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Abstract 

Bark beetles of subfamily Scolytinae are known as one of the most destructive pests on  horticultural and forest 
trees, which mainly attack the weak and under environmental stress trees, and may cause an economic damage to trees. 
The Mediterranean pine bark beetle (Orthotomicus erosus) is known as one of the most destructive bark beetles of 
pine, and little is known about the biology and genetic diversity of this pest in Iran. Considering the fact that the 
analysis of mitochondrial DNA provides important information about the genetic diversity of its populations, the 
objective of the present study was molecular identification and determination of genetic diversity among different 
populations of  O� erosus collected from Asia (Isfahan and Kerman provinces) along with Europe and Africa using 
PCR amplification and sequencing of the Cytochrome oxidase I gene (COI), and finally reconstructing of it phylogeny 
analysis. CTAB metod was used in order to extract the samples' DNA. As result of amplification of a fragment from 
the COI gene using a pair of designed primers and polymerase chain reaction (PCR), a fragment 488 of bp length was 
achieved for each sample. The results of sequencing, Blasting and phylogenic studies showed five different haplotypes  
in the given regions. The difference index of genetic distance was also estimated. There was a significant genetic 
difference (x= 0/03, p<0.05) between the populations of Europe, South Africa and Asia. Based on the constructed 
phylogenic tree, collected samples were closer to European populations than South African population, and possibly 
they have originated from this region. 
Key words: COI, Genetic diversity, Mediterranean pine bark beetle, Orthotomicus erosus, Phylogeny 

 
ƶƯŶƤƯ��

�ƵŵřƺƳŚųCurculionidae�ƪŝŚƣ�ƂŴŝ�ƪƯŚƃƸūƺţƾ�ƶƳƺĭ�ƭŚưţ�ŻřŚƷƽ�ƶŤųŚƴƃźŤĭŹżŝ�ƱřƺƴƘŝ�źƋŚů�ƩŚů�Źŵ�ƹ�ƵŶƃƿƵŵřƺƳŚų�Ʋ�
ŝ�Źŵ�ŹŚĪƃō�ƹ�ƮƸƯǀŢŴſ�ƶŤſřŹ�ƲŶƴŤƀƷ�ƱŚƃƺĜƫŚŝ��ŢŴſ���ºƴƛ�ŜºţřźƯ�ƶºŝ�ƱŚƃƺĜƫŚŝƾ��Śºſ�Żř�źºţƿ�ƶºƳƺĭ�ź�ŚºƷƽ��ŹƺƳŚºūƽ��ŶƴŤºƀƷ� �

�Lieutier et al., 2004���ĨſƺſŚƷƽ�Ţſƺě�Ż�Źŵ�Źřƺųƿ�ƵŵřƺƳŚų�źScolytinae�ř�ŻřƿŹřźƣ�ƵŵřƺƳŚų�ƲŶƳŹřŵ����ƱƺƴĩŚºţÏÓ�Şƣǀ���ƶºƬÏÏÒ�

Archive of SID

www.SID.ir

mailto:khajeali@cc.iut.ac.ir���
mailto:khajeali@cc.iut.ac.ir
http://www.sid.ir


Ʋǀŝ�ƵźĮƴƧ�Ʋǀƫƹř�ƵźƄů�ƾƬƬưƫř��Ʊřźƿř�ƾſŚƴƃ�î�ì�ŹƺƿźƸƃ�ÎÐîé� �Ï��

��

2 1st Iranian International Congress of Entomology, 29�31 August 2015 

 

��ºŝ�ƹ�žƴºūǀ�Żř�ƂÓÍÍÍ���ºſřźſ�Źŵ�Ʊō�ƶºƳƺĭ��ŚºſŚƴƃ�ƱŚºƸū�źƾƿ��ƵŶºƃ��ŶºƳř�Lieutier et al., 2004; Wood et al., 1993���ưƷř�ºǀ�Ţ
Ĩſƺſ�ŚƷƽ�ŢſƺěŻ�Źŵ�ŹřƺųƿŢƀſŚƴƃƾ�ƃ�ƹǀŝ�ƕƺǀŹŚưƽ�ƠƬŤŴƯ�šŚƘƫŚƐƯ�ƶŝ�źŬƴƯƾ�řźŝƽ�ƟźƓ�ŵŹƹōźŝǀ�ĭŶºƴĩřźě�ƹ�ŹŚƄŤƳř�Ţƾ�

ƱōƵŶƃ�ŚƷŢſř��řƿĨſƺſ�ƲƟƹŶƳř�ŚƷǀĭŶƳŻ�ƵŹƹŵ�ƭŚưţ�Źŵ�ƹ�Ƶŵƺŝ�Ţƾ�ƵŹƹŵ�żū�ƶŝ�ŵƺųŚƷƽ�ƷŚţƺĩƾĭ�ŢƟŚŝ�ƪųřŵ���ºǀ���źºſ�ƶºŝ�ƵŚ
ƯƾŸƜţ�Śŝ�ƹ�ŶƳźŝƿř�ƹ�ƂĪŝō�ŶƳƹō�Żř�ƶƿźū�Źŵ�ƩǈŤųř�ŵŚŬƿƃ�ƱŚǀƵźţŚŞƳƾ�ŵŚƈŤƣř�šŹŚƀų�ŦƗŚŝ�ġŹŚƣ�ƩŚƤŤƳř�ƹƽ�Ư�ƱŚŤųŹŵ�ƶŝ�ºǀ�Ƶƺ
Ưƾ�ƮƸƯ�Żř�ƹ�ŶƳƺƃ�źţƿƬĮƴū�ƢƏŚƴƯ�Źŵ�šŚƟō�Ʋƾ�Ư�śŚƀů�ƶŝƾōƿŶƴ.(Haack et al., 2006; Avtzis et al., 2014) 

�ƶƳƺĭ(Wollaston, 1857)�Orthotomicus erosus�ůřƺƳ�źſřźſ�Źŵ�ƵŵźŤƀĭ�ŹƺƏ�ƶŝƾ�ŚěƹŹřƽ�ŶƯƿ�ƶºƳřźŤřƽ��ŝƺºƴū�ƹƾ�ºſō��ǀ�ƹ�Ś
źƟōƿŚƤƽƫŚưƃƾ�ŶƳŹřŵ�ŵƺūƹ��řƿƃ�ƶŝ�ƶƳƺĭ�ƲǀƬƾƟ��ǀŬƾźƟō��ƿŚƤƽŝƺƴūƾƺſ��ǀƿř�ƹ�žƿƵŶŰŤƯ�ŢƫŚƽ�źƯōƿƵŶƃ�ŵŹřƹ�ŚĪ�Ţſř(Avtzis 

et al., 2014)��ĨſƺſũŚĩ�ŚƷŚƷƾƿ�ƯŻ�Źŵ�ƶĩǀƲŚƷƽ�Ư�ƶŤƃŚĩ�ĨƄų�ƢƏŚƴƯ�ƹ�ŶƴƬŝ��ŢƀěƾŹřźƣ�ƶƬưů�ŵŹƺƯ�řŹ�ŶƳƺƃƯƾŶƴƷŵ��řƿ�Ʋ
ưƷ�ŢƟōǀƺƳŚŧ�ŢƟō�ƱřƺƴƘŝ�ƶƄƿƯ�ƶŤƟźĭ�źƔƳ�Źŵ�ƶƾŹƹŵ�ƱŚŤųŹŵ�ƶŝ�ƶĩ�ŵƺƃ�Ư�ƶƬưů�Ƃƴţ�ŢŰţ�ƱŚŤųŹŵ�ƹ�ƵŵŚŤƟřƾŶƴĩ��ƤƟƺƯ�ºǀ�Ʊō�Ţ

ŚƷŹƺƄĩ�ƶŝ�ƭƺŬƷ�Źŵƽ�Ưƺŝ�ƵŵƹŶŰƯ�Żř�ũŹŚųƾ�ƳřźĮƳ�ƶŝ�źŬƴƯƾ�ƪŝŚƣƸūƺţƾ�Śſ�ƶŝƿƪĮƴū�źƵŶƃ�ŚƷ�Ţſř(Hebert et al., 2004)���
ƫřƺţ�šŚƗǈƏřƾ�DNA�ƩŚſŹŵŚƷƽ�ųřǀřźŝ��źƽ�ƀŝǀŹŚƽ�Ƶƹźĭ�ŻřŶƴưƳřƺţ�ƖŞƴƯ�ŚƷƽ�řźŝƽ�ſŚƴƃŹŚŞţƾ�Ʊō��Ƶŵźºĩ�ƮƷřźºƟ�ŚƷ��Ţºſř� �

� .(Lieutier et al., 2004ƤŰţǀųř�šŚƤǀřŹŚĩ�źƾƿ�ƴĪţ�Żř�ƵŵŚƠŤſřǀĨŚƷƽ�Ƴĥƾ�ŚſŚƴƃ�ŹƺƔƴƯ�ƶŝ�řŹƾƿ�ƶƳƺĭ�ŚƄƴƯŚƷƽ�Ŷū�ºƿŶŬţ��Ŷ�ºƿ�Ŷ
ŝ�ŻźƯ�Źŵ�źƔƳǀƶƳƺĭ�ƲƵŵŹ�Żř�śŚƘƄƳř�ƱŚƯŻ�ŵŹƹōźŝ��ŚƷŶƴŝƽ�ƫǀě�ƹ�ƶƴƾ��ŹŚĭŻŚºſ�ƶºŝ�Ʊŵźŝƽ���ºŰƯ�ŚºŝǀƎ�ŚºƷƽ��ºƬŰƯƾ��ŚºƷƺĮƫř�ƹƾƿ��Żř

ƫŚƘƟ�ƶƴƯřŵ�ƁźŤƀĭǀĨſƺſ�Źŵ�řŹ�ŢŚƷƽ�ŢſƺěƵŵřŵ�ƱŚƄƳ�Źřƺų�Ţſř.(Maroja et al., 2007)�ŤƳĥ�ƕƺƴţǀ�ºĪƾ�ƿ�ºĪƾ��ƮºƸƯ�Żř�źºţƿ�Ʋ
ƹƿĭĦƾŚƷƽ�ƿƘưū�Ĩǀ�ŢŢſř��ŰƯǀƎƜţ�ƩŚů�Źŵ�ƵŹřƺưƷ�ŚƷǀǀŤƳĥ�ƕƺƴţ�ƹ�ŶƳźǀĪƾ�řźŝƽ�ŹŚĭŻŚſ�ƹ�ƪƯŚĪţ�ƭƹřŶţƽ��ƶºƳƺĭ��řźºŝ�ŚºƷƽ�
Żƿřźƃ�Źŵ�ŢƀƿŶū�ƎƿŢſř�ƭŻǇ�Ŷ��ř�źŝ�ƵƹǈƗƿŤƳĥ�ƕƺƴţ��ƲǀĪƾ�řżƟř�ƶŝ�źŬƴƯ�ħŶƳřƿƱƹŹŵ�ƂƯōǀżƽ�Ư�ƶĩ�ƵŶƃƾ�ĭŶºƳŻ�źŝ�ŶƳřƺţƾ�

Ƙưū�ƹ�ŵřźƟřǀŢƂƷŚĩ�řŹ�ŚƷŶƷŵ.�řźŝŚƴŝƿŻŹř�ƲƿŝŚƾ�ŤƳĥ�ƕƺƴţǀĪƾ��Źŵ�ŵƺūƺƯƿƘưū�ĨǀƮƸƯ�Żř�Ţźţƿ��ŤƳĥ�ƶºƘƫŚƐƯ�Źŵ�ƝřŶºƷř�Ʋ�ºǀ�Ĩ
ƘưūǀŢŢſŚƷ(Freeland, 2001) ��ſŹźŝ�ƵŻƹźƯřƾ�Ƙưū�šŚƘƫŚƐƯǀŤƾ�ŤƳĥ�ƕƺƴţǀĪƾ�Ţſƺěŝ�ƱřŹřƺųǀ�ƁƹŹ�Żř�ƵŵŚƠŤºſř�Śŝ�źŤƄ�ŚºƷƽ�
ƫřƺţƾƿŝŚƾ�Ư�šŹƺƇƾŸěƿř�Żř�ƝŶƷ�ƹ�ŵźƿŞƣ�ƲǀƳ�šŚƘƫŚƐƯ�ƪǀŝ��żǀƘţ�źŤƄǀǀŤƳĥ�ŹŚŤųŚſ�ŵƺūƹ�ƲǀĪƾ�Ĩſƺſ��Ƶŵƺºŝ�ŚºƷ��Źŵ�ƹ�Ţºſř
ŚſƿŚſŚƴƃ��ƝŶƷ�ŵŹřƺƯ�źƾƿ�ƀƤţǀ�ŹŚºţ�šŚưƿŴƾ�Ɯţ�ƹ�ºǀǀƟřźƜū�šřź�ºǀŚƾƿ�Żƿ�Ťºƀƾ��ºƯƾ�ŶºƃŚŝFoottit et al., 2011) ����ŚƷźĮƳŚºƄƳƽ�
ƯƺƫƺĪƫƾ�źĮƳŚƄƳ�ƶƬưū�ŻřŚƷƽ�ƯǀŹŶƴĩƺŤƽ��ŚƷŹřżŝřƽ�ŞſŚƴƯƾ�řźŝƽ�ſŹźŝƾ�ŤƳĥ�ƕƺƴţǀĪƾ�ƘưūǀŢŚƷƽ���ƶºƬưů�Żř�šřźƄů�ƞƬŤŴƯ

Ư�ŢƟō�šřźƄůƾƃŚŝƴŶ .řƿ�ƲŚƷŹƺƄĩ�Źŵ�ŢƟōƽ�ůřƺƳ�ƞƬŤŴƯƾ�ŶƯƿƶƳřźŤřƽ�ƶŞƴū�ŻřŚƷƽ�ŤƳĥ�ƕƺƴţ�ƶƬưū�Żř�ƞƬŤŴƯǀĪƾ�ƘưūǀŢ�
ŚƷƽ�ſŹźŝ�ŹƺƄĩ�Źŵ�ŵƺūƺƯƾ�ƵŶƃƫƹ�ŶƳřƾ�ř�ŹŵƿƷ�ƱřźǀƤŰţ�ĢǀƤƾ�ř�ŹŵƿƯŻ�Ʋǀ�ƶƴƶŤƟźĮƳ�šŹƺƇ�Ţºſř���ŹŚºƸģ�Ɵ�śƺºģǀŤƳĥƺƬ�ºǀ�Ĩ

ŢŴſřźŝ�ƱŚƃƺĜƫŚŝƽ�ƫƹřǀƲ�Ʊƺſƹřźĩ�Ǝſƺţ�ŹŚŝ(Crowson)�řƿŵŚŬſƺŝ�ƹ�ŶƃǀƶƬ�żŬţƿƬŰţ�ƹ�ƶǀƟ�ƪǀƳĥƺƬǀĥƺƫƺƟŹƺƯ�Żř�ƵŵŚƠŤſř�Śŝ�Ĩƽ�
ƫřƺţ�ƹƾƿŝŚƾDNA �Śţ�ŵŹƺƯǀƿŹřźƣ�Ŷ�ŢƟźĭ�Lieutier et al., 2004���ţŚƘƫŚƐƯƾ�ƫřƺţ�ŽŚſř�źŝ�ƶƧƾƿŝŚƾ���ǇŚºŝ�ƕƺºƴţ�Śŝ�ƢƏŚƴƯƽ�DNA�

ƯǀŹŶƴƧƺŤƿŚƾƿ�Ư�šŹƺƇƾŸěƿŚƷŹŚŤųŚſ��ŵźƽ�ƵźŬƃſŚƴƃƾ�ƟřźƜūǀŚƾƿ�ƿƟ�ŚǀŤƳĥƺƬǀƨƾ�ƶƳƺĭŚƷƽ�ŵżƳƿ�ƦƮƷ�ƹ�ƮƸŝ�ºƴģǀ��ŹŚŤųŚºſ�Ʋ
ŤƳĥǀƨƾ�ƘưūǀŢŚƷƽ�Ư�ƭƺƬƘƯ�řŹ�ƞƬŤŴƯƾ�ŵŻŚſ�Khaniki, 2006���ƶƘƫŚƐƯřƽ�ŝ�ƶĩ�ŵŹƹōźŝ�ŹƺƔƴƯ�ƶ�ŚºưţƿƘưū�ż�ºǀŢ�ŚºƷƽ��ºŝǀƲ��ƹŵ

ƶƤƐƴƯ��ƹ�ħŹŵšŚƟǈŤųř�ŻƿŢƀŰƯǀƐƾ��Ĩſƺſ�Żř)1758 ,Linnaeus(�piniperdaTomicus �ƫřƺţ�ŽŚſř�źŝƾƿŝŚƾ��ŚŝCOI��šŹƺºƇ�

ƶŤƟźĭƱŚƄƳ��ŢſřƯƾ�ƕƺƴţ�ŶƷŵmtDNA�ƘưūǀŢŚƷƽ�ſōǀƶƳƺưƳ�ƹ�ŢſŚěƹŹř�Żř�źŤưĩ�ŚŚƷƽ�ſōǀ�ƶŝ�ƢƬƘŤƯ�Śƿ�Ŷū�ƶºƳƺĭ�Ĩ�ºƿ�ºƯ�Ŷƾ�
�ŶƴƃŚŝDuan et al., 2004)���ƮƷƴģǀƫřƺţ�Ʋƾ�ƿŝŚƾ�Ö�ƘưūǀŢ(Heer, 1836) � Ips cembraeŻř���Śºŝ�ŚěƹŹřÏ�Ƙưū�ºǀ�ºſō�ŢǀŚƾƿ���ŚºŝCOI��

ǇŚŝ�ƝǈŤųřƾƿ�ƟřźƜū�źƔƳ�Żř�řŹǀŚƾƿ�ŝǀř�ƲƿƘưū�ƲǀŢƱŚƄƳ�ŚƷƵŵřŵ�Ţſř.(Christina, 2011)��
ųřǀŚŝ�řźųƹ�ƶŝ�ƶūƺţǀƮřźƃ�ƱŶƃƿřƺƷ�ƹ�śō�Ǝƾƿ�řżƟř�ƹ�ŹƺƄĩƿ�Ƃ�Ƃƴºţ�ŚºƷƽ�ŰƯǀ�ºƐƾ�Şƣ�Żř�ºǀ�ĪºƄų�ƪƾ�Ŷě�ƹ�ŚºƯźĭ���ºƿ�ƵŶ

ŹƿŢſƺě�ƶƬưū�Żř�ƞƬŤŴƯ�šŚƟō�ƁźŤƀĭ�ƶŝ�źŬƴƯ��ŹƺƄĩ�ƞƬŤŴƯ�ƢƏŚƴƯ�Źŵ�ŚƷŵźĭżƵŶƃ�ŚƷŹřƺųŢſř��ƿĪƾ�ƮƸƯ�Żřźţƿ��šŚºƟō�Ʋ
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ųř�śźŴƯǀřŹřŵ�ƢƏŚƴƯ�Źŵ�źƽ�Ţſƺě�Ĩſƺſ��ũŚĩƯ�ũŚĩ�Źřƺųƾ�ƱŚſřźų��ƱŚƯźĩ��ƱŚƸƠƇř�ƪŨƯ�ŹƺƄĩ�ƞƬŤŴƯ�ƢƏŚƴƯ�Źŵ�ƶĩ�ŶƃŚŝ
�ƹţřŹŚƀų�ƱřźƸţƾ�Ƶŵźĩ�ŵŹřƹ�ũŚĩ�ƱŚŤųŹŵ�Źŵ�řŹŢſř��Ż�šŚƘƫŚƐƯƿŵŚƽ�ŝ�ƅƺƈų�ŹŵǀĥƺƫƺƽƳŚĪƯ��ǀšŹŚƀų�ƮƀřŻƾƿ�ƴĤưƷ�ƹǀ�Ʋ

ŤƳĥ�ƕƺƴţǀĪƾ�řƿƵŶƄƳ�ƭŚŬƳř�ŹƺƄĩ�Źŵ�ŢƟō�ƲŢſř��ƤŰţ�ƭŚŬƳř�Żř�ƝŶƷ�řŸƫǀŚſŚƴƃ��źƋŚů�Ƣƾƿ�ƫƺĪƫƺƯƾ�Ƙưū�ºǀŢ��Ĩºſƺſ�ŚºƷƽ�
ŢſƺěŶƯ�ŹřƺųƿƶƳřźŤřƽ��ũŚĩ�ƢƏŚƴƯ�Źŵźĩ�ƹ�ƱŚƸƠƇřŨĪţ�Żř�ƵŵŚƠŤſř�Śŝ�ƱŚƯǀƫřƺţ�ƹ�źƾƿŝŚƾ�ſ�ƱĥǀƭƹźĩƺŤƀĩřǀŻřŶƿĨ�ƯǀŹŶƴĩƺŤƿŚƾƿ�
(COI)��ƹſŹźŝƾ�ŤƳĥ�ƕƺƴţǀĪƾ�ƶƳƺưƳ�ŚŝŚƷƾƿ�źƟř�ƹ�ŚěƹŹř�ŻřƿƫŚƳō�ƹ�ŚƤǀſŚƴƃŹŚŞţ�żƾ�ƱōƵŵƺŝ�ŚƷŢſř���

��
ƁƹŹ�ƹ�ŵřƺƯŚƷ��

ƖưūŹƹōƽ�ƶƳƺưƳŚƷƽ�Ţſƺě�ĨſƺſũřźŴŤſř�ƹ�ũŚĩ�ŹřƺųDNA ��
ƖưūŹƹōƽ�ƶƳƺưƳƏ�ŚƷƾ�ƩŚſŚƷƽ�ÎÐÖÐ��ƹÎÐÖÑ���ŻřƶƤƐƴƯ�ŹŚƸģ��ƱŚŤſř�ƱŚŤſźƸƃ��ƹ�ƱŚƸƠºƇř�ºƿ����ƱŚºƯźĩ�ƱŚŤºſř�ƶºƤƐƴƯ�Ĩ

��ƩƹŶūÎ���Ŷƃ�ƭŚŬƳř�ƯŚſřƾ�ŶƳŶƃ�ƵŵŚƠŤſř�ŹŚƈŤųř�šŹƺƇ�ƶŝ�ƶƯřŵř�Źŵ���ƶƳƺưƳ�žĜſŚƯŻō�ƭŚŬƳř�ŢƸū�ŚƷƿ�ŚƯŻō�ƶºŝ�šŚƄƿ��ƵŚĮºƄ
ŤƘƴƇ�ƵŚĮƄƳřŵƾ��ƪĪƫř�Źŵ�ƹ�ƪƤŤƴƯ�ƱŚƸƠƇřÔÍ�ŚƯŵ�Źŵ��ŶƇŹŵƽ�ÏÍ��ƀƬſ�ƶūŹŵǀƶĮƳ�ŽƺŹřŵƽ�ŶƳŶƃ���

řźŝƽ��ũřźŴŤſřDNA�Ţſƺě�ƁƹŹ�ŚƷŹřƺųCTAB�ŹŚĪŝŢƟŹ��(Cognato et al., 2000; Jordal et al., 2004���
��

ƩƹŶū�Î��ƶƳƺưƳŚƷƽ�Orthotomicus erosus�ƖưūŹƹōƽ�ƱŚŤſř�ƞƬŤŴƯ�ƢƏŚƴƯ�Żř�ƵŶƃŚƷƽ�ƱŚƸƠƇř�ƹ�ƱŚƯźĩ��
Table 1. Collected Orthotomicus erosus samples from various areas of Isfahan and kerman provinces. 
 

Abbreviation Area Province 
Isf-Bkt 1 Bakhtiyar dasht Isfahan 
Isf-Bkt 2 Bakhtiyar dasht Isfahan 

Isf-Psh 1 Park shargh Isfahan 
Isf-Mak 1 Malek shahr Isfahan 
Isf-Sof 1 Koh sofe Isfahan 
Ker-Raf 1 Rafsanjan Kerman 

 
Ï��ŬƳŻ�ƂƴĩřƹǀƵźřƽ�ƬěƾŻřźƯ��

ŨĪţ�ŢƸūǀƄŴŝ�źƾ�ſ�Ʊĥ�ŻřǀƭƹźĩƺŤƀĩřǀŻ�ŻřŶƿ�Ŷůřƹ�źƿ�Ĩ�COI�����ƶƘƐƣÑÕÕ�ŻŚŝƽ�ƵŵŚƠŤſř��Ŷƃ���
��

ƩƹŶū�Ï��ŚƷźĭŻŚƛōƽ�ţƺŘƬĩƺƳǀŶƽ��ƭŚŬƳř�ŢƸūPCR�ƫřƺţ�ƹƾƿŝŚƾ���
Table 2. Primers used for PCR amplification and sequencing. 
 

First cited lenght Sequence�Primer Primer name Gen 
(Simon et al., 1994) 23 

5-'GGA TCA CCT GAT 
ATA GCA TTC CC-3' C-1J-1751 (F) COI 

(Simon et al., 1994) 26 
5'-CCC GGT AAA ATT 

AAA ATA TAA ACT TC-3' C1-N-2193 (R) COI 
 

Ƃƴĩřƹ�ƩƺƬŰƯPCR �ĩźţ�Śŝǀ�ŜÒ�Î�ƯǀƫƹźĪǀ�źƟŚŝ�źŤXÎÍ�ƹŚůƽMgCl2 ��Ò�Í�ƯǀƫƹźĪǀ�źŤdNTP��Ò�ÍƯǀƫƹźĪǀ��źĭŻŚƛō�źƷ�Żř�źŤ
Ò�Í�ƯǀƫƹźĪǀżƳō�źŤƿƮTaq �Ƭěǀ��ŻřźưÒ�Õ�ƯǀƫƹźĪǀ�ƹ�śō�źŤÐ�ƯǀƫƹźĪǀ�źŤDNA������ƮºŬů�Śºŝ�ƩƺºƬŰƯ�ƕƺºưŬƯ�Źŵ�ƺĮƫřÎÒ�ƯǀƫƹźĪǀ��źºŤ
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ƵŵŚƯō�Ŷƃ��Ƃƴĩřƹ�ƶƯŚƳźŝPCR �ŨĪţ�Źŵ�ƵŵŚƠŤſř�ŵŹƺƯǀƳĥ�ƶƘƐƣ�źƾ��Źŵ�źƔƳ�ŵŹƺƯÓ�ƶƳƺưƳ DNA �ƹ�šŹƺƇ�ƶŝŢƃźſřŻŚſƽ�ƫƹřǀ�Źŵ�ƶ
ŚƯŵƽ�ÖÑ�ſ�ƶūŹŵǀƬǀƀǀ�šŶƯ�ƶŝ�Žƺƿƣŵ�Ĩǀ�žĜſ�ƶƤÐÖ�Ţƃźſřƹ�ƶƬůźƯ�Źƹŵ�źƷ�Źŵ�ƶĩ�ŹƹŵŻŚſƽ��šŶƯ�ƶŝÑÒ�ƳŚŧǀŚƯŵ�Źŵ�ƶƽ�
ÖÑ�ſ�ƶūŹŵǀƬǀƀǀ�šŶƯ�ƶŝ�ƩŚƈţř�ƶƬůźƯ��ŽƺÑÒ�ƳŚŧǀŚƯŵ�Źŵ�ƶƽ�ÒÐ�ſ�ƶūŹŵǀƬǀƀǀŨĪţ�ƶƬůźƯ�ƹ�Žƺǀ�šŶƯ�ƶŝ�źÑÒ�ƳŚŧǀŚƯŵ�Źŵ�ƶƽ�
ÔÏ�ſ�ƶūŹŵǀƬǀƀǀ�žě�ƹ�ŽƺŚƸƳ�Ǝƀŝ�Ʊō�Żřƾƿ�ƣŵ�Ūƴě�šŶƯ�ƶŝǀŚƯŵ�Źŵ�ƶƤƽ�ÔÏ�ſ�ƶūŹŵǀƬǀƀǀŵƺŝ�Žƺ���ƶŝ�ƩƺƈŰƯ�Żř�ƵŶƯō�Ţſŵ
ŨĪţǀƳĥ�ƶƘƐƣ�źƾ�ƶƳƺưƳ�ŹŵƹŹ�źŝ��ŚƷƽ TBE Õ���Ưō�ĬƳŹ�Żř�žě�ƹ�Ŷƃ�ŻŹƺƟƹźŤĪƫřǀżƽ�ţř�ŚŝǀŶƿƭƺŚƯƹźŝƿ�Żř��ŶŚƷŶƳŚŝƽ�ƵŶƷŚƄƯ�ƵŶƃ
ƹŹƽ�žĪƗ�ƩĥŹřŵźŝƽ��Ŷƃ�Cognato et al., 2000����

��
Ð��ƫŚƳōǀż�ƫƺĪƫƺƯƾ��

ƆƫŚų�Żř�žěŻŚſƽ��ƩƺƈŰƯPCR�řźŝƽ�ƫřƺţƾƿŝŚƾ�Ƶźĩ�ƱĥƹźĩŚƯ�Ţĩźƃ�ƶŝŝƺƴūƾ��ƫřƺºţ�ƹ�ƩŚſŹřƾ�ŚºƷƽ��ŢºſŶŝ�ƵŶºƯō��Śºŝ�
ƫřƺţƾŚƷƽ�ŵƺūƺƯ�Źŵ�Ʊĥ��ĨƳŚŝ�Śěƿ�ƵŚĮNCBI��ŚƤƯƿŶƃ�ƶƀ�ƹ�ƫřƺţƾŚƷƽ�ŵżƳ�ƹ�ƶŝŚƄƯƿŢſŶŝ�Ĩ�ŹřżƟř�ƭźƳ�Ĩưĩ�ƶŝ�ƹ�ŶƳŶƯōBlast�
ŚƤƯƿƫřƺţ�ƶƀƾšŹƺƇ�ŚƷŸěƿ�ŢƟź.(Cognato et al., 2000)�ŻŹř�ŢƸūƿŝŚƾ�ŤƳĥ�ŢƷŚŞƃǀĪƾ�ſŚƴƃŹŚŞţ�ŢųŹŵ�ƮſŹ�ƹƾ��ƭźºƳ�Żř��ŹřżºƟř

MEGA6�ƫřƺţ�ƹ�ƵŵŚƠŤſřƾ�ſřǀŚƷŶƽŘƬĩƺƳǀſƹ�ƶŝ�Ĩǀ�ƶƬclustal x��ƁƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�Neighbor joining��źţŚƯ�ƩŶƯ�ƹƿƀƾKimura 

2- parameter)��ŤƳĥ�ƪƇřƺƟǀĪƾ�Ɵ�ŢųŹŵ�ƹǀƳĥƺƬƾ�Ŷƃ�ƮſŹ��ſŚƴƃŹŚŞţ�ŢųŹŵ�ƱƺƯŻōƾ��ƁƹŹ�ŚŝBootstrap�řźŝƽ�ÎÍÍÍ��źŝ�ŹřźĪţ
ƹŹƽ�ƶųŚƃŚưƳ�ŚƷƿƵŶƃ�Ƶŵřŵ�Ƃ�Ţſř�(Lakatos et al., 2007���
��

�ƩƹŶūÐ��ƱĥŚƷƽ�ſ�ƹ�Ʊĥ�ĨƳŚŝ�Żř�ƵŵŚƠŤſř�ŵŹƺƯǀƮŤƀ�ƭŚƳŹřŸĭƽ�BOLD�ƬŰţ�ŹŵǀƪŚƷƽ�ŹŚƯōƽ���
Table 3. Datasets from GenBank and BOLD-system included in the analysis. 
 

Species Country Abbreviation Sequence ID 

O. erosus 
Spain- 

Balearic Islands, Baleares Spn-BI SCOL066-12.COI-5P 

O. erosus South Africa-West Cape Afr-WC SCOL225-12.COI-5P 

O. erosus 
 

South Africa-Knysna, 
Millwood Road 

Afr-KM KC845480 
 

 
Ñ��ŤƳĥ�ƕƺƴţǀĪƾ��

řźŝƽ�ŤƳĥ�ƶƬƇŚƟ�ƶŞſŚŰƯǀĪƾ�ƱƹŹŵƶƳƺĭřƽ�ĨſƺſŚƷƽOrthotomicus erosus �ƢƏŚƴƯ�Źŵ��ŹřżƟř�ƭźƳ�Żř�ƞƬŤŴƯMEGA6��ƩŶƯ
Jukes-cantor (1969)�ſƺŝǀƶƬCompute Pairwise distances �ūƹźų�ƹƾ�źţŚƯ�šŹƺƈŝ�Ʊō�Ƶŵřŵƿƀƾ�����řźºŝ�ƹ�ƪºƀĩř�ŹřżºƟř�ƭźºƳ�Źŵƽ�
ŤƳĥ�ƶƬƇŚƟ�ƶŞſŚŰƯǀĪƾ�ŝǀƲƶƳƺĭřƽ��Ð�ƵŹŚƣ�ſƺŝ��ǀ�ƶƬCompute Between Group Mean distances�ūƹźų�ƹƾ���šŹƺºƇ�ƶŝ�Ʊō�Ƶŵřŵ

ƳƺŤſƾ�ƭźƳ�ŹŵƵŵŚƠŤſř�ƪƀĩř�ŹřżƟřŶƃ���
 

ŚŤƳƿŦŰŝ�ƹ�Ū��
Źŵ�ŤƳǀƶŬ�ŨĪţǀź�ſ�Ʊĥ�ƶƘƐƣǀƭƹźĩƺŤƀĩřǀŻřŶ�Żƿ�Ŷůřƹ�źƿ�Ĩ�ŹŵƘưūǀŢŚƷƽ��ƞƬŤŴƯŢſƺěŹřƺų�ƖưūŹƹōƽ�ŚƷŶƳŚŝ��ƵŶƃƽ�

ÑÕÕ�ŻŚŝƽ��Ʃĥ�Źŵ�ŻŹŚĭōƵŶƷŚƄƯ�ŵƺŝ�ƢŝŚƐţ�Źŵ�ŹŚƔŤƳř�ŵŹƺƯ�šŚƘƐƣ�Śŝ�ƶĩ�Ŷƃ��ƪĪƃÎ���ƫřƺţ�ƭŚưţƾǇŚŝ�ŢƷŚŞƃ�Śŝ�ŚƷƽ�ÖÕ��ŶƇŹŵ
ƫřƺţ�ŚŝƾŚƷƽ�ſǀƭƹźĩƺŤƀĩřǀŻ�ŻřŶƿ�Ŷůřƹ�źƿŢſƺě�Ĩſƺſ�ĨŶƯ�ŹřƺųƿƶƳřźŤřƽ��������Źŵ�ŵƺºūƺƯ�ƶºƳƺĭ�řŸºƫ�ƹ�ŶƴŤºƃřŵ�ŢƷŚŞºƃ�ũŚºĩ
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ƕƺƳ�Żř�ũŚĩ�ƹ�ƱŚƸƠƇř�Ƶŵƺƫō�ƱŚŤųŹŵ�O. erosus�ŴƄţǀƆ�Ƶŵřŵ��Ŷºƃ�ƶºĩ���ŚºŤƳ�ŚºŝƿŪ�Ƭĩ�ºǀŶ��ŚºſŚƴƃƾƿ���źºŝ�ƶºĩ �ŽŚºſř ƹƿ�ºĭĦƾ�ŚºƷƽ�
ĥƺƫƺƟźƯƿĪƾ �źſ ěǀƂƵŵźĭ ƹ ƁƺĜƫŚŝŚƷ ƭŚŬƳř ƵŶƃƳ�ŵƺŝǀ�żƮƷƳřƺųƾ�Ţƃřŵ���

 

 
ƪĪƃ�Î���Żř�ƪƇŚů�ŻŹƺƟƹźŤĪƫřÓ�ƶƳƺưƳDNA �ƹŹ�źŝƽ�ŻŹŚĭō�Ʃĥ��ŚŝŹŶƫ�1 kb���

Fig .1. The electrophoresis image of 6 DNA samples on the Agarose gel with Lader 1 kb. 
 

żŬţƿƶƃƺų�ƶřƽ�ŞſŚƴƯ�ƁƹŹƾ�řźŝƽ�ƵŻřŶƳřĭǀźƽ�Ƙţ�ƹǀǀŤƳĥ�ƪƇřƺƟ�ƲǀĪƾŹƹŵ��ƽ�ƿŵżƳ�ŚƿĪƾ�ƺųƿŶƳƹŚƄƽ��ºŝǀţƺƳĥ�Ʋ�ºǀĚ��ŚºƷ
ƯƾŶƃŚŝ��źŝŚƴŝřƿżŬţ�Ʋƿƶƃƺų�ƶřƽ�ŝ�ŢƷŚŞƃ�ŵŹƹōźŝ�ƁƹŹǀ�Źŵ�ŵřźƟř�ƲƿƘưū�Ĩǀ�ŢŢſř.�żŬţ�ŻřƿƬŰţ�ƹ�ƶǀƫřƺţ�ƪƾ�ŚºƷƽ���ŢºſŶŝ

ſźţ�Żř�ƵŶƯōǀƟ�ŢųŹŵ�ƮǀƳĥƺƬƾƶƳƺưƳ���ƱřƺƴƘŝ�ŚƷO. erosus�ŚſŚƴƃƾƿ�ŶƳŶƃ��ƶƳƺưƳŚƷƾƿ�ŞƀƳ�źƔƳ�Żř�ƶĩƾ���ŢºųŹŵ�Źŵ��ŶƴƃŚŝ�ƶŝŚƄƯ
ƟǀŤƳĥƺƬǀĪƾ�Ư�Ƶƹźĭ�ƮƷƾŶƳƺƃ��Ɵ�ŢųŹŵǀƳĥƺƬƾ�Ƶŵřŵ�Żř�ƪƇŚůŚƷƽ�ƫƺĪƫƺƯƾ�řźŝƽ�Ó��ºſŹźŝ�ŵŹƺƯ�ƶƳƺưƳƾ��ƪĪºƃ�Źŵ��Ï��ƵŵŹƹō�

ƵŶƃŢſř��ƶƳƺưƳ�ƶŝ�ŚƷÏ�Ƭĩ�Ƶƹźĭƾ�ƀƤţǀŶƳŶƃ�Ʈ��řŹřŵ�ƶĩ�Ʃƹř�Ƶƹźĭƽ�Ż�ƹŵƿ�Źŵ�ƶĩ�ƶƗƺưŬƯ�źƿ��ŚºƸƴţ�Ʊō�ƂŴŝ�Ĩ�ºƿ��Żř�ƶºƳƺưƳ�Ĩ
Ƶƺĩ�ƶƠƇ�ƱŚƸƠƇř��Ż�Źŵ�ƹƿŵ�ƶƗƺưŬƯźƿƘưū�źĮǀŢŚƷƽ��ƱŚƸƠƇř�ƵƺĩżŬŝƶƠƇ���Źřźºƣ�ŶºƴŤƟźĭ��Ż�Źŵ�ºƿ����ƶºƳƺưƳ�ŚºƸƴţ��Ʃƹř�ƶųŚºƃ�ź

ħŹŚě�ơźƃ�ƱŚƸƠƇř���ŹŵƶƳƺưƳ�ŹŚƴĩŚƷƾƿ�źƟō�ƹ�ŚěƹŹř�ŻřƿŚƤƽŝƺƴūƾ�ŹřźƣŢƟźĭ��ŻƿƶƳƺưƳ�ƕƺưŬƯ�Żř��ƭƹŵ�ƶųŚƃ�źŚƷƽ�ĨƬƯ�ƹ�źƸƃ
ŚƷŻŚƟƽ�ŤŴŝ�ƞƬŤŴƯǀŹŚ�Ţƃŵ�ƱŚƸƠƇř��ĪƄţǀƪŶƃ��ƱŚƯźĩ�ƶƳƺưƳ�ƶŝ�ƍƺŝźƯ�ƭƹŵ�Ƶƹźĭ�ƗźƟ�ƶųŚƃ�ŶƣŚƟ�ƹ��ƱŚŬƴƀƟŹƾ�ŵƺŝ���

 

 
ƪĪƃ�Ï��Ɵ�ŢųŹŵǀƳĥƺƬƾ�Ƙưū�Żř�ƪƇŚůǀŢŚƷƽ��ƞƬŤŴƯĨſƺſ Orthotomicus erosus �ŽŚſř�źŝƫřƺţƾƿŝŚƾ�Ʊĥ�COI���

�ĨſƺſOrthotomicus caelatus�ƱřƺƴƘŝ�ƱƹźŝƶƳƺĭ�śŚŴŤƳř�ƵŶƃŢſř���
Fig. 2. a Neighbor joining tree of Orthotomicus erosus obtained from various populations based on COI sequences. 
Orthotomicus caelatus (Eichhoff, 1868) has been used as an out-group. 
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ŤƳĥ�ƶƬƇŚƟǀĪƾ�ƱƹŹŵƶƳƺĭřƽ�Źŵ�ƩƹŶū�Ñ�ƵŵŹƹō�ƵŶƃŢſř��ŤƳĥ�ƶƬƇŚƟǀĪƾ�ƱƹŹŵ�ƵŶƷŚƄƯƶƳƺĭřƽ������ƕƺºƴţ�Śºŝ�ƪºƯŚĩ�ŹƺºƏ�ƶºŝ��
ƱƹŹŵŝ�Źŵ�ƶƳƺĭǀŚſ�ƲƿƯ�ŹŚĭŻŚſ�šřźƄů�źƾŶƃŚŝ���řźºŝƽ��ƱĥCOI��ŤƳĥ�ƶƬºƇŚƟǀ�ºĪƾ��ºŝǀƲ�ƶºƳƺĭřƽ�ŝǀ�ƱƹŹŵ�Żř�źŤºƄ�ƶºƳƺĭřƽ���ƹ�ŵƺºŝ
ƌƘŝŹŵƾ��Śŝ�ŵŹřƺƯƿŶĪƿƮƷ�ŢƫŚů�źĮƳŚƃƺěƾ��ŶƳŹřŵ(Duan et al.,2004)���

��
�ƩƹŶūÑ��ŤƳĥ�ƶƬƇŚƟ�ƶŞſŚŰƯǀĪƾ�Ĩſƺſ�ƹŵ�ƶŝ�ƹŵŚƷƽOrthotomicus erosus �ƢƏŚƴƯ�Źŵ�ƞƬŤŴƯ�źŝ��ƩŶºƯ�ŽŚſřJukes-cantor 

(1969)���
Table 4. Compute Pairwise genetic distance of Orthotomicus erosus in various areas based on Juke-Cantor (1969) model. 
 
                                        Isf-Psh 1    Isf-Mak 1   Isf-Sof 1    Isf-Bkt 1     Isf-Bkt 2    Ker-Raf 1    Afr-WC   Spn-BI      Afr-KM 

Isf-Psh 1 
 

Isf-Mak 1 0.033 
 

Isf-Sof 1 0.028 0.033 
 

Isf-Bkt 1 0.030 0.033 0.030 
 

Isf-Bkt 2 0.033 0.030 0.025 0.015 
 

Ker-Raf 1 0.041 0.041 0.036 0.038 0.033 
 

Afr-WC 0.015 0.028 0.033 0.030 0.033 0.036 
 

Spn-BI 0.023 0.036 0.028 0.028 0.033 0.041 0.018 
 

Afr-KM 0.013 0.028 0.030 0.028 0.028 0.033 0.008 0.020 
 

 
�ƩƹŶūÒ��ŚƤƯƿƶƀ�ƘưūǀŢŚƷƽ�ŝǀƲƶƳƺĭřƽ�ĨſƺſŚƷƽOrthotomicus erosus ��ŹŵÐ�źŝ�ƵŹŚƣŽŚſř�ƩŶƯ�Jukes-cantor (1969)���

Table 5. Compute Between Group Mean distances of Orthotomicus erosus in three areas based on Juke-Cantor (1969) 
model. 

 
 Area Area 
0/0279 Europe Asia 
0/0313 Africa Asia 

  
ƯǀŤƳĥ�ƕƺƴţ�ƱřżǀĪƾ�ſō�Źŵǀ�Ś�Ò�ŚţƺƬěŚƷƿřźŝ�Ěƽ�Ó�ŵźƟ��ŚƤƯ�ŹŵƿƶƳƺưƳ�Śŝ�ƶƀŚƷƽ��ŚěƹŹř�Żř�ƶŝŚƄƯ�Î�ŵźƟ��źƟō�ƹƿŚƤƽŝƺƴūƾ��Ï�

ŵźƟ��ŵƺŝ�źŤưĩ��ŚŤƳƿźţŚƯ�ŪƿŤƳĥ�ƶƬƇŚƟ�žǀĪƾ���ƩƹŶūÑ��ƱŚƄƳŝ�ƶĩ�ŵřŵǀ�ƹŵ�ƲħŹŚě�ƶƳƺưƳ�ơźƃ�Isf-Psh 1��źƟōƹƿŚƤƽŝƺƴūƾ��Afr-

KM��źŤưĩƿŤƳĥ�ƶƬƇŚƟ�ƲǀĪƾ��ÍÎÐ�Í��ŵŹřŵ�ŵƺūƹ��ƮƷƴģǀŝ�ƲǀźŤƄƿŤƳĥ�ƶƬƇŚƟ�ƲǀĪƾ��ÍÑÎ�Í��ŝǀ�ƱŚƯźĩ�ƶƳƺưƳ�ƹŵ�Ʋ(Ker-Raf 1)�
��ŚººěƹŹř�Śººŝ(Spn-BI)�ŵŹřŵ�ŵƺººūƹ��ř�Śººŝººƿ�ŚººŤƳ�ƩŚººů�ƲƿŤƳĥ�ƕƺººƴţ�ŪǀººĪƾ��ŚººŤƳ�ƶŝŚººƄƯ�ǈƯŚººĩƿŬƾ���ŵŹƺººƯ�Źŵ�ǈŞººƣ�ƶººĩ�ŵƺººŝ� �

(Col.: Scolytinae)�T. pinipenra �ſŹ�ŢŞŧ�ƶŝǀƵŶ�ŵƺŝ(Duan et al., 2004)��ŚŤƳƿř�ŪƿƤŰţ�ƲǀĩŚů�Ƣƾ��Ƙưū�ƶºĩ�Ţſř�Ʊō�Żř�ºǀŢ�ŚºƷƽ�
O.erosus�ƱŚŤſř�Źŵ�ŵƺūƺƯŚƷƽ��ƪƯŚƃ�Ɩƣřƹ�Źŵ�ƱŚƯźĩ�ƹ�ƱŚƸƠƇřÒ�ŚţƺƬěŚƷƿƯ�ĚƾŶƴƃŚŝ��ŚŤƳƿſŚƴƃŹŚŞţ�ŢųŹŵ�Ūƾ�ƱŚƄƳƯƾ�ƶĩ�ŶƷŵ
ưĩ�ƕƺƴţƾ��ÍÐ�Í��ŝǀƶƳƺưƳ�ƲŚƷƽ�ŵŹřŵ�ŵƺūƹ�ƱŚƸƠƇř��ƟźƏ�Żřƾ�ƶƤŞƏŶƴŝƽ�ŝǀƶƳƺưƳ�ƲŵƹŶů�Śţ�ŢƀƳřƺţ�ŚƷƽ�ƶƳƺưƳ���źºƔƳ�Żř�řŹ�ŚºƷ

ŶưƷ�Żř�ŚƄƴƯƿřŶū�źĮŶƴĩ��Ɵ�ŢųŹŵ�ƶŝ�ƶūƺţ�ŚŝǀƳĥƺƬƾ�Ƶŵřŵ�Żř�ƪƇŚůƶƳƺưƳ��ŚƷŚƷƽ�ŚƤƯ�Źŵ�ƱŚƸƠƇřƿƷƹźĭ�Źŵ�ƱŚƯźĩ�ƶƳƺưƳ�Śŝ�ƶƀƾ�
Źřźƣ�řżŬƯƯƾĭǀƟřźƜū�ƶƬƇŚƟ�Śŝ�ƢŝŚƐƯ�ƶĩ��ŶƳźǀŚƾƿ�ŝǀ�ƲŢſř�ƱŚŤſř�ƹŵ��ƮƷƴģǀ���ƶºƳƺưƳ�ƲŤƟźºĭ�Źřźºƣ�Ʋ�ŚºƷƾƿ����ƞºƬŤŴƯ�ƢƏŚºƴƯ�Żř
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ŤŴŝǀŹŚĨƬƯ�ƹ�ŢƃŵŻ�Źŵ�źƸƃƿŚţ��ƭƹŵ�ƶųŚƃ�źǀƿř�ƶĩ�Ţſř�Ʊō�źŝ�ŶƿƳ�ƹŵ�ƲǀƳŚŤſř�ƱƹŹŵ�ŢƟŚƀƯ�ƑŚŰƫ�Żřżƾ�ŵżƳ�ƮƷ�ƶŝƿ��ºƯ�źºŤĪƾ�
ŶƴƃŚŝ��ħŹŚě�ƶƳƺưƳ�ŚƸƴţ�ơźƃ�Isf-Psh 1��ŝǀƶƳƺưƳ�ƲŚƷƽ�źƟō�ƹ�ŚěƹŹřƿŚƤƽŝƺƴūƾ�Źřźƣƶĩ�ŢƟźĭ�Ǉŵ�ŻřƿƶƤŞƏ�Śŝ�ƢŝŚƐţ�ƭŶƗ�ƪ�Ŷºƴŝƽ�
ŚſƿƶƳƺưƳ�źŚƷƽ�ƖưūŹƹōƽ�Ư��ƵŶƃƾŤƳĥ�ƕƺƴţ�ƹ�Ʊŵƺŝ�žƳŚŬŤƯŚƳ�ƶŝ�ƱřƺţǀĪƾ�ƟŚĩŚƳ�ŵřŶƘţ��Ʊō�Ʈĩƾ��Ż�ŮƐºſ�ƶŝ�ƶūƺţ�Śŝ�ƶƳƺưƳ�ºƿ�ŵŚ
ŻƿħŹŚě�ƶƤƐƴƯ�ŢƄĩ�źƮƷ�ƹ�ơźƃƴģǀƟřźƜū�ŚƄƴƯ�ƲǀŚƾƿ�ŵƹŹƹ�ƉźƘƯ�Źŵ�ƲŤƟźĭ�Źřźƣ�ŢƬƗ�ƶŝ�šƹŚƠŤƯƽ��ƩŚưŤůř�ƹ�ƱŚƸƠƇř�źƸƃ
ƳřŚŬŝŚū�ƹ�ƩŚƤŤƾƿ�ƶƳƺưƳ�Żř�ŚƷƿŵ�ƶƤƐƴƯ�ƶŝ�ƶƤƐƴƯ�Ĩƿŵźĩ�ƵŹŚƃř�źĮ��ŚŤƳƿƵƹźĭ�ŪŶƴŝƽ�źŝƟ�ŢųŹŵ�ŽŚſřǀ�ƳĥƺºƬƾ�ƺƯ�ºƿ��šŚƸŝŚºƄţ�Ŷ
ŤƳĥǀĪƾ�ŻƿŵŚƽ�ŝǀŵƺŝ�Ƶƹźĭ�źƷ�Ʋ��ŹřźƣƶƳƺưƳ�ƶſ�ƲŤƟźĭ��ŤŴŝǀŹŚŢƃŵ Isf-Bkt 1�ŻŚƟÎ�ŤŴŝ�ƶƤƐƴƯǀŹŚŢƃŵ��ŤŴŝ�ƹǀŹŚŢƃŵ Isf-Bkt 2 

�ŻŚƟÓ�ŤŴŝ�ƶƤƐƴƯǀŹŚŢƃŵ���ƹĨƬƯ�źƸƃ�Isf-Mak 1�Ż�Źŵ��ƿĩŚů�ƭƹŵ�ƶųŚƃ�źƾ�ǇŚŝ�ƶŝŚƄţ�Żřƽ�řƿĥƺƫƺưƷ�ǇŚưŤůř�ƹ�ƶƳƺưƳ�ƶſ�Ʋƽ�
Żƿŝ�ŵŚǀƱĥ�ƲŚƷƽ�ƱōƯ�ŚƷƾŶƃŚŝ��Ƴ�Ʃƹř�Ƶƹźĭ�ŹŵǀƶƳƺĭ�żŚƷƾƿ�ƶŤƟźĭ�Źřźƣ�ƮƷ�ŹŚƴĩ�ƶĩƯƺƳĥ�źƔƳ�Żř�ŶƳřƾ��ŶƴƳŚƯƿŶĪƿŶƴŤƀƷ�źĮ��ŚŤƳƿ�Ū

ƵƹźĭŶƴŝƽ�ƶƳƺưƳ�ƶưƷř�Źŵ�ŚƷƿƤŰţ�ƲǀĩŚů�Ƣƾ�źŝ�ƶĩ�ŵƺŝ�Ʊō�ŻřŚƴŞƯƽ�ƇƺƈųǀƵŻřŶƳř�šŚĭǀźƽ��ºŝ�ƵŶƃǀ�ºųźŝ�Ʋƾ�ţƺƳĥ�Żř�ºǀĚ��ƹ�ŚºƷ
ƶƳƺưƳŤƳĥ�ƶƬƇŚƟ�ŚƷǀĪƾ�ř�ƹ�ƶŤƃřŵ�ŵƺūƹƿŚſŚƴƃ�Źŵ�řŹ�ŚƯ�šŚƗǈƏř�Ʋƾƿ�źţŹƹŵƿŶƫřƹ�Ʋƿ�ħźŤƄƯ�Ŷū�ƲƿŹŚƽ�ŶƷřƺųŵźĩ���

ř�ŽŚſř�źŝƿŚŤƳ�ƲƿưƏř�Śŝ�ŪǀƯ�ƱŚƴƾŚţƺƬěŚƷ�ƶĩ�ŢƠĭ�ƱřƺţƿĚŚƷƾƿ�Ɩưū�ƱŚƸƠƇř�Żř�ƶĩŹƹōƽ���ƶºŝ�ƢƬƘŤƯ�ƵŶƃO. erosus��ºƯƾ�
ŶƴƃŚŝ��ſŹźŝƾ�ŚƷƽ�ƕƺƴţ�ŻƿŤƀƾ�Ɵ�šŚƘƫŚƐƯ�ƹǀŤƳĥƺƬǀĨſƺſ�ĨŚƷƽ�Ţſƺěſō�Źŵ�ŹřƺųǀƯ�źƔƳ�ƶŝ�ƹ�ƶŤƟźĭ�šŹƺƇ�źŤưĩ�Śƾ�ŶſŹ
ř�ƱƺƟƿř�Źŵ�šřźƄů�Ʋƿƀŝ�ƶƤƐƴƯ�Ʋǀŝ�ŹŚǀƘţ�ƶĤƳō�Żř�źŤƄǀǀƵŶƃ�ƲƯ�Ţſřƾ�ŶƃŚŝ(Cognato et al., 2007)��Ʊō�ŻřŚūƾƿ�Ʒ�ƶĩǀ��ŢºŞŧ�Ģ

šŚƗǈƏř�ƯƺƳĥƾ�ř�Źŵ�ŹƺĩŸƯ�ƶƳƺĭ�ŵŹƺƯ�Źŵƿŝ�ŵřŶƘţ�ǇŚưŤůř��ŵŹřŶƳ�ŵƺūƹ�ƱřźǀźŤƄƽ�ŚţƺƬěŚƷ�ŻřƿĚř�Źŵ�ŚƷƿŵŹřŵ�ŵƺūƹ�Ʊřź���ŚºŤƳƿ�Ū
řƿƤŰţ�ƲǀƱŚƄƳ�ƢƯƾŵżƳ�ƍŚŞţŹř�ŶƷŵƿŞƀƳ�Ĩƾ�ŝǀƘưū�ƲǀŢŚƷƽ�ſōǀŚƤƯ�Źŵ�ŚěƹŹř�Śŝ�ŚƿźƟō�Śŝ�ƶƀƿŚƤƽŝƺƴūƾ��ŵŹřŵ�ŵƺūƹ��ƩƹŶūÒ���
řƿƋźƟ�ƲǀƬƯŚĪţ�ƶƾ�ƟřźƜū�ƹǀŚƾƿ�ŻƿŤƀƾ�ŚŝƿƶƳƺưƳ�Śŝ�ŶŚƷƽ�ŵƿźĮƽ�Śſ�ŻřƿŻŹř�ŹƺƄĩ�ƍŚƤƳ�źƿŝŚƾ�ŵƺƃ��ř�ƶŝ�ƶūƺţ�ŚŝƿƲř�ƶĩƿ�ƶƳƺĭ�Ʋ

�ƶŝ�ŚƸƴţƿƯ�ƕƺƳ�Ĩǀĭ�ƱŚŝżǀƷŚƾ��ũŚĩ�Ư�ƶƬưůƾř��ŶƴĩƿƯ�ƶƴƯřŵ�ƲǀƳŚŝżƾ�ĥŹ�ƹ�ƮĩƿƮřŸƛƾƿ�ŤƳĥ�ƕƺƴţ�ƂƷŚĩ�ŦƗŚŝ��ŵƹŶŰƯǀĪƾ��Ʊō�Źŵ
Ưƾŵƺƃ����

ř�ƕƺưŬƯ�ŹŵƿƱŚƄƳ�ƶƘƫŚƐƯ�ƲƶƳƺưƳ�ƶĩ�ŵřŵŚƷƽ�O. erosus�ƯƾƫŚƳō�Ǝſƺţ�ŶƴƳřƺţǀƫƺĪƫƺƯ�żƾ�ĪƠţǀƵŵřŵƹ�ŶƳƺƃ�Ĩ�ƱŚºƄƳ�ŚƷ�ºƯƾ�
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