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Ƀ 1 Ǜ�ǒŔ 
»ʿ»ƆEɡ̢ 
ɡ̢@F�ˉǻEȤƾAʨǨ3Z.A@g‒'ʨǨȀş̖^ŲSZ.A'@(�
�‒T='"Eg‒'ʽʐ:<9ǡŴDʳ$Z.A'@(Z�7E9S�̄ ǻE
ȤƾAʨǨ3Z.AFg‒�‒Ƞ˝D４Ê'!ZAŪ$X[?(93Parker and 
Birkhead 2013; Kvarnemo 20184�»˝@�ˉǻEʨǨȤƾ^´Ʃ3Z9SDFʨ
ǨȤƾEˣÈ�Ŝʴ^â19ʺČEúȔE�‒l�0XDǽ̫^3ZƛEǻ'Ȩ
$ZA"<9p‒�'&&Y�p‒�'４Ê^ǟåZ.AT!Z�̄ ǻEȤƾA
ʨǨ3Zg‒'ƕ5ZƛEǻ'�»ʿ»Ɔ@ʨǨ3Zg‒'ƕ5ZƛEǻWY
TǘC"ǡŴD�ǿɼȺAƭșȖɅ^ǀ,?»ʿ»Ɔ'´Ʃ0[?"*AŪ$
X[?"Z�»ʿ»ƆA"#Ŕ̉F�Ƶãɫ»ʿ»Ɔ3Social Monogamy4A�
ǿɫ»ʿ»Ɔ3Sexual Monogamy4�71?·ɯòɫ»ʿ»Ɔ3Genetic Monogamy4
A"# 3 =Eȫ˳^Ʃ=�Ƶãɫ»ʿ»ƆAF�ʨǨĈÿD 1 ÃE='"Ȥƾ
Aƛº?^Ŭ#.A�ǿɫ»ʿ»ƆAF�='"ȤƾAEÿDEQŜʴŬ？CB
EǿɫĀĳ^Ʃ=.A�71?·ɯòɫ»ʿ»ƆAF�='"ȤƾAEÿDEQ
ƛ^ƕ1?"Z.A^Ɯ33Birkhead and Møller 19964� 
ɡ̢E 80%¬ǟEƿF�Ƶãɫ»ʿ»Ɔ@ƛº?^Ŭ#.A'ɐX[?"Z
3Cockburn 20064�Ƶãɫ»ʿ»ƆDF 3 =EǊ̊CŨȀ̊ȝ'!Z�ƛº?�
ƤŒEʏƾ�='"ȤƾEȖɅ@!Z�ɗ@T�̝ ǱDWZƛº?Eʷ̊ǿFƵ
ãɫ»ʿ»Ɔ^ķȀ3Zɂ(C̊¾AŔ][?"Z�.[F��‒ 1 Ã:,@
Fƛº?'@(C"ǡŴD�g‒A�‒'Ģ̡1?ƛº?3Z.A'Ƞ˝Eɬ
Òɶ^ƅɂØ3ZʨǨȓ̘ACZ9S@!Z3Birkhead and Møller 19964�P9�
�‒FʨǨĈD２LEɹƤ'ʷ̊ACZ9S̱ƤŒ^ȸ*ʷ̊A1��‒Eˋ
ˁF̱EˋˁDǉ<?ĿPZ'�g‒EˋˁFʨǨȤƾACZ�‒EˋˁDW
<?ĿPY�ʨǨFǀȄÝʗC�‒EǻDW<?Ǿŕ0[Z�.E9S��‒'
６ƒ19ˋˁ^1?"? 1 ÃEg‒@FˉǻE�‒^ˣÈ@(C"ǡŴU�ʨ
ǨDʷ̊CȢUC]GYCBEǡǑ'ʽǈˋ@ 2 Ã¬ǟEȤƾAʨǨ3Z.A
'@(C"ǡŴDT�Ƶãɫ»ʿ»Ɔ'ǳØ3ZAŪ$X[?"Z3Gowaty 
20024�ȸ*Eɠ˰Cɡ̢@F='"EĺȲĈÿ'ɠ"NBʨǨȀş'ŲPZA
"#ȂEȤĀ'ŋX[?"Z�.[F='"EĺȲĈÿ'ÌIZDǉ<?ʨǨ
ĹŎ^ȉR.A'@(�ȢUC]GYǃ˓Eǣ˚^ɕȉ1?",Z.AU�̨ ２
UºǼCBE='"ȤƾAĢɟ'ʷ̊CŬ？'ǟɆ1?"*9S:AŪ$X[
?"Z3Sanchez-Macouzet et al. 2014; Kvarnemo 20184�.E9S�ɠ˰Cɡ̢F
ʇDƵãɫ»ʿ»ƆEƿ'ȸ"� 
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='"é˃ǿAFÚ& 
ȸ*Eɡ̢'Ƶãɫ»ʿ»Ɔ@ʨǨ3ZDTĀ]X4�='"Ȥƾ¬éE²ǿ
AŜʴ1?ƛȴ^ƕ3='"é˃ǿA"#œǞF�ɡ̢E 90%D!9Zƿ@ý
Ǝ0[?"Z3Griffith et al. 20024�œƋ@F�Ƶãɫ»ʿ»ƆFʷ41Tǿɫ.
·ɯòɫ»ʿ»ƆAF»ɓ1C"A"#E'»ʩɫCʑƯ@!Z3Birkhead and 
Moller 19964�='"é˃ǿF�ɡ̢ȚȻ@％ĩ3ZA 1 ƿ!9Y 21.5 %E='
"@ď(?"ZAŔ][?"Z�.E9S�='"é˃ǿ'Ț*ď(?"C"A
"#ƿF]4&@!Z3Griffith et al. 20024� 
C6='"é˃ǿ'ď(ZE&D="?FɠʔĒ̩0[?"Z'�7EÙȎF
�‒D４Ê'!ZA3ZTEA��‒DF４Ê'C"A3ZTEʍƿ̢Dˋ̢
@(Z�.[P@��‒D４Ê'!ZA3ZÙȎA1?F 14·ɯɫɬŴǿÙȎ
A 24W"·ɯƛÙȎ'��‒D４Ê'C"A3Z�~ A1?F 34·ɯɫǾ
˻ÙȎA 44g‒EȡƍÙȎE 4 =EÙȎ'ɨǖ0[?(93Hsu et al. 20154�
íÙȎ^¬×DĎǍ193ë̊F Table 1-14� 
14·ɯɫɬŴǿÙȎ��‒F='"ȤƾEg‒WYT·ɯɫDÏ"g‒A='

"éƛ^ȍ,Z.A@ƛȴE·ɯɫȸ̅ǿ^ŲSZ.ADŮň1?"Z
3Balenger et al. 2009; Arct et al. 20154�='"é˃ǿ^ʆ9g‒F�˃ǿ^ư
<9g‒WYT�‒AE·ɯɫĝ６'Ï"ÂȮ0[Z� 

24̞"·ɯƛÙȎ��‒FƵãɫ='"EȤƾWYTȻqbu'ɂ("�ǿɫ
ķƲE˾[9g‒A='"éƛ^ȍ,Z.A@�WY̞"·ɯƛ^T;�ɬ
ÒɶEŲ"ƛȴ^ƕ3.ADŮň1?"Z3Hamilton 1990; Houtman 19924�
P9�ʔǟEg‒Fȃȳʗ̡'Ų"AŪ$X[�Ƈ̱U˖Ǭƶ&XEˣÈʗ
̡TŲ"AǷȮ0[Z.A&X�ʔǟEg‒^ŤRĴţ'ŋX[ZAŪ$X
[?"Z�7E9S�='"éŜʴEȤƾF�Ƶãɫ='"Eg‒WYTʔ
ǟ@3Kokko 19984�ǿɫʍĶE!Zƿ@FȻqbu'ɂ("&�T1*Fǿ
ɫķƲ'˾[?"Z.A'̂Ȯ0[Z3Székely et al. 20074� 

34·ɯɫǾ˻ÙȎ�='"éƛ^ȍ,Z.A'�‒DA<?４Ê'C&<9A
1?T�g‒FWYȸ*Eƛȴ^ƕ5ZA"#４Ê'!Z9SD�ƭșȖɅ
DW<?='"éŜʴŬ？^Ŭ#·ɯƛ'ȖG[?(93Forstmeier et al. 
20114�.E9S�='"é˃ǿ^ʆ9g‒A˃ǿ^ư<9g‒AEÿDFȻ
qbu�ʔ̤�ǿɫķƲCBEƀ²FŋX[C".AT!Z� 

44g‒DWZȡƍÙȎ�ʨǨĹŎE!ZʔǟEg‒Fƹ"g‒WYʼʨDǀȄ
Dɬ19xb�¤m@�‒AŜʴ'@(Z�P9�ȻqbuEɂ(Cg‒F
�‒DĤǾɫDŜʴ3Z.A'@(ZAŪ$X[Z9S�='"éŜʴ^ʔ
ǟg‒UȻEɂ(Cg‒'�‒D1&,Z.A@�ŁßA1?='"é˃ǿ
'ď(?"Z3Westneat and Stewart 2003; Poesel et al. 20064�='"é˃ǿ^
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ʆ9g‒F�˃ǿ^ư<9g‒WYTʔǟ&�Ȼqbu'ɂ("ÂȮ0[
Z� 

Ƶãɫ»ʿ»ƆE‒u�˶ɡ̢@Ŭ][9='"é˃ǿŉėD="?¡��
21�='"é˃ǿŬ？DĀ]ZÿȋɼȺAɢȋɼȺEĤ0Eɦ̟Ø^ŬC<
9ŉė@F�̞"·ɯƛÙȎDWZɬÒɶˑØ3ÿȋɼȺ4WYT�g‒'ºǼ
ɵ̡^őX3.ADWZɬÒɶˑØ3ɢȋɼȺ4E˝'ɂ(*�='"é˃ǿF
�‒DA<?p‒�EŲ"Ŭ？@!ZA˚Ŷ0[?"Z�=PY�='"é˃ǿ
Fg‒'４Ê^ʆX[Z9SDǳØ1?(9Ŭ？@!Z.A^Ƭſ1?"Z
3Arnqvist and Kirkpatrick 2005; ʠɈX 20164�1&1.Eŉė@F��‒'ˬ̡
ɫCƛ^ʆZ.ADWZÿȋɼȺE４Ê^āS?%X4�P9�‒'ǀȄ˕Ō
E9SD='"éŜʴ^ŬC<?"ZÝʗǿ^Ū̚1?"C"3Griffith 20074� 
Īʔ@F�W"·ɯƛÙȎ^ĆA1?ŜʴȤƾ^ī˪3Zp‒�UȄƛĠȣ^
Ū̚Dʏ[9ǰ1"�~ ^ƍȀ19ŉė'ʡ×0[93Hasson and Stone 20114�
.E̩̓DĆ>*A� 
1. �‒'='"ég‒^ȖK.ADp‒�AǾŕ'&&Y� 
2. ȻqbuUǿɫķƲA"<9g‒E×œĶ'ʷ41T·ɯƛEƲ^×1?

%X4� 
3. ƲEŲ"·ɯƛ^Ʃ<9Ȅƛ'ƲEɥ"·ɯƛ^Ʃ<9ȄƛWYTǀȄD

˿４@!ZǡŴ 
D%"?��‒F='"éŜʴ^�¤y�DŬC<?TǈˋC４Ê^ʆX[Z
AŪ$X[?"Z��‒'ŜʴȤƾ^ȖKƊDȻqbuUǿɫķƲDĆ>"9
A1?T�W*“ŋ$Z”g‒'ʷ41T·ɯɫDTƲ'Ų"g‒@!ZAFŕ
XC"ǡŴ��‒FȖKp‒�^&,ZWYT�WYȸ*Eg‒AŜʴ1�Ŝ
ʴřEȄƛĠȣDW<?̞"·ɯƛ^Ʃ<9g‒Eƛğ^ƕ3˝'４Ê^ʆ
X[ZA0[?"Z�̞"·ɯƛÙȎEņǜA1?�='"ȤƾEƲ'ɥ"�
‒'='"éŜʴ^3Z&ʭ&�P9='"éŜʴEȤƾF='"Eg‒WY
T̞"ķƲ^Ʃ<?"Z&CB̅1Cŉė'Ŭ][?"Z'�»ɓ19Ĵţ'
ŋX[?"C".A&XT�̞"·ɯƛÙȎ^ŏDȞP[9ǰ1"�~ ^Ū
̚1?ŉė^ǳSZM(@FC"&AEŪ$T!Z3Kiere and Drummond 20144� 
1&1�.[P@E='"é˃ǿEŉėF̕ȃɡ̢^ȼǞA19TE'ȸ*�
2002 ʔDʡ×0[9 Griffith XE¡��2̩ˌDF 112 ƿE̕ȃɡ̢Dȼ1�
çɡF 20 ƿ1&āP[?"C&<9�.EW#D�.[P@E='"é˃ǿ
A7E̊¾DĀ3ZŉėF�̕ȃɡ̢Dː<?Ŭ][?̍9A"$Z� 
 
çɡA='"é˃ǿ�
1 ʔD 1
2 ÃE��1&º?C"çɡ@='"é˃ǿ'ď(ZA�='"Eg
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‒F7EʔDƛ^ƕ5C*C<?1P#�7E9S�çɡD%,Z='"é˃ǿ
'g‒EʨǨȀşɶLĖO3ÅħF」ǢDɂ("�1&1�%W7 350 ƿ"Z
çɡE#;�='"é˃ǿDĀ3Zŉė'Ŭ][?"ZEF]4& 35 ƿDá)
4���EȢ̗;D̝ǱEɹƤ'ʷ̊Cçɡ@F='"é˃ǿFď(C"&�ď
(9A1?T̕ȃɡ̢WYɥ"ôŴ:A˚Ŷ0[?"Z3Quillfeldt et al. 20114�
.[F�çɡ'Ƶãɫ»ʿ»Ɔ@�g‒�‒̝˝'Ę̱1C,[G��^Ȣ̗9
5X[C".ADď¾3ZAŪ$X[?"Z�Griffith XEȐŬŉėDW[G�
='"é˃ǿ̖EƿÿEƀ²F���EȃȳDg‒EºǼɵ̡'Ůň3ZôŴ
DW<?Ȏ˱0[Z3Griffith et al. 2002, Fig 1-14�.[F��‒'='"éŜʴ
^ʼʨDŬ<?='"g‒'7[DČ>(ºǼɵ̡^őX19ǡŴ���'Ơ
˟3Z�‒l'!Z9S:AŪ$X[?"Z�̀ g`rh”g��^ȼǞD�g
‒'��E˃ǿ^ïǭ@(C"ǡŴDB#ǯZ˅#&^ņǜ19ȐŬŉė@F�
�‒EǀȄï̖'ƅTŲ"ĈÿD='"Eg‒^»ƪɫDñ６3ZA�ƳƊD
F='"éŜʴ'ď(?"C"DTĀ]X4�˻）ǻEg‒F 1 =SE２^˛
２54DȢEéDɣ"ǌ1?1P#.A'˱X&DC<93Osorio-Beristain and 
Drummond 20014�.[F�çɡEg‒'���E·ɯɫ˃Ǳ'ƭˋ@FC"Ý
ʗǿ'!ZǡŴDºǼ˜ĉ3Z.A^ƳŎɫDƬ19˽»Eŉẹ̇@!Z�.
E.A&X�g‒FȃP[9２U��&XɢȋɫDǣ˚^ʆ?˃ǿ^（Ɏ3Z
E@FC*��‒UƭǲEŬ？&XÿȋɫD˃ǿ^（Ɏ1?"ZÝʗǿ'!Z� 
P9��s¢`�c��U��c�‒u�@F��‒'ʴ^×-?ȥʚǌŢE
ȋǫ^ˠ-Z.A@='"éŜʴ^øȚDęȏ1?%Y�ŜʴEȀ̗DF�‒
EĢ̡'ľ&5C".A']&<?"Z3Abbott et al. 2006; Wojczulanis-jakubas 
et al. 20094�.E.A&X�ȘǍ0[?"9g‒EĤǾŜʴDWZ='"é˃ǿ
'ď(?"ZÝʗǿFɥ"AŪ$X[Z� 
 
gg�u�k��EȃöƗ 
˥ŉėEȼǞƿ@!Zgg�u�k��3Calonectris leucomelas4F��u�k
��˶3Procellariiformes4��u�k��Þ3Procellariidae4Dȱ3Zçɡ@�ɻ
`s`ǃ˓@ʨǨ1�̀ ���çUʋr�ç@Ëɷ3ZɲYɡ@!Z3Oka 2004; 
Yamamoto et al. 20104�˥ƿEȱ3Z�u�k��˶Fɡ̢Eɗ@ƅTɠ˰:A
Ŕ][?%Y�Ǌ0 19g ɩɶEpc�”��3Halocyptena microsoma4&X�10kg
E£x�`�c��3Diomedea exulans4P@āSX[ZȻqbuEȸ̅ǿ'」
ǢDŲ"ˋ̢˶@!Z�1&1"4[EƿTƵãɫ»ʿ»Ɔ@ƛº?1�1 åE
ʨǨ@ 1 ２1&ƓPC"A"#ɮ'ġɤ1?"Z�P9�='"ȤƾUȢLE
ɦɖǿ'A?TŲ".A'ɐX[?"Z3Bried et al. 20034�P9��u�k�
�˶Eȸ*Eƿ@F='"é˃ǿ̖F」ǢDɥ*�％ĩ1? 6.28ɩɶ@!Z.



 5 

A'ɐX[?"Z3Griffith et al. 2002; Quillfeldt et al. 20114� 
Īʔ@F�gg�u�k��ƅɂEʨǨɑ@!ZɻĞɴŚȩɸ@Ʀ"ʒDWZ
˖Ǭʯê'Ȥƫ"@%Y�Ƿɦ@ʔÿ 2 ˨ÃE˖Ǭ'ď(?"ZA0[Z3Ô 
20164.A&X�2015 ʔD IUCN ¡{��‒�ǟ@gg�u�k��FǏȏ˲
Ą̯ƿA1?ʑɦ0[93Bird Life International, 20154� 
gg�u�k��FȻqbuD˿°Cƥ́ƀ'ŋX[�g‒F�‒WYTɂ
("3Arima et al. 2014; Yamamoto et al. 20164�P9�gg�u�k��EȻq
buFʨǨɑEµɶ'ǟ'ZD19'<?ɂ(*CZ.A'ɐX[?%Y�ă
ƾŊÍĂ@ʨǨ3Zg‒EȻǊF%W7 500-650g, �‒F 450-580g @�g‒E
ȻǊFƅɂ@�‒E 1.5 ʝɩɶEǊ0ACZ3Yamamoto et al. 20164�P9�̬
ɠTƥ́ƀ'ɂ("ķƲ@�g‒F�‒WYT 1.08–1.16 ʝɠ"̬^Ʃ=� 
gg�u�k��F 2 Ń˧&X 3 ŃD&,?Ëɷ^Ǆ$�ʨǨE9SDʎ˥
ĪçDɲ<?*Z�ƻCËɷɑF��2k�`ɸˤˆç¹�`���ç�ʋr
�çE 3 =@�ŖȻ/AEËɷɑFĿP<?%Y�˦ʔʄ2ǡǑ@Ëɷ3Z
3Oka 2004; Yamamoto et al. 2010, 20144�='"Eg‒�‒'ʄ2ǡǑ@Ëɷ3
Z&B#&FF<(YAFˋ&<?%X4�ʨǨɑD˸<?(9ƊD='"Ȥ
ƾAƄã3ZAŪ$X[?"Z3Yamamoto et al. 20104�='"ȤƾAƄã19
ř�5 ŃŹ&XŜʴŬ？'ŋX[ZW#DCZ3ēɰ 1981, ƌʴ pers.obs.4�g
g�u�k��EŜʴFƻDȢʉ@Ŭ][ZAŪ$X[?"Z'�ǝƈFˋ&
<?"C"�ēɰ319814XEýƎDWZA�Ȣé@Fg‒'ȷE�‒Aƫ1
DŜʴ3Z̅ƛ'ŋX[?"Z� ŃDʏZA��‒FƓ２Ș̛Ŭ3pre-laying 
exodus4AŘG[Z 2 ǆÿɩɶEƇ̛̱ŬDǌ&,Z�.[FƓ２A˛２EȘ
DǈˋCÆ̋^ɕ$Z9S:AŪ$X[?"Z3Warham 19904�ĪÎƿE�b
b¢�u�k��3Ardenna grisea4Ug��u�k��3Calonectris 
borealis4��r�wls���3Pachyptila belcheri4@F�g‒T�‒ʄ̅D
Ɠ２Ș̛ŬDǌ&,Z.A'ɐX[?"Z'�gg�u�k��@F»ˆEg
‒EQ'ǌ&,Z3Yamamoto et al. 20114�Ɠ２Ș̛Ŭ&X˸<?(9gg�u
�k��E�‒F 6 Ńɗǎ&X×ǎD&,?Ȣŀʉ@ 1 ２Ɠ２1�='"Eg
‒AŜɁ@˛２^Ŭ#�˛２ʎǻF 50 ʎɩɶAŪ$X[?%Y�g‒A�‒
F%W7 1 ǆÿɩɶ˛２1�7Eř='"ȤƾA˛２ŜɁ1?Ƈ̛̱ŬDǌ&
,ZA"#qbl @˛２^Ȳ,Z3Oka 2004; Yamamoto et al. 20104� 
gg�u�k��D%,Z２ķȀEǝƈF˱X&DC<?"C"'�ĪÎƿ
@ȀɡEȻǊ'gg�u�k��A̢ƨ1?"Z� �h��3Fulmarus 
glacialis�A���i�u�k��3Pterodroma macroptera�@F２ÓķȀD 23
ʎ����g�i�u�k��3Puffinus bulleri4@F 18 ʎ&&Z.A'ɐX
[?%Y�gg�u�k��T 20 ʎȘř@２ÓķȀ'ø̜3ZAŪ$X[Z
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3Astheimer et al. 19854. ２ÓķȀ'ø̜3ZA２FȻūDʚ２0[�7Eřǀ
Ȅ3ZAŪ$X[?"Z3Whittow 20024�r¢`�c��3Diomedea 
epomophora4@F�２ÓķȀø̜&XƓ２P@D 10 ʎɩɶ&&Z.A'ɐX
[?%Y�3Grau 19844�２qbu'`�c��WYTǗ0"gg�u�k��
@F.[WYTUUɌ"Ĉÿ@Ɠ２P@ơZAǷȮ0[Z��u�k��˶ɡ
̢@FȘǍEW#DƓ２ȘD�‒'Ɠ２Ș̛ŬAŘG[Zɠ"Ƈ̛̱ŬDǌ&
,�Ƿɦ0[ZǀȄĈÿF.EƓ２Ș̛ŬEĈÿAǊCZ�.E9S�ȸ*E
�u�k��˶ɡ̢FȄƛ^ȻʉDɛȩ3Ząù^Ʃ<?"ZAŪ$X[?%
Y�� �h��@FɛȄE#EȳƋ'ïʑ0[?"Z3Hatch 19834.�
gg�u�k��E２F 8 ŃɗǎŹḒØ1�̝ǱF 11 ŃɗǎŹP@ǼLE
Ę̱^Ȳ,Z�ǼFȢ̗;ȘDȢŀ&Xǌ?ÃG9(̦ǅ^Ŭ#W#DCY�
11 ŃɗǎŹDȢ̗;�ȀɡAʄ̅DʋDţ&<?ɲY^Ŭ#3Yoda et al. 
2017a, b4�̃ɡ'ʨǨ^èƙ3ZP@EʔǻFF<(YAF]&<?"C"
'�ȕËɂɸ@ 2010 ʔD�¤m^Ȧɖ19Ȣ̗;Ǽ' 2015 ʔDʨǨɑ@Ƅ˖
î0[�˖îåǻ&XʨǨ^ŬC<?"9AǷɦ0[9�.EW#D�Ȣ̗=
ǼD�¤m^Ȧɖ1?ǻʔřDʨǨɑ@Ƅ˖î0[9̣FȕËɂɸ@ 7 ̣ýƎ
0[?"Z3Table 1-24�.E.A&X�ǘC*ATȢ̗;&X 5 ʔĹá3[G
ʨǨ'Ýʗ@!ZAŪ$X[Z�ʨǨE˿ˮ']&XC&<9ŖȻT"9'�
ƅɌ@Ȣ̗;&X 2 ʔ@ȃP[9ʨǨɑD˸<?(?"Z.A'ïʑ0[9�
gg�u�k��ȀɡEǁ˰FF<(YAF]&<?"C"'�20 ʔ¬ǟ@F
C"&AŪ$X[?(93ēɰ 19814�2012 ʔDF�Ğɴ˂÷ɸ@�¤m^Ȧ
ɖ19ŖȻ'� �gɸ@Ƅ˖î0[�Ȧɖ&X 36 ʔ 8 ¥ŃĹ<?"9A3
Z˚Ŷ'!Z3ƑÞɡ̢ŉėǑ 2012, ǵȒ 20124�.EŖȻF�¤mȦɖƪD
F3@DȀɡ:<9.AA� ÷ɸEǼF％ĩ 4 ʔřDʨǨÝʗACZ.A&
X�ǘC*AT 40 ʔFȃȳ1?"9AŪ$X[?%Y�œƋ]&<?"Zg
g�u�k��EƅɠǁĎ̨AC<?"Z� 
 ʎ˥Īç@ʨǨ3Zgg�u�k��EĆțɫCȃȾD="?F�ʎ˥ǃ˓
EˋˁUʨǨɑEč 3˴Oka 20044�ËɷɑUɲYŬ？3Yamamoto et al. 2010; Yoda 
et al. 2017b4�ËɷǄ̜ř&XºǼĈÿEƇ̱ç¹UĘ̱Ŭ？3Ochi et al. 2010; 
Yamamoto et al. 2011; Ogawa et al. 20154�e� k2ǂƝ3Shirai et al. 20124CB
ȸćD]9Zŉė'Ŭ][?(9�P9�GPS UÜȰɶļCBE？ˊɺƉĶǗ
ĶĎ̨ļ^̈"?�̡ ̰.Ƈ̱Ŭ？UċɸŬ？Dɖ˶19̩ˌTȸ*ʡ×0[?
"Z3Sato et al. 2009; Matsumoto et al. 2012; Shiomi et al. 2012; Goto et al. 20174�
1&1ʨǨȃȾEɗ@TʇDËɷǄ̜ř&X˛２èƙP@EĈÿD="?Eɐ
ŋFǘC*�Ȣé@EʼʨCŜʴŬ？'ýƎ0[?"ZDTĀ]X4�ǱƛĀĳ
^·ɯɫDɟM9ŉėF 1 =TŬ][?"C"�P9�ŜʴĈÿEg‒U�‒
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EƪÿʜˋDĀ3ZɐŋTǘC*�Ƈ̱ǡǑAʨǨɑ^Ŭ(̍3Z˥ƿ'BE
W#Cƪÿʜˋ@Ŭ？1?"Z&T]&<?"C"� 
 
˥̩ˌE˶ɫAŨȀ 
Ğɴ˂÷ɸEgg�u�k��ʨǨɑ@FʼʨCȢéŜʴŬ？'ýƎ0[?
%Y�1 ÃEg‒'ƫ1AȷE�‒AŜʴ3Z̅ƛ&X�ēɰ319814XF１Ż
ǿ'Ĥ"E@FC"&AǍM?"Z�1&1�·ɯɫCäȈ'Ŭ][9.A'C
"9SƳƊDgg�u�k��@BEɩɶ='"é˃ǿ'ď(?"Z&F]&
<?"C"�P9�gg�u�k��FŜʴĈÿD�‒'ʨǨɑDċ<?*Zå
ǻ'ǘC"9SŬ？ýƎ̣FǘC*�ʇDȢʉˆD%"?BEW#CŬ？^1
?"ZE&T˱X&DC<?"C"3ēɰ 19814�T1gg�u�k��@='
"é˃ǿ'ʼʨDď(?"[G�='"@ 1 Ã1&º?C"��E˃ǿ^ư<
9g‒A˃ǿ^ʆX[9g‒'F<(YAĬˏ@(̝ƶEķƲUŬ？Eƀ^Ū
Ǝ3Z.A'ÝʗACZ9S�.[P@]&XC&<9='"é˃ǿDWZg
‒�‒7[8[E４ÊUȵư^˱X&D@(ZÝʗǿ'!Z�P9�1 ÃE��
E˃ǿF7EʔEg‒EʨǨȀşDɢŁ3Z9S�g‒F='"é˃ǿ^ˣ+
9SEŬ？ȓ̘^Ʃ=AŪ$X[Z�0XD˥ƿFɸ@1&ŜʴŬ？^Ŭ]C
"9S�ɸ@Eg‒�‒7[8[EŬ？^äȈ3[G�g‒A�‒EB;X'ƻ
ʅ1?='"é˃ǿ'ď(9&^ņǜ@(ZAŪ$X[Z�Ü$?gg�u�
k��Fʎ˥ǃ˓E̅1Cɸ@ʨǨ1?"Z9S�ûģE²CZʨǨɑ@EŁ
ß^ʮð3[G='"é˃ǿDÅħ^ĖO3ûģ̊¾D="?EŪƎ^Ŭ#.
A'@(Z� 
˥ŉė@F�gg�u�k��EŜʴĈÿEŬ？AǱƛĀĳDə˶1?='"
é˃ǿEƳȾ^ä˱3ZAġD�g‒�‒7[8[EʨǨȓ̘^˱X&D3Z
.A^˶ɫA19�P4Ƀ�Ǜ@F�Ŭ？ýƎDW<?�‒EŜʴęȏEÝʭ^
ïʑ19�P9�Ǳƛþɦ^˶ɫA1�gg�u�k��̈E�bl¢q}�b
��2h2Eèʡ�3 =EʨǨɑ&XEq¤��¤m^ŬC#AġD�ʨǨɑû
ģEǣ˚A1?Ȣŀ４̈ŖȻˑȗEĎƉ�Ȣŀɦɖ̖�Ȣŀ４̖̈EƔǌCB^
ŬC<9�='"é˃ǿE̊¾D="?F�='"é˃ǿ^ʆZ.A@�‒DT
ÚX&E４Ê'!ZA3Z̞"·ɯƛÙȎA·ɯɫɬŴǿÙȎDɖ˶19�g
‒EƲEƜʸA1?FȻqbu^̈"�·ɯɫĝ６EƜʸA1?FĪŜĳǻ^
̈"9�Ƀ�Ǜ@F�ýƎ'ʌ1"ŜʴĈÿEŬ？^˱X&D3Z9SD�gg
�u�k��EȢʉD«Ƣh��^ȍɒ1?Ŭ？ýƎ^ŬC<9�P9�gg�
u�k��E='"DǗĶĎ̨ļ^Ȧɖ1�Ëɷç¹�Ƈ̱ç¹�ċɸåǻEä
Ȉ^ŬC<9�0XD�='"Eg‒A�‒EɸɀƋåǻA��{�ɠEäȈ^
ɤ2?�g‒E˃ǿîʆȓ̘D="?ŪƎ19�Ƀ�Ǜ@F�Ƀ�ǛAɃ�Ǜ@
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ʆX[9ƥ́7[8[EʨǨȓ̘D="?ȥŴɫDŪƎ1�gg�u�k��
EŜʴĈÿEŬ？ȓ̘D="?ǍM9�
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Table 1-1� ='"é˃ǿ'ď(Z̊¾ 
='"é˃ǿ'ď(Z̊¾EɬÒɫ.」ɬÒɫÙȎA�7ÊȮ^PAS9�

Hsu et al,.2015 WYæˑ� 

�~  ÙȎ 
='"E�‒LE�

·ɯɫĝ６�
g‒E�
Ȼqbu 

ǿɫķƲ�
�ǦYÃżC

B  

g‒E
ʔ̤ 

ɬÒɫ ·ɯɫɬŴɶ Ï" NA NA NA 

 W"·ɯƛ NA ɂ(" ʙƾ ʔǟ 

」ɬÒɫ ·ɯɫǾ˻ NA NA NA NA 
 g‒DWZȡƍ NA ɂ(" NA ʔǟ 

NA:ìɽC1�Ā̧'C"9Sņǜʽ̊Eű˶^Ƭ3� 
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Table 1-2� Ȣ̗;ƪD�¤mȦɖ^1?Ƅ˖î0[9ŖȻE»３ 

�¤m �¤mȦɖʔ 
Ƅ˖îʔ
�ǐʔ  

ǐ˖îP@Eʔǻ ǿˏ 

9B12232 2009 2016 7 ʽ˱ 

9B12235 2009 2016 7 g‒ 

9B20085 2010 2015 5 g‒ 

9B20223 2011 2017 6 g‒ 

9B20340 2012 2015 3 ʽ˱ 

9B20433 2013 2016 3 g‒ 

9B20477 2013 2015 2 �‒ 
2009 ʔ&X 2018 ʔP@ɕȉ0[9˖îǣ˚&Xǣ˚^ʆ9�2009 ʔ&X 2013
ʔP@FġʄŉėƶƼʆ~2x�2014 ʔ&X 2018 ʔP@F˥ŉė@Ƽʆ19~
2x� 
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Fig 1-1� ='"é˃ǿ̖Ag‒EºǼŮňɶ 
Griffith et al. 2002 WYʢǹ�»ˆæˑ19�='"é˃ǿ̖EƿÿEƀ²F�
='"g‒EºǼŮňɶDW<?Ȏ˱0[ZAŪ$X[?"Z� 
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Ƀ �Ǜ�gg�u�k��E='"é˃ǿ�
ǒŔ�
Ƀ 1 Ǜ@ǍM9W#D�ɡ̢E 90%Eƿ@F='"é˃ǿ'ď(?%Y�7E
̊¾DFŖȻEȻqbu3Griffith et al. 2002; Perry and Kim 2014; Wells et al. 20154�
Ȣ˭ɶU４̖̈3Westneat and Sherman 1997; Bried et al. 20104�łÎɶ3Arct et al. 
20154CB'ě-X[?(9�ŖȻEȻqbuA='"é˃ǿD="?FƻD̞
"·ɯƛÙȎ3Griffith et al. 20024EņǜA1?ŉė'Ŭ][?%Y�̬UÃC
BEķƲ'ɂ("g‒NB˃ǿ^ƽYU3*�Ǘ0"g‒NB˃ǿ^ư"U3
"A"#Ĵţ'̅1Cƿ@˚Ŷ0[?"Z3Bried et al. 2010; Wells et al. 20154�
.[FȻqbuEɂ(Cg‒NB�‒UʊɜY^S+Zg‒ÿĠȣDǕ;U3
".AU�ȃȳ3ZÝʗǿ'Ų"9S�ȻqbuEɂ("g‒F”̞"g‒”@!
ZÝʗǿ'Ų"9S:AŪ$X[?"Z� 

Ȣ˭ɶD="?F�ȢŀʨǨǿçɡEg��u�k��@ŉẹ̇'!Y�Ȣŀ
˭ɶEŲ"ʨǨɑ@F='"é˃ǿ'ŋX[Z'�Ȣŀ^S+ZĠȣ̖'ɥ"
AŪ$X[ZɑɗçEʨǨɑ@F='"é˃ǿ'ŋX[C"A"#˚Ŷ'!Z
3Swatschek et al. 1994; Rabouam et al. 2000; Bried et al. 20104�1&1�ʨǨɑD
ȃȬ1?"ZȀɡŖȻǻA='"é˃ǿAEÿDFĀ̧'C"A3Z¡��2
̩ˌTʡ×0[?%Y�Ȣ˭ɶA='"é˃ǿAEĀ̧F˫:F<(YA]&
<?"C"3Westneat and Sherman 19974� 
łÎɶD="?F�2015 ʔD 33 ƿEɡ̢DĀ1?='"é˃ǿA='"ÿE
łÎɶAEĀ̧^¡��219̩ˌ'ʡ×0[?"Z3Arct et al. 20154�Arct X
F='"ÿEłÎɶ'˿°DŲ"NB='"é˃ǿEï̖'ŲPZA"#˿°
CȂEĀĳǿ'!ZAʡ×1?"Z3Arct et al. 20154�='"ȤƾAEłÎɶD
Ò2?='"é˃ǿ'ď(ZCXG��‒F='"ȤƾAE·ɯɫĝ６^ʑƯ
3Zʷ̊'!Z�1&17E�h�u�'ʽ˱@!Y�P9ƿ/ADʨǨȃȾ'
ɂ(*²CZ.A�71?łÎɶA='"é˃ǿAEÿDĀ̧'!<9A"#
�s}a�CŁß@C"A̩ˌA1?ʡ×1>X"9SD�¡��23Zƪɮ
@ Publication bias '&&<?"ZE@FC"&CBEĐ˹ɮ'!Y�.E̩ˌ
Eƻɜ3ZĀĳǿ'˥ɽDɡ̢ȚȻ@ȃ2?"Z&B#&F]&XC"A3Z
p�¤�'ʡ×0[?"Z3Forstmeier 2015; Nakagawa et al. 20154�P9�łÎ
ɶA='"é˃ǿEÿDFĀ̧'ŋX[C&<9A3Z˚ŶTȸǻȳƋ3Z.
A&X�˫:DF<(YA19Ł̩FʆX[?"C"ǥȾ@!Z3Kiere et al. 
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20164� 
˥ŉėȼǞƿEgg�u�k��F�Ɂ×ɫCʨǨɑ@!ZĞɴ˂÷ɸD%"
?�ʨǨĈDȢé@EŜʴŬ？'ŗ*&XýƎ0[?%Y�１Żǿ@FC"&A
Ū$X[?(93ēɰ 19814�P9�2016 ʔ 6 ŃDăƾŊȕËɂɸ@Ŭ][9
«Ƣ‒p2�DWZŬ？ýƎ@F�g‒' 1 ʶE�‒AŜʴ19ǻǈˋřDȷ
E�‒AŜʴ3Zƚ'QX[?%Y�gg�u�k��'ȸǻEȤƾAŜʴ^
3ZŬ？Fɸÿ@ġɤ@!ZAŪ$X[Z�1&1�.EW#CŜʴ'ƳƊDʨ
ǨDơ<?"Z&Fʽ˱@!Z�P9�gg�u�k��D%,Z='"éŜʴ
Ŭ？FýƎ̣E˚ŶEQ@�·ɯòɫņǜFŬ][?.C&<99S�˥ ƿD%
,Z='"é˃ǿEƳȾF˱X&DC<?"C"�Ƶãɫ»ʿ»Ɔ@ 1 ʔD 1
ÃE��1&º?C"˥ƿD%"?�='"é˃ǿE˿ˮF7EʔEg‒Eʨ
ǨȀşAɢŁ3ZǊ̊Ƨű@!ZA"$Z�˥ Ǜ@F�P4·ɯòɫƾ˞^̈"
?gg�u�k��D%,Z='"é˃ǿ'B[*X"EôŴ@ď(?"ZE
&^ä˱3Z.A^˶ɫA1?314gg�u�k��EǱƛþɦD̈"Z·ɯ
ƛ�2h2^ƍȀ1�324Ƶãɫ˃Ǳ'��E·ɯɫ˃Ǳ@!Z&B#&^ïʑ
19�P9�ȘǍ19='"é˃ǿDÅħ^ĖO3̊¾E#;�˥ ŉė@FʇD
ȻqbuA='"Eg‒�‒ÿEłÎɶDɖ˶1�='"é˃ǿLEÅħ^ņ
ǜ3Z9SD�='"é˃ǿ'ď(9ŖȻAď(C&<9ŖȻ�P9F='"é
˃ǿ'ď(9='"Aď(C&<9='"ÿE~2x^ʮð19� 
P9�gg�u�k��Fʎ˥̥ɸǃ˓Eɸ̮@ʨǨ1?%Y�7EʨǨɑF
ȹ％̆ȫ�ʎ˥çȫB;XDTˋˁ1?%Y�7Eč˴TɂǗ̅1@!Z3Oka 

20044�ʎ˥ǃ˓Egg�u�k��ʨǨɑ@!ZăƾŊȕËɂɸ�ǰóŊ©ɸ�
ƑŢŊÂ̪ɸE 3 =EʨǨɑ@='"é˃ǿEôŴ^Ɣǌ1?ʮð3ZAAT
D�ʨǨɑ/AEȢ４̈ǥĦ^ʮð1?='"é˃ǿDÅħ^ĖO3ûģ̊¾
D="?TŪƎ19� 

 
˝˞�

ȕËɂɸE�a2 �ɟƁAq¤��¤m�
2014–2016 ʔE 5–6 Ń%WI 8–10 ŃD�ăƾŊ×ˎ­ĲƑɰɞEȕËɂɸ3ˤ
µ 39.40 ɶ, ɻĹ 141.99 ɶ4Egg�u�k��ʨǨɑ@ɟƁ^ŬC<9�ȕË
ɂɸF»ǃ˻ 2 km�˳ȉ 0.09 km2EˮǴɸ@�¦々Ƚǿǧˊx��jƭȃɑE
ˤŕA1?ăƾŊEɭșĎʕˊDƜɦ0[?"Z�ɟƁFɸEʋɻȫEgg�
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u�k��p¢�2@Ƴƞ193Fig. 2-14�2016 ʔDF�gg�u�k��EŜ
ʴĈÿ@!Z 6 ŃDʨǨɑDɀƋ1?˺ÿEgg�u�k��EȢéŜʴŬ？
^ýƎ1��~gh��@Ď̨19�ȕËɂɸ@F�Ƿɦ 1000 Ã¬ǟEȀɡ'
ʨǨ1?"ZAŪ$X[?"Z3Oka 20044�˥ ʨǨɑ@F 2009 ʔ&XɟƁ'ĺ
Ȳ0[?%Y�.[P@˖î0[9ŖȻEÁȯDFƑÞɡ̢ŉėǑĹ̀@ɨğ
0[ZûģǚE�x �¤m'Ȧɖ0[?"Z9S�ŖȻƯˏ'Ýʗ@!Z�ʨ
ǨɑʉEȢEʏYŢDFʬųƐ^=,9�2 ^ȍɒ1?!Y�7[8[EȢ
^Ĭˏ1?¨<?"Z�ʬų^=,9Ț?EȢEǟ@ GPS ®ɒǣ˚^Ƽʆ1�
p¢�2EɑǶ^ƍȀ193Fig. 2-14�gg�u�k��EºǼĈÿ@!Z 8 Ń
&X 10 ŃD�Ǳɡ 338 ŖȻ��� 199 ŖȻ&XÃż^ƇƼ1�100%ex�2 
Dʏ[?˕ȳ193Fig. 2-24�˖î19Ț?EŖȻEÁȯDF�x �¤m^Ȧ
ɖ1�ŖȻƯˏ^ŬC<9�ȢDǌʏY1?"9ŖȻFȚ?˖î1?ÃżƇƼ^
Ŭ<?%Y�q¤��¤m19ŖȻEɗDF��^º??"Z̝Ǳ¬éEŖȻ
TāP[?"Z�ºǼĈÿF�Ǳɡ.��ATD�˖îƪD�k‒^T;"?̬
ɠ�̬Ų�：ɠ�J1Vɠ^�ȌYƸ^̈"?̌ɠ^ļȮ1Ď̨19�ļȮ˝˞
F Arima et al. 2014 DǏĚ19���G&Y3Pesora Ƶȅ�‒b‒4^̈"?Ȼ
ǊEȮɦ^ŬC<9�9:1�̨ ２ĈÿɗEǱɡ^˖î1?ɠ*ťȭ3ZA7E
řEʨǨDÅħ'ǌZÝʗǿ'!Z9S�˛２ĈD˖î19ȀɡEȻqbuļ
ȮFŬ]C&<9�gg�u�k��EċȢ3Z˺ÿD�3–5 ʎ/ADʨǨɑE
ŋåY^Ŭ<9�ȢEɗDȀɡ'"ZǡŴF»ƪɫD˖î1?�¤mʬų^ï
ʑ1�ȢDǌʏY19ŖȻE�¤mʬų^Ď̨19�1 =EȢ@ 2 å¬ǟ˖P<
9g‒�‒7[8[9ŖȻ4=^�7EȢ@ºǼ3ZƵãɫ='"Aʑɦ19�
ʄ»Ȣʉ@ʄǿEȀɡ' 2 ŖȻ¬ǟ˖P<9ǡŴFŋåY^ĺȲ1�ʇɦE 1
ŖȻ'ȷEʄǿŖȻWYT 2 å¬ǟȸ*˖P<9ǡŴEQ�Ƶãɫ='"Aʑ
ɦ19�íȢ^４̈19ŖȻF 2014 ʔ&X 2018 ʔP@F˥ŉė@~2x^ǰ
9DƼʆ1�2009 ʔ&X 2013 ʔP@FŉėƱD˕ü0[?"9ȢŀǌʏYĎ̨
^̈"?äȈ19�４̈ŖȻEˑȗEäȈƪDF�ȢDǌʏY1?"9g‒�‒
1 Ã4=^='"A1?¨<9�g‒�‒ 1 Ã4=˖î0[�ŖȻʬų'ˋ&<
?"Z='"^ǻ$�Ȣ^４̈1?"9='"ǻA19�7[8[EŖȻA='
"'ȢDǌʏY1?"9ʔǻ^”ĺȲȢ４̈ʔǻ�A1?ǻ$9�P9�ȢLEɦ
ɖǿ^F&ZƜʸA1?�{1-(Ȣ^ˑŧ19åǻ/˦ʔȢ^ˑ$9AÙɦ19ƪ
Eåǻ)×100}@ļƔ0[ZȢɦɖ̖^ļƔ193Bried and Jouventin 20024�ȢD
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ǌʏY19Ȁɡ'ïʑ0[?"Z&���EȳƋ'ïʑ0[9Ȣ^7EʔEʨ
ǨD４̈0[9ȢA1?¨"�４̈Ȣǻ 3̂��x�¤mʔǻ7Ȣǻ4@ô<9
TE^�Ȣ４̖̈Aɦđ19�P9�2014 ʔ&X 2018 ʔD&,?F�íʔE�
�ȃȳ̖^�3Ȣ̗;ȘD˖î1?�¤m^Ȧɖ19ǻ/ǐ˖îƪDȢŀ&XƼY
ǌ1?ļȮ19ǻ4A1?Ɣǌ19� 

 
©ɸ.Â̪ɸE�a2 �ɟƁAq¤��¤m�

2014–2017ʔE8–10ŃD�ǰóŊăȕĲ©ɸÄȶ3ˤµ38.27ɶ�ɻĹ139.13
ɶ4A�ƑŢŊį˵ıǟĀɞÂ̪ɸ3ˤµ33.74ɶ�ɻĹ132.03ɶ4Egg�u
�k��ʨǨɑ@ɟƁ^ŬC<9�ǰóŊ©ɸF»ǃ%W723 km�˳ȉ9.86 
km2E˿Ǵɸ@�ɸEȆˆD!Zgg�u�k��ʨǨɑF5©ɸEgg�u
�k��%WIc�cʨǨɑ6A1?1972ʔDŷEɭșĎʕˊDƜɦ0[?"
Z3ʟ¸ 2016, ûģǚ 20014�ƑŢŊÂ̪ɸF»ǃ%W73 km�˳ȉ0.17 km2

EˮǴɸ@�ɸEˤȫAʋȫDgg�u�k��Ep¢�2'!Y�.E̝˝
Ep¢�2@ɟƁ^Ƴƞ1?"Z3ɲ˓ 20164�2=EɟƁɑ@Eq¤��¤
mF�œɑ@gg�u�k��ŉė^ǳS?"Z˯ŗÕɂò¯ɰŉėƱEɟƁ
z2�A�ˈƑɂòɲ˓ŉėƱEɟƁz2�D¯̎1?ŬC<9�©ɸ�Â̪
ɸATD�2009ʔ&XɟƁ'èƙ0[?%Y�.[P@˖î0[9ŖȻEÁȯ
DFƑÞɡ̢ŉėǑĹ̀@ʜˁ0[ZûģǚE�x �¤m'Ȧɖ0[?"Z
9S�ŖȻƯˏ'Ýʗ@!Z�©ɸ@FǷɦ84000Ãɩɶ�Â̪ɸ@FǷɦǻ
100ÃɩɶEȀɡ'ʨǨ1?"ZAŪ$X[Z3Oka 2004; ʪɰ.Ƒ˥ 20124�
ʨǨɑʉEȢEʏYŢDFʬųƐ^=,9�2 'ȍɒ0[�7[8[EȢ'
Ưˏ0[?"Z�gg�u�k��EʨǨĈÿ@!Z8Ń&X10Ń�©ɸ@F
2014ʔ&X2017ʔD&,?�Ǳɡ235ŖȻ���246ŖȻ&X�Â̪ɸ@F2015

ʔ&X2017ʔD&,?Ǳɡ71ŖȻ���77ŖȻ&XÃż^ƇƼ1�100%ex�
2 Dʏ[?˕ȳ19�"4[Eɸ@T�ȢDǌʏY1?"9ŖȻFȚ?˖î
1?ÃżƇƼ^¯̎1?%Y�q¤��¤m19ŖȻEɗDF��^º??"
Z̝Ǳ¬éEŖȻTāP[?"Z�1=EȢ@2å¬ǟ˖P<9g‒�‒7[8
[9ŖȻ4=^ƛº?3ZƵãɫ='"Aʑɦ19�ʄ»Ȣʉ@ʄǿEǱɡ'
2ŖȻ¬ǟ˖P<9ǡŴFŋåY^ĺȲ1�ʇɦE1ŖȻ'ȷEʄǿŖȻWYT
2å¬ǟȸ*˖P<9ǡŴEQ�Ƶãɫ='"Aʑɦ19�˒Ǳ�T1*F̝
ǱEDNAq¤��¤m@(C&<9ǡŴDF�¬řEǱƛþɦäȈ&XFǓé



 16 

19�˖î19Ț?EŖȻEÁȯDF�x �¤m^Ȧɖ1�ŖȻƯˏ^ŬC
<9���AǱɡE˖îƪD��k‒^T;"?̬ɠ�̬Ų�：ɠ�J1Vɠ
^�ȌYƸ^̈"?̌ɠ^ļȮ1Ď̨19���G&Y3PesoraƵȅ�‒b
‒4^̈"?ȻǊEȮɦ^ŬC<9�gg�u�k��EċȢ3Z˺ÿD�3–
5ʎ/ADʨǨɑEŋåY^Ŭ<9�ȢEɗDǱɡ'"ZǡŴF»ƪɫD˖î
1?�¤mʬų^ïʑ1�ȢDǌʏY19ŖȻE�¤mʬų^Ď̨19�1=
EȢ@2å¬ǟ˖P<9g‒�‒7[8[9ŖȻ4=^���^º?ZƵãɫ
='"Aʑɦ19� ȕËɂɸAʄ̅E˝˞@�ĺȲȢ４̈ʔǻ�Ȣɦɖ̖�
Ȣ４̖̈^Ɣǌ19� 

 
�bl¢q}�b��2h2Eèʡ�

ɡ̢E='"é˃ǿŉėD%,Z·ɯɫƾ˞A1?�ȐŬŉė@F�Multi locus 

DNA �a¤i2��¤�˞3Jeffreys et al. 1985; Burke and Bruford 1987; Burke et 
al. 1989; Reeve et al. 19924�CXID�bl¢q}�b�3Short Tandem repeat�
STR4ˋȈ3Kraaijeveld et al. 2004 ȷȸǻ4'Ɩ̈0[?(9�Multi locus DNA

�a¤i2��¤�˞AF�Ǿŕůȝ@ DNA ^Ɏ˒Ø1�˜ƴǿʄ®ȻUĻŞ
Ǫȝ@ʸƯ19ʇɦE DNA3DNA �¢2�4AɎ˒Ø19o�� DNA AE�
b��{�ķȀ^Ŭ"�ȸĶ^ņǌ3Z˝˞@!Z���o��EäȈ̈DƍȀ
0[9 DNA �¢2�'ɡ̢DTƖ̈@(9.A&X�ɡ̢EǱƛþɦUłÎɶ
äȈDT̈"X[?(93Botstein et al. 1980; Burke and Bruford 19874�1&1�
.Eƾ˞^̈"9ǱƛþɦUłÎɶǷɦDF�äȧɶD˹Ʉ'!Y�ś<9łÎ
Āĳ^Ƿɦ3ZÝʗǿ'!ZAƜɪ0[?(9�.[Dȼ1�STR ˋȈF�ǻÐ
ĆEɊ®ʜ̥EİY˔1DW<?ŨȀ0[9 STR ̠¹^ PCR DWYȨˇ05
ȸĶ^ņǌ3Z˝˞@3Jarne and Lagoda 19964�ȸĶǿ'(]S?Ų*3Queller 

et al. 19934�ʇ²ɫC��b�2^̈"? PCR ^Ŭ#9SDˋȈŁßEƄœǿ
'Ų"�Īʔ@F�̅1CƿDʇ²ɫCˉǻE STR �2h2'èʡ0[ZW#
DCY3Denk et al. 2004; Faircloth et al. 2009 ȷȸǻ4�0XDƫǽɁr2n¤q
2EɳǡDWY�ǰč STR �2h2Eèʡ'ɥp‒�@@(ZW#DC<9
3Guichoux et al. 20114�0XDF�Universal Fluorescent PCR ˞'èʡ0[3Blacket 
et al. 20124�ªÛD�Š̖W*�WYȸ*E STR �2h2ˋȈ'Ŭ$ZW#D
C<?(93Guichoux et al. 20114�¬ǟE.A&X�ĪʔE='"é˃ǿEŉė
@F STR ˋȈ'ƻ̙AC<?"Z3Arct et al. 20154� 
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STR ˋȈ^ɬ̈1?gg�u�k��EǱƛþɦ^ȂïDŬ#9SDF�ǈˋ
CȸĶǿ^Ʃ=ʇ²ɫC STR �2h2'ʷ̊ACZ�1&1C'X�˥ ƿE STR
̠¹^ʇ²ɫDȨˇ@(Z��b�2F.[P@˚Ŷ0[?"C"�STR �2
h2DWZȸĶņǌD%"?F�ĪÎƿ^ȼǞDƍȀ0[9�2h2'Ɩ̈@
(Z.AT!Z'�ȸĶǿEɥ×U� ȼ̗·ɯƛEȨÜ'Ņʕ0[Z9S�Ų
"Ȅɶ@Ǳƛþɦ^Ŭ#9SDF�ȼǞƿDʇ²ɫC��b�2Eèʡ'ˢP
[Z�7.@gg�u�k��Dʇ²ɫC��b�2^èʡ19� 
��b�2èʡDƖ̈3Z DNA F�2014 ʔDȕËɂɸD%"?�gg�u�
k��EȀɡ 1 ŖȻ&XƇǇ0[9Ã˵q¤� &X�Quiagen ƵE DNeasy 

Blood and Tissue kit ^̈"?ɘǌ19�ÃżDʾɖ1?"9Ȟǩ^ proteinase K
@ǙØ19řD�j{�Dʾȱ1?"Zƣ˼^̈"?ȜȚ DNA ^ɘǌ19� 
STR ��b�2EèʡE9SD�ɘǌ19ȜȚ DNA ^Ɩ̈1 2 ƿ̢Eo��
�b���^èʡ19�1 =FɤǢEo��{l�b����T#HA=F�STR
^ーǋ19�b���@!Z�gg�u�k��Eo��{l DNA ^��m�
¤}2‒3NEB4DWZ 22 ˋÿEb¤j��2�DWY%W7 1200bp~5000bp

DȊɎ19ř�Rapid Library Preparation Method Manual(Roche)E�¢�p Dǉ
"�2ƿ̢Eo���b���^ƍȀ19��b���EƍȀDFNEBNext Quick 
DNA Library Prep Master Mix Set for 454TM(NEB)A�MID xm3Roche4^Ɩ̈1
9�2 =E#;9=E�b���F�STR ^ーǋ19�STR EーǋEƊF�5’˧
ɍ�gz¤Ø�¢2� [B-ATAGAATAT(CA)16]^Ɩ̈1�NimbleGen SeqCap 
EZChoice Library LR(Roche)E�¢�p Dǉ<9�ƍȀ19gg�u�k��
Eo���b���A STR ーǋ�b���^ŽŴ1�~‒l�{�ĶƫǽɁr
2lv¤q2GS Junior(Roche)^̈"?��¢�p Dǉ"�� z�¡{l‒
r2n¤‒^Ŭ<9�r2n¤‒EŁß&XʆX[9�gg�u�k��EÐĆ
ʜ̥Dȼ1?�Clustal W ver 2.1(Larkin et al. 2007)�Primer 3(Rozen et al. 2000)^˙
õ19�b��b¤�QDD ver. 3(Meglécz et al. 2014)^Ɩ̈1? STR ^āRʜ̥
^ɘǌ1�STR ̠¹^Ȩˇ@(Z��b�2^ƍȀ19�ƍȀ0[9ɂ̟E�
�b�2ŝ˗Eɗ&X�¬×E�=^ǤńA1?���b�2Eŝ˗^ũYŸ_
:�14ȨˇƓˊɗD 1 =E STR ̠¹EQ^āR.A�24Universal Fluorescent 
PCR ˞3Blacket et al. 20124^̈"9ǡŴD�ȨˇɎ˒EqbuǊˉ'C*�12

ŖT1*F 8 ŖE��b�2^ȞQŴ]5?E�� z�¡{l‒ PCR 'Ŭ$
Z.A�34��b�2ʜ̥ʄƘEȤƨǿ'C*�˶ ɫEƓˊ¬éE PCR Ɠˊ'
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ȃȀ0[C".A�44��b�2E�f£2�r2le¤‒A��2‒r2l
e¤‒Eʜ̥'Ȥ˗ɫ@C*���b�2yb�2U�`�¤ŨȪ^ƍ<?1
P#Ýʗǿ'C".A�ũYŸRƊDF�Multiplex Manager Ver.1.23Holleley and 

Geerts 20094^Ɩ̈19� 
.#1?ʆX[9��b�2v{�/AD PCR ^Ŭ"�ȨˇE˿ˮ^zd{
l19�PCR F�2 × GoTaq GreenMix 3.5μl�20μM primer í 0.07μl�DNA 1.2μl� 

DNasefree water 2.16μl EŽŴ̇É^ɟȁ1�ÖɶǤń 95℃ 30 ʻ�56℃ 30 ʻ�
72℃ 30 ʻ@ 35 qbl İY˔19�ʆX[9 PCR Ɠˊ^ɱČÇ？1�˶ɫE
Ɏ˒EȨˇ'ïʑ0[9�2h2EQ^˥ǛEäȈDƖ̈19� 

P9�ȕËɂɸ@ 2014 ʔDƇƼ19Ȁɡ 123 ÃˋEq¤� ^̈"?�ɟƁ
ɑEȕËɂɸE·ɯƛĶˋˁE�2~a2.£b¤� l％ŭ3HWE4&XE
¼ɇA��2h2ÿȨƂʽ％ŭ&XE¼ɇ^ņɦ19�"4[T GENEPOP ver 

4.03Rousset 20084^̈"?Ŭ"�� p�̧ƂäȈDWY˿°ǿ^Ƿɦ19
310000 dememorizationsteps�20 batches and 5000 iterations4�xb� Ⅰ e�2^
「,Z9S�，ļņɦEŁß&XʆX[9 P ɏEĉĔ̖D="?F�r2n¤
r� .�¤�d¢2�E˗Ȃ^Ŭ<93Rice 19894�GS Junior DWZƫǽɁ
r2n¤r¤mEŁß�gg�u�k��Eo��.�b����CXID STR 
ーǋ�b���&X�Ŵļ 38,301 ʜ̥^ʆ9�2 =E�b���&XʆX[9 

38,301 �2�EÐĆʜ̥E#;�100 bp ¬ǟ:<9�34,729 ʜ̥ɗD 7,245 ¥
ǑE  STR ̠¹'ʡŋ0[�7[XE  STR ̠¹^Ȩˇ3Z.AE@(Z 
63,050 ŖE��b�2ŝ˗'ʆX[9�7[XEɗ&X�ǟǍE 4 =EĆǏ^
˩91�&=ȸĶǿEʑSX[9 39 ŖE��b�2^ȖɅ1�í��b�2E
ーɶ^Ŀɦ193Appendix Table 1, Sakao et al. 20184�  

 
íŖȻE·ɯƛĶEĿɦAǱƛþɦ�

íɸ&Xq¤��¤m19ÃżEżŏȞǩ^Ɩ̈1?�íŖȻE DNA ^
Quiagen ƵE DNeasy Blood and Tissue kit ^̈"?ɘǌ19�ÃżDʾɖ1?"
9Ȟǩ^ proteinase K @ǙØ19řD�j{�Dʾȱ1?"Zƣ˼^̈"?ȜȚ
DNA^ɘǌ19�ǟĎ@ƍȀ19 39ŖE�2h2^̈"?�Universal Fluorescent 
PCR ˞3Blacket et al. 20124DĆ>(�12 %WI 8 =E��b�2v{�^ŽŴ
19� z�¡{l‒ PCR ^Ŭ<9�� z�¡{l‒ PCR F�ȘǍ19ƳŎ
ĸDǉ<?Ŭ<9�2 × Multiplex PCR Mix(QIAGEN) 3.5 μL�10μM T1*F 20μM
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E��b�2í 0.1~0.15 μL�20μM EĻŞ��b�2í 0.1~0�5 μL�DNase free 
water 1~3 μL�DNA 10 ng~100 ng EŽŴ̇É^ɟȁ1�95℃5 ˋ�94℃ 15 ʻ�
59℃ 15 ʻ�72℃ 30 ʻ�60℃ 30 ˋ@�40 qbl İY˔19�40 qbl Ǆ
̜ř�q¤� F 4℃@˕ȳ19� 
ʆX[9ȨˇƓˊ^�GeneScan TM500LIZ®Size Standard(Applied Biosystem)A
ŽŴ1�3130xl Genetic Analyzer D?ɱČÇ？3Z.ADWY�í�2h2Ȩˇ
ƓˊEɎ˒ɠ^ŖȻ/AD（ˏ19�ʘķ^ŋC'X·ɯƛĶEĿɦ^Ŭ"�Ț
?E·ɯƛƃE·ɯƛĶ^Ŀɦ19��2l'ɥ"ǡŴUȨˇ0[C&<9ǡ
ŴFƄƳŎ^Ŭ"�2 åƳŎ1?T~2x'ʆX[C&<9ǡŴF�·ɯƛĶ^
�{r¤m.~2x30004A1�7E·ɯƛƃE~2xFǓé1?�¬ŰEä
Ȉ^Ŭ<9� 
ǱƛþɦF�Cervus ver3.0 (Kalinowski et al. 2007)^̈"?Ŭ<9�Ǳƛþɦƪ
Er��¡2r�¤D̈"9���2xF Table 2-1 DƬ19�˘ǱA��Eÿ
E·ɯƛĶE�‒�{zF 5%P@Ĝ̄1�Ț?EƵãɫ˘Ǳ'·ɯɫC˘Ǳ@
!Z.A^ïʑ19�Cervus @FȚ?E˃Ǳŝ˗ŖȻDȼ1?˷ɶǷɦ^Ŭ<
? LOD score (log-likelihood ratio score)^Ɣǌ1�LOD score ' 0 ¬ǟEŖȻ'˃
Ǳŝ˗ŖȻA1?ɨƬ0[Z�˃ǱǷɦEȄɶEƜʸA1?F�˃Ǳ�˘Ǳ�ƛ
E�=·ɯƛĶ^ʮð1? Trio Confidence (TC)A"#‒p`'×Ƭ0[Z�˥
ŉė@F�˃ ǱǷɦEŁßE#;�TC>0.95 @Ƿɦ0[9�`EQ^¬ŰEäȈ
DƖ̈19�Ƿɦ0[9˃Ǳ'Ƶãɫ='"Eg‒Aʄ»ŖȻ@!<9ǡŴF�
='"é˃ǿ'ď(?"C"A（Ɏ19�Ƿɦ0[9˃Ǳ'Ƶãɫ˃ǱAF²
CZŖȻ@!<9ǡŴ&�Ƶãɫ˃ǱE LOD ‒p`'˄Eɏ:<9ǡŴDF�
='"é˃ǿ'ȃ29A（Ɏ19�Ƶãɫ˃Ǳ^āRˉǻEg‒E LOD ‒p`
' 0 ¬ǟ@�&=ŖȻÿE LOD ‒p`D˿°Cƀ'C&<9ǡŴF�˃Ǳʽ˱
A（Ɏ19� 

 
łÎɶǷɦAŖȻıäȈ�

Ƶãɫ='"ÿEłÎɶǷɦDF�GenoDive ver 2.0b273Meirmans and Van 
Tienderen 20044EĪŜĳǻ3kinship coefficient4Ƿɦ�¢m��3Loiselle et al. 
19954̂ ̈"�ǱƛþɦD̈"9·ɯƛĶE~2x^Ɩ̈19�ȕËɂɸ�©ɸ�
Â̪ɸ7[8[@˖î19ȀɡÿEłÎɶ^Ƿɦ19�7Eř�ǱƛþɦDƖ̈
19Ƶãɫ='"ÿEłÎɶ~2x^�='"é˃ǿ'ď(9m 2�Aď(
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C&<9m 2�Dˋ,?ʮð19�ĪŜĳǻAFĪǱŜʜEɶŴ"^Ƭ3ǻ
ɏ@�ǱƛUĵɧ@![G 0.25, ˒Ǳ¶"Eĵɧ@![G 0.125 ACZ�ĪŜĳ
ǻ'˄Eɏ^AZǡŴ��¤y�Dɘǌ0[9 2 ŖȻWYTłÎɫDÏ"Āĳ
@!Z.A^Ƭ1?%Y�ȂEɏ^AZǡŴ��¤y�Dɘǌ0[9 2 ŖȻW
YTłÎɫDĪ"Āĳ@!Y�％ĩɫCłÎ¡� WYTłÎɶEŲ"ŖȻÿ
@='"DC<?"Z.A^Ƭ3� 

 
，ļäȈ�

='"é˃ǿ'ď(9g‒/�‒Aď(C&<9g‒/�‒AEȻqbu�P9
='"é˃ǿ'ď(9='"Aď(C&<9='"ÿEłÎɶD="?F�"
4[TMann-Whitney U-test^̈"?ʮð19�P9�ʨǨɑÿEȢɦɖ̖�Ȣ
４̖̈�='"é˃ǿ̖EʮðFFisher’s Exact Test^̈"?ʮð19�Ț?E
，ļäȈFR ver 3.3.3.3R Development Core Team 20174^̈"?ŬC<9�P
9�Ț?E，ļäȈ@˿°ǸǏFp < 0.05A19� 

 
Łß�
1�ȕËɂɸ�

ȢéŜʴŬ？�
2015 ʔE 6 Ń 1–2 ʎD�ȕËɂɸEgg�u�k��ʨǨɑ@Ŭ？ýƎ^ŬC
<9�7EŁß�Ȣé@g‒'�‒DĪ>(Ŝʴ^1W#AǟDǠ<9!AD�
�‒'ˡ[?g‒&X・-ǌ1�Ŝʴ^ęȏ3ZŬ？' 2 ̣ýƎ0[9�.E
.A&X�gg�u�k��@F�‒'g‒EŜʴ^ęȏ1・-ǌ3.A'@
(ZA"#.A'˱X&DC<9�P9�1 ÃEg‒^ 2 ƪÿýƎ1Ȳ,9A.
\�Ȣé@�‒AŜʴ19 40 ˋřD�ȷE�‒AŜʴ3Z̅ƛ'ýƎ0[9
3Sakao et al. 2018 E supplemental video data4� 

 
Ȣ４̈ȗ³A='"ĺȲʔǻ�

ȕËɂɸ@EɟƁ'èƙ0[9 2009–2013 ʔP@EġʄŉėƶDWZ��x�
¤mA�2014–2018 ʔP@E˥ŉė@E��x�¤mDWY�Ŵļ 122 ȢEǌʏ
YŖȻE�¤mʬų^ĎƉ193Appendix Table 24�2009 ʔ&X 2018 ʔP@D
Ȣ^４̈19='"F 201 �`:<9�.E#;�2 ʔ¬ǟĺȲ1?ʇɦEȢ^
４̈1?"9='"F 89 �`:<93Appendix Table 24�2 ʔ¬ǟĺȲ1?ʄ2
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Ȣ^Ɩ<9g‒F 103 ŖȻ��‒F 110 ŖȻ@!<9�P9�％ĩȢĺȲƖ̈ʔ
ǻFg‒�‒ATD 3.2 ʔ@�3 ʔNBȢ^４̈19řDȷEȢD='"@³？
1�４̈èƙ^3ZǡŴ'!<9�P9�ʄ»ŖȻE�‒'9=EȢ^Ɩ"Ȳ,
C'X�='"Ȥƾ'ʏ[ȿ]<9E' 7 ̣�ʄ»ŖȻEg‒' 1 =EȢ^Ɩ
"Ȳ,C'X�='"Ȥƾ'ʏ[ȿ]<9E' 7 ̣ýƎ0[9�='"^ĺȲ
1C'XȢEQˑŧ19̣F 4 ̣ýƎ0[9�P9�Ȣɦɖ̖F 74.5%@!Y�
ȷƿȢŀǿçɡ％ĩE 81.1%WYTɥ"ŁßAC<93Table 2-2�Fig. 2-34� 

 
˃ǿþɦ�

2014 ʔ&X 2016 ʔD&,?�Ƶãɫ='"'ʑɦ@(9ȢE��^ȼǞA1
?�Ƶãɫ˃ǱA·ɯɫ˃Ǳ'»ɓ3Z&B#&^ɟMZ9SD˃ǿþɦ^Ŭ
<93Table 2-34�2014 ʔDF 49 ='"�2015 ʔDF 23 ='"�2016 ʔDF
41 ='"EǱƛþɦ^Ŭ"�Ŵļ 113 ='"E��E˃ǱǷɦ^Ŭ<9�.E
#;�12 �`F 2 ʔÿ�9 �`F 3 ʔÿʄ2='"@ʨǨ1?"9�113 ÃE�
�E#;�72 Ã@FƵãɫ˃Ǳ'·ɯɫ˃ǱA»ɓ19�1&1�25 Ã@FƵ
ãɫ˃ǱE LOD ‒p`'ȷE˃Ǳŝ˗ŖȻA̢ƨ1?%Y�BEŖȻE LOD
‒p`TȷŖȻA˿°Cƀ'C&<99S�·ɯɫ˃Ǳ^Ƿɦ3Z.A'@(
4�þɦʽʗA19�16 Ã@F�Ƶãɫ˃ǱAFˏEg‒'·ɯɫ˃ǱA1?
Ƿɦ0[�='"é˃ǿDW<?ȃP[9��@!Z.A'˱X&DC<9�=
'"é˃ǿDW<?ȃP[9��T�g‒&XEĘ̱^ƟSX[Z.AFC*�
='"ʉ˃ǿE��Aʄ̅D 10 ŃEȢ̗;P@Ȁɠ1?"93Table 2-44� 

 
ȀɡEȻqbu�

='"é˃ǿEď(9g‒Aď(C&<9g‒�ď(9�‒Aď(C&<9�
‒AEÿ@ȻqbuEƀ'!Z&B#&^ʮð1�Mann-Whitney U test DW<
?ņɦ^Ŭ<9�7EŁß�='"é˃ǿ'ď(9g‒F�ď(C&<9g‒D
ʮM?̬ɠ.：ɠ.̌ɠ'˿°DɌ".A'˱X&DC<93Fig. 2-44�='"
é˃ǿ'ď(9�‒Aď(C&<9�‒AEÿD˿°CȻqbuƀFC&<9
3Fig. 2-54�P9�"4[EȻqbuƜʸD%"?T�='"ÿE˿°CȤĀF
ŋX[C&<93Fig. 2-6, Table 2-54� 
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Ƶãɫ='"ÿEłÎɶ�
ǱƛþɦDƖ̈19='"ÿEłÎɶ^Ƿɦ1�='"é˃ǿ'ď(9m 2
�Aď(C&<9m 2�Dˋ,?ʮð19�7EŁß�2 ıÿDFłÎɶE˿
°CƀFC*3p = 0.21, U = 392, Mann-Whitney U-test4�"4[Em 2�TɗÑ
ɏ' 0 ¬×@!<93Fig. 2-74� 

 
2. ©ɸ.Â̪ɸ�

Ȣ４̈ȗ³A='"ĺȲʔǻ�
©ɸ@F 2014 ʔ&X 2017 ʔP@�Â̪ɸ@F 2009 ʔ&X 2017 ʔP@EȢL
EǌʏYĎ̨^４̈1�íŖȻEȢ４̈Eȗ³A='"ĺȲʔǻ^äȈ19
3Appendix Table 3, Appendix Table 44�©ɸ@ 2 ʔ¬ǟȲ"9='"E％ĩĺȲ
ʔǻF 2.4 ʔ�2 ʔ¬ǟʄ2Ȣŀ^Ɩ<9g‒E％ĩĺȲȢ４̈ʔǻF 2.3 ʔ�
�‒F 2.3 ʔ:<9�Â̪ɸ@F�='"E％ĩĺȲʔǻF 2.4 ʔ�g‒E％ĩ
ĺȲȢ４̈ʔǻF 3.0ʔ��‒F 3.0ʔAC<9�P9�©ɸEȢɦɖ̖F 78.8%�
Â̪ɸEȢɦɖ̖F 78.2%:<93Table 2-24� 

 
˃ǿþɦ�

©ɸ@F 2014–2017 ʔDʆ9Ŵļ 125 ÃE��Dȼ1?�Â̪ɸ@F 2015–

2017 ʔDʆ9Ŵļ 47 ÃE��E˃ǿþɦ^ŬC<9�7EŁß�©ɸ@F 0–
10%EôŴ@='"é˃ǿ'ď(?%Y3Table 2-64�Â̪ɸ@F='"é˃ǿ
'Ț*ď(?"C".A'˱X&DC<93Table 2-74� 

 
ȀɡEȻqbu�

©ɸ@='"é˃ǿ'ď(9g‒E#;�Ȼqbu'ļȮ0[?"9ŖȻF 2

ŖȻ1&"C&<9�='"é˃ǿ'ď(9g‒EȻqbuA�='"é˃ǿ'
ď(C&<9g‒ȚȻEȻqbuA^ Wilcoxon signed rank test @ʮð19Łß�
̬ɠ�：ɠ�̌ɠF 2 ŖȻAT='"é˃ǿ'ď(C&<9g‒WYT˿°D
Ɍ&<93Table 2-84�̬Eš0�J1VɠD="?F 2 ŖȻ@Łß'GX="
9�»˝�='"é˃ǿ'ď(9�‒Aď(C&<9�‒EȻqbu^ʄ̅E˝
˞@ʮð19A.\�̬Eš0:,'='"é˃ǿEď(9 2 ŖȻE�‒@˿
°DǗ0*�7[¬éEķƲ@FŁß'GX="93Table 2-94�©ɸEƵãɫ
='"ÿEȻqbu^�¢{�1�g‒EȻqbuA�‒EȻqbuAEȤĀ
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^ɟM9'�"4[EķƲD="?T˿°CȤĀFŋX[C&<93Fig. 2-8, 
Table 2-104�P9�Â̪ɸ@F='"é˃ǿ'ď(?"C&<99S�='"é
˃ǿEď(9ŖȻAď(C&<9ŖȻEȻqbuʮðFŬ]C&<9�Â̪ɸ
EƵãɫ='"ÿEȻqbu^�¢{�1�='"ÿEȻqbuEȤĀ^ɟM
9'�"4[EķƲD="?T˿°CȤĀFŋX[C&<93Fig. 2-9, Table 2-
114� 

 
Ƶãɫ='"ÿEłÎɶ�

©ɸE='"ÿłÎɶ^Ƿɦ1�='"é˃ǿ'ď(9='"Aď(C&<9
='"EłÎɶ^ʮð19�='"é˃ǿ'ď(9='"EłÎɶEɗÑɏF
0.031�ď(C&<9='"EłÎɶEɗÑɏF 0.01 @�̝ƶEÿD˿°CƀF
ŋX[C&<93p = 0.86, U = 306.5, Mann-Whitney U-test, Fig. 2-104�Â̪ɸ@F
='"é˃ǿ'ď(?"C&<9'�Ƶãɫ='"ÿEłÎɶ^Ƿɦ19A.
\łÎɶEɗÑɏF 0.014 @!<9� 

 
ȕËɂɸ.©ɸ.Â̪ɸD%,Z='"é˃ǿ̖ʮð�

ȕËɂɸ�©ɸ�Â̪ɸD%,Z='"é˃ǿ̖F�7[8[ 14.2%, 5.6%, 0%
@!Y�='"é˃ǿ̖FɸDW<?˿°D²CZ.A'˱X&DC<9
3Fisher’s Exact Test, p = 0.00394�  

 
ŪƎ�

ȕËɂɸD%,Z='"é˃ǿ̖�
ȕËɂɸ@F�2014 ʔ&X 2016 ʔD&,?�10.2%&X 19.5%E='"é˃ǿ
̖^Ď̨19�.[F='"é˃ǿ'ʼʨDď(?"Z̕ȃɡ̢3％ĩ 11.8%, 

Appendix Table 5, Griffith et al. 20024Aʄɩɶ@�»ʩD='"é˃ǿ̖'ɥ"
A"][�％ĩ='"é˃ǿ̖' 6.5%@!ZçɡEɗ@FʮðɫŲ"ôŴ@!
ZA"$Z3Quillfeldt et al. 20114�çɡFʿˀġD��DĘ̱1�˃ǱEºǼɵ
̡'��EȢ̗;DʽÝľ@!Z9S���'='"éŜʴDW<?ƓP[9
.A^Ƶãɫ˃Ǳ'ʑƯ19ǡŴ�g‒'ºǼɵ̡^őX1?��'Ơ˟3Z
�‒l'!Z�7E9SD�çɡ@F='"é˃ǿF!PYď(?"C"AŪ$
X[?(93Griffith et al. 20024�1&1�˥ʨǨɑ@Ơ˟19��F"4[T�
='"é˃ǿDW<?ȃP[9��@FC*�='"é˃ǿ@ȃP[9��F
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Ȣ̗;ɢȘP@Ȁɠ1Ȳ,?"9�.E.A&X�gg�u�k��Eg‒F�
='"ȤƾE='"éŜʴFʑƯ1?%X4�ƭǲEº??"Z��'ƭˋE
·ɯɫCƛğ@!Z&B#&^（ˏ3Z.AF@(C"AŪ$X[Z�='"
éŜʴAŋX[ZŬ？FȢEé@ʼʨDď(?%Y�ȢEɗDȷŖȻ'Ǯʏ1
?(?Ŝʴ3Z̅ƛFŋX[C&<93ēɰ 1981, ƌʴ pers. obs.4�gg�u�
k��E='"F�ʄƪDɸD˸<?(9A(FȢʉ@ġDá/3'�Ȣ^ǌ?
Ŭ*ƪÿF²CY�ȢéEɑǟ@Fˏ1DŬ？1?"ZAŪ$X[Z�0XD�
ŜʴĈÿEg‒A�‒FƇ̱ç¹'²CZ3Yamamoto et al. 20114.A&XT�
Ć˥ɫDȢ&XéDǌZA»ǒDFŬ？1?"C".A']&Z�.E.A&
X�g‒F='"ȤƾE�‒'ɑǟ@ȷŖȻAŜʴ1?"?TʑƯ3Z.AF
C*�='"é˃ǿDFČ'="?"C"AŪ$X[Z�P9�Ŭ？ýƎEŁß
&X��‒Fg‒EŜʴ^ęȏ@(Z.A'˱X&AC<93Sakao et al. 2018, 

supplemental video4�Ŝʴ'Ȁ̗3Z9SDF�‒'ʴ^ǟ-?Ŝʴ^ǀ,ʏ[
Zʷ̊'!Z9S�='"é˃ǿ'ď(9�‒E='"éŜʴFĤǾɫDď(
9],@FC*��‒E°ǶEŏȃ2?"9.A'Ƭſ0[9� 

˥ŉė@F�='"é˃ǿDW<?ȃP[9��E#;�·ɯɫC˃Ǳ^Ƿɦ
@(9EF 4 ŖȻ:,:<9�ȕËɂɸEɟƁɑ@F 121 ȢDʬų^ǯY�ǌ
ʏY3ZŖȻDȯû^=,?Ưˏ1?"Z'�ʨǨ1?"ZŖȻFǷɦ 1000 Ã
¬ǟ%Y3Oka 20044�ȚŖȻ^Ưˏ1�DNA q¤� ^ǇS?"Z],@FC
"9S�·ɯɫ˃Ǳ'Ƿɦ@(C&<9�='"éƛE»ˆF�ʬų^ǯ<9Ȣ
@FC"ȢE='"g‒&�ƭǲF='"^ƍX4�ʨǨɑDǌʏY1?"Zg
‒'·ɯɫ˃Ǳ@!ZAŪ$X[Z� 

 
íɸEȢŀ４̖̈�

»ʩɫDçɡFȢUC]GYLEɦɖǿ'Ų*��u�k��˶ɡ̢@F％ĩ
ɦɖ̖F 81.1%�7Eɗ@TȢŀǿçɡE％ĩɦɖ̖F 88.2%@!Z3Table 2-
12, Bried and Jouventin 20024�»˝@ȕËɂɸEgg�u�k��EȢŀɦɖ̖
F 75.5%AȷEƿDʮM?ɥ*�0XD©ɸAÂ̪ɸEȢɦɖ̖F7[8[
78.9%A 78.2%@�.;XT»ʩɫCȢŀǿçɡWYTɥ"ɏAC<?"9�P
9�ȕËɂɸ�©ɸ�Â̪ɸE 3 =Eɸÿ@Ȣɦɖ̖D˿°CƀFC&<93Table 

2-2�Fisher’s Exact Test�p = 0.884.A&X�gg�u�k��FȚȻA1?ȷ
ƿçɡWYTȢŀLEɦɖǿ'ɥ".A&X�ʨǨɑʉ@Ɩ#Ȣŀ^ˑ$C'
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XʨǨ^Ȳ,?"ZAŪ$X[Z�íɸEȢŀE４̖̈F�3 =Eɸÿ@˿°C
ƀ'QX[�ȕËɂɸ@ƅTŲ*�="@©ɸ�ƅTɥ"E'Â̪ɸA"#Łß
DC<93Table 2-2, p < 0.054�çɡDA<?Ȣŀ^˕Ʃ3Z.A�Ȣŀ^ˑŧ
3Z.ADF̅1C４ÊAp‒�'!ZAŪ$X[?"Z3Bried and Jouventin 
2002�Table 2-134�Ȣŀ^ˑŧ3ZAʨǨèƙ'ɔ[9Y�7T7TȢŀ^îʆ
@(C*C<9Y3ZÝʗǿ'!Z�»˝@ǰ1*ƲEW"Ȣŀ^ƾDʏ[?
ʨǨȀş̖^ŲSX[ZÝʗǿT!Z�˥ŉė@ŋX[9ȢŀɦɖǿEɥ0F�
ʨǨɑ/AD²CZŐ¾@ď(?"ZÝʗǿ'!Z�P4ȕËɂɸ@F�
Appendix Table 2 DƬ19ɤY�Ȣ^４̈1?"ZƵãɫ='"@FC"ȀɡE
ǌʏY'ȸ*ŋX[?"Z�Ȣŀ４̖̈EŲ0U�Ƶãɫ='"¬éEŖȻEȢ
LEǌʏYF�7EʨǨɑ@EȢŀ^S+ZĠȣ̖EŲ0^Ƭ1?"ZAŪ$
X[3Ramos et al. 19974�.[X 3 =EʨǨɑEɗ@FȕËɂɸ'T<ATȢŀ
^S+ZĠȣ'Ĥ*ʂ"?"ZAŪ$X[Z�.EW#CǥĦ×@F�ËɷǄ̜
řEʨǨɑLEʲ̍xb�¤m'ɔ[9Y�ʨǨɑD˸<?*Zʼɶ'×'<
9Y3Z.ADW<?�ʄƿȷŖȻDWZȢŀEǠ<ƼY'̄±Dď(ZAŪ
$X[Z9S3Bried et al. 20104�ĺȲ1?Ȣŀ^Ɩ"Ȳ,Z.A'ʌ1"ǥĦ
×D!ZAŪ$X[Z�1&1�ɟƁ^èƙ19 2009 ʔ&X 2018 ʔP@ 8–9 ʔ
ÿʄ2Ȣ^Ɩ"Ȳ,?"9='"T"Z.A&X�Ȣ^˕Ʃ3Zʗ̡DFŖȻ
ƀ'!Y�ʄ2Ȣ^Ɩ"Ȳ,X[ZŖȻE˝'�ʨǨȀş̖'Ų".A'̂Ȯ0
[Z3Bried and Jouventin 20024� 
»˝@�©ɸAÂ̪ɸEȢ４̖̈FȕËɂɸWYTɥ"ŁßAC<9�©ɸF
ǷɦȃȬÃǻ' 84000 ÃA 3 =EʨǨɑEɗ@ƅTȸ"'�©ɸF 3 =EɸE
ɗ@˳ȉ'ƅTɂ(*�ɸEɗDʨǨɑ' 4 àǑ!Z.A&X�ȕËɂɸDʮ
MZAíp¢�2@ʨǨ1?"ZŖȻ˭ɶFɥ"AŪ$X[Z�P9Ȣ４̖̈
Eɥ0�ʨǨŖȻ¬éEǌʏYEǘC0&XT�Ȣŀ^S+ZĠȣFȕËɂɸN
BĤ*ʂ"?"C&<9AŪ$X[Z� 

  
Ȣŀ^S+ZĠȣA='"é˃ǿ�

ȐŬŉė@F��j��3Pagodroma nivea4EʜĮƶȖɅD４̈ÝʗCȢǻ'
ɂ(*Åħ1?"Z.A'˱X&DC<?"Z��j��FNA_B６Ż1C
"'�.[F６ŻDʣ<?ȢA='"Ȥƾ^Ƅɶɋ3p‒�'」ǢDɂ("9
S@!Z3Jouventin and Bried 20014�.EW#D�‒'='"Ȥƾ^ǈˋDȖY
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ŤQ3Z.A'@(C"ǥĦ×@F��‒F='"é˃ǿDW<?ʜĮƶȖɅ
EŁß^ɟȁ1?"ZAŪ$X[?"Z�Ȣŀ^S+ZĠȣ'Ĥ"ûģ@F�
‒F='"Ȥƾ^ŋ=,?Ȣ^ï˕3Z.A^˾Ȑ3Z9S�Ȣ^Ʃ<?"Z
g‒@![G��‒FƵãɫ='"ȤƾA1?ȖKAŪ$X[Z�7Eř�Ȼ'
ɂ("CBEʇɝ^Ʃ=̞"g‒A='"éŜʴ^3Z.A@�ʨǨȷE9S
EȢ^ï˕1==̞"·ɯƛ^Ʃ=ƛğ^ƕ7#A1?"ZÝʗǿ'!Z
3Jouventin and Bried 20014�g��u�k��@T�ȢǻDȼ1?ʨǨŖȻǻ'
ȸ*Ȣ^S+ZĠȣ'Ľ1"ʨǨɑ@F�='"é˃ǿ̖'Ų"A"#˚Ŷ'
!Z3Bried et al. 20104�˥ŉė@ʆX[9Ȣŀ４̖̈UȢLǌʏY3ZŖȻE
Ď̨&XT�ȕËɂɸEȢ^S+ZĠȣFȷE 2 =EʨǨɑDʮM?Ľ1"A
Ū$Z�.E.A&X�ȕËɂɸ@ýƎ0[9ʮðɫŲ"='"é˃ǿ̖F�Ȣ
^S+ZĠȣ'Ľ1*�Ƶãɫ='"ķȀƪD�‒'='"Ȥƾ^ȖYŤQ3
Z.A'@(4��‒'='"Eg‒WYT̞"ķƲ^Ʃ=ȤƾAE='"é
Ŝʴ^ŬC<9ŁßA1?ď(9Ýʗǿ'!Z�»˝@�©ɸ@FȢŀ４̖̈'
ȕËɂɸWYTɥ*�Ȣŀ^S+ZĠȣ'ȕËɂɸWYTƺ"9SD�='"ķ
ȀƪDʜĮƶȖɅ^ǈˋDŬ#.A'@(��‒F̞"g‒A='"DCZ.
A'@(99SD='"é˃ǿ̖'ɥ*C<?"ZAŪ$X[Z�Â̪ɸFʨ
ǨŖȻǻ'ȷE 2 ɸDʮM?ǘC*�='"éŜʴȤƾAã#ĊãTǘC".
A'̂Ȯ0[Z�.[XE̊¾'íɸE='"é˃ǿ̖EƀDÅħ^ĖO19
AŪ$X[Z� 

 
='"é˃ǿAȻqbu�

ƥ́ÿEȻqbuƀ'ōɚC£x�`�c��3Diomedea exulans4@F�10.8%
EôŴ@='"é˃ǿ'ď(?"Z3Jouventin et al. 20074�£x�`�c��E
g‒F�‒WYT 20.4%ȻǊ'Ǌ*3Shaffer et al. 20014�ĤǾŜʴ^ęȏ3Z.
ADW<?�‒EǲȻ'ǔ=*�‒l'!Z9S��‒FĤǾŜʴ^ǀ,ʏ[
Z9SAŪƎ0[?"Z�1&1�.EȐŬŉė@FŜʴŬ？EýƎFŬC<?
%X4��‒'ĤǾŜʴDȼ1?ĭȻɫDBEW#DʦÒ1?"9&F]&<
?"C"�ɡ̢EŜʴFȥʚǌŢ^ƏYŴ]5?Ŭ][Z9S��‒'ʴ^ǟ-
?ŜʴDĢ̡1C"Ag‒FŜʴ^øǺ3Z.A'@(C"�̣$G�s¢`
�c��@F�g‒'�‒DĤǾɫDǠ<?Ŝʴ^ƣQ9ǡŴDF�‒Fʴ^
ǟD!-4DŜʴ'Ǆ̜1�g‒A�‒EȥʚǌŢ^3YŴ]5ZŬ？FC*�
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Ŝʴ'Ț?ưʛDǄ]<9A3Z˚Ŷ'!Z3Abbott et al. 20064�.EW#Dȸ
*Eɡ̢@F�‒'ŜʴEƻʅŇ^§<?%Y�='"éŜʴ^ǀ,ʏ[Z&
B#&T��‒D４Ê'!Z&B#&DW<?ĿP<?"ZAŪ$X[?"Z
3Petrie and Kempenaers 19984�P9�ȷƿçɡ@T�‒'ʴ^×-Z.A@ȥ
ʚǌŢEȋǫ^ˠ-�ĤǾŜʴ^ęȏ3Z.A'@(Z.A'˱X&DC<?
"Z3Abbott et al. 2006; Wojczulanis-jakubas et al. 20094�gg�u�k��Eg
‒EȻǊF�‒WYT 17%ɩɶǊ".A'ɐX[?"Z'3Arima et al. 2014; 
Yamamoto et al. 20164�Ŭ？ýƎEŁß&X�‒FŜʴ^ęȏ@(Z.A']&
<?"Z�P9�='"éƛ^Ɠ_:�‒AƓPC&<9�‒AEÿDȻqbu
E˿°CƀFC&<99S�ȻEǗ0C�‒'ĤǾŜʴDĕX$C&<99S
D='"éƛ^Ɠ_:ÝʗǿFɥ"�.[XE.A&X�='"é˃ǿF��‒
'ŜʴȤƾ^ȉĨɫDɋ1?ď(?"Z&�ǘC*AT�‒'='"éŜʴ^
ęȏ54Dǀ,ʏ[Z.A@ď(?"ZAŪ$X[Z� 
gg�u�k��@F�Fig. 2-4 U Table 2-8 @Ƭ19W#D�˃ǿ^ư<9g

‒FȷEg‒DʮM?̬AÃżEɠ0'Ɍ"A"#ʇɝ'!<9�.EW#D�
g‒EȻqbuA='"é˃ǿAEĀ̧F̕ȃɡ̢A3Kempenaers et al. 1997; 
Verboven and Mateman 1997; Hutchinson and Griffith 2008; Wells et al. 20154�çɡ
@FĪÎƿEg��u�k��@Tïʑ0[?"Z3Bried et al. 20104�g��
u�k��@F�Ƈ̱ǡǑDƥ́ƀ'C*�̬ ɠ'Ƈ̱Ŭ？DÅħ^ĖO0C"
.A�P9̬ɠEɠ"g‒'ʄƿÿEȣ"D˿４@!Z.A&X�̬ ɠFǿɼȺ
^ǀ,9ķƲAŪ$X[?"Z3Navarro et al. 20094�gg�u�k��EȻq
buDTȘǍEW#DǿɫʍĶ'!Y�̬ Eɠ0Tƥ́@˿°D²CZ�ºǼĈ
ÿEgg�u�k��EƇ̱ǡǑDFƥ́ƀFC".A3Yamamoto et al. 20114�
P9gg�u�k��@FȢŀ^S+Zg‒ÿEĠȣ'!Z.A'̂Ȯ0[Z
.A3Ƀ 3 Ǜ Ŭ？ýƎ4&X�g��u�k��Aʄ̅D�̬ɠEǿɫʍĶT
ǿɼȺDW<?ķȀ0[9Ýʗǿ'!Z�ɡ̢@F��‒'ȻqbuEɂ(Cg
‒^ȖYŤQ3Zƿ'"Z.A&XT�gg�u�k��@FȻqbuEǗ0
Cg‒AƵãɫ='"DC<9�‒'='"éŜʴ^Ŭ"�ŁßA1?Ȼqb
uEǗ0Cg‒'˃ǿ^ư<?"9AŪ$X[Z�ɡ̢D%"?̬'ɠ"g‒
FʊɜYȣ"U�‒^S+Zȣ"@˿４@!Z.A&XT3Székely et al. 2000; 

Bried et al. 2010; Shirai et al. 20134��‒FȻEɂ(Cg‒AEÿDƛȴ^ƕ39
SD='"éŜʴ^ŬC<?"9Ýʗǿ'!Z�1&1źåEŉė@F��a2
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 �ɟƁřDǱƛþɦ^Ŭ#P@��E·ɯɫ˃Ǳ'ɉCE&']&XC&<
99S�='"é˃ǿ^îʆ19g‒^ɟƁɗDʈ(ƟSZ.AF@(C&<
9�='"é˃ǿ^îʆ19g‒EȻqbu~2x'C"9SD��‒'='"
ȤƾEg‒WYTȻqbuEɂ(CŖȻAŜʴ1?"9&B#&^˱X&D3
Z.AF@(C&<9� 
»˝@�̬EɌ"g‒FʄƿÿEȣ"DǕ=.A'@(4�='"ȤƾE�‒
AȷEg‒AEŜʴ^ˣ-C&<9A"#ÝʗǿTŪ$X[Z�Bried320104
DW[G�g��u�k��@F='"ʉŜʴ'Ȣé@Tď(?%Y�ȷEg‒
'='"EŜʴ^ˠê3Z̅ƛ'ýƎ0[9.A&X�ȻqbuEǗ0Cg‒
F='"ʉŜʴ^ˠê0[U3*�ŁßA1?˃ǿ^ư<9E@FC"&AŪ
Ǝ1?"Z3Hutchinson and Griffith 2008; Bried et al. 20104�»˝�˥ŉėȼǞƿ
Egg�u�k��@F�='"ʉŜʴFȢʉ@ýƎ0[�1 ʫDÚɶTŬ][
?"Z.A']&<?"Z�.EŬ？D="?FɃ 3 Ǜ@ǝ1*ĎǍ3Z�0
XD�ȷŖȻ'ȢʉDǮʏ1?Ŝʴ^ˠê3ZŬ？FýƎ0[?"C"3ƌʴ 
pers. obs.4.A&X�̬ EǗ0Cg‒'g‒ÿĠȣDʛ[99SD˃ǿ^ư<9
AFŪ$>X"�P9�ȘǍEW#D�gg�u�k��E='"FȢéDǌZ
Aˏ1DŬ？3Z9S�g‒'='"ȤƾE�‒^ƽZ9SDȢEé@ȷEg
‒Aȣ#.AFŪ$D*"�.E.A&X�gg�u�k��D%"?�ɠ"̬
Fʄƿÿȣ"WYTȢEˣÈD˿４AŪ$X[�źåŋX[9ȻqbuEǗ0
Cg‒'˃ǿ^ư#A"#ĴţF��‒'='"éŜʴ^ȉĨɫDŬ<9&�T
1*FȻqbu'ɂ("CBˬ̡ɫCg‒&XE='"éŜʴ^ǀ,ʏ[99
SDď(9AŪ$X[Z� 

 
='"ÿEłÎɶ�

='"é˃ǿ'ď(Z̊¾E 1 =A1?�='"ÿEłÎɶEŲ0'ņǜ0[
?(93Blomqvist et al. 2002; Arct et al. 2015; Griffith 20154�.[F='"ÿEł
Îɶ'Ų"ǡŴD��‒'łÎɶEÏ"Ȥƾ^Ȗ_@Ŝʴ1ƛȴ^ƕ39SD
='"éŜʴ'Ŭ][ZAŪ$X[?"Z�ƳƊD�='"ÿEłÎɶA='"
é˃ǿEď(U30D="?¡��219̩ˌ@F�='"é˃ǿEď(U3
0A='"ÿłÎɶAEÿD˿°CĀ̧'ŋX[9A˚Ŷ1?"Z3Arct et al. 

20154�1&1gg�u�k��@F�='"é˃ǿ'ď(9='"�ď(C&
<9='"ÿEłÎɶFġDɥ*�ĪŜĳǻEɗÑɏ' 0 ¬×@!Z.A&X�
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Ǳƛ�ĵɧ�ǱȇCBEłÎĀĳDFC"ŖȻʄƘ'='"DC<?"ZAŪ$
X[Z�.EŁßF©ɸ@Tʄ̅@�='"é˃ǿE!<9Ƶãɫ='"ÿEł
ÎɶF='"é˃ǿEď(C&<9='"ÿEłÎɶA˿°CƀFC&<9�
¬ǟE.A&X�gg�u�k��E='"é˃ǿFłÎĀĳD!ZŖȻAE
ÿDƛȴ^ƕ3.A^「,?ď(?"ZE@FC".A'˱X&DC<9� 
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Table 2-1� Ǳƛþɦr��¡2r�¤D̈"9���2x»３ 

Simualation Parameters �  

Number of offspring 10000 
Number of Candidate Fathers 59 

Proportion of candidate fathers sampled  0.6 

Proportion of loci typed 0.9 
Proportion of loci mistyped 0.05 

Error rate in likelihood calculations 0.05 

Minimum number of typed loci 28 
Confidence determined using Delta 

Relaxed confidence level 80 

Strict confidence level 95 
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Table 2-2� L.PU�)U-bU�M`_H8 

�  
&$!'(��
76�

&$!'(��
MK�

M]=�
/X2K�

D@��
M]=2K�

MRQa�
��� 

M`_�
/X2K�

D@��
M`_2K�

M`_a�
�%  

L.PU 2009–2018 110 642 153 76.2 915 553 60.4 

)U 2014–2017 118 118 25 78.8 391 183 46.8 

-bU 2010–2017 81 142 31 78.2 648 231 35.6 

U6�?� �    p = 0.88   p = 6.6×10-8 

M`_/X2K� B_/X�MK�&$!'(�WK�AF�
�	
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Table 2-3� L.PU�IC5R�_%
%#K�IC5R;0 

W 
E1S[I�+TC9
�
�	��%�%#K 

�
%VCK 5RZX� �
%3CK 
�
%3C�4>

�%  

2014 49 38 7 4 8.2 
2015 23 8 11 4 17.4 
2016 41 26 7 8 19.5 

>: 113 72 25 16 14.2 
Cervus ���[IJR�,��[I� LOD  ��
N�<O� LOD  ���^*�?
�	�
G>��
%VC��
	�
%3C��	Y\���%
� 5RZX�����("�
� 
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Table 2-4� X7`h�mVTf#F��0$�.-W^t 
�  2014 2015 2016 2017 2018 

RA]     �6� 68 49 64 32 38 
34'[b �6� 42 35 51 32 38 
Ko<j   �6� 2 3 1 0 0 
S\lq   �6� 24 11 12 �� �� 
W^t     �%� 61.8 71.4 79.7 100 100 
W^t��10 Cp�34'[bL�W^����D_U#RA]L�D_U�
=��JP�� 34'[bL�lI���D_��dHOvL� 10Cp�
��>�
��Yu���!9kV��!  
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Table 2-5� X7`h�&)2)�_(%*�N;g�	�>�Z? 

A]Gr &) 2) �	�U r p a 

we� �  �mm� 52.1 48.2 20 0.07 0.71 
w�E� �mm� 12.6 11.3 20 -0.14 0.48 
ie     �mm� 104.7 98.3 20 0.06 0.78 
���e �mm� 53.6 51.8 20 0.30 0.14 
se     �mm� 324 318 20 0.25 0.22 
&)2)�"�"�_(%*A]a#Vn
������c8a#M�� r�
)/$14�Q5Z?@U�pa�)/$14�Q5Z?+),�B:#M��
�!  
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Table 2-6�  ;�30)8,% 

= 
1&9A3�":0*��
��
�����5 

���<05 
)8@>��
��5�

���'05 ���'0�(.�%� 

2014 30 25 2 3 10 
2015 23 21 1 1 4.3 
2016 32 29 3 0 0 
2017 40 37 0 3 7.5 
.+ 125 112 6 7 5.6 

Cervus ���A348
#��A3� LOD ����6�-7� LOD ����C!�/���
	2.����<0��
����'0���?B
���	��)8@>��������	  
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Table 2-7� $D;�30)8,% 

= 
1&9A3�":0*��
��
�����5 

���<05 
)8@>��
��5�

���'05 ���'0�(.�%� 

2015 16 16 0 0 0.0 
2016 18 17 1 0 0.0 
2017 13 11 2 0 0.0 
.+ 47 44 3 0 0.0 

Cervus ���A348
#��A3� LOD ����6�-7� LOD ����C!�/���
	2.����<0��
����'0���?B
���	��)8@>��������	  
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Table 2-8� �ȩ90��Ìɥǋ�î�,Wd4î�6�/,Wd9 
ǹaTeɕÐ 

Ĕǰłʌ 
0��Ìɥǋ9�
î�6�/,Wd 

0��Ìɥǋ��
î�,Wd 1 

pȈ 
0��Ìɥǋ��
î�,Wd 2 

pȈ 

ʺȗ     �mm� 51.7 51.1 0.04 50.7 0.0014 

ʺ9Ĳ# �mm� 12.9 12.3 5.1×10-9 13.3 0.99 

Ȱȗ� �  �mm�� 105.3 103.4 9.3×10-7 101.4 1.35×10-10 

>%Iȗ �mm� 53.4 51.2 1.28×10-10 53.9 0.99 

ʠȗ     �mm� 323 308 1.0×10-10 320 0.0007 

�ȩ90��Ìɥǋ�î�6�/,Wd9ǹaTeĔǰȈ�Ȏ°Ȉ%N = 54�4%
0��Ìɥǋ�î�,Wd 2 Īǹ9ĔǰȈPɕÐ%,	0��Ìɥǋ�î�,
Wd 1 Īǹ(09ĔǰȈ40��Ìɥǋ�î�6�/,Wd9ĔǰȈ4P
Wilcoxon signed rank test3Ğȝ%, pȈPìŔ%,	 
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Table 2-9� �ȩ90��Ìɥǋ�î�,�d4î�6�/,�d9 
ǹaTeɕÐ 

Ĕǰłʌ 
0��Ìɥǋ9�
î�6�/,�d 

0��Ìɥǋ��
î�,�d 1 

pȈ 
0��Ìɥǋ��
î�,�d 2 

pȈ 

ʺȗ� �  �mm� 47.4 48.6 1.00 45.3 1.68×10-10 

ʺ9Ĳ# �mm� 11.6 10.2 1.35×10-10 11.3 0.03 

Ȱȗ     �mm� 98.8 98.3 0.38 97.2 9.9×10-6 

>%Iȗ �mm� 51.3 52.0 1.0 50.1 2.6×10-7 

ʠȗ� � � �  �mm� 312 314 0.98 320 1.0 

�ȩ90��Ìɥǋ�î�6�/,�d9ǹaTeĔǰȈ�Ȏ°Ȉ%N = 54�4%
0��Ìɥǋ�î�,�d 2 Īǹ9ĔǰȈPɕÐ%,	0��Ìɥǋ�î�,
�d 1 Īǹ(09ĔǰȈ40��Ìɥǋ�î�6�/,�d9ĔǰȈ4P
Wilcoxon signed rank test3Ğȝ%, pȈPìŔ%,	 



 
39 

Table 2-10� �ȩ9žÃȡ0��ß9ǹaTeǬà 

Ĕǰłʌ Wd �d 0��ǆ r p� 

ʺȗ     �mm� 51.6 47.4 56 0.008  0.94  

ʺ9Ĳ# �mm� 12.9 11.5 56 -0.04  0.76  

Ȱȗ     �mm� 105.1 98.7 56 -0.17 0.23  

>%Iȗ �mm� 53.4 51.3 56 0.20 -0.18  

ʠȗ     �mm� 323 312 56 0.08  0.59  

Wd�d*N+N9ǹaTeĔǰȈPǋɲ"47D4F%Ȏ°ȈPŰ%,	r:dz
R��9Ɨ�Ǭàċǆ%pȈ:dzR��9Ɨ�Ǭàndp9Ę¾PŰ%2�M	  
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Table 2-11� ¥ʸȩ9žÃȡ0��9ǹaTe4Ǭàċǆ 

Ĕǰłʌ Wd �d 0��ǆ r p� 

ʺȗ     �mm� 49.5 46.1 9 -0.43 0.25 

ʺ9Ĳ# �mm� 12.3 10.1 9 0.59 0.09 

Ȱȗ     �mm� 102.8 96.8 9 0.13 0.74 

>%Iȗ �mm� 52.3 49.0 9 0.08 0.83 

ʠȗ� � � � ��mm� 322 312 9 0.41 0.27 

Wd�d*N+N9ǹaTeĔǰȈPǋɲ"47D4F%Ȏ°ȈPŰ%,	r:dz
R��9Ɨ�Ǭàċǆ%pȈ:dzR��9Ɨ�Ǭàndp9Ę¾PŰ%2�M	  
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Table 2-12� �er[q�ʌȘʱ9Ǫė@9ȝȍǋ40��ǬƆ@9ȝȍǋ 

 

Òʇ Ƈʇ  
Ǫȝȍǋ
����

0��9
ȝȍǋ
����

ɏƮȊ Ǫ9Ƈʱ 

Diomedea exulans �i�R~Uq� 20.0 �  South Georgia Ȋƨǋ 

Diomedea exulans �i�R~Uq� 28.9 95.1 Iles Crozet Ȋƨǋ 

Diomedea 

amsterdamensis 

R�dn�j�R~U
q� 

�  97.9 Amsterdam Is. Ȋƨǋ 

Diomedea 

immutabilis 
_R~Uq� �  97.9 Midway Atoll Ȋƨǋ 

Phoebetria fusca ddT�R~Uq� 41.1 94.8 Iles Crozet Ȋƨǋ 

Diomedea 

chlororhynchos 
sbZwrR~Uq� 92.6 90.6 Amsterdam Is. Ȋƨǋ 

Diomedea bulleri 
s��c���qR~
Uq� 

67.0 �  The Snares Ȋƨǋ 

Diomedea 

chrysostoma 
vTYb�R~Uq� �  96.3 Campbell Is. Ȋƨǋ 

Diomedea 

melanophris 

melanophris 

��]�R~Uq� 74.1 92.3 Iles Kerguelen Ȋƨǋ 

Diomedea 

melanophris 

melanophris 

��]�R~Uq� 93.5 74.1 South Georgia Ȋƨǋ 

Diomedea 

melanophris 

impavida 

Z��}�R~Uq� �  95.5 Campbell Is. Ȋƨǋ 

Pagodroma nivea �Zq� 89.8 88.3 Terre Adelie Ȋƨǋ 

Daption capense 

capense 
�j�{��X�� 88.0 85.0 Terre Adelie Ȋƨǋ 

Daption capense 

capense 
�j�{��X�� 84.0 73.0 South Orkney Is. Ȋƨǋ 

Daption capense 

australe 
Cape Petrel 97.5 97.3 The Snares Ȋƨǋ 
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Fulmarus 

glacialoides 
[�{��X�� 82.5 77.1 Terre Adelie Ȋƨǋ 

Fulmarus 

glacialis 
{��X�� 93.4 96.9 Orkney Is. Ȋƨǋ 

Macronectes 

giganteus 
WW{��X�� 59.0 80.8 Terre Adelie Ȋƨǋ 

Macronectes 

giganteus 
WW{��X�� 92.9 �  South Orkney Is. Ȋƨǋ 

Pelecanoides 

urinator 
�]�U�mw� 81.6 92.8 Iles Kerguelen Ǫėǋ 

Pterodroma 

lessonii 

�]�b�v��er
[q� 

96.6 91.2 Iles Kerguelen Ǫėǋ 

Pterodroma 

macroptera 
v‒rY�er[q� 80.2 87.5 Iles Kerguelen Ǫėǋ 

Pterodroma 

inexpectata 

�j�b�v��er
[q� 

96.9 >83 The Snares Ǫėǋ 

Pterodroma 

phaeopygia 

Y�x`db�v��
er[q� 

96.7 �  Galapagos Is. Ǫėǋ 

Calonectris 

diomedea borealis 
Ws�er[q� 91.4 94.0 Salvages Is. Ǫėǋ 

Calonectris 

diomedea 

diomedea 

Scopoli's shearwater 95.9 96.4 Crete Ǫėǋ 

Puffinus puffinus ��\d�er[q� 93.3 90.3 Skokholm Is. Ǫėǋ 

Puffinus 

tenuirostris 
vb�g�er[q� �  82.2 Bass Strait Ǫėǋ 

Procellaria 

aequinoctialis 

uqc�\��er[
q� 

80.5 93.7 Iles Crozet Ǫėǋ 

Procellaria 

parkinsoni 
\��er[q� �  88.0 New Zealand Ǫėǋ 

Procellaria 

cinerea 

WWvTT��er[
q� 

90.2 95.9 Iles Kerguelen Ǫėǋ 

Bulweria bulwerii Rrq� 63.0 78.5 Salvages Is. Ǫėǋ 

Halobaena 

caerulea 
RW�er[q� 88.3 80.0 Iles Kerguelen Ǫėǋ 
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Pachyptila 

belcheri 
vb�g\c�q� 87.5 79.2 Iles Kerguelen Ǫėǋ 

Pachyptila 

desolata 
r�Z�\\c�q� 86.5 88.0 Iles Kerguelen Ǫėǋ 

Pachyptila turtur y�\c�q� 87.0 �  Whero Is. Ǫėǋ 

Oceanites 

oceanicus 
RbrYU�mw� �  80.0 South Orkney Is. Ǫėǋ 

Hydrobates 

pelagicus 
y�U�mw� �  77.3 Skokholm Is. Ǫėǋ 

Oceanodroma 

leucorhoa 
_bc�U�mw� 95.0 �  Maine, U.S.A. Ǫėǋ 

 Ǧǹɯą 81.1 88.4   

 ǪėǋÉȘɯą 88.2 87.2   

Bried and Jouventin 2002 JLÈɴ 
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Table 2-13� Ǫė@9ȝȍ4ǪɴĽ9（ª4_dp 

� � （ª� _dp�
Ǫ@9�

ȝȍǋ�Ń��
ɏƮǌı�ƨ�M�

��ƪƙ7ȝȍDM4�
ɏƮǌı�¶�M�

� ʰƿHƟʡ90��ǬƆPȉ/
2�M�

0��ǬƆ4ɲN,Ů7�
ɏƮ%NK��

� ǪPF�Múǫ3ʕǛ3�M� Ǫ9．©_dp�
� 0��ǬƆ4ŐÃ%HD�� �

ǪPɴ�M� JLź9Ń�ƪƙ3ɏƮ3�M� ť。ʨ���M�
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Fig. 2-1 
ǡ«Ǿȩ9ǦĐ4ɏƮȊȸ9ǪȊǂ	Žƻȸ9ǖá�ȕŏȊ	ǆŬ:ǪɒńPɝ
D	 
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Fig. 2-2   
WW�er[q�9Ăɩ4œƄ%,¦	 

ǖá9¦ŋǨƯɩɬ�K DNAPȏƒ%,	 
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Fig. 2-3 
ǖ，:ǡ«Ǿȩ9WW�er[q�9Ę¾%ŉ，:*N�Ì9ǪėǋÉȘ9Ę
¾PŰ%2�M	Bried and Jouventin 2002, Table 9-19ǪėǋÉȘo�iJL]�
{řǌ	 
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Fig. 2-4 
ǡ«Ǿȩ9Wd9ǹaTeɕÐ	0��Ìɥǋ9î�6�/,Wd�N = 31�4
î�,Wd�N = 8�4PɕÐ%,	Mann-Whitney U- test3ĞȝPŀ6/,	Ɋ
ƨȆ:ǿ�şɬ�ǆ%Ɋ¶Ȇ:ǿ 1şɬ�ǆ%Ȏ°ǸǠ:Ȏ°ȈPɝD	ǿ�ş
ɬ�ǆ4ǿ 1şɬ�ǆ9 1.5Ɇ9ɐ��ƨ¶9< 3%*NPȖ�MȈ:ÌNȈ
4%2Ɉá3Ű%,	 
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Fig. 2-5  
ǡ«Ǿȩ9�d9ǹaTeɕÐ	0��Ìɥǋ9î�6�/,�d�N = 28�4
î�,�d�N = 8�PɕÐ%,	Mann-Whitney U- test3ĞȝPŀ6/,	Ɋƨ
Ȇ:ǿ�şɬ�ǆ%Ɋ¶Ȇ:ǿ 1şɬ�ǆ%Ȏ°ǸǠ:Ȏ°ȈPɝD	ǿ�şɬ
�ǆ4ǿ 1şɬ�ǆ9 1.5Ɇ9ɐ��ƨ¶9< 3%*NPȖ�MȈ:ÌNȈ4
%2Ɉá3Ű%,	 
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Fig. 2-6 
ǡ«Ǿȩ9žÃȡ0��9Wd�d*N+N9ǹaTeP|�lp%,	³Ŷ
:Wd9ǹaTe%ƐŶ:�d9ǹaTe	Ǭàċǆ: Table 2-57Ű%,	 
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Fig. 2-7 
ǡ«Ǿȩ9žÃȡ0��ß9ę­Ȩ	0��Ìɥǋ9î�6�/,]��|�N 

= 70�40��Ìɥǋ9î�,]��|�N = 14�4PɕÐ%,	Mann-Whitney 
U-Test3ĞȝPŀ6/,	ɊƨȆ:ǿ�şɬ�ǆ%Ɋ¶Ȇ:ǿ 1şɬ�ǆ%Ȏ°
ǸǠ:Ȏ°ȈPɝD	ǿ�şɬ�ǆ4ǿ 1şɬ�ǆ9 1.5Ɇ9ɐ��ƨ¶9< 
3%*NPȖ�MȈ:ÌNȈ4%2Ɉá3Ű%,	 
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Fig. 2-8 
�ȩ9žÃȡ0���N = 56�9ǹaTeP|�lp%,	Ǭàċǆ: Table 2-

107ì%,	 
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Fig. 2-9 
¥ʸȩ9žÃȡ0���N = 9�9ǹaTeP|�lp%,	Ǭàċǆ: Table 2-

117ì%,	 

 
  

オスの嘴の厚み  (mm)

メ
ス
の
嘴
の
厚
み
  (m
m)

メ
ス
の
頭
長
  (m
m)

オスの頭長  (mm) オスのふしょ長  (mm)

メ
ス
の
ふ
し
ょ
長
(m
m)

オスの翼長  (mm)

メ
ス
の
翼
長
  (m
m)

オスの嘴長  (mm)

メ
ス
の
嘴
長
  (m
m)



 
54 

 
Fig. 2-10 
�ȩ9žÃȡ0��ßę­ȨP0��Ìɥǋ�î�,0��4��6�/,0
��3ɕÐ%,	Mann-Whitney U- test7J/2ʫſPɕÐ%,	ɊƨȆ:ǿ�
şɬ�ǆ%Ɋ¶Ȇ:ǿ 1şɬ�ǆ%Ȏ°ǸǠ:Ȏ°ȈPɝD	ǿ�şɬ�ǆ4ǿ
1şɬ�ǆ9 1.5Ɇ9ɐ��ƨ¶9< 3%*NPȖ�MȈ:ÌNȈ4%2Ɉá
3Ű%,	 
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ǿ �ƥ�Wd9ɥǋÎȵǞʪ�
ǿ 3 ƥ:śŧďŔ9Ď3Øŀ#NMʙȝ3�M,F�T�i�‒lpİɝ3�
D)Q� 
�
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ǿ 4ƥ�ǭŅĿŚ 
Īǹ"49ŀȱ40��Ìɥǋ 

įɘçß9Wd74/2%űƽ90��ǬƆP．©DMŮß4%0��Ìįɘ
ǬƆPȅDŮß4:ƫ7p��qW{9àċ7�M	!ND3��0�9Șʱ
3:įɘçß9ŀȱ40��Ìɥǋ70�2Ġõ�ŀON2�,	ȺȓLǋ9
de�ʌȘʱ3:ȷ7%0��ǬƆ9．©:ɥǋÎȵ9,F9Ƒʟ6Ǟʪ3�
M!4�ȉKN2�M	WY�_�q��Luscinia svecica�3:%įɘçß9Ɓ
�Wd:%ɀƨ9WdJLG0��ǬƆ9．©7ŮßPÕ�ČĴ7�/,
�Johnsen et al. 2003�	%�%%0��ǬƆ9．©Ůß40��Ìɥǋ49ß7
ー�6àċ:ĢKN(%0��．©ŀȱ:ɥǋPƅM!47:ē�/2�6�
/,	WY�_�q�3:%ɀƨ9Wd:ƈǐ»ɂ6�dPĢ0�Mïɂ�ƨ�
M�%ǶĪǹ9ȺȓL7ƳȽDMïɂ�ƨ�M,F7%0��Ìįɘ7ǌı%H
D�!4�ȉKN2�M�Johnsen et al. 2001�	!9!4�K%ɀƨWd:0�
�ǬƆ9．©ŮßPĥK%20��ÌįɘPŀ�%JLǷ�9ŢùPŞ)MJ
�7Ƹɨ/2�M4Ŀ�KNM	ò7Ɓ�Wd:ɏƮĒģ�ǟ�%ƈǐ»ɂ�d
Pȅ)6�/,LȺȓLƳȽ7ŸɄ%,LDM,F70��ÌįɘPŀ�!4
�3�6�»ɂǋ�Ń�	#K7%Ćʰ9ɀƨWd7ȺȓLƳȽ#N20��Ǭ
Ɔ9�dPƴƄKNM�d\��M,F7%0��ǬƆ9．©7Ƿ�ŮßPÕ
�2�M4ǃǰ#NM�Johnsen et al. 2003�	D,%RWY��Cyanistes caeruleus�
PǺƧ4%,Ġõ3:%Wd:�d9ƈǐçß76M40��ǬƆ@9．©ŀ
ȱPþF%0��ǬƆ9Ć�7�M!4�O�/2�M	%�%RWY�7��
2G%�d�įɘ9ǌɔPĖF2�L%Wd9．©ŀȱ9þ#4Wd9ɥǋÎȵ
»ɂǋ7Ǭà:6�4ɷŇ#N2�M	#K7%�d�Wd9．©ŀȱ7üʯD
M�ɔ�7J/20��Ìɥǋʨ�ɴOM!4GO�/2�L%RWY�7�
�2:0��Ìɥǋ9ーʆPĖFM9:�d3�M4Ŀ�KN2�M
�Kempenaers et al. 1995�	!9J�7ʧȘ3:0��．©ŀȱH0��Ìɥǋ
PôFMŀȱ4%*9Ę¾4%2Wd�ɥǋPȵKN,�5��70�2%ÜŚ
7äN�2ȕA,Ġõʲ�Ƿ�ɷŇ#N2�,	 
¡ɺ3%0��Ìɥǋʨ�Ȝ�4#NMÉȘ3:%*9J�6Īǹ"49ŀȱ
40��Ìɥǋ49àʴPȕA,Ġõʲ:D-ơ6�	įɘçß9ŀȱPȝʭ
·%%0��Ìɥǋ49àʴPȕA,ǚŀĠõ4%2:%RWRbXmWq�
�Sula nebouxii�9ʲ�� KNM�Kiere and Drummond 2014�	RWRbXmW
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q�3:%0��ǬƆ9ź7²&2�d�0��Ì9Wd7ô�DMɟȨ�ɴ
OM!4�ʈK�76/2�M	RWRbXmWq�3:ǋȡĎź�Ǳ9Ǔ#�
7²&,ǢȀȡɅĈ�î�2�L%ź9Ȝ��Ǳ��DLǓ�6��Wd40�
�76/,�dGD,ź�Ȝ�!4�O�/2�M	D,%�d:0��Ìįɘ
9ǬƆPǢLĵE%2�M々3:6�%JLǷ�9Wd4įɘDM!43%ʬ�
�ȣŢ9ŢùPȵKNMÏʨPŃF2�M4Ŀ�KN2�M	¡ɺ%�d�Ⱥȓ
L9Ì7ƒ20��ÌWd7ô�PDMɟȨ�Ń�4%Wd:0��PÄƣD
M!4��L%�Åʌ7�d�ŝʢ%,ʢPÆD!4G�M	D,%vc�R~
Uq��Thalassarche cauta�PǺƧ4%,Ġõʲ3:%�d�Ƕ9Ǫ7�M0�
�ÌWd7ĆN�2ô�%%þǊ3:6�ƭǻ30��ÌįɘPŀ6/2�,
ÜŚʲ�ɷŇ#N2�M	¡ɺ3%Wd��d9ƨ7ʆ）HLƩ/2įɘ%J�
4%,ƪŅ7:%�d:őĭD3ɘP� (%�(N9ƪŅGįɘ9Ǝɓ3ǭɃ
ƒĳPƑ8M!4:6�%įɘ:ǌı%6�/,	vc�R~Uq�3: 7–10%
4��Ȝ�ÕŅ3:�M�%0��Ìɥǋ�î�2�L%!N:þǊįɘ7JM
G93:6�%�d�0��ÌįɘPôF,Ę¾4%2�M�Abbott et al. 2006�	
!9J�7%Ǫ�ʧƨ7�L%ÜŚ�»ɂ6ÉȘ70�2:%0��9Wd�d
9ƸMɨ��0��Ìɥǋ7óCD§ă70�2ɞ¹#N2�MʲG�M	 
ÉȘ9ʒɍǆ:Ǫė3ɏƮPŀ/2�M7GàOK(%ǪėɏƮǋ9ÉȘ3:%
Īǹ"49ŀȱ40��Ìɥǋ49àʴPȕA,Ġõ:B4Q56�	!9）
ʗ4%2%ƼȘ�įɘçßGʐß7êǪ%%ä：ȡ7:Ǫėȸ3Á"D,F7Ü
Ś�Ȼ%�!4�Ŀ�KNM	%�%Ǫėǋ9ÉȘ3:%Ȋƨǋ9ÉȘ4ɏƮƪ
ƙ9ÛýHǶĪǹ49àOLɺ�Ǿ���6M,F%�6MɏƮǞʪPŭ/2
�M»ɂǋ��L%Ǫėǋ9ÉȘ3GĪǹ"49ŀȱ40��Ìɥǋ49àʴ
PȕAMɚʟ��M	 

ǪėǋÉȘ9vb�g\c�q��Pachyptila belcheri�PǺƧ4%,ǚŀĠõ
3:%ÍĪǹ�ɏƮȊ7ȥ/2�2�KɸʢPËšDMD39çß9ȩǼŖɟ
ȨPcW�^�io�i�KÄǔ%,Ę¾%Wd��dJLGɟɏ7ȩ7ǼŖ
%%ǪėP．©%2�M4ɷŇ#N2�M�Quillfeldt et al. 2014�	vb�g\c
�q�3G0��Ìɥǋ� 21%9ÕŅ3î�2�M!4�O�/2�M�%0
��Ìɥǋ4įɘçß9ȩǼŖɟȨ49àċ70�2:ʈK�7#N2�6�
�Quillfeldt et al. 2011; Quillfeldt et al. 2014�	 
ǿ 3ƥ3ƔA,J�7%0��Ìɥǋ�î�,WW�er[q�9�d 2Īǹ
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3:%0��Ìɥǋ�î�6�/,�dJLGįɘçß3�M 5 Ě9êȩÅǆ
�ー�7Ƿ�6/2�,	țƫ!9çß9�d:œʽ7ŮßPǷ�Õ�ČĴ7
�L%êȩÅǆ:WdJLGơ6�	�Ě9�d9êȩÅǆ9Ȏ°Ȉ: 6 Å-
�%0��Ìɥǋ�î�,�d: 2Īǹ4G 10Å�ƨêȩ%2�,	0��Ì
ɥǋ�î�,�d�ɟɏ7êȩ%2�,）ʗ4%2:�¶9�09¸ǘ�Ŀ�
KNM	 

1. Ǫ9．©659）ʗ3ɟɏ7êȩ%,,F7%Wd�K0��ÌįɘPþǊ
#NMéÃ�ǯ�2%D/,,F 

2. �d�0��ǬƆJLGʬ�Wd4įɘDM,F7ȩ7ɟɏ7ʍL%0��
ÌįɘPǕĄȡ7ŀ/,,F 

ǿ 2ƥ4ǿ 3ƥ3ƔA,ŀȱÜŚ9Ę¾�K%�d:Wd9þǊȡ6įɘ�K
ȯ ƒ)M!4�O�/2�M�Sakao et al. 2018, supplemental video�	D,%ȯ
 ƒ#6�/,4%2GɘP¶ M!43įɘPöǙ3�M!4�K%�d9
üʯ6%7įɘ�ǌʩDM!4:Ŀ�7���Austin and Parkint 1996; Petrie and 
Kempenaers 1998; Abbott et al. 2006�	0��Ìɥǋ�î�,�d9ǹaTe:î
�6�/,�d9ǹaTe4ー�6Ŏ:ĢKN6�/,�ǿ 2 ƥ Fig. 2-5�	!
9!4�K%Ơ#��d�Ǿ�6Wd7ȞĺDM!4�3�(%þǊįɘ9Ę¾
0��Ìɥǋ�Ǐ&,»ɂǋ:Ȝ�	0��ÌįɘPôF2�,9:Wd-4
%2G%*NPƈ�ȽN2įɘPǌʩ#)M�5��:�d�ǢȀ3�M4Ŀ
�KNM	Żŕ7�d�0��ÌįɘPôF2�,�5��:ɡʈ3�M�%ɟ
ɏ7êȩ%,�d�Wd�K90��ÌįɘPƈ�ȽN,,F70��Ìɥǋ
�î�,4Ŀ�KNM	 
2 9¸ǘ70�2%ɥǋPŸ/,Wd:Ƕ9WdJLGǹaTe�ー�7Ơ#
�!4�O�/2�L%ź�Ȝ�Wd3�M!4�Űō#N2�M�ǿ 2 ƥ%
Fig. 2-4�!4�K%�d�0��9WdJLGź9Ń�įɘǬƆPȅD,F7
ȩ7ɟɏ7ʍ/2�,»ɂǋ��M	D,%Ćɀȟƞ#N2�MɋȢč9ʬ��
ȣŢ¸ǘ3:%ʬ��ȣŢPŭ0Wd9ǐŢ:�d9ǹȸ39ǐŢúǫ7Ɲ/
2ʢŢPƈǐ#)M!4�3�M,F%�d:ɚ(%G0��ǬƆJLGʬ�
Ďź9WdPȅ%20��ÌįɘPŀ�ɚʟ:6�%Ƿ�9Wd4įɘDM!
43Ę¾ȡ7ʬ��ȣŢPȵKNM4Ŀ�KN2�M�Hasson and Stone 2011�	
：Ġõ3:�d�ȩ7�Mß70��Ìįɘ9ǬƆPǢQ3įɘ%2�,9�%
��j�7įɘ%2�,9�PʈK�7DM!4�3�6�/,�%ź9Ń�
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�ȣŢPŭ/,ǐŢ�įɘĭ9ǐŢúǫ3Ɲ.Ɍ�MƪŅ:%��j�7įɘ
%2�,4%2G%�d:Əɬ7（ªPȵKNM4Ŀ�KNM	 
�ƨ9J�7%：Ġõ3:%ÜŚ�Ȼ%�ǪėǋÉȘ7��2%įɘçß9Ī
ǹ"49ŀȱ4*9ɀ9ɏƮĘ¾4Pàʴɢ�2ĿŚDM!4�3�,	ŞɁ
6�K0��ÌɥǋPȵ,Wd9ǹaTeo�iHŀȱo�i�ƏɬȵKN6
�/,,F7%�d�0��WdJLGʕN,Wd40��ÌįɘPŀ6/2
ʬ��ȣŢPÎȵ%,�5��D3:O�K6�/,	%�%%ǣƔ9J�7%
őĆ9）ʷ3:�d:0��ǬƆ�Ì9#D$D6Wd49įɘPŀ�!43
ʬ��ȣŢPȵMÏʨPŃF2�M4Ŀ�KN2�M!4�K%ɚ(%GʕN
,Wd40��ÌįɘPŀ6/2�M4:ĩK6��Hasson and Stone 2011�	!
N:%WW�er[q�7��2%？ɀʴǳ%2ɥǋPŸ�ǳ�M“ɦ�MWd”
H%ƫ7Ƕ9�d49ß7Ƿǆ9ŢùPŞ%ǳ�KNM%”�nMWd”�Ǧ�Ï
Ⱦ#N6�/,!44GǍŅǋ��M4��%WW�er[q�7��2G�
d:ǬƆ9ź7��OK(%Ƿǆ9Wd4įɘ%2�M»ɂǋ�Ŀ�KNM	 

 
0��Ìɥǋ9ɏƮȊßɕÐ 

ǿ 2ƥ3:%ãƆġǡ«Ǿȩ%ƹÔġ�ȩ%Ŝĳġ¥ʸȩ4��Ûý9�6M
309ɏƮȊ30��ÌɥǋʨPȕA%ãƆġǡ«Ǿȩ�őGŃ�%Ŝĳġ¥ʸ
ȩ�őGȜ�!4PʈK�7%,	!9J�7ȲƇ3�/2GɏƮȊß30�
�Ìɥǋʨ��6MħƧ:Ƿ�9Șʱ3ĢKN2�M	ʲ�;TVde�
�Passer domesticus�:%ǾʧĪǹĉ4ȩ3ɏƮDMĪǹĉ30��Ìɥǋʨ�
�6L%ǾʧĪǹĉ3: 13.6%697Ǻ%2%ȩ9Īǹĉ3: 1%3�/,4ɷ
Ň#N2�M�Wetton and Parkin 1991; Petrie and Kempenaers 1998�	D,%Ws
�er[q��Calonectris diomedea�3G%ǾǑʝ7ɤ�?�S�ȩ �Vila islet, 

Rh�dƛȩ� 9Īǹĉ4ȊȎÉ9Īǹĉ430��Ìɥǋʨ:�6L%�S
�ȩ3: 11.6%-/,97Ǻ%2ȊȎÉĪǹĉ3: 0%4��Ę¾76/2�M
�Swatschek et al. 1994; Rabouam et al. 2000; Bried et al. 2010�	¡ɺ3%vb�g
�er[q��Puffinus tenuirostris�H��]�R~Uq��Thalassarche 

melanophris�%�i�R~Uq��Diomedea exulans�3:%�6MɏƮȊ3�/
2G0��Ìɥǋʨ:ʱū%2�,�Austin and Parkint 1996; Burg and Croxall 

2006; Jouventin et al. 2007�	ɏƮȊ��6M4ɏƮʅȨHǶƇ
ȲƇǶĪǹ49
úǫ9þ#%åǏȐ9Ƈʱ65ʜ
6ʟ£��6L%ȲƇ3�/2G0��Ìɥ
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ǋʨ7Ŏ�Ǐ&M93:6��4Ŀ�KN2�M�Petrie and Kempenaers 1998�	 
：Ġõ30��ÌɥǋʨPɕÐ%, 309ɏƮȊ:%*N+NǸɯʝ%ȼ：É%
ǉĬȸÉ7ʊ%2�L%WW�er[q�9įɘçß7��Mœʽ�Hœʽp
�l|9ȗ#G�6M!4�ʙǰ#NM	ãƆġǡ«Ǿȩ3:įɘçß9œʽ
��Ūʘ3�6M�%Ŝĳġ¥ʸȩ9WW�er[q�:B4Q59Īǹ�ǉ
ĬȸÉ3œʽDM!4�ȉKN2�L�ȥɵƱ¡ŦƲ�%Ūʘ9œʽ�Ŏ:B4
Q56�!4�ǃǰ#NM	!9J�7%Īǹ"49ŀȱ9���0��Ìɥǋ
ʨ9ŎPǏEƒ%,»ɂǋGĿ�KNM	D,%ǿ 2 ƥ9ĿŚ3GƔA,J�
7%Ws�er[q�3:%ǪėPƖMúǫ�ĕ%��S�ȩ30��Ìɥǋ�
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9 Ǉȧʯ�ŁğDMÕŅ7J/2ǘʈ#NM�Griffith et al. 2002, Fig 1-1�	!
N:%�d�0��ÌįɘPɟɏ7ŀ/20��Wd�*N7ëN�2 Ǉȧ
ʯPĥK%,ƪŅ%yr�ť。DM�d\��M,F-4Ŀ�KN2�M	RW
RbXmWq�PǺƧ4%,ǚŀĠõ3:%�d9ƈǐÏʨ�őGŃ�çß7
0��9WdP¡Ůȡ7ÑʦDM4%ʒɍǆ9Wd: 1 0F9ʢPɸʢ)(7
Ǫ9Ì7Ț�ƒ%2%D�!4�O�/2�L%ÉȘ9Wd�%yr9�ȣȡɥ
Ƽ�űɬ3:6�»ɂǋ��MƪŅ7 ǇɹèDM!4PŻģȡ7Ű%2�M



 
62 

�Osorio-Beristain and Drummond 2001�	¡ɺ%：ĠõǺƧƇ9WW�er[q�
3:0��Ìɥǋ7J/2ŝDN,yrGǪʩ.D3ǌȗ%2�L%Wd7J
M Ǉɹè:Ǧ�ĢKN6�/,	!N:%WW�er[q�90��:ƃ7Ǫ
ȸ3įɘ%%ǪÌ3:ɲ
7ŀȱDM!4�K%0��ǬƆ9�d�Ƕ9Wd4
įɘ%2�,4%2G0��9Wd:*NPȾŵ%2�K(%yr9ɥǋPð
�ƭā76�,F-4Ŀ�KNM	!9!4:%WW�er[q�90��Ìɥ
ǋʨ�ÉȘ9Ȏ3:ɕÐȡŃ�ÕŅ3�/,!49ʟ£3:6��4Ŀ�KN
M	 
：Ġõ:%ʧǏȘʱ7ɳ/2ŀON2�,0��Ìɥǋ9Ġõ7ƹ,6ȉĢP
º�M4û7%ȘʱǦǹ4%2-�3:6�%*N+N9ƇHĪǹĉ9ȋ�N,
ɏƮÛý7Gȍʌ%20��Ìɥǋ9ĠõPƾFMƑʟǋPȟŰ3�,	：Ġ
õ9J�7ƠčìʶĔPʞ�,ŀȱÄǔ4 DNA ɬǔPț&,ƼŢÞȝPǨE
ŅO)M!43%!ND3ÜŚ�Ȼ%�/,ǪėǋÉȘ9Īǹ"49ƸMɨ�
4*9ɏƮĘ¾PǭŅ%2ĿŚDM!4�»ɂ46M	D,%œʽ4ɏƮ9ƪ�
�6MÉȘ7��2Ƒʟ6ŮßɅɬǞʪPʈK�7DMƨ3%：Ġõ9J�6
R|��k:ŊĭGーʞ-4Ŀ�KNM	 

 
 



 
63 

ƀŲ 
：ĠõPǅŀDM7�,L%5 ɀß"ţȳ
"ʾʻ�-#�D%,ŌȮņɭÿ
Ɗ7ƶ�KÚƀƺ%ƨ DD	D,%ȪøǾÒǾëÉʝĠõƙňŕ¬âĠõf�
i�9¿ǵȉəÿƊ%・ÉȴǾÒÉʝǏɫŨĦ½ÒɩʎŨĦǏɫÒɬʑÉʝǏ
ɫ½Ò½9ʉÝ、ÿƊ%ȪøǾÒƹʮ�ǩǌ½ÒĠõ½ÛýÒĠõđűǥÛý
ÒǜĻ9�ƨķůÿƊ%ƠȩʋʈÿƊ7:%̫ ɭƵŏ7�,LǷ�9"ƜĨPũ
LD%,	ƶ�KÚƀƺ%ƨ DD	D,%ɇŠʷɭPŷɛDM7�,LǬȇ7
9/2�-#�D%,ŗ：ĜǸʵƕÿƊ7Úƀ�,%DD	 
ǿ 2ƥ9ƼŢÞȝ9,F9�T\�an�Tp��X�Ëɋ7�,L%Ǘɗǽ
%ƒ%PÇ��¤�ƈ��-#L%ʷɭ9ûȑ7Ƚ/2�-#/,�ƨķůÿ
Ɗ%Ëɋɺɻ4Äǔ70�2Ȓȿ7"ţȳ�-#L%ûȑ7Ƚ/2�-#/,Ȫ
ÉǾÒ9ɧȩĸəɇŠ7Úƀ�,%DD	 
ǿ 3ƥ9ŀȱÄǔ7�,L%cW�^�i9Äǔɺɻ70�2ňʩĄȊĠõƙ
9ŃĀļƍƕÿƊ%Jean-Baptiste Thiebot ɇŠ%ȭĔǆ）Ġõƙ9Ŝ：ʚŠɇŠ
7"ţȳ�,-�D%,	Ŝ：ʚŠɇŠ7:%2012ɀǡ«Ǿȩ�J= 2007–2009
ɀ�ȩ9cW�^�io�iP"ȟù�,-�D%,	D,%p�l|ȗ9b�
���b��řǌ7�,/2:%ǾëÉʝĠõƙ9ĭȮʔÂɇŠ7ǷǾ6M"
üʯP�,-�%o�iÄǔG"ţȳ�,-�D%,	：ȫ7�L�4�"$�
D%,	D,%ǡ«Ǿȩ39{S��qȕŏPƾFM7�,/2%ľ�KȩD3
9ʛǡP¤�ƈ�2�-#/,ãƆġ¶ɰ�ĊŜȤȔǡ«÷ľ9�ɩȃʘ#Q%
�ɩíɐ#Q%ǡ«÷ü9ư¢9Êʜ7ƶ�KÚƀƺ%ƨ DD	#K7%û7
{S��qȕŏPŀ�%ȕŏĠõ7üʯ%2�,-�,ɱĤǤǌɇŠ%ĭȮʔÂ
ɇŠ%̄ ŘȂʏ#Q%ǈĤíȶ#Q%Ɉ�ǎƋɇŠ%Ŝ：Ǔ#Q%Aran Garrod#
Q7Úƀ�,%DD	ƹÔġ�ȩ39a�|��]HǪ（ʞƭā9ȕŏ%ǹaT
eǰȝ7�,/2:%ʇīµǾÒ9�ȤĝÿƊ%Ƣ：ƤŢ#Q%ǁĤʄ）Ţ#Q%
±ǵƻǌ#Q7"üʯ�,-�%D,íƑ6o�iPȟù%2�,-�D%,	
�ȩ39ȕŏ70�2:%ʇīµǾÒ9�ȤĝÿƊ%ȗ´ïƓǾÒ9Ŝ：ʂæƕ
ÿƊ7ȕŏƺǒ7º�2�,-�!43ŻŤ�»ɂ46LD%,	ƶ�KÚƀ
ƺ%ƨ DD	Ŝĳġ¥ʸȩ39a�|��]7�,/2:%ɪŜǾÒ9ȥɵƱ
¡ƕÿƊ%ƨȤĜĮ#Q%Ƣ�ĜÂ#Q7"üʯ�,-�D%,	D,%Ǫ（ʞ
o�i659¥ʸȩWW�er[q�7àDMäǧȡȉĢG�ÿ��,-�D
%,	：ȫ7�L�4�"$�DD	 
őĭ76LDD�%5 ɀß¡ƚ7Ó%�Á"%2�N,ĠõŹ9��w�4%
ɇŠÀȠĠõ9ʹP�0GÓ%�ɮ�2�N%ƫ7ʳD%2�N,¼ǲ7Úƀ
ƺ%ƨ DD	�L�4�"$�D%,	 



 
64 

¤ʞɭğ 
Abbott CL, Double MC, Gales R, Cockburn A. 2006. Copulation behaviour and paternity 
in shy albatrosses (Thalassarche cauta). J. Zool. 270(4):628–635.  

Arct A, Drobniak SM, Cichon M. 2015. Genetic similarity between mates predicts 
extrapair paternity - a meta-analysis of bird studies. Behav. Ecol. 26(4):959–968.  

Arima H, Oka N, Baba Y, Sugawa H, Ota T. 2014. Gender identification by calls and body 
size of the streaked shearwater examined by CHD genes. Ornithol. Sci. 13(1):9–17.  

Arnqvist G, Kirkpatrick M. 2005. The evolution of infidelity in socially monogamous 
passerines: the strength of direct and indirect selection on extrapair copulation behavior 
in females. Am. Nat. 165(S5): 26–37. 

Astheimer LB, Grau CR. 1989. A comparison of yolk growth rates in seabird eggs. IBIS 
132:380–394 

Austin JJ, Parkint DT. 1996. Low frequency of extra-pair paternity in two colonies of the 
socially monogamous short-tailed shearwater Pufinus tenuirostris. Mol. Ecol. 5:145–
150. 

Balenger SL, Scott Johnson L, Mays HL, Masters BS. 2009. Extra-pair paternity in the 
socially monogamous mountain bluebird Sialia currucoides and its effect on the 
potential for sexual selection. J. Avian Biol. 40(2):173–180. 

Birkhead T.R., Atkin L, Møller AP. 1987. Copulation behavior of birds. Behavior 
101:101–138. 

Birkhead TR, Møller AP. 1996. Monogamy and sperm competition in birds. In: Black JM, 
editors. Partnerships in Birds. The Study of Monogamy. Oxford University Press. p.323–
343. 

Blacket MJ, Robin C, Good RT, Lee SF, Miller AD. 2012. Universal primers for 
fluorescent labelling of PCR fragments - an efficient and cost-effective approach to 
genotyping by fluorescence. Mol. Ecol. Resour. 12(3):456–463. 

Blomqvist D, Andersson M, Kupper C, Cuthill IC, Kis H, Lanctot RB, Sandercock BK, 
Székely T, Wallander J, Kempenaers B. 2002. Genetic similarity between mates and 
extra-pair parentage in three species of shorebirds. Nature 291:613–615. 

Botstein D, White RL, Skolnick M, Davis RW. 1980. Construction of a genetic linkage 
map in man using restriction fragment length polymorphisms. Am. J. Hum. Genet. 
32(3):314–31. 

Bried J, Dubois MP, Jarne P, Jouventin P, Santos RS. 2010. Does competition for nests 
affect genetic monogamy in Cory’s shearwater Calonectris diomedea? J. Avian Biol. 
41(4):407–418.  

Bried J, Jouventin P. 2002. Site and mate choice in seabirds: an evolutionary approach. 



 
65 

In: Schreiber EA, Burger J, editors. Biology of Marine Birds. CRC Press. p. 263–305. 
Bried J, Pontier D, Jouventin P. 2003. Mate fidelity in monogamous birds: a re-
examination of the Procellariiformes. Anim. Behav. 65(1):235–246.  

Burg TM, Croxall JP. 2006. Extrapair paternities in black-browed Thalassarche 
melanophris, grey-headed T. chrysostoma and wandering albatrosses Diomedea exulans 
at South Georgia. J. Avian Biol. 37(4):331–338. 

Burke T, Bruford MW. 1987. DNA fingerprinting in birds. Nature 327:149–152. 
Burke T, Davies NB, Bruford MW, Hatchwell BJ. 1989. Parental care and mating 
behaviour of polyandrous dunnocks Prunella modularis related to paternity by DNA 
fingerprinting. Nature 338:249–251.  

Calenge C. 2006. The package “adehabitat” for the R software: a tool for the analysis of 
space and habitat use by animals. Ecol. Modell. 197(3–4):516–519.  

Chastel O, Barbraud C, Weimerskirch H, Lormée H, Lacroix A, Tostain O. 2005. High 
levels of LH and testosterone in a tropical seabird with an elaborate courtship display. 
Gen. Comp. Endocrinol. 140(1):33–40. 

Cockburn A. 2006. Prevalence of different modes of parental care in birds. Proc. R. Soc. 
B. Biol. Sci. 273 (1592):1375–1383. 

Denk AG, Gautschi B, Carter K, Kempenaers B. 2004. Seven polymorphic microsatellite 
loci for paternity assessment in the mallard (Anas platyrhynchos). Mol. Ecol. Notes 
4(3):506–508. 

Faircloth BC, Ramos A, Drummond H, Gowaty PA 2009. Isolation and characterization 
of microsatellite loci from blue-footed boobies (Sula nebouxii). Conserv. Genet. Resour. 
1:159–162. 

Forstmeier W. 2015. Caution is needed when 90% of all possivle estimates remain 
unpublished: a comment on Arct et al. Behav. Ecol. 26(4):972–973. 

Forstmeier W, Martin K, Bolund E, Schielzeth H, Kempenaers B. 2011. Female extrapair 
mating behavior can evolve via indirect selection on males. Proc. Natl. Acad. Sci. U S A. 
108(26):10608–10613. 
González-Solís J, Becker P.H. 2002. Mounting frequency and number of cloacal contacts 
increase with age in common terns Stera hirundo. J. Avian Biol. 3:306–310. 

Goto Y, Yoda K, Sato K. 2017. Asymmetry hidden in birds’ tracks reveals wind, heading, 
and orientation ability over the ocean. Sci. Adv. 3(9):1–10.  

Gowaty PA. 2002. Battles of the sexes and origins of monogamy. In: Black JM, editors. 
Partnerships in Birds. The Study of Monogamy. Oxford University Press. p. 21–53 

Grau C. 1984. Egg formation. In Whittow, GC, Rahn H. (eds) Seabird energetics. New 
York Plenum Press. 



 
66 

Griffith SC, Owens IPF, Thuman KA. 2002. Extra pair paternity in birds: a review of 
interspecific. Mol. Ecol. 11:2195–2212. 

Griffith SC. 2007. Notes and comments; The evolution of infidelity in socially 
monogamous passerines: neglected components of direct and indirect selection. Am. Nat. 
169(2):274–281. 

Griffith SC. 2015. Genetic similarity is broadly associated with genetic polyandry in 
birds: a comment on Arct et al. Behav. Ecol.: 970–971 

Guichoux E, Lepoittevin C, Revardel E. 2011. Current trends in microsatellite genotyping. 
Mol. Ecol. Resour. 11:591–611. 

Guilford T, Wynn R, McMinn M, Rodriguez A, Fayet A, Mourice L, Jones A, Meier R. 
2012. Geolocators reveal migration and pre-breeding behaviour of the critically 
endangered Balearic shearwater Puffinus mauretanicus. PLoS One 7(3): e33753 

Hamilton WD. 1990. Mate choice near or far. Am. Zool. 30:341–352.  
Harts AMF, Booksmythe I, Jennions MD. 2016. Mate guarding and frequent copulation 
in birds: a meta-analysis of their relationship to paternity and male phenotype. Evolution 
70(12):2789–2808. 

Hasson O, Stone L. 2011. Why do females have so few extra-pair offspring? Behav. Ecol. 
Sociobiol. 65(3):513–523. 

Hedd A, Montevecchi WA, Phillips RA, Fifield DA. 2014. Seasonal sexual segregation 
by monomorphic sooty shearwaters Puffinus griseus reflects different reproductive roles 
during the pre-laying period. PLoS One. 9(1): e85572 

Hill RD, Braun MJ. 2001. Geolocation by light level. Electron. tagging Track. Mar. Fish. 
1:315–330. 

Holleley CE, Geerts PG. 2009. Multiplex Manager 1.0: a cross-platform computer 
program that plans and optimizes multiplex PCR. Biotechniques 46(7):511–517.  

Houtman AM. 1992. Female zebra finches choose extra-pair copulations with genetically 
attractive males. Proc. R. Soc. London Ser. B. Biol. Sci. 249(1324):3–6. 

Hsu YH, Schroeder J, Winney I, Burke T, Nakagawa S. 2015. Are extra-pair males 
different from cuckolded males? A case study and a meta-analytic examination. Mol. 
Ecol. 24(7):1558–1571. 

Hunter FM, Burke T, Watts SE. 1992. Frequent copulation as a method of paternity 
assuranve in the northern fulmar. Anim.Behav.44:149–156. 

Hunter FM, Petrie M, Otronen M, Birkhead T, Møller AP. 1993. Why do females copulate 
repeatedly with one male? TREE 8(1):21–26. 

Hutchinson JMC, Griffith SC. 2008. Extra-pair paternity in the skylark Alauda arvensis. 
Ibis 150:90–97. 



 
67 

ɑȤȉə
Ŝ：íǀ. 2012. ǉĬȸÉ7��MWW�er[q� Calonectris 
leucomelas 9ɏƮ9ƘÏȾ4ɜŵȕŏ. Alula 44:24–30 

Jarne P, Lagoda PJL. 1996. Microsatellites, from molecules to populations and back. 
Trends Ecol. Evol. 11(10):424–429.  

Jeffreys AJ, Wilson V, Thein SL. 1985. Individual-specific “fingerprints” of human DNA. 
Nature 316:76–79. 

Johnsen A, Lifjeld JT, Andersson S, Örnborg J, Amundsen T. 2001. Male characteristics 
and fertilisation success. Behaviour 138:1371–1390. 

Johnsen A, Lifjeld JT, Krokene C. 2003. Age-related variation in mate-guarding intensity 
in the bluethroat (Luscinia s. svecica). Ethology 109(2):147–158. 

Jouventin P, Bried J. 2001. The effect of mate choice on speciation in snow petrels. Anim. 
Behav. 62(1):123–132. 

Jouventin P, Charmantier A, Dubois MP, Jarne P, Bried J. 2007. Extra-pair paternity in 
the strongly monogamous wandering albatross Diomedea exulans has no apparent 
benefits for females. Ibis 149(1):67–78. 

Kalinowski ST, Taper ML, Marshall TC. 2007. Revising how the computer program 
Cervus accommodates genotyping error increases success in paternity assignment. Mol. 
Ecol. 16(5):1099–1106. 
ɉȄ¨¡
ĶȮƷ¡ 2016. įɘŀȱ9ƹ%�）Ä ）ʷ4ŻƦ Éʼż. 
Kazama K, Sakamoto KQ, Niizuma Y, Watanuki Y. 2011. Testosterone and breeding 
behavior in male black-tailed gulls: an implant experiment. Ornithol. Sci. 10(1):13–19. 

Kempenaers B, Verheyen GR, Dhondt AA. 1995. Mate guarding and copulation 
behaviour in monogamous and polygynous blue tits: do males follow a best-of-a-bad-
job strategy? Behav. Ecol. Sociobiol. 36:33–42. 

Kempenaers B, Verheyen GR, Dhondt AA. 1997. Extrapair paternity in the blue tit Parus 
caeruleus: female choice, male characteristics, and offspring quality. Behav. Ecol. 
8(5):481–492. 

Kiere LM, Drummond H. 2014. Extrapair behaviour reveals flexible female choosiness 
and mixed support for classic good genes in blue-footed boobies. Anim. Behav. 95:145–
153.  

Kiere LM, Ramos AG, Drummond H. 2016. No evidence that genetic compatibility 
drives extra-pair behavior in female blue-footed boobies. J. of Avian Biol. 47:871–879.  

Kokko H. 1998. Good genes, old age and life-history trade-offs. Evol. Ecol. 12(6):739–
750. 

Komdeur J. 2001. Mate guarding in the Seychelles warbler is energetically costly and 
adjusted to paternity risk. Proc. R. Soc. B Biol. Sci. 268(1481):2103–2111.  



 
68 

Kraaijeveld K, Carew PJ, Billing T, Adcock GJ, Mulder RA. 2004. Extra-pair paternity 
does not result in differential sexual selection in the mutually ornamented black swan 
(Cygnus atratus). Mol. Ecol. 13(6):1625–1633. 

Kubo A, Takahashi A, Thiebot JB, Watanuki Y. 2018. Rhinoceros auklet pair-mates 
migrate independently but synchronize their foraging activity during the pre-laying 
period. Ibis 160(4):832–845. 

Kvarnemo C. 2018. Why do some animals mate with one partner rather than many? A 
review of causes and consequences of monogamy. Biol. Rev. 93:1795–1812.  

Larkin MA, Blackshields G, Brown NP, Chenna R, Mcgettigan PA, McWilliam H, 
Valentin F, Wallace IM, Wilm A, Lopez R, Thompson JD, Gibson TJ, Higgins DG. 2007. 
Clustal W and Clustal C version 2.0. Bioinformatics 23(21) 2947–2948 

Loiselle BA, Sork VL, Nason J, Graham C. 1995. Spatial genetic structure of a tropical 
understory shrub, Psychotria officinalis (Rubiaceae). Am. J. Bot. 82(11):1420–1425. 

Matsumoto K, Oka N, Ochi D, Muto F, Satoh TP, Watanuki Y. 2012. Foraging behavior 
and diet of streaked shearwaters Calonectris leucomelas rearing chicks on Mikura island. 
Ornithol. Sci. 11(1):9–19 

Meglécz E, Pech N, Gilles A, Dubut V, Hingamp P, Trilles A, Grenier R, Martin JF. 2014. 
QDD version 3.1: a user-friendly computer program for microsatellite selection and 
primer design revisited: experimental validation of variables determining genotyping 
success rate. Mol. Ecol. Resour. 14(6):1302–1313.  

Meirmans PG, Van Tienderen PH. 2004. GENOTYPE and GENODIVE: Two programs 
for the analysis of genetic diversity of asexual organisms. Mol. Ecol. Notes. 4(4):792–
794.  

Møller AP, Birkhead TR. 1991. Frequent copulations and mate guarding as alternative 
paternity guards in birds: a comparative study. Behavior 118(3):170–186. 

Müller MS, Massa B, Phillips RA, Dell G. 2015. Seabirds mated for life migrate 
separately to the same places: behavioural coordination or shared proximate causes? 
Anim. Behav. 102:267–276. 

Nakagawa S, Schroeder J, Burke T. 2015. Sugar-free extrapair mating: a comment on 
Arct et al. Behav. Ecol. 26(4):971–972.  

Navarro J, Kaliontzopoulou A, González-Solís J. 2009. Sexual dimorphism in bill 
morphology and feeding ecology in Cory’s shearwater (Calonectris diomedea). Zoology 
112(2):128–138.  

Ochi D, Oka N, Watanuki Y. 2010. Foraging trip decisions by the streaked shearwater 
Calonectris leucomelas depend on both parental and chick state. J. of Ethol. 28:313–
321.  



 
69 

Ogawa M, Shiozaki T, Shirai M, Muller MS, Yamamoto M, Yoda K. 2015. How do 
biparental species optimally provision young when begging is honest? Behav. Ecol. 
26(3):885–899.  

Oka N. 2004. The distribution of streaked shearwater colonies, with special attention to 
population size, area of sea where located and surface water temperature. J Yamashina 
Inst. Orinthol. 35:164–188.  

Parker GA, Birkhead TR. 2013. Polyandry: The history of a revolution. Philos. Trans. R. 
Soc. B Biol. Sci. 368 (1613). 

Perry C, Kim NS. 2014. Do Cory’s shearwaters Calonectris borealis choose mates based 
on size? J. Orinthol.155(4):869–875.  

Petrie M, Kempenaers B. 1998. Extra-pair paternity in birds: explaining variation 
between species and populations. TREE. 13(2):52–57. 

Poesel A, Kunc HP, Foerster K, Johnsen A, Kempenaers B. 2006. Early birds are sexy: 
male age, dawn song and extrapair paternity in blue tits, Cyanistes (formerly Parus) 
caeruleus. Anim. Behav. 72(3):531–538.  

Queller DC, Strassmann JE, Hughes CR. 1993. Microsatellites and kinship. TREE 8:285–
288.  

Quillfeldt P, Masello JF, Segelbacher G. 2011. Extra-pair paternity in seabirds: a review 
and case study of thin-billed prions Pachyptila belcheri. J. Ornithol. 153:367–373. 

Quillfeldt P, Phillips RA, Marx M, Masello JF. 2014. Colony attendance and at-sea 
distribution of thin-billed prions during the early breeding season. J. Avian Biol. 45:315–
324. 

Rabouam C, Bretagnolle V, Bigot Y, Periquet G. 2000. Genetic relationships of Cory’s 
shearwater: parentage, mating assortment, and geographic differentiation revealed by 
DNA fingerprinting. Auk 117(3):651–662. 

Ramos JA, Monteiro LR, Sola E, Moniz Z. 1997. Characteristics and competition for nest 
cavities in burrowing procellariiformes. Condor 99(3):634–641. 

Reeve HK, Westneat DF, Queller DC. 1992. Estimating average within-group relatedness 
from DNA fingerprints. Mol. Ecol. 1(4):223–232. 

Rice WR. 1989. Analyzing tables of statistical tests. Evolution 43:223–225.  
Rozen S, Skaletsky H. 2000. Primer3 on the WWW for general users and for biologist 
programmers. Methods in Mol.Biol. 132:365–386. 

Rousset F. 2008. Genepop’007: a complete re-implementation of the genepop software 
for Windows and Linux. Mol. Ecol. Resour. 8(1):103–6. 

Sakao M, Takeshima H, Inoue K, Sato K. 2018. Extra-pair paternity in socially 
monogamous streaked shearwaters: forced copulation or female solicitation? J. 



 
70 

Ornithol.160(1):137–144. 
Sánchez-Macouzet O, Rodoriguez C, Drummond H. 2014. Better stay together: pair bond 
duration increases individual fitness independent of age-related variation. Proc. R. Soc. 
B Biol. Sci. 281(1786). 

Sato K, Sakamoto KQ, Watanuki Y, Takahashi A, Katsumata N, Bost CA, Weimerskirch 
H. 2009. Scaling of soaring seabirds and implications for flight abilities of giant 
pterosaurs. PLoS One 4(4): e5400 

Shaffer SA, Weimerskirch H, Costa DP. 2001. Functional significance of sexual 
dimorphism in wandering albatrosses, Diomedea exulans. Funct. Ecol. 15(2):203–210.  

Shiomi K, Yoda K, Katsumata N, Sato K. 2011. Temporal tuning of homeward flights in 
seabirds. Anim. Behav. 83:355–359. 
Ɉ�ǎƋ. 2016. ƿ4ɶKDÉȘ -ƹÔġ�ȩ9WW�er[q�-. ĚßÉʝ 48. 
ǾǄȹȘ -ÌʝǋÉȘĠõőǣǠ-. ÉʝƒɎÖŴÃž. p.463–468. 

Shirai M, Niizuma Y, Tsuchiya K, Yamamoto M, Oka N. 2013. Sexual size dimorphism 
in streaked shearwaters Calonectris leucomelas. Ornithol. Sci. 12(1):57–62. 

Shirai M, Yamamoto M, Ebine N, Yamamoto T, Trathan PN, Yoda K, Oka N, Niizuma Y. 
2012. Basal and field metabolic rates of streaked shearwater during the chick-rearing 
period. Ornithol. Sci. 9:1–9. 
ǁǝĹ. 2012 ×ȩ3ɜŵ%,WW�er[q����‒W3Åƌ�ňȸőȗƉ
ìʶ. Alula 44:53–57. 

Swatschek I, Ristow D, Wink M. 1994. Mate fidelity and parentage in Cory’s shearwater 
Calonectris diomedea- filed studies and DNA fingerprinting. Mol. Ecol. 3:259–262. 

Székely T, Lislevand T, Figuerola J. 2007. Sexual size dimorphism in birds. In: Fairbairn 
DJ, Blanckenhorn WU, Székely T, editors. Sex, size & gender roles. Evolution of sexual 
size dimorphism. Oxford: Oxford University Press. p. 27–37 

Székely T, Reynolds JD, Figuerola J. 2000. Sexual size dimorphism in shorebirds, gulls, 
and alcids: the influence of sexual and natural selection. Evolution 54(4):1404–1413. 

Teo SLH, Boustany A, Blackwell S, Walli A, Weng KC, Block BA. 2004. Validation of 
geolocation estimates based on light level and sea surface temperature from electronic 
tags. Mar. Ecol. Prog. Ser. 283:81–98. 

Thiebot JB, Pinaud D. 2010. Quantitative method to estimate species habitat use from 
light-based geolocation data. Endanger Species Res. 10(1):341–353.  

Tyson C, Kirk H, Fayet A, Van Loon EE, Shoji A, Dean B, Perrins C, Freeman R, Guilford 
T. 2017. Coordinated provisioning in a dual-foraging pelagic seabird. Anim. Behav. 
132:73–79. 

Verboven N, Mateman AC. 1997. Low frequency of extra-pair fertilizations in the great 



 
71 

tit Parus major revealed by DNA fingerprinting. J. Avian Biol. 28(3):231–239. 
ȥɵƱ¡
ƨȤĜĮ
ɑȤȉə. 2016. ǉĬȸÉ3ɏƮDMWW�er[q� -
ŜĳġƨàȔ¥ʸȩ- ĚßÉʝ 48. ƨÙ. ǾǄȹȘ -ÌʝǋÉȘĠõőǣǠ-. 
ÉʝƒɎÖŴÃž. p.415–420. 

Warham J. 1990. The petrels. Their ecology and breeding systems. Academic Press, 
London 

Weimerskirch H. 1998. How can a pelagic seabird provision its chick when relying on a 
distant food resource? Cyclic attendance at the colony, foraging decision and body 
condition in sooty shearwaters. J. Anim. Ecol. 67(1):99–109. 

Wells SJ, Ji W, Dale J, Jones B, Gleeson D. 2015. Male size predicts extrapair paternity 
in a socially monogamous bird with extreme sexual size dimorphism. Behav. Ecol. 
26(1):200–206. 

Westneat DF, Sherman PW. 1997. Density and extra-pair fertilizations in birds: a 
comparative analysis. Behav. Ecol. Sociobiol. 41(4):205–215.  

Westneat DF, Stewart IRK. 2003. Extra-pair paternity in birds: causes, correlates, and 
conflict. Annu. Rev. Ecol. Evol. Syst. 34:365–396.  

Wetton JH, Parkin DT. 1991. An association between fertility and cuckoldry in the house 
sparrow, Passer domesticus. Proc. R. Soc. B Biol. Sci. 245(1314):227–233. 

Wojczulanis-Jakubas K, Jakubas D, Oigarden T, Lifjeld JT. 2009. Extrapair copulations 
are frequent but unsuccessful in a highly colonial seabird, the little auk, Alle alle. 
Anim.Behav.77:433-438 

Whittow GC. 2002. Seabird reproductive physiology and energetics. In: Schreiber EA, 
Burger J, editors. Biology of Marine Birds. CRC Press. p. 409-430 

Yamamoto T, Kohno H, Mizutani A, Yoda K, Matsumoto S, Kawabe R, Watanabe S, Oka 
N, Sato K, Yamamoto M, Sugawa H, Karino K, Shiomi K, Yonehara Y, Takahashi A. 
2016. Geographical variation in body size of a pelagic seabird, the streaked shearwater 
Calonectris leucomelas. J. Biogeogr. 43(4):801–808.  

Yamamoto T, Takahashi A, Oka N, Iida T, Katsumata N, Sato K, Trathan P. 2011. 
Foraging areas of streaked shearwaters in relation to seasonal changes in the marine 
environment of the Northwestern Pacific: inter-colony and sex-related differences. Mar. 
Ecol. Prog. Ser. 424:191–204. 

Yamamoto T, Takahashi A, Katsumata N, Sato K, Trathan PN. 2010. At-sea distribution 
and behavior of streaked shearwaters (Calonectris leucomelas) during the nonbreeding 
period. Auk 127(4):871–881. 

Yoda K, Shiozaki T, Shirai M, Matsumoto S, Yamamoto M. 2017. Preparation for flight: 
pre-fledging exercise time is correlated with growth and fledging age in burrow-nesting 



 
72 

seabirds. J. Avian Biol. 48(6):881–886.  
Yoda K, Yamamoto T, Suzuki H, Matsumoto S, Müller M, Yamamoto M. 2017. Compass 
orientation drives naïve pelagic seabirds to cross mountain ranges. Curr. Biol. 27(21): 
1152–1153. 
ñȤșɠ (1981). Ƌ7ȦMÉȘ ųɭž 
Ocean Color Data Processing: https://oceancolor.gsfc.nasa.gov/l3/ 
 
 



 
73 

Appendix Tables 
Appendix Table 1 ƼŢÞȝ7ʞ�,|�T��9¡ʣ 

Multiplex 
set 

�  �  

Tail sequence 
�fluorescence� 

Concentration of 

 forward primer 
�μM� Locus Primer sequence �5'-3'� 

Ⅰ Cale-001 F: TCTACCAGCTCATTTAGCAAAGCC A�6-FAM� 0.025 

  R: CCCTGTAGGAGCTTCTTTCAGCTT   
 Cale-002 F: TGTGGGAATCTGCCCAATTTATTT B�VIC� 0.025 

  R: GTAGTCTGTAAGGCCAGTGGAGGA   
 Cale-003 F: GCTACAGACGCCTGCTACCAGAA C�NED� 0.025 

  R: CCAGTCAATCAACTCTGTGGTGAA   

 Cale-006 F: AAGGTTTCTTGTGAGACTGTGGGA C 0.2 

  R: CCTATCCTAACAGGCTAAGACACTGC   
 Cale-007 F: GGGCTTAATAAATAGTAACAGCAGCG D�PET� 0.025 

  R: GGCAGGGAGAAGGATTATGCTCTA   
 Cale-008 F: GAGCAGCTCAACTCAAAGACACTG A 0.1 

  R: TGTAAGTCTGGAGAGTGACGGTTG   

 Cale-009 F: TGTGGAACAATTTCAGTCACCAGT B 0.1 

  R: TATTCTAAACACCACCAACAGCCG   
Ⅱ Cale-011 F: CAGTCATTTGGGCCTACCATACTC A 0.025 

  R: ACTCTGCGGTATGTGATTACAGGA   
 Cale-012 F: CAATAACTAGGAACAATAATGCCACC B 0.035 

  R: AAGGAATGACCAAATATCCCAGGT   

 Cale-014 F: TTTGTATTGCTGTTCTGGAATGTTT D 0.05 

  R: CTCTCACCCAATTGCTTAATCCC   
 Cale-015 F: TAATTAGAGGTGGTAGCCACAGGG A 0.1 

  R: AAGGGTGCTTCAAAGAACACGATA   
Ⅲ Cale-018 F: GAGGTGCATGAACCAGAAGTCATA B 0.015 

  R: AATTCAGTCCTCATCGTGGTGTTT   

 Cale-019 F: ACATTCTTGGCTGGGATTCAATG C 0.015 

  R: CCTCTTTCCAGCAGAGACTGAGAG   
 Cale-021 F: CAGCATTCTTTGCCCTTTCTTAAA A 0.015 
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  R: CATGTTGAGATTTCCAAGGCAAG   
 Cale-023 F: ATGAAATTAGGCTGACTAGACAGGAA A 0.2 

  R: GTATGAGAATATCTGGGCTGTGCC   
 Cale-024 F: TGCAAGATTGCGTTATGGTGTTAT B 0.015 

  R: TAGTGGAGAACTGAGCTGCTCTTG   

 Cale-025 F: CCAAGGTCAGCAAGTAACACAGC C 0.015 

  R: AGATCGGATGACTCTAAGGCTCAA   
 Cale-026 F: TGTTCTATGTTGGAGGAGGCATTT D 0.025 

  R: GCATATTAATCTTTGTAAGGCTCAGCA   
Ⅳ Cale-027 F: GGTCAAACATAAGTGAGCAGGGAG A 0.1 

  R: ACTTGTGATTTCGAGTTCCCTTGA   

 Cale-030 F: GGGAAGAGAAGAAGCTGTCCTAGC C 0.1 

  R: TTCTGTTCCAAGGTGAAGAACTAAA   
 Cale-033 F: TGATCCATAAATAAGATGCTTTGGA C 0.1 

  R: ACTTTCCACAACTGCAGCGAG   
Ⅴ Cale-039 F: ACGATTGAATGAATCACCAGTTCC B 0.015 

  R: CCTGCAGTAACAACTATGCTCCCT   

 Cale-040 F: CAGCCCATGTTGAAGTTCACTAGC C 0.015 

  R: AGGTGCCTTTATACTGGGCATGT   
 Cale-046 F: GGATGTAACCCAAGTGACCAGAGT A 0.05 

  R: GTTCTGCCATTTACCTGGAAGGTT   
 Cale-047 F: ACAGGAGGAGAGCCAGTATTTGTG C 0.05 

  R: TGCTACCCTATGCCAGATAAGAGC   
Ⅵ Cale-053 F: CCAAGCTCCAACTAGAGCAGGTTT A 0.05 

  R: AATTCCTGCTTTCTACTGTGCCTG   
 Cale-054 F: TTCTTGAGCTTTCTGGGACACTC B 0.05 

  R: CCTTCCTGCTATTCCAGTCAGTTC   
 Cale-058 F: GTTCCAGTTATGGCCATTTGTCAC B 0.05 

  R: CCAGGAGCCATACAGAAGACGTA   

 Cale-061 F: TTTCCTGACCCATATCACTCATGT B 0.1 

  R: GATCCTGAAGACCAGACATGGAAG   
 Cale-062 F: ATAGCACTCAAACAAGCATCACCA C 0.05 
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  R: AGTAACTGGAAAGCCAGCAGATTC   
 Cale-063 F: GGATGCTTTCTCCAAAGGACTCT D 0.1 

  R: TCCTGACGAGCTTAAGAAGAGGAA   
Ⅶ Cale-065 F: ATTTGCAGTGGAGTTCTGGTTT B 0.025 

  R: TTCCCTTTATCAACACAAACATGC   

 Cale-066 F: GCTATAGCTGGTCTGTGCTAGCTG C 0.025 

  R: TTTGGCTGTTTACCCTATGCAGAT   

 Cale-068 
F: 
TCAGTTCTAGCATATTAGTGTTTGCTTG A 0.05 

  R: ACATTCATAGGTGGGTACGAGGAA   
 Cale-070 F: ATGCATGGCCAAGTGTGATTACT D 0.05 

  R: CTCAAATGACTTCTTAGCATTCCTCA   
 Cale-071 F: GGGATCAAATGCAAATGAGTTCTT A 0.05 

  R: GCCAGTAAAGATGCTGCTCTGTG   

 Cale-072 F: CTCCCATCTTAGTCTGATGGATGC B 0.05 

  R: ATGGCGATGTTTGAAGGCTCTAT   
 Cale-073 F: GAAGTGGCACCAAGTAGACATCAC C 0.05 

  R: AATGAACCAACAGATTGCCTCCT   
 Cale-074 F: CCCGAAGAGGGAGTGCTTACTACT D 0.1 

 �  R: CAGCAGCGATAAGAAGAGCATAGA �  �  
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Appendix Table 2� �
��	������� 
�  �  2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

51 

M �  9B12260 9B20050 9B12260 9B20452 9B20284  9B34876  9B34876 

�  �  �  �  �  9B20426 9B20281 �  �  �  �  

F �  9B12255 9B12255 9B12255 �  9B20053 �  9A92316 9A92316 9A92316 

52 

M �  9B12281 �  9B12285 9B12285 �  9B31503 9B12271 �  �  

�  �  �  �  �  �  �  �  �  �  �  

F 9B02719 �  �  �  9B20414 �  �  �  �  �  

53 

M �  9B12296 9B20137 9B20137   9B20137 9B34707 9B34707  

�  �  �  �  �   �  9B21844 9B20137 �  �  

�  �  �  �  �  �  �  �  9B34883 �  �  

F 9B02757 �  9B20138 9B20283 �   9B20283 9B20283 9B20283  

�  �  �  �  9B20275 �  �  9B20385 9A92335 �  �  

�  �  �  �  �  �  �  9B34801 �  �  �  

54 

M 9B12216 9B12216      9B34836   

�  9B02773 �  �  �  �  �  �  �  �  �  

?? 9B12221 9B02787  9B20282 �  �  �  �  �  �  

F 9B02796 9B02796 �  �  �  �  �  9A92324 �  �  

55 

M 9B02756    9B20284 9B20284 9B20284 9B31503 9B31503 9A92445 

�  �  �  �  �  �  �  �  �  9A92439 �  

�  �  �  �  �  �  �  �  �  9B34885 �  

F 9B02793 9B20052 �  9B20052 9B20052 9B20052 9B20052 9B20052 9B20052 9B20052 

�  �  �  �  �  �  �  �  9B34899 9A92340 �  

56 M 9B02746 9B02746 9B02746  9B02746 �  9B02746 �   �  
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F 9B02759  9B02759  9B02759 �  9B20385 �  �  �  

�  �  �  �  �  9B02796 �  9B34726 �  �  �  

57 

M �  9B12268 9B12268 9B12268 9B12268 9B12268 9B12268 9B12268 9B12268  

�  �  �  �  �  �  �  9B34709 9B34874 �  �  

F 9B02708 9B02708 9B02708 9B02708 9B02708 9B02708 9B02708 9B02708 9B02708  

�  �  9B12229 �  �  9B20283 �  9B02754 9B34873 �  �  

58 
M  9B20046 9B20032 �  �  �  �  �  9A92432 �  

F 9B02730 �  9B02730 �  �  �  �  �  9A92438 �  

59 

M  9B12271 9B12271 9B12271 9B12271 9B12271 9B12271 9B34891  �  

�  �  �  �  �  �  �  �  9B34749 �  �  

?? �  �  �  9B20280 �  �  �  �  �  �  

F  �  9B12264 9B12264 9B12264 9B12264 9B34705 9B34705 9B34705 �  

�  �  �  �  9B02710 �  9B21870 9B20039 �  �  �  

�  �  �  �  �  �  �  9B31559 �  �  �  

60 
M  9B12339    9B12339 �  �  �  �  

F 9B02709 9B02709    9B20172 �  �  �  �  

61 

M 9B02773 9B12285 9B02773 9B02773  9B02773  9B21185   

�  �  �  �  �  �  �  �  9B12285 �  �  

?? �  �  �  9B20307 �  �  �  �  �  �  

F    9B20272  9B20272  9B20414   

62 

M 9B02777  9B02777 9B02777  9B02756 9B02756    

?? 9B02788 �  9B02711 �  �  �  �  �  �  �  

F  9B12250 9B12250 9B12250 9B02790 9B02790 9B02790    

64 M 9B02711 9B02711 9B12281 9B12281 9B12281 9B12281 9B12281 9B12281 9B12281  



 

78 

?? �  �  �  �  9B20428 �  �  �  �  �  

F 9B02710 9B02710 9B02710   9B02710 9B02710 9B02710 9B02710  

�  �  �  �  �  �  9B20449 �  �  �  �  

65 

M 9B12217 9B12217  9B02711 9B02711 9B02711 9B02711 9B02756 9B02756 9B02756 

�  9B12209 �  �  �  �  9B21807 �  9B20433 �  �  

�  9B12314 �  �  �  �  9B31503 �  �  �  �  

�  9B12315 �  �  �  �  �  �  �  �  �  

F 9B02713 9B02713  9B02790 9B12250 9B12250 9B12250 9B02790  9B02790 

�  9B02791 �  �  �  �  9B20276 9B31548 �  �  �  

�  9B12229 �  �  �  �  �  �  �  �  �  

66 

M 9B12204  9B12204 �  9B12218  9B12218 9B12218 9B12218 9A92457  

�  9B12220 �  �  �  �   9B34724 �  �  �  

�  9B12223 �  �  �  �  �  9B34746 �  �  �  

?? �  �  �  9B20274 �  �  �  �  �  �  

F 9B12213  9B12213 �  9B20415  9B21813 9B21813 9B02797 9B21813 

�  9B02797 �  �  �  �  �  �  �  �  �  

�  9B12219 �  �  �  �  �  �  �  �  �  

�  9B12227 �  �  �  �  �  �  �  �  �  

�  9B12337 �  �  �  �  �  �  �  �  �  

67 

M 9B12205  9B12205  9B12205      

�  �  �  �  �  �       

�  �  �  �  �  �  �  �  �  �  �  

�  �  �  �  �  �  �  �  �  �  �  

F 9B02755  9B02755 9B02755 9B02755      
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68 
M  9B12286      9B12286   

F 9B02726  �  �  �  �  �   �  �  

69 

M 9B02715 9B02722  9B20278  9B02756  9B20273 9B20273  

�  �  �   �   9B21806 �  �  �   

�  �  �  �  �  �  9B21817 �  �  �   

F 9B12211 9B12211  9B12228  9B02797 9B02797 9B02797 9B02797 �  

�  9B12225 �   �   �  �  �  �  �  

�  9B12228 �   �   �  �  �  �   

70 

M     9B12224      

?? 9B02721 �  �  �  �  �  �  �  �  �  

F     9B20441      

71 

M 9B02718 9B02718 9B02718     9A92322   

F 9B02754 9B12269 9B12269 9B12269  �  �  9B34846  �  

�  �  �  9B20099 �  �  �  �  �  �  �  

72 
M 9B02772  9B02772 9B02772 9B20230      

F 9B02783 9B02783 9B02783 9B02783  �  �  �   �  

73 

M 9B02784 9B12282 9B12282 9B12282 9B12282  9B12282 9B12282   

?? �  �  �  9B20097 �   �  �  �   

F 9B02720  9B20212 9B20212 9B20212 �  9B20212 9B02798  �  

�  9B12340 �  �  9B20285 �  �  �  �  �  �  

74 

M 9B02752 9B12280 9B12280 9B12280 9B12280   9B21842 9B21842 9A92454 

?? 9B02787 �  �  �  �  �  �  �  �  �  

F 9B02787 9B12252 9B20169 9B20169 9B20169   9B20285 9B20285 9B20285 

75 M 9B12212 9B02784 9B02784 9B02784       
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F 9B02798 9B02798 9B02798 9B02798       

76 
M  9B20045 9B20045 �  �  �  �  �  �  �  

F 9B02731   �  �  �  �  �  �  �  
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�  �  �  �  �  �  �  �  9B34897 �  �  

F �  �  �  �  �  9B21867 9B21867 9B21867 9B21867 9B21867 

�  �  �  �  �  �  �  9B21878 9B34840 �  �  

155 
M �  �  �  �  �  9B20491 9B20491  9B20491 9B20491 

F �  �  �  �  �  9B12225 9B12225 9A92327 9A92327 9A92327 

157 
M �  �  �  �  �  9B21805 �  �  �  �  

F �  �  �  �  �  ���� �  �  �  �  

158 

M �  �  �  �  �  9B21880 �  9B21880 9B21880 �  

�  �  �  �  �  �  �  �  9B34872 �  �  

F �  �  �  �  �  9B02757 �  9B02757 9B02757 �  

�  �  �  �  �  �  �  �  9B12229 �  �  

160 
M �  �  �  �  �  �  9B20279 9B34889 �  �  

F �  �  �  �  �  �  9B31553 9B31553 �  �  

162 
M �  �  �  �  �  9B20492 �  �  �  �  

F �  �  �  �  �  9B12214 �  �  �  �  

163 

M �  �  �  �  �  �  9B31547 9B31547 �  9B34888 

�  �  �  �  �  �  �  �  9B34888 �  9A92452 

F �  �  �  �  �  �  9B31549 9B31549 �  9A92447 

�  �  �  �  �  �  �  9B31555 9B34896 �  �  

�  �  �  �  �  �  �  �  9A92326 �  �  

164 
M �  �  �  �  �  �  9B12302 9B12302 �  �  

�  �  �  �  �  �  �  9B31557 �  �  �  
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�  �  �  �  �  �  �  9B31558 �  �  �  

F �  �  �  �  �  �  9B20378 9B20378 �  �  

�  �  �  �  �  �  �  9B31554 9A92333 �  �  

�  �  �  �  �  �  �  9B34745 �  �  �  

�  �  �  �  �  �  �  9B31556 �  �  �  

A 
M �  �  �  �  �  9B21868 9B21868 9B21868 9B21868 �  

F �  �  �  �  �  9B21863 9B21863 9B21863 9A92428 �  

B 

M �  �  �  �  �  9B21869 �  9B34845 9B34845 9A92458 

�  �  �  �  �  �  9B21809 �  9B20357 �  �  

F �  �  �  �  �  9B21864 �  9B21864 9B21864 9B34871 

�  �  �  �  �  �  9B21878 �  �  �  9B34708 

�  �  �  �  �  �  �  �  �  �  9A92443 

C 

M �  �  �  �  �  9B21804 9B21804 9B21804  �  

F �  �  �  �  �  9B31501 9B31501 9B31501 9B31501 �  

�  �  �  �  �  �  9B21865 9B34708 �  �  �  

D 
M �  �  �  �  �  9B20480 9B20480 9B20480  �  

F �  �  �  �  �  9B21879 9B21879 9B21879 9B21879 �  

E 

M �  �  �  �  �  9B02780 �  9B02780 9B02780 9B02780 

F �  �  �  �  �  9B21815 �  9B21815 9B21815 9B21815 

�  �  �  �  �  �  �  �  �  �  9A92459 

F 

M �  �  �  �  �  9B31510 9B31510 9B31510  9B31510 

�  �  �  �  �  �  �  �  �  9A92429 �  

F �  �  �  �  �  9B20479 9B20479 9B20479  9B21878 

G M �  �  �  �  �  9B21876 �  9B21876 9B21876 9A92448 
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�  �  �  �  �  �  �  �  9A92338 �  �  

�  �  �  �  �  �  �  �  9A92320 �  �  

�  �  �  �  �  �  �  �  9A92342 �  �  

F �  �  �  �  �  9B21877 �  9B21877 9B21877 9B21877 

�  �  �  �  �  �  9B21812 �  9B34886 �  �  

�  �  �  �  �  �  �  �  9A92329 �  �  

�  �  �  �  �  �  �  �  9A92313 �  �  

H 

M �  �  �  �  �  �  �  �  9A92427 �  

�  �  �  �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  9A92426 �  

�  �  �  �  �  �  �  �  �  �  �  

�	� ���
���� 2���������� 
 
 



 94 

Appendix Table 3� ��������
�� 
��� �� 2014 2015 2016 2017 

4 
M 9B16836 9B16836 �  �  

F 9B16512 9B16512 �  �  

15 
M 9B30813 9B30813 �   

F 9B30715 9B30715 �  9B30767 

18 
M 9B30714 �  �  �  

F 9B30767 �  �  �  

21 
M 9B16926 9B16926 9B16926 �  

F 9B21607 9B21607 9B09582 �  

24 
M 9B30711 �  �  �  

F 9B16627 �  �  �  

32 
M 9B24427 �  �  9B16926 

F 9B24463 �  �  9B09582 

33 
M 9B30504 9B30504 �  �  

F 9B24546 9B24546 �  �  

43 
M �  �  �  9B24681 

F �  �  �  9B36300 

44 
M 9B21686 �  �  �  

F 9B21592 �  �  �  

45 
M 9B24534 �  �  �  

F 9B24450 �  �  �  

46 
M 9B24681 �  �  �  

F 9B21594 �  �  �  

47 
M 9B30722 �  9B21689 9B21689 

F �  �  9B24448 9B24448 

49 
M 9B24532 9B24532 9B24532 9B24532 

F 9B24677 9B24677 9B24677 9B24677 

51 
M 9B24629 9B24629  �  

F 9B09670 9B09670 9B09670 �  

56 
M �  9B30664 �  9B36368 

F �  9B16927 �  9B16927 
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57 
M �  9B34067 �  9B30664 

F �  9B34073 �  9B34073 

58 

M 9B21623 9B21623 �  �  

F 9B34028 9B34028 �  �  

F 9B30662 �  �  �  

60 
M 9B30627 �  �  9B36354 

F 9B21589 �  �  9B36299 

64 
M �  9B34066 9B34066 9B34066 

F �  9B16931 9B16931 9B16931 

65 
M 9B21590 9B21590 �  �  

F 9B24682 9B24682 �  �  

67 
M �  9B34076 �  �  

F �  9B34082 �  �  

69 
M 9B21697 �  �  �  

F 9B30622 �  �  �  

70 
M �  9B34075 �  9B34075 

F �  9B34074 �  9B36389 

80 
M �  �  �  9B36319 

F �  �  �  9B36311 

85 
M �  �  �  9B36313 

F �  �  �  9B24678 

96 
M �  �  �  9B36312 

F �  �  �  9B36365 

97 
M 9B30663 �  �  �  

F 9B30721 �  �  �  

98 
M �  �  9B21697 �  

F �  �   �  

100 
M �  �  �  9B24451 

F �  �  �  9B36321 

104 
M �  9B34087 �  �  

F �   �  �  

108 M �  �  9B34995 �  
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F �  �   �  

109 
M �  9B24590 �  �  

F �  9B16995 �  �  

110 
M 9B30757 �  �  �  

F 9B24591 �  �  �  

111 

M 9B09524 9B09524 9B09524 �  

M �  9B34077 �  �  

F 9B30820 9B30820 9B30820 �  

113 
M 9B24630 �  9B24630 9B36314 

F 9B30621 �  9B30621 9B30662 

114 
M �   9B16984 �  

F �  9B16998 9B36275 �  

115 
M  �  �  �  

F 9B09529 �  �  �  

116 
M �  �  9B34985 �  

F �  �  9B34972 �  

117 
M 9B30702 9B16516 �  �  

F 9B24545 9B24545 �  �  

118 
M 9B24659 �  �  9B36323 

F 9B30525 �  �  9B16529 

119 
M �  9B24658 �  9B24658 

F �   �  9B36379 

120 
M �  �   �  

F �  �  9B34964 �  

121 
M 9B24462 9B24462 �  �  

F 9B16612 9B16612 �  �  

123 
M 9B30805 �  �  �  

F 9B24549 �  �  �  

127 
M 9B09608 9B09608 9B24548 9B24548 

F 9B24653 9B24653 9B30638 9B30638 

128 
M 9B24548 �  9B36204 9B36204 

F 9B30638 �    
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129 
M 9B24652 9B24652 �  �  

F 9B16559 9B16559 �  �  

130 
M 9B16852 9B16852 �  �  

F 9B24657 9B24657 �  �  

131 
M 9B30503 9B30503 �  �  

F 9B30637 9B34083 �  �  

132 
M �  �  9B34971 �  

F �  �  9B34975 �  

133 
M �  �  9B34980  

F �  �  9B34976 9B34976 

134 
M �  �  �  9B30713 

F �  �  �  9B16559 

135 
M �  �  9B36206 �  

F �  �  9B34979 �  

137 
M �  �  9B34990 9B34990 

F �  �  9B34966 9B34966 

138 
M �  �  9B34977 �  

F �  �  9B34978 �  

143 
M �  �  9B24461 �  

F �  �  9B34965 �  

144 

M1 �  �  9B36212 �  

M2 �  �  9B34974 �  

F �  �  9B34963 �  

146 
M �  �  9B34984 �  

F �  �  9B34993 �  

147 
M �  �  9B30687 9B30687 

F �  �  9B34997 9B34997 

150 
M �  �  9B30639 9B24659 

F �  �  9B36203 9B16840 

152 

M �  �  9B36210 �  

M �  �  9B36205 �  

F �  �  9B36202 �  
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153 
M �  �  9B34973 9B34973 

F �  �  9B34962 9B34962 

155 
M �  �  9B16838 �  

F �  �  9B36201 �  

156 
M �  �  9B15616 �  

F �  �  9B24545 �  

157 
M �  �  9B34998  �  

F �  �  9B34981 �  

160 

M �  �  9B34989  

F �  �  9B21607 9B21607 

F �  �  9B34987 �  

163 
M �  �  9B36209 9B36375 

F �  �  9B16846 9B16846 

164 
M �  �  9B34988 9B36376 

F �  �  9B34991 9B34991 

166 

M �  �  9B21590 �  

F �  �  9B24682 �  

F �  �  9B34983 �  

F �  �  9B34982 �  

168 
M �  �  �  9B36208 

F �  �  �  9B36317 

169 

M �  �  9B36207 9B36320 

F �  �  9B35000 9B36316 

F �  �  9B34968 �  

174 
M �  �  9B34114 �  

F �  �  9B17000 �  

175 
M �  �  9B34969  

F �  �  9B16929 9B16929 

176 
M �  �  9B16930 �  

F �  �  9B36266 �  

179 
M �  �  �  9B36390 

F �  �  �  9B36318 
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180 
�  �  �  �  �  

�  �  �  �  �  

182 
M �  �  �  9B34067 

F �  �  �  9B16999 

184 
M �  �  �  9B34063 

F �  �  �  9B16593 

185 
M �  �  �   

F �  �  �  9B36322 

186 
M �  �  �  9B36367 

F �  �  �   

187 
M �  �  �  9B36374 

F �  �  �  9B24426 

190 
M �  �  �  9B36315 

F �  �  �  9B36380 

191 
M �  �  �   

F �  �  �  9B34086 

193 
M �  �  �  9B36392 

F �  �  �  9B36391 

194 
M �  �  �  9B36366 

F �  �  �  9B36364 

196 
M �  �  �  9B30813 

F �  �  �  9B16625 

197 
M �  �  �  9B36387 

F �  �  �  9B21597 

N1 
M 9B30661 9B30661 �  9B30661 

F 9B30623 9B30623 �  9B30623 

N2 
M 9B30639 9B30639 �  �  

F 9B30712 9B30712 �  �  

N3 
M 9B30713 9B34072 �  �  

F 9B30640 9B34086 �  �  

N4 
M 9B09531 9B09531 9B09531 9B09531 

F1 9B30756 9B30756 9B30756 9B30756 
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F1 �  �  9B34992 �  

N5 
M 9B30664  9B34996 �  

F 9B30764 9B34078 9B24447 �  

N6 
M 9B30761 9B30761 9B30761 9B30761 

F 9B30701 9B30701 9B30701  

N7 

M 9B30768 9B30768 �  �  

F 9B30818 9B30819 �  �  

F 9B30819 �  �  �  

N8 
M �  9B09602 �  �  

F �  9B34070 �  �  

N9 
M �  9B34068 �  �  

F �  9B34069 �  �  

N10 
M �  9B34071 �  �  

F �  9B34084 �  �  

N11 
M �  9B34085 9B09608 9B09608 

F �  �  9B24653 9B24653 

N12 
M �  9B34114 9B34994 9B34994 

F �  9B21691 9B21691  

N13 
M �  9B30725 9B30725 9B30725 

F �  9B30724 9B30724 9B30724 

N14 
M �  9B16932 �  �  

F �   �  �  

N15 
M �  9B34079 �  �  

F �  9B34081 �  �  

N16 
M �  9B34063 �  �  

F �  9B21593 �  �  

N117 
M 9B16516 �  �  �  

F 9B30703 �  �  �  

WD01 
M �  �  �  9B36344 

F �  �  �   

WD04 
M �  �  �   

F �  �  �  9B36336 
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WD05 
M �  �  �   

F �  �  �  9B36332 

WD09 
M �  �  �  9B36341 

F �  �  �   

WD10 
M �  �  �  9B24470 

F �  �  �  9B36361 

WD11 
M �  �  �   

F �  �  �  9B36343 

WD12 
M �  �  �   

F �  �  �  9B36337 

WD13 
M �  �  �   

F �  �  �  9B36347 

LB01 
M �  �  �  9B36325 

F �  �  �  9B34968 

LB02 
M �  �  �  9B36363 

F �  �  �  9B16945 

LB03 
M �  �  �   

F �  �  �  9B36329 

LB04 
M �  �  �  9B36334 

F �  �  �  9B36330 

LB05 
M �  �  �  9B36333 

F �  �  �   

LB06 
M �  �  �  9B36362 

F �  �  �   

��� ���	 2������
������� 
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Appendix Table 4� K~e�_pzwTbJy 

Nest �  2010 2011 2012 2013 2014 2015 2016 2017 

1 
M �   �  9A96484 �  �  9A96484 �  

F �  9A96410 �   �  �  9A96410 �  

2 

M �   �   9B24330 9B24330 �  �  

M �  �  �  �  9B09919 �  �  �  

F �  9A96406 �  9A96493 9A96493 9A96493 9A96493 �  

3 
M �  �  �  �  �  9B24393 �  �  

F �  �  �  �  �   �  �  

4 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

5 
M �  �  �  �  �  9B24356 �  �  

F �  �  �  �  �  9B24377 �  �  

6 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

7 
M �  �  9A96453 9A96453 9A96453 9A96453 �  9A96453 

F �  �  9B09913 9B09913 9A96404 9A96404 �  9A96404 
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8 

M �  �  9A96448 9A96448 9A96448 9A96437 �  9B30920 

F �  �  9B09914 9B09914 9B09914  9B30914 9B30914 

F �  �  �  �  �  �  9B30939 �  

9 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

10 
M �  �  �  �  �  9B24362 �  �  

F �  �  �  �  �  �  �  �  

11 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

12 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

13 

M �  �  �  9A96409 9A96409 9B09936 9B09936 9B09936 

F �  �  �  9B09921 9A96494 9A96494 9A96494 9A96494 

F �  �  �  9A96479 �  �  �  �  

14 
M 9B09902 9B09902 �  �  9B09902 �  �  �  

F  9A96404 �  �  �  �  �  �  

15 M �  �  �  �  �  �  9B24353 �  
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F �  �  �  �  �  �  �  �  

16 
M  �   �  9B24326  9B24326 �  

F 9B09924 �  9A96442 �   9B24355 9B30911 �  

17 

M �  �  9A96449 9A96457 9A96457 9A96457 9A96457 9A96457 

F �  �  9B09909 9B09940 9B09940 9B09940 9B09940 9B09940 

F �  �  �  �  �  �  9B30933 �  

18 
M 9B09908 9A96412  9A96402  9A96402 9A96402 9A96402 

F   9A96456 9B09917 9B09917 9B09917 9B09917 9B09917 

19 
M �  �  �  �  9A96491 9B24351 �  �  

F �  �  �  �  9B09924 9B09924 �  �  

20 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

21 
M �   �   �  �  �  �  

F �  9B09917 �  9B09930 �  �  �  �  

22 
M �  9A96402 �   �  �  �  �  

F �  �  �  �  �  �  �  �  

23 M �  9A96415 9B09920 9A96487  �  �  �  
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F �  9A96407 9A96463  9B24321 �  �  �  

F �  �  9A96446 �  �  �  �  �  

24 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

25 

M �  9A96411 �     9B24369 9B30962 

F �   �  9A96442 9A96442 9A96442 9A96442 9B24321 

F �  �  �  �  �  9B24359 �  9A96462 

26 

M �  9A96403 9A96403 9A96403 9A96403 9A96403 9A96456 9A96456 

M �  �  �  �  �  9B24369 9B24354 9B24354 

F �  9B09940    9B24321  9B30970 

27 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

28 
M �  �   9A96496   �  �  

F �  �  9A96440  9B09930 9B09930 �  �  

29 
M �  �  �  9A96481 9A96481 �  �  �  

F �  �  �  9A96489 9A96489 �  �  �  

30 M 9B09920 9B09908 �  9B09908 9A96414 9A96414 �  �  
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F 9B09912 9B09912 �  9B09912 9B24322 9B24322 �  �  

F �  �  �  9A96414 �  �  �  �  

31 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

32 
M �  �  9A96447 �  �  �  �  �  

F �  �  9A96462 �  �  �  �  �  

33 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

34 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �   �  �  

35 
M �  �  �  �  �  9B24376 �  �  

F �  �  �  �  �  �  �  �  

36 
M 9B09926  �  �  �  �  �  �  

F No-ring 9A96405 �  �  �  �  �  �  

37 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

38 M 9B09929 9B09929 �  �  9A96449 9A96449 9A96449 9B30964 
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F 9B09925 �  �  �  9A96405 9A96405 9A96405 9A96405 

39 
M �   �  �  �  �   9B30961 

F �  9B09939 �  �  �  �  9B30918 9B30960 

40 
M 9B09936 9B09937 9A96459 9A96483 9A96483 �  �  �  

F 9B09927 9B09927 9A96445 9A96445 9A96445 �  �  �  

41 
M �  9A96416 �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

42 
M �  �  �  9A96485 �  �  9A96485 �  

F �  �  �   �  �  9B30910 �  

43 
M 9B09937 �  �  �   �  �  �  

F  �  �  �  9B09927 �  �  �  

44 
M 9B09911 9B09911 �  �  9B09911 9B09911 9B09911 �  

F  9B09922 �  �  9B09922 9A96479 9A96479 �  

45 
M �  �  �  9B09936 �  �  9B24327 9B30915 

F �  �  �   �  �  9A96460 9B30966 

46 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  
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47 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

48 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

49 
M �  �  �  �  �  9B24374 �  �  

F �  �  �  �  �  9B24377 �  �  

50 
M 9B09907 �  �  9A96411 �  �  �  �  

F 9A96401 �  �  9A96451 �  �  �  �  

51 
M �  �  �  �  �   �  �  

F �  �  �  �  �  9B24358 �  �  

52 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

53 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

54 
M �  �  �  9A96497 �  �  9B30919 �  

F �  �  �   �  �   �  

55 M �  �  �  �  �  �  �  �  
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F �  �  �  �  �  �  �  �  

56 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

57 

M �  �  �  �  �  �  9B30912 9B30912 

M �  �  �  �  �  �  9B30925 �  

F �  �  �  �  �  �  9B30916 9B30916 

58 

M �  �  9A96450   �  �  �  

F �  �  9A96443 9A96482 9A96482 �  �  �  

F �  �  �  �  9B24324 �  �  �  

F �  �  �  �  9A96495 �  �  �  

59 

M �  �  �  �  9B24327 9B24352 9B24352 9A96454 

M �  �  �  �  �  �  9B30938 9B24352 

F �  �  �  �   9B24357 9B24357 9B24357 

F �  �  �  �  �  �  9B30930 �  

60 
M �  �  �   �  9A96450 �  �  

F �  �  �  9A96495 �   �  �  

61 M �  �  �  �  �  �  �  �  
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F �  �  �  �  9B24328 9B24328 �  �  

62 
M �  �  9A96441 9A96441 9B24325  �  9B24325 

F �  �  9A96444 9A96486 9B24323 9B24323 �  9B24323 

63 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

64 
M �  �  9A96454 9A96478  9A96478 �  �  

F �  �  9A96439  9A96439 9A96439 �  �  

65 

M �  �  �  �  �  9B24373 9B24373 �  

F �  �  �  �  �   9B30921 �  

F �  �  �  �  �  �  9B30917 �  

66 
M �  �  �  �  �  9B09920 �  �  

F �  �  �  �  �  9A96446 �  �  

67 

M �  �  �  �  9B24329 9B24354 9B24361 �  

M �  �  �  �  �  9B24363 �  �  

F �  �  �  �    9A96401 �  

68 
M �  �  �  �  �  9B24361 9A96403 9A96403 

F �  �  �  �  �  9A96490 9A96490 9A96490 
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69 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

70 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

71 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

72 
M �  �  �  �  �  9B24370 �  �  

F �  �  �  �  �   �  �  

73 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

74 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

75 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

76 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

77 M �  �  �  �  �  9B24372 �  �  
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F �  �  �  �  �   �  �  

78 
M �  �  �  �  �  �  �  �  

F �  �  �  �  �  �  �  �  

79 

M �  �  �  �  �  9B24364 �  9B30965 

M �  �  �  �  �  �  �  9B30968 

F �  �  �  �  �  9B24367  9B30902 

80 
M �  �  �  �  �  9B24371 9B24371 9B24371 

F �  �  �  �  �  9B24366 9B30902 9B30963 

81 
M �  �  �  �  �  �  9B30922 �  

F �  �  �  �  �  �  9A96443 �  

\���	Tb�gJ_
 2iIZj[�	Tb� 
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Appendix Table 5� {^d}����On]|Jy. Griffith et al.2002 Appendix Table 1��JoNq� 
family ~u species common name No. of % EPP No. of % EPP breeding 

�  L �  �  offspring offspring broods broods system 

Megapodiidae 7"F� Alectura lathami Australian brush turkey 65 27.7 10 . 5 

Phasianidae  ' Tetrao tetrix black grouse 66 0 11 0 5 
  Centrocercus urophasianus sage grouse 72 . 10 20 5 
  Lagopus lagopus willow ptarmigan 256 9.3 38 13.2 1 

Anatidae �> Chen caerulescens lesser snow goose 80 5 23 13 1 
  Chen rossi Ross's goose 83 2.4 24 8.3 1 
  Branta leucopsis barnacle goose 153 0 72 0 1 

 
 Hymenolaimus 

malocorynchos blue duck 14 0 4 0 1 
  

Picidae  ..  Melanerpes formicivorus acorn woodpecker 423 0 141 0 4 
  Picoides borealis red-cockaded woodpecker 80 1.3 44 9 4 

Dacelonidae &A�6GH Dacelo novaeguineae laughing kookaburra 140 0 62 0 4 

Strigidae 7"F� Otus asio Eastern screech-owl 80 0 23 0 1 
  Athene noctua little owl 53 0 16 0 1 

Rallidae "�2 Gallinula chloropus moorhen 68 0 13 0 1 
  Porphyrio porphyrio pukeko 73 0 12 0 4 
  Gallinula mortierii Tasmanian native hen 28 0 6 0 2, 3 

Scolopacidae &! Actitis macularia spotted sandpiper 34 2.9 9 11.1 2 
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  Calidris maritima purple sandpiper 82 1.2 27 3.7 1 

family ~u species common name No. of % EPP No. of % EPP breeding 
 L   offspring offspring broods broods system 
  Phalaropus fulicaria red phalarope 70 8.6 18 33.3 2 
  Phalaropus tricolor Wilson's phalarope 43 0 15 0 1 
  Tryngites subruficollis buff-breasted sandpiper 164 . 47 40.4 5 

Jacanidae EG�" Jacana jacana wattled jacana 235 1.3 74 3 2 

Charadriidae -1C Haematopus ostralegus oystercatcher 65 1.5 26 3.9 1 
  Charadrius morinellus Eurasian dotterel 44 4.6 22 9.1 1 
  Charadrius semipalmatus semipalmated plover 85 4.7 24 4.2 1 

Accipitridae +� Buteo galapagoensis Galapagos hawk 22 0 10 0 4 

Falconidae 3?8% Falco columbarius merlin 47 0 18 0 1 
  Falco naumanni lesser kestrel 87 3.5 26 3.9 1 
  Falco sparverius American kestrel 89 11.2 21 9.5 1 
  Falco tinnunculus European kestrel 319 1.9 75 2.7 1 
  Falco eleonorae Eleonoras falcon 60 0 17 0 1 

Tyrannidae +�BG-A� Sayornis phoebe Eastern phoebe 76 11.8 20 20 1 

Thamnophilidae �C1C Cercomacra tyrannina dusky antbird 15 0 9 0 1 

Maluridae 
� (0BC�
<&"� 

Malurus cyaneus superb fairy wren 1307 71.6 40 95 4 

Meliphagidae ;.(� Manorina melanophrys bell miner 24 4.2 13 7.7 4 
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  Manorina melanocephala noisy miner 85 5.9 35 5.7 4 

family ~u species common name No. of % EPP No. of % EPP breeding 

 L   offspring offspring broods broods system 

  Notiomystis cincta stitchbird 34 35.2 10 80 1 

Pardalotidae 9�* 1C Sericonis frontalis white-browed scrubwren 137 12.4 51 23.5 4 

Eopsaltriidae 
� (0BC�
5+  

Petroica australis New Zealand robin 62 0 37 0 1 

Laniidae >) Lanius bucephalus bull-headed shrike 99 10.1 24 16.7 1 

  Lanius collurio red-backed shrike 19 5.2 6 16.7 4 

Vireonidae >)>1  Vireo olivaceus red-eyed vireo 19 57.9 7 57.1 1 

  Vireo solitarius blue-headed vireo 37 2.7 16 6.3 1 

Corvidae �B( Aphelocoma coerulescens Florida scrub-jay 139 0 . . 4 

  Aphelocoma ultramarina Mexican jay 142 1.4 52 4 4 

  Corvus monedula jackdaw 113 0.9 35 2.9 1 

  Grallina cyanoleuca Australian magpie lark 103 3 47 6 1 

Muscicpidae 5+  Turdus grayi clay-colored robin 37 37.8 19 52.6 1 

  Luscinia svecica bluethroat 312 31.4 67 50.7 1 

  Ficedula albicollis collared flycatcher 459 15.5 79 32.9 1 

  Ficedula hypoleuca pied flycatcher 261 8.4 52 19.2 1 

  Oenanthe oenanthe wheatear 135 7.4 27 22.2 1 

  Sialia mexicana Western bluebird 207 18.8 51 45 4 
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  Sialia sialis Eastern bluebird 83 8.4 21 23.8 1 

family ~u species common name No. of % EPP No. of % EPP breeding 

 L   offspring offspring broods broods system 

Sturnidae <"1C Sturnus vulgaris starling 154 9.1 36 30.6 1 

Certhidae 
 

<&"�7�G
- 

Camphylorhynchus griseus 
 

bicolored wren 
 

222 2.3 99 . 4 

  Campylorhynchus nuchalis stripe-backed wren 69 1.5 22 4.6 4 

  Troglodytes aedon house wren 790 8.4 146 26.7 1 

  Thryothorus ludovicianus Carolina wren 84 0 23 0 1 

Paridae &'@��B Parus ater coal tit 158 25.3 20 75 1 

  Parus caeruleus blue tit 1960 10.9 219 40.2 1 

  Parus cristatus crested tit 136 11 20 30 1 

  Parus major great tit 3665 7.3 477 31 1 

  Parus montanus willow tit 112 0.9 24 4.2 1 

  Panurus biarmicus bearded tit 187 14.4 44 29.5 1 

  Parus atricapillus black-capped chickadee 359 8.9 58 29.3 1 

  Remiz pendulinus penduline tit 201 7 52 17.3 3 

Aegithalidae �2� Psaltriparus minimus bushtit 59 0 10 0 4 

Hirundinidae .4= Tachycineta albilinea mangrove swallow 97 15.5 31 25.8 1 

  Tachycineta bicolor tree swallow 707 54 144 77 1 

  Hirundo rustica barn swallow 305 28.2 72 . 1 
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  Progne subis purple martin 142 18.3 . . 1 

family ~u species common name No. of % EPP No. of % EPP breeding 

 L   offspring offspring broods broods system 

  Riparia riparia sand martin 167 14 45 36 1 

  Hirundo ariel fairy martin 203 14 70 20 1 

  Delichon urbica house martin 135 18.6 39 33.3 1 

Zosteropidae ='F Zosterops lateralis Capricorn silvereye 122 0 53 0 1 

Sylviidae ,D:�2� Acrocephalus arundinaceus great reed warbler 872 4.8 210 . 1 

  Acrocephalus paludicola aquatic warbler 410 38.5 93 71 5 

  Acrocephalus palustris marsh warbler 131 3.1 33 9.1 1 

  
Acrocephalus 
schoenobaenus 

sedge warbler 344 7.9 77 . 1 

  Acrocephalus seychellensis Seychelles warbler 55 38 45 40 4 

  Acrocephalus vaughani Henderson reed warbler 23 0 . . 2 

  Phylloscopus sibilatrix wood warbler 56 0 13 0 1 

  Phylloscopus trochilus willow warbler 274 17.2 46 . 1 

  Turdoides squamiceps Arabian babbler 186 0 44 0 4 

Nectaridae Nectarinia Nectarinia osea orange-tufted sunbird 88 23 25 36 1 

Passeridae ()= Passer domesticus house sparrow 1442 10.1 471 20.4 1 

  Anthus spinoletta water pipet 1052 5.2 258 12.4 1 

  Prunella collaris alpine accentor 110 0 38 0 2 
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  Prunella modularis dunnock 133 0.8 45 2.2 2, 3 

family ~u species common name No. of % EPP No. of % EPP breeding 

 L   offspring offspring broods broods system 

  Taeniopygia guttata zebra finch 82 2.4 16 8 1 

Fringillidae �0C Fringilla coelebs chaffinch 47 17 13 23.1 1 

  Carpodacus mexicanus house finch 119 8.4 35 14.3 1 

  Loxioides bailleui palila 20 0 12 0 1 

  Emberiza citrinella yellowhammer 123 37.4 32 68.8 1 

  Emberiza schoeniclus reed bunting 216 54.6 58 86.2 1 

  Calcarius pictus Smith's longspur 114 0.9 31 3.2 3 

  Passerculus sandwichensis savannah sparrow 160 23.1 45 40 1 

  Dendroica petechia yellow warbler 537 31.1 . . 1 

  Dendroica caerulescens black-throated blue warbler 413 23 117 34.2 1 

  Wilsonia citrina hooded warbler 356 26.7 119 35.3 1 

  Setophaga ruticilla American redstart 108 39.8 32 59.4 1 

  Geospiza scandens cactus finch 159 7.6 66 15.2 1 

  Cardinalis cardinalis Northern cardinal 37 13.5 19 15.8 1 

  Passerina cyanea indigo bunting 63 34.9 25 48 1 

  Agelaius phoeniceus red-winged blackbird 1255 28.1 68 41.2 1 

  Icterus galbula bullockii Bullock's oriole 202 32 48 46 1 

  Carduelis tristis American goldfinch 70 14.3 15 26.7 1 
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  Geothlypis trichas yellowthroat 139 22 41 49 1 

  Miliaria calandra corn bunting 44 4.6 15 6.7 1 

�  �  Serinus serinus serin 139 9.4 47 14.9 1 

Breeding system�����kU
P�	�1: social monogamy or polygyny, 2: social polyandry, 3:social polygynandry, 4: cooperative breeder, 5:no 
social association��
���� 
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Appendix Table 6 '�F$ +�`c�	Tb�Jy 

`ch Qfh 
QfXV 
�GMT� 

_ CG# ]p 
`cX 

BM 
(g) 

MYX 
BM 
(g) 

MY / + 
BL 

(mm) 
BD 

(mm) 
HL 

(mm) 
TL 

(mm) 
WL 

(mm) 

20140830 20140808 0:10:02 133 9B20427 F 480 525 ○ ○ 47.2 10.3 98.5 50.9 320 

20140830 20140808 0:19:59 64 9B02710 F 580 520 ○ ○ 48.2 11.5 101.5 51.7 313 

20140830 20140808 0:30:02 103 9B21861 M 590 570 ○ × 51.7 11.8 105 53 330 

20140831 20140808 0:40:01 A 9B21863 F 500 560 ○ ○ 47.7 11 96 50.8 325 

20140831 20140808 0:50:02 B 9B21864 F 505 580 ○ △ 49.7 12.8 102.1 53.8 316 

20140831 20140808 1:00:01 C 9B21865 F 500  ×  47.7 11.3 98.8 50.3 308 

20140901 20140808 1:10:00 91 9B02717 M 625 555 ○ △ 50.3 12.1 102.2 54.5 316 

20140901 20140808 1:20:01 158 9B21880 M 550 565 ○ ○ 54 13 105.5 53.3 322 

20140901 20140808 1:30:00 150 9B12301 F 510 435 ○ ○ 48.3 11.2 96.7 51.4 318 

20140901 20140808 1:40:00 154 9B21867 F 465 470 ○ ○ 46 11.5 96.9 51 315 

20140901 20140808 1:49:59 146 9B20500 M 610 535 ○ △ 50.5 11 104 54 332 

20140902 20140808 1:59:59 A 9B21868 M 650 610 ○ ○ 52.2 13 101.9 53.6 320 

20140902 20140808 2:10:01 B 9B21869 M 650  ×  51.8 13.3 104.4 50 322 

20140903 20140808 2:20:02 153 9B21872 M 610 590 ○ ○ 51.8 13.5 104 55.5 317 

20140903 20140808 2:30:01 64 9B12281 M 580 640 ○ ○ 52.8 13.7 104 54.4 320 

20140903 20140808 2:49:59 65 9B02711 M 710 605 ○ ○ 49.6 13.5 104.5 53.6 328 

20140904 20140808 2:59:59 59 9B12271 M 515 620 ○ ○ 50.5 11.5 102.5 51.8 320 
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20140904 20140808 3:09:59 G 9B21876 M 670 575 ○ △ 52.3 13.1 106.6 54.1 323 

20140904 20140808 3:19:59 G 9B21877 F 575 505 ○ ○ 48.6 11.5 98.7 51.7 315 

20140904 20140808 3:30:01 B 9B21878 F 510 515 ○ ○ 58.3 10.6 99.1 50.6 320 

20140905 20140808 3:40:01 D 9B21879 F 540 550 ○ ○ 48 11.7 96.6 52.3 325 

20140905 20140808 3:50:02 C 9B31501 F 510 500 ○ ○ 48.4 11 98.8 53.8 330 

20140905 20140808 4:00:01 150 9B31504 M 530 600 ○ ○ 51.7 12 102 52.5 331 

20140909 20140808 4:10:02 104 9B20210 M 560  ×  51.5 12.5 105.2 56 319 

20140905 20140808 4:20:01 133 9B12341 M 560 630 ○ ○ 50.3 12.8 104.6 52 325 

20140906 20140808 4:30:02 146 9B21862 F 510 510 ○ ○ 49.6 11.7 97.5 51 330 

20140907 20140808 4:40:03 158 9B02757 F 490 490 ○ ○ 48.3 10 97.9 51.5 315 

20140908 20140808 4:50:02 F 9B31510 M 550 600 ○ ○ 50.9 12.8 102.2 52 315 

20140909 20140808 5:10:02 65 9B12250 F 495 510 ○ × 49.9 11 97.7 54.6 325 

20140910 20140808 5:40:01 104 9B21873 F 490 615 ○ △ 48 11 98.4 53.5 320 

20140907 20140808 5:50:01 98 9B20497 M 510  ×  53.2 12.4 104.4 53.1 310 

20140907 20140808 6:00:03 91 9B20211 F 490  ×  47 11.1 97.3 52 314 

20140907 20140808 6:10:01 153 9B20153 F 540  ×  47.5 11.4 99.7 53.5 320 

20140907 20140808 6:20:00 154 9B21866 M 575  ×  49 12.7 104 53 318 

20140907 20140808 7:00:01 E 9B02780 M 580 590 ○ ○ 48.5 12.4 99.7 56.9 350 

20140907 20140808 7:10:00 F 9B20479 F 470 480 ○ ○ 47.4 11 91.7 49.3 320 

20140907 20140808 7:20:00 D 9B20480 M 560 640 ○ ○ 53 12.9 104.4 53.9 320 

20140907 20140808 7:40:06 98 9B02749 F 510  ×  46.9 11.4 95.6 50.2 310 
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20140909 20140808 8:39:59 59 9B12264 F 530  ×  45.9 12 97.1 51.4 314 

20140909 20140808 9:00:01 C 9B21804 M 580 660 ○ ○ 51.7 11.9 105 55.3 330 

20150903 20150825 2:00:03 F 9B20479 F 500 525 ○ ○ 47 11.2 96.6 49.4 316 

20150903 20150825 2:10:00 F 9B31510 M 530 600 ○ △ 51.7 12.4 105.1 51.9 317 

20150903 20150825 2:19:58 C 9B31501 F 520 540 ○ ○ 48.2 11.6 96.9 53.4 316 

mv 20150825 2:30:00 D 9B20480 M 580 565 ○ ○ 54.1 13.1 105.6 54 318 

20150907 20150825 2:39:58 A 9B21863 F 525 495 ○ ○ 47 11 95 49.5 323 

20150908 20150825 2:50:00 145 9B31502 M 650  ×  52.1 12.6 103.6 55.3 323 

20150908 20150825 3:09:59 120 9B20420 M 610 600 ○ ○ 53.9 12.5 106.4 53.2 323 

20150908 20150825 3:20:10 89 9B20165 M 515 565 ○ ○ 52 13 108.6 53.5 325 

20150908 20150825 4:00:10 86 9B20412 M 540 595 ○ ○ 49.8 10.9 103.9 54.9 310 

20150927 20150825 4:10:06 94 9B31540 M 590 710 ○  51.2 12.6 105.4 52.4 323 

20150908 20150825 4:49:58 91 9B02717 M 
Rat
� 570 

○ 
△ 48.6 12.9 102.9 54.7 320 

20150909 20150825 4:59:57 57 9B12268 M - 585 ○ ○ 53 12.1 104.8 52.2 327 

20150909 20150825 5:10:06 A 9B21868 M - 625 ○ ○ 52.7 12.7 106.2 55.9 320 

20150909 20150825 5:10:06 59 9B12271 M 615 525 ○ △ 51.5 13.4 104.5 50.7 317 

20150911 20150825 5:19:59 C 9B21804 M 605 530 ○ △ 51.5 11.5 103.4 56.1 320 

20150911 20150825 5:19:59 142 9B21820 F 495 475 ○ △ 47.6 10.9 97.6 51.5 325 

20150911 20150825 5:39:59 73 9B12282 M 625 600 ○ ○ 51.7 13.2 103.1 53.2 320 

20150911 20150825 5:39:59 95 9B12270 M - 640 ○ ○ 53.3 14.8 106.2 52.8 345 
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20150911 20150825 5:49:59 123 9B12274 F 600 550 ○ ○ 48.7 11.7 98.3 50.8 315 

20150911 20150825 5:49:59 64 9B12281 M 580 605 ○ ○ 51.2 13.4 105 55.2 318 

20150912 20150825 6:09:59 G5 9B12247 F 590  ×  48.1 10.3 100.5 51.2 322 

20150912 20150825 6:09:59 133 9B20427 F 475 470 ○ ○ 48.7 11.1 96.8 50.7 317 

20150912 20150825 6:19:59 121 9B20404 F 460 530 ○ ○ 49.9 11.4 101.7 53.4 305 

20150912 20150825 6:19:59 103 9B21814 F - 475 ○ △ 47.5 11.5 97.5 51.3 313 

20150912 20150825 6:29:58 64 9B02710 F 505 500 ○ ○ 48 11.7 101 51.7 310 

20150912 20150825 6:29:58 133 9B12341 M 620 575 ○ △ 51.1 13.3 104 51.5 315 

20150913 20150825 6:39:59 G4 9B34725 F -  ×  49.4 10.6 97.5 50.2 322 

20150913 20150825 6:39:59 65 9B02711 M 580  ×  49.6 13 104 54.1 320 

20150913 20150825 6:49:59 59 9B20039 F 490  ×  - - - - - 

20150913 20150825 6:49:59 86 9B20495 F - 540 ○ ○ 48.5 11.7 101.4 51.1 324 

20150927 20150825 6:59:59 91 9B20040 F 515 490 ○ ○ 46.9 10 97 57 313 

20150913 20150825 6:59:59 163 9B31549 F 530 465 ○ ○ 48.8 10 100.7 50 303 

20150913 20150825 7:09:58 53 9B20137 M 520 550 ○ ○ 50.9 13.4 103.9 52.1 325 

20150913 20150825 7:19:59 D 9B21879 F 550 560 ○ △ 48.5 12.3 98.8 51.6 322 

20150914 20150825 7:19:59 G8 9B20447 M 620  ×  53.5 11.8 106.3 52.7 325 

20150914 20150825 7:29:59 111 9B12294 F 540  ×  51.6 12.1 101.7 53 319 

mv 20150825 7:29:59 109 9B20050 M - 570 ○ △ 52.5 12.72 105.1 53.22 325 

20150914 20150825 7:39:59 62 9B02756 M 660 600 ○ ○ 56 12.8 109.5 53.1 331 

20150914 20150825 7:39:59 107 9B20043 F - 515 ○ △ 49.8 11.2 100.2 51.4 311 
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20150914 20150825 4:08:15 80 9B20167 M - 675 ○ △ 55.4 12.9 106.4 52.1 320 

20150927 20150825 4:11:15 65 9B12250 F 640  ×  49.3 11.5 100 53.3 320 

20150914 20150825 4:12:08 78 9B12283 F 475 550 ○ △ 48.6 11.5 97.2 51.5 315 

20150914 20150825 4:12:48 160 9B31553 F 490 480 ○ △ 48.7 12.2 99.4 51.4 317 

20150915 20150825 4:13:28 80 9B20047 F 460 485 ○ △ 48.7 11.6 100.6 51 310 

20150915 20150825 4:14:08 107 9B20422 M 555 610 ○ △ 54.6 13.6 106.9 53.4 326 

20150924 20150825 4:18:58 95 9B02774 F 620 530 ○ △ 47.7 11.6 99.3 52.5 315 

20150915 20150825 4:19:45 121 9B12272 M 530  ×  50.7 11.8 100.9 54.5 305 

20150915 20150825 4:20:37 92-93 9B02742 M 560  ×  51 12.5 104.4 50.3 335 

20150915 20150825 4:28:14 57 9B02708 F 495 540 ○ △ 48.5 11.1 97.6 53.3 370 

20150916 20150825 4:29:15 66 9B12218 M 600 660 ○ △ 51.7 13 107 55 310 

20150923 20150825 4:31:37 G5 9B34727 M 680  ×  52 13.8 106 54.8 325 

20150924 20150825 4:39:11 123 9B12277 M 570  ×  51.1 12.2 101.8 53.3 325 

20150925 20150825 4:40:57 160 9B20279 M 590  ×  50.4 12.2 102.7 52.4 315 

20150926 20150825 4:43:05 142 9B20092 M 610 680 ○ △ 49.7 12.9 104.4 53 334 

20150926 20150825 4:44:56 111 9B20175 M 655  ×  - - - - - 

20150927 20150825 4:46:05 163 9B31547 M 605 620 ○ △ 51.6 13.5 105 53.6 322 

20150927 20150825 4:53:00 120 9B20421 F - 525 ○ △ 45.7 15.6 95.5 50.8 340 

20150927 20150825 4:54:30 103 9B21861 M 575 605 ○ △ 51.7 12.7 104.9 52.5 320 

20160902 20160828 1:10:00 A 9B21863 F 495  ×  47.8 11.1 97 50.2 318 

20160905 20160828 1:20:00 E 9B02780 M - 595 ○ ○ 48.5 12.4 99.7 56.9 350 
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20160902 20160828 1:30:00 F 9B31510 M -  ×  51.7 12.4 105.1 51.9 317 

20160902 20160828 1:39:59 G 9B21877 F - 570 ○ ○ 48.6 11.5 98.7 51.7 315 

20160902 20160828 1:50:00 B 9B21864 F 580 540 ○ ○ 49.7 12.8 102.1 53.8 316 

20160907 20160828 2:00:01 57 9B02708 F 520 550 ○ ○ 48.5 11.1 97.6 53.3 370 

20160903 20160828 2:10:00 C 9B21804 M -  ×  51.5 11.5 103.4 56.1 320 

20160905 20160828 2:20:00 D 9B20480 M - 560 ○ ○ 54.1 13.1 105.6 54 318 

20160905 20160829 0:59:58 A 9B21868 M - 650 ○ ○ 52.7 12.7 106.2 55.9 320 

20160906 20160829 1:30:00 D 9B21879 F - 650 ○ ○lj[ 48.5 12.3 98.8 51.6 322 

20160906 20160829 1:50:00 67 9B21813 F 520  ×  - - - - - 

20160908 20160829 4:00:00 163 9B31547 M 710  ×  51.6 13.5 105 53.6 322 

20160907 20160829 4:40:00 64 9B12281 M 570  
○ 

5S� 
Ws 51.2 13.4 105 55.2 318 

20160909 20160829 4:50:00 107 9B20043 F 515 600 ○ ○lj[ 49.8 11.2 100.2 51.4 311 

20160907 20160829 5:00:00 E 9B21815 F -  ×  - - - - - 

20160909 20160829 5:10:03 F 9B20479 F 525  ×  47 11.2 96.6 49.4 316 

20160907 20160829 6:40:05 95 9B12270 M 600 650 ○ ○ 53.3 14.8 106.2 52.8 345 

20160909 20160829 6:50:00 107 9B20422 M 610 540 ○ ○ 53.6 13.6 106.9 53.4 326 

20160917 20160829 7:00:00 95 9B02774 F -  ×  47.7 11.6 99.3 52.5 315 

20160911 20160830 4:20:00 163 9B31549 F 470  ×  48.8 10 100.7 50 303 

20160909 20160830 4:30:00 C 9B30501 F 540 520 ○ ○rx× 48.2 11.6 96.9 53.4 316 

20160914 20160830 4:40:00 80 9B20167 M 610  ×  55.4 12.9 106.4 52.1 320 
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20160910 20160830 5:10:04 133 9B02772 M 590 600 ○ ○lj[ 52 12.2 104 53.5 345 

20160912 20160830 5:20:00 120 9B20421 F 450  ×  45.7 15.6 95.5 50.8 340 

20160912 20160830 5:29:59 103 9B21861 M 605  ×  51.7 12.7 104.9 52.5 320 

20160911 20160830 5:39:58 158 9B02757 F 485 480 ○ ○ 48.3 10 97.9 51.5 315 

20160912 20160830 5:50:00 65 9B02790 F 560  ×  - - - - - 

20160916 20160830 9:50:00 G 9B21876 M 610 695 ○ ○ 52.3 13.1 106.6 54.1 323 

20160912 20160830 10:00:00 150 9B31504 M 615  ×  51.7 12 102 52.5 331 

20160912 20160830 10:30:00 65 9B02756 M 620 660 ○ ○ 56 12.8 109.5 53.1 331 

20160912 20160830 10:39:58 86 9B20412 M 560  ×  49.8 10.9 103.9 54.9 310 

20160912 20160830 12:00:00 104 9B30489 M 545 575 ○ ○ - - - - - 

20160912 20160830 12:20:00 104 9B21873 F 490 510 ○ ○lj[ 48 11 98.4 53.5 320 

20160912 20160830 12:29:59 64 9B02710 F 495  
○ 

5S� 
Ws 48 11.7 101 51.7 310 

20160913 20160830 12:59:59 160 9B31553 F 490  ×  48.7 12.2 99.4 51.4 317 

20160912 20160830 13:09:59 103 9B21814 F 450 530 ○ ○ 47.5 11.5 97.5 51.3 313 

20160913 20160830 13:40:03 78 9B12283 F 525 580 ○ ○ 48.6 11.5 97.2 51.5 315 

20160912 20160830 13:50:00 78 9B20355 M 535 590 ○ ○ - - - - - 

20160912 20160830 14:00:01 80 9B24047 F 450 490 ○ ○ - - - - - 

20160913 20160830 14:10:01 53 9B20137 M 665  ×  50.9 13.4 103.9 52.1 325 

20160913 20160913 8:19:59 55 9B31503 M 605 490 ○ ○ - - - - - 

20160915 20160913 8:22:37 57 9B12268 M 540 565 ○ △ 53 12.1 104.8 52.2 327 
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20160913 20160913 8:23:39 55 9B20052 F 515 500 ○ △ - - - - - 

20160915 20160913 8:21:32 86 9B20495 F 500 630 ○ △ 48.5 11.7 101.4 51.1 324 

20160915 20160914 10:39:30 133 9B20427 F 415  ×  48.7 11.1 96.8 50.7 317 

20160915 20160914 10:40:39 67 9B12218 M - 630 ○ ○ 51.7 13 107 55 310 

20160915 20160914 10:42:49 158 9B21880 M 550 630 ○ ○ 54 13 105.5 53.3 322 

20160916 20160914 18:25:20 120 9B20420 M 590 680 ○ ○ 53.9 12.5 106.4 53.2 323 

20160917 20160916 5:46:29 B 9B34845 M 620  ×  - - - - - 

20160921 20160916 5:47:29 150 9B12301 F 490  ×  48.3 11.2 96.7 51.4 318 

 


