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ªStudies on the distribution and feeding ecology of Anguilliformes leptocephali in  

the North Equatorial Current of the western Pacific Ocean« 
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ș 1 Ȗ� ȴɤ  
 

ș 1ȟ� ˌ˂*ÇƓǮǁçȅȓ 

�=Ǯǣ
�%�#ǯ4>�¦A˄1�%�#%*:	'Şʩ�ȸƳ��%*:	'Ʊ(*�

&%�Ǯśęǻ'ɝ�Ǯǣ*�ǮAǮǁç$ñ/ːƒį; 2017 �ˑ�Ɋ'�ˌ˂*ǸɁƴʱÇ

Ɠ+ÜƓ��ˌƓ�ȐˌƓ* 3  'ÖÅ�>=��ˌƓ+ĚÔō�éˍ*ƚŹ
ĜŹ'&=&

%ĄƖǻ&¥Ì
ź	4#*ǸɁƴʱ#�<��ˌƓ#+�ÇƓǉɀ�ÅŸ�ŭıöʘ�ċś

$���Ǯǁç*�#8ŞɁĆ0*Ñ¼'ŉʼ�=Ǥ'ʣɜ&Fo�`
ɾ�=�7��ˌƓ

*Ǯśɣƅ+ˌ˂*ÇƓǮǁçȅȓ*�Œ$&�"�=�Ǥ'�ʌľ#+�ǮǣĎƫŕƚȥ'

Ą!��Ǆ˚ǮǣĎƫŕ¯½*ɖÓɥǳȜĜ*�7'�ÅŸƮƪ9Ǆăʫ*ʔȯŕAǬɣ�=

1��R�Qȇ&%*ƽıă'ǮŖ�=ˌȑA+�7$��ƫ�&ˌ˂'��"ÇƓǮś*ȅ

ȓ
Īʪ�>"�=ːLevin 2006, Jones et al. 2009, Ǳò�ƒį 2017 �ˑ 

� ˌ˂*Ď�+ħÜĎǯŠǶA$=�4��Ʊ�Ǩ+�ǭĉċÓ9ū˄ȿ'Ĥ�=ŦťÏ
Ə

8ń��ˌƓ#Ǥ'ˋ��Şʩ$$8'ǉĨ�"Ŀˌ�ʭ*ɆǟƱ�+ħ����&@��Ş

ˌ*ǯÜʥ$ǸɁƴʱÇƓ*Ʊ�ː ÇƓǉɀ +ˑÇƓǮƲ9Ñ¼ʥ'Đ��ŉʼ�=ː Bailey & 

Houde 1989, Houde 2008 �ˑ�*�7�Hjortː 1914 *ˑ Critical period�ɮ'+�4<�Cushing

ː1990 *ˑMatch mismatch�ɮ�Miller et al.ː 1988 *ˑ Bigger is better�ɮ�Takasuka et 

al.ː2003ˑ* Growth selective predation�ɮ&%�ˇżǭĉ9Şʩ$ǮƲ'ʬʔ��ƫ�&

ÇƓǉɀƮƪ'ʬ�=�ɮ
Űô�>"�=�4��ǸɁƴʱÇƓ'��"+�ˌÜ9�ˌ


ǮƲ'$�"�ʞ&ǭĉ0$ʉʏː ÅŸ �ˑ>=ǞÒÅŸ8ˌ˂*Ñ¼'Đ��ŉʼ�=ː Hjort 

1914 �ˑÜ��ˌ*Åĸʥ9ȔʫÅĸ*ɣƅ+�Şˌ*ǯÜǮś9Ǆ˚ǭĉċÓ'Ĥ�=Ŕț*

Ǭɣ' &
<�ɻǑċÓƮƪAǬɣ�=�#8ƨ7"ʣɜ&ĄȈǻɯˀ#�=�4��ʌľ

#+�ÇƓǮǁçȅȓ'��"�ˌȑĤŔĂȅȓ�;�Ʒǯʣɜȑ��#&�ƫ�&ǮǣAĤ

ɶ$��ɯˀĤŔĂȅȓ0*Ǹř*ʅŲ*œɜŕ
Ūŵ�>ːƒį; 2017 �ˑÜ��ˌ*ʉʏ

9Ȑˌ*Ñ¼ƮƪAǇ�Ǭɣ�=�7'�Ʒǯʣɜȑ�č*v_}ǮǣAǰ��ȅȓː Iida et al. 

2015ˑ9Ʒǯʣɜȑ�ˌ$�>Aâ<ķ�Ǯǣ*˄ŕAƵʇ�=ȅȓːMiyazaki et al. 2011, 

Feunteun et al. 2015 �ˑƷǯʣɜȑ*ǯÜĆ'��=�ˌȼʴƪʓAƦɦ�=ȅȓ
ɖ@>"

�=ːSassa & Konishi 2015, Ayala et al. 2016 �ˑ 

 

ș 2ȟ� GbLǽˌ˂*Ǯś$ɻǑ 

ș 1ʽ� Ǯś$ÇƓǮǁçȅȓ 

GbLǽˌ˂ːGbL˂ˑ+ǢĹ9ǋĹA�Œ$�"�Ǵ�*ƫ�&Ʒă'Åĸ��Ǫÿ 15Ȍ

140ī 900ȑ��
ȃ;>"�=ːNelson 2006, Eschmeyer & Fong 2016 �ˑGbL˂*Đʡ
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Å
ǄƷˌ#�<�G]qȌ9F�DbQȌ&%*R�Qȇ�İȇă�ǃǛ'ǮŖ�=ƽıŕ

*ȑ˂�;�SLGbLȌ�ePgGbLȌ�lGW�GbLȌ&%*č˚�ǇĬŕ*ȑ˂4

#ėÿ��ļŀ�ǮŖȠúA8 ːSmith 1979, 1989, Tsukamoto et al. 2002, Miller & 

Tsukamoto 2004 �ˑƷǯʣɜȑ#�=cp�GbL�z��\hGbL�Du|IGbLA+

�7$��GbLī+�ƻĳ�ǍƼ�ƽıă#Şʩ��*�Ǆ˚#ǯÜ�=ʭƻŕöʘˌ#�

=ːSchmidt 1922, Tsukamoto 1993, Tsukamoto et al. 1998, Tsukamoto & Arai 2001 �ˑ 

� ʌľ�cp�GbL*Şǡ��±¥ː Chow et al. 2009 9ˑÜː Tsukamoto et al. 2011, Aoyama 

et al. 2014ˑ
Ŭʴ�>��$':�"�Ɩȑ+ĒĽ˚*r|DbɲĲɛƀǄă#ǯÜ�=�$


ƅ;�'&���r|DbɲĲɛƀǄă#ĚÔ���ˌː~m`WlC}Uˑ+�:� 7 ƃ

ʫ#ŴˇAʪĕ�ːȡǱ 2004 �ˑÕɼʛǄǂ':�"ɛƀ0$ʉʏ�>�lE|k�Ɯı*Ǆ

ă'"ˏǖ'�<Ų
"Õ��=ːKimura et al. 1994, 1999 �ˑ�*ō�ˏǖăïʊ'"S{U

GbL'ċś��*�ːOtake et al. 2006 �ˑˏǖAʶɅ��ƃƖA+�7$��ƜDTD�Ĺ

*Åĸă0Ñ¼�=ːTsukamoto 1990 �ˑÕɼʛǄǂă'��"+�cp�GbLA�Œ$�

�ȅȓ
Īʪ�>�Ɩȑ*ǯÜĆɰƠ'Ñ
ːTsukamoto 1992, Shinoda et al. 2011, 

Tsukamoto et al. 2011 �ˑǯÜ$ĈÅl��`*ʬ­ːKimura & Tsukamoto 2006, Aoyama et 

al. 2014 �ˑ~m`WlC}U*ʉʏʚȏːKimura et al. 1994, 2001ˑ&%
ȅȓ�>"�=�

4��ʌľ�Dseʢ*ȕȦěĜë£¥ƵAǰ��ơˆƴʱ*ŮĜ':�"�cp�GbL*

~m`WlC}U+�r|�Ue�AŴˇ�"�=�$
ƅ;�'�>�ː Miller et al. 2013a �ˑ

���&
;�ÕɼʛǄǂă'��=GbLǽ~m`WlC}U*ŬʴɰƠ*ĐʡÅ+�cp

�GbL*ǯÜĆ#�=r|DbɲĲɛƀǄă#ĝƁ�>"�=ːShinoda et al. 2011 �ˑ�*

�7�ňśǻǤő'Ą!�ĄȈǻȃɝ9Ŭʴȫƞ'Ą!�Åĸ'ʬ�=ȃɝ+4$7;>"�

=8**�ÕɼʛǄǂă'��=cp�GbL*Ȕʫǻ&Åĸ*Ǥŕ'ʬ�=ȃɝ+Ĩ&�*


Ǫǥ#�=� 

� ~m`WlC}U+GbLǽ
ī�=I{F�S�Ö*�ˌ*Ȳȍ#�=ːSmith 1979 �ˑ�

����ƃ'ɇ=~m`WlC}U*Ǯś'ʬ�=ȅȓ+�Ʒǯ�ʣɜ#�� ȮǓ*ÛƮ'

ǚ�=ȑAĎ�í6GbLīA�Œ'Īʪ�>"���7ːe.g. Miller et al. 2015a, Miller & 

Tsukamoto 2017 �ˑGbLīAʯ�GbLǽ*~m`WlC}U*Ǯś'ʬ�=ȅȓ+Ƶʇǻ

Ĩ&��~m`WlC}U*ÅĸɰƠ':�"�č˚�ǇĬ'ǮŖ�=ePgGbLȌ�SL

GbLȌ�n{DbQȌ*ǯÜ+č˚*ŀȠ'ß/�$
ȉó�>"�=ː Wippelhauser et al. 

1996, Miller et al. 2006 �ˑ�ƀ#�R�Qȇ9İȇ&%*ƽı'ǮŖ�=GbL˂' �"+�

�� �*ȑ#+ƹê0*ǯÜöʘ
ɭ7;>=8**ːWatanabe et al. 2016, Ji et al. 2017 �ˑ

ĄƖǻ'+Şˌ*ǮŖă�ʌ#ǯÜ�=�$
Ď�ːMoyer & Zaiser 1980, Miller et al. 2002, 

2016a �ˑ4��rDbQ'��"+�~m`WlC}U*Åĸ'Ą!�"�ƃƖƽı�ʌ��
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#&�ːMochioka et al. 1988 �ˑĒĽ˚*ÕɼʛǄǂă#8ǯÜ�=�$
ȉó�>"�=

ːMiller et al. 2011a, Kurogi et al. 2012 �ˑGbLǽ~m`WlC}U*ȼʴƪʓ' �"+�

Đɛ˚ː Miller & McCleave 1994, 2007, Miller 1995, 2015, Richardson & Cowen 2004, Castro 

& Bonecker 2005, Ross et al. 2007, Anibaldi et al. 2016ˑ9F�a˚ːMiller et al. 2015bˑ*

GbLī*ǯÜĆA+�7$��ƫ�&Ǆă#ƅ;�'�>"�=�4��ĒĽ˚#+�Gb

Lǽ~m`WlC}Uȼʴ*ƪʓ+H�U`{|DÕƜǄăːMiller et al. 2006 �ˑW~oUǄ

ːWouthuyzen et al. 2005, Miller et al. 2016a �ˑƜSbǄː Miller et al. 2002, Minagawa et al. 

2004 �ˑƃƖƽıăːKimura et al. 2006 �ˑˏǖɡǖȎɖăːTakahashi et al. 2008ˑ#ƅ;�

'�>"�=�Íʎ��:	'�ÕɼʛǄǂă'��=GbLǽ~m`WlC}U*Ǯś'ʬ

�=ȅȓ*ĐʡÅ+cp�GbLAĤɶ$�"�����
�"�cp�GbL*ǯÜĆ
ė

ÿ�=ÕɼʛǄǂă'��"+�cp�GbLAâ<ķ�GbLǽ~m`WlC}U*ȼʴƪ

ʓ+ƕ�Ťų�>"�&�*
Ǫǥ#�=� 

� ÕɼʛǄǂă'��=GbLǽ~m`WlC}U*˄ŕ+�'ǅÔȞ¿ğǣAǰ�"Ʀɦ�

>"�=��*ȫƞ�¿ğǣ$�"HYrqw*Ʋˊ9fGU�IFDS˂*ȣȢ
Ȇɭ�>�

GbLǽ~m`WlC}U+r|�Ue�&%*ŝǗśƑƮǣːPOM: Particulate Organic 

Matter AˑŴˇ�=$Ⱦ
;>"�=ː Otake et al. 1993, Mochioka & Iwamizu 1996, Miller et 

al. 2011b �ˑ4��cp�GbL'Ñ
"�DbQȌ*L�DbQī9Q^�DbQī'��"

+�ěĜë£¥ƵAǰ��ȅȓ':�" POM AʩƓǻ'Ŵˇ�=�$
ƅ;�'�>"�=

ːMiyazaki et al. 2011, Miller et al. 2013a �ˑ����ÕɼʛǄǂă'��=GbLǽ~m`W

lC}U*ĐʡÅ#+ěĜë£¥ƵAǰ��ȅȓ
ɖ@>"�&����
�"��>;*Ɗ

ʙǻ&ˇż��&@�~m`WlC}U*Şʩ9ǮƲ'ʬ@=ˇ+Ď�*ȑ#Ťų�>"�;

��ÕɼʛǄǂă'��=GbLǽ~m`WlC}U*Ŵˇǭĉ+ƅ;�'�>"�&�� 

 

ș 2ʽ� cp�GbL*ɻǑ 

ş
ý'��=cp�GbLAí6GbLīˌ˂*ľʫǅɺʥ*23�1"
ˆƳǮǯ':=

8*#�=����&
;�GbLīˌ˂'��"+�ƕ�ěĜªȬ'ɸǦ�=2%*�Ĵȑ

ɍ*ĐʥǮǯ'ŞÐ�"�;��ˆƳǮǯ'ǰ�=ȑɍ+đǟ*S{UGbL'«ė�"�=

*
Ǫǥ#�=�ý¿'��=S{UGbL*Ǖǧʥ+�1960ľ�Ak�M'ǉĨ�"�<�

k�MƉ#+ 200`�Aɿ
"��8**��� 3ľʫ#+ 10`�Íō#ŮȎ�"�=��>

;*�$�;�cp�GbL+�2014ľ 6Ɛ'ýʳɆǟ¯ɵʔê*~\a|U`'ȮǓÛŘȑ

ːEndangeredˑ$�"ůʈ�>�Ɩȑ*ɻǑAũȯǻ'Êǰ�=�7*ʞÆ&ɻǑȞǬAĝƁ

�=œɜŕ
Ǯ�"�=� 

� Ɩȑ*ɻǑċÓɜ÷*� $�"�˃�Ǆǂ�ʭʸʥ*ċÔ':�"�ǯÜĆ�;ŞɁĆ4
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#*ʉʏǭĉ9ˇżǭĉAċÔ��=Ǆ˚ǭĉċÓ
Ūŵ�>"�=ːKimura et al. 2001, 

Kimura & Tsukamoto 2006, Bonhommeau et al. 2008, Miller et al. 2009, Tzeng et al. 2012 �ˑ

Ǆ˚ǭĉċÓ
S{UGbL*Ñ¼'ŉʼ�=�$+Đɛ˚*z��\hGbL9Du|IG

bL'��"8ȉó�>"�=ːKnights 2003, Palter et al. 2005, Bonhommeau et al. 2008, 

Kettle et al. 2008, Miller et al. 2009 �ˑ4��ŴˇʪĕƓ*GbLī~m`WlC}U#+�×

ȑ$ˇAȗê�˅ˈ'¡	ǉɀ
Ǯ�"�=åɃŕ8Ūŵ�>"�=ː Miller et al. 2016b �ˑǄ

˚ǭĉċÓ
cp�GbL*ÇƓǮś'�
=ŉʼ+��'�ǯÜĆɰƠːe.g. Kimura & 

Tsukamoto 2006 �ˑʉʏ'ʬ�=Ź³ĝˉː e.g. Kimura et al. 1999, Kim et al. 2007, Zenimoto 

et al. 2009, Chang et al. 2017, Lin et al. 2017 �ˑƶ²ċÓŪŹ$Ǖǧʥ&%*ƵʇːKimura et 

al. 2001, Tzeng et al. 2012ˑ':�"Ʀɦ�>"�=�4��Íʎ��:	'�Ɩȑ*Åĸɰ

Ơ+�ǯÜĆA�Œ$�"ĝƁ�>"�=�7�ÕɼʛǄǂăɛʡAȱȻ��ʤčɰƠ�;�

Ɩȑ*Ȕʫǻ&Åĸ$Ǆ˚ǭĉ*ʬ­AȾģ��ȅȓ+Ĩ&��cp�GbL*ÇƓǮś'Ĥ

�=Ǆ˚ǭĉ*ŉʼuIcVt' �"+�ƅ&ǝ
Ď�*
Ǫǥ#�=� 

 

ș 3ȟ� ÕɼʛǄǂă*Ǆ˚ǭĉ 

ș 1ʽ� ǣǬǭĉ 

cp�GbLA+�7$��Ď�*GbLǽ~m`WlC}U
Åĸ�=ÕɼʛǄǂ+Õȶ

8˚–18˚Aɛƀ0$ǂ>=˃Şŏǭ*Ǆǂ#�lE|k�Ɯı'��"Õƀ0*ǂ>#�=ˏǖ$

Ùƀ0*ǂ>#�=s�ZbHǄǂ'ÅĮ�=ːToole et al. 1988, Kaneko et al. 1998, Qiu & 

Chen 2010a �ˑ�>;*Ǆǂ+�ǢĹă$ǢĹăʫ*ĈÅ9Ǣ�Ʒć*�ŲAʑ�"Āǫɞƭ

*Ǆ˚ŏǭ9ƶ²ċÓ'ŉʼ�=ːHu et al. 2015 �ˑÕɼʛǄǂ*Õµ*Õȶ 18–25˚�ʌ*ɘ

ĬːƷǇ 100 m�ǃˑ'+�ǢĹàǂ
�Ù*Õȶ 5˚�ʌ'+Õɼʛàǂ
ėÿ�=ːUda & 

Hasunuma 1969, Hasunuma & Yoshida 1978, Qiu & Chen 2010b �ˑǤ'��ǢĹàǂă#+�

ɘĬ*�ǢĹàǂ$�ɘĬ*ÕɼʛǄǂ*ʧǾǻ&ǂʒSD$ʬʔ���ɞƭǊ
Ǹʜ�"�

=ːKobashi & Kawamura 2002, Kobashi et al. 2006, Qiu & Chen 2010b �ˑÕɼʛǄǂ+ȶŁ

':�"ǂʒ
ċÔ��Õȶ 10˚–15˚*Ǆă
Ə8ǂʒ
ʒ��$
ȃ;>=ːKimura et al. 

1994, 2001 �ˑ�*ǂʒĹ+�ɘĬ* 34.5*ĈÅ#ĜȽ�>=ĈÅl��`*Ùµ'ňŞ�>=

ːKimura et al. 1994, 2001 �ˑƖǄă'+ĈÅ':�"Ǥő��;>= 3 *Ʒć
ėÿ��1

 ǽ+ɘĬ'ėÿ�= 34.2��*¤ĈÅƷć#ːToole et al. 1988 �ˑ�>+ʭʸ':�"ǄƷ


ɑ7;>�8*#�ʭʸ*ʥ9£Ⱥ':�"ňŞ£Ⱥ
ċÓ�=ːKimura et al. 2001 �ˑ2

 ǽ+�ɘĬ*¤ĈÅƷć*�ːƷǇ 100–300 mˑ'ėÿ�= 34.8��*ˋĈÅƷć#��>

+ÕĒĽ˚�ǢĹƷ$ñ,>��ǢĹŏǭ*�ēʡ*ɐǸʚĎ&Ǆă#ǮŞ�>�Ʒć#�=

ːWyrtki & Kilonsky 1984, Kobashi et al. 2006 �ˑ3 ǽ+�ÕĒĽ˚�ǢĹƷ*�'ėÿ�=
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34.7 ��*¤ĈÅƷć#�<��>+ÕĒĽ˚�ĬƷ$ñ,>�ÕĒĽ˚�ĢĹŏǭ'ǲƛ�

=Ʒć#�=ːSchabetsberger et al. 2016 �ˑƖǄǂă*ɘĬ'��"+�34.2��*¤ĈÅƷ

ć$ 34.8��*ˋĈÅƷć':<�34.5*ĈÅ#ĜȽ�>=ĈÅl��`
cp�GbL*ǯ

ÜĆ*{�ar�M$�"ʣɜ&ŊÎAŨ�"�=$Ⱦ
;>"�=ːKimura et al. 2001, 

Kimura & Tsukamoto 2006, Aoyama et al. 2014, Schabetsberger et al. 2016 �ˑ 

 

ș 2ʽ� ǮǣÔęǭĉ 

ÕɼʛǄǂ+ĒĽ˚*ǢĹ��ǢĹǄă'£Ⱥ��ɘĬǈêĬ*ƋƷ$�>'ɾ÷�=ŞĬÔ


Ǥő#�=ːYan et al. 1992 �ˑ�8�8��ǢĹǄă+ŞĬ
Ǹʜ��Ǆ˚�Ĭ�;ɘĬ0

*ơˆĈªȬ
���ɹơˆǄă#�<�Ǯǣʥ8Ĩ&��ƉȔʫǻ&Ǯǣʥ*ċÓ
ħ��

Ǆă#�=$Ⱦ
;>"�=ːKarl 1999 �ˑSugimoto & Tadokoroː1998ˑ+Õȶ 8˚–20˚*Õ

ɼʛǄǂăïʊ#ŞĬ
Ǹʜ���ɘĬM��lE}ƨĐ
Ȱũ�>"�=�$Aąî���

4��×*ȅȓ'��"8��ǢĹǄă#+�ɘʺƷǋ
�ľAʑ�"ƵʇǻěĜ#�ɘʺ

�;ƷǇ 50–70 m �ʌ4#ɘĬǈêĬ
ːBienfang et al. 1984, Schönau & Rudnick 

2015 �ˑ�>�Ǉ'�ɘĬM��lE}ƨĐ
ňŞ�>=�$
ƅ;�'�>"�=

ːFuruya 1990, Andersen et al. 2011 �ˑÕɼʛǄǂă*�ɘĬM��lE}ƨĐ+ɘĬǈ

êĬ¿*Ƥǣm{�M`�
ơˆĈÌʮAã��ȫƞ#�<ːRevelante & Gilmartin 

1973 �ˑĝʳ'�ǈêĬ'��=|�ʢǘŁ+ƦÄʮǴ��#�=�$
ąî�>"�=

ːFuruya 1990 �ˑ����ÕɼʛǄǂ&%*ɹơˆ&�ǢĹǄă#+�ĐĂɒɓ˂#�=

`|P_UsGt
Ǆʺ'ĐȸƳ�=��#&�ːSaino & Hattori 1978 �ˑħĂ*ɒɓ˂

8Åĸ�ȕȦüĜAʑ�"�ƯǮǯ'Ġ��=�$
ʌľƅ;�'�>�ːKitajima et al. 

2009, Shiozaki et al. 2009, Sato et al. 2010 �ˑÕɼʛǄǂă+½ſǮǯ'Ĥ�=ȕȦüĜ

':=Ǯǯ*Îê
Ƶʇǻˋ��$�;ːShiozaki et al. 2009 �ˑȕȦüĜ
�ƯǮǯ'Đ

��ŉʼ�=Ǆă$Ⱦ
;>=�4���ǢĹǄă'��"��ɞƭǊ�Ĳ�Ǆĭ�æ˃

*ėÿ':�"�Őħ#+�=
�ơˆĈǘŁ' �"8ƉȔʫǻ'ċÓ�"�=�$


ƅ;�'&�"��ːShulenberger 1978, Furuya 1986, Ditullio & Laws 1991, Toratani 

et al. 2008, ȄǱ 2016 �ˑ©
,�Ditullio & Lawsː1991ˑ+f�Fƹ#¤ƶþŕ*ƶø


ʑʚ�+ɘĬƷ$Đƶ
ǈê�ȕȦüĜ':=Ǯǯ
ǁǸ'&=�$�ƶø*ʑʚ'¡

�ǇĬ�;ơˆĈ
ªȬ�>=�$':�"�Ƥǣm{�M`�*Ǯǯŕ
Ĩ&�$8 10

ƃʫ2%ˋ4=�$Aąî��ëƫ*¶ì
Ğ¿ĝˉ�;8ȉó�>"�=ː Ishizaka et al. 

1983 �ˑ4��æ˃*ȎÓʒŁ
�:� 3 m s-1Aɿ
�Ćê'+Ǆ˚�Ĭ�;*ơˆĈ


Ǯ�'���ȎÓʒŁ
ʗ�2%�ƯǮǯŕ
ˋ4=&%*Ĝʥǻ&ȅȓ8ɖ@>"�=

ːShibano et al. 2011 �ˑ 
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� ��*:	'�ɹơˆ#�=�ǢĹǄă#8ǮǣǮǯ
ƉȔʫǻ'ċÓ�=�$
ƅ;�'

&�"�"�<�ÕɼʛǄǂă'��"8Đƶ$Ǆ˚*ǿ�§ǰ
Ǆ˚Ǯǣ'�
=ŉʼAɪ

¬�=�7'�Ƥǣm{�M`�9IFDS˂&%*ǞɄƥÓǣm{�M`�*ȼʴƪʓ9r

FM�dM`�*Åĸ$Ǆ˚ǭĉ*ʬ­
Ʀɦ�>"�=�ÕɼʛǄǂ#+��ɘĬM��l

E}ƨĐ*ňŞ'ĤŔ�"ȳɓ˂9ŝǗśȢĖ
Ď�Åĸ�=�$ː Furuya 1990, »ǩ 2012 �ˑ

�ɘĬM��lE}ƨĐ�ǃ#+�ƨĐĬ'Ƶ1"�ɒɓ˂ːSDegM^|Dˑ*Îê
ˋ

�&=�$ː»ǩ 2012 �ˑÕɼʛǄǂă#+IFDS˂
¸Ú��Õɼʛàǂă$Ƶ1"ǞɄ

ƥÓǣm{�M`�9rFM�dM`�*Åĸʥ
Ĩ&��$ːHidaka et al. 2013, Dai et al. 

2016, Yang et al. 2017ˑ
ąî�>"�=�����Dai et al.ː 2016ˑ9 Yang et al.ː 2017ˑ

+��ǢĹŏǭȤ*Óǣm{�M`�ȼʴƪʓ*ĶǷ'ȁǽ�"�<�ÕɼʛǄǂă*	��

ʡ*Ǆă#��ɰƠAĝƁ�"�&��7�ÕɼʛǄǂɛʡ'��=ǞɄƥÓǣm{�M`�

ȼʴƪʓ+ƕ��ƅ&ǝ
Ď��ÕɼʛǄǂă#+I]H�KfZ�j�bJ�ug[*ǯÜ

Ć
ėÿ���Ȑˌ*ƷĽ�:.ʧǾÅĸ$ǣǬǭĉ*ʬ­ː�Ɵ 1969, Matsumoto 1958, 

1984, Boehlert et al. 1992, Tanabe et al. 2001, 2017ˑ9˄ŕːTanabe 2001ˑ
ąî�>"�

=�4��Ozawaː1986ˑ+ÕɼʛǄǂă#Ŭʴ�>��Ȑˌ*ňśǻǤő$�ʡ*ȑ*Åĸ

A�Sassa et al. ː2004aˑ+fZIF�SȌ*ȼʴƪʓAąî�"�=��;'�ʌľ�č˚

'��=ˌ˂*ǯÜǮśAǬɣ�=�7'�cp�GbL*ǯÜĆïʊ*Ǆă'��=ˌÜ*

Åĸ
 DNAg�P_E�NAǰ�"ƅ;�'�>"�=ː Kawakami et al. 2010, ĳ� 2012 �ˑ

���&
;�cp�GbL
~m`WlC}UƓ*Đ×Aʚ��ÕɼʛǄǂăɛʡ#+�Ď

�*ȑ*Åĸ
ƕ�Ťų�>"�;��ÕɼʛǄǂăɛʡ*GbLǽ~m`WlC}UAâ<

ķ��ˌȼʴ*ƪʓ+ƅ;�'�>"�&��&��ƖɱŻ#+�ÕɼʛǄǂ*	�r|Db

ɲĲ�;lE|k�Ɯı4#*ǄăAÕɼʛǄǂă$ĜȽ��� 

 

ș˓ȟ� Ɩȅȓ*ǽǻ 

�Ɋ'�ˌ˂#+�ə˄+ÇƓǮǁç'��=�ɜ&Ʊ�ɜ÷#�=����&
;�GbL

ǽ~m`WlC}U+�×*�ˌ'Ƶ1"�ƏĐËʜ¥ʩ
Đ���ɏ��µŢ��¥A8�

ːSmith 1989 �ˑˌ˂'$�"ơˆ¬*¤�$�>=R}h˂'Ŷś�=ːMiller et al. 2013b, 

Greer et al. 2016 �ˑ�*�7�~m`WlC}U+ˋƯū˄ȿ�;ū˄�>'��$Ⱦ
;>�

ˋƯū˄ȿ*ɂ¿ğǣ$�"2$B%ÄǪ�&�ːMiller et al. 2015c �ˑ 

� ƔƘː 2005 +ˑ�̩ ˂*Ñ¼Ʈƪ*Ǭɣ'+�Ǆǂ'ʉʏ�>=�#*�Kimura et al.ː 1994 �ˑ

Otake et al.ː 1998 �ˑMiyake et al.ː 2015ˑ
Ūŵ�=ʧǾȎÓA+�7$��Ǯǣ*ɃÓǻ�

ǮǬǻ&ƚ�Aȩ5ʋB�ǮƲŠǶ*ɣƅ
ʣɜ#�=�$AŪŵ�"�=�4��ʌľ�c

p�GbL*Ñ¼ʥċÓɜ÷$�"ʉʏǭĉ9ˇżǭĉAċÔ��=Ǆ˚ǭĉċÓ
Ūŵ�>
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"�=����&
;�ÕɼʛǄǂă#*GbLǽ~m`WlC}UAŬʴ�=�7*ɰƠ+

cp�GbL*ǯÜĆːr|DbɲĲɛƀǄăˑA�Œ$�"ʮĜǻ'ĝƁ�>"�<�Õɼ

ʛǄǂă'��=~m`WlC}U*ȔʫÅĸ'ʬ�=ȃɝ+Ĩ&�*
Ǫǥ#�=��*�

7�GbLǽ~m`WlC}U*Åĸ9˄ŕ$Ǆ˚ǭĉ*ʬ­Aƅ;�'�=�$+�Ǆ˚ǭ

ĉ'Ĥ�=~m`WlC}U*ŔțuIcVt*Ǭɣ' &
=�4��GbLǽ~m`Wl

C}U$�>Aâ<ķ�Óǣm{�M`�*Åĸ9˄ŕA�>�>Ƶʇ�=�$+�cp�G

bLA+�7$��GbLǽ~m`WlC}U*Ŵˇǭĉ��#&���ˌȼʴ'��=£Ⱥ

!�9ʉʏǤŕ*Ǭɣ'8 &
=� 

� ��#�Ɩȅȓ#+�ÕɼʛǄǂă*GbLǽ~m`WlC}U$�>Aâ<ķ�Óǣm{

�M`�ȼʴ*ƪʓ$Ǆ˚ǭĉ*ʬ­AƦɦ��cp�GbLA�Œ$��~m`WlC}U

*Åĸ9Ŵˇ'ʬ�=Ǯś$ǭĉAȾģ�=�$Aǽǻ$���ƖȖ'ȯ�ș 2 Ȗ#+�~m

`WlC}U*Å˂ȼȩŞAƦɦ���#�Å˂ȼ�$*ƷĽ�:.ʧǾÅĸAƅ;�'��

Ǆ˚ǣǬɢǌ#Ŏ�ǣǬǭĉ$Ƶʇ�=�$#Åĸ$Ǆ˚ǣǬǭĉ*ʬ­' �"ƅ;�'�

��ș 3 Ȗ#+�~m`WlC}U$$8'Ŭʴ��Óǣm{�M`�ː�ˌ�ǞɄƥÓǣm

{�M`�ˑ*ÅĸAƦɦ�"�~m`WlC}UAâ<ķ�ǮǣǭĉAȾģ�=�#*ĄȈ

ǻȃɝAŎ=$$8'�Óǣm{�M`�*Åĸ$ǣǬǭĉ*ʬ­�~m`WlC}U*Åĸ

hY�$*˂¢ŕ' �"ƅ;�'���ș 4 Ȗ#+�ǜȦȕȦěĜë£¥ƵAǰ�"�ȋĘ

ÕɼʛǄǂă��=Óǣm{�M`�ȼʴ*˄ǣȱƪʓ9~m`WlC}U*ŴˇƷǇAƅ;

�'��~m`WlC}U*ŴˇǭĉAƦɦ���ș 5 Ȗ*ȲêȾģ#+�Ɩȅȓ#Ŏ�ȃɝ

$Ƃŋȅȓ'Ą!��Ʒǯʣɜȑ#�=cp�GbL9rDbQA�Œ$��GbLǽ~m`

WlC}U*Åĸ9Ŵˇ$Ǆ˚ǭĉ*ʬ­A8$'�Åĸ9Ŵˇ'ʬ�=Ǯś$ǭĉ' �"

Ⱦģ��� 
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ș 2 Ȗ� ÕɼʛǄǂă'��=~m`WlC}U*Åĸ�ȼʴƪʓ$ǣǬǭĉ*
ʬ­  
 

�ƃ'ɇ=GbLǽ~m`WlC}U*Ǯś'ʬ�=ȅȓ+�Ʒǯ�ʣɜ#�� ȮǓ*ÛƮ

'ǚ�=ȑAĎ�í6GbLīA�Œ'Īʪ�>"���ĝʳ'�ÕɼʛǄǂ#+�cp�G

bLA�Œ$��ȅȓ
Īʪ�>"�=ːe.g. Kimura et al. 2001, Tsukamoto et al. 2011, 

Miller et al. 2013a, Aoyama et al. 2014 �ˑ����Ɩȑ*ʤčɰƠ+ǯÜĆ#�=r|Dbɲ

ĲɛƀǄă#ʴ��"ɖ@>"�<ːShinoda et al. 2011 �ˑÕɼʛǄǂă'��=Ȕʫǻ&Å

ĸ$Ǆ˚ǭĉ*ʬ­AƦɦ��ȅȓ+Ĩ&��4��ÕɼʛǄǂă#+�rDbQ$Q^�D

bQī'ʬ�=ąî
�ʡėÿ�=8**ːMochioka et al. 1991, Miller et al. 2011a, Kurogi 

et al. 2012 �ˑGbLīAʯ��~m`WlC}U*Åĸ'ʬ�=ȃɝ+«ǟ$�"Ĩ&��~

m`WlC}U*ƷĽǻ�:.ʧǾǻ&Åĸ$ǣǬǭĉ*ʬ­+2$B%Ťų�>"�&��

ÕɼʛǄǂă'ǮŖ�=ƫ�&ȑ*ÅĸAƅ;�'�"Ƶʇ�=�$+�~m`WlC}Uȼ

ʴ'��=cp�GbL*ÅĸǤŕ�-�"+ʉʏǤŕ&%*Ǭɣ' &
=� 

� ��#�ƖȖ#+�ÕɼʛǄǂă'��"Đɞƭ&ǮǣɰƠ�:.ǣǬɢǌAĝƁ��Gb

Lǽ~m`WlC}U*Å˂ȼȩŞ9ƷĽ�:.ʧǾÅĸ��>;$ǣǬǭĉ*ʬ­Aƅ;�

'�=�$Aǽǻ$��� 

 

ș 1ȟ� Ɨż$ƀƾ 

ș 1ʽ� ɰƠɉǄ*Ʃɜ 

Ǆ˚ȅȓʪǸƮƪ*ęɗȅȓɋǹˎ�Aǰ�"�2013ľ 10Ɛ 17ƃ�; 11Ɛ 28ƃ'��"�

ÕɼʛǄǂăïʊ#ǮǣɰƠ$ǣǬɢǌAĝƁ��ːKH-13-6ƯɉǄ �ˑÕɼʛǄǂă#+�c

p�GbL+Õȶ 12˚�Õ#�'Ŭʴ�>=ːShinoda et al. 2011 �ˑ�*�7�ÕɼʛǄǂă

'��"+�Õȶ 12˚–17.5˚*Ƞú#ȪŁƀì' 4ǌȵːƜȪ 131˚�134˚�137˚�141˚ˑAɨĜ

��ːFig. 2-1 �ˑƜȪ 131˚#+Õȶ 13˚–17.5˚*Ƞú#�ƜȪ 134˚#+æ˃*ʑʚ9ŗđ²*

�7�Õȶ 14˚–16˚*Ƞú#ɰƠAĝƁ���4��ƽıă�ˏǖă�ÕɼʛǄǂă0*Ǯǣ*

ʉʏʚȏAȾģ�=�7'�ʑĻ�ǢĹàǂ
ėÿ�=ǄăːNW Ǆăˑ' 3 ǌǝɨĜ���

ƖɉǄ#ɰƠ��Ɠʫ$ǌǝ*ȶŁ9ƷǇ*ȠúAǌȵ4�+Ǆă�$' Table 2-1'ȉ�� 

 

ș 2ʽ� ǣǬɢǌ 

ƖɉǄ*ǣǬɢǌ+�ɿʻƿa\m{�ǂʒɥːADCP: Acoustic Doppler Current Profilerˑ

':=ɢǌAʯ�"��1"ƈʫː8:00–16:00ˑ'ĝƁ����ʡAʯ�ǌǝ#�ʹƶ ĦŁ

ƷǋƷǇɥːCTD: Conductivity Temperature Depth profilerˑAǰ�"Ǆʺ�;ƷǇ 1,000 m
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4#*Ʒǋ�ĈÅ�ġŁ�M��lE}ɕºAǌĜ���ŗđ²*�7�Õȶ 17.0˚�ƜȪ 131˚

*ǌǝːStn. 36ˑ#+�ƷǇ 200 m4#* CTDɢǌAĝƁ��Õȶ 17.5˚�ƜȪ 131˚*ǌǝ

ːStn. 37ˑ#+ CTDɢǌAĝƁ�=�$
#�&����CTDɢǌAĝƁ���1"*ǌǝ

#�cUK�ŬƷõAǰ�"�ɘĬ+ƷǇ 54�+ 10 m��*× 50 m�100 m�150 m�200 m

*ɥ 5Ĭ#ŬƷ���Ŏ;>�ǄƷ+�ɋ�'"�N{UlCFg�lE}Y�ː Whatmann� 

ǾŌ 25 mm�ǽê� 7 µmˑAǰ�"Ǚʚ��*��6 ml*Tu[}p}tD}_iaAÑ


"ɌȦAŧÄ��Áƌš#¯Ȟ����*ō�ȅȓĞ'"ɕººŁɥːTurner DesignsȊˑA

ǰ�"�Holm-Hansen et al. (1965)AÞȾ'M��lE} aǘŁAǌĜ���4��Ŏ;>�

M��lE} aǘŁ$ CTD':<ɢǌ�>�M��lE}ɕºAǰ�"öĺŃA§Ş��ƷǇ

1,000 m 4#*M��lE} a ǘŁAȝÄ���Ʒǋ�ĈÅ�ġŁ�M��lE} a ǘŁ*ʧ

Ǿm�lCF}+�ÙÕ'ŀ�Ƞú#ɢǌ
ɖ@>�ƜȪ 131˚�137˚�141˚*ɢǌ�:.ÅƝ

_�YA¨ǰ��Ocean Data Viewːversion 4.7.10, Schlitzer 2003ˑAǰ�"§Ş���ɉɽ

�+Ļ'�ADCPAǰ�"�Ǆʺ�;ƷǇ 26 m4#A 1Ĭǽ$�"�ƷǇ 26 m�;ʧǾƀì

' 16 mʫʲ#éĬ*ǂʒAǌĜ���&��ADCP*ǂʒ_�YAǰ�=ʳ+�1_�YâŎ

*�7'Ǹĥ�=k�NŹ*	��ʞư'ã°�:.ɣƝ#��k�NŹ*Îê
 80%��*

_�YAeFV$Èž�ʯÝ��*��ǂʒA 30Å�$'Ľā��� 

� Óǣm{�M`�*Åĸ$ɰƠǄăč8í7�Ǆă*ǣǬǭĉ*ʬ­AƦɦ�=�7'�Ǆ

˚ȅȓʪǸƮƪ:<Űª�>� FRA-JCOPE2.1 ÀɣƝ_�Y*	�Ɯɛ�:.ÙÕŞÅ*ƃ

Ľāǂʒ_�YA¨ǰ��ːMiyazawa et al. 2009 �ˑ�*ÀɣƝ_�Y+SNrłƬȤ*Ǆ˚

Đŏǭv_}#�=Princeton Ocean ModelAǰ�"§Ş�>��*ƷĽɣ·Ł$ʾă+ 1/12˚�

Õȶ 10.5˚–62.0˚$ƜȪ 108.0˚–180.0˚#�=�&��ëÀɣƝ_�YAǰ�='��<�ADCP

*ǂʒ_�Y$Ƶʇ��ÕɼʛǄǂă'��= FRA-JCOPE2.1ÀɣƝ_�Y*ˋ�ÀǪŕAɟ

ɠǻ'Ȇɭ��ːFig. 2-2 �ˑ 

 

ș 3ʽ� ǮǣɰƠ 

ƃ�'��"+�GbLǽ~m`WlC}U+m{�`d\`�;ʐʠ�=�$
ȃ;>"�

=ːCastonguay & McCleave 1988 �ˑ�*�7�ƖɰƠ#+�ǽê� 0.5 mm�ʪäʡ 8.7 m2

*ĐĂm{�M`�d\` Isaacs-Kidd Midwater TrawlːIKMTˑAǰ��ǮǣŬʴAďʫ

ː20:00–4:00ˑ'ĝƁ���ďʫ'��"�cp�GbL+�ƷǇ 10–160 m #Ŭʴ�>"�

=ːKajihara et al. 1988, Otake et al. 1998 �ˑ��#�ƜȪ 141˚*�>�>*ǌǝ#�cp�

GbL*ʧǾǻ&ÅĸȠúAÞȾ'�ƷǇ 50 m$ 100 mA�>�>ƷĽƀì' 30Åʫ� ƍ

ȱ�=ʱƴƍ�'Ñ
"�ƷǇ 150 m$ 200 mAĤɶ$��ʱƴƍ�AĝƁ��ːFig. 2-3 �ˑ

ƜȪ 141˚�č*ǌǝ#+�ɘĬă#*ʧǾÅĸA:<ɬȨ'Ʀɦ�=�7'�ɘĬǈêĬ¿*
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ƷǇ 30 m$ 50 mA�4�+ƷǋʄĬ�Ĭʡ*ƷǇ 70 m$ 100 mA�>�>ƷĽƀì' 30

Åʫ� ƍȱ���űȱōǾ�'~m`WlC}UAʟÉ��ĝ¥ˁŐʨ�#�ĎʡǱ�ƒį

ː1988ˑ9Miller & Tsukamotoː2004ˑ&%AÞȾ'ňśǻǤő�;åɃ&ʮ<�£*Å˂

~o}4#Å˂ȼAǤĜ���&��ȑ*ëĜ#+ș 3 ȿAǰ��Ȇɭ§Ƨ8åɃ&ʮ<ĝƁ

���Ɩȅȓ#+�Şˌ*�&ǮŖă9Ǯǁç'Ą!�"�Ƃŋȅȓːe.g. Miller et al. 2002ˑ

AÞȾ'�Å˂ȼA 5  *I^Q|�ːʭƻöʘŕGbL˂�Ǆ˚öʘŕGbL˂�č˚�Ǉ

ĬŕGbL˂�Đʰƣ�ĐʰƣŽʺŕGbL˂�ƽıŕGbL˂ˑ'Å˂���Ŭʴ±¥+½

ʩAɥǌ��-80˚C#ÁÂ¯ė��� 

 

ș 4ʽ� _�YɣƝ 

IKMT 'â<���l��u�Y�$d\`*ʪäʺȒAǰ�"Ń 2-1 #ǙƷʥAȝÄ��Ń

2-2':<ǌǝ�ƷǇĹ�Å˂ȼ�$*~m`WlC}U*±¥ŹġŁːǙƷʥ��<*Ŭʴ±

¥ŹˑAŎ�� 

 

ǙƷʥːm3ˑ=ŬʴƉ*l��u�Y�öʅŹ�d\`äŌʺȒːm2ˑ� 

ǞȱɫˉǇŁːmˑ/ǞȱɫˉƉ*l��u�Y�ĽāöʅŹ ːŃ 2-1ˑ 

 

±¥ŹġŁːind. m-3ˑ=Ŭʴ±¥Źːind.ˑ/ǙƷʥːm3ˑ ːŃ 2-2ˑ 

 

ɋ�'"ɖ@>�Ǟȱɫˉ#+�ǞȱɫˉǇŁ+ƷǇ 100 m�ɫˉƉ*l��u�Y�*Ľā

öʅŹ+ 1,077öʅ#����7��>;*³Aǰ���&��ƜȪ 131˚�134˚�137˚�141˚�

NW Ǆă*ǌǝ#*ǮǣŬʴ'ǰ��ǄƷ*ǙƷʥ*Ľā³$Ƭǒ´Ķ+��>�>

92,506.7±11,018.8 m3�82,815.4±6,939.8 m3�87,8301.6±3,568.4 m3�87,918.5±8,128.1 m3�

79,437.9±4090.8 m3#���� 

� ÕɼʛǄǂă'��=~m`WlC}U*ʧǾÅĸ*ǤŕAƦɦ�=�7'�ÕɼʛǄǂă

#±¥ŹġŁAĽā��ƍȱƷǇĹʫ#Ƶʇ���ƷǇĹʫ*±¥ŹġŁ*Ƶʇ#+�±¥Ź

ġŁ_�Y*ưɞŕ$ȚÅŸŕA�>�> Kolmogorov-Smirnov test$ F test':<Ʀɦ��

_�Y*ưɞŕ$ȚÅŸŕ
ɭ7;>�Ćê+ Student’s t-test4�+ Paired t-testA�ưɞŕ


ɭ7;>&�Ćê+Wilcoxon signed-rank testAǰ���NWǄă#+�ōʎ�=:	'ː Ɩ

Ȗș 2ȟ �ˑÕɼʛǄǂă$Ƶ1"ǣǬǭĉ*Ǥŕ
Đ��Ƿ&�"���7�±¥ŹġŁAĽ

ā�='��<�NW Ǆă*_�Y+ʯč���ŬʴƷǇʫ*~m`WlC}U*½ʩȩŞA

Ƶʇ�=�7'�~m`WlC}U
 20±¥��Ŭʴ�>�ƷǇ'��=é±¥*½ʩAǰ�

"�½ʩ_�Y*ưɞŕA Kolmogorov-Smirnov test#Ȇɭ��*��Mann-Whitney U-test
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4�+ Kruskal-Walis test$ Bonferroni testAĝƁ��� 

� ~m`WlC}Uȼʴ*ǤŕAɪ¬�=ʳ+�ƜȪ 141˚�č*ǌǝ* 2  *ƷǇĹ*±¥Ź

ġŁAêȝ�"¨ǰ���ƜȪ 141˚*ǌǝ#+�ƷǇĹ 150–200 m'��"~m`WlC}U


2$B%Ŭʴ�>&����7�ƷǇ 50–100 m *±¥ŹġŁ*5Aǰ���ȼʴ*Ďƫŕ

AƦɦ�=�7�ǌǝ4�+ǌȵ�$' Shannon-Wiener *ĎƫŁŪŹːH’ˑA�Ń 2-3 ':

<ȝÄ��ːSpellerberg & Fedor 2003 �ˑ 

 

!′ = − (!!log!!!)!
!!!   (Ń 2-3) 

 

��#�S+ǌǝ'��=ȑŹ�pi+½ȑí7�±¥Ź'Ú7=ȑ i*±¥Ź*ÎêA�>�>

ȉ��&��Ɩȅȓ+±¥Ź#+&�±¥ŹġŁAǰ���H’+ȑŹ
Ď��� éȑ*±¥

ŹġŁ*Ķ
ħ��2%ˋ�³Aȉ��Ďƫŕ
ˋ��$AŚð�=�ĎƫŁŪŹ'Ñ
"�

ǌǝʫ*ȼʴƪʓ*ĶǷAɪ¬�=�7'�éǌǝ*±¥ŹġŁAǰ�"�ǌǝʫ*Å˂ȼȩ

Ş*˂¢ŁːBray-Curtis indexˑAŃ 2-4':<Ƹ7��&��ǌǝʫ*Å˂ȼȩŞ*˂¢Ł

ŪŹAȝÄ�=ʳ'+�ŬʴƷǇ
×*ǌȵ$Ƿ&=�$�;�ƜȪ 141˚*ǌǝ+ɣƝ�;ʯ

č���4��ÅŸAǉĨ��=�7�Field et al. ː1982ˑ9 Yamamuraː1999ˑAÞȾ'

±¥ŹġŁA 4�ƢċŲː ! + 0.5!
ˑ��� 

 

!"#$ − !"#$%& !"#$% = !!" − !!"!
!!! !! + !!  ːŃ 2-4ˑ 

 

��#�NA$ NB+ȼʴ A $ B '��=½±¥Ź�S +ȑŹ�nAi$ nBi+ȼʴ A $ B '��

=ȑ i *±¥ŹA�>�>ȉ��&��Ɩȅȓ+±¥Ź#+&�±¥ŹġŁAǰ���

Bray-Curtis*˂¢ŁŪŹ+ 0�; 14#*³A$<�̀ �³2%ǌǝʫ*ȼʴȩŞ
˂¢�"

�&��$AŚð�=�˂¢Ł*ȝÄ'+�ƖɰƠAʑ�"Ŭʴ±¥Ź
ƵʇǻĎ��ɰƠǄ

ă*Ɯʡ4�+ɛʡ'´��Åĸ�½ă#*ˋġŁÅĸ&%ȔʫÅĸ'ƅȆ&¶ì
ɭ7;>

� 16Å˂ȼːcp�GbL�HHGbL�Q^�DbQī sp. 4–6�HHS�DbQ�M�D

bQī�L�DbQī�SLGbLī�M�SLGbLī�n{DbQī�MjbJDbQī�

F�DbQȌ�G]qȌ�GsnjȌ�ePgGbLȌˑ*±¥ŹġŁAǰ���F�DbQ

Ȍ9G]qȌ' �"+�Ŭʴ�>�ī4�+�Ȍʫ*Åĸ'ƅȆ&ĶǷ
ɭ7;>&���

�7�±¥ŹġŁAȌ~o}#4$7�� 

� ǌǝʫ*˂¢ŁAĄ' Ward ƾAǰ��M{UY�ɣƝAɖ���Ś'ȼʴN}�mAÅ˂

���Wardƾ+�M{UY�*ʣŒ$M{UY�¿*éR�m}*ʁʶ*��ò$�¹�*M

{UY�¿#*ʣŒ$R�m}$*ʁʶ*��ò*Ķ
Əħ$&=M{UY�Aȫê�=ţƾ
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#�=��;'�ȼʴN}�mʫ'��=Å˂ȼȩŞ*ĶǷ*Łê�$ƑŚŕAe�h{u`

|\MĎċʥÅŸÅƝː PERMANOVA: PERmutational Multivariate Analysis Of VArianceˑ

Aǰ�"�ȼʴN}�mʫ'��=Å˂ȼȩŞ*ĶǷ'Ĥ�=éÅ˂ȼ*Ġ�ǨA˂¢ŁǺÅ

ǨÅƝː SIMPER: SIMilarity PERcebtage analysis #ˑƦɦ��ː Clarke 1993, Anderson 2001 �ˑ

PERMANOVA +�˂¢ŁA8$'ȼʴN}�m¿�:.N}�mʫ*ċÓ*ĶAȝÄ�=�

$# Pseudo-F AƸ7�Å˂ȼȩŞ*ĶǷ*Łê�AƦɦ�=ţƾ#�=�Pseudo-F ³
ˋ�

2%�ȼʴN}�mʫ*Å˂ȼȩŞ+Đ��Ƿ&=ːAnderson 2001 �ˑ4��Å˂ȼȩŞ*Ķ

Ƿ*ƑŚŕAƦɦ�=�7'��.Ǝ
Ssx~�Sy�A 999 öĝɖ���Ư'�SIMPER

Aǰ�"Å˂ȼȩŞ*ĶǷ'Ĥ�=éÅ˂ȼ*Ġ�ǨːδijˑAŃ 2-5':<Ƹ7�� 

 

!!" = !!" − !!" !!" + !!"!
!!!  ːŃ 2-5ˑ 

 

��#�S +ȑŹ�nAi$ nBi+ȼʴ A $ B '��=ȑ i*±¥ŹA�>�>ȉ��&��Ɩȅ

ȓ+±¥Ź#+&�±¥ŹġŁAǰ���N}�mʫ*Å˂ȼȩŞ*ĶǷ'Ǥ'Ġ���Å˂

ȼ' �"+�N}�mʫ*±¥ŹġŁAƵʇ�=�7'�±¥ŹġŁ_�Y*ưɞŕ$ȚÅ

ŸŕA Kolmogorov-Smirnov test$ Bartlett test#Ȇɭ��ưɞŕ$ȚÅŸŕ
ɭ7;>�Ć

ê+�ANOVA$ Tukey-Kramer testA�ȚÅŸŕ*5
�Ĝ#�&�Ćê+�One way test

$ Bonferroni testA�ưɞŕ
ɭ7;>&���Ćê+�Kruskal-Walis test$ Bonferroni test

AÊǰ�"ĎʣƵʇAĝƁ���&��ȼʴN}�mʫ*±¥ŹġŁ*Ƶʇ#+�ÅŸAǉĨ

��=�7�ĤŹċŲ��±¥ŹġŁːLog(x+0.5)ˑAǰ��� 

� Åĸ$ǣǬǭĉ*ʬ­Aɪ¬�=�7'�éÅ˂ȼ*±¥ŹġŁ$ŬʴƷǇːƷǇ 30 m�50 

m�70 m�100 m #ˑĽā��Ʒǋ�ĈÅ�M��lE} aǘŁ�4�+ƷǇ 42 m*Ɯɛǂʒ�

ɰƠƃ*ǄʺˋŁ*ʬ­A�±¥ŹġŁ$ǣǬǭĉ_�Y*ưɞŕA Kolmogorov-Smirnov test

#Ȇɭ��_�Y*ưɞŕ
ɭ7;>�Ćê+ Pearson correlationA�ưɞŕ
ɭ7;>&�

��Ćê+ Spearman rank correlationAǰ�"Ʀɦ���&��ōʎ�=
�ƷǇ 42 m$

106 m*Ɯɛǂʒ'ƑŚ&ư*ǿʬ
ɭ7;>��7�ƖɣƝ#+�ƷǇ 42 m*ǂʒ_�Y*

5Aǰ���Ư'�ȼʴƪʓ$ǣǬǭĉ*ʬ­Aɪ¬�=�7'�ǌǝ�$*ǭĉ_�YːŬ

ʴƷǇ#Ľā��Ʒǋ�ĈÅ�M��lE} aǘŁ�ǌǝ�$*ƷǇ 42 m$ 106 m*Ɯɛǂ

ʒ�ƃĽāǄʺˋŁ�ȶŁ�ȪŁˑAɮƅċŹ�ǌǝ�$* 16Å˂ȼ*±¥ŹġŁAǰ��Å

˂ȼȩŞ_�YAǽǻċŹ$�"�ưǒĤŔÅƝː CCA: Canonical Correspondence Analysisˑ

AĝƁ���CCA +�ĤŔÅƝ':�"Ŏ;>�ǌǝUPDAǽǻċŹ�ǭĉ_�YAɮƅċ

Ź$�"�ʣ5��ʣöĺÅƝAɖ��Ŏ;>�ǌǝUPDAſ��R�m}UPD$��á

ƙ�=4#§ƧAȹ<ʍ�ÅƝ#�<ːTerBraak 1986 �ˑÅ˂ȼȩŞ'Ĥ�=ǭĉɜ÷*ŉʼ



 13 

AğƆ'ɣƝ#�=ÊǝAũ �Ǫÿ#+�ȼʴǮśę*Åʤ'��"�ȨɎ�ˌ˂&%*ȼ

ʴ'ŉʼ�=ǭĉɜ÷AǤĜ�=�7'ŀ�ǰ�;>"�=ːʦƔ�Ș� 2009, Hsieh et al. 

2012 �ˑCCA AĝƁ�='��<�ÅŸAǉ;��7'±¥ŹġŁA 4 �ƢċŲː ! + 0.5!
ˑ

���4��ƖɰƠ'��"�� *ǌǝ#*5Ŭʴ�>�n{DbQī$�Ŭʴ�>�~m

`WlC}U
 1 Å˂ȼ*5#���ǌǝ' �"8�ÅŸAǉĨ��=�7'�ɣƝ�;ʯ

č����;'�ƖȖș 3ȟ#ʎ1=
�ȼʴN}�m'ŉʼ�=ǭĉɜ÷AƦɦ�=�7'�

M{UY�ɣƝ':<N}�mÔ�>&��� Stn. 40ːÕȶ 24.0˚�ƜȪ 128.5˚ˑ*_�Y+

ɣƝ'ǰ�&����Ďʣ¾ȵŕAƦɦ�=�7�ɮƅċŹʫ*ǿʬ­ŹA�Pearson 

correlation#Ȇɭ��ȫƞ�Ʒǋ$M��lE} aǘŁːr =-0.69, p<0.001 �ˑȶŁːr =-0.81, 

p<0.001 �ˑƷǇ 42 m*Ɯɛǂʒːr =-0.47, p<0.05 �ˑǄʺˋŁːr =-0.53, p<0.01 �ˑĈÅ$Ȫ

Łːr=-0.46, p<0.05 �ˑM��lE} aǘŁ$ȶŁːr =0.47, p<0.05 �ˑƷǇ 42 m*Ɯɛǂʒ$

ƷǇ 106 m*Ɯɛǂʒː r =-0.65, p<0.001 �ˑȶŁː r =0.43, p<0.05 �ˑǄʺˋŁ$ȶŁː r =-0.77, 

p<0.001 �ˑȪŁːr =-0.81, p<0.001 �ˑȶŁ$ȪŁːr =-0.46, p<0.05ˑ'ƑŚ&ņ�ǿʬ
ɭ7

;>���*�7�ƖȖ#+�ɮƅċŹ$�"�ĈÅ�M��lE} aǘŁ�ƷǇ 42 m*Ɯɛ

ǂʒ�ƃĽāǄʺˋŁAǰ���ȭɥɣƝ9ĎċʥɣƝ'+ȭɥÃǬXl` Rː Version 3.2.3ˑ

$h\O�T veganːVersion 2.4ˑA¨ǰ��� 

 

ș 2ȟ� ȋĘÕɼʛǄǂă'��=ǣǬǭĉ 

ƜȪ 131˚�137˚�141˚*Ʒǋ�ĈÅ�ġŁ�M��lE} a ǘŁ*ÙÕʧǾžʺûA Fig. 2-4

'ȉ��ÕɼʛǄǂă#+��ʡ*ǄăAʯ��ɘĬ�;ƷǇ 50–70 m �ʌ'��" 28˚C �

�*ɘĬǈêĬ
ňŞ�>�ƷǇ 50–70 m�Ǉ'ƷǋʄĬ
Ǹʜ�"���Õȶ 15˚�ƜȪ 141˚

*Ǆă#+�ïʊǄă$Ƶ1" 28˚C*Țǋȵ
ƅȆ'ǃ�&�"��
��>+¤ƶþŕ*æ

˃ːNo. 1326ˑ
ɢǌÍ'ʑʚ���$':=ĩšǻ&ǎƄ
ʬ­�"�=$Ůģ�>�ːFig. 

2-1 �ˑƜȪ 137˚*Ǆă*ɘĬ#+�Õȶ 14˚�ʌ4#�¤ȶŁ�; 29˚C��*ˋƷǋĹ
Ņ<

Ä�"���ɘĬ�;ƷǇ 70 m�ʌ#+�ƜȪ 131˚*Ǆă'Ƶ1"�ƜȪ 137˚9 141˚*Ǆă

#+ƵʇǻˋĈÅ&ǭĉ#����Ǥ'�ƜȪ 141˚*ɘĬ*ĐʡÅ#+�ĈÅ+ 34.7–34.8 $

ˋ�³Aȉ���éǄă*ȚġŁȵ+Ʒǋ$Ʃ)�Ɉ�"���ƃĥ':<ɘĬ*ǄƷ
ǋ7

;>ˋƷǋ$&<�ʭʸ'¡	ǆƷ*ǂ¼#¤ĈÅ$&=�$#�ɘĬ2%¤ġŁ&Ʒć
ň

Ş�>�$Ⱦ
;>=��1"*Ǆă'��"�0.4 !g L-1��*M��lE} aǘŁAȉ�ƨ

ĐĬ+ƷǇ 100–130 m�ʌ'ňŞ�>"���ŬʴƷǇ#Ľā��Ʒǋ�ĈÅ�M��lE}

aǘŁ$ƷǇ 42 m*ƜɛǂʒA Fig. 2-5'ȉ��NWǄă*Ʒǋ+�ÕɼʛǄǂă'Ƶ1"¤

��ëǄǂ#+¤ȶŁǄă2%ˋƷǋ#�<�ƜȪ 137˚*Õʡ#Ǥ'¤Ʒǋ#����ĈÅ+

�1"*ǌȵ*ˋȶŁǄă#¤��Ǥ'ƜȪ 131˚9 134˚*Õȶ 14˚–15˚:<ˋȶŁ&Ǆă#�
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¤ĈÅ#����ƜɛŞÅ*ǂʒ+�éǌȵ*Õȶ 15˚�ʌ#Ǥ'¤�³Aȉ���M��lE

} a ǘŁ+�ɰƠǄă'��=ƅȆ&¶ì+ɭ7;>&���
�ƜȪ 131˚#+Õȶ 15˚–17˚

*Ǆă#�ƜȪ 134˚#+Õȶ 15˚*Ǆă#�ƜȪ 137˚#+Õȶ 13.5˚9 17.0˚*Ǆă#ˋ�³A

ȉ��� 

� ADCP':<ǌĜ�>� 42 m*ǂʒ�;�éǌȵ*Õȶ 14˚–16˚�ʌ'��"Ə8ņ�ɛƀ

0*ǂ>
Ȇɭ�>ːFig. 2-1 �ˑ�>+�Kimura et al.ː1994ˑ
ąî��ÕɼʛǄǂă#Ə

8ʒ�ǂʒĹ#�=$Ⱦ
;>=�4��Õȶ 12˚–17.5˚*Ǆă#ɛƀ0*ǂ>��#&��Ɯ

ƀì*ǂ>8Ȇɭ�>��ƜȪ 131˚#+˒Õȶ 15.5˚�ʌ#ɛƀ0*ǂ>
Øʀ�"����ƀ

#�ëǌȵ*Õȶ 16˚�Õ#+�ÙƜ*ǂ>
ėÿ�"���$�;�ƜȪ 131˚*ˋȶŁǄă#

ˋƶþŕǊ
Ǹʜ�"��åɃŕ
Ⱦ
;>���>AƦɩ�=�7'�FRA-JCOPE2.1Àɣ

Ɲ_�YAǰ�"ɰƠǄăč*Ǆă8í7"Ʀɦ��ȫƞ�Õȶ 15˚–18˚�ƜȪ 131˚*Ǆă9Õ

ȶ 18˚–20˚�ƜȪ 137˚–141˚*Ǆă#ˋƶþŕǊ
ėÿ�=�$
ȉ�>�ːFig. 2-2 �ˑ4��

�>;*Ǌ+ɰƠƓʫAʑ�"ėÿ�"��ːFig. 2-6 �ˑÕɼʛǄǂ'��"ɛƀ0ěĜ��

ǂ>
Ȇɭ�>�ǂʒĹ+�ƜȪ 137˚#+Õȶ 12–16˚�ʌ#����ƀ#�ƜȪ 131˚#+Õȶ

12–14˚�ʌ#�<�ÕɼʛǄǂ*ņǂĹ+ɔɖ�"�=�$
ȉó�>�ːFig. 2-2 �ˑ 

 

ș 3ȟ� ȼʴƪʓ$ǣǬǭĉ*ʬ­ 

ș 1ʽ� Å˂ȼȩŞ 

éǌȵ$ NWǄă*~m`WlC}U*ŬʴȫƞA Table 2-2'4$7��ƖɰƠ#+�12Ȍ

21ī�Ĩ&�$8 66ȑ*~m`WlC}U
 1,372±¥Ŭʴ�>��DbQȌ Congridaeː 12

ȑ; n =535ˑ$ePgGbLȌ Serrivomeridaeː≥1ȑ; n =465ˑ*~m`WlC}U
Ǥ'Ď

�Ŭʴ�>�½¥*�:� 70%AÚ7��4��G]qȌMuraenidaeː≥31ȑ; n =94 �ˑSL

GbLȌ Nemichthyidaeː3ȑ; n =85 �ˑGbLȌ Anguillidaeː≥3ȑ; n =66 �ˑF�DbQȌ

Chlopsidaeː8ȑ; n =63ˑ8Ď�Ŭʴ�>�� 

� DbQȌ#+Ĩ&�$8 5ī 12ȑ*~m`WlC}U
Ŭʴ�>�M�DbQī Congerː n 

=253 �ˑQ^�DbQī Ariosomaː n =215 �ˑL�DbQī Gnathophisː n =59ˑ
¸Ú���

4���>;*×�[�DbQī Heteroconger 9S�TxDbQī Gorgasia*~m`WlC

}U8ĨŹŬʴ�>��DbQȌ' �#Ď�Ŭʴ�>�ePgGbLȌ+�ī4�+ȑ�$

*ňśǻǤő'ʬ�=ȃɝ
����Ȍ:<�£*Å˂~o}#*ëĜ
�åɃ#���� 

� G]qȌ#+�G]q�Ȍ Muraeninaeːn =77ˑ4�+KIFG]q�Ȍ Uropterygiinae

ːn =17ˑ
Ŭʴ�>�Ə8Ď�*ȑ4�+YFm*~m`WlC}U
Ȇɭ�>��SLGb

LȌ#+�M�SLGbLī Avocettinaːn =17ˑ$SLGbLī Nemichthysːn =68ˑ*~

m`WlC}U
Ŭʴ�>��ƖɰƠ#Ŭʴ�>�GbLȌ*ĐʡÅ+ǢĹŕ*GbLī#�
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=HHGbL Anguilla marmorata#�<�cp�GbL A. japonica*~m`WlC}U*±

¥Ź+ 13 ±¥#����F�DbQȌ#+�Chlopsisːn =11 �ˑF�DbQī Kaupichthys

ːn =28 �ˑI�|DbQī Robinsiaːn =10ˑ*~m`WlC}U
Ŭʴ�>���>;*×

'�Ŭʴ±¥Ź+Ĩ&�8**�n{DbQȌ Derichthidaeː2 ȑ; n =29 �ˑGsnjȌ

Ophichthidaeː2 ȑ; n =9 �ˑf|JdGsnjȌ Moringuidaeː1 ȑ; n =2 �ˑp{DbQȌ

Synaphobranchidaeː1ȑ; n =1 �ˑMVDbQī Nettastomatidaeː1ȑ; n =1 �ˑlGW�G

bLȌ Saccopharyngidaeː1ȑ; n =1ˑ*~m`WlC}U8Ŭʴ�>�� 

� ʭƻöʘŕGbL˂ːǆƷă4�+ƽıă#ŞɁ�č˚ă#ǯÜ�=Å˂ȼˑ$�"�Gb

LȌ
Å˂�>�ƜȪ 137˚*ǌȵ#Ə8Ď�Ŭʴ�>��4��ePgGbLȌ�SLGbL

Ȍ�n{DbQȌ�lGW�GbLȌ
Å˂�>�č˚�ǇĬŕGbL˂ːč˚ă#ŞɁ�ǯ

Ü�=Å˂ȼˑ+ƜȪ 137˚$ƜȪ 141˚*ǌȵ#ˋ�ÅĸÎêAȉ����ƀ#�Ǆ˚öʘŕG

bL˂ːƽıă#ŞɁ�č˚ă#ǯÜ�=Å˂ȼˑ*M�DbQī+�ƜȪ 131˚$ 134˚#ˋ�

ÅĸÎêAȉ���ƽıŕGbL˂ː�'ƽıă#ŞɁ�ǯÜ�=Å˂ȼˑ$�"�Q^�D

bQī�L�DbQī�F�DbQȌ�G]qȌ�GsnjȌ&%
Ŭʴ�>��ƽıŕGb

L˂*ÅĸÎê+�NWǄă�ƜȪ 131˚�ƜȪ 134	#ˋ��NWǄă#+�Ŭʴ�>�~m`

WlC}U*�:� 70%AÚ7��Đʰƣ�ĐʰƣŽʺŕGbL˂ːĐʰƣ�ʌ#ŞɁ�ǯÜ

�=Å˂ȼˑ$�"�MVDbQȌ$p{DbQȌ'ī�= 2±¥
 NWǄă#Ŭʴ�>�� 

 

ș 2ʽ� ĀǬǻÅĸ 

Fig. 2-7+�éÅ˂ȼ*±¥ŹġŁAǌǝ�$'ȉ��8*#�=�M�DbQī�ePgGb

LȌ*~m`WlC}U+�Õȶ 15˚�ʌ�ƜȪ 131˚*Ǆă#ƵʇǻˋġŁ'Åĸ�������

ePgGbLȌ+ëǄă��#&��NW Ǆă$ƜȪ 131˚*ÙʡAʯ��ÕɼʛǄǂă*ŀ�

Ƞú#Ď�Ŭʴ�>��ƜȪ 134˚*Ǆă#+�ePgGbLȌ'Ñ
"�M�DbQī9Q^

�DbQī*~m`WlC}U8Ď�Ŭʴ�>�Ǥ'Õȶ 16˚*ǌǝ#ˋ�±¥ŹġŁAȉ���

4��Q^�DbQī+ÕɼʛǄǂ*ƵʇǻŀȠú&Ǆă'Åĸ��ƜȪ 134˚*Õʡ*Ǆă'

Ñ
"�ƜȪ 131˚*Õʡ9 NWǄă#ˋ�±¥ŹġŁAȉ���4��×*ƽıŕGbL˂*

L�DbQī�F�DbQȌ�G]qȌ�GsnjȌ*~m`WlC}U' �"8�ƜȪ 131˚

$ 134˚*Õʡ4�+ NW Ǆă'��"ˋʿŁ#Ŭʴ�>���>;'Ĥ�"�HHGbL A. 

marmorataA+�7$��GbLī+�ƜȪ 137˚*Ǆă#ˋʿŁ'Ŭʴ�>��4��n{D

bQȌn{DbQī Nessorhamphus+�ƜȪ 137˚$ 141˚#*5Ŭʴ�>��MjbJDbQ

ī Derichthys+�ÕɼʛǄǂă*Õȶ 13–16˚*ǌǝ#Ŭʴ�>��ƀ#�SLGbLī�M�

SLGbLī�F�DbQȌ*~m`WlC}U+�ǌȵ*ƵʇǻÕʡ*Ǆă#Ŭʴ�>=¶

ì
ɭ7;>��Ɩȅȓ#+�cp�GbL+�ÕɼʛǄǂă*Ƶʇǻŀ�Ƞú#Ŭʴ�>�
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�×*Å˂ȼ*Åĸ
Ĩ&���ƜȪ 131˚*Ùʡ'8Åĸ��� 

 

ș 3ʽ� ½ʩȩŞ 

éÅ˂ȼ*~m`WlC}U*½ʩA�ȶŁ4�+ȪŁ�$'�>�> Fig. 2-8$ 2-9'ȉ��

GbLī#+�Õȶ 15–16˚�ƜȪ 137˚–141˚*Ǆă#½ʩ 10 mmƕǐ*ħĂ±¥
�Õȶ 15.5˚�

ƜȪ 141˚*ǌǝ#Əħ±¥
Ŭʴ�>��4��M�DbQī#+�Õȶ 15˚–15.5˚�ƜȪ 131˚

*Ǆă#*5½ʩ 10 mmƕǐ*ħĂ±¥
Ŭʴ�>���>;$+ĤǠǻ'�č˚�ǇĬŕG

bL˂*ePgGbLȌ�M�SLGbLī�SLGbLī*ħĂ±¥ː½ʩ�:� 10 mmƕ

ǐˑ+�ɰƠǄă*ŀȠú&Ǆă#Ŭʴ�>��ƽıŕGbL˂#+�½ʩ 15 mmƕǐ*ħĂ

±¥+Ŭʴ�>&����ePgGbLȌ�F�DbQȌ�G]qȌ�n{DbQȌ#+�½

ʩ$ȶŁ4�+ȪŁ'ƅȆ&ʬ­ŕ
ɭ7;>&��������ÕɼʛǄǂă#+�GbL

ī+ɛƀ*Ǆă2%ĐĂ*±¥
Ď�Ŭʴ�>=¶ì
ɭ7;>��4��M�DbQī'�

�"+�ƜȪ 131˚*Ǆă#�ƖɰƠ*Əħ±¥�;ƏĐ±¥4#�ƫ�&½ʩ*±¥
Ŭʴ�

>���ƀ#�Q^�DbQī+�ƵʇǻħĂ*±¥
 NW Ǆă#ʴ�ǻ'�ÕɼʛǄǂăƜ

ʡ4�+¤ȶŁ*Ǆă2%:<ĐĂ*±¥
Ŭʴ�>��4��GsnjȌ8�NW Ǆă'Ƶ

1"�ÕɼʛǄǂă#ĐĂ*±¥
Ŭʴ�>��L�DbQī+�ƜȪ 141˚#ƵʇǻħĂ*±

¥ː½ʩ 22.00 mm�32.00 mmˑ
Ŭʴ�>�
�GsnjȌ9Q^�DbQī$ëƫ'�Ɯ

Ȫ 131˚'Ƶ1"�NWǄă#ħĂ*±¥
Ď�ÄǪ��� 

� Fig. 2-10'�~m`WlC}U*½ʩ$ŬʴƷǇ*ʬ­Aȉ���GbLī�L�DbQī�

SLGbLī�G]qȌ*Əħ±¥+ƷǇĹ 150–200 m#Ŭʴ�>��Ď�*Å˂ȼ#+�½

ʩ$ŬʴƷǇ'ƅȆ&¶ì+ɭ7;>&��������ePgGbLȌ#+�ƷǇ 50–100 m

ːMedian: 22.25 cmˑ+ƷǇ 30–50 mːMedian: 23.00 mmˑ'Ƶ1"�4�ƷǇ 70–100 m

ːMedian: 37.20 mmˑ+ƷǇ 50–100 m'Ƶ1"�Ŭʴ�>�±¥*½ʩ+ƑŚ'Đ����

ːKraskal-Wallis, p<0.001; Bonferroni test, p<0.001 �ˑ4��Q^�DbQī#+�ƷǇ 70–

100 mːMedian: 126.50 mmˑ*ƀ
�ƷǇ 30–50 mːMedian: 108.95 mmˑ'Ƶ1"�ƑŚ

'Đ�&RFV*±¥
Ŭʴ�>�ː Mann-Whitney U-test, p<0.001 �ˑƷǇ 100 m�ǃ#+�

GbLī9M�DbQī+�:<Ǉ�ƷǇ 100 m#ŀȠú&½ʩȩŞAũ �$
@����

��
�"��>;*Å˂ȼ*ÅĸƷǇ+Şʩ'¡�ċÔ�=åɃŕ
ȉó�>�� 

 

ș 4ʽ� ȼʴɣƝ 

16Å˂ȼ*±¥ŹġŁAǰ��M{UY�ɣƝ*ȫƞA Fig. 2-11'ȉ��ǌǝ�$*ȼʴ+�

3 *N}�mːN}�m A�B�Cˑ$ Stn. 40*8*'Å˂�>��ȼʴN}�m A+�Ɯ

Ȫ 131˚*ÕʡǄă$ 134˚*ÕʡǄă*ȼʴ�;ƪŞ�>��ƀ#�ȼʴN}�m C +�ƜȪ



 17 

137˚*Ǆă$ƜȪ 131˚*ÙʡǄă*ȼʴ':�"ƪŞ�>�ːFig. 2-12 �ˑ4��ȼʴN}�m

B+�NWǄă$ÕɼʛǄǂă*ƫ�&Ǆă*ȼʴ�;ƪŞ�>"��� 

� PERMANOVA ':�"�N}�mʫ*Å˂ȼȩŞ+ƑŚ'Ƿ&�"�=�$
ȉ�>�

ːTable 2-3 �ˑ4��Pseudo-F*³�;�ȼʴN}�m A$ Cʫ*Å˂ȼȩŞ
Ə8Đ��Ƿ

&�"�<�N}�m B$ Cʫ*Å˂ȼȩŞ*ĶǷ
Ə8ħ���$
ȉ�>�� 

� Table 2-4+�éÅ˂ȼ*±¥Ź$ŬʴÎêAȼʴN}�m�$'ȉ��8*#�=�ȼʴN

}�m A#+�M�DbQīː½¥* 36.3% �ˑePgGbLȌː19.7%ˑQ^�DbQī sp. 5

ː9.9% �ˑG]qȌː8.6%ˑ
Ď�Ŭʴ�>��4��ȼʴN}�m A *±¥ŹġŁ+�×*

N}�m$Ƶ1"ˋ�³Aȉ���ȼʴN}�m B#+�Ǥ'ePgGbLȌː46.9% �ˑM�

DbQīː10.6% �ˑSLGbLīː7.7% �ˑQ^�DbQī sp. 6ː6.0%ˑ
ˋ�ŬʴÎêAȉ

����>;'Ĥ��ȼʴN}�m C #+�HHGbLː31.3%ˑ9ePgGbLȌː40.5%ˑ


Ŭʴ±¥Ź*ĐʡÅAÚ7"���ȼʴN}�m C #+�L�DbQī�SLGbLī�G

snjȌ*~m`WlC}U+Ŭʴ�>��ȼʴ½¥*±¥ŹġŁ+¤�³Aȉ����ƀ#�

Stn. 40#Ŭʴ�>�~m`WlC}U*ĐʡÅ
L�DbQī#����4��SLGbLī

9G]qȌ�Q^�DbQī*ŬʴÎê8ˋ���� 

� Table 2-5+�ȼʴN}�mʫ*Å˂ȼȩŞ*ĶǷ'Ĥ�=éÅ˂ȼ*Ġ�ǨAȉ��8*#

�=�N}�m A$ B*Å˂ȼȩŞ*ĶǷ'+�M�DbQīː 23.7% �ˑePgGbLȌː 12.2% �ˑ

Q^�DbQī sp. 5ː10.6% �ˑG]qȌː9.8% �ˑF�DbQȌː8.1%ˑ*±¥ŹġŁ
Ǥ'

Đ��Ġ��"���N}�m A$ C*ĶǷ'Ǥ'Ġ���Å˂ȼ+�M�DbQīː 26.8% �ˑ

ePgGbLȌː 12.4% �ˑG]qȌː 10.5% �ˑQ^�DbQī sp. 5ː 8.8% �ˑF�DbQȌː 8.0%ˑ

#�<�N}�m A$ B*Ćê$ĶǷ'Ġ��=Å˂ȼ
˂¢�"����>'Ĥ�"�N}

�m B $ C #+�Å˂ȼ*ĶǷ'ePgGbLȌː25.8%ˑ
Ə8Đ��Ġ����;'M�

DbQīː14.2% �ˑHHGbLː11.5% �ˑQ^�D�Qī sp. 5ː9.5%ˑ
Đ��Ġ��"�

��4��ƽıŕGbL˂*Ġ�Ǩ+¤���� 

� Fig. 2-13+�16Å˂ȼ*±¥ŹġŁAN}�m�$'ȉ��8*#�=
�ĐʡÅ*Å˂ȼ

#ƑŚ&Ķ+ɭ7;>&�����ƀ#�ȼʴN}�m A *M�DbQī*±¥ŹġŁ+�×

*ȼʴN}�m'Ƶ1"�ƑŚ'ˋ����4��F�DbQȌ9G]qȌ#+�N}�m A

$ B�4�+N}�m A$ C#�±¥ŹġŁ'ƑŚĶ
ɭ7;>�N}�m A*ȼʴ#Ə8ˋ

�±¥ŹġŁAȉ����ƀ#�ƑŚ#+&�8**�HHGbL+N}�m C #Ə8ˋ�±

¥ŹġŁAȉ��� 

� éÅ˂ȼ*±¥ŹġŁ$Ʒǋ�ĈÅ�M��lE} aǘŁ�Ɯɛǂʒ�ǄʺˋŁ*ʬ­A Table 

2-6 'ȉ��Ɯɛǂʒ$*ƑŚ&ǿʬ+HHGbL*5#ɭ7;>���>'Ĥ�"�Ʒǋ+�

F�DbQȌ�Q^�DbQī sp. 4$ sp. 6�L�DbQī�G]qȌ�SLGbLȌ�Gs
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njȌ$�ĈÅ+M�DbQī�Q^�DbQī sp. 5�F�DbQȌ�G]qȌ�ePgGb

LȌ$ƑŚ&ɷ*ǿʬAȉ���4��F�DbQȌ�Q^�DbQī sp. 5�SLGbLī+�

M��lE} aǘŁ$ƑŚ&ư*ǿʬAȉ��� 

� CCA ':<Ŏ;>�éʆ'Ĥ�=éǭĉɜ÷*Ġ�Ǩ9ʆ�$*üƑ³�ȧȒĠ�ǨA

Table 2-7'ȉ��ș 1ʆ$ș 2ʆ+�ǌǝʫ*Å˂ȼȩŞ*ĶǷAƑŚ'ɮƅ���>;*Ġ

�Ǩ+ 63.2%$ 25.0%#����4��ɮƅċŹ*	�ĈÅ$ǄʺˋŁ+�ǌǝʫ*Å˂ȼȩ

Ş*ĶǷAƑŚ'ɮƅ�"�����#�ș 1 ʆ$ș 2 ʆAǰ�"�ǭĉ_�Y$ǌǝ4�+

ȑ*ʬ­Aɘ��ːFig. 2-14 �ˑș 1ʆ+ĈÅ*Ġ�
Đ���ȼʴN}�m AAƪŞ�"��

ǌǝ$ȼʴN}�m C AƪŞ�"��ǌǝ+�ș 1 ʆ'ƽ�"ĤǠǻ'£Ⱥ��;>��ș 2

ʆ+ǄʺˋŁ*Ġ�
Đ���ș 2 ʆ#+�N}�m C *ǌǝ+Ƶʇǻʌ�'4$4<�N}

�m A9 B*ǌǝ+ŀȠú'£Ⱥ��;>��4��ȼʴN}�mʫ#5=$�ș 2ʆ'ƽ�

�ƅȆ&¶ì+ɭ7;>&����ĐʡÅ*Å˂ȼ+�Ƶʇǻ�Œ�ʌ'£Ⱥ��;>�
�

�� �*Å˂ȼ' �"+ǤĜ*ǭĉɜ÷$*ˁɏ&ʬ­
ȉó�>��M�DbQī+�

ș 1 ʆ*èµ'£Ⱥ���$�;�~m`WlC}U*�#8Ǥ'�Åĸ
¤ĈÅ'ņ�ŉʼ

Aã�"�=�$
ȉ�>���ƀ#�HHGbL+ș 1 ʆ*ĵµ'£Ⱥ�"�<�M�Db

Qī$+ĤǠǻ'ˋĈÅ&Ǆă#ˋ�±¥ŹġŁAȉ�8*$Ůǌ�>��ePgGbLȌ+�

×*Å˂ȼ$Ƶ1�¤�ǄʺˋŁ*Ǆă'Åĸ�=ǝ#Ǥő��;>"��� 

 

ș 5ʽ� ĎƫŁ 

ƜȪ 134˚�137˚�141˚*ǌȵ9 NWǄă#+�23�; 29ȑ*~m`WlC}U
Ŭʴ�>�

ːTable 2-2 �ˑƜȪ 131˚*ǌȵ#+�45ȑ��*Ďƫ&~m`WlC}U
ÄǪ���Fig. 2-15

'�±¥ŹġŁAǰ�"ȝÄ��ǌǝ�$*ĎƫŁAȉ��ĎƫŁ+�ƜȪ 137˚�141˚*ǌǝ

'Ƶ1"�NWǄă�ƜȪ 131˚�134˚#ˋ�³Aȉ�¶ì
�<�Ǥ'ƜȪ 131˚�134˚*Õʡ

Ǆă#�3.0��*ˋ�³Aȉ��� 

 

ș 4ȟ� ʧǾÅĸ 

ƷǇĹ 150–200 m#Ŭʴ�>�~m`WlC}U*ĐʡÅ
ePgGbLȌ�G]qȌ�F�

DbQȌ#�<�×*Å˂ȼ+2$B%Ŭʴ�>&���ːFig. 2-10 �ˑƜȪ 141˚*ǌǝ#Ŏ;

>�±¥ŹġŁAƷǇĹÉ' Fig. 2-16'ȉ��ƷǇĹ 50–100 m'��=~m`WlC}U*

±¥ŹġŁː2.8±0.6ˑ+�ƷǇĹ 150–200 m*±¥ŹġŁː0.70±0.2ˑ'Ƶ1"ƑŚ'ˋ��

�ːPaired t-test, p<0.001 �ˑ 

� SLGbLī$ePgGbLȌ#+�ƷǇ 30–50 m'��=±¥ŹġŁ*ƀ
�ƷǇĹ 70–

100 m'Ƶ1"�ƑŚ'ˋ���ːWilcoxon signed-rank test, p<0.05ˑː Fig. 2-17 �ˑ4��M
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�SLGbLī9Q^�DbQī8�ƑŚ#+&�
ƷǇĹ 30–50 m#ˋ�±¥ŹġŁAȉ�

���ƀ#�×*Å˂ȼ+�ƷǇĹ 70–100 m*ƀ
�ƷǇĹ 30–50 m'Ƶ1"�ˋ�±¥Ź

ġŁAȉ��Ǥ'cp�GbLAʯ�GbLī$M�DbQī�MjbJDbQī�G]qȌ

#+��*ʬ­ŕ+ƑŚ#���ː Wilcoxon signed-rank test, p<0.05 �ˑ4��ƷǇĹ 30–50 m

'��"�n{DbQī9GsnjȌ*~m`WlC}U+Ŭʴ�>&���� 

 

ș 5ȟ� Ⱦģ 

ș 1ʽ� ȋĘÕɼʛǄǂă'��=ǣǬǭĉ 

FRA-JCOPE2.1ÀɣƝ_�Y�;Ŏ�ɰƠƃ�$*ǄʺˋŁ�;�ƜȪ 131˚#+���:�Õ

ȶ 17˚–18˚A�Œ$�"ˋƶþŕǊ
Ǹʜ�"���$
ȉó�>���*Ǆă*�ɞƭǊ+Ï

ęǻˋŁ´Ķ_�YAǰ��ȅȓ#8Ȇɭ�>"�<ːHasunuma & Yoshida 1978, Kobashi 

& Kawamura 2002 �ˑ�*Ǆă'ĜĻǻ'ėÿ�=8*$Ⱦ
;>=��*�ɞƭǊ+�ƷǇ

100 m �ǃ'ėÿ�=�ǢĹàǂ$�>:<�Ĭ'ėÿ�=ÕɼʛǄǂ*ǂʒSD'ʬʔ��

¶þ�ěĜ':�"ňŞ�>=8*#ːQiu & Chen 2010b �ˑƜȪ 137˚*Õʡ#ɭ7;>�ˋ

ƶþŕǊ$ʔ&=�$#��ǢĹàǂă*�ʡ$&=ː Kobashi & Kawamura 2002, Kobashi et 

al. 2006 �ˑ�*�7�ƖɰƠǄă*Õʡ#+�ˋ�ǄʺˋŁ#Ǥő��;>�ˋƶþŕǊ
ė

ÿ��̀ ƶþŕǊ
Ĩ&�$8ƷǇ 100 m�ǃ*Ǆ˚ǭĉ'Đ��ŉʼ�"�=$Ůģ�>�� 

� Ɩȅȓ'��=ǣǬǭĉ*Ǥŕ+ëǄǂ#ĝƁ�>�ƫ�&ȅȓȫƞ$Ʃ)�Ɉ�"���

©
,�Ɩȅȓ#+�ɘĬǈêĬ+ƷǇ 70 m�ǃ'ňŞ�>��*�ʡ*ƷǇ 100–130 m�

ʌ#�ɘĬM��lE}ƨĐ
ėÿ����>;+�N{FZ�Aǰ�"ÕɼʛǄǂă*Ʒǋ�

ġŁ�ǂÓǭĉAƦɦ��ȅȓːSchönau & Rudnick 2015ˑ9ǢĹ�;�ǢĹă'��"Ƥǣ

m{�M`�*ÅĸAɰƠ��ȅȓːFuruya et al. 1990ˑ*ȫƞ$˂¢�=�4��15˚C��

*Țǋȵ
¤ȶŁ2%ǃ�&=¶ì
ɭ7;>�
��>'+Õȶ 8˚�ʌ'ėÿ�=s�Zb

Ha�t#*ǎƄ
ʬ­�"�=$Ⱦ
;>=ːKashino et al. 2009 �ˑƷǇ 400 m�ǃ*ĈÅ

' �"5=$�Ƃŋȅȓ$ëƫːToole et al. 1988, Kimura et al. 2001 �ˑĈÅ#�ɘ�>=

3 *Ʒć
ėÿ����ƀ#�Ɩȅȓ#+�ƜȪ 141˚*ƷǇ 100 m�ǃ*ĈÅ+�Ƈ�;Č

Ę'ɖ@>�ȅȓȫƞ'Ƶ1=$ːKaneko et al. 1998, Kimura et al. 2001, Aoyama et al. 

2014 �ˑˋ�³Aȉ��
�¤ȶŁ�;Ņ<Ä�¤ĈÅƷć+ʭʸ':�"�*£Ⱥ
ċÓ�=

�7ɘĬ*ĈÅ*ċÓ+ƉȔʫǻ'Đ���$
�#'ȃ;>"�<ːKimura et al. 2001, 

Schönau & Rudnick 2015 �ˑȋĘ*cp�GbL*ǯÜǭĉ+�Ɩȑ*ǯÜǼƓ*ČĘ$Ƶ1

"�Đ��Ƿ&=åɃŕ
Ⱦ
;>�� 

� ÕɼʛǄǂăAí6ɛʡ�ǢĹǄă+�ɹơˆ&Ǆă#�=8**�æ˃*ʑʚ':�"�

Ƥǣm{�M`�*ȔʫÅĸ*ĩšǻ&ċÓ
ɭ7;>"�=ː Lin 2012 �ˑƖȅȓ'��"8�
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ɰƠƓʫ' 3 *æ˃
ɰƠǄăAʑʚ�"�<ː Fig. 2-1 �ˑƜȪ 141˚*ǄăA+�7$�"�

æ˃*Ȫʂ$ĤŔ�=:	'�ƜȪ 134˚9 137˚*ĩšǻ&Ǆă#ˋ�M��lE} aǘŁ
ɭ

7;>�æ˃*ʑʚ'¡	Ƥǣm{�M`�*Åĸʥ*ĊÑ
ȉó�>�������*ŉʼ

AĜʥǻ'+Ťų�=�7'+�¤ǘŁ#*ơˆĈ*ċÓ9æ˃*ȎÓʒŁ�Ƥǣm{�M`

�*ȩŞAȾŜ�=œɜ
�=�Ƥǣm{�M`�+ȑ'8:=
�æ˃*ʑʚ'¡��ơ

ˆĈĊÑ�;���:� 2–3ƃōAk�M$�"ĊƳ� 10ƃʫ2%#ʑʚÍ*Åĸʥ4#

ǉĨ�=ːDitullio & Laws 1991 �ˑ�*�$Aʃ4
=$�ƜȪ 131˚*Õʡ#5;>�ˋ

�M��lE} aǘŁ+�æ˃*ʑʚ�;��:� 20ƃʫō*ɢǌ':�"ǌĜ�>"�

=�7ːFig. 2-1, Table 2-1 �ˑæ˃�č*ǭĉɜ÷
ŉʼ�"�=åɃŕ8Ⱦ
;>=�Ǆ

ʺˋŁ�:.ǂʒ�;�ƜȪ 131˚#+���:�Õȶ 17˚–18˚A�Œ$�Õȶ 15˚�ʌAȷʊ

ʡ$��ˋƶþŕǊ
Ǹʜ�"��ːFig. 2.2, 2-6 �ˑ�*�7�M��lE} aǘŁ
ĊÑ�

�ɜ÷*� $�"�İǱ�ʦƔː1999ˑ
Ūŵ�=:	'�ˋƶþŕǊ*ȷʊʡ#ǎƄ
ɾ

�<�Ǯǯŕ
ĊÑ���$
Ⱦ
;>=�����İǱ�ʦƔː1999ˑ+ˏǖɡǖȎɖă*

ˋƶþŕƋƷǊȷʊʡ'��=M��lE} a ǘŁĊÑ*uIcVtAơˆĈÓś9ïʊ*Ʒ

ćƪʓ�;Ʀɦ��8*#�<�ƖɰƠǄă'¾ʑ�=uIcVt#�=�+�ƅ#�=�4

��ˋƶþŕǊ*ʴȒ§ǰ'¡	lE|k�9æǏ�ʌ*ƽıƷ��&@�ˏǖă*ǄƷ*â

<ʋ58ɜ÷*� $�"Ⱦ
;>=�ˋƶþŕǊ':=ǄƷ*â<ʋ5'¡��ȷʊʡ#ˋ

�M��lE} aǘŁ
ɭ7;>=�$+�'ÍȵǊ#ąî�>"�<ː Everett et al. 2015 �ˑ

Ɩȅȓ#Ŏ� NW Ǆă#8ˋ�M��lE} aǘŁAȉ��$9ƽıă9Đʰƣ#ǯÜ�>=

Ǯǣ
ƜȪ 131˚–134˚*ÕʡːˋƶþŕǊăˑ'ˋġŁ#ÄǪ�=�$$Đ��ȂȀ�&���

;'�ǢĹàǂă#+�ˋƶþŕǊ��#&�¤ƶþŕ*�ɞƭǊ8Ǹʜ�=�$
ȃ;>=

ːChang et al. 2017 �ˑ�*�$�;�ˋƶþŕǊ*ȷʊʡ#ˋ�M��lE} aǘŁ
5;>

�ɜ÷$�"�¤ƶþŕǊ':<ǎƄ��Ƶʇǻˋơˆ&ǄƷ
ˋƶþŕǊ'â<ʋ4>�å

Ƀŕ8Ⱦ
;>=���>'�"8�ĩšǻ&Ǫɶ#+�=
�ȋĘ*ÕɼʛǄǂă#+��

ɞƭǊ*ėÿ9¤ƶþŕ*ƶø*ʑʚ
�Ƥǣm{�M`�*ÅĸʥAĊÑ���ǞɄƥÓǣ

m{�M`�&%*Åĸ'ŉʼA�
=åɃŕ
Ⱦ
;>��4��ÕɼʛǄǂă*Õɛʡ*

�ɞƭǊ+ĜĻǻ'ėÿ�=åɃŕ
�=�$��ɞƭǊ*ėÿ9¤ƶþŕ*ƶø*ʑʚ':

=Ƥǣm{�M`�*Åĸʥ*ĊÑ+Ĩ&�$8 10–20ƃʫȆɭ�>"�=�$�;ː Ditullio 

& Laws 1991, Everett et al. 2015 �ˑ�ɞƭǊȷʊʡ#*Ƥǣm{�M`�*Åĸʥ*ĊÑ+

ƵʇǻʩƓ'@��"Ȱũ�>=åɃŕ8Ⱦ
;>�� 

 

ș 2ʽ� ~m`WlC}Uȼʴ*ƪʓ 

Ɩȅȓ#+�Ƃŋȅȓ$ëƫ'�GbLǽ~m`WlC}UAňśǻǤő'Ą!�"åɃ&ʮ
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<�£*Å˂~o}4#ëĜ���č˚ă'ÄǪ�=M�DbQī*M�DbQ$rDbQ+

ňś
ɏ��˂¢��ňśǻǤő'Ą!�"ɴÉ�=�$+ùʷ#�=�$
ąî�>"�=

ːˏƔ 2008 �ˑ4��ePgGbLȌ+�Ǵ�'Ĩ&�$8 10ȑȆɭ�>"�<ː Nelson 2006 �ˑ

ÕɼʛǄǂă'��"ɚŹȑÅĸ�=åɃŕ
Ⱦ
;>=
�ňśǻǤő'Ą!�"ȑAǤĜ

�=�$+ùʷ#�����*�7�Ɩȅȓ#+�Ƃŋȅȓ$ëƫ'�ȑ�;Ȍ4#*ƫ�&

Å˂~o}*Å˂ȼAĎċʥɣƝ'ǰ�"�<�ˋ£Å˂~o}#4$7�Å˂ȼ+±¥Ź


Ď��ĎċʥɣƝ#Ŏ;>�ȼʴN}�mʫ*Å˂ȼȩŞ*ĶǷ'Ĥ�=Ġ�Ǩ' �"+ʚ

Đɪ¬�>"�=åɃŕ
�=�����Íʎ��:	'�GbLīAí6GbLǽ~m`W

lC}U*ȑʫ#ˇAȗê�"�=åɃŕ
Ūŵ�>"�='8��@;���>4#GbL

ī�č*~m`WlC}U*ÿ�ÿ9ȔʫÅĸ+2$B%Ťų�>"�&������
�"�

Å˂~o}*Ƿ&=Ǯǣ*Åĸ_�YAɣƝ'ǰ�"ȼʴǤŕAŤų�=�$+�˂¢��Å

ĸhY�A8 Å˂ȼ*ėÿ*Ʀɦ' &
=�7�ƖǄǂă'��=ȑʫʬ­AƦɦ�=�

#*ʣɜ&ȃɝAŰª�=$Ⱦ
;>=� 

� ȋĘ*ÕɼʛǄǂă#+DbQȌ$ePgGbLȌ
�'¸Ú���>;*Ȍ*¸Ú+×*

ȅȓȫƞ$ëƫ#���ː Miller et al. 2006, Miller & McCleave 2007, Takahashi et al. 2008 �ˑ

Ɩȅȓ#+�Ĩ&�$8 66ȑ4�+YFm*~m`WlC}U
ÄǪ��ÕɼʛǄǂă*~m

`WlC}Uȼʴ*ȑĎƫŕ+�Đɛ˚*R}J\XǄː �:� 50ȑ $ˑëȏŁ#���ː Miller 

& McCleave 1994 �ˑ4��ƖɰƠǄă'��=ÄǪȑŹ+W~oUǄ* Tomini Ǐː �:� 126

ȑˑ&%*ƽı$Ƶ1=$Ĩ&���>+ÕɼʛǄǂă#+W~oUǄ'Ƶ1"DbQȌ9G

]qȌ&%*ƽıŕGbL˂*ȑŹ
Ĩ&��$
ʬ­�"�=ːMiller et al. 2016a �ˑ 

� ÕɼʛǄǂă'��=~m`WlC}Uȼʴ+ 3  *N}�m'Å�>�N}�mʫ*Å˂

ȼȩŞ+ƑŚ'Ƿ&�"���ȼʴN}�m A+��'ƜȪ 131˚*Õʡ$ 134˚*Õʡ*ȼʴ#

ƪŞ�>�ȼʴA�ɘ�=Å˂ȼ$�"�M�DbQī�ePgGbLȌ�ƽıŕGbL˂*

L�DbQī�Q^�DbQī�F�DbQȌ�G]qȌ&%
��;>��4��ÕɼʛǄ

ǂă*Õɛʡ+�[�DbQī�S�TxDbQī�GsnjȌ�f|JdGsnjȌ&%*

ƽıŕGbL˂
ĎŹÄǪ��Ďƫŕ
ˋ�Ǆă#����Đɛ˚*�ǢĹŏǭȤ*Ùɛʡ'

��=ŬʴɰƠ#+�ƽıŕGbL˂
Ď�ÄǪ�=�$#�ĎƫŁ
ïʊ*Ǆă'Ƶ1"Ċ

Ñ�=�$
ąî�>"�<ːMiller & McCleave 2007 �ˑƖȅȓȫƞ$êɈ�=����;�

N}�m A +�×*Ǆă'Ƶ1"�ePgGbLȌ��#&��M�DbQī9Ďƫ&ƽıŕ

GbL
ˋġŁ'Åĸ�=ȼʴ$�
=� 

� �>'Ĥ�"�ȼʴN}�m C+��'ƜȪ 137˚*Ǆă*ȼʴ#ƪŞ�>�M�DbQī9

ƽıŕGbL˂*ÅĸġŁ
¤�ȼʴ#����ƜȪ 137˚*Ǆă#+�ePgGbLȌ
¸Ú

��HHGbL
Ď�Ŭʴ�>��$�;��>;
N}�m C *ȼʴA�ɘ�=�&Å˂ȼ
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#����ePgGbLȌ9HHGbL*¸Ú'Ñ
"�ƽıŕGbL˂*Ď�
ÄǪ�&�

�7'¤�ĎƫŁAȉ��8*$Ⱦ
;>=�ÙĒĽ˚ː5˚–30˚S�160˚–175˚Eˑ#*ɰƠ�;

8�ePgGbLȌ
¸Ú��� ĎƫŁ
¤�ȼʴ*ėÿ
ąî�>"�<ːMiller et al. 

2006 �ˑĎƫŁ*¤�ȼʴ*�#*ePgGbLȌ*¸Ú+×*Ǆă$¾ʑ�=$Ⱦ
;>=� 

� ȼʴN}�m B #+�ePgGbLȌ*±¥Ź
ȼʴ½¥*Đ×AÚ7"�<��>'Ñ


"�SLGbLī9M�DbQī�Q^�DbQī8ƵʇǻĎ�Åĸ�"���ȼʴN}�m A

2%#+&�
�ƽıŕGbL˂8ƵʇǻˋʿŁ'Ŭʴ�>�N}�mʫ*Å˂ȼȩŞ*ĶǷ

'Ġ��"����*�$�;�N}�m B*ȼʴ+�ȼʴN}�m C$ëƫ'�č˚ŕ�Ǉ

ĬGbL˂*±¥Ź
ȼʴ*Đ×AÚ7=8**�ȼʴN}�m A *:	'M�DbQī9ƽ

ıŕGbL˂8ƵʇǻˋʿŁ#ÄǪ�=�$AǤő$�=$Ⱦ
;>=�4��ȼʴ*ňŞ£

Ⱥ�;5�Ćê'��"8�N}�m BAƪŞ�=ȼʴ+�Ʃ)N}�m A$ C*ȼʴ
ėÿ

�=Ǆă*ʫ'ėÿ�"��� 

� GbLǽ~m`WlC}U*Åĸ'ʬ�=Ď�*Ƃŋȅȓ#+�ĚÔō�:� 2 ʕʫ'ǿŇ

�=½ʩ 10 mmƕǐ*ħĂ±¥Aǰ�"ǯÜ*£Ⱥ9Ƞú&%*ǯÜĆAƦɦ�"�=ːe.g. 

Miller et al. 2002 �ˑ��#�ƖɰƠ#Ŏ;>�ħĂ±¥*ÅĸAƦɦ��$�?�ȋĘ'��

"+�M�DbQīːn =2ˑ+�Õȶ 15˚–15.5˚�ƜȪ 131˚*Ǆă��&@�N}�m A *ȼ

ʴ
5;>�ÕɼʛǄǂă*Õɛʡ*Ǆă#�GbLīːn =4ˑ+�Õȶ 15.5˚�ƜȪ 137˚*Ǆ

ă��&@�N}�m C *ȼʴ
ɝ;>�ÕɼʛǄǂăƜʡ*Ǆă#ǯÜ�"��$Ůģ�>

�ːFig. 2-18 �ˑM�DbQīrDbQ*ĚÔō�:� 1ʕʫ'ǿŇ�=~m`WlC}Uːm

~~m`WlC}Uˑ+Õȶ 16˚–22˚�ƜȪ 136˚*Ǆă#ːMiller et al. 2011a, Kurogi et al. 

2012 �ˑcp�GbL9HHGbL&%*GbLī*m~~m`WlC}U+Õȶ 15˚�ƜȪ

137–142	�ʌ*Ǆă#Ŭʴ�>"�<ːKuroki et al. 2009, 2012, Shinoda et al. 2011 �ˑƖɰ

Ơȫƞ$Đ��ȂȀ�&���ƀ#�č˚�ǇĬŕGbL˂*ePgGbLȌːn =26ˑ9SL

GbLȌː n =6 +ˑ�×*Ǆă#*¶ì$ëƫ'ː Wippelhauser et al. 1996, Miller et al. 2006 �ˑ

ŀȠú&Ǆă#ħĂ±¥
Ŭʴ�>=¶ì
�<�ÕɼʛǄǂă*½ă#ǯÜ�"�=8*$

Ⱦ
;>��HHGbL9M�DbQī+ĩšǻ&ˋġŁÅĸ':<�ePgGbLȌ+ŀȠ

ú&Åĸ':<�ȼʴN}�m*Å˂ȼȩŞAǤő��"�����:<�č˚#*č˚�Ǉ

ĬŕGbL˂*ŀȠú&�4�+M�DbQī9GbLī*ĩšǻ&Ǆă#*ǯÜ+��>�

>*~m`WlC}U*Åĸ9ÕɼʛǄǂă*ȼʴƪʓ'Đ�&ŉʼA�
"�=8*$Ⱦ


;>�� 

 

ș 3ʽ� ȼʴƪʓ$ǣǬǭĉ*ʬ­ 

CCA ':�"�ĈÅ+�ǌǝ�$*Å˂ȼȩŞ*ĶǷAƑŚ'ɮƅ��N}�mʫ*ĶǷ'8
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Ġ��"�=�$
ƅ;�'&���Ǥ'�ÕɼʛǄǂăÕɛʡ#ˋʿŁ'ÄǪ��M�Db

Qī+ĈÅ'ņ�«ė��Åĸ#�=�$
ȉó�>���ĝ�ƖÅ˂ȼ
ˋġŁÅĸ��Õ

ɼʛǄǂă*Õɛʡ+�Ǥ'¤ĈÅ&Ǆă#����4��M�DbQī*×'8�ePgG

bLȌ�ƽıŕGbL˂*Q^�DbQī sp. 5�F�DbQȌ�G]qȌ+ÕɼʛǄǂăÕɛ

ʡ#ˋ�ÅĸġŁAȉ�"�<��*ȫƞ�Åĸ$ĈÅ'ƑŚ&ɷ*ǿʬ
ɭ7;>�$Ůģ

�>=���
�"�ǄǂăÕɛʡ'��=¤ĈÅƷ*ėÿ
�M�DbQī�ePgGbL

Ȍ�Ď�*ƽıŕGbL˂*Åĸ��;'+�>;*ÄǪAǤő$��ȼʴN}�m*Åĸ'

Đ�&ŉʼA�
"�=�$
ȉó�>���ƀ#�N}�m C*ȼʴ+�ƜȪ 131˚'Ƶ1"�

ƵʇǻˋĈÅ&ƜȪ 137˚*Ǆă'Åĸ�"���ÕɼʛǄǂă*Õɛʡ#+�¤ĈÅƷć��

#&��ˋƶþŕ*�ɞƭǊ
Ǹʜ�"���×*Ǆă#+��ɞƭǊ+�ˌAʴȒ����

ˌȼʴ*ƪʓ'Đ��ŉʼA�
=�$
ȉó�>"�=ːHolliday et al. 2012 �ˑ�*�7�

Ɩȅȓ'��=N}�m A *ȼʴ+�ˋ�ÅĸġŁAȉ��
��>'+ˋƶþŕǊ*ʴȒ§

ǰ
ʬ­�"�=$Ⱦ
;>=��&@��̀ ƶþŕǊ*ʴȒ§ǰ':�"�Ď�*Å˂ȼ
�

Ǆǂă*Õɛʡ#ˋġŁ'Åĸ��ȫƞ�¤ĈÅ$Åĸ
ʬʔ��;>�8*$Ůģ�>� � 

� 4��ǄʺˋŁ+ǌǝʫ*Å˂ȼȩŞ*ĶǷAƑŚ'ɮƅ��8**�ǄʺˋŁ$ȼʴN}

�mʫ*ĶǷ'ƅȆ&ʬ­ŕ+ɭ7;>&�����ǢĹàǂă+ˋ�ǄʺˋŁ#Ǥő��;

>=ːUda & Hasunuma 1969 �ˑ�*�7�Ɩȅȓ'��=ǄʺˋŁ+ NWǄă9ÕɼʛǄǂ

ă*Õʡ#Ǥ'ˋ�³Aȉ��$Ⱦ
;>=��ǢĹàǂă#+ÕĒĽ˚�ǢĹÍȵ'¡	ǃ

�Ɯƀ0*ǂ>
ėÿ��ÕɼʛǄǂă$Ƶ1"¤Ʒǋ*Ǆă#�=�$
ȃ;>"�=ː Uda 

& Hasunuma 1969, Hasunuma & Yoshida 1978 �ˑ�>:<�ƽıŕGbL˂9SLGbLī


ÄǪ��=�+ˋġŁÅĸ�� NW Ǆă9ÕɼʛǄǂă*Õʡ+��ǢĹàǂ*ŉʼAņ�

ã�=Ǆă$Ⱦ
;>=�Đɛ˚*�ǢĹáƙĹ�ʌ#+�ƽıŕGbL˂*Q^�DbQī

*�ȑ Ariosoma balearicum
Íȵ'¡	Ɯƀ0*Ǆǂ':�"č˚0$ʉʏ�>=�$
ȉ

ó�>"�=ːMiller 2002 �ˑ��
�"�ĒĽ˚'��"8�ƽıŕGbL˂*�ʡ+�ǢĹ

àǂ':�"Ɯƀ*Ǆă0ʉʏ�>"�=8*$Ⱦ
;>���>+�ÕɼʛǄǂă#Ŏ�ƽ

ıŕGbL˂*Ď�+�NW Ǆă#Ŭʴ��±¥:<8Đ��¥RFVAȉ���$�;8ŷ

ũ�>=��>'Ĥ�"�ePgGbLȌ+�¤�ǄʺˋŁ��&@�ˋƷǋ'ņ�ŉʼAã

��ÅĸA8 �$#�×*Å˂ȼ*Åĸ*¶ì$Ƿ&�"����>+�ƖȌ
×*Å˂ȼ

$+Ƿ&<�ÕɼʛǄǂă*ŀȠ&Ǆă'Åĸ��ˋƷǋ&ƜȪ 137˚*ÙʡǄă#8Ƶʇǻˋ

�ÅĸġŁAȉ���7$Ⱦ
;>=����;�ȋĘ*ÕɼʛǄǂă'��=GbLǽ~m

`WlC}Uȼʴ#+�č˚ŕGbL˂�GbLī�M�DbQī*ǯÜǄă*ŀ�9£Ⱥ$

���Ǯǣęǻɜ÷'Ñ
"�ˋƶþŕǊ*ʴȒ§ǰ$���ǣǬęǻɜ÷
�*ƪʓǻǤő

'ņ�ŉʼAß3�"�=$Ⱦ
;>�� 
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� ˋƶþŕǊă#ˋġŁ'Åĸ�=M�DbQī9ePgGbLȌ+Ǆǂă*Õɛʡ4�+½

ă#ǯÜ�=*'Ĥ��ƵʇǻěĜ��ɛƀ0*ǂ>
ėÿ�=ņǂă#�'Åĸ�"��H

HGbL+ɰƠǄăƜʡ*Õȶ 15.5˚�ʌ#ǯÜ�=¶ì
ɭ7;>��4��cp�GbL+

ǄǂăƜƀ*r|DbɲĲɛƀǄă#ǯÜ�=ːTsukamoto et al. 2011 �ˑƖȅȓ'��"�c

p�GbL*Ŭʴ±¥Ź
Ĩ&��Ɩȑ*Åĸ'ƅȆ&¶ì+ɭ7;>&�������&


;�Ǆǂă*ˋƶþŕǊ+ĜĻǻ'ėÿ�=*'8��@;�ː Hasunuma & Yoshida 1978 �ˑ

1961–2007 ľ*ɰƠȫƞ':=$�Õȶ 15˚–20˚�ƜȪ 131˚*Ǆă'��=Ɩȑ*Ŭʴ±¥Ź

+Ď�+&�ːShinoda et al. 2011 �ˑ�*�$+�cp�GbL9HHGbL*ǯÜĆ
Õɼ

ʛǄǂă*:<Ɯƀ'ėÿ�=�$$ʬ­�"�=åɃŕ
�=�GbLǽ~m`WlC}U

'+�ˋƶþŕǊă'áƙ�>9��ȑ$�>'��ȑ
ėÿ��ÕɼʛǄǂă'��=Gb

Lǽ~m`WlC}U*Ǯś'Ǆ˚ǭĉ
�
=ŉʼ+�ǯÜ£Ⱥ'¡�"Ƿ&=�$
Ⱦ


;>�����&
;�ˋƶþŕǊ&%*Ǆ˚ǭĉ'Ĥ�=Ǯǣ*ŔțAǬɣ�=�7'+�

GbLǽ~m`WlC}U��#&���*×*Ǯǣ' �"8Åĸ9¥ʩȩŞ$ǣǬǭĉ*

ʬ­Aƅ;�'��˂¢��ǯÜǤŕA8 ȑ$*ÅĸǤŕ$*Ƶʇ
œɜ#�=���#�

ȯ�ș 3 Ȗ#�~m`WlC}UAâ<ķ�Óǣm{�M`�ː�ˌ�ǞɄƥÓǣm{�M`

�ˑȼʴ*ƪʓ$Ǆ˚ǭĉ*ʬ­' �"Ʀɦ��� 

 

ș 4ʽ� ʧǾÅĸ$ǣǬǭĉ*ʬ­ 

GbLǽ~m`WlC}U+ƷǇ 150–200 m'Ƶ1"�ƷǇ 50–100 m#ˋġŁ'Åĸ�"�
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Onda et al.: Leptocephali in the North Equatorial Current

MATERIALS AND METHODS

Hydrographic characteristics of the study area 

There are several major surface currents in the
WNP that transport water in various directions at the
depths where leptocephali live. The NEC flows west-
ward from about 8° to 17° N (Kaneko et al. 1998, Hsu
et al. 2017) to the east coast of the Philippine Islands
and then bifurcates into a northward flow entering
the Kuroshio Current and a southward flow of the
Mindanao Current (Fig. 1; Toole et al. 1988, Qiu &
Chen 2010a). This study included sampling in 4 tran-
sects of stations across the latitudes of the NEC
(Fig. 1B). The NEC has the North Equatorial Coun-

tercurrent to the south (Fig. 1A) and alternating
bands of east and west flow to the north (Kaneko et
al. 1998). The Subtropical Countercurrent is usually
present to the north of the NEC region from about
18° to 25° N (Hasu numa & Yoshida 1978, Qiu & Chen
2010b), but eastward flow at those latitudes may con-
sist of more than one countercurrent related to differ-
ent fronts (Kaneko et al. 1998, Aoki et al. 2002,
Kobashi et al. 2006). Three stations were established
in the Subtropical Countercurrent region (Fig. 1B).

There are some water masses that are character-
ized by salinity in the NEC region (Fig. 2; Kimura &
Tsukamoto 2006). There is low-salinity water of less
than about 34.5 in the upper 100 m that is formed by
precipitation (Kimura et al. 2001, Aoyama et al. 2014)

and high-salinity water of about 35.0
or higher just below that. The high-
salinity water is Subtropical Underwa-
ter (STUW), which is present in many
regions worldwide (see Schabets-
berger et al. 2016). The low-salinity
water often forms a front that ap pears
to influence the spawning latitude of
the Japanese eel (Kimura et al. 2001,
Aoyama et al. 2014). Water tempera-
ture in the NEC region shows less dis-
tinct latitudinal structure, with the top
of the thermocline at depths from
about 50 to 100 m (Fig. 2; Kimura &
Tsukamoto 2006, Aoyama et al. 2014).

Observation and sampling methods

Oceanographic observations and
sampling of lepto cephali in the NEC
and the area to the northwest (NW
area) were conducted during the KH-
13-6 research cruise of the R/V ‘Haku -
ho Maru’ (Japan Agency for Marine-
Earth Science and Technology) from
17 October to 28 November 2013
(Fig. 1). A grid of sampling stations in
4 transects from 12° to 17.5° N was
originally planned to cross the entire
western NEC region. However, ty -
phoons crossing the study area re -
duced the number of stations. Three
typhoons crossed some of the transect
lines before they were sampled
(Fig. 1C). Two complete transects with
stations spaced at 0.5° along 137° E
and 141° E and a mostly complete

121

Fig. 1. (A) Location of the study area (rectangle) in the western North  Pacific,
(B) Isaacs-Kidd midwater trawl sampling stations during the R/V ‘Hakuho
Maru’ KH-13-6 cruise in the North Equatorial Current (NEC) and 3 stations to
the northwest (NW area) in October and November 2013, and (C) the acoustic
Doppler current profiler current vectors that were measured at 42 m during the
cruise. The tracks of 3 typhoons that crossed the study area, typhoons 1326
(crossed 141° E on 11 October 2013), 1327 (crossed 141° E on 19 October 2013),
and 1329 (crossed 141° E on 28 October, 137° E on 29 October, 134° E on 29 Oc-
tober, and 131° E on 30 October 2013), are shown in (C) (storm track data were
obtained from Japan Meteorological Agency). General patterns of major ocean
currents are shown for the Mindanao Current (MC), North Equatorial Counter-
current (NECC), and Kuroshio Current (KC), but the NEC flows through a 

wider zone of latitude (~8° to 17° N) than shown by arrows

Fig. 2-1  (A) Location of the study area (black rectangle) in the western North 
Pacific, (B) Isaacs-Kidd Midwater Trawl sampling stations during the R/V 
‘Hakuho Maru’ KH-13-6 cruise in the North Equatorial Current (NEC) and 3 
stations to the North West (NW) area in October and November 2013, and (C) the 
acoustic Doppler current profiler current vectors that were measured at 42 m 
depth during the cruise.  The tracks of 3 typhoons that crossed the study area, 
typhoons�1326 (crossed 141˚E on 11 October 2013), 1327 (crossed 141˚E on 19 
October 2013), and 1329 (crossed 141˚E on 28 October, 137˚E on 28 October, 
134˚E on 29 October, 131˚E on 30 October 2013), are shown in (C) (storm track 
data were obtained from Japan Meteorological Agency).  General patterns of 
major ocean currents are shown for the Mindanao Current (MC), North 
Equatorial Counter-Current (NECC), and Kuroshio Current (KC), but the NEC 
flows through a wider zone of latitude (~8˚ to 18˚N) than shown by the arrow.�
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Fig. 2-2  Averaged velocity fields in the study area during the KH-13-6 
cruise in 2013.  Black arrows indicate the flow velocity and direction at 
50 m depth of FRA-JCOPE2.1 reanalysis data.  Red bars indicate the 
velocity and direction at 42 m depth measured by acoustic Doppler 
current profiler during the KH-13-6 cruise. 
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The 141̊E transect line 
(station number; 1‒12)  

Step tow 
(type 1) 

Step tow 
(type 2) 

Time(minute) 

100 m 

70 m 

50 m 

30 m 

0 m 

The others 
(station number; 13‒40)  

Time(minute) 

Step tow 
(type 1) 

Step tow 
(type 2) 

Horizontal towing for 30 min. 
(collection of leptocephali) 

Retrieving 
Descending 

Ascending 

150 m 

200 m 

Fig. 2-3  Sampling schemes of the step tows using the Isaacs-Kidd Midwater 
Trawl (A) along the 141˚E transect line and (B) along the other transect 
lines and in the northwest area during the KH-13-6 cruise.  Red arrows 
show the towing at the target depths for collection of zooplankton such as  
leptocephali.  Broken lines show the descending, ascending, or retrieving of 
the Isaacs-Kidd Midwater Trawl during the KH-13-6 sampling survey.  The 
step tows of the type 1 indicate the investigation in the deeper depth layer 
compared to those of the step tows of the type 2 during the KH-13-6 
sampling survey.�
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Fig. 2-5  Horizontal plots of (A) temperature, (B) salinity, and (C) chlorophyll-a 
concentration averaged by the target depths (30, 50, 70, and 100 m depths) and 
(D) east velocity at 42 m depth measured by 
he acoustic Doppler current profiler 
in the study area during the KH-13-6 cruise. �
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Table 2-2  Number of individuals (n), relative abundance (%), and total length (TL) range of 
leptocephali collected at stations along each transect and the NorthWest (NW) area during the 
KH-13-6 sampling survey.  Taxa are characterized by their adult life histories based on the habitats 
as catadromous (CT), migratory marine eel (MM), shelf (SH), slope (SL), or ocean (OC). �

Taxon Life  
history 

NW Area 
�� North Equatorial Current ��

Total TL range 
(mm) 131˚E 134˚E 137˚E 141˚E 

n % �� n % n % n % n % �� n % 
Anguillidae (≥3 species. n = 66) 

Anguilla japonica CT 4 3.0  4 0.8  1 0.5  3 1.0  1 0.5  13 0.9  26.3-56.9 
Anguilla marmorata CT 9 1.8  14 4.5  23 1.7  13.0–45.0 

Anguilla marmorata/luzonensis CT 27 8.6  27 2.0  8.8–15.3 
Anguilla bicolor pacifica CT 1 0.3  1 0.1  48.5 

Anguilla spp. (unidentified) CT 1 0.3  1 0.5  2 0.1  5.8–9.3 
Chlopsidae (8 species, n = 63) 

Chlopsis SH 1 0.7  4 0.8  3 1.4  3 1.0  11 0.8  37.5–56.4 
Kaupichthys SH 2 1.5  16 3.1  5 2.4  1 0.3  4 2.0  28 2.0  15.4–76.0 

Robinsia SH 2 1.5  1 0.2  2 0.9  1 0.3  4 2.0  10 0.7  19.6–97.0 
Chlopsidae spp. (unidentified) SH 4 3.0  6 1.2  2 0.9  2 1.0  14 1.0  38.5–71.2 

Congridae (12 species, n = 535) 
Ariosoma sp. 3 SH 1 0.2  1 0.3  2 0.1  171.0–218.0 
Ariosoma sp. 4 SH 4 3.0  4 0.8  14 6.6  5 1.6  2 1.0  29 2.1  63.0–176.0 
Ariosoma sp. 5 SH 1 0.7  30 5.9  45 21.3  15 4.8  1 0.5  92 6.7  82.0–193.0 
Ariosoma sp. 6 SH 13 9.6  12 2.3  14 6.6  10 3.2  49 3.6  78.0–301.5 

Ariosoma majus (sp. 7) SH 10 7.4  7 1.4  4 1.9  5 1.6  6 3.0  32 2.3  68.5–312.0 
Ariosoma spp. (unidentified) SH 3 2.2  3 0.6  2 0.9  3 1.0  11 0.8  84.0–127.0 

Conger MM 3 2.2  210 41.1  24 11.4  14 4.5  2 1.0  253 18.4  8.8–67.0 
Gnathophis SH 33 24.4  24 4.7  2 1.0  59 4.3  21.8–75.6 

Gorgasia SH 1 0.2  1 0.5  2 0.1  26.8–31.7 
Heteroconger SH 1 0.5  1 0.1  87.6 

Congridae spp. (unidentified) 2 1.5  1 0.5  2 0.6  5 0.4  79.9–88.0 
Derichthyidae  (2 species, n = 29) 

Derichthys OC 4 0.8  6 2.8  6 1.9  3 1.5  19 1.4  9.2–38.0 
Nessorhamphus OC 1 0.3  4 2.0  5 0.4  20.0–82.3 

Derichthyidae spp. (unidentified) OC 5 1.6  5 0.4  12.2–15.4 
Moringuidae  (1 species, n = 2) 

Moringua sp. (unidentified) SH 2 0.4  2 0.1  41.4–45.7 
Muraenidae  (≥ 31 species, n = 94) 

Uropterygiinae SH 2 1.5  6 1.2  3 1.4  4 1.3  2 1.0  17 1.2  25.9–81.5 
Muraeninae SH 11 8.1  40 7.8  11 5.2  5 1.6  10 5.0  77 5.6  30.3–75.0 

Nemichthyidae  (3 species, n =85) 
Avocettina OC 2 1.5  1 0.2  7 3.3  3 1.0  4 2.0  17 1.2  7.0–113.5 

Nemichthys OC 23 17.0  22 4.3  10 4.7  8 2.6  5 2.5  68 5.0  8.2–151.5 
Nettastomatidae  (1 species. n = 1) 

Saurenchelys sp. (unidentified) SL 1 0.7  1 0.1  
Ophichthidae  (2 species, n = 9) 

Neenchelys SH 1 0.2  1 0.5  2 0.1  70.0–71.7 
Myrophinae sp. (unidentified) SH 5 3.7  2 0.4  7 0.5  51.0–60.3 

Sacopharngidae  (1 species, n = 1) 
Sacopharngidae sp. (unidentified) OC 1 0.5  1 0.1  8.6 

Serrivomeridae  (≥ 1 species, n = 465) 
Serrivomeridae spp. (unidentified) OC 7 5.2  101 19.8  53 25.1  171 54.6  133 65.8  465 33.9  6.0–85 

Synaphobranchidae  (1 species, n = 1) 
Ilyophinae sp. (unidentified) SL 1 0.7  1 0.1  116.8 

Unidentified/preleptocephali 1 0.7  1 0.5  4 1.3  15 7.4  21 1.5  
Total leptocephali 135 511 211 313 202 1372 

Shelf taxa total 91 67.4  160 31.3  108 51.2  53 16.9  33 16.3  445 32.4  
Slope taxa total 2 1.5  0 0.0  0 0.0  0 0.0  0 0.0  2 0.1  
Oceanic taxa total 32 23.7  128 25.0  76 36.0  194 62.0  150 74.3  580 42.3  
Catadr./ migr. marine taxa total 7 5.2  223 43.6  25 11.8  60 19.2  4 2.0  319 23.3  
Number of taxa 29 45 26 22 26 66 
H' (Shannon-Weiner's H') 3.95  3.26  3.47  2.39  1.99  
Number of stations �� 3 �� �� 10 �� 3 �� 12 �� 12 �� �� 40 �� ��
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Fig. 2-7  Densities of the main taxa of leptocephali collected at the stations during 
the KH-13-6 sampling survey.  Gray colors indicate the stations where Anguilla 
japonica leptocephali were collected during the KH-13-6 sampling surveys.�
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during the KH-13-6 sampling survey.  Black squares at the top of the panels show 
latitudes where stations were located in the North Equatorial Current transects of 
the northwest area.�
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Fig. 2-9 � Total length of individual leptocephali of main taxa collected at each 
longitude during the KH-13-6 sampling survey.  Black squares at the top of panels 
show longitudes where stations were located in the northwest area or in the 4 
transects across the North Equatorial Current.�
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Fig. 2-10  Sizes of individual leptocephali collected at each depth range plotted at 
the average depth of each type of Isaacs-Kidd Midwater Trawl deployment during 
the KH-13-6 sampling survey.  Gray bars in the upper right of top panels show 
ranges of depths of each type of deployment, and black squares show average 
depths where data are plotted. �
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Fig. 2-11  Results of the cluster analysis of 16 taxa of leptocephali, with the 3 main 
cluster groups of stations labeled in the dendrogram.  The numbers show the station 
numbers of the KH-13-6 sampling survey as shown in Figure 2-1. �
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Fig. 2-14  Canonical correspondence analysis ordinations of (A) stations and (B) 
species of leptocephali.  The lengths and directions of the arrow represent the 
strength and direction of the effect of the environmental variables on the 
ordination: for example, the plot of Conger on ordination indicates that their 
distributions are influenced negatively by the salinity contributed to CCA1 as 
shown in Table 2-6.  Circles, triangles, and squares in (A) show the stations in the 
cluster group A, B, and C, respectively.�
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Fig. 2-15  Individual-station Shannon-Wiener species diversity index values 
calculated using the densities of leptocephali of each taxon collected at the 
stations of the KH-13-6 sampling survey.�
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deployments that towed horizontally at 50 and 100 m or at 150 m and 200 m 
along the 141˚E transect line during the KH-13-6 sampling survey.  Vertical bars 
indicate standard error. �
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Fig. 2-17  Averaged densities of main taxa of leptocephali in the Isaacs-Kidd Midwater Trawl 
deployments that towed horizontally at 30 and 50 m or at 70 m and 100 m in the 3 western 
transects during the KH-13-6 sampling survey.  Vertical bars indicate standard error. 
Asterisks indicate significant differences (Wilcoxon signed-rank test, p<0.05).  Zero values 
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