡,
F�ɛ0ȏÑǥ3ŀ�ǈ¡K

Ž�+�% (Fig. 2-6, 2-7)�=%�ʷˣ2¢ˣ�,Ť˛ľɗKŽ�+�% KT16302ľɗ

á˷Ĕ03Ǌʡà˂2�ŻɁ/ēĢǈ¡2ƱƩ�á˷�H+�G� (Fig. 2-6)�KT1630

�˿ƱKƓ�%ƳƢ3ȏÑǥ2ʡˣȣɅ,
G�-�E (Table 2-3�Fig. 2-3)��2ǈ¡

2ƱƩ3�#E�ȏÑǥ2�ā0DGA2,
I� (Fig. 2-6)�ʷˣDFAŀ�ǈ¡K

Ž�+�% ¶ǥ-ȏÑǥ0ȉ�+ŏɃǥ2ǈ¡3ʷˣ2ǈ¡-ˀ˨/ō3>EH/

�(%�-�E (Fig. 2-7)�Űˣ0D(+ʷˣ-2ǈ¡ō3ȏ���/(+�GD�,


G� 

� ˿ƱŻÛ0DGēĢǈ¡2ō�ȏ��(%ʶƱǥ2ZX0ȉ�+�11 Ě¢ƞ�E 12

Ě¢ƞ0��+Ļŭǥ2ZX�«ǥɞ,ēĢ�+�%ǈ¡3 11°C �E 8°C ,
F 

(Table 2-7)�ŻÛ0DGēĢǈ¡2ō3ǴȉɁ0Ʀ��(% (Fig. 2-10)�ǈ¡&�,>G

- 11 Ě2Ʊƞ�E¢ƞ0��+ʲˣ�%ʶƱǥ2ZX�ēĢǈ¡-Ļŭǥ2ZX2ē

Ģǈ¡3ć�(% (Fig. 2-10)� 

� =%�̡ ˣ�%ɣŻ�ɘ�ĨȈɘŪ,AȌř�+�%ĈÐ0D(+ēĢǈ¡��/(

+�F�ȷǛ�%ĨȈ2/�,AA(-AƱˣ,Ť˛�+�%ĨȈ (KS1602) 3�ɘŻ

Û0ʲˣ�%ZX (KS1601�KS1603) -ʄÁ�+Ⱥ�ǈ¡KēĢ�+�% (Fig. 2-8)�Ļ

ŭǥ,ʲˣ�%Ǭ+2ĨȈ2ēĢǈ¡3ʲˣȣɅDFˉ 2 kmƱˣ,ȼɅÏǽ�%ǈ¡

DFAŀ�(%��Āʻƿ��-0 KS16022ēĢǈ¡3Ʊˣ,Ĕǽ�%ǈ¡0A(-

Ać�/G��HE2�-3Ļŭǥ,3ǈ（Ɂ0«ǥǈ¡��/(+�F�1.5 kmʕć

Kü0ǈ¡�ȏ��¢�G�-KŽŌ�+�G� 

� Ļŭǥ2ZX2ĨȈ�-2ēĢǈ¡K�E0ʋŖ^X�y,>+>G-�ˀ E�0ɣ

ʨɗ0ˎ˚�/�Ǌʡ–ǊŻÐà˂,2ēĢǈ¡2ʨ£�ġEH+�G (Fig. 2-8, 2-9)�

Ļŭǥ2ZX3ʲˣ�EǊŻÐ�EǊɣ2Ț�ÛÐ,Ť˛ƳKĘ@%į0�#2Ƴ�E
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ȏ���ɗ G�-3/�(%�-�E��2ǈ（Ɂ/ǈ¡24E)�3 10–Ǌ 100 m

�ɞ2ʈƴ0ÿ�，�,ã�(+�GA2-ļ�EHG� 

� �2D�/ǈ¡2ʋŖÍü2Ȅ˓ǎ0Ñ˳ GA2-�+�«ǥÐ̂ǈ� (hyporheic 

zone) �ô�EHG (Äģ, 2013)�«ǥÐ̂ǈ�-3�«ə0˭ǝ�+«ƨ�«ɻ9-ķ

�GÐ̂ǈ�2�-,�«ǥǈ-ȣ¢ǈ�ŋ�Fł�Ƴ-�+Üɪ G (Äģ, 2013)�

«ǥǈ3ƴ0«əKˣH+�GJ�,3/��ǋB«ǥ2˼Ąʙ08)�G�-,«ƨ

B«ɻ9-ʛˣ��ʟBʦ2˼Ąʙ,ˍƚ G�ʛˣ�%«ǥǈ3��2-�0«ƨÐ

̂ǈ�,ȣ¢ǈ-2Ð,ɧıÌ�ã�G�ȣ¢ǈ3ßǟʨɗ2�āKƍ�0���̈ ß

3«ǥǈ¡-ʄÁ�+ǴȉɁ0Ⱥ��ɍß3ŀ�ǎƂKA)%@�«ƨDFˍƚ�%ʛ

ˣǈ3ɍß,3«ǥǈDFAŀ�ǈ¡KŽ �ƃŘ0Ļŭǥ2ZX,>EH%ǈ（Ɂ/

ǈ¡24E)�3Ʊˣ2ǈ¡-ʄÁ�+ŀ�(%�-�E�Ļŭǥ2ZX�˝˕�+�

%ǈ�3Ƨ/�E!ʛˣǈ2�āKý�ƍ�+�GA2-Ǉş�HG�=%��2Ǉş

3Šˠ�Ô2įÛ2ZX3ʛˣǈ2
G¡��«ƨ˾0Ť˛ƨK)�G-�H+�G

ǒȋɁɛǎ-AD��Ȧ�+�G� 

� ʛˣǈ�ˍƚ G«ƨ˾,Ť˛ GǒÆũĐƂ3Šˠ�Ô«ǥ2įÛƕȝ2ZX&

�,3/��ǴȉɁ0ȧ�˚ˏ GįÛČ2ǬȈɁ/ɛȮ,
G-�H+�G�ʁ Ʊǥ

ǈĒ2Űˣ0��+A�˿ ƱŻÛ�ǴȉɁ0ȧ�(% ¶ǥ-ȏÑǥ2«ǥǈ¡3ŀ�

(%�ʛˣǈ2�ā�ý�«ǥ;.ƒßBɍß0��Gǈ¡3ŀ�/GĎĶ0
G�-

�E (Äģ, 2013)��HE2«ǥ3ʛˣǈ2�ā�ý�Űˣ,
G§ɪǎ�ļ�EHG�

11Ě0ʶƱǥ0˿Ʊ�%ZX2ēĢǈ¡� 12Ě0ĻŭǥK˿Ʊ GZX2ēĢǈ¡-

ć�(%�-Aɖ=�G-�11 Ě0ʶƱǥK˿Ʊ�+�%ZX3�įÛČ0ć�ǒʠ

ÃɁɛǎKA(+�G2�A�H/�� 

 

2-5 B.���� 
� ʷƮ,3�ʶƱǥǈĒ-ĻŭǥǈĒ2ZX2˿Ʊɛǎ0Ñ GȢġKɚ%�#�+�

ʶƱǥǈĒ03ƕȝ�ɆÃɁğî,Ž�H+�%�Ʊ0��=�=/ǒÆũĐƂKA(

%ZX2ƕȝ�ȁř G§ɪǎ�Ž�H�Ƨ/�-A 10 Ě0ʶƱǥK˿Ʊ GZX-

11 Ě0ʶƱǥK˿Ʊ GZX3�/GǒʠÃɁɛǎKA)ĒČ,
G�-�ļ�EH
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%�11Ě2ʶƱǥ2ZX��ǃɥ GĎĶ0
(%Űˣ3�ʛˣǈ2�ā�ý�-Ǉş

�H%��HE2ʶƱǥ2ZX3ēĢǈ¡AǴȉɁ0Ļŭǥ2ZX-ć��(%�-�

E�įÛČ0ć�ǒʠÃɁɛǎKA(%ĒČ,
G-ļ�EHG�żƮ,3�ŀǈ¡Û 

(10Ě) 0ʶƱǥK˿Ʊ GZX-Ⱥǈ¡Û (12Ě) 0ĻŭǥK˿Ʊ GZXK˕�+�

2«ǥ2ZX2¡ɋlmR�r|^KÍüǈ¡-Ñ˳*�+˸�G 
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Table 2-1. The returning season of adult chum salmon in the Kitkami River Watershed 

Capture Location Prefecture Distance from river mouth (km) Catch season (Date at 50% adult returns)    Data source 

Shizukuishi Iwate 193.4 09/26–11/09 (10/16) Iwate Fisheries Technology Center 

Yana Iwate 191.45 09/29–11/06 (10/12) Iwate Fisheries Technology Center 

Hikobe Iwate 181.41 09/29–11/12 (10/17) Iwate Fisheries Technology Center 

Kuzumaru Iwate 168.76 10/12–11/18 (10/28) Iwate Fisheries Technology Center 

Hienuki Iwate 161.13 10/03–11/20 (10/20) Iwate Fisheries Technology Center 

Sarugaishi Iwate 150.41 10/08–11/08 (10/21) Iwate Fisheries Technology Center 

Toyosawa Iwate 147.98 10/06–11/12 (10/21) Iwate Fisheries Technology Center 

Iide Iwate 143.76 10/18–11/07 (10/24) Iwate Fisheries Technology Center 

Waga Iwate 133.51 10/12–11/14 (10/26) Iwate Fisheries Technology Center 

Nisawa Iwate 120.94 10/14–11/09 (10/25) Iwate Fisheries Technology Center 

Koromo Iwate 96.69 10/15–11/21 (10/29) Iwate Fisheries Technology Center 

Iwai Iwate 86.98 10/08–12/03 (11/01) Iwate Fisheries Technology Center 

Satetsu Iwate 76.14 10/18–11/29 (11/04) Iwate Fisheries Technology Center 

Konomi Iwate 67.28 — — 

Oozeki Miyagi 47.45 — — 

Kyu-Kitakami Miyagi 34 10/01–11/29 (10/25) the Fisheries Cooperative Association of the Kitakami River 

Distance from river mouth was calculated from the river mouth of the Kyu-Kitakami river. Chum salmon are not caught in the Konomi River and the Ozeki River. 
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Table 2-2. The profiles of animal-borne behavioural regcorders 
  Parameter  Size (mm) Mass (g) 

Recorder Maker data type Shape Φ, length or width, length, height in air 

W190-PDT Little Leonardo Temperature, Depth, Speed Cylinder 20, 115 45 

W380-PD2GT Little Leonardo Temperature, Depth, Speed, 2-axis Acceleration Cylinder 23, 123 55 

W380-PD3GT Little Leonardo Temperature, Depth, Speed, 3-axis Acceleration Cylinder 23, 123 55 

W1000-3MPD3GT Little Leonardo Temperature, Depth, Speed, 3-axis Acceleration, 3-axis Magnetic Cylinder 26, 175 140 

ORI400-PD3GTC Little Leonardo Temperature, Depth, Speed, 3-axis Acceleration, Salinity Cylinder 16, 74 29 

ORI400-3MPD3GT Little Leonardo Temperature, Depth, Speed, 3-axis Acceleration, 3-axis Magnetic Cylinder 17, 84 42 

Axy-Depth TechnoSmArt Temperature, Depth, 3-axis Acceleration Rectangular 12, 31, 11 6.5 
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Table 2-3�Release information for tagged chum salmon in the Kitakami River. 
      Tracking  Duration for upriver Distance from  

Fish ID Device Sex FL (cm) BM (kg) Date released duration (days) Spawning ground migration (days) release site (km)  

KT1624 radio / logger Male 75.2  4.8  2016/11/09 3  — — 54 

KT1625 radio / logger Male 72.6  4.0  2016/11/23 4  Lower basin 1 13 

KT1626 radio / logger Female 64.3  2.7  2016/11/23 5  Oozeki River 1 13 

KT1628 radio / logger Female 73.2  3.3  2016/11/25 3  Konomi River 3 36 

KT1630 radio / logger Male 58.4  2.1  2016/11/27 2  Lower basin 1 13 

KT1701 radio Male 65.8  2.9  2017/10/01 6  Iwai River 5 53 

KT1702 radio Female 61.8  2.4  2017/10/01 6  Iwai River 5 53 

KT1703 radio Male 73.9  4.1  2017/10/01 6  — — 93 

KT1704 radio Female 70.6  2.9  2017/10/01 6  Iwai River 5 52 

KT1711 radio / logger Male 71.5  4.2  2017/10/02 3  — — 55 

KT1714 radio Male 68.9  3.1  2017/10/15 12  Iwai River <7 55 

KT1720 radio Male 59.2  2.4  2017/10/15 10  Middle basin <7 67 

KT1723 radio Male 70.1  3.6  2017/10/22 7  Narrow 3 48 

KT1726 radio / logger Male 81.1  6.6  2017/10/22 4  Konomi River 2 38 

KT1728 radio / logger Male 80.6  5.7  2017/11/03 3  Satetsu River 3 47 

KT1729 radio Male 74.7  4.3  2017/11/03 5  Satetsu River <5 53 

KT1730 radio Female 75.9  4.7  2017/11/03 3  Oozeki River 1 13 

KT1732 radio / logger Female 71.8  3.6  2017/11/03 2  Satetsu River 2 47 

Continue to the next page 
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Shaded lines indicate the individuals we could not track to spawning site. In the case of missing for tracking individuals, distance from release site shows the distance from release 

site to the last location. The sign of inequality in duration for upriver migration indicate the individuals which has already arrived at the spawning site. 
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Table 2-4�The summary of migration duration to arrive at each spawning site. 

   Migration duration (days) 

Spawning site n Distance from release site (km) Average min max 

Iwai 3 (4) 52–55 (52–) 5.0  5 5 

Satetsu 2 (3) 47–53 (41–)  2.5  2 3 

Konomi 2 36–38 (32–) 3.5  3 4 

Ozeki 2 13 (13–) 1.0  1 1 

Middle basin (1) 67 (51–147) — — <7 

Narrow 1 48 (18–51) 3.0  3 3 

Lower basin 2 13 (0–18) 1.0  1 1 

The number between parentheses in n showed the total number of individuals included individuals that were 

not used in the calculation for migration duration. The number between parentheses in distance from release 

site indicated the distance from release site to the jointing points of each tributary or the range of each river 

basin in main stream.  
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Table 2-5�Release information for tagged chum salmon in the Kasshi river. 
      Tracking Duration for upriver Distance from  

Fish ID Device Sex FL (cm) BM (kg) Date released duration (days) migration (days (hour)) release site (km)  

KS1601 radio / logger Male 77.0  5.0  2016/12/10 4  <2 0.9  

KS1602 radio / logger Male 66.3  3.5  2016/12/10 4  <2 1.4  

KS1603 radio / logger Male 68.7  3.7  2016/12/15 7  1 0.7  

KS1604 radio / logger Male 65.3  2.7  2016/12/25 5  1 0.7  

KS1607 radio / logger Female 70.8  4.9  2016/12/28 3  1 0.6  

KS1704 radio / logger Female 66.2  3.4  2017/11/22 8  <1 (8) 1.0  

KS1705 radio / logger Female 61.8  2.1  2017/12/10 5  <1 (4) 0.6  

KS1706 radio / logger Male 79.2  4.4  2017/12/10 5  <1 (3) 0.7  

KS1707 radio / logger Female 68.5  2.8  2017/12/10 5  <1 (3) 1.1  

KS1708 radio / logger Male 81.5  5.3  2017/12/28 3  <3 0.5  

KS1709 radio / logger Female 73.4  4.0  2017/12/28 3  <3 0.9  

The number between parentheses in duration for upriver migration represent hours in case chum salmon reached spawning site within a day. The signs of 

inequality represent in case chum salmon reached spawning site within a day or the tracking of salmon is not performed on the previous day. 
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Table 2-6. The median temperatures for chum salmon tagged with animal-borne behavioural recorders in the Kitakami River 

FishID Log period Spawning site Experience temperature (°C) River temperature (°C) 

KT1624 11/09–11/12 — 7.2 (6.8–7.9) 7.6 (6.6–8.2) 

KT1626 11/23–11/28 Oozeki River 12.1 (11.2–12.4) 5.8 (5.4–7.1) 

KT1628 11/25–11/28 Konomi River 5.7 (5.2–7.2) 5.4 (5.3–5.7) 

KT1630 11/27–11/29 Lower basin 6.7 (6.0–7.0) 6.2 (5.7–6.8) 

KT1711 10/02–10/06 — 15.1 (14.7–15.8) 15.5 (15.0–15.8) 

KT1726 10/22–10/27 Konomi River 12.4 (12.2–13.1) 12.2 (11.9–12.6) 

KT1728 11/03–11/06 Satetsu River 11.6 (10.9–12.3) 12.0 (11.2–12.3) 

KT1732 11/03–11/05 Satetsu River 12.1 (11.7–12.4) 12.2 (12.0–12.4) 

The ranges between parentheses represent the interquartile ranges. 
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Table 2-7. The median temperatures for chum salmon tagged with animal-borne behavioural recorders in the Kasshi River 

FishID Log period (Month/Day) Spawning section Experience temperature (°C) River temperature (°C) 

KS1601 12/10–12/15 750–1000 10.7 (9.9–11.5) 6.7 (6.0–7.8) 

KS1602 12/10–12/18 1250–1500 7.7 (7.2–8.5) 6.8 (6.2–7.7) 

KS1603 12/15–12/18 500–750 9.4 (9.0–10.0) 6.8 (6.3–7.7) 

KS1604 12/25–12/30 500–750 9.2 (8.5–9.8) 6.5 (5.6–7.1) 

KS1607 12/28–12/31 500–750 9.4 (9.0–9.7) 5.5 (5.1–6.1) 

KS1704 11/22–12/03 750–1000 9.8 (9.3–10.3) 8.3 (7.8–9.1) 

KS1705 12/10–12/14 500–750 10.2 (9.4–10.5) 7.0 (6.4–7.5) 

KS1706 12/10–12/15 500–750 9.3 (9.0–9.9) 6.9 (6.3–7.3) 

KS1708 12/28–12/31 500–750 7.7 (7.0–8.4) 4.5 (4.2–5.2) 

KS1709 12/28–12/31 750–1000 7.5 (7.2–7.9) 4.5 (4.2–5.2) 

The ranges between parentheses represent the interquartile ranges. Spawning sections correspond with Figure 2-5� 
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Figure 2-1�Map of the study area. 

Solid lines represent the Kitakami River Watershed (red) and the Kasshi River (blue). The letters 

in the Kitakami River Watershed represent tributaries.  
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Figure 2-2. River temperature and catch of returning adults. 

Solid lines represent daily means of river temperatures (red/blue) in October (Kitakami River) 

and December (Kasshi River). The shaded areas indicate the interquartile ranges (dark red/blue) 

and the maximum and minimum (light red/blue) temperature. The histograms show the 

proportion of weight average number of adults returning out of the total number of adults caught 

at spawning grounds in each river from 2013 to 2016 in 5 day periods. 



 35 

 
Figure 2-3. Locations of fish release in the Kitakami River Watershed and the result of 

tracking. 

(A) Maps of the Kitakami River Watershed. Numbers along the river indicate the distance from 

the release point (km). (B) Chum salmon captured with a dip net in Wakuya Araizeki, which is 

an overfall weir, approximately 35 km from the mouth of the Kyu-Kitakami River. (C) The result 

of tracking chum salmon to each spawning area.  
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Figure 2-4�The devices using this survey 

(A) Tracker. (B) Marker attached to chum salmon. (C) VHF transmitter used in this survey. (D) 

VHF vehicle magnetic mount antenna. (E) Yagi antenna. (F) Chum salmon attached the marker. 

(G) Chum salmon attached the marker and VHF transmitter. (H) Chum salmon attached the 

marker and retrieval tag package composed with VHF transmitter and animal-borne data-logging 

devices. (I) Chum salmon attached the marker, VHF transmitter and animal-borne data-logging 

devices. 
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Figure 2-5. Locations of fish release in the Kasshi River and the result of tracking. 

(A) Map showing the locations of the capture point (set net), the release points, mobile tracking 

area, and temperature measurement point (thermal logger). Numbers along the river indicate the 

distance from the release point (m). (B) Set net settled in the Kasshi River. (C) The result of 

tracking chum salmon to each spawning site. 
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Figure 2-6�River temperature and ambient temperature for chum salmon migrating upriver in the Kitakami River Watershed in 2016. 

Time-series showing experience temperature for chum salmon (red), river temperature (grey) measured at Tome (see Figure 2-1). Arrival for spawning 

site pale grey.  
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Figure 2-7�River temperature and ambient temperature for chum salmon migrating upriver in the Kitakami River Watershed in 2017. 

Time-series showing experience temperature for chum salmon (red), river temperature (grey) measured at Tome (see Figure 2-1). Arrival for spawning 

site pale grey. 
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Figure 2-8�River temperature and ambient temperature for chum salmon migrating upriver in the Kasshi River in 2016. 

Time-series showing experience temperature for chum salmon (red), river temperature (grey). Arrival for spawning site pale grey. 
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Figure 2-9�River temperature and ambient temperature for chum salmon migrating upriver in the Kasshi River in 2017. 

Time-series showing experience temperature for chum salmon (red), river temperature (grey). Arrival for spawning site pale grey. 
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Figure 2-10�Ambient temperature of electrically tagged chum salmon in the Kitakami River and the Kasshi River. 

Box plots show the median value, range 25th and 75th percentiles, and outliers. 
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Willmer et al., 2005)��+�ǩ, ȱɐ&	=-ź�ȥ�*9"%��É��=<�ß@

Ƭ!Ŧ� (ȩŢ�<) ĂŪ&	<�'�:�ǤȩŢ (thermal compensation) 'ą-=%


< (Schmidt-Nielsen, 1997; Willmer et al., 2005)� 


�#�+Ō&,�ǤǶ�*9"%ÎĵƴŇƥǤ (RMR) ğƵĬƗŦȋƥǤ (MMR) 

AAS @Č
�ǤƱ&ź�ȥ�+�ß@´ƕ*ȩŢ&�<�'�ȬĖ�=%
< (Norin 

et al., 2014; Sandblom et al., 2014)��:*
�- UDTDnEOM (Salmo salar) ,OM

ǱɊ*ɠźž Ý�ž+Õɞ'�=%
<� Ĕź�*Ư�%Ĕ
Ƕ�Ǿɜ@ľ��'

�?�"%�%
< (Anttila et al., 2014)�Anttilla:,Ƿăőǀ'Ȱăőǀ*Ʌɐ�<U

DTDnEOM+ǇÕ@�=�=Ǘź�·Ù (12°C) 'Ĕź�·Ù (20°C) &�=�=
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Ƕ��� ųÃǾ+Ĕź�*Ư�<Ƕ�Ǿɜ@ȉ®�%
<� Ƕ�Ǿɜ*Ƶ�)őǀ

Ĝ,5:=)�"��'@ȬĖ�%
< (Anttila et al., 2014)� 

� 4� Ō�'*ź�0+Ǟ�Ãč�~)<�'�ľĚ�=%
<9�* AAS+�Ǥ

`cG�gtS'·Ùź�'+Ư�7Ō�'*~)<:�
�'@ 1 ŧ&Ũ¡���

FraserƏźð+ūɗ–ǌɗ�*ɪū�<f]PM,ñÿ�<�Əź��& AAS@ğƵ�

��<9�)AAS+�Ǥ`cG�gtSáƐ@Ļ"%
<+*Ư� (Eliason et al., 2011) 

FraserƏźð+�ɗ�@ɪū�<f]PMőǀ (Eliason et al., 2013) 8 JtPM (Raby 

et al., 2016) Ioc[gS (Clark et al., 2011) &, �Ə&ñÿ�<ź�+aS[Loi

+ĩ9;7Ĕ
 ToptAAS@7#�'�ȬĖ�=%
<� 

��&ȱŧ&, ȰūƏ'ĎıƏ@ɪū�<OM+ AAS +�Ǥ`cG�gtS*ǋ

ȼ�% őǀ¹&�Ǥ`cG�gtS*�
�	<+� AAS+�Ǥ`cG�gtS,

·Ùź�'(+9�*Ư��%
<+� 4� �*Ʃ+OM�Õɞ&75:=%
<

9�)őǀĜ�5:=�'�* (+9�)Ĝ~��Ǥ`cG�gtS+Ĝ@Ī5ŗ�

%
<+�@Ǒ1<�'@ȼǝ'��� 

 

3–2 ����� 
-8,�'[�0P2M 

� ȱŧ+Ņÿ, 2015Ǽ�: 2018Ǽ*��%ǦÖƵ°ƵÅ¥ɋüÑŠėĢ�¼¥ɋüÑ

TtU� (½ŋýūȢyêƵɫǐ) *%
�)"��ª�Ə*% 2ŧ'ǱɊ+Ȯȯ&Ȩ

«�=�OM@ 250-liter	<
, 500-liter³Õźƛ@ɍ
%ėĢ�¼¥ɋüÑTtU�

4&Ƀƞ����ƞć Ņÿ*ɍ
<OM, 500-l �îźƛ (Ǖï 1.05 m Ŷ� 0.75 m) 

*Ŏɉ� �îźƛǵ& 1–2 ǹ¹Ƕǉ���ȰūƏ+OM (n=20; Table 3-1) +Ġő,

2016Ǽ' 2017Ǽ* 6£ 10ù 4ǹ�: 18ǹ+¹*Đ"���Ǥ+�Ȅ& 5–7Ȏ@Ƀ

ƞ� 3ļ¹xǵ*´ə�<9�*����+Â¹ǌ+ź�, 12.4–19.6°C&	"��Ď

ıƏ+OM (n=23; Table 3-1) , 2015Ǽ 12ù 16ǹ�: 2016Ǽ 1ù 9ǹ' 2017Ǽ 12

ù 7ǹ�: 2018Ǽ 1ù 9ǹ*Ġő����+Â¹ǌ+�Əź�, 7.0–12.0°C "��

250-l+³Õźƛ& 1Ȏ�#�Ȅ� Ƀƞļ¹, 30Ȟxǵ*Ŏ6�� 
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� Ņÿ§İƒ* ×ĸÕ*Ȳż@Ĵ� ÕƮ+ȎɮǓ'Ʈŕ@òƤ���Ȳż*, FA100

@ɍ
 ǽǤ, 0.5 ml l–1'���FA100�ĬƗŦȋƥǤ*Ɉ�<�ß, 6ļ¹ć*,ȷ

ķ&�<'�=%
<�6 (Hayashida et al., 2013) ĬƗŦȋƥǤ8ɝ¦ź�+òƤ@İ

6< 6ļ¹xƒ')<9�*îƲòƤ@ġ4���4� ŅÿŐəć ƕ%+ĄƮ,ǁ

ǯ*9;w±Ķşǈ@���Þȗ�:ųƠ@ǜŗ� ƺøć ųŃŕɛ@Ƥǘ���ų

Ńŕɛ'Ʈŕ�:ƜƯųŃŕɛ (Relative ventricle mass RVM) @īŗ���RVM (%) ,

�Ł*œ�: 

 !"# = 0.1 × (#v/#b) (3.1) 

� ��&,Mv,ųŃŕɛ (g) Mb,Ʈŕ (kg) &	<� 

 

E!C\�>X 

� ȱŧ&,�Əź�'¥Ⱥź�ůȬ@ɒɍ����Əź�, 2ŧ'ǱɊ+Ȯȯ&Ŋǳ�

��ȰūƏ+OM+�Ǥ`cG�gtS'+ȉ®*ɍ
<¥ź�*, 10 ù+�ɯɧ

&¸Ƥ�=�¥Ⱥź�@ Ďı+OM+ȉ®*ɍ
<¥ź�*, 12 ù+ɯƅɧ&¸Ƥ

�=�¥Ⱥź�@ɍ
���ɯɧ+¥Ⱥź�ůȬ+Ŋǳ*, ǦȰåźĪüÑŠ���

�<ǦȰdsXK�¼ź�ƥȬ (http://tohokubuoynet.myg.affrc.go.jp/) @ ɯƅɧ+¥Ⱥ

ź�ůȬ+Ŋǳ*,½ŋýźĪÊŘTtU�����<�
?%ƵÔ\b�

(http://www.suigi.pref.iwate.jp/) @ɒɍ� 1ļ¹�'+ź�Èɤ@Ǎŗ���Ďı+�Ə

ź�, 2016Ǽ' 2017Ǽ+ò 2ǼȞ �+Ʃ+ź�ůȬ, 2013Ǽ�: 2017Ǽ+ò 5Ǽ

Ȟ+ź�ůȬ@7!
��ƕ%+ź�ůȬ+OteptL¹¯, 1ļ¹'��� 

 

_�<3���6JAZNW�2M 

� Ɇ�Ņÿ, ėĢ�¼¥ɋüÑTtU�*Ƌǈ�=%
<Ȣĝí+Ś·źƛ (ƃǹȱ

ɗƮÊü ǓĤ ǹȱ) @ɍ
%
�)"� (Fig. 3-1)��+ȢĝíŚ·źƛ,ɉɛ 250 

l&Õ+Ɇ�å¹,ŔȚ 95 cm �Ț 26 cm Ŷ� 30 cm&	<�ūȗ@CKpqƂ+©

&Ȣ�<�'& ȵȢűƲ')<�Ņÿ§İƒ* ź �&Ś·źƛ@ȳ�� ĸ�ǟ

�<�'&¨ȗ'+ĬƗĈ¶�É�:)
�'@¬ǻ���Ś·źƛǵȗ+ɌƨĬƗɛ
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'ź�,ĉcBD_�ĬƗk]U� (Firesting O2 PyroScience GmbH Aachen Germany) 

@ɍ
%Ƥǘ��� 

� AAS (AAS = MMR – RMR) @īŗ�<�6* RMR'MMR@ª�Ə& 5#+ź�å

@Ƌ�%Ƥǘ���Ǒ�Ã¾+ɠÍǾɜ+ă¦*9; ŏÆ*, 12°C ǥÆ&, 8°C9

;7Ǘ
ź�@�Ļ�<�'�&�)�"��6 ȰūƏ+OM&, 12 14 16 20 

24°C (1ź�å	�; n = 3–5) ĎıƏ+OM&, 8 12 16 20 22°C (1ź�å	�;

n = 3–5) +ź�å@Ƌǘ��� 

� ź�å 8–16°C+Ņÿå&, Ɇ�Ņÿ@§İ�<ƒ*×ĸÕ@ 1ǹ¹ Ņÿź�*

%Ƕǉ���ź�Ƕǉć ×ĸÕ@Ś·źƛ*�� ɗƥ 0.3 FL sec–1 & 5–8ļ¹·Ù

Ƕǉ����+ɗƥ·Ù�&,OM,³ȁ)Ɇ�@Đ?)�); Ɇ�å¹+Ǚ*ǘz

�<�'@¬ǻ�%
<��Ȯ& 20°Cxū+ź�å&, OM@ 1ǹ¹ȧĻ�<�'

�&�)�"��Ǳ�OMƦ&	<f]PM&7 20°C xū+ź�&,ȧĻ&�)�"

��'�ȬĖ�=%
; (Eliason et al. 2011) ȱŧ+Ņÿ7 Eliason: 2011+Ȯȯ*œ


 8–16°C ',~)<ǶǉŰú&Ņÿ@
�)"��20°C xū+ź�å&, Ņÿƒ

*×ĸÕ@ 16°C& 1ǹ¹ź�Ƕǉ@
�)
 Ś·źƛ*����Ś·źƛ& 1ļ¹

·ÙǶǉ@
�)"�ć Ņÿź�4& 4°C h–1+ƥ�&ť�����+ť�ƥǤ, Ǝ

ĐüÑ'ǱɊ+ǃ&	<�' (Eliason et al. 2011) ɀ¨·Ù�&,Īɑ£Ɇļ+OMƦ

+ŷÕ,ǱǨ+ź�ȥ�@ñÿ�<'�=<�' (Clark et al. 2011; Eliason et al. 2011) 

�:Ġɍ���ŅĢ*f]PM&,ǶǉÂ¹@Û4�* 2°C h–1+ƥǤ&ť�� 15–24°C

+ȇ|ǵ& RMR @òƤ��'�* RMR +�ǤëŽ (Q10) , 3.6 +ǃ@'"��'�

: Īɑ£Ɇļ+OMƦŷÕ,Ðõ)ź�ȥ�*Ư�%Ú
ưž�	<'ď�:=%


< (Steinhausen et al. 2008)�ĸÿź�*ƹ��ć, 3 ļ¹+·ÙǶǉÂ¹@Ƌ���

Ś·źƛǵȗ0+·ÙǶǉ++! 0.3 FL s–1+ɗƥ�&ĬƗŦȋƥǤ ( ) @ğǗ&

7 3 £òƤ� òƤǃ+ǌ�:ğǗǃ@ RMR '���RMR +òƤć ɝ¦Ɇ�ĸÿ 

(critical swim test) @Đ
 OM@Ȋɣęɨ4&Ɇ��� MMR@òƤ���ɝ¦Ɇ�

ĸÿ,Ś·źƛǵȗ+�ǘɗƥ&Õ@Ɇ��� �ǘļ¹@´���'�*ɗƥ@ƔĽ

ūť�� Ȋɣęɨ4&Ɇ���<ĸÿ&	<�Ę£+Ņÿ&, 0.9 FL s–1+ɗƥ�:Ņ

ÿ@§İ� 15Ȟ¹´���ļ* ɗƥ@ 0.3 FL s–1�#ūť�� Ɇ�ȔǾ')<4

!MO2 
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&Ņÿ@Ƨ���Ȋɣęɨ, Ɇ�å¹+ćȗ+jXQl*OM�Ɖ��ć 10 Ȓxū

ñ �%7OM�ƒ*șÄ&�)�"�űƲ@ȃǘ¿Ŝ'���ƎĐüÑ&, Ɇ�ƥ

Ǥ�'* @Ƥǘ� Ɇ�ƥǤ' +ºëŁ@īŗ�%
�� ȱŧ+Ņÿ&ɍ


�Ś·źƛ+Ɇ�å¹+Ǔ�,OM+ƮǓ*Ư�%ţ�����6 ȱŧ+Ņÿ&,

Ɇ�ƥǤ�'+ ,īŗ�)�"��Ɇ�ĸÿ�Őə��+! ×ĸÕ* 1 ļ¹x

ū+ÎƢ@Ŋ:��ć Ś·źƛ9;Ŋ;ŗ� 500-l+�îźƛ*Ⱦ��� 

� 	<ƤǘÂ¹ ( ) &+ĬƗŦȋƥǤ ( ) ,Ś·źƛǵ+ĬƗȞuāŤɖ 

(Δ|O2|) �:�Ł+9�*īŗ��: 

 

 (3.2) 

 

� ��& [O2] ,Ś·źƛǵ+ɌƨĬƗǽǤ (mgO2 l–1) @ tmes,ļ¹ (min) Vch,Ś

·źƛ+ɉɛ (l) Vb,OM+ƮƆ (l ƮƆ,Ʈŕ�:īŗ� �+ĢȵǤ, 1 kg l–1'

��) Mb,OM+Ʈŕ (kg) '��� 

 

e&E! (CTmax) �2M 

� OM+Ĕ�ưž@Ǒ1<�6* ƎĐüÑ'ǱɊ+Ȯȯ&ɝ¦ź�ĸÿ@
�)"��

×ĸÕ@ 24 ļ¹ 16°C &Ƕǉ��+! ȢĝíŚ·źƛ*×ĸÕ@ȘǺ���1 ļ¹

+·ÙǶǉć ×ĸÕ+ɝ¦ź� (CTmax) *ƹ�<4& ź�@ 4°C h–1�#ūť��

��CTmax ,ƎĐüÑ'ǱɊ*ŅÿÕ� 10Ȓ¹ Ƞđµ­@ł"�'�+ź�'���

CTmax @Ƥǘ��+! � !*ɠź (<12°C) @Òź�<�'&ÕƮ@șÄ����Õ

Ʈ�șÄ��+!* ÕƮ@Ś·źƛ�:'; ����+ 1ļ¹ć*ǁǯ*9;ɬħ

���ź�,ź�k]U� (Firesting O2 PyroScience GmbH Aachen Germany) *9

; 1Ȓ¹¯&òƤ��� 

 

� �$G 

� ƕ%+Ǫò¢Ƅ*, R@ɍ
��őǀĜ� RMR'ź�*Ï3��ß*#
%ûǬ�

<�6*�Ȇ�ƐîkZq (Generalized liner model GLM) @7!
��RMR,ź�+

!MO2 
!MO2 

!MO2 

Δtmes
!MO2 

!MO2 
=

Δ[O2]
Δtmes

Vch −Vb( )
Mb
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ºŽ'� Ǚ@ e '�<ĲŽºŽ@ǧ%,6��ƇǆůȬɛ¿Ŝ (Akaike’s Information 

Criterion AIC) *9;Ƚ7:�
kZq@ƑƸ���őǀ�'+MMR,ƎĐüÑ*)

:
 ź�+ǸĽºŽ@�ǘ� ȍƐî£ÄǸŬȯ (non-liner regression) @ɍ
%`o

j�U@Źǘ���őǀ¹+ RVM' CTmax, Mann–Whitney+ U-test@ɍ
%ȉ®�

�� 

� őǀ�'*ǳ:=� AAS' CTmax+Z�U@7'* AAS+�Ǥ`cG�gtSáƐ

@Źǘ����Ȇǝ*�Ǥ`cG�gtS,ǔǠ9;7ěơ'�ơ&áƐ+î�ȥ?<

�'�ñÿǝ*?�"%
< ���&Ę£, Deutsch: (2008) ' Payne: (2016) *

ȫ
 �Ł: 

 

 (3.3) 

@ǧ%,6���+Ł&, ToptAAS9;7Ǘź�ơ*,ƀÇȞȖºŽ@ Ĕź�ơ*,Ǹ

ĽáƐ@ǧ%,6%
<���&, T,ź� ToptAAS, AAS�ğƵ')<ź� σ,ƀ

ÇȞȖ+ȐŜȤĜ CTmax, AAS� 0')<Ĕ�ơ+ź� S, AAS+ğƵǃ (AASmax) 

'���CTmax+÷�, AAS� 0')<ź�ůȬ'�%v"���=:+`oj�UŹ

ǘ*, R+ nlsºŽ@ɍ
��4� Ǟź�ȇ| (Tpej range) , AAS� AASmax+ 90%ǃ

@ľ�ź�+ȇ|'� 90%')<ź�+Ǘ�ơ@ Tpej,Lower Ĕ�ơ@ Tpej,Upper'�� 

  

3–3 �� 
+7Q=NW (RMR) 
5R6JAZNW (MMR) 

� ȰūƏ+OM'ĎıƏ+ RMR+�ǤëŽ (Q10) +ǃ,�=�=+Ƥǘź�åȇ|+

ǌ& 2.6±0.5 (mean±s.d.) ' 2.3±0.4  "��ź�ūť*Ȃ"� RMR +ūťɖ*,Ƶ�

)Ĝ�5:=)
*7º?:� ȰūƏ+OM+ RMR,ĎıƏ+OM'ȉ®�%Ǘ


ǃ@ľ�%
� (Fig. 3-2A)�GLM*9<¢Ƅ+÷� RMR'ź�*,őǀĜ�ºë�

%
<kZq�ƑƸ�=� (Fig. 3-2A Table 3-2)�RMR'ź� (T) +ºëŁ,ȰūƏ

+OM&, RMR = 0.707e0.088T ĎıƏ+OM&, RMR = 0.915e0.088T'Źǘ�=��Ȱū

AAS =
S×e

−
T−ToptAAS

2σ
⎛
⎝⎜

⎞
⎠⎟
2

                           ...T ≤ToptAAS

S× 1−
T −ToptAAS

ToptAAS −CTmax

⎛

⎝
⎜

⎞

⎠
⎟

2⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟
     ...T >ToptAAS

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪
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Ə+OM+MMR,ź�ūť''7*ūť� 20°C&ȕä&ǯƬ!'); ĎıƏ+O

M+MMR, 16°Cȕä&ǯƬ!')"� (Fig. 3-2A) 

 

CTmax�
�� 

� ȰūƏ+OM+ CTmax+ǌ�ǃ, 27.8°C (n=4; Fig. 3-2B) ĎıƏ+OM, 24.9°C (n = 5; 

Fig. 3-2B)  "���+ CTmax+őǀ¹+Ĝ,Ǫò°ǝ*Ʉ} "� (Mann–Whitney U-

test: U=0 P<0.05)� 

 

AAS�!W��� ���/I�
�� 

� őǀ�'* AAS +�Ǥ`cG�gtS@Źǘ��÷� ȰūƏ'ĎıƏ+OM+

ToptAAS,�=�= 17.6°C ' 14.0°C ')"� (Fig. 3-3 Table 3-3)�ȰūƏ+ Tpej,Upper'

Tpej,Lower,ĎıƏ+ǃ9;7Ĕǃ@ľ�� (Table 3-3)�2źð+OM+Ǟź�ȇ|,~)

"%
�7++ Ǟź�ȇ|+Ț' AASmax,Ƶ��ȥ?:)�"� (Table 3-3)�Źǘ

�=� AAS +�Ǥ`cG�gtS'�Əź�'¥Ⱥź�ůȬ@ȉ®��'� ȰūƏ

+OM+ AAS,·Ùź�+ȇ|ǵ&Ĕǃ@ľ�%
� (Fig. 3-3)�10ù*ȰūƏ&ȭɗ

��OM+ñÿź�'Ư���<' 10ù*ȰūƏ&ȭɗ��OM+ñÿź�, ToptAAS 

(17.6°C) @ǒ�<�',)� (Fig. 3-4) 80%AASmax@�£<ź� (9.1°C) 7ñÿ�%


)�"� (Fig. 3-4)� 

� ĎıƏ+OM+Ǟź�ȇ|,Ƥǘ���Əź�+aS[Loi*,�ǉ�)�"�

�Ȯ& ¥Ⱥź�',�ǉ�%
� (Fig. 3-3)�4� 11ù�ś�: 12ù�ś*��%

ȭɗ��OM+ñÿź�, ToptAAS (14.0°C) : 60%AASmax')<ź� (6.8°C) +¹*Ŏ

4"%
� (Fig. 3-4) 

 

ToptAAS�SD
�	
��Q=NW�!W��� ���/I�
�� 

� AAS +�Ǥ`cG�gtSáƐ,őǀ¹&~)"%
�7++ �+áƐ+îű,

ɞĺ�%
��'�: Ʃ+ƴŇîń� AAS +�Ǥ`cG�gtSáƐ+ɞĺž*º

Ɉ�%
<�Ǿž�ď�:=����& 2 �Ə+OM�:ǳ:=� RMR ' MMR +

Z�U@ ToptAAS@ǌų'�%Ğǿǈ��'�> RMR ' MMR +őǀĜ�ţ��)<
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�'�?�"� (Fig. 3-3A)�ŅĢ* GLM*9"% RMR'ź�+ºë*őǀĜ�Ɉ�

<�ß+Ƶ��@ûǬ��'�> őǀĜ@»6)
kZq�ƑƸ�=� (Table 3-4)� 

� MMR@ RMR&²<�'&īŗ�=<ƜƯɄĬƗƴŇȇ| (Factorial aerobic scope 

FAS) , MMR' RMR+ȉ@ľ��2�Ə+OM+ FAS, ToptAAS+ƒć&Ðõ*āŤ

�%
� (Fig. 3-5B)�ȰūƏ+OM+ FAS+Ƞãǃ, 2.0�: 5.9 ĎıƏ+OM+ FAS

+Ƞãǃ, 2.2�: 5.2@ľ�%
�� 

 

KOD;?d 

� ȱŧ&Įɍ��ȰūƏ+OM+ƜƯųŃŕɛ (median=0.185% n=20; Table 3-1) ,Ď

ıƏ+OM+ǃ (median=0.192% n=23; Table 3-1) 'ȉ®�% Ǫòǝ*Ʉ})Ĝ,ǻ

6:=)�"� (Mann–Whitney U-test: U=195 P=0.087)� 

 

3–4 �� 
� OM,OMƦ+ǌ& 7"'7Č
ȞȖ�@7#Ō&	; ¥ɋ*
�<_DHgS

7Ioc[gS (O�gorbuscha) *#
& 2Ȉȼ*ƪ
(Salo 1991)�äǼ ƪ�+OM

ƦÕɞ& AAS +�Ǥ`cG�gtSáƐ�Ƥǘ�=%�� (Chen et al. 2015; Clark et 

al. 2011; Eliason et al. 2011; Lee et al. 2003a; Raby et al. 2016)����)�: �=:

+üÑ, 1ŧ&7ř1�ǖ;OM+źĪǝ�ǃ�ƜƯǝ*Ǘ
ǅ�&	<ȰCjpI

*őǌ�%
; OM+�Ǥ`cG�gtSáƐ,Ǒ1:=%�)�"� (Eliason and 

Farrell 2016)�ȱŧ+÷�, OM (O�keta) +÷�'�%Ŵ�)Ǆþ'
�<� 

 

]<3�a�	���^b�
�� 

� Ăģ Ĩɕ+OM@źð ĳɗÇȻ&�+Ʌɐ@ûŗ&�<9�)�ǡ (e.g�gDK

sOYoD[8 ��¿ƪí) 8 £Ɇ (e.g�Ŀƅ8 wǘǱzƮ) g�I�,§ȁ�

=%
)�6 ȱŧ&Įɍ��OM+Ʌɐ*#
%,ȸ¬)�',
�)
�OM+Ȫ

Ə£Äž,Ʃ+OMƦ'ȉ®��ļ*ƜƯǝ*Ǘ
'�=%
<7++ �=&7)
 

�+ȹǺɖ, 0.2–5%'Ǘ
ǃ@ľ��'�ȬĖ�=%
< (Brenner et al. 2012; țɩ 
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2016; Keefer and Caudill 2013)�9"% ȱŧ+Ņÿ&Ġő��OM@�ƏÇȻ&ď��

ļ ƪ�+ĄƮ,�=�=+źðɅɐ&	>�� 

� OM,ɪūļÂ*9"%7őǀ�Ȟ�=<'�=%
; ƶ 2ŧ&5�9�*ȰūƏ

@ɪū�<OM,ļÂ�'*ɪūŭŠ�~)<ìċ�5:=� (Table 2-3 Fig. 2-3)�Ĺ

Ņ ȰūƏźð&,ĳɗ�'*ǅ�őǀ�îſ�=%
<�'�ȬĖ�=%
< 

(Tsukagoshi et al. 2017)�ȱŧ&ɍ
�ȰūƏ+OM, 10ù+ūś�:ǌś*��%Ô

«�=�7+@Įɍ����=:+ļÂ*ūɗ0ȭɗ��OM+ɪūŭŠ,½ŋý+ǌ

ɗ�xū*ɪū��7+�ƪ�"� (Table 2-3 Fig. 2-3)�9"% ȱŧ+Ņÿ&Įɍ�

�ȰūƏ+OM, ǌɗ�xū+ĳɗőǀɅɐ&	<'ď�<+�ƫǧ&	>���ǡ

ǝ*~)"%
�'�%7 ɪūļÂŀƮ,ä
�'�: ñÿ�<ź�·Ù*Ƶ�)

�
,)
7+'ď�:=<�ĎıƏ+OM, 12ù+ūś�: 1ù+ūś*��%Ġ

ő��ĄƮ@Įɍ���ĳɗőǀ�îſ�=%
)
9�)űÜ�*

%7 ɪūļ

Â*9"%OM,�ǡǝ)Ȟ��Ɓ�<'�=%
<��  2ŧ&5�'
; Ďı

Ə+OM, 11ù+�ś�: 1ù+ǌś*��% ĄƮ�'+ñÿź�*Ƶ�)Ĝ�5

:=)�"� (Fig. 2-10)�9"% ȰūƏ+OM'ǱɊ*Ę£Ġő��ĎıƏ+OM*

#
% ñÿ�%
�ź�·Ù+ĠőļÂ*9<�
,Ƶ��)
'ŹĦ�=<� 

� OMƦ,�ȗ+Ō8 Ɓ³įíš
% �£ȅŲí&	<�'�: £Ɇ·Ù*Ư�

%Ú
ƑƸu���"%
<+&,)
�'ɇƚ�=%�� (Eliason and Farrell 2016; 

Eliason et al. 2011)�ŅĢ*OMƦŷÕ&, ɪū·Ù�'*Ō)
�,őǀǴ~ǝ*

Ǟź�ȇ|�ȥ?<�'�ȬĖ�=%
<��=:+üÑ+ƪ�, ɪūļ+ź�·Ù

+�
��Ǥ`cG�gtS+Ĝ~@Ɓ5 �'ďĦ�%
< (Eliason et al., 2011; Lee 

et al., 2003) �'@ď�<' ȱŧ&Źǘ�=� 2 �Ə+OM+�Ǥ`cG�gtSá

Ɛ*Ư� ĠőļÂ8�ǡǝ)Ǵž*Ʌɐ�<ĄƮĜ+�ß, Ƶ�)7+&,)�"

�'ď�:=<� 

 

AAS
%_(.�E! 

� ȱŧ+Ņÿ�: 10ù*ȰūƏ@ɪū�<OM' 12ù*ĎıƏ@ɪū�<OM+Ǟ

ź�ȇ|,~)<�'�ȸ:�')"� (Fig. 3-2)���% ȰūƏ+OM,ĎıƏ+O
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M'ȉ®�%Ĕ
ź�Ʊ*Ǟź�ȇ|@7! ȰūƏ+OM, ŏÆ+âƿ*Ĕ
¥Ⱥ

ź�@š
%Ĕ
`cG�gtS@ȁÁ&�<�'�ď�:=� (Fig. 3-2)�ŏÆ*Ĩ

ɕ�¼�*ɐɆ�<OM, �Ǖ�ǰ*9"%ĐǰžƮ�Ǒƌ@è;Ȧ�%ȪƏƼĥ@

Đ)�'ď�:=%
<�ŅĢ Ǣǌ:+ȬĖ*9<'ȑƙ*OM�
<ļ¹²ĕ,

15%&	; ñÿź�+ĄƮ�'+Ƞãǃ, 13–19°C &	<�'�ȬĖ�=%
< 

(Tanaka et al. 2000)��=:+ñÿź�+Ƞãǃ,ȰūƏ+OM+Ǟź�ȇ|*ä
 

(Table 3-3, Fig. 3-3)�4� 2ŧ&ǳ:=� 10ù*ȰūƏ@ɪū�<ĄƮ+ñÿź�,

Ǟź�+ȇ|ǵ&	; ź����"%�� 10ù+�ś+ĄƮ&7 ToptAAS+ļ+ AAS

+ 80%ǃxū@ȧ"%ɪū�%
<9�&	< (Fig. 3-4)� 

� 2ŧ&5�9�*ĎıƏ+OM,ź��ƜƯǝ*Ĕ
ź�&Īɑ@�%
��'�ľ

Ě�=%
< (Table 2-7, Fig. 2-8, 2-9)�ǘǠ¸Ƥ���Əź�+ğȓǃ,7°C&	; (Fig. 

3-3) �=,ɂ 60%AASmax (6.8°C) *Ɯǧ�<��Ȯ& ŅĢ*ĎıƏ&OM�ñÿ�%


�ź�*Ư���<' 

9� 60–90%AASmax +ǌ&ĎıƏ+OM,³ǰ�%


��'�ŹƤ�=<�ɪū�<OM�ĪɑŭŠ@ƑƸ�<ū& ŕɎ)+,ǇÕ�Ǟƈ

)ļÂ*/��<�'&	<�'�: 12 ù+ĎıƏ+OM�ǅ�ź+�ß@ō�%


<�Ǿž�Ĕ
ź�@ɒɍ�%
�ƁƲ°ǝ)ɔɅ,ŉ*,ǇÕ+ǣĕ&	<'ď

�:=<� ŷÕ+ AAS+`cG�gtS+¸Ǡ�:7ɒǠ�	<'ď�:=<� 

� �=&7 ĎıƏ+OM+Ǟź�,�Əź�9;, ¥Ⱥź�*zǈ�<ìċ*	"

� (Fig. 3-3, Fig. 3-4)��+�', Ĩɕ+�¼ţ�Ə&Īɑ�<OM+ƁƲ'ºɢ�%


<+ >���Ȇǝ*ćÂé+OM,ƒÂé'ȉ®�%�ɗ�*Īɑ�<ìċ�	<

� (Salo 1991) Ǵ*Ĩɕ�¼ţ�Ə&Īɑ�<OM,�Ċ9;Ž km+ȇ|ǵ&Īɑ

�<'�=< (Aoyama 2017)�ŅĢ* 2ŧ&75�'
; 12ùxĒ*ĎıƏ*ɪū

�<ĄƮ,�Ə*ȭɗ�%�: 1 ǹxǵ&ȅŲŭŠ*ǫƹ�%
� (Table 2-5)���

% Ĩɕ�¼ţ�Ə&ǥÆ*Īɑ�<OM, ɧǵ&ğŐſŖ@ô�%
<�Ǿž� 

ĐǰůȬ (Ǣǌ 1999)8ƁɔůȬ (Kusakabe et al., 2019; Osanai et al., 1972) 9;ľĚ�=

%
<�#4; ĎıƏ+OM,�Əǵ&�Ǥ`cG�gtS@Ĕ��<ȏɎž�Ǘ



�6* ¥ź�9;+Ǟź�ȇ|@Ʉ�%
<+�7�=)
�ĹŅ ·Ù�Ā�


ǅ�őǀ&, 90%AASmax�ɪū*ȏɎ&	<'�=<+*Ư�% ɪū·Ù�ƜƯǝ*
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ƾ
9�)f]PMǅ�őǀ&, 70%AASmax�	=-ɪū@´Ż&�<'
��'�

ñÿǝ*Ǆ:=%
< (Eliason et al. 2011; Farrell et al. 2008)� 

� �  ŵǮu·Ù+ȥ�� AAS +�Ǥ`cG�gtSáƐ*Ɉ�<�ß,ŒȞ*ȸ

:�*�=%
)
�6 ȱē*
�<¥ź�' AAS +ºë*#
%+ďĦ*,ǎ}

@Ɏ�<�ŽŤ)
üÑɟ'�% f]PMŷÕ+ AAS @¥ź'ƽź&ȉ®��üÑ

�Ó�:=< (Wagner et al. 2006)��+üÑ&, ¥źŰú&, AAS�ƽźŰú'ȉ

®�%Ǘ�"�'�=%
<� 1�Ǥå��Ƌ�:=%
)
��+�6 ¥ź�'

ƽź&òƤ�� AAS+ºë*#
%,�:)<ûũ�ȏɎ')<� 

 

Q=NW�!W��� ����4��TL�	FcU)Y 

� RMR+�Ǥ`cG�gtSáƐ,ȰūƏ'ĎıƏ+¹&~); ȰūƏ+ RMR+�

Ǥ`cG�gtSáƐ,ĎıƏ+áƐ@Ĕ�ơ* 3°C �:��7+&	<�'�?�

"� (Fig. 3-2)���% AAS +�Ǥ`cG�gtSáƐ+îű@ö6<`oj�U&

	< ToptAAS Tpej range' CTmax,pc (`oj�UŹǘ*9"%ǳ:=� CTmax) 7őǀ¹+Ĝ

� 3°C&	"� (Table 3-3)��=:+�'�: 2�Ə+OM, RMR8 MMR'
"

�ƴŇƥǤ+Qc[*9"% Ǟź�ȇ|+Ĝ~*ºë�<�'�ď�:=��ŅĢ*

RMR'MMR+÷�@őǀ�'+ToptAAS@ǌų'�%ȡ.Ƴ��'�* őǀ¹+RMR

'MMR+ȸɚ)Ĝ,5:=)�)"� (Fig. 3-3 Table 3-4)��=:+÷�, ƴŇƥ

Ǥ'�Ǥ+ºë@Qc[��<�'*9"%Ǟź�ȇ|@ȥ�%
<�'@ľĚ�%


<� 

�+9�)ƴŇƥǤ+�Ǥ*Ư�<�ǩž+Qc[, �ǤȩŢ  (thermal 

compensation) 'ą-= �ǤǶ� #4;,ĄƮrfq+Ɓɔǝ�ǩ+ȟȶ&ȬĖ 

Ìɥ�=%�� (Sandblom et al. 2014; Schmidt-Nielsen 1997; Willmer et al. 2005)�Fraser

Ə+f]PM&5:=�9�)őǀrfq+�ǡǝ)Ǟ�',ȣ*äǼ&, ĄƮrf

q+Ɓɔǝ�ǩ7OM�Õɞ+�Ǥ·Ù0+Ş�*ºë�%
<�Ǿž�ǚľ�=%


< (Anttila et al. 2014)�ŅĢ* ųÃǾ+¸Ǡ�:UDTDnEOM (Salmo salar) +

Ĕ�ưž@ûǬ��üÑ&, Ȱăőǀ'Ƿăőǀ,ǱǛǤ+�ǤǶ�Ǿɜ@Ļ#�'

�ľ�=%
; Ƿăőǀ,UDTDnEOM'
�Ō�Øǖ�%7#Ƕ�Ǿɜ� Ƿ
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ă+ǂ�
�Ǥ·Ù0+Ş�*ŕɎ)Ɂ²���%
< >�'÷ɥ$�%
<�4� 

ǅɔǝ*7ƁƲǝ*ȍŮ*ä
JtPM 2 őǀ+�Ǥ`cG�gtS@ȉ®��üÑ

&, ǇÕÂ+Ĕ�ưž*,�
�5:=)
*7º?:� (McGeer et al. 1991) ŷ

Õ+ AAS+�Ǥ`cG�gtS,~)"%
��'@ȬĖ�%
< (Raby et al. 2016)�

�+Ɏ�'�%Ǐņ:�Ĳǜ�%
<+,ĠőļÂ+�
*9<�Ǥ·Ù+Ĝ&	<�

�Ȯ+őǀ, 11ù�: 1ù*��%Ġő�=�+*Ư� 7��Ȯ+őǀ, 10ù+�

ś�: 11 ù+ūś*��%Ġő�=%
��ĠőļÂ4&*ñÿ�%
�ź�·Ù+

�
��ǤǶ�@��É�� �Ǥ`cG�gtS+Ĝ~@Ɓ5ŗ��'
�ďĦ�)

�=%
< (Raby et al. 2016)�JtPM+üÑɟ'ǱɊ ȰūƏ+OM@»A ƒÂé

+OM,Ĩɕ�¼�&ćÂé+OM'ȉ®�%Ĕź�*ǕȺ�<'�=%
< 

(Kitagawa et al. 2016; Tanaka et al. 2000)�4� OM+ĥɭ¥�&	<f�ptL¥&

�Æ*Ġő�=�OM+ſŖĄƮ*ŶǤ�ǤÈɤò@ǵȗƝǋ� ȭɗ��üÑ&, 

7ù*f�ptL¥&ȭɗ�%�-:�, 4–9°C+ź�@ñÿ�%
�� ȭɗ�:ǹ

ȱ�¼*ä$�*#=%ñÿź��ūť� 9–10 ù*Ȱ¥ǲ&Ô«�=<Ǖƒ*,

20°Cȕä+ź�@ñÿ�<�'�ȬĖ�=%
< (Azumaya and Ishida 2005)�OM�

f�ptL¥�:ǹȱ�¼*ǫƹ�<+*, 60–90 ǹ¹ǛǤ@Ɏ� (Azumaya and 

Ishida 2005; Tanaka et al. 2005) �=,�ǤǶ����É��=<*,ŒȞ)Â¹&	

<�'�: £Ɇǌ+�Ǥɓɡ� 2źð+OM+�Ǥ`cG�gtS+Ĝ~*ºë�<

�Ǿž�ď�:=<� 

� � � 2�Ə+OM*

%5:=��Ǥ`cG�gtS+Ĝ~*�ǡǝ)Ɏ��

ºɢ�%
<�Ǿž,ŒȞ*	;�<�ūř��UDTDnEOM+Ȱăőǀ'Ƿăő

ǀ+ȉ®üÑ*

%7 Ƿăőǀ,Ȱăőǀ'ȉ®�% CTmax *ä
9�)âƿ)

Ĕź�Űú�&,Ƿăőǀ+ğƵųȀŽ, Ȱăőǀ9;7Ĕ
�'�ľ�=%
; 

�ǡǝ)Ɏ�*9<ųÃǾ+¤Ɠ7 Ƿăőǀ+�ǤŞ�*ºë�%
<'ďĦ�=%


< (Anttila et al. 2014)�¨�ǰȝ*

%�ǤǶ�&�<ă¦ź��=ŀƮ,�ǡǝ

)Ɏ�7�ß�<�'�ȬĖ�=%
; ŅĢ* Ƕ�Ǿɜ+¤ȥ*9"%àŠǞ��

%
<ɟ, ÕɞƕƮ@ǖ�%Č�5:=%
< (e.g�ghWmL Fundulus heteroclitus: 

Fangue et al. 2006; UDTDnEVo Gadus morhua: Lucassen et al. 2006; ]RgS 
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Oncorhynchus mykiss: Chen et al. 2015 2018; Narum et al. 2013)��=:+ɟ@ďɘ�<

' ȱŧ+÷�*�ǡǝɎ�+ºɈ�	<'�<):- ȰūƏ+OM,�ǤǶ�&�

<Ǿɜ�ĎıƏ+OM'ȉ®�%ƻŝ*Ĕ
 	<
,~)<�'�4�ď�:=9��

��% Ĕź�·Ù�&+ųÃǾ�ȰūƏ+OM,Ďıơźð+OM'ȉ®�%Ĕ
'


"��Ǿž�Ó�:=<� 

 

���!W@ `:
#HfB9�13E!� ToptAAS�"%��
�V U�* 

� ·Ùź�+ȥǰ*Ư�% ¨�ǰȝ,Ɓɔǝ Đǰǝ*Ş�� �Ǥȥ�+�ß@ó

ā�<'ď�:=%
< (Farrell 2016)��=4&+üÑ&, Ĩɕ�¼�+ŏÆ*ɐ

Ɇ�<OM,�Ǖ�ǰ@Đ��'�ľ�= �=,OM*'"%,Ĕ��<ȑƙź�@

Ȍ�## ȪƏƼĥĐǰ@Đ��6+ĐǰǝǞ�&	<'ď�:=%�� (Tanaka et al. 

2000)�#4; OM,�Ǖ�ǰ@Đ��'& Ĕź�*9"%ƟƵ�<ƴŇNS[@ó

ā�%
<'
�¢ň&	<�ĐǰžƮ�Ǒƌ+ɟ'ǱɊ* ȱŧ+Ņÿ*9"%ǳ:

=�OM+�ǤŞ�ɊŁ, NS['
�¸Ǡ&5�'�*ɒ��	<�'@ǚľ�%


<�OMŷÕ,�¼�*ǫƹ�<�>*,Ɗɭ@�)�); OM,ŸƮ*ǊƆ��

F^qJ�+5&ɪū' ȅŲ@´Ż��)�=-):)
�œ"% Īɑ£Ɇ@Đ�

OM*'"% ȪƏƼĥ8�Əɪū*ȋ8�F^qJ�NS[@Ǘ�ɏ�<�',ŕɎ

)�Ʒ&	<'
�9�� 

� ȰūƏ+OM, ĎıƏ+OM'ȉ®�% Ǳ�ź�+'�*Ǘ
 RMR@ľ�%


� (Fig. 3-2A)�#4; Ĕź��&	"%7ȰūƏ+OM,Ɓƨ*��<ƴŇNS[�

Ƶ��ƟƵ�)
�'@}ȴ�<���% �ǤȩŢ*9<ƴŇƥǤ+Qc[&, `

cG�gtS�Ǘ��<�'7)
�9"% Ĕź�·Ù�&+£Ɇ@ď��ļ* �

ǤȩŢ*9<ź�·Ù0+Ş�, ȷƭ)F^qJ�Ŧȋ@ɏ��`cG�gtS+ğ

Ǟ�&	<'ƣ�<�'�&�9�� 

� `cG�gtS+ğǞž'
�ķǠ&5<' ɪūļ+ñÿź�' AAS +�Ǥ`c

G�gtS&7ǱɊ+þȮ�&�<�7�=)
�ȰūƏ+OM7ĎıƏ+OM7 �

=�=+�Ǥ`cG�gtS'ŅĢ+ñÿź�@Ư���<' ñÿź�, ToptAAS@ǒ

�<�',)� ToptAAS9;7Ǘ
ź�Ʊ&	"� (Fig. 3-4)�Ǵ*ȰūƏźð+OM,
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Ĕ
 AAS+�Ǥ`cG�gtS@ȁÁ�%
�'ď�:=<� ToptAAS9;7Ĕ
ź�

@ñÿ�<�',)�"� (Fig. 3-4)�Ǳ� AAS+�Ǥ`cG�gtS&	=- Ǘ


ź�+Ȯ� RMR�Ǘ
�6NS[+¸Ǡ&ɒǠ�	<��+9�*ď�<' FraserƏ

źð�ɗ�őǀ+f]PM8 (Eliason et al., 2013) JtPM (Raby et al., 2016) Ioc

[gS (Clark et al., 2011) +ɪūļ+ AAS+�Ǥ`cG�gtS'·Ùź�'+Ư�7

ǱɊ+ƍȸ�&�<�Ǿž�ď�:=<���� �+ȿƷ@çƮǝ*ɥ�<*, AAS

+�Ǥ`cG�gtS'NS[@Ǳ�ɦƘ5&Ìɥ�<ȏɎ�	< >�� 

 

3–5 ���
�� 
� ȰūƏ+OM'ĎıƏ+OM��=�=ðéǴɄ+ AAS +�Ǥ`cG�gtS@7

! ȰūƏ+OM,ĎıƏ+OM'ȉ®�%Ĕ
ź�Ʊ*Ǟź�ȇ|@7"%
<�'

�ȸ:�')"����% �+Ǟź�ȇ|+Ĝ~, ƴŇƥǤ+ȩŢǝ�ǩ*9"%

��É��=%
<�'�?�"���+�', Ĩɕ+OM��=�=+ź�·Ù*

�ǤǶ� #4;,ĄƮrfq+Ɓɔǝ�ǩ*9"%��É��=%
<�Ǿž@ľ�

%
<����)�: Õɞ+�ǤǞ�,�Ɩǝ�ǩ �&)� �ǡǝ)Ǟ�7ºë

� Ę£+ŅÿZPDt&,ȱŧ+÷�*�ǡǝ)Ɏ��(�4&ÀɈ�%
<+�*

#
%,ȸ¬)�',
�)
�9"% OM'
�Ō+�ǤǞ�+ƁɔǝÃč+¢ȸ

*,�:)<ûũ�ȏɎ'�=<� 

� 4� Źǘ�=� AAS +�Ǥ`cG�gtS'ŅĢ+OM+ɪūļ+ñÿź�@ȉ

®�<'OM,�ǘźŜxū+ AAS+`cG�gtS7#� ToptAAS@ǒ�<ź�,2

'A(ñÿ�%
)
�'�ľĚ�=���+÷�, Ʃ+OM�Õɞ&7ȜŽ+Ō'

ðé&5:=%
<� �+Ǟ�ǝ}Ë,çƮǝ*,ɥ�:=%�)�"��Ƨ� 4ŧ

&, OM+�+9�)Đǰîń�OM+ƁƲ@ď��ļ*(+9�)ɒǠ�	<+�

@ �ǰNS['
�ƈ;Ċ�:Ìɥ�<� 
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Table 3-1�Median fork length, body mass and ventricle size for early-run and late-run chum 

salmon 

    
Ventricle size 

Population N Fork length (cm) Body mass (kg) Mass (g) RVM (%) 

Kitakami 20 71.8 (66.4–73.1) 3.4 (2.7–3.8) 6.8 (5.2–7.6) 0.19 (0.18–0.22) 

Kasshi 23 65.8 (62.0–67.7) 2.7 (2.4–3.0) 4.9 (4.1–5.8) 0.19 (0.17–0.20) 

RVM, relative ventricular mass. The interquartile range is given in parentheses. 

 



 58 

Table 3-2�Generalized linear model of the effect of independent variables on resting 

metabolic rate (RMR; mgO2 kg–1 min–1 ) in chum salmon 
 Estimates �  �  

Parameters AIC ΔAIC P-Value 

Temperature + Population 69.96  0.00  <0.01 

Temperature 80.09  10.13  <0.01 

Null model 126.79  56.84   

A likelihood ratio test was used to test the significance of the fixed effects 

compared with the null model. Bold indicates a selected model. 
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Table3-3�Summary of two-part performance curve fitting to aerobic scope data collected from chum salmon populations 

Population ToptAAS (°C) Tpej,Lower (°C) Tpej,Upper (°C) CTmax,pc σ AASmax Tpej breadth 

Kitakami 17.6  12.8  20.8  27.8  7.4  10.7  8.0  

Kasshi 14.0  10.7  17.5  25.2  5.1  10.3  6.8  

Estimates were generated from individual fish data using a two-part performance curve. Using these equations, ToptAAS was defined as the temperature with maximum aerobic 

scope, upper and lower Tpej were defined as the maximum and minimum temperature at which absolute aerobic scope (AAS) remained above 90% of the maximum AAS 

(AASmax ), and CTmax,pc was defined as the maximum temperature at which AAS was zero for the performance curve. 
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Table3-4�Generalized linear model of the effect of independent variables on RMR (mgO2 kg–

1 min–1 ) in chum salmon, after RMR was aligned to ToptAAS in each population 
 Estimates �  �  

Parameters AIC ΔAIC P-Value 

Temperature + Population 69.96  1.15   

Temperature 68.81  0.00  <0.01 

Null model 126.79  57.98   

A likelihood ratio test was used to test the significance of the fixed effects 

compared with the null model. Bold indicates a selected model. 
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Figure 3-1� Respirometer used for this study.  

(A) Swim tunnel respirometer (view from side). (B) Schematic diagram of the respirometer. The 

flow velocity is controlled by propeller. Dissolved oxygen concentration in the chamber was 

measured using a fibre optic oxygen meter with automatic temperature compensation.  

Oxygen sensor
Temperature sensor

Propellar

BBAA
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Figure 3-2�Comparison of metabolic traits and critical thermal maxima (CTmax), between 

Kitakami River chum salmon and Kasshi River chum salmon. 

(A) Resting metabolic rate (RMR; open triangles) and maximum metabolic rate (MMR; filled 

squares) in Kitakami River (red) and Kasshi River (blue) chum salmon (Kitakami River: n=16, 

Kasshi River: n=18). Upper and lower curves indicate estimated MMR and RMR, respectively. (B) 

CTmax of each population (Kitakami River: n=4, Kasshi River: n=5). Box plots show the median 

value, range, 25th and 75th percentiles, and outliers. Asterisk denotes a significant (P≤0.05) 

difference between populations. 
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Figure 3-3�Aerobic scope of Kitakami River chum salmon and Kasshi River chum salmon. 

Solid lines represent a two-part performance curve fitted for each population. The data for CT 

max were assigned to zero for absolute aerobic scope (AAS). The frequency histograms show the 

distribution of mean river (light red/blue) and sea surface temperatures (dark red/blue) from 2013 

to 2017 in October (Kitakami River and Shiogama Bay) and December (Kamaishi Bay). 

Temperatures in the Kasshi River were collected from 2016 to 2017. 
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Figure 3-4. Comparison between ambient temperature and thermal performance of AAS for 

chum salmon migrating upriver. 

Box plots show ambient temperature of electrically tagged salmon migrating upriver  

Box plots show the median value, range, 25th and 75th percentiles, and outliers. Asterisk denotes 

a significant (P≤0.05) difference between populations. The shaded areas indicate the Tpej ranges. 

Solid lines indicate represent ToptAAS (dark colour), the temperatures where AAS become 

80%AASmax (pale colour). Dashed lines indicate the temperatures where where AAS become 

60%AASmax.  
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Figure 3-5� Relationship between metabolic traits and the difference from optimum 

temperature of AAS (ToptAAS) in chum salmon. 

(A) Open triangles indicate indicate RMR of the Kitakami River (red) and Kasshi River (blue) 

salmon aligned to the difference from ToptAAS (experimental temperature
ToptAAS). MMR is 

represented by filled red (the Kitakami River) and blue (the Kasshi River) squares. Upper and 

lower curves represent the fitted curves for MMR and RMR, respectively. The best GLM 

estimation for thermal sensitivity of RMR after the alignment was without the effect of population 

(see Table 5). However, even if the estimation for RMR included the effect of population, the effect 

was negligible. (B) Filled circles represent the factorial aerobic scope (FAS=MMR/RMR) for the 

Kitakami River (red) and the Kasshi River (blue) salmon and solid lines indicate the moving 

average of FAS for the Kitakami River (red) and the Kasshi River (blue) salmon. 
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" 4�� �#�������� 
(!���� �
��* �$��� 

 

4–1 � 
� 
� Ƶ 2 ť�>Ƶ 3 ť.��)�ȧŨƑ+đĵƑ/UR*�-@ƍƯȶİƘƲňǽ� 

(AAS) /ĹǗź� (ToptAAS) D;'�+�ɋ Ƒ/UR0Ǘź�=?;Ǐ�ź�ư*ɞ

Ũ�)�@�+�Ȯ>�+-&#�O|VR<MvjaoY;UR+ǥȽ. ToptAAS=?

;Ǐ�ź�ư*ɞŨ�@�+�ȣĘ�A)�@ (Clark et al., 2011; Raby et al., 2016)��/

�+0�UR�Õɐ� AAS Dģƴ�� @=�-ź�ư*ɞŨ�)�@C�*0-�

�+D�Ȫ�@� 

� ǀÐ�ƽ��Õɐ/ȶİƘƲň/gjK�o|Y (AAS) .Ȼ�@�Ü�÷ǳ�A)

�@��ƲňTYa (RMR) .Ȼ�@�Ü;÷ǳ�A)�@���)��A7*;Ř4

)�#=�.ɞŨÄ.®�>/JdxO�ƊŊDƼ'UR.+&)ɞŨ<Ɓƫ.��

@TYaD
@ǕǛĪÿ�@�+0ŕȿ-¤ƶ*
@+��@� 

� ĮɃɞŨ�@UR0�
@Ɋƨ¹×�*řǹǖ-ȸ�+ÌƤDå?ȟ�)ɞŨ�@�

+�»Ĭ�A)�# (Akita et al., 2006; Makiguchi et al., 2008; Miyoshi et al., 2014)�����

Ƶ 1ť*;Ř4#ǎ?Ąǘǖ-�ǤTYa (COT) /s`x*0�ÌƤ+��ċ�D¾

:@�+�*�)�>��UR/ɞŨDÌƤĽ/ƲňJdxO�TYa;¾:#�ǤT

Ya+��əƙ8*Ëɗ�@�+�*�-�&#� 

� áǲ�ha/�ǤƁɅ²/Șȳ*­ǹ�A#Pw_GMxg{�s`xD�ǤTYa

/s`x.�Ⱦ�@�+*��Ǥs`x.ȸ�/ìƪĽ¼+ªȑ.ȿ�@Ľ¼ (ÌƤ) 

/ 2'Dƙ8ĚE$�ǤTYa/s`x�ǔĿ�A# (Martin et al., 2015) �/s`x

/ǅ*0�ƨ�ɊA/ǅ*0ÌƤDǺ�=�-ȸ���ǤTYaDģš��@#:/ģ

Ǘ-ų@ȏ�+-@�+DĿ�A)�@ (Martin et al., 2015)�Pw_GMxg{�s`

x0�ļƪǖ.´Ǥ*�@�ǤØǛ/ɝƾDPw_GMxg{� (Pcrit) +�Ǒ�)�ļ

ƪ*�@�Ǥ+ļƪ*�-��ǤDC�)}&)�@/�Ǩǈ*
@�āņ/,E-Ǥ

ȗ;ļƪ*�@�ǤØǛ0Ă>A)�)�!/ØǛDǊ�@+ǿɕ�@#:�!��>

ªȑ�@ÌƤ�ȅȿ+-@�Pw_GMxg{��Ė�A1Ė�5,�Ė�ȸ�ØǛ*
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/�ǤĽ¼Ǿ (ȸ�ìƪĽ¼/ªȑ.ȿ�@Ľ¼) �Ė�-?�Ǐ�-A1�ǤĽ¼³ė

�š��-@+ȹƛ�A)�@�!�)��/Pw_GMxg{�0ȶİƘƲň/ǴɎ

.=&)Ǒ7@+�A@�ha*�/s`x/ɑDĒ�@+�ȶİƘƲňǴɎ/ȵA@

FYw�a0�Ǥő·/-�ha+Ǿ±�)�ļƪ*�@�Ǥ/�ǤØǛ0Ė��+�

&#ɑ�Ó�>A@� 

� �/Ē�ȥDƨ�ɊADɞŨ�@UR.ǝ)0:#+�.0�Ė�ȶİƘƲň/gj

K�o|YD;'Ė�UR5,�Ė��ǤØǛ*ļƪǖ.ȸ�*�@�+�>�ƨ�Ɋ

ƨ�DɞŨ�@ħ.�ÌƤ.ȅȿ-Ľ¼�ƺ�-@�+�ȹƛ�A@�ÌƤĽ¼/ƺŖ

�0ÌƤĽ.��@ƲňTYaDɀ�@�+�*�@/*�TYa/»Ǚ�>;ɄǙ�


@��A7*/�ǤTYa/s`x*0�AAS/�ǛgjK�o|YD�ǤTYa+

��əƙ8*Ëɗ�@�+�*�-�&#��PcritD�ǤTYa/s`x.+?�A@

�+*�AAS�TYa.Ȼ�@�ÜDȈ��@�+��Ǵ+-@� 

� Ƶ 3ť*8#=�.ȶİƘƲň/gjK�o|Y*
@ AAS0 ToptAAS*ģƴƾD+

@�+�>�UR0 ToptAAS.á�ź�5,�ƨ�ȸ�ƨǛ*/ÌƤĽ¼³ė�ƺ�-@

+ŹƦ�A@��ȥ*ÌƤĽ.��@ƲňTYa0ź�.Ư�)ĶŻ½Żǖ.Ũţ�@�

�Ũ/�+�>ªȑĽ.��@TYaDģš��@ź�0�ÌƤĽ¼³ė/ƺŖ� 

(ToptAAS.á�ź�) +ÌƤĽ.��@TYa (Ǐź�) /fv|Y.=&)Ǒ7@+Ē

�>A@� 

� ƎēúÑ*0�PcritDź�.=>��Ǒ+�)�@#:.�ź�.=&)ȝ��@ȶ

İƘƲň/gjK�o|Y.½�@Ëɗ0œȘ*0-��AAS /�ǛgjK�o|Y

.=&)ŹǑ�A@Ǘź�+ COT +/½ɓ0=�C�&)�-����)�Ʌɗ©+

fHL_yraw�ŋȦ.=&)ǧ>A#ɞŨƨǛ (ƯǀƨǛ) /Ǿ±�-�A#��

ņħ.ɊÚ/ȝ�.Ǻ&)ȸ�ēǤ�Ǩ.ƯźƨǛ�,/=�.ȝ��)��/�.'

�)0ÈŘ�A)�-�&#� 

� !�*�Ȩť*0Ƶ 3ť*ǧ>A#gvr�\D;+.ȸ�s`xDĩſ��Ɋƨ<

ź�+�&#¹×/ȝ��UR/ģǗ-ȸ�ēǤ��ǤTYa.,/=�-�ÜD
#

�@/�DŹǑ�#���)��ǤTYa/»Ǚ�>�UR�Ǘź�=?;Ǐ�ź�ư
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*ɞŨ�@�+/ƁƱ²ǖ�Ê.'�)ĒĬ�#�ģĈ.�ȧŨƑDɞŨ�@UR/ē

ǤÈɖ+Ʌɗ©DǾ±��ŹǑƾDȈ��#� 

 

4–2 �)�%& 
L!���
1D 

COT 0Ƶ 1 ť*Ř4#ǎ?ƹ�ÔɆ
#?D�Ǥ�@/.Ȁ<�A@JdxO�ɍ

(J m–1 kg–1)DĶ��
@ÔɆ7*�Ǥ�@¼/Ɵg{� (J kg–1 s–1~�0 mgO2 kg–1 s–1) 

D Pt��ǤƨǛ (ƯǀƨǛ) (m s–1)D Ug+�@+ COT0�Ł+-@ 

  (4.1) 

� ȸ�ǅ/g{��;��0ıĻɇ	Pt0Ɓƫ.ȿ�@g{� (Metabolic power, Pm) +

ȸ�ēǤ.ȅȿ-g{� (Swimming Power, Ps)/ɘ*
@+Ē�>A@#: 

  (4.2) 

+-@� 

� �/�% Ps0ȸ�ƨǛ (ƯźƨǛ) Us/Ũţ.Ư�) 2–3ũ*Ũţ�@½Ż*
@#

: (Videler, 1993)�Ps0 

 !s ∝ $s
% (4.3) 

+-?�Us+ Pt/½æ0 Figure 4-1A.Ŀ�ǎ?.-@� 

� ɊA/ƨǛ Uc� 0/+��Us0 Ug+Ǟ��-@�>� 

   (4.4) 

�ſɈ�@�'7?�COT0 Us+ Pt/Qvj.��)þǙ�>��#ǌƔ/ç�D�

Ȫ��Us–Pt/ßƔ+þǙ�>��#ǌƔ/ĉǙ0
@ Us.��@ COT+-@ (Fig. 4-

1)�!/#:�ɊA/ƨǛ� 0/Ľ. COTDģš.�@ȸ�ƨǛ Uopt�0�þǙ�> Us–

Pt/ßƔ.��#ƉƔ/ƉǙ/ȸ�ƨǛ+-@ (Fig. 4-1A)�3 ť/ RMR /ó�*;û

#ǎ?�Pm0ź�/�ÜDō�@�Pm0 Us–PtßƔ/ƈȞ+-@#:�þǙ�> Us–Pt

ßƔ.��#ƉƔ/ƉǙ/�ǁ;ßƔ/Ũ��Ǥ.Ǻ&)ȝ��@�ľ. Uc>0 /+�

0�ƯǀƨǛ Ug0ƯźƨǛ Us�>Ɋƨ UcDĠ���#;/-/*�/+� COT0 

COT = Pt
Ug

Pt = Pm + Ps

COT = Pm + Ps
Us
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   (4.5) 

+-@�>�ɊA�
@+�/ Uopt�0 (Uc, 0) DþǙ+�@ Us–PtßƔ.��#ƉƔ/

ƉǙ/ȸ�ƨǛ+-?, ɊA�
@¹×�.��@ģǗ-ȸ�ƨǛ0ɊA�ȭ�Ľ.

Ǿ4)ƨ�-@�Uopt� > Uopt�	(Fig. 4-1)��Ũ�Ɋƨ/�ÜD¾:# COT/s`x+

-@� 

� Ȩť*0Ɋƨ¹×.��#UR/ɞŨēǤDƌȮ�@#:.��/s`x.�>.J

dxO�ÖÒ/ŽȴDƙ8ĚE$Martin>/COTs`xDĤȾ�# (Martin et al., 2015)�

�/ COT s`x/Ǩǈ0�ha/�ǤƁɅ²/Pw_GMxg{�s`x (Critical 

power model, CP model) D+?�A�ļƪ�Ǵ-ȸ�+ȋ�Ǵ-ȸ�DPw_GMxg

{� (Critical power, Pcrit) .=&)Ș�#Ǚ*
@� 

CPs`x0ha�ǹÃ*�@g{�PtDĽ¼/½Ż+�)ȇ�;/*�Monod (1965) 

�ǔŠ��āĨ;�ǤƁɅ²/Șȳ*FYw�a/ȭİƘƲňǴɎDȈ��@/.ĲC

A@s`x*
@ (Jones and Vanhatalo, 2017; Morton and Billat, 2004)��/ CPs`x*

0�ǤĽ/JdxO�ȿÏ0ȶİƘƲň+ȭİƘƲň/ 2 '/ê�>ÖÒ�A@;/

+�)�ȶİƘƲň�>ÖÒ�A@JdxO�ɍ0ȭĂ�ȭİƘƲň�>ÖÒ�A@J

dxO�ɍDȶĂ+�@�ǑD��)�@��/ȶİƘƲň�>ÖÒ�A@JdxO�

ÖÒƨǛ/ģƴƾ0 Pcrit�ȭİƘƲň�>ÖÒ*�@ȶĂ/JdxO�ȼɍ0ȭİƘž

ĩÝȼɍ (Anaerobic work capacity, Nmax (J kg–1))+�A@ (Fig. 4-2)�ha�
@�ǤØǛ

Pt.��)ǿɕĜɜ�@7*/Ľ¼D te (exhaustion time (s))+�@+� 

 
  (4.6) 

�ſɈ�@+�A@��/ŮöŁ0��ǤĽ/JdxO�ȿÏɍ Pt� PcritD�ª@ū

ė0ȶİƘƲň�>Ɨ)/JdxO�ÖÒ�-�A@#:.�ǤĽ¼.ŽĂ0-�+

�@�ȥ*�PcritDǊ�#ØǛ/�Ǥ*0� /ƨǛ* Nmax�ŤȀ�A)���

Ćµ�@+�Ǥ/ìƪ�ȋ�Ǵ+-@�+D�Ȫ�@ (Fig. 4-2)� 

7#�CPs`x*0�NmaxDŤȀŷ��#Ĉ/ªȑĽ¼ tr (recovery time (s));�Ǒ�

A (Morton and Billat, 2004)�ªȑƨǛD Pr+�) tr0 

COT = Pm + Ps
Us −Uc

te =
∞            ...Pt ≤ Pcrit
Nmax
Pt − Pcrit

..Pt > Pcrit

⎧

⎨
⎪

⎩
⎪

(Pt − Pcrit )
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   (4.7) 

+�A@� 

Pcrit0ȶİƘƲň�>ÖÒ*�@JdxO�ƨǛ�½æ�@#:�Martin>/s`x

*0MMR� Pcrit.ǝ)>A)�@�7#�Nmax/ªȑ.0ȶİƘƲň.=&)ĮƁ�

A@JdxO�D¨�@/*�Martin >/s`x*0 Pr0ȶİƘƲň�>ÖÒ�A@

ƨǛ/ģƴƨǛ�>ƲňTYa PmD��#;/�'7?0 

   (4.8) 

+�A#� 

7#�ªȑǅ.0ƲňTYa Pm�Ŭ.��@#:�PcritDǊ�#ȸ�Dē-&#ħ.

0ªȑ.ȿ�@Ľ¼ tr+�Ǥ/ìƪĽ¼ te/³ėǾȘ/ Pm���@�+.-@/*�

�Ǥ.��@TYa/ėíƾ0 

 
 (4.9) 

+-@�ɞŨ�@URƩ/Õ0À�<Ɂ8*ÌƤ�@�+�ƿ>A)�@/* 

(Makiguchi et al., 2008)�ÌƤǅ0ɊA��ǤÔɆ.Í6��Ü0-�+Ē�@�+�*

�@�=&)�CPs`xDǢ7�@+ COT.'�) 

 

 (4.10) 

/ŮöŁ�ſɈ�@� 

� ��7*/ COT /s`x*0�Nmax/ªȑ.0ŤȀȘ+ǥ�Ș$�/JdxO�ɍ

�ĲȾ�A@+�Ǒ�)�@��ņħ/UR<ȳƁǤȗ*0�Nmax/ªȑ.0ȺŪ/T

Ya���@�+�Ē�>A@�ĖØǛ/�ǤĽ/ȭİƘž/JdxO�Ā0 ATP +

PyF]|w|İ (PCr)�QwT�S|/ 3'�Ó�>A�ÂȻɇ/Ė�QwT�S|

/Ģėſ¥Ǖ (ǟŴƁ) .0JdxO�/zY�É�@�>*
@��A0�©ǟê*

QwT�S|�>Ǯİ7*Ș©�@¥Ǖ* 3ATP�Ɓſ�A@��Ǯİ�>QwT�S

tr =
Nmax
Pr

tr =
Nmax

Pcrit − Pm

Pm + Ps + Pm
tr
te

⎛
⎝⎜

⎞
⎠⎟

COT =

Pm + Ps
Us −Uc

                                          ... P ≤ Pcrit

Pm + Ps + Pm
Pm + Ps − Pcrit
Pcrit − Pm

⎛
⎝⎜

⎞
⎠⎟

Us −Uc
  ... P > Pcrit

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪
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|DĢƁſ�@/.0 7ATP�ĲCA@�+.ȷɂ�@�ǟŴƁ*0Ǯİ�®.;Fp

eİ�ŉȿ-ÁŅ+-@��ǟĀžFpeİ�>/ǟŴƁ0Ǯİ+ǥȽ/ëɔDɟ@/

*�ǥ��JdxO�/ŤŃ�Ɓ�@�QxT�Y�>QwT�S|DĢėſ�@¥Ǖ

*0JdxO�/ŤŃ�É�>-����A0ha/Ƚ.ǟŅD®Ȑ=?ƊŊ*�@Ǥ

ȗ.��ǝ)07>-�#:�āņǖ-�Ǒ*0-�� 

� =&)�Nmax/ªȑ.0¥Ū-TYa���@�+�Ē�>A@#:��/¥ŪTY

aDªȑċɇ (recovery yield, yr) D�Ǒ�@+�yr 0¯ȭİƘž/JdxO�Ā/ċɇ

+ÂȻɇ (fraction, f) +/£ŕȚà+ƥ�@�+�*�@/*� 

   (4.11) 

+Ē�@�+�*�@� 

� �/ Nmax/ªȑċɇ yr0ªȑĽ¼Ǿ+�Ģėſ¥Ǖ.��@JdxO�zY.½æ

�@+�A�Martin> (2015) *0 

 

 (4.12) 

� �ģŐǖ-Ł/é+�A)�@� 

 

L!���
'6
��� �
I8�,5-$
;E 

� COT /s`x.Ⱦ�#gvr�\.0 3 ť*ǧ>A#ȧŨƑźê/UR/gvr�

\+Martin>/șùƾD;%�# (Table 4.1)�ƲňTYa Pm0 3ť*ŹǑ�#ź�/

T+ĶŻ½Ż/½æ.
@+�� 

  (4.13) 

+�#�c0�d0Ʌɗǖ.Ǧŗ�A@gvr�\�DĿ��3ť*ǧ>A#ȧŨƑ/UR

/ŹǑƾDƲǯ�# (Table 4.1)� 

� 7#ȸ�TYa Ps0�3ť*Ř4#Ƚ.ȸ�ņü.;%�#Ś¹źƜ/ȸ�ã¼�U

R/Ʈǋ.Ư�)š��&##:�U + /½æ�ƀ°žDð�+ȹƛ�A##:

��/s`xŁ.Ŕ�+�#� 

yr =∑ fi yi = fATPyATP + fPCr
yPCr

+ fGly yGly

COT =

Pm + Ps
Us −Uc

                                                                                               ... P ≤ Pcrit

Pm + Ps + Pm
yr Pm + Ps − Pcrit( )

Pcrit − Pm
⎛
⎝⎜

⎞
⎠⎟
+ yr −1( ) Pm + Ps − Pcrit( )

Us −Uc
  ... P > Pcrit

⎧

⎨

⎪
⎪
⎪

⎩

⎪
⎪
⎪

Pm = c0edT

!MO2
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  (4.14) 

c1�β�γ0gvr�\�DĿ��M0ƮŕDĿ��Ȩť*0�AASDȾ�@��ƮŕD

¾:) AAS DŹǑ�#+�.�íį�ǹĭ�)�7&##:�ƮŕDƙ8Ě9�+�

*�-�&#�!�*�Ps.��@ M .0 3 ť*Ⱦ�#ȧŨƑźê/UR/Ʈŕ/ǅ

�ƾ*
@ 3.6 kgD;%�#� 

� Martin >/úÑ*0 Pcrit0 MMR +ǥƾ+�)}CA)�#�Ȩť*0 AAS /�Ǜ

gjK�o|Y+ COT+/½ɓD8@�+�ȱǖ*
@#:�AAS�>ÖÒ*�@J

dxO�ÖÒƨǛD PAAS+�)�PcritD�Ł 

  (4.15) 

+�#�PAAS 0Ł (3.3) .Á(��gvr�\0ȧŨƑ/UR*ŹǑ�A#ƾDȾ�# 

(Table 3-3)�!A"A Pm�PAAS0+;.�Ǜ.=&)ñ7@#:�Pcrit;ǥȽ.�Ǜ/½

Ż+-@� 

� Ucrit0
@�Ǜ T.��) 

  (4.16) 

+-@ȸ�ƨǛ+�#� 

� 7#�COT Dįŗ�@ħ.0�JdxO�ŤȀƨǛ/ƹ�D mgO2�> kJ 3+ȝ¸

�@#:.İƘǱɍæŻ 14.1 J mgO2
–1DȾ�# (Videler, 1993)� 

� ȸ�s`xDǎ�)�ģǗȸ�ƨǛ Uopt+ģš�ǤTYa COTmin+0Ȝ.�ÌƤĽ

¼³ė+ģǗ-ƨǛ (ƯǀƨǛ) Dįŗ�#�ÌƤĽ¼³ė 0 

  (4.17) 

ɞŨƨǛ Ug0 

 

 (4.18) 

.=?įŗ�#� 

 

Ps = c1M βU s
γ

Pcrit = Pm + PAAS

Pt (U s )= Pcrit

proptr

proptr =
tr

t e + tr

Ug =

Us −Uc                           ... U ≤Ucrit

Us −Uc( )× te
t e + tr

⎛

⎝
⎜

⎞

⎠
⎟   ... U >Ucrit

⎧

⎨
⎪⎪

⎩
⎪
⎪
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2H� �
&> 

� ěª/ēǤ©ƅ.;%�#/0 10 õ 2 ǭ.ȧŨƑ*ȤɊ�# KT1711 /ēǤÈɖD

Ⱦ�#�fHL_yraw�ŋȦ.=@ǍƇǉġ�>0 KT17110Ţ-�+;ȤɊ�>

11Ľ¼05+E,ɞŨDē&)�-�&##:�ȤɊ�> 11Ľ¼0©ƅ.Ⱦ���!

A�ĕ/ēǤÈɖD©ƅ.Ⱦ�#�Ľêɒ`�\/Qvj��©ƅ.0�©ƅ[ja Igor 

Pro 7.06 (WaveMetrics Ňƃ) + Igor Pro Ũ*Ǥĩ�@FlwR�Wt| Ethographer 

ver.2.0.4DȾ�# (Sakamoto et al., 2009)� 

� Ȩť*0�UR/ȸ�ƨǛDǤǖ�ƨǛ�>ŹǑ�#��A0� ƑǪ*0ƠǄÄ¼

ǅDǎ�#ȸ�ƨǛ0Èɖ�A-�&##:*
@�Ǥȗ/Ǥǖ�ƨǛ�>ȸ�ƨǛD

ŹǑ�@ĶȆ0ȃ2AŏǵŻD¾:)ȔŻƫĨ�@ (Makiguchi et al., 2008; Mori et al., 

2015)�ěª0ŻǭÇȰ/�ƨǛÈɖDŊǧ�@#:.�ƨǛ/U|lw|QŏǵŻD 8 

Hz +�##:�ØǛ/Ė�ȸ�Ľ/ȃ2AŏǵŻDƀ°.Ș©�@�+�*�-�&

#�!/#:�Ǥȗ/�ǤɍDƞƯǖ.ȇ�ĶȆ*
@mPaxžǤǖ�ƨǛ (Vectorial 

Dynamic Body Acceleration, VeDBA) Dȸ�ƨǛ/ĶȆ+�# (Wright et al., 2014)�VeDBA

0�Ǥǖ�ƨǛ/ǬũɘȚȥĝD+&#;/*�Ł:  

 
 (4.19) 

.=&)Ŀ�A@��/Ł.��@ Ax�Ay�Az0!A"Ağ��ƕĈ�Ƕȓł/Ǥǖ�

ƨǛſȘDĿ�� 

� úÑ.Ⱦ�#ēǤÈɖí/�ƨǛZ|U�.0�UR/ȃ2AųǤD¾:#Ǥ�.=

@Ǥǖ�ƨǛſȘ+ŕɎ.ȷɂ�@Ƅǖ�ƨǛ/ɋȥ�Èɖ�A)�@�UR/ȸ�Ľ

/�ƨǛĽêɒ`�\�>Ï:#g{�YnPaxȬǛDǉ4@+�2.5 HzȌá.i�

P�
?�0.7 HzȌá�Ƹ+-&)�# (Fig. 4-3A)��/g{�YnPaxȬǛ/Ƹ=

?;Ė�ŏǵŻſȘDȃ2AųǤ.ȷɂ�@Ǥǖ�ƨǛ+�)�VeDBA /įŗ.;%

�#�ĖŏǵſȘ+/ȘɆ.0 0.7 Hz/z�gYjGx\�Dĩſ�)�ǏŏǵſȘD

ȘɆ�# (Fig. 4-3B)� 

� ȸ�ƨǛ+VeDBA/½æDǉ4@ħ.0lznv.=&)Èɖ�A#ƨǛ+VeDBA

/ 5ȉȚàƾDĶŻ½Ż*ªÆ�# (Fig. 4-3C)�Ï:>A#ªÆŁD;+. VeDBA�

>ȸ�ƨǛDŹǑ�#� 

VeDBA= Ax
2 +Ay

2 +Az
2
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� �ƨǛÈɖ/Ľêɒ`�\.0�Martin>/Pw_GMxg{�s`x�ȹƦ�#=

�.ȋ´ǹ-Ľ¼�¾7A)�# (Fig. 4-4A)�!�*�/ȋ´ǹ-Ľ¼DUR/ÌƤē

Ǥ+ǑÊ�@#:.��ƨǛŭȣ�>ŹǑ�A@ȸ�ƨǛDȾ�#�ȋ´ǹ-Ľ¼*0�

�ƨǛŭȣ�>ŹǑ�A@ȸ�ƨǛ0ȴ 0.4 m s–1*
&# (Fig. 4-4A)�!�*ȸ�ƨǛ

� 0.5 m s–1��DÈɖ�ƪ�)�@Ľ¼ã¼Dǆŗ��!/Ľ¼ã¼/ìƪĽ¼/hY

aQvqDĩſ�#+�B 30–45 ȉ/¼*ìƪĽ¼/ȊǛȘȍ�ȝC&)�# (Fig. 4-

4B)�=&)�Ȩť*0 0.5 m s–1��/ȸ�ƨǛ� 30ȉ�Ũƪ�)�@Ľ¼ã¼DUR

/ÌƤēǤ+�)ǑÊ�#� 

� 7#�ÌƤēǤDş�#Ľ/ȸ�ƨǛ/ȊǛȘȍ�>�UR�ļƪ�)ȸ�*�@ƨ

Ǜ/ŹǑDĺ8#�Ucrit�Ũ/ȸ�ƨǛ0ļƪ*�-�ȸ�*
@�>�ȊǛȘȍ.�

�)ȊǛ�Ǐ�-?Ĵ:@ȸ�ƨǛ*
@+Ē�>A@�ÌƤĽ¼Dş�)ȸ�ƨǛ/

ȊǛȘȍ/hYaQvqDĩſ�@+ 0.8–1.1 m s–1/ȸ�ƨǛ*ȊǛȘȍ�Îï.��

&)�#�+�>�ȸ�ƨǛ 0.9 m s–1D Ecological Ucrit (UcritE) +�# (Fig. 4-4C)� 

 

%?PA
@E�PABK:
4/ 

� UR�ɞŨ�)�#¹×/ɊƨŭȣDǧ@#:.�lznvŁƨǛzN� (PDT-180) 

Dŕ?+�D'�#ǜƳ.ąǑ�#ɊƨíDȾ�) ƑɊƨ/ƦǑDĺ8# (Fig. 4-5A, 

B)� ƑɊƨ/íƦ0�2017ǲ 10õŨś.�Ɋ��>Ûī�.Șȍ�@ 4Á/Ù*í

Ʀ�# (Fig. 4-6)� 

� ɊƨíDÙ/Ũ�>z�lD'�)Ƒǒ.Ǆǒ�@7*ĕB����Ũ�# (Fig. 4-

5C)�Ɋƨ/ƦǙ0ƑȒ/ 10–20%�'.ƋǑ�#�ƑȒ0Ļƕ. Bluetooth .=?Yo

�ajK|+Ɖƪ�@GPSōűÅ (Garmin GLO Add-on GPS Receiver, Garmin Ltd, Olathe, 

USA) DȾ�)Ʀ���iOS/FlwR�Wt|*
@ GeographicaŨ*ƦǑ�#�ěª

ĲȾ�# GPS /ōűÅ.=? iPhone /�ǁƂǛ0±5 m �Ǫ.Ŏ7@�+DĻƕ.°

ǰ�)�@�ƨǛzN��Èɖ�#ŵǛ+ƨǛD;+.�̄ ƦǙ/ŵǛ+ɊƨDlz^

a��ǬľýƔéȡ¶D�@�+* ƑɊƨ/�ƼȯŸDĩſ�#� 
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4–3 �� 
L!����	�
 

� 3 ť/ȸ�ņü.=?ǧ>A#gvr�\D;+.�ȸ�s`xDĩſ�# (Fig. 4-

7)� 

ToptAAS.��)Ł (4.15) .=? PcritDŹǑ��Ł (4.16) DȾ�)ŹǑ�A# Pcrit�>

UcritDįŗ�@+ Ucrit0 1.42 m s–1+ŹǑ�A# (Fig. 4-7A)�ņü.=&)ǧ>A@ Ucrit

0�
@�ǑĽ¼�ļ*�@ȸ�ƨǛ+�)ƦǑ�A@�ÕŌ�+.íƦĽ¼0�-?� 

URƩÕɐ*0 15Ș¼�ļ*�@ȸ�ƨǛ� Ucrit+�)ƦǑ�A@��/ UcritD Ucrit15

+��Ł (4.6) DȾ�)Ucrit15DŹǑ�@+ 1.80 m s–1*
&# (Fig. 4-7B)�ź�DToptAAS�

ɊƨD 0 m s–1+�#+�/ COT+ȸ�ƨǛ/½æ0 Fig. 4-7C/=�. UcritD×.ƴ�

�ȝ��#� 

� ľ.ź�D 12°C�> 24°C7*ȝ�) Pcrit�PmDŹǑ� (Fig. 4-7D)�ź�� Ucrit.ǝ

Ȼ�@�ÜDȈ��# (Fig. 4-7E)�įŗ�A# Pcrit �> Ucrit DŹǑ�@+Ǘź�ǽ� 

(12.8–20.8°C) /ǅ*0�Ucrit0 1.36–1.42 m s–1+ŹǑ�A# (Fig. 4-7E)�ľ.ŹǑ�A#

gvr�\D;+.ź�+Ɋƨ�UR/ COT .Ȼ�@�ÜDøǡ�#�ɊA�-�ů

Ú*
A1�ź�D 12–24°C/¼*ȝ�� );Ũţ�);UR/ Uopt0 UcritDǊ�-

�+ŹǑ�A# (Fig. 4-7F)��ȥ*�ź�D 17.6°C (ToptAAS) .ąǑ���0–1.5 m s–1/Ɋ

ƨŮöDȻ�#+�.0�Ɋƨ/Ũţ.Ǻ� Uopt; Fig. 4-1*ȹƛ�A@=�.ƨ�-

&)�&# (Fig. 4-7G)�Ɋƨ� 0.6 m s–1.Ʒ�@+ Ucrit� Uopt+-@ůƱ�ƪ��1.1 m 

s–1�Ũ/Ɋƨ* Uopt0 UcritDǊ�@ȸ�ƨǛ.-@+ŹǑ�A# (Fig. 4-7G)�7#�Uopt

.��@ COT*
@ģš�ǤTYa (COTmin) .Ȼ�@�Ü0�ź�=?;Ɋƨ/ȥ�

ƴ��-&# (Fig. 4-7F, G)� 

 

<#�PA9.�J����
 Uopt� COTmin�	�
 

� Ɋƨ+ź�/ 2'/Ůö�* Uopt+!/+�/ÌƤĽ¼³ėDŹǑ� (Fig. 4-8A)�!

/ħ/ɞŨƨǛ (Fig. 4-8B)�COTmin (Fig. 4-8C) Dįŗ�#�ź��ȝ��);�Ǘź�

Ǫ*0 Uopt� Ucrit�Ũ+-@Ɋƨ0 1.0–1.1 m s–1+ŹǑ�A#/.Ư� (Fig. 4-8A)�AAS

� 61%AASmax.Ǐ��@ 24°C*0 0.8 m s–1/ɊƨŮö�* Uopt� Ucrit+-@+ŹǑ�
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A# (Fig. 4-8A)�ªȑĽ¼³ė.'�);Ǘź�/ǽ�Ǫ*
A1�ªȑĽ¼³ė�

75%.Ʒ�@/0 1.2–1.3 m s–1/ɊƨŮö�*
&#/.Ư� (Fig. 4-8A)�24°C*0 1.0 

m s–1/ɊƨŮö�*ªȑ.Ȁ<�Ľ¼³ė� 75%DǊ�@+ŹǑ�A# (Fig. 4-8A)�!

/ó�+�)�ģǗɞŨƨǛ;Ǘź�ǽ�Ǫ*
A1ƴ��ȝ��-�/.Ư��24°C

*0ģǗ-ɞŨƨǛ�Ƭ/ź�ư+Ǿ±�)ƴ��Ǐ��@+ŹǑ�A# (Fig. 4-8B)� 

� 7#�Ł (4.12) D;+. COTminDûƆ;&# (Fig. 4-8C)�Ǘź�ǽ�Ǫ.'�)�

Uopt�UcritD�ª@+-@ɊƨŮö� (Uc<1.0 m s–1) */ COTmin0Ǘź�ǽ�Ǫ*0 0.5 

kJ km–1 kg–1�Ũ/Ġ08>A-�&# (Fig. 4-8C)��ȥ* Uopt� Ucrit�Ũ+-@ɊƨŮ

ö� (Uc≥1.0 m s–1) */ COTmin0 ToptAAS/Ėź�ƣ+Ǐź�ƣ+*ƴ�-���û>A

@�Ɋƨ 1.0 m s–1/ɊƨŮö�* Tpej, Lower�ToptAAS�Tpej, Upper .��@ COTmin0!A"A

7.6, 7.6, 9.1 kJ km–1 kg–1+ŹǑ�A�Ɋƨ 1.5 m s–1*0 16.1, 16.9, 19.1 kJ km–1 kg–1+ŹǑ�

A# (Table 4-2)�7#��/ COTmin/Ġ0ź�ȝ�.Ǻ�ƴ��-?�ǥ� 80%AASmax

+-@ź�*;Ėź�ƣ (22.2°C) +Ǐź�ƣ (10.6°C) .��@ COTmin/Ġ0Ɋƨ 1.5 

m s–1/Ůö�* 5.0 kJ km–1 kg–1+-&)�# (Table 4-2)� 

� 7#�Ǘź�=?;Ǐ�ź�*8#+�.�80�90�100%AASmax+-@ź� (10.6, 12.8, 

17.6°C) * COTminDǾ±�@+�ǂ�Ɋƨ¹× (Uc<0.5 m s–1) *0ź��Ǐ�A1Ǐ�

5, COTmin0Ǐ�ƾD+&#��ƨ�Ɋƨ¹× (Uc>1.0 m s–1) 90%AASmax+-@ź��

;&+; COTminDģš��)�# (Table 4-2)� 

 

%?PA�	�
 

� ŎŒ�#`�\D;+.Ģā�# ƑɊƨ/�ƼŸD Figure 4-6B .Ŀ�#��Ɋ�

.�ǁ�@ǚțƴÙ+țƸƴÙ.��@ģƴźŵ0!A"A 2.2 m�3.8 m*
&# (Fig. 

4-6B)�7#�ƑǒȌá/ ƑɊƨ0 0.5 m s–1*
?�ȇƚ/Ɋƨ0 1 m s–1DǊ�@�+

0-�&#�!A.Ư��Ûī�.�ǁ�@¢ǠÙ�ƏĥÙ0ģƴźŵ� 2 m=?;Ɠ

��ƑǒȌá/Ɋƨ*; 0.7 m s–1DǊ�)�#�Ǩ.ȇƚ*0 1.5 m s–1 .Ʒ�@ɊA�

8>A# (Fig. 4-6B)� 
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L!2H 

� ɞŨǅ/UR/ȸ�ēǤDã¦��@#:.�fHL_yraw�ŋȦ.=?URD

Ʀ�*�#ǀǙD;+. 6ã¦.Ș�# (Table 4-3, Fig. 4-9A)�ã¦�+*Ș�#Ľ�ƞ

Ưǖ.�Ɋ�*
&# Section 1, 2 (ȤɊǀǙ=? 2–27 km) *0UR/ɞŨƨǛ (Ưǀƨ

Ǜ) 0 1.24–2.10 km h–1*
&# (Table 4-3)�Section 3�ĕ (ȤɊǀǙ=? 27 km) ɞŨ

ƨǛ0 0.19–0.82 km h–1+-&# (Table 4-3)�7#�Section 3�ĕ*UR/ÌƤēǤ�8

>A�!/Ľ¼³ė0 26.5–47.7%*
&# (Table 4-3, Fig. 4-9D)� 

� ÌƤ�#Ľ¼DĠ���)ȸ��)�@Ľ¼ã¼Dǆŗ��ȸ�ƨǛ (ƯźƨǛ) .

Ǉȱ�@+�Section 1, 2*0ȸ�ƨǛ/ģȊƾ0 0.6–0.7 m s–1+-&)�#(Fig. 4-9B, C)�

�ȥ* Section 3�ĕ*0ȸ�ƨǛ/ģȊƾ� 0.5 m s–1+-&)�# (Fig. 4-9B, C)�ļƪ

*�@ȸ�ƨǛ/ɏ¬ƾ+�)ƋǑ�# UcritE�Ũ/ȸ�ƨǛ�Ɛ:@Ľ¼³ė0 2.5–

8.2%$&# (Table 4-3, Fig. 4-9D)� 

 

4–4 �� 
� �A7*.��-CA)�#ńǪņü�>�AAS +ƁɅÅǴ.0ȬƉ-½C?�


@�+�Ŀ�A)�#����-�>�®�Ǥȗ0 AAS Dģƴ�� @=�-ź�ư

.Ŭ.Șȍ�@C�*0-��AAS /�ǛgjK�o|Y/;'ƁƱ²ǖ-�Ê.'

�)0œȘ-ĒĬ�Ȼ�>A)�-�&#�!�*Ȩť*0�COT.Ǉȱ��ƁɅņü

.=&)ǧ>A#ó�D Pcrit.=@ŽȴD¾E$ȸ�s`x.ƙ8Ě9�+*�AAS/

�ǛgjK�o|Y+TYa/½æ/ËɗDĺ8#� 

 

#G��� ����
(Q 

� Ȩť�ȸ�s`xD�Ⱦ�#ƎēúÑ*0 Pcrit�ź�.=>��Ǒ+�A)�?��

ǛgjK�o|Y+ COT/½æ0Ŀ�A)�-�&# (Martin et al., 2015)�Ȩť*0 3

ť*ǧ>A# AAS/�ǛgjK�o|YDȸ�s`x.Ŋ?ǯA#�+* AAS/�Ǜ

gjK�o|Y� COT.,/=�-�ÜDȻ�@/�DŹǑ�@�+�*�#� 

� Pm (RMR) + PAAS (AAS) /ɘD Pcrit+�#+�.�Ǘź�Ǫ (12.8–20.8°C) *0 Ucrit�

Ũ/ȸ�ƨǛ�ģǗ.-@Ɋƨ.0ƴ�-Ġ�8>A-���A0Ł (4.16) Dȝé�
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@+UcritDñǑ�@/0óÞ PAAS+-@�>*
@��ȥ* COT+��»Ǚ*8@+�

+ /¼* /ȥ�Ė� COTDķȖ��+�Ŀ�A�ǥ� PAASD+

@ź�¼*;ź�/Ġ�Ď�@.'A) COT/Ġ;Ď�&)�&# (Table 4-2)�ǥ�

ǕǛ/ PAAS*
A1�ÌƤĽ¼³ė05+E,Ġ�8>A-�#:��A0ÌƤĽ/Ʋ

ňTYa Pm.=@;/*
@ (Fig. 4-8A)�'7?�ź�Ũţ.+;-� Pm/Ũţ�

+ / COT/ĠDñ:)�@�7#��A7*/ COT/s`x*0ȶİ

ƘƲň/gjK�o|Y.ŽȴDƋ�)�-�&##:.�ź��Ǐ�A1Ǐ�5,

COTmin0Ǐ��@+�&#ȹƦ���A)�-�&#�����ȶİƘƲň.=@Jd

xO�ÖÒƨǛ/ŽȴDȸ�s`x.ƙ8Ě9�+*�ƨ�ɊA/-�*0�
@�Ǒ

/ PAASDȠ'�+��ǤTYa/ģš�.Ĕù�@�+�ĿĞ�A# (Table 4-2)��A

0�ź��
7?.Ǐ����@+ Ucrit�Ǐ�-?�ƨ�ɊA/ǅ*ȸ�*�@Ľ¼³

ė�š��-@�+.ȷɂ�@� 

� UR/ ƑɞŨ.��)��ǤTYaDģš��@ƒɉDĒ�@+�ƨ�ɊA/ǅ*

ȸ�*�@Ľ¼³ėDƴ�����'�ÌƤĽ/ƲňTYaDǏ��@+��ǬǙ�ŕ

ȿ+-@�+�ȹƛ�A@�!/=�.Ē�#Ľ.ź��Ė¥�@+�ÌƤĽ/ƲňT

Ya�Ė�-?��) COT 0Ũţ��Ǐ¥�@+ Pcrit�Ǐ��@#:.ƨ�ɊA/ǅ

*ɞŨ*�@Ľ¼³ė�š��-@�+ (ÌƤĽ¼³ė/ơ�) * COT 0Ũţ�@+

ȹƦ�A@�ņħ.Ȩť/s`x*0ƨ�ɊA (1.0–1.5 m s–1)/ǅDɞŨ�@/.ģǗ

-ź�0 �> /¼.-&)�@=�*
@ (Table 4-3, Fig. 4-8C)� 

� �/s`x/ó�0�Ţ-�+; 10 õ.ȧŨƑDɞŨ�@UR<�O|VR (Raby 

et al., 2016)�MvjaoY (Clark et al., 2011) � ToptAAS=?;Ǐ�ź�ư*ɞŨ�@ƁƱ

ǖ-�Ê/�ƻDĿ�;/*
B��ToptAAS=?;<<Ǐ�ź�ư*ɞŨ�@�+0�

ǤTYa/Īÿ.'-�&)�@/$B�� 

� ɞŨ�@UR�Õɐ.��)�ɞŨ.Ȁ<�TYa0ɞŨ�ǻŰſĊ.ƴ�-�ÜD


#�@�+�Ŀ�A)�#�!/#:�Ǘź�/ǅ*Ǐ�ź�ư*/ɞŨ+��ēǤ

éŅ0�ėȱǖǖ-éŅ*
@+��=������COTŨ/ɄǙDǑžǖ.Ŀ��+

�*�#;//�ņħ.ěªs`x*Ŀ�# COT /Ġ��,/ǕǛ/�ÜDÍ6�)

�@/�.'�)0�>-@øŦ�ȅȿ*
B��FraserƑźê/ŨɊ�.ɞŨ�@m

Tpej, Upper Tpej, Lower Tpej, Upper

Tpej, Lower Tpej, Upper

ToptAAS Tpej, Lower
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cVR0ȴ 1100 km D�Ǥ�@/.ȴ 5 MJ kg–1/ƮǃƆJdxO�D'���+�ȣ

Ę�A)�@ (Rand et al., 2006)�ěª/ȸ�s`x*0Ǘź�ǽ�Ǫ*/ COTmin/Ġ

0Ɋƨ 1.25 m s–1.��) 2.3 kJ km–1 kg–1*
&#��/�+0 1.25 m s–1/ɊA/ǅ+

��<<Ȃāņǖ-Ɋƨ/�Ǒ/ǅ*�UR�+/ź��* 100 kmɞŨ�#+�. 230 

kJ kg–1/Ġ'��+D�Ȫ�@���/�ǤTYa/Ġ�Í6��Ü.'�)0�Fraser

ƑźêDɞŨ�@mcVR*ǉ4>A)�#=�. (Rand et al., 2006)�āņ/UR�ɞ

Ũ�ĮɃªȸ.ǷȘ�)�@JdxO�ɍDý.Ëɗ�@ȅȿ�
@$B�� 

 

L!���
;EC�	�
 

� ��)��/s`x.=&)ŹǑ�A@ COTmin/ƾ�āņ/UR/ēǤ+Ǿ±�)

¥ƴȈ�.-&)�@�¥šȈ�.-&)�@�.'�)0âȪ�4�Ȳƶ*
@�Ȩ

ť*0Ʌɗ©+/Ǿ±/#:. 1 ăƮ*0
@;//�10 õ/Ũś.ȧŨƑźêDɞ

Ũ�@ăƮ/ēǤÈɖD©ƅ�#�ȸ�s`x.��)�Ǘź�Ǫ.��@ COTmin/

��.ƴ�-�ÜDȻ�)�#/0ÌƤǅ/ƲňTYa*
&#�+�>�UR/ÌƤ

ēǤ.7�Ǉȱ�@+�āņ/UR*ɞŨǅ.ÌƤēǤ�8>A#/0Ûī�.ǯ&)

�>*
&# (Fig. 4-9)�Ûī�.�ǁ�@¢ǠÙ+ƏĥÙ*ƦǑ�# ƑɊƨ/ǽ�

0�!A"A 0.3–1.2 m s–1+ 0.5–1.5 m s–1*
&# (Fig. 4-6)�ƦǑ�# ƑɊƨŀƮ.

0 1.0 m s–1DǊ¥�)�#¡Ş�
&#;//��Ǽǖ.ɞŨĽ/UR0ɊA/Ø�Ɋ

ŲDȁ�) ¿��.ɞŨ�@�+�ȣĘ�A)�@�+ (Makiguchi et al., 2008)� ¿

/Ɋƨ0 1.0 m s–1ȫȩ*
&#�+DĒ�@+ (Fig. 4-6)�UR�Ŭ. 1.0 m s–1�Ũ/Ɋ

ƨ¹×*ɞŨ�)�#+�@/0ƭǝ*0-�$B��'7?�ēǤÈɖíDƠǄ�#

UR0ȸ�s`x=?;Ǐ�Ɋƨ¹×*ÌƤDǺ�=�-ȸ�Dē-&)�#+Ē�

>A@� 

� 7#�ēǤÈɖí/ƠǄ0Õ/éůǓďDơ�� @�+�>�ēǤÈɖí�ȸ�T

Ya Ps.Ȼ�@�Ü;÷ǳ�A@;//�ȸ�s`x�Ŀ�# Ucrit15/ƾ0 1.8 m s–1*


?��/ƾ0�A7*ȸ�ņü.=?Ï:>A)�# Ucrit15� 0.8–1.2 m s–1*
&#�

+DĒ�@+Ȯ>�.Ė� (Makiguchi et al., 2008; Miyoshi et al., 2014)�Ȩť*0ȸ�ƨ

Ǜ/ȊǛȘȍ�>UR/ UcritED 0.9 m s–1+�#��ēǤÈɖéDƠǄ�#UR/ȸ�
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ƨǛ/ȊǛȘȍ�ƴ��ȝC&)�@/;�0.8–1.2 m s–1/¼*
&#�+�> (Fig. 4-

4C)�ēǤÈɖéDƠǄ�#UR/ Ucrit;�/ƨǛ/ǽ�Ǫ*
@+ŹĬ�A@� 

� �Ũ/�+�>�Ȩť/s`x* Ucrit+-@ȸ�ƨǛD¥ƴ.Ȉ��)�@�+�Ē

�>A@��/�+0�UR0s`x*ŹǑ�A@=?;ǂ�ȸ�ƨǛ*ÌƤDȅȿ+

�@�+D�Ȫ�@/*�Ȩť/s`x�ŹǑ�# COTmin0āņ/UR/ COTD¥š

Ȉ��)�@�Ǵž�Ė�� 

 

OR&�/7
��
2H
3�=�8��N  

� Ł (4.15)+(4.16) �> Ucrit/ɝƾ.0 Pt+ Pcrit�½æ�@�+�Ē�>A@�Pt0 Pm

+ Ps/ɘ*
? Pm0ņƦƾD;+.�)�@�+�>�Pm0āņǖ-gvr�\*


B��Ps/ßƔ/Ɉ%Ũ�?ȥ; Ucrit.½æ�@�Ǵž�Ē�>A@��ăƮ KT1711

�ëü�#ź�/Ȓ ( – ) .��)Ɋƨ 0 m s–1 /+�.ŹǑ�A@ Uopt

0 0.64–0.78 m s–1*
?��Ɋ�.��) KT1711 �ŉ.ĤȾ�)�#ȸ�ƨǛ0 0.5–

0.7 m s–1*
&#�+�> Ps.½ɓ�#gvr�\;āņ�>ƴ��ɚɆ�#gvr�

\*0-�+Ē�>A@�!/#:�ƋǑ�# Pcrit/ƾ.þ��
@+Ē�>A@�Ȩ

ť*0ƎēúÑ.Ȣ&) PcritDMMR+ǥƾ+�#���Ǥ�ȸ�ƁɅ²/»Ǚ�> Pcrit

DMMR+ǥƾ+�@/0č7��-�� 

� ha<Uvky^b/�ǤƁɅ².��)Õɐ/MMR.ƞǝ�@;/+�)�ģƴ

İƘƊŊɍ ( ) �Ó�>A@� (Kitaoka et al., 2011; Vinetti et al., 2017)�Pcrit 0

=?0Ǐ�-@ (Vinetti et al., 2017)��A0�ȭİƘƲň/Ǥ�0ȶİƘƲň/

Ă¬�Ǌ�)ŝ:)É�@C�*0-��+.ȷɂ�@� 

ņħ.ha.��)QwT�S|/ɄȾ0 DǊ�)�>*0-��!A=?;

�/ØǛ*�*.ĲCA�75% /�ǤĽ.0�JdxO�ÁŅ+�)QwT�S

|�ƗƮ.Ɛ:@³ė0 50%DǊ�@ (Loon et al., 2001)�kw (Seriola quinqueradiata) 

.ƖơȎ£DȻ�#ȸ�ņü.��);�©ǟê/ɛŶD�Ȫ�@ôǅǮİ/Ũţ0

Ucrit=?;Ǐ�ȸ�ƨǛ*8>A)�@ (Tsukamoto, 1984)��Ũ/�+�>Õɐ.��

);ȭİƘƲň/Ǥ�/ɝƾDȶİƘƲň/Ă¬.ǝ)0:@/0Ǘƈ*0-�� 

Tpej, Lower ToptAAS

!VO2max

!VO2max

!VO2max

!VO2max
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� ěĈ=?°Ǜ/Ė�ȸ�s`x3+«Ɍ�)��.
#&)0ȸ�Ľ.��@UR

/�ǤØǛ+Ⱦ�>A@JdxO�ÁŅ/½æDȮ°.��ha/�ǤƁɅ²*8>A

@=�.ȭİƘžƲň�Ǥ��A@ȸ�ØǛDȮ>�.�)��ȅȿ�
@$B�� 

 

��
L!2H�	�
 

� ēǤÈɖí/ƠǄ0Õ/éůǓďDơ�� @�+�>�UR/ȸ�ēǤ.�ÜDȻ

�#�Ǵž�
@�ǍƇÄ¼ǅ/UR/ɞŨƨǛ0 0.2–0.8 km h–1*
&# (Table 4-3)�

ȨúÑ=?;šè/ǹűÅD;%�#ǍƇǉġ*0�ȚàČǷ 1/200�> 1/1000/ã¼

*UR/ɞŨƨǛ0 0.3–0.8 km h–1*
&# (ȶ§>, 2009)�ČǷ$�*��1�ȧŨƑ

/Ûī�/ČǷ0 1/2000–1/3000*�ǅɊ�/ČǷ0 1/800–1/1500*
?ȧŨƑ/ȥ�

º�ČǷ*
&#�7#�Ƭ/UR�Õɐ/Ďǽ�.C#&#ɞŨǉġ*0�\HZH

uIUR (0.8–1.1 km h–1, Øklamd et al., 2001)�oYeYR (0.4–1.3 km h–1, Keefer et al., 2004)�

mcVR (0.7–1.6 km h–1, English et al., 2005) /Ļɑ�
@�ņħ.!A"A/Õ�,/

=�-Ɋƨ¹×Dëü�)�#/�.'�)0ŭȣ�ȋƧ�)�@#:�ƹŜ-Ǿ±0

ǫ��;//�Ȩť*ǍƇ�#UR/ɞŨƨǛ0�A>/ó�=?;<<Ǐ�;/*


@+Ē�>A=��!/#:�Ȩť*ƠǄ�#ēǤÈɖí/g^R�X�UR/ɞŨƨ

Ǜ.Í6�#�Ü0îȄ+0��-�.�);�ŕǩ-;/*0-�&#+Ē�>A@� 

� ȸ�ƨǛ.Ǉȱ�@+�UR0ŨɊ.ǚ@.'A)ȸ�Ľ¼.��@ UcritE �Ɛ:@

Ľ¼³ė�Ũţ��ÌƤēǤĽ¼;ŨŘ/=�.Ũţ�)�&#���)�Ûī�/-

�*0ŝ:.�ǁ�@ Section2.��)�Ľǖ.ƯźƨǛ/Ũţ�8>A# (Fig. 4-8A)�

�A>/ó�0�ȸ�s`x.=&)ŹǑ�A@ (1) Ucrit� Uopt.->-�=�-ǂ�

Ɋƨ¹×*
A1�Ɋƨ.Ǻ&) Uopt 0Ũţ� (Fig. 4-8A)�(2) Ucrit �Ũ/ȸ�ƨǛ�

Uopt.-@=�-ƨ�Ɋƨ¹×*
A1�ÌƤēǤDǺ��ÌƤĽ¼³ė;Ũţ�)�

� (Fig. 4-8A) +�� 2'/ǨžDǑžǖ.Ŀ�ó�*
@+Ē�>A@� 

� ����ȸ�ƨǛ/hYaQvqD8)8@+�Secion3 �ĕ*0ȸ�ƨǛ/ģȊƾ

� 0.5 m s–1+-?�hYaQvq/ȒŀƮ;Ď�&)�@�+�>�ȸ�s`x+/ƹ

Ŝ-Ǿ±0ǫ����/=�-hYaQvq/Ȓ�Ď�&#ȿ�+�)0�Ûī��ĕ

*0ɊA/ƨ�ż+ǂ�ȕ/ĐƢ�ɓƪ�@#:*
@+Ē�>A@�Ȩť*0�ĩſ
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�#s`x/ŹǑƾ/ƭǝžDøǡ�@#:.UR/ēǤŭȣDȾ�#��ěĈ�ȸ�

s`x+ņħ/ȸ�ēǤDŧĦ.Ư�� )��.0�ȄĦYR�x*/ȸ�ēǤ.Ư

��#Ɋƨ¹×/ŭȣ�ȅȿ*
B�� 

 

")%?0*+�
�H���
FM�	�
 

� Ȩť*��ǛgjK�o|Y��ǤTYa.;#>�Ʉ�.'�)Ëɗ�#�����

ɞŨÔɆ�ƺ�đĵƑ/UR.Ȩť/�ǤTYa+�ǛgjK�o|Y/ËɗDƹŜ

.ǝ)0:@/0Ǘƈ*0-�� 

� #$�UR0LYǥĳ*/ǣƝ<rY/òä?ēǤ+�&#´ǤĽ/�ƨǛǵé0ļ

ƪǖ-ȸ�+Ǿ±�)Ȯ>�.ï�� (Tsuda et al., 2006)�ȤƂ�ȤɃĽ.0�ŲǸ�ǐ

ĸ�@�+�> (Makiguchi et al., 2009)�ǻŰēǤ.;ȭİƘƲň0Ǥ��A)�@$B

��!/#:�òä?ēǤ<ǣƝ.��@g{�DǑɍ�*�A1��Ǥ+ÌƤ/Ľ¼

³ėDĿ� CPs`xDǝ)0:@�+�*�@+Ē�>A@�!�)�!/s`xD

ǎ�)ǻŰēǤ.��@TYaDģǗ��@=�- AAS /�ǛgjK�o|YDĿ�

�+�*�@�;�A-�� 

 

4–5 '��	�
 
� �A7*ęǪ®D¾E$UR�Õɐ/ɞŨēǤ0fHL_yraw�ŋȦ.=@Ǎ

Ƈǉġ�ŉ*
?�ɞŨƨǛ�ƯǀƨǛ	�ŉ.Ëɗ�A)�#�7#�ŨɊ�.'�

)ɞŨƨǛ�Ǐ��@�+�
@�Ǒ�Ũ/Ɋƨ¹×�*0 Ucrit15DǊ�@ȸ�+ÌƤ

Dĉć.ē��+�Ŀ�A)�#;// (Makiguchi et al., 2007)�Ŕɂ/ COT/s`x

*0ÌƤ+��ċ�D¾:@�+�*�)�-�&##:��/ĖɊƨ¹×�*/ēǤ

D COT+��əƙ8*Ëɗ�@�+�*�)�-�&#� 

� Ȩť*0 CPs`xDƙ8ĚE$�ǤTYa/s`xDĩſ���>. Pcrit. 3ť*

Ï:# AAS /�ǛgjK�o|YDƙ8Ě9�+*�AAS /�ǛgjK�o|Y��

ǤTYa.,/=�.Ĕù�@/�DĿ��+�*�#���)�ToptAAS=?;<<Ǐ

�ź�ư0ƨ�Ɋƨ¹×�*/�ǤTYaDģš��@�+�*�@�+DǑžǖ.

Ŀ��+�*�#� 
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� 7#�ƎēúÑ*0�fHL_yraw�.=&)ǧ>A#ɞŨƨǛ+/Ʌɗ©+/

Ǿ±�-�A#��ņħ.ɊÚ/ȝ�.Ǻ&)ȸ�ēǤ�Ǩ.ƯźƨǛ+ÌƤĽ¼³ė

�,/=�.ȝ��)��/�.'�)0ÈŘ�A)�-�&#�Ȩť*0fHLzO

|QŋȦ.=&)UR/�ƨǛÈɖD;+.UR� ƑɞŨÄ/ǋÄ¼`�\DÈɖ

��ɞŨĽ/UR/ȸ�ƨǛ�ƯźƨǛ	/ȊǛȘȍ/ȝ�+ÌƤēǤ/ȝ�DÈŘ�

@�+�*�#� 
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Table 4-1�Parameter estimates for the model 

Symbol Description Value Unit Reference 

c0 Intercept for maintenance rate 42.4 mgO2 h-1 kg-1 Chapter 3 

d Temperature exponent for maintenance rate 0.088 — Chapter 3 

c1 Intercept for swimming cost 420.6 mgO2 h-1 kg-1 m–γ Martin et al., 2015 

M Body mass 3.6 kg Martin et al., 2015 

β Mass exponent for mass-specific swim costs –0.369 — Martin et al., 2015 

γ Velocity exponent for mass-specific swim costs 2.13 — Martin et al., 2015 

Nmax Anaerobic work capacity 103 mgO2 kg-1 Martin et al., 2015 

yr Recovery yield 1.82 — Martin et al., 2015 
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Table 4-2. Predicted values of minimum COT (COTmin) at the temperatures where AAS become 80%, 90% and 100% of maximum value. 

    Predicted COTmin (kJ km–1 kg–1 ) 

Temperature (°C) %AASmax RMR (kJ kg–1 day–1) Uc = 0 m s–1 Uc = 0.5 m s–1 Uc = 1.0 m s–1 Uc = 1.25 m s–1 Uc = 1.50 m s–1 

 22.2 80 101.3 2.3 (0.4) 4.0 (0.5) 10.8 (3.1) 16.2 (3.5) 21.1 (4.2) 

Tpej, Upper 20.8 90 89.5 2.2 (0.3) 3.8 (0.3) 9.1 (1.4) 14.5 (1.8) 19.1 (2.2) 

ToptAAS 17.6 100 67.6 1.9 (0.0) 3.5 (0.0) 7.6 (0.0) 12.7 (0.0) 16.9 (0.0) 

Tpej, Lower 12.8 90 44.3 1.5 (-0.4) 3.2 (-0.3) 7.6 (0.0) 12.2 (-0.5) 16.1 (-0.9) 

�  10.6 80 36.5 1.4 (-0.5) 3.1 (-0.4) 8.1 (0.5) 12.3 (-0.3) 16.1 (-0.8) 

The number in baskets represent the difference between the Predicted COTmin at ToptAAS and that at each temperature. Shaded lines indicate the Uopt need to rest. 
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Table 4-3�Proportions of time occupied by high-intensity swimming (Over UcritE) and resting. 

 Distance from  Time proportion Time duration 

Sections release site (km) Ground speed (km h–1) Over UcritE  Resting Over UcritE (min) Swimming (h) Resting (h) Total (h) 

Section 1 2–25 1.24  2.52% 0.1% 18.0  11.9  0.0  11.9  

Section 2 25–27 2.10  6.00% 0.0% 3.6  1.0  0.0  1.0  

Section 3 27–48 0.82  4.37% 17.1% 54.3  20.7  4.3  25.0  

Section 4 48–52 0.19  5.38% 47.7% 28.6  8.9  8.1  17.0  

Section 5 52–55 0.74  6.48% 43.1% 11.0  2.8  2.1  5.0  

Section 6 55– – 8.23% 26.5% 66.8  13.5  4.9  18.4  

Time proportion of Over UcritE indicate the proportion of time occupied by Over UcritE during swimming. Time proportion of resting indicate the proportion of time occupied by total 

time. Sections correspond with Figure 4-9. 
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Figure 4-1. The effect of current on cost of transport (COT) and optimal swim speed (Uopt). 

(A) The relationship between swim speed (Us) and total power (Pt). The amount of work per unit 

distance covered is at a minimum at Uopt. Theoretically, Uopt increase with head current (Uc). 

(B) Under head current condition, the COT curve shift to upper right. 
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Figure 4-2. Schematic diagram of critical power model (CP model).  

(A) Total power (Pt) as a function of swim speed (Us). Power supplied from aerobic metabolism 

has a maximum limit. In Martin et al., 2015, critical power (Pcrit) was assumed it was equal to the 

maximum aerobic power, that is MMR. (B) When fish work over Pcrit, the overhead power was 

supplied from anaerobic metabolism. Anearobic work capacity (Nmax) is limited. Therefore, the 

time duration fish continue to swim is limited when fish work over Pcrit. 
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Figure 4-3�The relationship between dynamic acceleration and swim speed in electrically 

tagged salmon. 

(A) Example of power spectral density (PSD) calculated from lateral accelerations obtained from 

chum salmon (KT1711). (B) Dynamic and static accelerations are separated from entire 

acceleration. (C) VeDBA was calculated from 3-axis dynamic acceleration obtained from 

migrating salmon, and the swim speed was predicted from VeDBA. 
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Figure 4-4�Resting behaviour of chum salmon and environmental critical swim speed (UcritE) . 

(A) Time-series showing lateral acceleration and swim speed predicted from dynamic body 

acceleration. Low activity phase was observed during recording period. (B) Histogram of the 

duration of the predicted swim speed below 0.5 ms–1. The event numbers decreased with the 

duration longer. The reduction was gentle around the duration of 35 sec (yellow arrow). (C) 

Histogram of the predicted swim speed after removal of resting behaviour. Yellow arrow indicates 

the drop point of swim speed (0.9 ms–1).  
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Figure 4-5�The measurement for flow velocity. 

(A) The current meter used in the present study. For the proppellear logger facing current of river, 

tail was attached to the current meter. In addition, weight also was attached so as not to float. (C) 

The current meter took down with rope on the bridge. 
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Figure 4-6�The measurement point of current and the distributions of flow velocity.  

(A) The measurement of flow velocity was performed at four bridges. (B) The distributions of 

flow velocity at the bridges. Colour represent flow velocity and the filled circles indicate the 

measured values with current meter. Colour meshes created using two-dimensional linear 

interpolation. 
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Figure 4-7�Swimming model and simulation. 

(A) Power supplied from aerobic metabolism is limited. In the present study, we assumed critical 

power (Pcrit) is equal to the maximum aerobic power. (B) The curvilinear relationship between 

swim speed and the time for which is can be sustained when fish swimming over Ucrit.(C) COT 

increase sharply over Ucrit, because fish need to rest. (D) Pcrit and Pm were predicted using 

parameters estimated in chapter 3. (E) Ucrit was predicted with Pcrit. Grey arrow indicates Tpej range. 

(F) Cost of transport (COT) as a function of the speed the fish swims under no current velocity. 

Colour indicates water temperature. Filled circles denote the COT minimizing swim speed at each 

temperature. (G) COT as a function of the speed the fish swims at ToptAAS. Colour indicates flow 

velocity. Filled circles denote the COT minimizing swim speed at each flow velocity. 
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Figure 4-8. Optimal swim speed (Uopt) and energy costs of swimming as a function of 

temperature and flow velocity in the swimming model. 

Coloured lines indicate predicted (A) optimal swim speed, (B) optimal migration speed, and (C) 

minimum cost of transport at a temperature. The colours indicate temperature. 
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Figure 4-9 Swimming behaviour of chum salmon during upriver migration. 

(A) Time-series data of the swim speed predicted using VeDBA (obtained from KT1711) are shown. Grey and red bars above the time-series data 

indicate the resting and the swim speed over 0.9 ms–1 (UcritE), respectively. The time-series data were classified with positioning of chum salmon through 

radio telemetry tracking. (B, C) Frequency of the swim speed of chum salmon migrating upriver shown on (B) absolute scale and (C) logarithmic scale. 

(D) Time proportion of time occupied by over UcritE during swimming and time proportion of time occupied by total time in each section. 
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/ 5*� -$#& 
 

5-1 7������3+ 
� �F<,Řˀ0»Ú"EXV2Ǖȉ0Ï"EȚĖ3ğȬȳ,	%2ȚĖ@�Ò�0Ɛ

Ȣ '@2,�)'
�Ò�01�+XV3Üǡȳ/Ǌ¦ʃɄ0ķɄȳ0¢Ɂ +�E

¬ɕǏ3ų�F+�'@22 (Tanaka et al., 2000)	ķɄȳ0Ȅ¦IȤǡ,�/�°Ǩ-

��Ìô,XV�.2B�0ȴ¢ +�E2�0*�+3ʝC�,3/�)'
 

� XV2ƐȔ�-2¦ȼȴ¢0*�+	々 Ĕì3�F<,Ȥ9CF+�/�)'ʑƱǨ

-�Ò°Ǩ2XV2˞ƱǕȉ2ßō�Cş? (ȍ 2 Ƭ)	ȊžǼȬIȩ +	Řˀ2X

V�Ćā�-0�/EȴǊ¦ɡ�Iʪ"E�-Ių ' (ȍ 3 Ƭ)
<'	�2ȴǊ¦

2Ň�3Ȋžǽȼ2ʈơȳ¢Ɂ0B)+Ȑǐ�F+�E�-�ųņ�F' (ȍ 3 Ƭ)


«�+	˞ ƱŲ2°ǨǊ¦-ȴǊ¦ɡ�-2ɤÃ0BD	Řˀ2XV3ȴǊ¦ɡ�2/

�,@ȫ�Ǌ¦ȇ,˞Ʊ +�E�-�ų�F' (ȍ 3 Ƭ)
% +�2ķɄąŹ3	

ǽ�˃ǽÌô§,2�ɄW[d2œě0Ĺē +�E�-�ʭ�uc{0B)+ų�

F' (ȍ 4 Ƭ)
 

� �F<,ǌȁ�2 AAS 2¦ȼikO�q�[0Ï"EĔì�ķHF+�'� (Clark 

et al., 2011; Eliason et al., 2011; Norin et al., 2014; Raby et al., 2016)	�FC2Ĕì2ȁ�3	

ÌôǊ¦-¦ȼikO�q�[2ǴÏI=E(�0˄<)+1D	AAS 2¦ȼikO

�q�[0BEȴǊ¦�ĝź2ïˍ2Ǖȉ0.2B�0ɝ��FE2�0*�+Ƒ，

/ĶŖ�ʲ�CF+�/�)'
々 Ĕì3ȊžǼȬ,ɈCF'iyt�^Iʭ�uc{

0Ǳ=ŀ>�-,	XV2˞ƱǕȉ01�+ AAS 2¦ȼikO�q�[�ű*ȴ¢ȳ

�åIĒɃ"E�-�,�' (ȍ 4 Ƭ)
 

� 々Ƭ,3々Ĕì0B)+ɈCF'č¯I	�F<,0ʊľ�F+�'XV®ïˍ2Ĕ

ìIÑ?+ĒɃ +���-,	˞ ƱØ01�EXV®ïˍ2¦ȼȴ¢0*�+ĶŖ"

E
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5-2 �2
�	������ ,�����  
� Řˀ2XV3¦ȼikO�q�[IŉȌ¨�AEǊ¦ȇBD@ȫ�Ǌ¦IćĘ /

�C˞Ʊ +�E�-�ų�F' (ȍ 2 Ƭ	ȍ 3 Ƭ)
10 Ď0ʑƱǨI˞Ʊ"EXV3

ȴǊ¦2/�,@ȫ?2Ǌ¦ȇ (ToptAAS– Tpej, Lower) ,	12 Ď0ĵŠǨI˞Ʊ"EXV3

ȴǊ¦BD@ȫ�Ǌ¦ȇIćĘ +�' (Fig. 3-5)
々Ĕì�ų ' ToptAAS BD@ȫ�

Ǌ¦,˞Ʊ"E-��ķɄąŹ3	Qykdq[AS�YV,@ų�F+�E (Eliason 

et al., 2011; Raby et al., 2016)
Qykdq[�˞ƱØ2°ǨǊ¦BD@Ļ�ȴǊ¦ɡ�I

ʪ"E�-0*�+	AAS -��Ķ�ʍ�Ȭȡ ş?'ŲØ2Ĕì,�)''?� 

(Eliason et al., 2011)	ȍ 4 ƬAnfYV (Rand et al., 2006) ,æ˖�F+�'B�/W[

d-��Íȸ�C3ĶŖ�F#0	Qykdq[3¦Ȗ¨0ȅ"EȯıǏ (resilience) 

I@)+�E-�F' (Clark et al., 2011)
AAS 2ŉȌ¨�ɀ+3<C/�Űˎ (Eliason 

et al., 2013; Norin et al., 2014) @ʊľ�FEB�0/)+�+�C3	˞ƱØ2°ǨǊ¦

BD@Ļ� ToptAAS IS�YV�ű*�-0*�+	AAS -��ţɯ82äʡ�ų�F+

�E (Raby et al., 2016)
ƥ/�@S�YVA	Qykdq[0*�+3ȍ 4 Ƭ,ų '

B�0 ToptAAS Iȥ�/�B�/�ǭđIĖŀJ(Ǌ¦ȇ,˞Ʊ"E�-,	�ɄW[d

Ƿ«I»ɧ +�E¬ɕǏ�Ķ�CFE
 

� nfYV,3	˞ ƱØ2ÌôǊ¦2j[dUys-¦ȼikO�q�[2ąƷ��Ƞ

 +�E�-�C	ɉ0Ʊ˃�0˞Ʊ"Eț�ƐȔ3 AAS 2¦ȼikO�q�[Iŉ

Ȍ¨�AEB�/ȴ¢�á�)+�E-ƭ¸�F+�E (Eliason and Farrell, 2016)
 

� 	nfYV2ț�ƐȔ2č¯,˄� '�23	nfYV2Ʊ˃ƐȔ3 1 �Ď0@

ê7Ȧ�˞ƱØÎI@)+1D	Ȧ�ŲÎÞʞ, AAS 2¦ȼikO�q�[ûǩIɀ

+3?+�E-��ȸ,�E
ȍ 4 Ƭ,='B�0¦ȼikO�q�[��ɄW[d8

-ʲ�E�ø2ȼļ�3˃ǽÌô0�ǿ +�' (Fig. 4-8, Table 4-2)
ȁƥ2ĻǊ¦Ì

ô,�)+@˃ǽ�Ƥ��F4�ɄW[d8ʲ�E�ø3Ƥ�� 	è0˃ǽ�Ȍ��

Ìô§,3�ɄW[d8-ʲ�E�ø3Ȍ��/E�-�ʰǲ�FE (Fig. 4-8, Table 4-

2)
%2'?	nfYV3˞ƱØ2Ǫɜ	*<D3ȫ˃ǽÌô§,3ȁƥ2ĻǊ¦I³

ʕ 	�ʍ,	˞ ƱØ2ģɜ0�<DĻǊ¦Ìô0/C/�B�/˞ƱǕȉ0/)+�

E2�@ F/�
Ʊ˃ƐȔ�˃ö�-0��/E AAS 2¦ȼikO�q�[I-)
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+�E2�IƯŌ0=+���-3	AAS 2¦ȼikO�q�[-˞ƱŲ2Ǌ¦2Ï

Ă0*�+	XV®ïˍǭȄ- +�C/E£ȕȳ/æ˖82ȷ¿�ØȈ�FE
 

� '(	ʝC�0°Ǩ˞ƱØ0-D�E AAS 2¦ȼikO�q�[2ș3	ƅAĆā	

ƐȔʔ0�/)+�E�-�C	�ɄW[d�Á0@ AAS 2¦ȼikO�q�[2ŉ

ȴǏIČ?Eʸ�3�E(G�
ȍ 1 Ƭ,@Ɩ9'ȩD	AAS 3Ʃ¨ɕˊ-�)'Ǖʾ

ȳ/ikO�q�[-ǔ2ǴÏ�ɓ?CFE�-�C (Auer et al., 2015)	ʭ�ɕˊ�Á

2ǕʾÙɕ-ʙǠ0ÏH)+�E�-3ä�B��/��C,�E
 

�  � 	ŉȴǏIČ?EǕʾÙɕ3ʭ�ɕˊ�Á,�)+@	W[d-2d|�eP

k2Ʊ0/D'*�-�ȁ�(G�
ˎ�4	x�}ai[\R (Dicentrarchus labrax) 

,3ƅɊ01�+ RMR 2ĠȄŇ�=CF	RMR �Ļ�ĠȄ:.â·0ƀ�	ÕėIʐ

 +@Ŋˢ"E�-�ʊľ�F+�E (Killen et al., 2011)
�ɠȳ0 RMR �Ļ�ĠȄ:

.ˢ2Ʃ¨ˁ3���-�Cˢ�Ƒ，/Ìô,�F4	ǐȦˁ3Ļ�/E
*<D	ʇ

ƺŽ�ƥ/�ʎɵ/ˢˆÌô,�F4Ļ�Ȋžǽȼ-��ǕʾąŹ3ȴ¢ȳ,	è0ʇ

ƺŽ�ȁ�ɳƀ/ˢˆÌô,�F4Ļ�Ȋžǽȼ3ɴȴ,�E-Ķ�E�-�,�E 

(Auer et al., 2015)
�2B�0Ìô0¢!+Ȋžǽȼ2ŉȴǏ�ʃHEĶ�ʍ3 ‘Context 

dependence’ ©Ǣ- +Ȱų�F+�E (Burton et al., 2011)
XV2ȞïIɼǌ2Ǌ¦ƶ

ď-ˢˆƶďIǱ=ļHA+ů� 'źĘ,@	ȴǟ/Ǌ¦	Ȋžǽȼ3ˢˆÌô0B

)+�/E-"Eč¯�ɈCF+�E (ɢʤ, 2019)
Tpej, Lower - ToptAAS 2Î (12.8–17.6°C) 

,@ RMR 03ʥ 1.5 ɘþ�2Ň��E�-�C (44.3–67.6 kJ kg–1 day–1, Table 4-2)	ƅA

Ćā	ƐȔ�ȟ�F+�E。ʾȳ	Ǖ。ȳÌô0¢!+ AAS 2ŉȴǏIČ?Eʸ��

�/)+�+@	W[d-2Î,d|�ePk�ǐ˂ +�E-Ķ�E�-�ȃɀ,�

EB�0Ţ�E
 

� Řˀ2XV01�+@�Ò°Ǩ2XV3ʑƱǨ2XV-ɤÃ +°ǨɊ,3Ǵȅȳ

0ȫ� AAS 2¦ȼikO�q�[I-)+�E¬ɕǏ�ų�F' (Fig. 3-5)
ȍ 3 Ƭ,

@æ˖ 'B�0�Ò°ǨģØƐȔ2XV3°ǨǅɑǪ0ŉƏǐƓIĊ�E�- 

(Kusakabe et al., 2019)	˞Ʊíʿ@üȓ0Ȓ��-�CʑƱǨ2XV:.3Ļ� AAS 2

¦ȼikO�q�[Iʆű"EɭʸǏ�ȫ�-���-I�ʗ +�E2�@ F/

�
Řˀ2�Ò°Ǩ2ģØƐȔ3	ʑ½ɇ2XV2ģØā-ɤÃ +@ɨƴ0Ȓ�˞Ʊ
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íʿI@)+�E-�F+�E
%2'?Łģ	ʑ½ɇ2ģØā2XV-ɤÃ"E�-

,	XV-��ƅ01�E AAS 2¦ȼikO�q�[-%2ŉȴǏIČ?Eʸ�0*

�+æ˖Iǁ?E�-�,�E(G�
 

� �Ʊ2�-I<-?E-	AAS 2¦ȼikO�q�[03W[d-2d|�ePk

�ǿŏ 	%F&F2ƅAƐȔ�-2Ǖȉȳ/ŰƵ0¢!+ AAS 2¦ȼikO�q�

[Iŉȴ¨ +�E-Ķ�CFE
¦ȼikO�q�[2ŉȴ¨-��Ūȸ,Ķ�'Ų

0	ȍ 3 Ƭ,=CF'Ȋžǽȼ2ʈơȳ¢Ɂ3<�0¦ȼikO�q�[2ŉȴ¨0ļ

Ƞ 'ȴ¢ʴŵ,�E-ǻ�E�-�,�E
 

 

5-3 �21�8(�� �.��
��;��4� 
� 々Ĕì,=CF'Ȋžǽȼ2ʈơȳ¢Ɂ-��¦ȼȴ¢ʴŵ3	ġ��C RMR ,3

ɓȚ�F+�'� (Schmidt-Nielsen, 1997; Willmer et al., 2005)	AAS A MMR 0*�+@

Ȋžǽȼ2ʈơȳ¢Ɂ�ɓ?CF'23þɔ0ɑ)+�C,�E (Sandblom et al., 2014)


ʑƱǨǊĆ2XV3Ȋžǽȼ2ʈơȳ¢Ɂ0B)+Ʌ!Ǌ¦,ĵŠǨ2XV-ɤÃ 

+ƥ/�-@ RMR I 23%œě"E�-�,�E
ȍ 3 Ƭ,@Ɩ9'ȩD	Ȋžǽȼ2

ʈơȳ¢Ɂ3ĻǊ¦Ìô§,2ʪśǰȊž2ikO�q�[2īƱ-ȊžʹǍ0ʼȸ

��E-Ķ�CFE
ɉ0ȍ 4 Ƭ,ų 'B�0〜śǰȊžIɄ�"EB�/ʭ�ʴŵ

�ŉȴ-/E°ǨÌô§,3�ɄW[d0 RMR �ʲ�E�ø3Ȍ��-Ķ�CFE2

,	10 Ď2ʑƱǨ2B�/˞Ʊíʿ�Ȧ�	ȫǊ¦IćĘ /�Ćā,3ƒʸ/Ùɕ

I¯' +�E(G�
 

� ȍ 3 Ƭ,ų ' AAS A MMR 2ʈơȳ¢Ɂ�	XV®ïˍ2ț�ȳ/¦ȼȴ¢01

�+	ɷʅȳ/ĝư�.��3ƒʸ/ʡȎ,�G�
ȍ 3 Ƭ,ƭ¸ 'B�0^L]L

xMXV,3ʑğƐȔ,@ɍğƐȔ,@Â1Ʌȱȼ2¦ȼɋ¨ɕˊIʪ +1D	¦ȼ

ʈơ0B)+ț�ȳ/Ǌ¦Ìô2��0ȴ¢ +�E¬ɕǏ�ų�F+�E (Anttila et 

al., 2014)
«�+	˞ƱØ2S�YV01�+@%2¬ɕǏ�æ˖�F+�E�-�C 

(Raby et al., 2016)	˞ƱØ2XV®ïˍ3%F&F2Üǡȳ/Ǌ¦Ìô0ļHA+Ȋž

ǽȼIÌô0ļHA+�E¬ɕǏ�Ķ�CFE
%2'?	ŁģĔì�ǅ>0*F+	
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˞ƱØ2XV®ïˍ2Ǆï01�+@Ȋžǽȼ2ʈơȳ¢Ɂ�=*�E�-3Ƒ，0

�D�E
 

� nfYV,3	AAS 0BE¦ȼikO�q�[2ƐȔŇ�ȣʠ�F+�E�ʍ,	

RMR 2ƐȔŇ0*�+3Ƒ，/æ˖�/�F+�/�
�F3ȑ0ƐȔÎ,źŎ0

RMR 0Ň�/�¬ɕǏ@Ķ�CFE@22	÷ʗǁ��-0 Rand et al., (2006) ,3Ȅ

ƒ-Ǌ¦2ÏĂ�C RMR IǉȬ 	h ǼșIźǼ 'nfYV2ș-ɤÃ +�E�	

źǼș3ʰǼșBDȫ�șIų ' (Rand et al., 2006)
nfYV2ț�ƐȔÎ3ƼǸą

ȉI3!?- +	AAS 2ikO�q�[2ŉȌș@ț�ƐȔ�-0�/)+�E 

(Eliason et al., 2011)
Ļ�ʪśǰɕˊIʪ �ű"E�-ŴȄ� RMR IĻ�"E'? 

(Killen et al., 2016)	ț�ƐȔ2 RMR 2ŇIȊžǽȼ2ʈơȳ¢Ɂ0č5*�+ȑƜ0

æ˖"E23Ɏ �-Ķ�CFE
 � 	nfYV01�+@ RMR �ʰǼ�FEB

D@ȫ�șIų"ăī�ʊľ�F+�E�-3	Ȋžǽȼ2ʈơȳ¢Ɂ�á�+�E¬

ɕǏIų"�-�C	nfYV2ț�ƐȔÎ01�E AAS 2¦ȼikO�q�[2Ȥ

ǡ0@×ʲ +�E¬ɕǏIų"03Ƒ，,�E(G�
 

 

5-4 %!��0 
� 々ĔìIȩ +Řˀ2XV2¦ȼȴ¢-%2ȴ¢ʴŵ0*�+	ǕȉÄȳ/ʼ�@Ñ

?+ƾ'/ȚĖIɈE�-�,�'
 � /�C	々 Ĕì2č¯3XV2ǕÈŜ2Ś

ʻ»ʭ-���*2ǕÈŜȗÀ2ɨƴ0Ȓ�ØÎIǟDƁ)'@20²5/�-��

�-3々Ĕì2č¯Iºſ +��Ʊ,˄�"9�,�G�
ȍ 3 Ƭ,=CF'Ȋžǽ

ȼ2ʈơȳ¢Ɂ�á�)+�E�-�ųņ�F'�ʍ,	Ȋžǽȼ2ʈơȳ¢Ɂ��*	

.2B�/ʸ�0B)+��á��F+�E2�0*�+3ʝC�,3/�
XV2»

ʭ3�ȹȳ0Ļȼ0m}Uyr�U�F'ķɄ,�E
Ȋžǽȼ2ʈơȳ¢ɁŴȄ3¬

Ǯȳ/¢Ɂ,�E- +@	%2��ÿŴȄ3�ȹȳ0m}Uyr�U�F+�+@ɴ

Ţæ/�-,3/�
źŎ0	Ȋžǽȼ2ʈơȳ¢Ɂ3¦ȼɋ¨(�,/�	ɐƪŲÎ

2ʃ¨0B)+@Ǖ!E�-�ʊľ�F+1D	ʈơȳ¢ɁI��á�"Ɋȳʸ�0*

�+3Ƒ，0ʾº�F+�/�
Łģ	�<�</ǕÈŜȗÀ	Üǡ01�EʤÁ2X

V2¦ȼikO�q�[I=+���-,ʝC�0/)+��-Ķ�CFE�	ɅŲ0
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ʤÁ,ŊƐ 'XV2�ȹȳ/ʫʺ0*�+@ļHA+ĒƮ +���-�ɭʸ(G

�
%2'?0	ʤÁ,ŊƐ 'XV2ʫʺIĒƔ"EǗȼ2ˇ��ȹq�Q�2¿ɛ

�ʏ<FE
 

� <'	Ǌ¦ƱƧ�XV2Ȋž0ʲ�E�øIɱª"E'?2Öɣ-/EƵʊ3々Ĕì

0B)+ɈCF'@22	Ǌ¦ʃɄ�XVǄï2ɟƸȾŭˈ0ʲ�E�ø0*�+ʰǼ

"E03	źŎ2XV��Ò�,2»ʭA°Ǩ˞Ʊ	Śʻ	ɟƸ0ɗ，"ENg{S�

ˈIʝC�0 +��ɭʸ��E
«�+	ȍ 4 Ƭ,ĶŖ 'B�0	˃ǽ�XV2�

ɄW[d0ʲ�E�øIȴǟ0ɱª +��03	〜śǰȊžIÑ?'Ng{S�Ȋž

0*�+�C/EȚĖ�ɭʸ-�FE:�	ɪŌ/˃ǽÌô2ʃ¨0¢!+ĝź2XV

�.2B�0ķɄȳ0ȅ¢"E2�IʝC�0 +��ɭʸ��E(G�
 

� ġȵȳ/�ɄW[duc{0=CFEB�0	�F<,2ķɄǕȉÄ3Ǖʾȳ/²ȱ

IlyaToaT[- +��	Ų03ĝź2Ʉ。2Ǖʾ-3ʝC�0˙ʿ '©Ȭ�

ȟ�FE�-��)'
%F3	ǕʾÄ@Ʌʴ, AAS IƝEæ˖0=CFEB�0Ǖ

。2Ǖȉ0ń��/�æ˖3	ȁ�2Ƴļ	ĝź-Ȍ����ʿF'č¯-/E
々ə

Ş˖．3˅Ĕì，ʤIʯļ�A	XV-��ƅ2¦ȼȴ¢ÙĴ2�ȓIʝC�0 '


々Ĕì2ɛȷ3	ȑ/EXV®ïˍ01�E¦ȼȴ¢ÙĴ2ºʝ(�,3/�	ķɄǕ

ȉÄ-ǕʾÄ2ʯļˉ�2ƾ'/ț：0Ĉ�E�-�ØȈ�FB�
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:"5 
2019 ɔ01�+Ȭʦ�/�ǧʢʶĥ03ɐ々ĥʦ0ÇĢI*�' 

AAS Absolute aerobic scope �ǤȅʪśǰȊžʱț �

AASmax Absolute aerobic scope maxima �ŉȌʪśǰȊžʱț �

AIC Akaike information criterion ǞȝƵʊˈÞƚ�

CT Critical temperature �ˌ¾Ǌ¦ �

CTmax Critical temperature maxima �ˌ¾ŉȌǊ¦ �

CTmax, pc Critical temperature maxima of performance curve �ikO�q�[ûǩ2ˌ¾ŉȌǊ¦ �

COT Cost of transport �ɄW[d�

COTmin Minimum cost of transport ŉƤ�ɄW[d�

CP model Critical power model TzbKQ{i~�uc{�

Nmax Anaerobic work capacity 〜śǰǏŒùʳˈ�

!̇O2� Oxygen consumption rate śǰƩɦǽȼ�

Mb Body mass Ȅƒ�

MMR Maximum (aerobic) metabolic rate ŉȌ� �ʪśǰ � Ȋžǽȼ�

Mv Ventricle mass ƼŸŹˈ�

FAS Factorial aerobic scope �ǴȅʪśǰȊžʱț �

RMR Resting metabolic rate éťȊžǽȼ�

RVM Relative ventricle mass ǴȅƼŸŹˈ�

OCLTT Oxygen capacity limited thermal tolerance �śǰʳˈǍğĻ¦ȆǏ �

PAAS AAS power ��� i~��

Pm Metabolic power Ȋži~��

proptr Proportion of recovery time éǺŲÎÆļ�

Ps Swim power ʭ�i~��

Pcrit Critical power TzbKQ{i~��

T Temperature Ǌ¦�

te Exhaustion time ɥ˔ł˚ŲÎ�
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tmes Measurement time ĉǼŲÎ�

ToptAAS Optimal temperature for AAS ��� 2ũȴǊ¦�

tr Recovery time »ɺŲÎ�

Tpej Pejus temperature  �ȴǊ¦ �

Tpej range Tpej range �ȴǊ¦ɡ� �

Tpej, Lower Lower pejus temperature  �ȫǊ¦ǹȴǊ¦ �

Tpej, Upper Upper pejus temperature  �ĻǊ¦ǹȴǊ¦ �

Uc Current speed ˃ǽ�

Ucrit Critical swim speed ˌ¾ʭ�ǽȼ�

Ucrit15 Critical swim speed for 15 min �� ，Îˌ¾ʭ�ǽȼ�

UcritE Ecological critical swim speed Ǖȉȳˌ¾ʭ�ǽȼ�

Ug Ground speed �Ʉǽȼ� �ȅțǽȼ �

Uopt Optimal swim speed ŉȴʭ�ǽȼ�

Us Swim speed ʭ�ǽȼ� �ȅǊǽȼ �

� � Maximum oxygen consumption rate ŉȌśǰƩɦǽȼ�

Vb Volume of body Ȅ2Ȅǝ�

Vch Volume of chamber `v�h�2ʳǝ�

VeDBA Vectorial Dynamic Body Acceleration �nTd{ǏɄȳ«ǽȼ �

 

!VO2max
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)' 
� 々ĔìI1�/�0�')+Ĕì2ĉ´�C˖．2ŷɮ0ũE<,�ţɆ�˥˛I

ŮD< 'ȿðȌÄȌÛ½ʵĔìƟ(½ʵǕʜ®Äɸʢ(ķɄǕȉĉǼ，ʤ ŅɂĽ．

õƇ0ƼBDËž�' <"
<'	ɅƟ(ĿŎ�Ò½ʵĔì]�^�(�Ò½ʵŻ¹

Ä，ʤ2ʑǨàŞƘõƇ03	々˖．2Ĥĳ�	Ĩŧ0H'EĤĩƵI�'(�'
Ŀ

Ŏ�Ò½ʵĔì]�^�(�Òʆǭ，ʤ ǚřƛõƇ03々˖．2Ĥĳ��Á0@	Ř

ˀ,2ʤÁȤň01�+�ƠˊI�'(�'
½ʵǕʜ®Äɸʢ(ǕʾÄ，ʤ ・ɂƿ

õƇ03˖．ƻň0Ŏ +ȁ�2àƒ/�ţȲIŮ)'
ķɄǕȉĉǼ，ʤ Ő々ĐȂ

˕ƘõƇ03˖．2Ĥĳ�-Ĕìǋķ0�'Dʪ�/�ƠĞ-ċˏI�'(�'
ĩ�

Ĥˑǂ Ʊ�<"
 

� 々Ĕì3	îùÏĂŽ2=/�<2Ĥĩ�/ 0Êǐ"E�-3/�)'
ʕ ǜ˘î

ùòɅǱļ2Ņ
ʟʪµŦIş?	ʕ ǜ˘îùòɅǱļ�2=/�<03Ĕì0�'D

�<�</�ǈˊI�'(�'
ʑƱǨîùòɅǱļ2ɚǜȬʼŦIş?	ʑƱǨîù

òɅǱļ�2=/�<03źĘ,ʶ�EXVIȰñ�'(�'
ëƲĕ03ʑƱǨ,Ȥ

ň"EÙ¹I�'(�'�Ĥĩ�0ǁž�' <"
 

� ɐ々ȌÄ ʒĪʬʣǧɒĸš03ƙÌǊǳIʶ�'ȊžǼȬ0*�+àƒ/�ƠĞI

�'(�'
ȌÛ½ʵĔìƟ ʂĚǫǐəŞ (ĝ(Éŵ¹ŻpVu�) 03ʭ�uc{2

Œǐ0�')+Ńǟ/�óˊI�'(�'
ȦőȌÄ ȢȀ¥ǊƠõ	ǦʷĕǊŚãƕ

]�^� ëȺȧĮŦ	ÓƃĕǊŚãƕ]�^� ǀʩɬəŞ03Ĕì2ƞØ0ʤÁźĘ

2ǅ?ʍI�õų�'(�'
ȌÛ½ʵĔìƟ ǚʟ��DƠõ	ģɂʨ¸əŞ	ʟ§

ǦǇŦ	Ŀ˂ÌôĔìƟ çȺǙəŞ-2cK[QaZw�3ĔìIǅ?E0ɀ')+

Ȍ�/Ť�-/)'
ȌÛ½ʵĔìƟ ɢʤʨƈŦ	ɵřːŦ (ĝ(ʑ½ɇ˂ǵļĔì

ÙĴ)	ɐ々ȌÄ ƤŨȜŠĸš	kT_½ʵÔ´ ɻȺ¸ǆŦ03ȦØÎ0H'EŘˀ

,2ʤÁźĘ	ŸɊźĘ0�óˊ�'(�'
ƟĿŎ�Ò½ʵĔì]�^�2ƹ�2=

/�<03ȤňØÎȢ	ƴ0Ȗ��1ĞʷI�'(�< '
ǁ�Ĥˑǂ Ʊ�<"


% +ĔìŸǕÈ01�+Ť�-/)+�F'ķɄǕȉĉǼ，ʤ2=/�<3Ƽ�C

Ëžǂ Ʊ�E
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ŉģ0/D<"�	ĔìǕÈIƴ0¦��ĖƂ)+�F'ʉ	Ą	ȮIş?- 'ǄǾ	

% +řȺʽżŠʴ0�C'?+Ƽ�Cž�Iɰ <"
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