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člcJfC.ƑˡqəûčlcJfEěʓƒ;5hoʌ8fimShLC:C.əõnː<h

ƒɄÃĹƄˏsˤčoÆŞǊ˿s̀àt]omp˂yfim?q:MJL{¯}­qɖs¢��

�{¯}­qŢnt.̉reh˼Ǌ˿sÆŞʪĊ;̋sǼ¼nsĨĤlẴEhLesJb.̉

rtÆŞǊr̋lƱaJbsĄ±¼ʕrĤɆ;.̋ rt̉:f˞ihJbsʑ̖sǺ;ˤčCJ

oʌ8fimShL?sɎɜsɇɄt¢���{¯}­q���.�.����
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JƒɄÃĹƄˏsˤč��²¯lʸǈEh?on5hLÆŞœ̥:f.ÆŞǊ˿t̉s×˼oĤ

ɆsŊ<A±ƻoǱ.̋sĄʒʑsǺsƻoˌs̀à;`fiJL_J.̉ĤɆ;ĤɋEh̋s

ĄʒʑsǺsƻt.Ďȍ˨s̊ĲntǕŪrǹymŉ:MJL?ifs?o:f.¢���{¯

}­qntÆŞǊ˿lūhƒɄśɟ;ː<m9g.Ďȍ˨s̊Ĳnt̋sƣƠ;Ƃ=ˤčCJo
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ǽǒo˿ǽǒsʆg˜Cse7qŊʲǬqǻäŇĊt.ȷȨsûŮs¸ˣɽčoesƈsƑˡq

ûŮƧŊlſ<ː?EL?se7qƑˡqûŮŇ˭t̊Ĳs˯ÒǩˢlŇčAd.ʕ čdəûč

sʰırqhoʌ8fimShL̔ǤɊs��t.ǏɵǽǒrûŮ;ẴAi.ǽǒƈrûŮl

ƧŊCJ?o;û:MmShL?ṡ.��sǭ¶rȷƓEhǭ¶ƒǆʧcğae7rûŮlŇ

čAdJ?on˯ÒɄrûčC.əûčsˠ¼ǵ̅nȷahˤčȳˉ;ː<mShěʓƒ;5hL

ǕɎɜnt.ǽǒƈsûŮƧŊ;ǭ¶ƒǆʧs˯Òûčr¹8hƅ̗lǈf:rEhJb.̔ Ǥ

Ɋs��ǛnëĒEh|q�¦qɇ�§qup�¯ɖ ��.���

(��� Ţlśˉr.#G�4- s �5�
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Cm˶ʰn5hoʹkimShLC:C.esǮʓɄqƆątƎcCcʛ=k:MmSqSLe

?nǕɎɜnt.îlĂƊEh?on³ǯȷȸl.ʢʣlˌʟEh?onňǘƒǑǮȨ˸lƸØ
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���.
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ű�Éī	ǳûŃźƴ��ō	l�o��	ǳŷĈƞÚ�ƦūºàǄÞ	ǳóŷâ�ēĈ°ǎï�

�ǜųê	ǳąāµ�ėÅï�ǊŴ	� �

ǦȨtŰrħĳsǦȨosɠÁrǎAim9g.esƅ̗tʣsȨȵɄ±čŐɄƄˏlŇčAd

hLƚMt.?se7qʣƄˏsŇɀ;.ʞ̟ƒɪ˒ĊȨsˎȗāȹdûŮrcƅ̗l¹8h?

olǈf:rCm<JLǕɎɜnt.��¯�uoes¸ĭŋƒǦȨoCmɌfih�­¨¢�

lśˉr.�­¨¢�sȷʐŘźs˪SrÓ7ʣƄˏsŇɀrśEh��¯�usĭŋƒl˂Ǡ

Eh?on.ǦȨ˿ɉÄØȹ;ʞ̟ƒĩ¾̝s̢ˎȗsāȹr¹8hĉǝlǧʾCJLesɸǝ.

ğa�­¨¢�ã×ʉõn5MmcğəÊã×o̊ĲnȷʐEh�­¨¢�ã×t.đȬnȷʐ

Eh�­¨¢�ã×egcʣsʀ�r�²«Ƞź;̦=.��¯�urehƵ̟ȱcǑƖrÖS

?o;ǈf:rqMJL?ifsɸǝt.̢ ǦȨr9>həõɠÁ;ʞ̟ƒĩ¾̝s̢sĭŋƒ

rcƅ̗CmSh?olƂ=ɑĪCmShL�
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JłŅƃǖǳľĩǔƕǱėÅï�ǊŴǲ�

ã×ˀ˅ʓt.NãMsďĀn<hȩƌrĽlSmÊʍlȩŒEh?oOoŒʊAimShLʳ

ʴdĬʴlƜƬ:gr.˳èɉƜdʩʃ̀à.́ÁɉƜqpl˅Āěʓn5h?o;Ɍfi.ɒ

ÑƒlƩkəd̊Ĳlk=hə̫̑˼̝±̧̝±ǆʧ̝qp̬nŀĦ;5hL³ǀnđȬnȷƓ

EhəsɎɜtŝqSLe?nǕɎɜnt.̊ Ĳlk=fqŞ̝�q¨���ªr9SḿÁ

ɉƜrśEhʳʴɄã×ˀ˅ʓlǧʾCJL� ʄƁglƩk³˲sənt.ʄƁg½tÞðã×

rtŌĮEh;.˛̈sʄƁg½rśCmtˀɌCmŌĮ̛ź;ȒŝEh?o;ɌfimShL

ǕɎɜnt?s ��8(��A�#I ĉǝrɋɇC.ğəsƿʲÊã×oǂɌÊã×[sśƏrŭ;5h

:̠ʐœ̥lʪMJL˛̈sʄƁg½lŐʋAdJ�q¨���ªst� 	� ã×r.³ǀtƿ

ʲÊã×l.ÊǀtǂɌÊã×̫˛̈sʄƁg½̬l �� û˿ƲɑCJL?sǊsŌĮCJĞʺ

Ǌ˿t.ƿʲÊã×n˼Séġ;ʱfiJLÎ¶eg�q¨���ªr9Smã×ˀ˅ʓ;5h

?o;ɑĪAiJL�
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ŤŚ�ŖŴŵoĳPmŴǫ�ƥǫǌǙbĝÇ(ĿŕŭB·Ĳ©aMmƹň�

,Đǜĵ�ǱŇËïǞ�ŴÙǲ�ǩǜ³ùǱßųƅǲ�ǗÒĮŗǱŇËïǞ�ŴÙ	�ŬǗŜ

Ǳòƨôöï�Ŵŭǲ��áĂƈĒǱ»ĔƁƐï�b~�ǲ��ąǎƂ�ǱŇï�ƜÖĵÊǲ��

×ŷ��ǱŇï�ƜÖĵÊǲ��.4"�D�,!D�&Ǳ��hpï�-�
2ǲ�ÎǔæðǓǱŇËïǞ�

ŴÙǲ�

ȕȁdȀũnt.ʢʣqps̄¶ːȗǑǮȨtʖ̟ˣ˺láˤEhǡ̡n5hLC:C.ʢʣr

tɞɲdª¯cģ_im9g.ɈƯ5hStƋȷȨȉĊlƉm.ȷ̟ˣ˺cáˤEhoʌ8fi

hLEqki.̄¶ːȗǑǮȨn5hʢiʣt.ʖ̟ˣ˺oȷ̟ˣ˺s»̖nȕȁșǯȷȸl

ƹ8mShoʌ8fih;.pifsɷ˔;egˍȮCmSh:tû:MmSqSLǕɎɜnt.

ˬîreMm³ǯȷȸlƸØEh̆̍ǼȿlȹS.ʢʣȻǘǑǮȨ;ʖ̟ˣ˺oȷ̟ˣ˺spi

flegŉ=ɷȻCm.ȕȁsÃǯȷȸʍn5hĊȨ�©¯x�¯ȷȸ;ƹ8fimSh:lǧ

ʻCJLœ̥t.���* ŴrɬĴ£¯��Ūs 2%)G�28!� nʪS.Ƈ̯̲ss¯x­²�¤²��

ĽlȹSJLîǗÐ̫ˬîǑ±Ȥ̬̳ǑǮȨ̫ȑĈǑ±Ȥ̬sùȵďlʽ>.ĊȨ�©¯x�¯

lĈ8mœǁCJL?sœ̥ɸǝ:f.̦ ǯȷȸrśEhňǘƒǑǮȨrehȷ̟ˣ˺oʖ̟ˣ

˺ṣĊ˸rkSmˆ˃EhL 
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̬tɪ˒ĊȨȼǶ̝ǞʷɇsȷȨn.ȏǼȕȁrŷ=ûŮEhÍʬɄqĊȨ

�©¯x�¯n.ŉǪqʦ̝l̢oC.̧̝sʛS̢oqhL˛Ŵ. �¯|sƙ˼dʅǴ;e

sʗõɳʠrƅ̗Aih?o;ɑĪAimShLJhC.eifɎɜnt.£�«ȷȨoCmɾ

ƩAim<Jtt �¯|̫�	�
��
̬;ȹSfi.x­¬©l̢oCmœ̥;ʪkimShL

?sJb.˷ ňs �
���.
əncƙ˼rȩŒsɳʠ;Ǝʰqs:tǈf:nqSLe?nǕɎɜ

nt.ǃǕsǾȁrŷ=ûŮEhÍʬɄq �¯|n5h �	�����sʯƻs˯ÒōĹlśˉrȤ

ʠã×lØƙC.ȕȁs³ʚɄqǦȨ�©¯x�¯n5hʁʦ 79�A���)#+)�oȲʦ �I9"%G�""8

l̢rȹSmƙ˼ˡźdȎč˴ɲȉƒl˂yJLǕ˄țnt.eifɸǝlɴÉEhoocr.
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˷ȷȷȨ[s̢Ë>t.esəsã×ƻdʪĊrŊ<qƅ̗l¹8hL̢ Ë>AiJtt�x�

§qtÇ˿r˛ŗMm=hsrśCm.̢ Ë>AimSqSã×tÇ˿l˰>hLǕɎɜt ����

Ŵ � ǐ.	 ǐr.̢Ë>sƅ̗lę>mSh̔ǤɊųõȽȋƛoó°ƛǖŞ̤ȁ.̢Ë>Aim

SqSųõȽĚŷr9Smtt�x�§qsɯlƭĘ.¿Ȧ˶˸±ƄȪ±ɯõŕȨlǹ˗ǧʻC

JLesɸǝ.̢Ë>sƅ̗lę>Jã×sɯt.̢Ë>AimSqSã×sɯoǹ˗Cm.˖

=.egǟf:=.ĔAcʥ:MJLȋƛoĚŷnt � ǐeg 	 ǐsɯsǀ;˶:MJLɯrt
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q:MJ?ot.?sȍĻsȶńėŕćrśCm.ȚķCmShã×ƻ;�©¯�CmShěʓ
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JŅ�Ƙ�ǳŊÏÆǳÎǔæðǓǱŇËïǞ�ŴÙǲ�

ÌĜȖĠĘũȀĚr5hǙˈĸt Î̭Ąt̄čCJ¨�ĕn5MJ; Ṷ̈̌ǃǕŊ̐ȡsȈȄre

hˋŤľĿsŨʢdĸɆÖ·reMmȍǼ;ȊðC̭���8 ]psŲȜoqMJL?sƿC=ú

ȳCJŲȜnsŹȷĊȨɉsƄƙ˧ɗl˂yhJb �̭���	 Ŵeg̱Ŵ˿ɼɽɄr˂ǠlœǁC

mShL� ˂ǠtǸŴ � ǐsŲȝǊrœǁC̭ŲȜõrʽʇCJ �� °ƛs˂Ǡĸȣr9Sm̭

ɈƇ �(9#-̦A ��9# s|n~¯�©²rehĺķƒsĊȨ 9̭eYʬķƒsĊȨlƭ̊CmS

hL_J̭ȷȨƭ̊ǊrŹˏȶńoCmĶņɏź±˵č˱ì̏Õ±ĸȓ±ȲʦlƪǫEhîĞƙ

ʜɲ˸lȔŒCmShL� ?i_ns˂ǠnǸŴ 	� əĄƈ̭̋ (
 əsŹȷĊȨ;ƭ̊AimS

hLǕɃʬnṱ̝̕ÔźƪƻlƜƬ:gr̭ǕŲȜr9>hŹȷĊȨʉ̊sǊɝ˿ŇĊrkS

mɴÉEhL�

 
Şǉãķa48mw[�sbŴĤųêŮģ 

Jĸƽĵðǳ��rÌĥǳŇ¯ƲǱėÅï�ǊŴǲ�

̔ǤɊȈ˖ĸǀsª¯}ĵĸnt�x­q 	��.����
����.�;ª¯}ǭsǭȇdŬɩrīŬEh

?o;ɐˀAim9g.˛Ŵ.�x­qrehŔȯsã×ƻƟĂĉǝ;ȆɇAimShLC:C

q;f.ĵĸs`qfcħ˙sǤǛqplģa˘ʏĸñ×r9>hǊɝ˿ɄqûŮdȶńˮŋƒ

rkSmtǔh¸ǈqȣ;ŉSLe?n.ǕɎɜntȈ˖ĸǀs˘ʏĸĻr9Sm̩<˜Cre

hûŮ˂ǠoʅǴŬõsƷƅreh̢õŕ˂ǠlʪS.ʅǴǒs�x­qsˮŋȶńl˂ǠCJL

˂Ǡsɸǝ.ǕĸĻs�x­qtȷƓȶńoCmt˘ʏĸĻs¼ncǹ˗ɄǤǛr˛SĸĻlā

ȹCm9g.ƭ̢ȶńoCmtª¯}ĵlɛǨɄrāȹCmSJL?s?o:f.Ȉ˖ĸǀs�

x­qtīŬŁƛdƭ̢ȶńlƲÛEhª¯}ĵoǕǘsȷƓȶńn5hǤǛ;ʯĞɄrŎķ

EhȶńlŋmnāȹCmShěʓƒ;ɑĪAiJL�

 
�scsYa48mǕ´bdl�ãçǜìŻbıú 

JǐưǈþǳľĩǔƕǱėÅï�ǊŴǲ�

¨q�qtɖ̧̝�	����
�����Ţnt ğ̭əã×ʉ˿rʤCS˳è���¡sŇɀ;5h?o;

ɌfimSḫǕɎɜnṱ¨q�qt�	����
�������������.�r9>h˳è���¡sĸȵɄ

Ňɀlǈf:rEh?olɇɄr̭ñĴ ) ã×ʉlśˉr̭�px­~�©p��²u²
 ˯Ò

ōŻlȹSJʐïįõsēsʵōÿŒlʪMJ e̮sɸǝ̭̉ s � ʅǴ~px«5Jgs˳èʍ
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ƻṱ̦ ʂźĸĻ]pŅĈEhéġ;5g ʂ̭źČ˳rȂMJ˳è���¡Ňɀ;5h?o;ɑ

ĪAiJ Ĉ̮8m ƙ̧̭sǫȘ×˼rṱ̦ ʂźĸĻ]p×~p�;ŊĹčEhN�«x�¯ăO

rȂMJĸȵɄŇɀ;ˀbfiJ ×̮;Ŋ<=ʐïįsŷS̉]pğǊrâˇěʓqēƻ;ŉ=̭

� ʅǴ~px«¼regŉ=s̋o˳èEh?o;ěʓn5hJb̭̉ s×~p�Ňɀ;ʂźČ

˳rȂMJ˳è���¡Ňɀsʰıs � krqMmSh?o;ɑĪAih ³̮ǀ̭˯ ÒɄã×ʉ

ǩˢʸǚsɸǝ:f ĝ̭ã×ʉ˿s˯ÒɄûčsɗźtÖ= Ṷ̈̄əs˳è���¡o×~p�s

ĸĻ˿Ňɀ;̭ʬȳĹěłƒreMmȷamShěʓƒ;ɑĪAiJ̮�

 
��E��E�A#�A���+�&��D���E*��#�*�!���A4&D�4#���A"�DE���B�:D�4#��E���BADD���!�E+�A���ED�

"�:&4E�A#��#�-F FD��"4�1&����EF&��4�E�&�E���-F FD��"4��4�������F�!�4&�1A*�&�

1!4#E�4�����#E�

Jort��p�i�g��ƇĈïǞ�űČ	ǳưǜűñ�ƇĈïǞ�űČ	ǳŎć¶Ď�Ƈ

ĈïǞ�űČ	ǳƄĕþö�ƇĈï�ųêĴÿƤƅ	ǳŰĬƪÃǱąęï�űǲǳn�}d�

v�n��ƇĈï�ųêĴÿƤƅ	ǳ¼ö¦Ø�ƇĈïǞ�űČ	�

The 2011 Tohoku earthquake drastically changed human activities in some regions of Fukushima 

Prefecture, Japan. The subsequent tsunami damage and radioactive pollution from the 

Fukushima-Daiichi nuclear power plant resulted in increment of abandoned agricultural lands and 

empty towns, allowing population expansion of wild mammals into the past-controlled areas 

inhabited by their domesticated relatives. In this study, we tested the possibility of hybridization 

between wild boars and domesticated pigs in Fukushima. We analyzed mitochondrial DNA 

sequence of wild boars collected from Fukushima populations between 2014 and 2018. Although 

most boars showed Asian boar haplotypes, five boars phenotypically identified as wild boars had 

mt-genome extremely close to that of the European domesticated pigs. This result infers ongoing 

genetic pollution in wild boar populations from re-wild domesticated pigs. The present finding 

suggests the needs of detailed genetic monitoring using nuclear DNA marker and population 

management based on genetic data.   

 
i�Ťc~a`bŴĤãB;AǑÂ5ǷǴíņǯBbǝ­ģǴ 

JŒÏǅ��ĆĬïǞǲǳ�ŋƪǡǱ�ŗŦãųêf�h�ǲǳǗÒĀ��ǯǰƅƎj��	ǳ

×�ÌĽ��ō	ĖƺĭƳƅƎī	ǳŇšŔǱĆĬï�Ǌǲ�

˛Ŵ.Ĵõr9Sm ~}��
�
.����
�.
����	sȭ˲.ȩr�¡ȕ[sˤú;̜ʤn5hL

ǕəsûŮƧŊsʰıʸǈrt.ȭ ~}s̢õŕoǕə;āȹEh�¡ȕsȩƌsƞƳ;Ǝ

ʰhLe?n.ťƜɊõsǕəsīŬĸ � °ƛr>h̢õŕs˂Ǡo.ȀũǼ˙sĴċ˂ǠnƉ

fiJ�²�lìrħ˙sĶĸāȹ.Ǽˏ.̧̝ɉ±˸qpsʶȣ:fɺʺʸǚlʪMJL̢õ

ŕ˂Ǡnt.ǕəsʅǴǒn5h ���* Ŵ ) ǐ:f � ǐr:>m.̰ksŬr ��� u¢©lʽʇ

C.u¢©nʼ˹AiJȾêrĽlSm.ŬrƴðAiJ̧ləo~p�@orƼȵC.˶˸9



6 
 

eYu­ª²lưŒCJLesɸǝ.˂ Ǡĸs ~}t�¡oe?rȷƓEhttx���d{

¯}­q��qpsňǘ̧rŊ<=ÜŎCmSh?o;ǈf:rqMJL?ifsətñĴs�

¡ȕne=ʱfihJb. ~}sûŮƧŊrŊ<=ŗ¹CmShhj7L �  
 
Ŕłb¿ƩăƯĻŁbƿƔa48mĸǚĦèbÃŶbőƻ 

JïǗƞŠǳąāµǱėÅï�ǊŴǲ�

ǭǓr9>hǃ˼ƔŀlȹSJšʣǊǒs˂ɪrkSmt.̈ ²­��sǭǓnŀĦAimSh

;.ÊsĸĻr9Smtǈf:nqSLe?n.ǕɎɜntǃǕs÷ȓůrŷ=ûŮEh��.

�q�®us�.�t�v.���vs 
 əlśˉoC.šʣǊǒs˂ɪrǃ˼Ɣŀ;̀¹Eh

:Ģ:lǧʾCJLǼŭCrCJügǞlɍǃǗÐo˼ǃǗÐs � ksùȵďrʽʇC.šʣ_

nsǃƻl˂yJLesɸǝ.��o�q�®us�tɍǃǗÐ·o˼ǃǗÐ·nšʣ_nsǃ

ƻr˪S;ȷa.˼ǃǗÐnɍǃǗÐegcšʣ;ǅ:MJL³ǀn.�t�vo���vtɍ

ǃǗÐ·o˼ǃǗÐ·nšʣ_nsǃƻrǑƖqŭ;q:MJL?s?o:f.n�nĸĻr9

SmcǭǓr9>hǃ˼ƔŀlȹSJšʣǊǒs˂ɪ;9?qkimSh?o._J.ǃ˼Ɣŀ

sāȹsǑȤtǭəreMmɀqh?o;ɑĪAiJL�

 
xpa48mƯwtr�c�bǣÞǜ�ǣÞ½ìŻǶǛƯ�ƮƯĻŁBƢÀģbǝ­ 

JńŃ�ÛǳƄŷ�ŢǱėÅï�ǊŴǲ�

ǻäȓǍčreMmǭǓs˾ʣǊǒ;ǅ_ho.ǤǛs � ǯȷȸ˸;ŅĈEhoÀƕAih;.

ǋ̒Ŕs̛źcŅĈEhěʓƒ;5hLCJ;MmǻäȓǍč;ǤǛȷƗɰrĖ^Eƅ̗lÀȔ

EhJbrt.ȓǍčs`qfcǋ̛̒źsŅĈrśEh˾ʣǊǒsɍǒɄ±ˤčɄƏɤlǈf

:rEhƎʰ;5hL_J.?7CJ̒sƅ̗t˾ʣǊǒh>ntq=.ʢʣǊǒrcĖZěʓ

ƒ;5hLǕɎɜnt.ĎǃǕsŉ̎ŤĸnëĒEh�� �
��������
�
lśˉoC.̔ǤɊò

ȼȺˣŧs ) ĸȣ̫ ǫ̦;ɀqh 	 ĸȣoɅĸrÕʇCǋ̛̒źsɀqh 	 ĸȣ r̬ȷʐEh̊

ĲrkSm.˾ʣ±ʢʣ�r�­�²sʶřlʪMJLAfr.
 ̊ĲrkSmǉŏoɕŏr9

>hʣsʎøƒlȔŒC.˾ʣ±ʢʣǊǒos̀àlûǚCJLesɸǝ.ʎøƒrt̊Ĳ˿±

̊ĲõŇɀ;5g.˾ ʣǊǒoc̀àCmSh?o;ǈf:oqMJL̊ Ĳ˿rkSmtǋ̛̒

źșSŁƛrȷʐCmSh̊Ĳ;̦SʎøƒlƩi.̊ Ĳõr9Smtegǋ̒ŔlʮgdE

Sǅǒ˾ʣǓ;̦SʎøƒlƩk?o;ɑĪAiJL�

 
ǮœǮça48m~ep�bƍǥųêfbǑĢ(~ep�B~�}p�bƯbwtr�c

�BƢÀģ 
J�ǔƂ¶ǳƄŷŢǱėÅï�ǊŴǲ�

 ¥��©t. ��©sŇən5gǃǕȍçsÅ̦Ťůl¼ƍrûŮEhʢʣÖǓən5hL

?sətŞǢ¶�Ŝ̎	:fĥ<h_g�ŉ̎	_nsűŷSɛ̎ȶńéź¶rŎķEh?o;û

:MmSh;.esȩƌd ��©osȷƗɄŭɀr̀EhɎɜtŝqSL�
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ŉ̎ȶńr9Sm.ɛ̎tǤǛǦȨsəǩƙdûŮrŊ<qƅ̗l¹8hJb.ğ³ŤĻõr9

Smcɛ̎ȶńs˪Sregɀqh˫ƏƄˏlƩks|�p�;ȷʐCmShoʌ8fihL?

sə;ȷʐEhÅ̦ŤůntĸȴȓǍčrehǻȓs¶Ǉd.̂ Ǽ±ɛ̎˸sŇčrehȶńǗ

ÐsŇĊ;ƪƶAimShJb.ɛ̎ȶńrśEh˫ƏƄˏsʸǈt.ĸȴȓǍč;ŉ̎ȶńs

ǤǛȷƗɰrĖ^Eƅ̗lÀȔEh¶n˶ʰn5hL�

ǕɎɜnt.˫ ƏƄˏs³kn5hʣ�r�­�²rɋɇCɛ̎ȶńreh˪Slǈf:rEh

?olɇɄoEhL̔ ǤɊòȼȺˣŧsǫ̦ɱ ����# sɛ̎ȶń;ɀqh * ĸȣr9Sm.����

Ŵǉrp¯�²�«u¢©rehʣ�r�­�²sʶřlʪMJL���* Ŵ �� ǐ����� Ŵ ) ǐr

tğ³ǗÐ·r9>hüǞsʣ�r�­�²oÖȓǎ̓ƈsƏɤl˂yJLǕɃʬnt˾ʝ±˾

ʣrʰEhɛɧȓ˸oʣsʎøƒlǹ˗Eh?oreg. ��©sĝɛ̎ȶń[s˫ƏrkS

mʌřEhL�

 
xpƋŔbƯwtr�c�(éīǜìŻÐdŉ¾łwtr�c�Bbƀǝ�

JǮłēǠǳƄŷŢ�ėÅï�ǊŴ	�

ȓůʢʣǭǛntǭö;˽˺EhÎĄsǅǉtǛŸ_nî;Š=?o:f.ʢʣǭsɘǭsîĞ

ƙroMm˶ʰqǊǒn5hL³ǀ.ŉ̎ĸĻnt̎ʸ>egcǅ=ǛöǓ;˾ʣEhŁĞ;5

g.ʨ̎;˥SŁƛntɘǭ;˾ʣEhegcírǭö;˽˺EhLŉ̎ĸĻr9Smɘǭsʣ

�r�­�²rkSm˂yh?ot.ǻäŇĊrÓ7ɛ̎˸sŇč;ǤǛȷƗɰrĖ^Eƅ̗l

ÀȔEhJbr˶ʰqɌʱlcJfEoʌ8fih;.e7CJʶȣ:fsɎɜtŝqSLǕɎ

ɜnt.ɘǭsʣ�r�­�²rśEhɛ̎ȶńdǛöǓ�r�­�²sƅ̗lǈf:rEhJ

b.òȼȺŤɰr9Sm��sɘǭlśˉrʣ�r�­�²sʶřlʪMJLesɸǝ.˾ʣs

ǅSǷǭs·ntɘǭc˾ʣ;ǅSoS7e7r.˾ʣǃrǱsɉ̀;5h?o.Afr.ʨ̎

s˥SŁƛntɘǭs˾ʣ;˥ŽC.Ƿǭs˾ʣǃosŭ;ŷ;h?oreMmɘǭsîāȹr

ƅ̗;ȳih?o;ɑĪAiJL�

 
îǥąãa48mqfpwbpbǥüBłǔęǇ 

JƝŷ�Ü�ėÅï�ǊŴǲǳƝǔǢ�ŀǱŏŉƜÖ�ŉłƣƌf�h�	ǳƄŷ�Ţ�ėÅ

ï�ǊŴǲ��

��nu�n���(.�.
�����
�
�
�.
	t.Ďn¢ªuĕȸsʢʣŷʣǭn.ǃǕsķǘǦȷrŊ

<qƅ̗lĖ^CmShoʌ8fihňǘən5hLǕətºȿǑƻsˊ̎ĸůn5h̔ǤɊò

ȼȺŤɰrcÞðCmSh;.Ś̎n5hȈ˖ų˷rǹyǕəsȷƓ���sûŮtşƛɄn5

gã×ŘźcÖĸrǹyŝqSLǕɎɜnt.ŉ̎ŤĸoS7ƿʲȶńrÞðCJňǘǭəsû

Ůdƙ˼[s̎sƅ̗lǈf:rEhJb.̔ ǤɊòȼȺŤɰoȈ˖ų˷rʱfih��nu�

nlśˉoCm̎ŔrehŵdǞsơioǓ˲sƃƒs˪Sl̦ǫ̦�ĸȣoÖǫ̦�ĸȣn˂

ǠCJL˂ Ǡsɸǝ.Ŝ̎n5hÖǫ̦ĸoǹ˗Cmɛ̎sŉȘǫ̦ĸntɛ̎rehǞdŵ

sơi;ŉ=.̎ ŔreMmǕəsƙ˼dûŮ;ẴAimShoʌ8fiJLǓ˲sƃƒsƪ
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ǫoqhƏćȄÒƴˡźsåțǫ̦ĸ � ĸȣs`;esÊs˂ǠĸrǹyǑƖrÖ=.ŉ̎ȶ

ńrÞðCã×s³˲nǓ˲Ƅƙ;ƟĂAimShěʓƒ;ɑĪAiJL  
 
qz�cwb¬¸ĻŁbǏ2Sŏŉ�ĄŐŴBÝõģa�PmĜǨ 

Jäŷi=ǳ�ãĚªǳžŨƭşǱƉŷƁƐï�ŴŭǆŦǲ�

ǕɎɜnt�u;Þðƈ.Ǌ˿ɷ˧rÓMmǦȨrśEhĭŋƒrŇč;5hs:.psǦȨ;

�usƭ̟rśCmʔƀn5h:lǧʻCJLɕȺɊoťƜɊs �� ɦƛsǤǛrkSm.�u

sûŮ;ƿJrɐˀAiJ 
 ksŴÍ ��*� Ŵ±���	 Ŵ±���� Ŵ±���
 Ŵrû̝C.ĝ˂Ǡĸ

nǦȷ˂Ǡ±̟ɂ˂ǠoîŐ̜Ƌ˻o �4- �²|²�o¯ylȹSJ̟ƒʸǚlʪMJL�uÞ

ðƈ �( Ŵ̘_ntǦȨəƻrŇčtʱfiqS;.( Ŵɇ:fǦȷsʭ˝tː?MmSh?o

;û:MJL�
 əsǦȨl�usĭŋƒdʎƒrĽlSm 
 ksy«²�rû̝CJLȩrŉ

ŴʞdÖǓ;þǒ:fƭ̟lę>dESə;ŉ=.�u; �� ŴÎ¶ûŮCmShǤǛnt̜ʤ

rȒŝ5hStɻșCmShə;ʱfiJLǦȨə@or.�usĭŋƒsɗźdƭ̟[sʎƒ

;ɀqMm9g.�usĭŋƒtÞðŴÍreMmŇčCmShěʓƒ;5hLÈƈ�usÞð

ǊǒrƏamǦȷsâñśɥl˄aḣr.ǑȹqƔŀoqhoʌ8fihL�

 
Ķ?aęĨ:n?¢ÔťŇǃãďŧa48my�ndƟǣbĻƏǜìÈ 

JŊÏÆǱŇËïǞ�ŴÙǲǳǘł÷ŸǱh@bTy�ndƅƎīǲǳÎǔæðǓǱŇËï

Ǟ�ŴÙǲ�

ŲȜ�¯��sŉ=t ħ̭˙ȍĻegȌ˦ŶȷoCmûƺCŲȜ[ƿʲĈðEh e̮sJbŲȜ

�¯��sʉ̊Ƅƙ�­��ṱŲȜ[sŒɋsCdEA̫ûƺẴ̬̭ 5hStŒɋƈsŲȜ

Ƌȶń[sˮŋƒ̫���Ẵ̬regʲŒAihoʌ8fiḫÌĜȖĠĘũȀĚr5hǙˈ

ĸnṱǙǃǕŊ̐ȡsȈȄnˇŦ;ŨʢCJJbƈʑ˲rĸɆ̦̭ȅˏ̭Ńûqp;ɝ˿Ʉr

ɀˏqɱ ���8 sŲȜ;ƿʲrúȳCJ̮ǕɎɜnt �̭��( Ŵ * ǐ̴���) Ŵ ) ǐsʺ � İ̭�¯

��ã×ƻoȶńʰı9eYɝ˿˳ʇos̀àƒl˂ǠC ƿ̭ʲŲȜnsʉ̊Ƅƙ;ûƺẴ5

hSt���ẴnʲŒAimShs:lǧʾCJ ʉ̮̊ǩˢsŇĊsŉ=tÖĸɆ̦dȅ¼s

ñɞɲ±ñȢɲȠź̭ģǼ˸9eYȲʦ˸qpsȶńʰınˁǈAi̭esƄƙt���Ẵn

ʲŒAimSJ J̮hC ³̭˲s�¯��ətˇŦdȞɣ:fs˓̍qpsɝ˿ʰınˁǈAi̭

ûƺẴrcʲŒAimSh?o;ɑĪAiJ̮�

 
0ƅƎƀǀ�|dh�w�kb�N�

 
}�a[aęĨ:nmƱ9ebİǫơƀbƹĺ 

Jƫã÷ ǱėÅï�ǊŴǲǳóŷâǱēĈ°ǎï��ǜųêǲǳřŷƙëǱėÅï�ǊŴǲ

ƒǔƞƃöǱėÅï�ǊŴǲąāµǱėÅï�ǊŴǲ� �

ǆʧ̝tǦȨrŗȷC.ʧ?ZoĨuihȩǳqǩˢȨlƄƙEhLʧ?Zt.�q¡�qps
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Sh;.˛Ŵȭ˲[sˤú;̜ʤn5hLesʰıoCmt.�¡žʽrehǰǼĻsĆúo

ttx���ɢsňǘ̧sŅĈos̀ˣƒ;ɑĪAimShLȭ˲sƭ̟ȶń;ȂŦ˲oǹ˗
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qḩ̝eiIis̀àlegǈɐrEhƎʰ;5hLǕɎɜnt. ~};ȫglCJĸȣ̫  

~}sȫŁ̬o GIS ¶n�¡ȕ¶r©¯�¡rˮƢCJ|�¯�­²«ĸȣseiIin.ʬ

ţ̧̝lµǜɿlȹSmƫȰC.e?nsȶńʰı̫Ǽȓ.ǼȐ.Ȋˡ.˟ǈź̬lȔŒCJL
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