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ɺɺɽɼɽʅʀɽ 

1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʝʣʠ ʠ 

ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪ 

ʵʚʦʣʶʮʠʠ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʪʘʢʩʦʥʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʤʝʩʪʠʣʦʩʴ ʢ 

ʠʟʫʯʝʥʠʶ ʵʚʦʣʶʮʠʦʥʥʦʡ ʠʩʪʦʨʠʠ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʚʥʫʪʨʠ ʤʥʦʛʦʚʠʜʦʚʳʭ 

ʛʨʫʧʧ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʤʦʣʦʜʦʩʪʠ ʪʘʢʠʭ ʚʠʜʦʚ, ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʣʦʞʥʝʥʳ ʮʝʣʳʤ 

ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʠ ʯʘʩʪʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʛʝʥʥʳʤʠ ʠ ʚʠʜʦʚʳʤʠ 

ʜʝʨʝʚʴʷʤʠ ʠʟ-ʟʘ ʘʥʮʝʩʪʨʘʣʴʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʠʥʪʨʦʛʨʝʩʩʠʡ. 

ɻʨʫʧʧʘ ʚʠʜʦʚ Sorex araneus ð ʧʨʠʤʝʨ ʙʳʩʪʨʦʡ ʠ ʥʝʜʘʚʥʝʡ ʨʘʜʠʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʦʠʟʦʰʣʘ ʚ ʪʝʯʝʥʠʝ ʧʣʝʡʩʪʦʮʝʥʘ (Bannikova et al., 2018). ɺʘʞʥʦʡ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʛʨʫʧʧʳ ʷʚʣʷʝʪʩʷ ʤʝʞʚʠʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʚ ʩʪʨʦʝʥʠʠ ʢʘʨʠʦʪʠʧʘ (Bulatova et al., 2019) ʠ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʭʨʦʤʦʩʦʤʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʫ ʪʠʧʦʚʦʛʦ ʚʠʜʘ S. araneus s.str. (Searle, W·jcik, 

1998; Bulatova et al., 2019). ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʛʨʫʧʧʘ çaraneusè ʩʪʘʣʘ ʦʙʲʝʢʪʦʤ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ 

ʤʘʨʢʝʨʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʨʦʤʦʩʦʤʥʘʷ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ ʚ ʜʘʥʥʦʡ 

ʛʨʫʧʧʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʟʘʚʠʩʠʤʳʝ ʧʨʦʮʝʩʩʳ 

(Catzeflis, 1982; Taberlet et al., 1994; Ratkiewicz, 2002; Basset et al., 2006[3]). 

ʇʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʧʦʧʳʪʢʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʬʠʣʦʛʝʥʠʶ 

ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʭʨʦʤʦʩʦʤʥʳʭ ʜʘʥʥʳʭ (Volobuev, 1989; Biltueva et al., 

2011). ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ (ʤʪɼʅʂ) (Mackiewicz et al., 2017) ʠ ʘʣʣʦʟʠʤʦʚ 

(Catzeflis et al., 1982; Ruedi, 1998) ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʧʨʠʥʷʪʦʡ 

ʤʦʜʝʣʠ ʭʨʦʤʦʩʦʤʥʦʡ ʵʚʦʣʶʮʠʠ. ʇʦʪʝʥʮʠʘʣʴʥʦ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʦʛʣʦ ʙʳ 

ʙʳʪʴ ʨʘʟʨʝʰʝʥʦ ʥʘ ʦʩʥʦʚʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ ʷʜʝʨʥʳʤ ʛʝʥʘʤ. 
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ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʜʘʥʥʳʝ ʜʦ ʩʠʭ ʧʦʨ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, ʠʩʪʠʥʥʳʝ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʚʥʫʪʨʠ ʛʨʫʧʧʳ S. araneus ʦʩʪʘʚʘʣʠʩʴ 

ʥʝʷʩʥʳʤʠ. 

ɺʳʨʘʞʝʥʥʳʡ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʭʨʦʤʦʩʦʤʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ S. araneus s.str 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʮʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʠʩʪʦʨʠʠ ʚʠʜʘ (White et al., 2010). ʅʘʣʠʯʠʝ ʦʙʱʠʭ 

ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʭʨʦʤʦʩʦʤ ʠ ʢʦʥʮʝʧʮʠʷ WART (whole-arm Robertsonian 

translocation)-ʮʝʧʝʡ ʧʦʟʚʦʣʠʣʠ ʦʙʲʝʜʠʥʷʪʴ ʨʘʩʳ ʚ ʥʝʩʢʦʣʴʢʦ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʭ 

ʛʨʫʧʧ (Searle, 1984, White et al., 2019, ʑʠʧʘʥʦʚ, ʇʘʚʣʦʚʘ, 2017, 2019). ɺ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʫʜʘʣʦʩʴ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ 

ʜʣʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʩʤʝʞʥʳʭ ʨʘʩ (Polyakov et al., 1997; Halkka et al., 1994; White 

et al., 2019). ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ ʧʨʠʯʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ ʠʭ ʛʨʫʧʧʘʤʠ ʦʩʪʘʣʠʩʴ ʥʝʨʝʰʝʥʥʳʤʠ (Searle, 1993; 

White et al., 2019).  

ʈʷʜ ʘʚʪʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʩʣʦʞʥʘʷ ʨʘʩʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʣʷʮʠʠ ʤʝʣʢʠʭ ʣʦʢʘʣʴʥʳʭ 

ʧʦʧʫʣʷʮʠʡ ʚ ʥʝʩʢʦʣʴʢʠʭ ʣʝʜʥʠʢʦʚʳʭ ʨʝʬʫʛʠʫʤʘʭ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʘʩʴ 

ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʝʘʣʘ ʚʠʜʘ (ʆʨʣʦʚ, ʂʦʟʣʦʚʩʢʠʡ, 2002; 

Orlov et al., 2007; ʑʠʧʘʥʦʚ, ʇʘʚʣʦʚʘ, 2017). ʉʦʛʣʘʩʥʦ ʜʨʫʛʦʡ ʪʦʯʢʝ ʟʨʝʥʠʷ S. 

araneus ʧʝʨʝʞʠʣʘ ʧʦʩʣʝʜʥʠʡ ʣʝʜʥʠʢʦʚʳʡ ʤʘʢʩʠʤʫʤ ʚ ʨʝʬʫʛʠʫʤʘʭ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʠʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ð ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʜʣʷ ʨʷʜʘ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʦ ʩʭʦʜʥʳʤ ʘʨʝʘʣʦʤ (Herman, Searle, 2011; McDevitt et al., 2010; 

Filipi  et al., 2015; Thaw et al., 2019), ð ʥʦ ʠ ʚ ʙʦʣʝʝ ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ. 

ʆʪʜʝʣʴʥʳʝ ʨʝʬʫʛʠʘʣʴʥʳʝ ʧʦʧʫʣʷʮʠʠ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʛʨʫʧʧʘʤ ʨʘʩ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʉʠʙʠʨʩʢʠʡ ʨʝʬʫʛʠʫʤ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʉʠʙʠʨʩʢʦʡ 

ʛʨʫʧʧʳ ʨʘʩ (ʇʦʣʷʢʦʚ ʠ ʜʨ., 2001; Polly et al., 2013). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʨʦʤʦʩʦʤʥʳʭ ʜʘʥʥʳʭ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʨʢʝʨʳ ð 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ð ʥʝ ʚʳʷʚʣʷʶʪ ʩʣʦʞʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (Ratkiewicz et al., 2002; Balloux et al., 2003; Moska et 

al., 2012; Horn et al., 2012; Thaw et al., 2019), ʯʪʦ ʥʘʧʨʷʤʫʶ ʧʨʦʪʠʚʦʨʝʯʠʪ 
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ʛʠʧʦʪʝʟʝ ʦ ʜʣʠʪʝʣʴʥʦʡ ʵʚʦʣʶʮʠʦʥʥʦʡ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʨʦʤʦʩʦʤʥʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ. ʆʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʩʚʷʟʘʥʦ ʣʠ ʵʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʘʨʢʝʨʦʚ ʠʣʠ ʦʪʨʘʞʘʝʪ 

ʨʝʘʣʴʥʳʡ ʢʦʥʬʣʠʢʪ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʣʠʙʦ 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʛʝʥʥʳʭ ʜʝʨʝʚʴʝʚ ʩ ʨʝʘʣʴʥʦʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʣʠʙʦ ʩʣʦʞʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʭʨʦʤʦʩʦʤʥʦʡ ʵʚʦʣʶʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʛʝʥʦʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Horn et al., 2012; W·jcik, 1993). 

ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʩʪʫʧʥʳʭ ʨʘʥʝʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʘʥʥʳʭ (ʤʪɼʅʂ, ʤʠʢʨʦʩʘʪʝʣʣʠʪʳ) ʟʘʪʨʫʜʥʷʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʚʠʜʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʯʠʩʣʦ ʠ ʧʦʣʦʞʝʥʠʝ 

ʨʝʬʫʛʠʫʤʦʚ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ, ʘ ʪʘʢʞʝ ʧʫʪʠ ʠ ʩʨʦʢʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʢʦʣʦʥʠʟʘʮʠʠ ʘʨʝʘʣʘ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ (White et al., 2019; Thaw 

et al., 2019; Polly, 2019[1,2]). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʝʡ 

ʧʨʦʙʣʝʤʦʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʭʨʦʤʦʩʦʤʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʜʣʠʪʝʣʴʥʳʤʠ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʫʩʧʝʰʥʳʤʠ ʧʦʧʳʪʢʘʤʠ ʝʝ 

ʨʝʰʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʚʠʜʦʚʦʡ ʛʨʫʧʧʳ S. araneus, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʭʦʨʦʰʫʶ ʤʦʜʝʣʴ ʜʣʷ ʪʘʢʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʙʳʪʠʡ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʧʦʠʩʢ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ ʭʨʦʤʦʩʦʤʥʦʡ ʵʚʦʣʶʮʠʝʡ ʚ ʛʨʫʧʧʝ ʚʠʜʦʚ Sorex araneus. 

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʇʦʣʫʯʠʪʴ ʨʘʟʨʝʰʝʥʥʫʶ ʬʠʣʦʛʝʥʠʶ ʛʨʫʧʧʳ ʚʠʜʦʚ S. araneus s.l. 

2. ʋʩʪʘʥʦʚʠʪʴ ʨʦʣʴ ʨʝʪʠʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʚʦʣʶʮʠʠ ʛʨʫʧʧʳ ʚʠʜʦʚ 

S. araneus s.l. 

3. ʋʩʪʘʥʦʚʠʪʴ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ S. araneus s.str. ʧʦ 

ʷʜʝʨʥʳʤ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʝʘʣʘ. 
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4. ʉʦʧʦʩʪʘʚʠʪʴ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ 

ʭʘʨʘʢʪʝʨʝ ʭʨʦʤʦʩʦʤʥʦʡ ʵʚʦʣʶʮʠʠ S. araneus s.str. 

2. ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʙʫʨʦʟʫʙʢʠ ʨʦʜʘ Sorex ʚʠʜʦʚʦʡ ʛʨʫʧʧʳ 

ñaraneusò. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ð ʵʚʦʣʶʮʠʦʥʥʘʷ ʠʩʪʦʨʠʷ ʵʪʦʡ ʛʨʫʧʧʳ ʩ 

ʦʩʦʙʝʥʥʳʤ ʚʥʠʤʘʥʠʝʤ ʢ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʝʘʣʘ ʪʠʧʦʚʦʛʦ ʚʠʜʘ ʨʦʜʘ ð 

ʦʙʳʢʥʦʚʝʥʥʘʷ ʙʫʨʦʟʫʙʢʘ S. araneus Linnaeus, 1758. 

3. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʬʠʣʦʛʝʥʠʷ ʛʨʫʧʧʳ Sorex araneus ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ 

ʤʫʣʴʪʠʣʦʢʫʩʥʳʭ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ RADseq. ʇʦʢʘʟʘʥʘ ʚʘʞʥʘʷ ʨʦʣʴ ʨʝʪʠʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ ʚ ʵʚʦʣʶʮʠʠ 

ʛʨʫʧʧʳ. ɺʧʝʨʚʳʝ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʠʜʘ S. araneus s.str. 

ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ RADseq, 

ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ SNP ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦ ʤʪɼʅʂ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʦʙʦʩʥʦʚʘʪ ɹ ʛʠʧʦʪʝʟʫ ʦ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʝʘʣʘ S. araneus ʟʘ ʩʯʝʪ ʨʘʩʩʝʣʝʥʠʷ ʠʟ 

ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʬʫʛʠʫʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʖʞʥʦʡ ɽʚʨʦʧʝ (ɹʘʣʢʘʥʳ, ʙʘʩʩʝʡʥ 

ɼʫʥʘʷ). ʇʦʢʘʟʘʥʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʜʝʣʝʥʠʝʤ 

ʥʘ ʭʨʦʤʦʩʦʤʥʳʝ ʨʘʩʳ. 

4. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʣʦʛʠʠ: ʧʫʪʠ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʨʦʣʴ ʨʝʪʠʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʚʦʣʶʮʠʠ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ ʭʨʦʤʦʩʦʤʥʦʡ ʵʚʦʣʶʮʠʝʡ, ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ 

ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʥʳʭ ʛʨʫʧʧ ʧʨʠʟʥʘʢʦʚ, ʠʩʪʦʨʠʷ ʬʘʫʥʳ ɽʚʨʘʟʠʠ ʚ ʧʣʝʡʩʪʦʮʝʥʝ ʠ 

ʛʦʣʦʮʝʥʝ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʥʘ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ, 

ʰʠʨʦʢʦʘʨʝʘʣʴʥʦʛʦ ʚʠʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʨʝʟʝʨʚʫʘʨʦʤ ʧʨʠʨʦʜʥʦ-ʦʯʘʛʦʚʳʭ 

ʠʥʬʝʢʮʠʡ ʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ 
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ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʫʨʩʘʭ ʵʢʦʣʦʛʠʠ ʠ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʛʝʥʝʪʠʢʠ. 

5. ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʦʣʣʝʢʮʠʠ ʧʨʦʙ ʢʘʬʝʜʨʳ ɿʦʦʣʦʛʠʠ 

ʧʦʟʚʦʥʦʯʥʳʭ ɹʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʘ ʪʘʢʞʝ 

ʤʘʪʝʨʠʘʣʘ, ʩʦʙʨʘʥʥʦʛʦ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ ʚ ʊʚʝʨʩʢʫʶ, 

ʃʝʥʠʥʛʨʘʜʩʢʫʶ ʦʙʣʘʩʪʠ, ʚ ʂʘʨʝʣʠʶ ʠ ʥʘ ʖʞʥʳʡ ʋʨʘʣ. ɺʳʜʝʣʝʥʠʝ ɼʅʂ, 

ʧʨʦʚʝʜʝʥʠʝ ʇʎʈ, ʧʦʜʛʦʪʦʚʢʘ ʢ ʩʝʢʚʝʥʠʨʦʚʘʥʠʶ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʢʘʙʠʥʝʪʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʚ ʟʦʦʣʦʛʠʠ ʢʘʬʝʜʨʳ 

ʟʦʦʣʦʛʠʠ ʧʦʟʚʦʥʦʯʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ɼʅʂ ʚʳʧʦʣʥʝʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ɿɸʆ çɽʚʨʦʛʝʥè. ʇʦʜʛʦʪʦʚʢʫ ʙʠʙʣʠʦʪʝʢ ʜʣʷ 

ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʛʝʥʦʤʠʢʠ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʙʠʙʣʠʦʪʝʢ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʎʝʥʪʨʝ ʛʝʥʝʪʠʢʠ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ 

Genetico. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʝʥʦʤʥʦʛʦ ʠ ʩʵʥʛʝʨʦʚʩʢʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

6. ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺ ʵʚʦʣʶʮʠʦʥʥʦʡ ʠʩʪʦʨʠʠ ʚʠʜʦʚʦʡ ʛʨʫʧʧʳ Sorex araneus 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʨʝʪʠʢʫʣʷʨʥʳʝ ʩʦʙʳʪʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʷʜʝʨʥʦʡ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʬʠʣʦʛʝʥʠʝʡ ʛʨʫʧʧʳ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʝʘʣʘ S. araneus ʧʨʦʠʩʭʦʜʠʣʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʘʚʥʝʛʦ, ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʛʦ, ʨʘʩʩʝʣʝʥʠʷ ʠʟ ʨʝʬʫʛʠʫʤʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ɹʘʣʢʘʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʠʣʠ ʚ ʂʘʨʧʘʪʩʢʦʤ ʨʝʛʠʦʥʝ.  

3. ʅʘʣʠʯʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ ʭʨʦʤʦʩʦʤ ʚ ʢʘʨʠʦʪʠʧʝ ʥʝ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʜʝʞʥʳʤʠ ʩʠʥʘʧʦʤʦʨʬʠʷʤʠ ʢʘʢ ʧʨʠ ʘʥʘʣʠʟʝ ʛʨʫʧʧʳ ʚʠʜʦʚ 

ñaraneusò, ʪʘʢ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʠʟʤʝʥʯʠʚʦʩʪʠ S. araneus s.str. 

7. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʠʤʘʣ ʣʠʯʥʦʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʩʝʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ; ʩʙʦʨ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʊʚʝʨʩʢʦʡ, ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʂʘʨʝʣʠʠ, ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ; 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʚʢʣʶʯʘʷ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʙʠʙʣʠʦʪʝʢ RadSeq; ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ʧʦʜʛʦʪʦʚʢʘ ʧʫʙʣʠʢʘʮʠʡ, ʩʪʘʪʝʡ ʠ 

ʜʦʢʣʘʜʦʚ.  

8. ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʦʣʴʰʠʤ 

ʦʙʝ̡ʤʦʤ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʘʜʝʢʚʘʪʥʳʭ ʧʦʩʪʘʚʣʝʥʥʳʤ 

ʟʘʜʘʯʘʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ, ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠ 

ʠʭ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʛʘʨʘʥʪʠʨʫʶʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ 

ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʜʝʣʘʥʥʳʭ ʚʳʚʦʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʩʪʘʪʴʷʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʡ ʙʘʟʝ Genbank.  

9. ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʣʦʞʝʥʳ ʥʘ ʟʘʩʝʜʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʪʝʨʠʦʣʦʛʠʠ (2023), ʘ ʪʘʢʞʝ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ ʟʦʦʣʦʛʠʠ ʧʦʟʚʦʥʦʯʥʳʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (2025). 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ:  

¶ ʄʣʝʢʦʧʠʪʘʶʱʠʝ ʚ ʤʝʥʷʶʱʝʤʩʷ ʤʠʨʝ: ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʪʝʨʠʦʣʦʛʠʠ (XI ʉʲʝʟʜ ʊʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʨʠ ʈɸʅ) ʛ. ʄʦʩʢʚʘ, 2022 

ʛʦʜ. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñɻʝʥʝʪʠʢʘ ʧʦʧʫʣʷʮʠʡ: 

ʧʨʦʛʨʝʩʩ ʠ ʧʝʨʩʧʝʢʪʠʚʳò ʛ. ʄʦʩʢʚʘ, 2017 ʛʦʜ. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠò ʛ. ʄʦʩʢʚʘ, 2017 ʛʦʜ. 

¶ ʊʝʨʠʦʬʘʫʥʘ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (X ʩʲʝʟʜ 

ʊʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʧʨʠ ʈɸʅ). ʛ. ʄʦʩʢʚʘ, 2016 ʛʦʜ.  

¶ ʉʪʨʫʢʪʫʨʘ ʚʠʜʘ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʛ. ʄʦʩʢʚʘ ʀʇʕʕ ʠʤ. ɸ.ʅ. 

ʉʝʚʝʨʮʦʚʘ ʈɸʅ ʀʇʕʕ ʠʤ. ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ ʈɸʅ, 2015 ʛʦʜ. 
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10. ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 

ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science, Scopus. ɺ ʧʫʙʣʠʢʘʮʠʷʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ 

(ʈʘʩʧʦʧʦʚʘ ʠ ʑʠʧʘʥʦʚ, 2011, ʈʘʩʧʦʧʦʚʘ ʠ ʜʨ. 2018, Raspopova et al., 2020) 

ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʩʙʦʨʝ ʤʘʪʝʨʠʘʣʘ (ʩ ʫʯʘʩʪʠʝʤ ʦʩʪʘʣʴʥʳʭ ʩʦʘʚʪʦʨʦʚ), ʝʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ ʨʘʙʦʪʳ (ʩ 

ʫʯʘʩʪʠʝʤ ʦʩʪʘʣʴʥʳʭ ʩʦʘʚʪʦʨʦʚ), ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʘ ʢ ʧʫʙʣʠʢʘʮʠʠ. ɺ 

ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʵʚʦʣʶʮʠʦʥʥʦʡ ʠʩʪʦʨʠʠ ʨʦʜʘ Sorex (Bannikova et al., 

2018), ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʯʘʩʪʠ ʜʘʥʥʳʭ, 

ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʘ ʢ ʧʫʙʣʠʢʘʮʠʠ (ʩ ʫʯʘʩʪʠʝʤ ʜʨʫʛʠʭ ʩʦʘʚʪʦʨʦʚ). ɺ 

ʧʫʙʣʠʢʘʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʬʠʣʦʛʝʥʠʠ ʛʨʫʧʧʳ ʚʠʜʦʚ çaraneusè (Raspopova et 

al., 2023), ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʤʘʪʝʨʠʘʣʘ, ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ ʨʘʙʦʪʳ (ʩ ʫʯʘʩʪʠʝʤ ʦʩʪʘʣʴʥʳʭ ʩʦʘʚʪʦʨʦʚ), 

ʧʦʜʛʦʪʦʚʢʝ ʩʪʘʪʴʠ ʢ ʧʫʙʣʠʢʘʮʠʠ. 

1. Raspopova A. A., Lebedev V. S., Searle J. B., and Bannikova A. A. 

Discordant phylogenies in the Sorex araneus group (Soricidae, Mammalia): 

Footprints of past reticulations. // Zoologica Scripta. ï 2023. ï V. 52. ï ˉ 4. ï P. 

331-344. DOI: 10.1111/zsc.12590. EDN: XXGEZO SJR: 0,833. 0.5 ʧ.ʣ./0.8 ʧ.ʣ.    

2. Raspopova A. A., Bannikova A. A., Sheftel B. I., Kryġtufek B., Kouptsov 

A. V., Illarionova N. A., Pavlova S. V., and Lebedev V. S. A never-ending story of 

the common shrew: searching for the origin. // Mammal Research. ï 2020. ï V. 65. 

ï  ̄4. ï P. 729ï742. DOI: 10.1007/s13364-020-00498-8. EDN: TPYPXF SJR: 

0,560. 0.6 ʧ.ʣ./0.8 ʧ.ʣ. 

3. Bannikova A., Chernetskaya D., Raspopova A., Alexandrov D., Yun Fang, 

Dokuchaev N., Sheftel B.  and Lebedev V. Evolutionary history of the genus Sorex 

(Soricidae, Eulipotyphla) as inferred from multigene data. // Zoologica Scripta. ï 

2018. ï V. 47. ï  ̄5. ï P. 518ï538. DOI: 10.1134/S102279541812013X. EDN: 

YCEQST SJR: 0,833. 0.2 ʧ.ʣ./1.3 ʧ.ʣ 
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4. ʈʘʩʧʦʧʦʚʘ ɸ. ɸ., ɹʘʥʥʠʢʦʚʘ ɸ. ɸ. ʠ ʃʝʙʝʜʝʚ ɺ. ʉ. ʌʠʣʦʛʝʦʛʨʘʬʠʷ ʠ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ Sorex araneus L., 1758 

(Eulipotyphla, Mammalia). // ɻʝʥʝʪʠʢʘ. ï 2018. ï ʊ. 54. ï ˉ 12. ï ʉ. 1426ï1441. 

EDN: YLRWVV . ʈʀʅʎ: 0,791. 0.6 ʧ.ʣ./0.9 ʧ.ʣ. 

5. ʈʘʩʧʦʧʦʚʘ ɸ. ɸ. ʠ ʑʠʧʘʥʦʚ ʅ. ɸ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʫʯʘʩʪʢʘ ʛʝʥʘ 

ʮʠʪʦʭʨʦʤʘ b ʚ ʨʘʟʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩʘʭ ʠ ʧʦʧʫʣʷʮʠʷʭ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ Sorex araneus L., 1758. // ɻʝʥʝʪʠʢʘ. ï 2011. ï ʊ. 47. ï ˉ 4. ï ʉ. 527ï

536. EDN: NEFWWD. ʈʀʅʎ: 0,791. 0.4 ʧ.ʣ./0.6 ʧ.ʣ. 
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ɻʃɸɺɸ 1. ʇʈʆɹʃɽʄʓ ʕɺʆʃʖʎʀʀ ʀ ʉʀʉʊɽʄɸʊʀʂʀ 

ɺʀɼʆɺʆʁ ɻʈʋʇʇʓ SOREX ARANEUS 

1.1. ʆɹʒɽʄ ʀ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ɻʈʋʇʇʓ SOREX ARANEUS-

ARCTICUS. 

ʉʨʝʜʠ ʚʩʝʭ ʙʫʨʦʟʫʙʦʢ ʨʦʜʘ Sorex ʛʨʫʧʧʫ ʚʠʜʦʚ çaraneusè ʦʙʲʝʜʠʥʷʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʫ ʩʘʤʮʦʚ ʚ ʤʝʡʦʟʝ ʧʦʣʦʚʦʛʦ ʪʨʠʚʘʣʝʥʪʘ ï XY 1Y2. ʍ ʭʨʦʤʦʩʦʤʘ ʫ 

ʥʠʭ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʩʪʦʷʱʫʶ ʍ ʭʨʦʤʦʩʦʤʫ ʠ ʧʨʠʩʦʝʜʠʥʠʚʰʫʶʩʷ ʢ ʥʝʡ 

ʘʫʪʦʩʦʤʫ, ʘ ʩʨʝʜʠ ʜʚʫʭ Y ʭʨʦʤʦʩʦʤ ʦʜʥʘ (Y1) ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʦʡ, ʘ ʚʪʦʨʘʷ (Y2) 

ï ʘʫʪʦʩʦʤʦʡ, ʛʦʤʦʣʦʛʠʯʥʦʡ ʘʫʪʦʩʦʤʥʦʡ ʯʘʩʪʠ ʍ ʭʨʦʤʦʩʦʤʳ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʛʨʫʧʧʳ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʝʱʝ ʚ ʧ̫ ʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ (Sharman, 1956) ʠ 

ʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʣʦʞʠʣʦ ʥʘʯʘʣʦ ʧʨʦʜʦʣʞʘʶʱʠʤʩʷ ʜʦ ʩʠʭ ʧʦʨ ʩʝʨʠʷʤ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʵʢʩʪʨʘʦʨʜʠʥʘʨʥʦʛʦ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʠ ʤʝʞʚʠʜʦʚʦʛʦ 

ʭʨʦʤʦʩʦʤʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚʠʜʦʚ ʵʪʦʡ ʛʨʫʧʧʳ. ʂʨʦʤʝ ʩʦʙʩʪʚʝʥʥʦ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ, S. araneus sensu stricto (1), ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʇʘʣʝʘʨʢʪʠʢʝ ʦʪ ɹʨʠʪʘʥʩʢʠʭ ʦʩʪʨʦʚʦʚ ʜʦ ʚʦʩʪʦʯʥʦʛʦ 

ʙʝʨʝʛʘ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʘʨʢʪʠʯʝʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ 

ʩʠʙʠʨʩʢʘʷ ʢʨʫʧʥʦʟʫʙʘʷ ʙʫʨʦʟʫʙʢʘ, S. daphaenodon (2) ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʦʪ 

ʋʨʘʣʘ ʜʦ ʙʝʨʝʛʘ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʪʫʥʜʨʷʥʘʷ ʙʫʨʦʟʫʙʢʘ, S. tundrensis (3) ʩ 

ʛʦʣʘʨʢʪʠʯʝʩʢʠʤ ʘʨʝʘʣʦʤ, ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʘʷ S. arcticus (4). ʊʘʢʞʝ ʚ ʛʨʫʧʧʫ 

ʚʭʦʜʷʪ ʫʟʢʦʘʨʝʘʣʴʥʳʝ ʚʠʜʳ ï ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʡ (ʦʪ ʀʩʧʘʥʠʠ ʜʦ ɻʝʨʤʘʥʠʠ) 

S. coronatus (5), ʠʙʝʨʠʡʩʢʠʡ S. granarius (6), ʢʘʚʢʘʟʩʢʠʡ (ʩʝʚʝʨʥʘʷ ʊʫʨʮʠʷ ʠ 

ʂʘʚʢʘʟ) S. satunini (7), ʘʣʴʧʠʡʩʢʠʡ ʠ ʘʧʧʝʥʠʥʩʢʠʡ S. antinorii (8), ʦʙʠʪʘʶʱʠʡ 

ʥʘ ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ʩʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ S. maritimensis (9) ʠ 

ʮʝʥʪʨʘʣʴʥʦʘʟʠʘʪʩʢʠʡ (ʊʷʥʴ-ʐʘʥʴ) S. asper (10).   

1.2. ʇɸʃɽʆʅʊʆʃʆɻʀʏɽʉʂɸʗ ʀʉʊʆʈʀʗ ɻʈʋʇʇʓ 

ɺʠʜʳ ʨʦʜʘ Sorex ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ 

ʧʣʝʡʩʪʦʮʝʥʘ. ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʵʪʠ ʚʠʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʠʛʘʶʪ ʚʳʩʦʢʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘ 

ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ, ɸʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ. ʆʜʥʘʢʦ, ʘʥʘʣʠʟ 
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ʪɻʠʭ ʥʘʭʦʜʦʢ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʪʦʨʠʶ ʛʨʫʧʧʳ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʪʘʪʢʦʚ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʩʪʦʨʠʠ ʛʨʫʧʧʳ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥʦ 

ʙʣʘʛʦʜʘʨʷ ʩʣʦʞʥʦʩʪʠ ʪʦʯʥʦʛʦ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ. ʅʝʨʝʜʢʦ ʦʩʪʘʪʢʠ, 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʝ ʢʘʢ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ, ʜʘʞʝ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʧʦʟʜʥʝʝ, ʩ 

ʫʯʝʪʦʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʠ ʦʧʳʪʘ ʧʝʨʝʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʘʪʨʠʙʫʪʠʨʫʶʪʩʷ ʢʘʢ 

ʜʨʫʛʦʡ ʚʠʜ. ʅʘʧʨʠʤʝʨ ʦʩʪʘʪʢʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʣʦʢʘʣʠʪʝʪʝ Nixloch (ɸʚʩʪʨʠʷ) 

ʠ ʠʟʥʘʯʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʢ S. cf. coronatus, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʢʘʟʘʣʠʩ ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ S. tundrensis (Prost et al., 

2013).  ʈʘʟʣʠʯʝʥʠʝ ʙʣʠʟʢʠʭ ʚʠʜʦʚ ʛʨʫʧʧʳ (S. araneus, S. coronatus, S. granarius, 

S. antinorii) ʟʘʯʘʩʪʫʶ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʟʥʘʯʠʪ, ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʘʪʨʠʙʫʮʠʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʘʷ ʠʭ ʩʦʭʨʘʥʥʦʩʪʴ 

(Br¿nner et al., 2002[1]; Zaitsev and Rzebik-Kowalska, 2003; Polly 2019[1]). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ, ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ, ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ ʙʫʨʦʟʫʙʦʢ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʭʦʨʦʰʦ ʩʦʭʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ ʩ ʭʦʨʦʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʭʦʨʦʥʝʥʠʷ, ʚ ʢʘʨʩʪʦʚʳʭ 

ʣʘʥʜʰʘʬʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʢʘʨʩʪʦʚʳʝ ʧʝʱʝʨʳ ʠ ʚʦʨʦʥʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʤʝʩʪʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚ ʯʝʪʚʝʨʪʠʯʥʦʤ ʧʝʨʠʦʜʝ ʧʦʢʨʳʪʳ ʣʴʜʦʤ (ʥʘʧʨʠʤʝʨ, ʚ 

ʉʢʘʥʜʠʥʘʚʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ) ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʣʝʪʦʧʠʩʴ ʙʝʜʥʘ 

ʥʘʭʦʜʢʘʤʠ ʙʫʨʦʟʫʙʦʢ, ʘ ʚ ʙʦʣʝʝ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ï ʚ ʶʞʥʦʡ ɽʚʨʦʧʝ, ʥʘ ʶʛʝ ʠ 

ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ, ʥʘ ʶʞʥʦʤ ʋʨʘʣʝ, ʥʘ ʶʛʝ ʉʠʙʠʨʠ, 

ʥʘʦʙʦʨʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʛʘʪʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʠʜʦʚ ʛʨʫʧʧʳ 

ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʝʥʠ (Polly, 2007; Polly, 2019 [2] ʑʠʧʘʥʦʚ ʠ 

ʜʨ., 2011) ʟʘʪʨʫʜʥʷʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʩʪʦʨʠʠ ʛʨʫʧʧʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʦʚʝʨʥʦ ʦʪʥʝʩʪʠ ʠʩʢʦʧʘʝʤʫʶ ʙʫʨʦʟʫʙʢʫ ʢ ʛʨʫʧʧʝ 
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araneus. ʆʙʳʯʥʦ ʢ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪ ʥʘʭʦʜʢʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʙʣʠʟʢʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʠʜʘʤ ʛʨʫʧʧʳ. 

ʅʘʠʙʦʣʝʝ ʩʪʘʨʳʝ, ʜʘʪʠʨʦʚʘʥʥʳʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2.5 ʤʣʥ ʣʝʪ, ʥʘʭʦʜʢʠ 

ʚʠʜʘ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʭʦʜʷʱʝʛʦ ʚ ʛʨʫʧʧʫ araneus ʘʩʩʦʮʠʠʨʫʶʪʩʷ ʩ S. rutonensis. 

ʆʜʥʘʢʦ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʵʪʦʛʦ ʚʠʜʘ ʢ ʛʨʫʧʧʝ araneus ʥʝ ʦʯʝʚʠʜʥʘ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ɺ. ʆʩʠʧʦʚʘ (2006) ʦʪʤʝʯʘʝʪ ʩʭʦʜʩʪʚʦ S. rutonensis ʩ S. tundrensis, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʥʦʮʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʢʣʶʯʘʣʦ ʙʳ ʚ ʩʝʙʷ ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ ʬʦʨʤʳ ʛʨʫʧʧʳ araneus, ʪʘʢ ʠ ʚʳʤʝʨʰʠʝ, 

ʥʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ, ʘ ʩʨʘʚʥʝʥʠʝ ʚ ʨʘʙʦʪʝ ʆʩʠʧʦʚʦʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʦʣʴʢʦ 

ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʳʤʠ S. caecutiens, S. tundrensis ʠ S. rutonensis.  

S. subaraneus, ʦʧʠʩʘʥʥʳʡ ʠʟ ʨʘʥʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ɻʝʨʤʘʥʠʠ ʠ ɺʝʥʛʨʠʠ, 

ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ɹʦʣʛʘʨʠʠ, ʏʝʭʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʇʦʣʴʰʠ, 

ɺʝʥʛʨʠʠ ʠ ʈʫʤʳʥʠʠ (Rzebik-Kowalska & Pereswiet-Soltan, 1998), ʦʜʥʠʤʠ 

ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʝʜʢʦʚʘʷ ʬʦʨʤʘ Sorex araneus, ʜʨʫʛʠʤʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʱʠʡ ʧʨʝʜʦʢ S. araneus ʠ S. coronatus (Jammot, 1977 ʮʠʪ. 

ʧʦ Rzebik-Kowalska, 1994), ʪʨʝʪʴʠʤʠ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʢʘʚʢʘʟʩʢʠʤ 

ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʤ S. satunini. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʙʲʝʜʠʥʷʶʪ 

S. subaraneus ʠ S. rutonensis ʚ çʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʠʥʫʫʤè ʦʜʥʦʛʦ ʚʠʜʘ 

(Rofes et al., 2016). ʉʘʤʳʝ ʧʦʟʜʥʠʝ ʥʘʭʦʜʢʠ S. subaraneus ʦʙʥʘʨʫʞʝʥʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʌʨʘʥʮʠʠ (Combe Grenal, Jammot, 1977 ʮʠʪ. ʧʦ Rzebik-Kowalska & 

Pereswiet-Soltan, 1998) ʠ ɹʝʣʴʛʠʠ (Trou Jadot Cave, Cordy and Toussaint, 1993 

ʮʠʪ. ʧʦ Rzebik-Kowalska & Pereswiet-Soltan, 1998). ɺ ʜʝʪʘʣʴʥʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʵʪʠʭ ʚʠʜʦʚ ʈʞʝʙʠʢ-ʂʦʚʘʣʴʩʢʘʷ (Rzebik-Kowalska & Pereswiet-

Soltan, 2018) ʧʦʢʘʟʘʣʘ, ʯʪʦ S. subaraneus ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʡ 

ʚʠʜ, ʥʝ ʪʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʡʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʪ S. runtonensis, S. satunini ʠ 

S. araneus, ʥʦ ʠ ʚʩʪʨʝʯʘʚʰʠʡʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʜʚʫʤʷ ʧʦʩʣʝʜʥʠʤʠ ʚʠʜʘʤʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ.  

ɽʱʝ ʦʜʠʥ, ʚʝʨʦʷʪʥʦ ʚʭʦʜʷʱʠʡ ʚ ʛʨʫʧʧʫ ʚʠʜʦʚ çaraneusè - Sorex 

macrognatus - ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ, ʥʘʯʠʥʘʷ ʩʦ ʩʨʝʜʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ (790 ʪ.ʣ.ʥ.) ʠ ʷʚʣʷʝʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʦʙʣʝʥʥʳʤ. ʆʜʥʘʢʦ, 
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ʘʥʘʣʠʟ ɼʅʂ, ʥʘʭʦʜʦʢ ʵʪʦʛʦ ʚʠʜʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʠʟ ʜʚʫʭ ʣʦʢʘʣʠʪʝʪʦʚ 

ɸʚʩʪʨʠʠ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʠ Bßlling All erßd (Nixloch cave ~ 

18,300Ñ580 14ʉ ʣ.ʥ. ʠ Gamssulzen cave ~14,000-10,180 14ʉ ʣ.ʥ.) ʧʦʢʘʟʳʚʘʝʪ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ S. araneus s. str (Prost et al., 2013).  

ʉʘʤʦʡ ʨʘʥʥʝʡ ʥʝʩʦʤʥʝʥʥʦʡ ʥʘʭʦʜʢʦʡ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʚʠʜʘ ʛʨʫʧʧʳ çaraneusè ʷʚʣʷʝʪʩʷ ʜʘʪʠʨʦʚʘʥʥʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 750 

ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʥʘʭʦʜʢʘ S. daphaenodon ʚ ʨʘʡʦʥʝ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʂʦʣʳʤʘ, 

ʚʦ II  ʛʦʨʠʟʦʥʪʝ Olyorian ʬʦʨʤʘʮʠʠ (ʐʝʨ, 1974; ɺʠʨʠʥʘ ʠ ʜʨ., 1984). 

ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʢʦʧʘʝʤʳʝ ʜʘʥʥʳʝ ʥʝ ʜʘʶʪ ʧʨʷʤʳʭ ʫʢʘʟʘʥʠʡ ʥʘ ʚʨʝʤʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʙʣʠʟʢʠʭ ʢ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʝ S. coronarus, S. antinorii ʠ 

S. granarius. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʠʭ ʚʠʜʦʚ ʩʚʷʟʳʚʘʶʪ ʩ ʠʟʦʣʷʮʠʝʡ ʚ ʨʝʬʫʛʠʫʤʘʭ 

ʚʦ ʚʨʝʤʷ ʦʜʥʦʛʦ ʠʟ ʧʦʭʦʣʦʜʘʥʠʡ ʧʣʝʡʩʪʦʮʝʥʘ. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʵʪʦʛʦ ʩʦʙʳʪʠʷ 

ï ʧʝʨʚʦʝ ʧʦʷʚʣʝʥʠʝ S. daphaenodon ʚ ʠʩʢʦʧʘʝʤʦʡ ʣʝʪʦʧʠʩʠ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʦʰʣʦ ʥʝʩʢʦʣʴʢʦ ʣʝʜʥʠʢʦʚʳʭ ʮʠʢʣʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʣ 

ʩʦʢʨʘʱʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʩʰʠʨʝʥʠʝ ʘʨʝʘʣʦʚ (Stewart, 2008). 

ʇʨʦʠʩʭʦʞʜʝʥʠʷ S. coronatus, S. antinorii ʠ S. granarius ʤʦʛʣʠ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʣʶʙʳʤ ʠʟ ʵʪʠʭ ʮʠʢʣʦʚ (ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʠʟ ʥʠʭ). 

ʏʘʱʝ ʚʩʝʛʦ ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ ʵʪʠʭ ʚʠʜʦʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʙʣʠʟʦʩʪʠ ʪʦʯʢʠ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʘʨʝʘʣʫ ʚʠʜʘ. ʅʘʧʨʠʤʝʨ, ʪʘʢ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʪʘʪʢʠ S. granarius ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʠʩʢʦʧʘʝʤʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ɻʠʙʨʘʣʪʘʨʘ (Duckworth, 1912, ʮʠʪ. ʧʦ Polly, 2019 [2]), ʘ S. antinorii 

ʚ ʀʪʘʣʠʠ (Kotsakis et al., 2011). S. cf. coronatus, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ LGM ɸʚʩʪʨʠʠ 

(Nixloch cave), ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ S. coronatus ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʙʣʠʟʦʩʪʠ 

ʣʦʢʘʣʠʪʝʪʘ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʘʨʝʘʣʫ S. coronatus. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ (Hausser, 

1990 ʮʠʪ. ʧʦ Polly, 2019 [2]) ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʵʪʘ ʥʘʭʦʜʢʘ ʧʨʠʥʘʜʣʝʞʠʪ, 

ʩʢʦʨʝʝ, ʙʦʣʝʝ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʭʦʣʦʜʫ ʪʫʥʜʨʷʥʦʡ ʙʫʨʦʟʫʙʢʝ. ʕʪʘ ʛʠʧʦʪʝʟʘ 

ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʘʥʘʣʠʟʦʤ ɼʅʂ (Prost et al., 2013). ʆʜʥʘ ʠʟ ʥʝʤʥʦʛʠʭ ʧʦʧʳʪʦʢ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ ʚʠʜʳ ʚ ʠʩʢʦʧʘʝʤʳʭ ʦʪʣʦʞʝʥʠʷʭ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʊʦʤʘʩʩʝʥʦʤ (1996, ʮʠʪ. ʧʦ Polly, 2019 [2]), ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʣ ʠ S. araneus ʠ 
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S. coronatus ʚ ʧʝʱʝʨʝ ʉʝʩʩʝʣʴʬʝʣʴʩ ʚ ʶʞʥʦʡ ɻʝʨʤʘʥʠʠ (MIS 3, 50ï70 ʪʳʩ. ʣʝʪ 

ʥʘʟʘʜ).  

S. araneus (ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ) ʚʧʝʨʚʳʝ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʀʙʝʨʠʡʩʢʦʤ 

ʧʦʣʫʦʩʪʨʦʚʝ ʦʢʦʣʦ 450 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʚ ʧʝʱʝʨʝ ʕʣʴ-ʀʛʫʵʨʦʥ ʚ ʄʘʣʘʛʝ (L·pez 

Mart²nez, 1972; Ses®, 1994 ʮʠʪ. ʧʦ Polly, 2019 [2]). ɺ ʀʪʘʣʠʠ ʩʘʤʦʝ ʨʘʥʥʝʝ 

ʧʦʷʚʣʝʥʠʝ S. araneus ï ʦʢʦʣʦ 400 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ (Kotsakis et al., 2003). ʉ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ ʧʨʦʰʣʦ ʥʝʩʢʦʣʴʢʦ ʣʝʜʥʠʢʦʚʳʭ ʮʠʢʣʦʚ ʚʦ ʚʨʝʤʷ ʣʶʙʦʛʦ ʠʟ ʢʦʪʦʨʳʭ 

(ʠʣʠ ʚʦ ʚʨʝʤʷ ʥʝʩʢʦʣʴʢʠʭ) ʛʝʥʥʳʡ ʧʦʪʦʢ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʤʦʛ 

ʧʨʝʢʨʘʱʘʪʴʩʷ.  

ɼʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʘʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʪʦʨʠʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʝʘʣʘ ʵʪʦʛʦ ʚʠʜʘ. ʉʫʱʝʩʪʚʫʶʪ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʠʩʢʦʧʘʝʤʳʝ ʜʦʣʝʜʥʠʢʦʚʳʝ 

ʥʘʭʦʜʢʠ ʩ ʦʪʜʝʣʴʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʭʨʦʤʦʩʦʤʥʳʤʠ ʨʘʩʘʤʠ (Polly, 2001, 

2003, 2007). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʩʳ ʆʢʩʬʦʨʜ ʠ ɸʙʝʨʜʠʥ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʩʝʡʯʘʩ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʩʝʚʝʨʥʦʡ ʐʦʪʣʘʥʜʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠ ʩʭʦʜʥʳ ʩ ʥʘʭʦʜʢʘʤʠ ʠʟ ʶʞʥʦʡ ɸʥʛʣʠʠ 

ʧʝʨʠʦʜʘ BßllingïAllerßd. ɸ ʨʘʩʘ Hermitage, ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ ʥʘʩʝʣʷʝʪ ʶʞʥʫʶ 

ɸʥʛʣʠʶ, ʦʢʘʟʘʣʘʩʴ ʩʚʷʟʘʥʘ ʩ ʢʣʘʜʦʡ, ʚʢʣʶʯʘʚʰʝʡ ʠʩʢʦʧʘʝʤʳʝ ʧʦʧʫʣʷʮʠʠ 

ʧʦʧʫʣʷʮʠʠ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʤʝʞʣʝʜʥʠʢʦʚʴʷ ʶʞʥʦʡ ɻʝʨʤʘʥʠʠ (Polly, 2001, 2003). 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʜʦʣʝʜʥʠʢʦʚʦʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʣʦʥʠʟʘʮʠʠ ʘʨʝʘʣʘ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʜʥʠʢʦʚʳʭ ʨʝʬʫʛʠʫʤʦʚ.   

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ʜʣʷ ʧʝʨʠʦʜʘ LGM ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʙʳʣʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ, ʉʝʚʝʨʥʦʡ ʀʙʝʨʠʠ, ʚ ʀʪʘʣʠʠ, ʥʘ 

ʩʝʚʝʨʥʳʭ ɹʘʣʢʘʥ ʠ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʉʠʙʠʨʠ. ʀʩʢʦʧʘʝʤʳʝ ʥʘʭʦʜʢʠ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʘʭ ʇʠʨʝʥʝʝʚ, ʚ 

ɺʦʩʪʦʯʥʦʡ ʌʨʘʥʮʠʠ, ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʝ, ʥʘ ɸʧʧʝʥʠʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʠ 

ʩʝʚʝʨʥʳʭ ɹʘʣʢʘʥʘʭ (Polly, 2019[2]). ʇʨʠ ʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
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ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʡʦʥʝ ɸʣʪʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ ʦʩʪʘʪʢʦʚ S. araneus ʚ ʩʣʦʷʭ ʜʘʪʠʨʫʝʤʳʭ MIS3 

(Agadjanian, 2005; Serdyuk, 2006; Serdyuk, and Zenin, 2016). ʀʩʢʣʶʯʝʥʠʝʤ 

ʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʪʣʦʞʝʥʠʷ ɼʝʥʠʩʦʚʦʡ ʧʝʱʝʨʳ, ʛʜʝ ʵʪʦʪ ʚʠʜ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚʦ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ (Agadjanian, 2005). ʉʣʦʞʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦʛʦ 

ʨʘʟʣʠʯʝʥʠʷ ʦʩʪʘʪʢʦʚ ʧʦʟʚʦʣʷʝʪ ʪʨʘʢʪʦʚʘʪʴ ʵʪʠ ʥʘʭʦʜʢʠ ʢʘʢ ʦʙʳʢʥʦʚʝʥʥʫʶ 

ʙʫʨʦʟʫʙʢʫ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ. ʊʘʢ ʀʪʘʣʴʷʥʩʢʠʝ ʥʘʭʦʜʢʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

S. antinorii, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʇʠʨʝʥʝʷʭ ʠ ɺʦʩʪʦʯʥʦʡ ʌʨʘʥʮʠʠ ï S. coronatus, ʘ 

ɸʣʪʘʡʩʢʠʝ ï S. tundrensis. 

1.3. ʀɿʄɽʅʏʀɺʆʉʊʔ ʂɸʈʀʆʊʀʇɸ ʀ ʍʈʆʄʆʉʆʄʅɸʗ ʕɺʆʃʖʎʀʗ  

1.3.1. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ 

ɸʢʨʦʮʝʥʪʨʠʯʝʩʢʠʝ ʭʨʦʤʦʩʦʤʳ (ʠʣʠ ʧʣʝʯʠ ʤʝʪʘʮʝʥʪʨʠʢʦʚ) ʢʘʨʠʦʪʠʧʘ S. 

araneus ʨʘʟʣʠʯʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʨʠʩʫʥʢʦʤ G-ʧʦʣʦʩ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ 

ʧʨʠ G-ʦʢʨʘʩʢʝ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʘʨʠʦʪʠʧʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʢʘʞʜʦʝ ʭʨʦʤʦʩʦʤʥʦʝ ʧʣʝʯʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʤʘʣʝʥʴʢʦʡ ʢʫʨʩʠʚʥʦʡ ʣʘʪʠʥʩʢʦʡ 

ʙʫʢʚʦʡ ʦʪ a ʜʦ r, ʧʣʝʯʠ ʫʩʣʦʚʥʦ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪ ʢʨʫʧʥʳʭ ʢ 

ʤʝʣʢʠʤ: a ï ʩʘʤʦʝ ʙʦʣʴʰʦʝ, ʘ r ï ʩʘʤʦʝ ʤʘʣʝʥʴʢʦʝ (Halkka et al. 1974). 

ʇʦʩʢʦʣʴʢʫ ʩʪʝʧʝʥʴ ʛʦʤʦʣʦʛʠʠ ʭʨʦʤʦʩʦʤʥʳʭ ʧʣʝʯ ʚʠʜʦʚ ʛʨʫʧʧʳ araneus-

arcticus ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ (Bulatova et al., 2019), ʵʪʫ ʥʦʤʝʥʢʣʘʪʫʨʫ 

ʠʩʧʦʣʴʟʫʶʪ ʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʧʣʝʯ ʚ ʢʘʨʠʦʪʠʧʘʭ ʚʠʜʦʚ ʛʨʫʧʧʳ. 

ɺ ʧʦʣʦʚʦʤ ʪʨʠʚʘʣʝʥʪʝ ʍ-ʭʨʦʤʦʩʦʤʘ ï ʤʝʪʘʮʝʥʪʨʠʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʩʣʠʷʥʠʝʤ 

ʧʣʝʯ d ʠ e, Y1 ï ʩʦʙʩʪʚʝʥʥʦ Y-ʭʨʦʤʦʩʦʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʝʙʦʣʴʰʠʤ 

ʘʢʨʦʮʝʥʪʨʠʢʦʤ, ʠ Y2 ï ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʘʢʨʦʮʝʥʪʨʠʢ, ʛʦʤʦʣʦʛ ʧʣʝʯʘ d X-

ʭʨʦʤʦʩʦʤʳ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʦʚʳʭ ʭʨʦʤʦʩʦʤ 

ʦʙʲʷʩʥʷʶʪ ʧʨʝʜʢʦʚʦʡ ʪʨʘʥʩʣʦʢʘʮʠʝʡ ʤʝʞʜʫ ʩʦʙʩʪʚʝʥʥʦ ʍ-ʭʨʦʤʦʩʦʤʦʡ 

(ʛʦʤʦʣʦʛ ʧʣʝʯʘ e) ʠ ʘʫʪʦʩʦʤʦʡ (d), ʢʦʪʦʨʳʝ ʚ ʤʝʡʦʟʝ ʩʠʥʘʧʪʠʨʫʶʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʦʚʦʛʦ ʪʨʠʚʘʣʝʥʪʘ (ʆʨʣʦʚ, ɹʫʣʘʪʦʚʘ, 1983). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʢʘʨʠʦʪʠʧʘ ʛʨʫʧʧʳ ʚʠʜʦʚ çaraneusè 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘ ʩʯʝʪ ʈʦʙʝʨʪʩʦʥʦʚʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ, ʧʦʣʥʦʧʣʝʯʝʚʳʭ 
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ʪʨʘʥʩʣʦʢʘʮʠʡ, ʪʝʣʦʤʝʨ-ʮʝʥʪʨʦʤʝʨʥʳʭ ʪʨʘʥʩʣʦʢʘʮʠʡ ʠ ʩʜʚʠʛʦʚ ʮʝʥʪʨʦʤʝʨ. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʩʣʠʷʥʠʷ ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʠʭ (ʦʜʥʦʧʣʝʯʝʚʳʭ) 

ʭʨʦʤʦʩʦʤ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳ, ʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʵʚʦʣʶʮʠʠ ʢʘʨʠʦʪʠʧʘ, ʯʝʤ 

ʨʘʟʜʝʣʝʥʠʷ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ (ʜʚʫʧʣʝʯʝʚʳʭ) (Taberlet et al., 1994; Zima et al., 

1994).  

ɹʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʩʠʣʠʡ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʬʠʣʦʛʝʥʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʭʨʦʤʦʩʦʤʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ ʢʘʢ ʨʦʜʘ Sorex ʚ ʮʝʣʦʤ, 

ʪʘʢ ʠ ʜʣʷ ʛʨʫʧʧʳ çaraneusè, ʚ ʯʘʩʪʥʦʩʪʠ (Biltueva et al., 2011; Mackiewicz et al., 

2017; Volobouev & Dutrillaux, 1991). ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʦʤʦʣʦʛʠʠ ʧʘʪʪʝʨʥʦʚ G 

ʦʢʨʘʰʠʚʘʥʠʷ ʤʝʞʜʫ ʚʠʜʘʤʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʚʠʜʘʤʠ. (Volobouev, 1989; Volobouev and 

Dutrillaux, 1991; Borisov and Orlov, 2012). ʈʝʟʫʣʴʪʘʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʘʨʠʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʘʧʨʠʦʨʥʦʡ ʤʦʜʝʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʟʥʘʢʦʚ 

(ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʦʙʝʨʪʩʦʥʦʚʩʢʠʭ ʩʣʠʷʥʠʡ ʠ 

ʨʘʟʜʝʣʝʥʠʡ).  

1.3.2. ʍʨʦʤʦʩʦʤʥʘʷ ʵʚʦʣʶʮʠʷ ʚʠʜʦʚʦʡ ʛʨʫʧʧʳ çaraneusè 

ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʘʥʥʦʡ ʥʘ R ʦʢʨʘʰʠʚʘʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ɺʦʣʦʙʫʝʚʘ 

(Volobouev, 1989, ʨʠʩ. 1.1) ʵʚʦʣʶʮʠʷ ʛʨʫʧʧʳ ʚ ʮʝʣʦʤ ʠʜʝʪ ʧʦ ʧʫʪʠ ʩʣʠʷʥʠʷ 

ʭʨʦʤʦʩʦʤʥʳʭ ʧʣʝʯ ʠ ʫʤʝʥʴʰʝʥʠʷ ʜʠʧʣʦʠʜʥʦʛʦ ʯʠʩʣʘ ʭʨʦʤʦʩʦʤ. ɺ ʨʘʤʢʘʭ 

ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʚʦʣʶʮʠʠ ʢʘʨʠʦʪʠʧʘ ʛʨʫʧʧʳ Volobuev 1989 ʠ 

Volobuev and Dutrillaux 1991 ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʢʘʨʠʦʪʠʧ S. tundrensis ʙʣʠʟʦʢ 

ʢ ʧʨʝʜʢʦʚʦʤʫ, ʘ ʩʘʤʘ ʪʫʥʜʨʷʥʘʷ ʙʫʨʦʟʫʙʢʘ ʟʘʥʠʤʘʝʪ ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʬʠʣʦʛʝʥʠʠ ʚʠʜʘ. ɸʢʨʦʮʝʥʪʨʠʯʝʩʢʠʡ ʢʘʨʠʦʪʠʧ ʧʠʨʝʥʝʡʩʢʦʡ ʙʫʨʦʟʫʙʢʠ (S. 

granarius) ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʨʠʤʠʪʠʚʥʳʡ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʝ 

ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʚʨʦʧʝʡʩʢʠʤ ʚʠʜʘʤ S. 

araneus, S. coronatus ʠ S. antinorii. 

ʂʘʨʠʦʪʠʧ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʢʘ ʛʨʫʧʧʳ ʚʠʜʦʚ çaraneusè ʚʢʣʶʯʘʣ ʚ 

ʩʝʙʷ, ʚʝʨʦʷʪʥʦ, 44 ʘʫʪʦʩʦʤʳ (52 ʭʨʦʤʦʩʦʤʥʳʭ ʧʣʝʯʘ). ʅʘʠʙʦʣʝʝ ʙʘʟʘʣʴʥʳʡ, 

ʩʦʛʣʘʩʥʦ ʵʪʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ S. tundrensis, ʦʪʜʝʣʝʥ ʦʪ ʥʝʛʦ ʚʦʩʝʤʴʶ 
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ʈʦʙʝʨʪʩʦʥʦʚʩʢʠʤʠ ʩʣʠʷʥʠʷʤʠ. ʃʠʥʠʷ, ʚʝʜʫʱʘʷ ʢ ʦʩʪʘʣʴʥʳʤ ʚʠʜʘʤ, 

ʧʨʝʪʝʨʧʝʣʘ ʧʷʪʴ ʧʝʨʝʩʪʨʦʝʢ ï ʚ ʝʝ ʥʘʯʘʣʝ ʣʝʞʠʪ ʧʦʭʦʞʠʡ ʥʘ S. granarius 

ʢʘʨʠʦʪʠʧ, ʩʦʜʝʨʞʘʱʠʡ 34 ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʠʝ ʘʫʪʦʩʦʤʳ. ʉʦʛʣʘʩʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʘʚʪʦʨʘ, ʦʪʜʝʣʴʥʳʝ ʧʦʧʫʣʷʮʠʠ ʵʪʦʛʦ ʧʨʝʜʢʘ, ʜʘʚʰʠʝ ʥʘʯʘʣʦ 

ʣʠʥʠʠ S. arcticus / S. maritimensis, ʧʦʧʘʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, 

ʠʩʧʦʣʴʟʫʷ ɹʝʨʠʥʛʠʡʩʢʠʡ ʩʫʭʦʧʫʪʥʳʡ ʤʦʩʪ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʧʫʣʷʮʠʠ S. 

tundrensis, ʚʝʨʦʷʪʥʦ, ʧʨʦʥʠʢʣʠ ʚ ʉʝʚʝʨʥʫʶ ɸʤʝʨʠʢʫ ʧʦʟʜʥʝʝ, 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʧʦʩʣʝʜʥʠʤ ɹʝʨʠʥʛʠʡʩʢʠʤ ʤʦʩʪʦʤ (Volobouev and 

Dutrillaux, 1991). 

ɻʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʧʨʝʜʢʘ ʚʩʝʡ ʛʨʫʧʧʳ ʦʪ ʧʠʨʝʥʝʡʩʢʦʛʦ ʚʠʜʘ S. granarius, 

ʦʙʣʘʜʘʶʱʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʠʤ ʥʘʙʦʨʦʤ ʘʫʪʦʩʦʤ 

(Hausser et al., 1975; W·jcik and Searle, 1988, Volobouev, 1989), ʦʪʜʝʣʷʝʪ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ (ʩʣʠʷʥʠʝ tu). ɺ ʣʠʥʠʠ, ʚʝʜʫʱʝʡ ʢ ʦʩʪʘʣʴʥʳʤ 

ʝʚʨʦʧʝʡʩʢʠʤ ʚʠʜʘʤ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ af. ʂʘʨʠʦʪʠʧ S. coronatus ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʴʤʠ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ (ʰʝʩʪʠ ʩʣʠʷʥʠʡ ʠ ʜʚʫʭ 

ʮʝʥʪʨʦʤʝʨʥʳʭ ʩʜʚʠʛʦʚ). ʃʠʥʠʶ S. araneus/S.antinorii/S.satunini ʦʙʲʝʜʠʥʷʝʪ 

ʩʣʠʷʥʠʝ bc. 

 

ʈʠʩ. 1.1. ʌʠʣʦʛʝʥʠʷ ʛʨʫʧʧʳ çaraneusè ʥʘ ʦʩʥʦʚʘʥʠʠ R-ʦʢʨʘʰʠʚʘʥʠʷ 

ʭʨʦʤʦʩʦʤ ʧʦ Volobuev 1989 (ʠʟ Bulatova, 2019). 

ʉ ʧʦʤʦʱʴʶ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ ʭʨʦʤʦʩʦʤ-ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ɼʅʂ-ʟʦʥʜʘʤʠ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʦʤʦʣʦʛʠʠ ʦʪʜʝʣʴʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ 

ʧʣʝʯ ʠ ʠʭ ʫʯʘʩʪʢʦʚ (Biltueva et al., 2011, ʨʠʩ. 1.2.). ʕʪʦʪ ʘʥʘʣʠʟ, ʚ ʢʦʤʙʠʥʘʮʠʠ 



21 
 

ʩ ʘʥʘʣʠʟʦʤ G ʠ R ʦʢʨʘʰʠʚʘʥʠʝʤ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʠʷʥʠʷ, ʨʘʟʜʝʣʝʥʠʷ ʠ ʮʝʥʪʨʦʤʝʨʥʳʝ ʩʜʚʠʛʠ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʝ ʚʠʜʦʚʳʝ ʨʘʟʣʠʯʠʷ ʚ ʢʘʨʠʦʪʠʧʘʭ ʚʠʜʦʚ ʛʨʫʧʧʳ ʠ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʪʦʯʥʝʥʥʫʶ ʬʠʣʦʛʝʥʠʶ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʧʘʪʪʝʨʥʦʚ G ʦʢʨʘʩʢʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʢʘʨʠʦʪʠʧʦʚ ʪʫʥʜʨʷʥʦʡ ʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʦʢ, 

ʙʦʣʴʰʠʥʩʪʚʦ ʭʨʦʤʦʩʦʤʥʳʭ ʧʣʝʯ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʢʘʨʠʦʪʠʧʝ ʪʫʥʜʨʷʥʦʡ ʙʫʨʦʟʫʙʢʠ ʚ ʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʤ, ʨʘʟʜʝʣʝʥʥʦʤ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʭʨʦʤʦʩʦʤʘʤʠ ʚʠʜʝ (Volobouev, 1989; Biltueva et al., 2011), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʦʛʦ ʚʠʜʘ. S. grananrius, ʩʦʛʣʘʩʥʦ 

ʧʦʩʪʨʦʝʥʠʶ Biltueva et al. (2011) ʟʘʥʠʤʘʝʪ ʩʝʩʪʨʠʥʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ S. araneus. ʕʪʦ ʧʦʩʪʨʦʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʵʚʦʣʶʮʠʷ 

ʢʘʨʠʦʪʠʧʘ ʚ ʛʨʫʧʧʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʧʫʪʝʤ ʩʣʠʷʥʠʷ ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʠʭ 

ʭʨʦʤʦʩʦʤ, ʥʦ ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï ʨʘʟʜʝʣʝʥʠʝ ʤʝʪʘʮʝʥʪʨʠʢʦʚ. 

 

ʈʠʩ. 1.2. ʅʘʠʣʫʯʰʝʝ (ʧʘʨʩʠʤʦʥʠʘʣʴʥʦʝ) ʜʝʨʝʚʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʛʨʫʧʧʳ 

çaraneusè, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʜʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʱʠʭ 

ʭʨʦʤʦʩʦʤʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʝʛʤʝʥʪʦʚ ʠ ʘʩʩʦʮʠʘʮʠʡ, 

ʚʳʷʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ FISH ʠ G-ʦʢʨʘʰʠʚʘʥʠʝʤ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ Biltueva et 

al. (2011). ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʫʝʪʩʷ S. minutus. (ʀʟ Bulatova 

2019). 

1.3.3. ɺʥʫʪʨʠʚʠʜʦʚʦʡ ʭʨʦʤʦʩʦʤʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ Soreʭ araneus s.str 

ɺʥʫʪʨʠʚʠʜʦʚʦʡ ʭʨʦʤʦʩʦʤʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʦʙʥʘʨʫʞʝʥ ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʫ ʜʚʫʭ ʚʠʜʦʚ ʛʨʫʧʧʳ çaraneusè S. araneus ʠ S. tundrensis.   
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ɼʣʷ ʪʫʥʜʨʷʥʦʡ ʙʫʨʦʟʫʙʢʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʚʘʨʠʘʥʪʦʚ ʥʘ ʘʨʝʘʣʝ ʚʠʜʘ (Biltueva et al., 2011) ʠ 

ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʧʣʦʠʜʥʦʛʦ ʥʘʙʦʨʘ ʭʨʦʤʦʩʦʤ 

(Luk§ļov§ et al., 1996).  

ʀʩʩʣʝʜʦʚʘʥʠʶ ʚʥʫʪʨʠʚʠʜʦʚʦʛʦ ʭʨʦʤʦʩʦʤʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ. 

ʍʘʨʢʪʝʨʥʳʡ ʜʣʷ ʵʪʦʛʦ ʚʠʜʘ ʤʝʞ- ʠ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʧʦ 

ʯʠʩʣʫ ʭʨʦʤʦʩʦʤ (ʜʠʧʣʦʠʜʥʦʝ ʯʠʩʣʦ ʭʨʦʤʦʩʦʤ S. araneus ʚʘʨʴʠʨʫʝʪ ʦʪ 2n=20 

ʜʦ 2n=33, FN=40), ʧʦʤʠʤʦ ʈʦʙʝʨʪʩʦʥʦʚʩʢʠʭ ʩʣʠʷʥʠʡ ʠ ʨʘʟʜʝʣʝʥʠʡ, ʚʢʣʶʯʘʝʪ 

ʪʘʢʞʝ ʨʝʮʠʧʨʦʢʥʳʝ ʧʦʣʥʦʧʣʝʯʝʚʳʝ ʪʨʘʥʩʣʦʢʘʮʠʠ, ʪ.ʝ. ʦʙʤʝʥ ʧʣʝʯʘʤʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʤʝʪʘʮʝʥʪʨʠʢʘʤʠ ʠʣʠ ʤʝʪʘʮʝʥʪʨʠʢʦʤ ʠ ʘʢʨʦʮʝʥʪʨʠʢʦʤ. ʀʟʥʘʯʘʣʴʥʦ 

ʦʧʠʩʘʥʥʳʝ ʜʣʷ Sorex araneus ʣʠʰʴ ʛʠʧʦʪʝʪʠʯʝʩʢʠ (Searle, W·jcik, 1998), 

ʧʦʜʦʙʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʚʧʝʨʚʳʝ ʜʣʷ ʛʠʙʨʠʜʦʚ ʨʘʩ ʄʦʩʢʚʘ ʠ 

ʉʝʣʠʛʝʨ ʇʘʚʣʦʚʦʡ ʩ ʢʦʣʣʝʛʘʤʠ ʪʦʣʴʢʦ ʚ 2008 ʛʦʜʫ (Pavlova at al. 2008). ɺ 2009 

ʛʦʜʫ WART ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫ ʛʠʙʨʠʜʘ ʨʘʩ Drnholec and Ğegucki Mğyn (Fedyk 

and Chetnicki, 2009).  

ʏʝʪʳʨʝ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʝ ʭʨʦʤʦʩʦʤʳ ʠʥʚʘʨʠʘʥʪʥʳ ʥʘ ʚʩʝʤ ʘʨʝʘʣʝ ʚʠʜʘ: 

af, bc, tu ʥʠʢʦʛʜʘ ʥʝ ʨʘʟʜʝʣʷʶʪʩʷ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʫ ʜʨʫʛʠʭ ʚʠʜʦʚ ʛʨʫʧʧʳ, 

ʘ jl  ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʤʝʪʘʮʝʥʪʨʠʢ ʠ ʢʘʢ ʥʝʩʣʠʚʰʠʝʩʷ ʘʢʨʦʮʝʥʪʨʠʢʠ j ʠ l ʚ 

ʛʦʤʦʟʠʛʦʪʥʦʤ ʠʣʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʩ 

ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ.  

ʆʩʪʘʚʰʠʝʩʷ 10 ʠʩʭʦʜʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʭʨʦʤʦʩʦʤ (g, h, i, k, m, n, o, p, 

q, r) ʣʠʙʦ ʥʘʭʦʜʷʪʩʷ ʚ ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʣʠʙʦ ʩʦʝʜʠʥʷʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʚ ʤʝʪʘʮʝʥʪʨʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʳʡ ʠ 

ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʡ ʨʦʙʝʨʪʩʦʥʦʚʩʢʠʡ ʧʦʣʠʤʦʨʬʠʟʤ. ʊʘʢʠʝ ʭʨʦʤʦʩʦʤʳ 

ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʫʣʫ ʭʨʦʤʦʩʦʤʥʦʡ ʨʘʩʳ (Searle, W·jcik, 1998; W·jcik et al., 

2002) ʠ ʷʚʣʷʶʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʥʘ ʘʨʝʘʣʝ ʚʠʜʘ S. 

araneus ʦʧʠʩʘʥʦ 37 ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ (ʠʟ 45 ʚʦʟʤʦʞʥʳʭ) ʠ ʙʦʣʝʝ 70 

ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʭʨʦʤʦʩʦʤ (Bulatova et al., 2019). 



23 
 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ 

ɺʦʧʨʦʩʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʥʝ ʠʤʝʶʪ 

ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʠʭ ʧʨʦʠʩʭʦʜʠʣʦ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʠʣʠ ʛʦʣʦʮʝʥʝ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʩ ʧʦʩʣʝʜʥʠʤ ʦʣʝʜʝʥʝʥʠʝʤ (W·jcik 1993; Taberlet et al., 1994; 

Ratkiewicz et al., 2002).  

ɼʦ ʩʠʭ ʧʦʨ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʬʫʛʠʫʤʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʚʠʜ ʩʦʭʨʘʥʷʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʝʨʠʦʜʘ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʨʝʢʦʣʦʥʠʟʘʮʠʠ. ʊʘʢ, ʦʜʥʘ ʠʟ ʪʝʦʨʠʡ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʟʘʧʘʜʥʘʷ 

ɽʚʨʦʧʘ ʟʘʩʝʣʷʣʘʩʴ ʠʟ ʨʝʬʫʛʠʫʤʦʚ ʥʘ ɹʘʣʢʘʥʘʭ ʠ ʚ ʖʞʥʳʭ ɸʣʴʧʘʭ (Hewitt, 

1999), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɹʠʣʪʦʥ (Bilton et al 1998) ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʯʠʪʘʝʪ ʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʨʝʢʦʣʦʥʠʟʘʮʠʷ ʤʦʛʣʘ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟ ʨʝʬʫʛʠʫʤʦʚ 

ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʳ, ʉʝʚʝʨʥʦʛʦ ʇʨʠʯʝʨʥʦʤʦʨʴʷ, ʖʞʥʦʛʦ ʋʨʘʣʘ, ʯʝʤ ʠʟ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʨʝʬʫʛʠʫʤʘ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʚ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʟʦʥʝ ʇʦʟʜʥʝʚʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʜʣʷ ʵʪʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʭʘʨʘʢʪʝʨʥʳ ʨʘʩʳ ʩ ʨʝʜʢʠʤ ʠʣʠ ʥʝʧʦʚʪʦʨʠʤʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʤʝʪʘʮʝʥʪʨʠʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʩ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʢʨʘʝʤ ʣʝʜʥʠʢʘ, ʚʜʦʣʴ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʣʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ, 

ʠʟʦʣʦʨʦʚʘʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʝʬʫʛʠʫʤʳ, ʚ ʢʦʪʦʨʳʭ ʤʦʛ ʙʳ ʩʦʭʨʘʥʠʪʴʩʷ ʠ 

ʧʝʨʝʞʠʪʴ ʦʣʝʜʝʥʝʥʠʝ ʨʷʜ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ï ʇʩʢʦʚ, ɿʘʧʘʜʥʘʷ ɼʚʠʥʘ, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʉʝʣʠʛʝʨ (ʆʨʣʦʚ, 2004, ɹʦʨʠʩʦʚ, 2014.) 

ɻʨʫʧʧʳ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ 

ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʢʦʚʳʡ ʢʘʨʠʦʪʠʧ ʜʣʷ ʛʨʫʧʧʳ ʚʠʜʦʚ 

çaraneusè ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʠʤ, ʘ ʜʘʣʴʥʝʡʰʘʷ ʵʚʦʣʶʮʠʷ ʰʣʘ ʧʦ 

ʧʫʪʠ ʬʠʢʩʘʮʠʠ ʨʦʙʝʨʪʩʦʥʦʚʩʢʠʭ ʩʣʠʷʥʠʡ. ɸʥʘʣʠʟʠʨʫʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʭʨʦʤʦʩʦʤʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʩʘʭ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʝ ʛʨʫʧʧʳ: ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʘʷ 

ʢʘʨʠʦʪʠʧʠʯʝʩʢʘʷ ʛʨʫʧʧʘ ʚʢʣʶʯʘʝʪ ʨʘʩʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʦʪ 
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ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʜʦ ʋʢʨʘʠʥʳ ʠ ʥʝʩʫʱʠʝ ʚ ʩʚʦʝʤ ʭʨʦʤʦʩʦʤʥʦʤ ʥʘʙʦʨʝ 

ʤʝʪʘʮʝʥʪʨʠʢʠ hi ʠ gm. ʆʜʥʘʢʦ, ʨʘʩʳ, ʥʝʩʫʱʠʝ ʦʙʘ ʵʪʠ ʤʝʪʘʮʝʥʪʨʠʢʘ (ɿʠʤʘ) 

ʠʣʠ ʪʦʣʴʢʦ hi (ɸʣʪʘʡ, ɹʘʡʢʘʣ, ʉʪʨʝʣʢʘ, ʊʦʤʩʢ) ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚ ʩʘʤʦʡ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ. ɺʦʧʨʦʩ ʦ ʪʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʪʦ ʩʭʦʜʩʪʚʦ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʭʨʦʤʦʩʦʤʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʠʣʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʨʘʟʜʝʣʝʥʠʷ ʘʨʝʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʳʤ. ʈʘʩʳ ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ (ʚʦʩʪʦʯʥʦ-

ʝʚʨʦʧʝʡʩʢʘʷ ʢʘʨʠʦʪʠʧʠʯʝʩʢʘʷ ʛʨʫʧʧʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʪʘʮʝʥʪʨʠʢʦʤ gr. ɺ 

ʩʝʚʝʨʥʦ-ʝʚʨʦʧʝʡʩʢʫʶ ʢʘʨʠʦʪʠʧʠʯʝʩʢʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʨʘʩʳ, ʘʨʝʘʣʳ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʦʪ ʩʝʚʝʨʥʦʡ ʉʢʘʥʜʠʥʘʚʠʠ, ʯʝʨʝʟ ʋʨʘʣ, ʜʦ ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʀʭ 

ʦʙʲʝʜʠʥʷʝʪ ʥʘʣʠʯʠʝ ʤʝʪʘʮʝʥʪʨʠʢʘ ip. ʀ, ʥʘʢʦʥʝʮ, ʥʝʩʫʱʠʝ ʤʝʪʘʮʝʥʪʨʠʢʠ gk ʠ 

hi, ʨʘʩʳ ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ ʩʦʩʪʘʚʣʷʶʪ ʉʠʙʠʨʩʢʫʶ ʛʨʫʧʧʫ (Searle, 

1984; W·jcik, 1993; Ivanitskaya, 1994; Polyakov et al., 2001).  

ʉʨʝʜʠ ʨʘʩ ʉʠʙʠʨʠ ʠ ʋʨʘʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʜʚʝ ʚʝʪʚʠ (Polyakov 

et al 2001). ʆʜʥʘ ʠʟ ʥʠʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʤʝʪʘʮʝʥʪʨʠʢʘʤʠ go ʠ hn, 

ʚʢʣʶʯʘʝʪ ʨʘʩʳ ʉʦʢ, ʖʨʶʟʘʥʴ, ʉʝʨʦʚ ʠ ʅʦʚʦʩʠʙʠʨʩʢ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʤʝʥʷʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʦʪ ʖʞʥʦʛʦ ʋʨʘʣʘ ʜʦ ʚʦʩʪʦʯʥʦʡ 

ʛʨʘʥʠʮʳ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʨʘʚʥʠʥʳ. ʈʘʩʳ ʵʪʦʡ ʛʨʫʧʧʳ ʦʙʣʘʜʘʶʪ ʧʦʣʥʦʩʪʴʶ 

ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʤ ʢʘʨʠʦʪʠʧʦʤ, ʠ ʢʘʞʜʘʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʝʜʥʝʡ ʦʜʥʦʡ 

ʧʦʣʥʦʧʣʝʯʝʚʦʡ ʪʨʘʥʩʣʦʢʘʮʠʝʡ. ʊʘʢʦʡ ʞʝ çʢʘʩʢʘʜè ʪʨʘʥʩʣʦʢʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʨʝʜʠ ʨʘʩ, ʦʙʠʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʘʥʠʠ, ʐʚʝʮʠʠ (Fredga 1996) ʠ 

ʌʠʥʣʷʥʜʠʠ (Halkka et al., 1994).  ɺʪʦʨʘʷ ʚʝʪʚʴ ʦʙʨʘʟʦʚʘʥʘ ʨʘʩʘʤʠ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ ʠ ɸʣʪʘʷ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

ʈʘʩʳ ʵʪʦʡ ʛʨʫʧʧʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʠʩʣʦʤ ʠ 

ʩʦʩʪʘʚʦʤ ʤʝʪʘʮʝʥʪʨʠʢʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʈʦʙʝʨʪʩʦʥʦʚʩʢʦʛʦ 

ʩʣʠʷʥʠʷ (Polyakov et al 2001)  

ʍʨʦʤʦʩʦʤʥʘʷ ʬʠʣʦʛʝʥʠʷ S. araneus 

ɹʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʤʥʦʞʝʩʪʚʦ ʧʦʧʳʪʦʢ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʭʨʦʤʦʩʦʤʥʦʡ 

ʬʠʣʦʛʝʥʠʠ S. araneus. ʂʨʦʤʝ ʧʨʦʩʪʝʡʰʝʛʦ ʘʣʛʦʨʠʪʤʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʣʠʰʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʠʭ ʤʝʪʘʮʝʥʪʨʠʢʦʚ (ʇʦʣʷʢʦʚ ʠ ʜʨ., 2001) ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
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ʧʘʨʩʠʤʦʥʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʫʩʣʦʚʠʝʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʨʦʙʝʨʪʩʦʥʦʚʩʢʦʝ 

ʩʣʠʷʥʠʝ (Ivanitskaya, 1994), ʠʣʠ ʠ ʨʦʙʝʨʪʩʦʥʦʚʩʢʦʝ ʩʣʠʷʥʠʝ ʠ ʨʦʙʝʨʪʩʦʥʦʚʩʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ (Searle and Wojcik 1998). ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʯʠʪʳʚʘʶʪ ʚ 

ʩʚʦʠʭ ʧʦʩʪʨʦʝʥʠʷʭ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʙʱʠʭ ʤʝʪʘʮʝʥʪʨʠʢʦʚ ʚ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩʘʭ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʛʠʙʨʠʜʠʟʘʮʠʠ (Searle 1984). 

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʭʨʦʤʦʩʦʤʥʳʭ ʬʠʣʦʛʝʥʠʡ, ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʙʠʬʫʨʢʘʮʠʦʥʥʳʤ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤ ʜʝʨʝʚʴʷʤ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʩʝʪʠ. ʕʪʦʪ, 

ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʡ, ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʤʦʞʝʪ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʜʦʧʫʩʢʘʝʪ ʨʝʪʠʢʫʣʷʨʥʫʶ ʵʚʦʣʶʮʠʶ 

ï ʛʠʙʨʠʜʠʟʘʮʠʶ (White et al., 2010).  

ɻʠʙʨʠʜʥʳʝ ʟʦʥʳ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ 

ʍʨʦʤʦʩʦʤʥʳʝ ʨʘʩʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʧʘʨʘʧʘʪʨʠʯʥʳ ʠ, 

ʚʩʪʨʝʯʘʷʩʴ, ʦʙʨʘʟʫʶʪ ʟʦʥʳ ʛʠʙʨʠʜʠʟʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʠʙʨʠʜʥʘʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʨʨʠʪʦʨʠʶ, ʥʘ ʢʦʪʦʨʦʡ ʚʩʪʨʝʯʘʶʪʩʷ ʈʦʙʝʨʪʩʦʥʦʚʩʢʠʝ 

ʛʝʪʝʨʦʟʠʛʦʪʳ ʧʦ ʭʨʦʤʦʩʦʤʘʤ, ʨʘʟʣʠʯʘʶʱʠʤ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʨʘʩʳ (W·jcik et 

al., 2002). 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʦʙʥʘʨʫʞʝʥʦ 36 ʛʠʙʨʠʜʥʳʭ ʟʦʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɽʚʨʦʧʳ ʠ ʚ ʉʠʙʠʨʠ (Fedyk et al., 2019). ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʛʠʙʨʠʜʥʳʝ ʟʦʥʳ ʫ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʪʦʨʠʯʥʳʝ, ʘ ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʛʠʙʨʠʜʦʚ ʫ ʵʪʦʛʦ ʚʠʜʘ ʘʧʨʠʦʨʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʥʠʞʝʥʥʦʡ, 

ʚʩʝ ʛʠʙʨʠʜʥʳʝ ʟʦʥʳ ʩʯʠʪʘʶʪʩʷ ʥʘʧʨʷʞʝʥʥʳʤʠ (Searle 1986, 1988, 1993, 

Garagna et al. 1989, Wallace and Searle 1994). 

ʍʨʦʤʦʩʦʤʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʘʩʘʤʠ ʥʝ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʙʨʠʜʦʚ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʆʜʥʘʢʦ, ʬʝʨʪʠʣʴʥʦʩʪʴ 

ʨʦʙʝʨʪʩʦʥʦʚʩʢʠʭ ʛʝʪʝʨʦʟʠʛʦʪ, ʪʝʦʨʝʪʠʯʝʩʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʥʠʞʝʥʘ ʟʘ ʩʯʝʪ 

ʥʘʨʫʰʝʥʠʷ ʩʧʘʨʠʚʘʥʠʷ ʠ ʨʘʩʭʦʞʜʝʥʠʷ ʭʨʦʤʦʩʦʤ ʧʨʠ ʤʝʡʦʟʝ. ɺ ʩʣʫʯʘʝ ʧʨʦʩʪʦʡ 

ʛʝʪʝʨʦʟʠʛʦʪʳ (ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʪʘʮʝʥʪʨʠʯʝʩʢʘʷ ʭʨʦʤʦʩʦʤʘ ʠ ʜʚʘ 

ʛʦʤʦʣʦʛʠʯʥʳʭ ʝʝ ʧʣʝʯʘʤ ʘʢʨʦʮʝʥʪʠʢʘ) ʚ ʧʨʦʬʘʟʝ I ʤʝʡʦʟʘ ʚʤʝʩʪʦ ʙʠʚʘʣʝʥʪʦʚ 

ʦʙʨʘʟʫʶʪʩʷ ʪʨʠʚʘʣʝʥʪʳ. ʋ ʢʦʤʧʣʝʢʩʥʦʡ ʛʝʪʝʨʦʟʠʛʦʪʳ (ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʠʝ 

ʭʨʦʤʦʩʦʤʳ ʦʜʥʦʡ ʛʦʤʦʣʦʛʠʯʥʦʡ ʧʘʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʥʳʭ ʨʦʙʝʨʪʩʦʥʦʚʩʢʠʭ 
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ʧʝʨʝʩʪʨʦʡʢʘʭ) ʚ ʤʝʡʦʟʝ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʣʴʮʝʚʳʝ ʠʣʠ ʣʠʥʝʡʥʳʝ 

ʤʫʣʴʪʠʚʘʣʝʥʪʳ.  

ʅʘʨʫʰʝʥʠʷ ʤʝʡʦʟʘ ʢʘʢ ʫ ʧʨʦʩʪʳʭ, ʪʘʢ ʠ ʫ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʪʝʨʦʟʠʛʦʪ ʙʳʣʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʢʘʟʘʥʳ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ (Wallace and Searle 1994, 

Garagna et al. 1989, Searle 1990, Narain and Fredga 1996, Banaszek et al. 2000, 

Fedyk, S. and Chňtnicki, 2010). ʆʜʥʘʢʦ, ʜʦʣʷ ʪʘʢʠʭ ʥʘʨʫʰʝʥʠʡ ʥʝʚʝʣʠʢʘ ʠ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʬʝʨʪʠʣʴʥʦʩʪʠ ʛʠʙʨʠʜʦʚ (Fedyk, S. and 

Chňtnicki, 2010). ɻʠʙʝʣʴ ʟʘʨʦʜʳʰʝʚʳʭ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ 

ʜʝʣʝʥʠʷ ʤʝʡʦʟʘ ʫ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʪʝʨʦʟʠʛʦʪ ʧʦʚʳʰʝʥʘ, ʦʜʥʘʢʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʦʢʘʟʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʧʣʦʜʦʚʠʪʦʩʪʴ. ʋ ʧʨʦʩʪʳʭ 

ʛʝʪʝʨʦʟʠʛʦʪ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʟʥʘʯʠʤʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʛʦ ʫ ʛʦʤʦʟʠʛʦʪ 

(Banaszek et al 2000, Garagna et al. 1989). 

ɽʩʣʠ ʭʨʦʤʦʩʦʤʥʳʝ ʨʘʟʣʠʯʠʷ ʥʝ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʛʠʙʨʠʜʠʟʘʮʠʶ, ʪʦ ʰʠʨʠʥʘ ʛʠʙʨʠʜʥʦʡ ʟʦʥʳ ʦʛʨʘʥʠʯʝʥʘ ʣʠʰʴ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʦʩʦʙʝʡ ʨʘʩʩʝʣʷʪʴʩʷ ʟʘ ʧʨʝʜʝʣʳ ʘʨʝʘʣʘ ʩʚʦʝʡ ʨʘʩʳ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʞʝʪ 

ʟʘʚʠʩʝʪʴ ʢʘʢ ʦʪ ʚʥʝʰʥʠʭ, ʪʘʢ ʠ ʦʪ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ (ʑʠʧʘʥʦʚ 

ʠ ʜʨ., 2009). 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʛʨʘʜʳ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʦʙʤʝʥʫ ʤʠʛʨʘʥʪʘʤʠ. ʊʘʢ, ʘʨʝʘʣʳ ʥʝʢʦʪʦʨʳʭ ʨʘʩ ʨʘʟʜʝʣʝʥʳ 

ʢʨʫʧʥʳʤʠ ʨʝʢʘʤʠ (Bystrakova et al., 2003; Mercer, Searle, 1991; Narain, Fredga, 

1996). ʅʝʧʨʝʦʜʦʣʠʤʳʤʠ ʜʣʷ ʙʫʨʦʟʫʙʦʢ ʦʢʘʟʘʣʠʩʴ ʩʫʭʠʝ ʶʞʥʳʝ ʩʢʣʦʥʳ ɸʣʴʧ. 

ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʛʦʨʥʳʝ ʧʝʨʝʚʘʣʳ (St-Bernard ʠ Simplon) ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʝʛʨʘʜʦʡ ʜʣʷ ʤʠʛʨʘʮʠʠ ʵʪʠʭ ʞʠʚʦʪʥʳʭ, ʘ, ʥʘʧʨʦʪʠʚ, ʠʛʨʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʣʦʥʠʟʘʮʠʠ ʝʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʟ 

ʘʧʝʥʥʠʥʩʢʠʭ ʨʝʬʫʛʠʫʤʦʚ (Lugon-Moulin and Hausser 2002). ɺʤʝʩʪʝ ʩ ʵʪʠʤ, 

ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʨʘʩʘʤʠ Drnholec ʠ BiağowieŨa ʧʨʦʭʦʜʠʪ ʧʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʥʘʩʳʧʠ (Szağaj et al., 1996).  

ʆʜʥʘʢʦ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʠʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʛʨʘʜ, ʩʧʦʩʦʙʥʳʭ 

ʦʛʨʘʥʠʯʠʪʴ ʨʘʩʩʝʣʝʥʠʝ ʨʘʩʳ, ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʩʘ ʉʦʢ 

ʧʝʨʝʩʝʢʘʷ ʨ. ʂʘʤʘ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ, ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʨʘʩʦʡ ʄʘʥʪʫʨʦʚʦ ʥʘ 
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ʫʯʘʩʪʢʝ, ʛʜʝ ʚʠʜʠʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʝʛʨʘʜʳ ʦʪʩʫʪʩʪʚʫʶʪ (Bystrakova et al., 

2003). ʈʘʩʳ ʂʠʨʠʣʣʦʚ, ʉʦʢ, ʄʘʥʪʫʨʦʚʦ, ʉʝʨʦʚ ʧʝʨʝʩʝʢʘʶʪ ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʨʝʢʠ 

ʢʘʢ ʉʝʚʝʨʥʘʷ ɼʚʠʥʘ, ɺʳʯʝʛʜʘ, ʇʝʯʦʨʘ, ʄʝʟʝʥʴ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʛʜʝ ʚʠʜʠʤʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʨʘʩʩʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

(ʑʠʧʘʥʦʚ ʠ ʜʨ., 2008). 

ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʨʘʩʩʝʣʝʥʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ, 

ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʠʭ ʨʘʟʣʠʯʥʳʝ ʙʠʦʪʦʧʠʯʝʩʢʠʝ ʧʨʝʜʧʦʯʪʝʥʠʷ. ʊʘʢ, ɸ. ʇʦʣʷʢʦʚ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (Polyakov et al., 2003) ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʊʦʤʩʢ ʠ ʅʦʚʦʩʠʙʠʨʩʢ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʩʦʪʦʡ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʈʘʚʥʠʥʥʘʷ ʨʘʩʘ ʅʦʚʦʩʠʙʠʨʩʢ 

ʧʨʦʥʠʢʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʨʘʩʳ ʊʦʤʩʢ ʚʜʦʣʴ ʜʦʣʠʥ ʧʝʨʝʩʝʢʘʶʱʠʭ ʛʦʨʠʩʪʫʶ 

ʤʝʩʪʥʦʩʪʴ ʨʝʢ, ʘ ʨʘʩʘ ʊʦʤʩʢ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʶ 

ʨʘʩʳ ʅʦʚʦʩʠʙʠʨʩʢ ʧʦ ʚʝʨʰʠʥʘʤ ʭʦʣʤʠʩʪʳʭ ʛʨʷʜ. ʈʘʩʳ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʚʳʩʦʪʝ 

ʦʢʦʣʦ 200 ʤ. ɺ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘ ʵʪʦʡ ʚʳʩʦʪʝ ʩʤʝʥʷʝʪʩʷ ʪʠʧ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ: ʣʝʩʦʩʪʝʧʥʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʟʜʝʩʴ ʥʠʞʝ 200 ʤ ʥʘʜ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʘ ʚʳʰʝ ï ʪʘʝʞʥʘʷ.  ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʨʘʟʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʚ ʨʝʬʫʛʠʫʤʘʭ, ʛʜʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʨʘʩʳ ʚʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ 

ʦʣʝʜʝʥʝʥʠʷ. ʈʘʩʘ ʅʦʚʦʩʠʙʠʨʩʢ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʚ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʩʦ 

ʩʪʦʨʦʥʳ ʋʨʘʣʘ, ʦʢʘʟʘʣʘʩʴ ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʫʩʣʦʚʠʷʤ ʣʝʩʦʩʪʝʧʠ. ʈʘʩʘ ʊʦʤʩʢ, 

ʩʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʘʚʪʦʨʦʚ, ʩʧʫʩʢʘʣʘʩʴ ʩ ɸʣʪʘʷ ʠ ʩʚʷʟʘʥʘ ʩ ʪʘʝʞʥʳʤʠ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷʤʠ. 

ʉʭʦʜʥʘʷ ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʑʠʧʘʥʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ ʫ 

ʥʝʢʦʪʦʨʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʥʘ ɽʚʨʦʧʝʡʩʢʦʤ ʉʝʚʝʨʝ (ʑʠʧʘʥʦʚ ʠ ʜʨ., 2005, 

2008). ʈʘʩʘ ʉʝʨʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʥʘ ʋʨʘʣʝ, ʟʘʭʦʜʠʪ ʚ ʝʚʨʦʧʝʡʩʢʫʶ ʯʘʩʪʴ, 

ʩʣʝʜʫʷ ʘʨʝʘʣʫ ʢʝʜʨʘ ï ʵʜʠʬʠʢʘʪʦʨʘ ʧʦʣʠʜʦʤʠʥʘʥʪʥʦʡ ʪʝʤʥʦʭʚʦʡʥʦʡ ʪʘʡʛʠ 

(ʑʠʧʘʥʦʚ ʠ ʜʨ., 2005). ʈʘʩʘ ʇʝʯʦʨʘ ʟʘʥʠʤʘʝʪ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʊʠʤʘʥʘ ʠ ʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʫʯʘʩʪʢʦʤ ʩʝʚʝʨʥʦʡ ʝʚʨʦʧʝʡʩʢʦʡ 

ʪʘʡʛʠ (ʑʠʧʘʥʦʚ ʠ ʜʨ., 2008). ʆʜʥʘʢʦ, ʚʥʫʪʨʠ ʩʚʦʝʛʦ ʘʨʝʘʣʘ ʨʘʩʳ ʜʦʩʪʠʛʘʶʪ 

ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ. ʇʦʵʪʦʤʫ ʪʨʫʜʥʦ 
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ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʣʦʢʘʣʠʟʘʮʠʷ ʛʠʙʨʠʜʥʦʡ ʟʦʥʳ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʨʘʟʣʠʯʠʷʤʠ ʪʦʣʴʢʦ ʚ ʙʠʦʪʦʧʠʯʝʩʢʠʭ ʧʨʝʜʧʦʯʪʝʥʠʷʭ. 

ʊʘʢʞʝ, ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ, 

ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʊʘʢ, ʧʦʢʘʟʘʥʦ, ʯʪʦ S. araneus 

ʧʨʝʜʧʦʯʠʪʘʝʪ ʙʦʣʝʝ ʚʣʘʞʥʳʝ ʠ ʭʦʣʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʯʝʤ ʨʦʜʩʪʚʝʥʥʳʡ ʝʤʫ ʚʠʜ 

S. coronatus (Neet and Hausser 1990). ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʛʨʘʥʠʮʘ 

ʤʝʞʜʫ S. antinorii ʠ ʭʨʦʤʦʩʦʤʥʳʤʠ ʨʘʩʘʤʠ Vaud ʠ Cordon ʪʘʢʞʝ ʚ ʐʚʝʡʮʘʨʠʠ 

(Hausser et al., 1991; Br¿nner, Hausser, 1996). ʆʜʥʘʢʦ ʘʨʝʘʣʳ ʤʥʦʛʠʭ ʨʘʩ 

ʦʭʚʘʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥ. ʊʘʢ, ʨʘʩʘ ʉʦʢ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʶʞʥʳʭ ʦʩʪʨʦʚʥʳʭ ʣʝʩʦʚ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣ. ʜʦ ʝʚʨʦʧʝʡʩʢʦʡ 

ʩʨʝʜʥʝʡ ʪʘʡʛʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ɺʳʯʝʛʜʘ (ʑʠʧʘʥʦʚ ʠ ʜʨ., 2005, 2008). 

1.4. ʄʆʃɽʂʋʃʗʈʅʆ-ɻɽʅɽʊʀʏɽʉʂʀɽ ɼɸʅʅʓɽ 

1.4.1 ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʚ ʛʨʫʧʧʝ çaraneusè 

ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʩʪʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʭʨʦʤʦʩʦʤʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʵʚʦʣʶʮʠʝʡ ʛʨʫʧʧʳ ʚʠʜʦʚ çaraneusè ʙʳʣʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʢʘʟʘʥʦ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ (ʉatzeflis, 1982; Taberlet et al., 1994; Ratkiewicz, 2002; 

Basset et al., 2006[1,2]).  

ʇʨʝʜʧʨʠʥʷʪʦ ʤʥʦʞʝʩʪʚʦ ʧʦʧʳʪʦʢ ʚʦʩʩʪʘʥʦʚʠʪʴ ʦʪʥʦʰʝʥʠʷ ʚʠʜʦʚ 

ʚʥʫʪʨʠ ʛʨʫʧʧʳ ʠ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʠʚʘʣʝʥʪʘ ʧʦʣʦʚʳʭ ʭʨʦʤʦʩʦʤ ʚ ʤʝʡʦʟʝ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʤʦʥʦʬʠʣʠʠ ʛʨʫʧʧʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʣʣʦʟʠʤʦʚ 

(George, 1988), ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ (Fumagalli et al., 1999, Ohdachi et al., 

2006, Bannikova et al., 2018), ʠ ʷʜʝʨʥʳʭ ʛʝʥʦʚ (Bannikova et al., 2018). ʉʦʛʣʘʩʥʦ 

ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʜʘʪʠʨʦʚʘʥʠʶ (Bannikova et al., 2018), ʛʨʫʧʧʘ çaraneusè ʙʳʩʪʨʦ 

ʨʘʜʠʠʨʦʚʘʣʘ ʚ ʨʘʥʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚʩʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʣʠʥʠʠ. ɺ ʩʣʫʯʘʝ ʪʘʢʦʡ ʥʝʜʘʚʥʝʡ ʨʘʜʠʘʮʠʠ 

ʥʝʨʝʜʢʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʬʠʣʦʛʝʥʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʨʘʟʨʝʰʝʥʥʳʤʠ, 

ʯʝʤ ʷʜʝʨʥʳʝ, ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʣʠʥʠʡ. 
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ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʚ ʛʨʫʧʧʝ çaraneusè ʦʩʪʘʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ. 

ʉʦʛʣʘʩʥʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʬʠʣʦʛʝʥʠʠ (Mackiewicz et al., 2017, Bannikova et 

al., 2018) ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ S. arcticus (ʠ ʙʣʠʟʢʠʡ ʢ ʥʝʤʫ S. 

maritimensis), ʜʘʣʝʝ ʦʪʜʝʣʷʝʪʩʷ ʣʠʥʠʷ S. tundrensis ʠ S. asper, ʘ S. daphaenodon 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʝʩʪʨʠʥʩʢʠʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʚʨʦʧʝʡʩʢʠʤ ʚʠʜʘʤ.  

ɹʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ S. granarius ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʝʚʨʦʧʝʡʩʢʠʤ ʚʠʜʘʤ 

(ʠʩʭʦʜʷ ʠʟ ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʛʦ ʢʘʨʠʦʪʠʧʘ) ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʆʥ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʞʘʡʰʠʤ ʩʝʩʪʨʠʥʩʢʠʤ 

ʚʠʜʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʝ. ɹʦʣʝʝ ʪʦʛʦ, ʛʘʧʣʦʪʠʧ 

ʦʙʥʘʨʫʞʝʥʥʳʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʡ ʠʟ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ (Carlit), ʦʙʠʪʘʶʱʝʡ ʠʟʦʣʠʨʦʚʘʥʥʦ ʚ ʚʦʩʪʦʯʥʳʭ ʇʠʨʝʥʝʷʭ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʞʝ ʢ ʛʘʧʣʦʪʠʧʘʤ ʧʠʨʝʥʝʡʩʢʦʡ ʙʫʨʦʟʫʙʢʠ ʯʝʤ ʢ ʪʘʢʦʚʳʤ 

ʦʙʳʢʥʦʚʝʥʥʦʡ. S. antinorii, ʢʘʨʠʦʪʠʧʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʢ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʝ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʝʩʪʨʠʥʩʢʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ S. granarius ʠ S. araneus 

(Taberlet et al., 1994; Yannic et al., 2008). ʉʨʝʜʠ ʛʘʧʣʦʪʠʧʦʚ S. satunini 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʚʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʣʠʥʠʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ (S. satunini B, 

ʩʝʚʝʨʥʘʷ) ʙʣʠʟʢʘ ʢ S. antinorii, ʘ ʜʨʫʛʘʷ (S. satunini A, ʶʞʥʘʷ) ʟʘʥʠʤʘʝʪ 

ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʪʘʣʴʥʳʤ ʝʚʨʦʧʝʡʩʢʠʤ ʚʠʜʘʤ ʛʨʫʧʧʳ 

(ɹʘʥʥʠʢʦʚʘ ʠ ʃʝʙʝʜʝʚ 2010).  

ɹʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ ʚʦʩʩʪʘʥʦʚʠʪʴ ʬʠʣʦʛʝʥʠʶ ʛʨʫʧʧʳ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʷʜʝʨʥʳʭ ʤʘʨʢʝʨʦʚ (Yannic et al., 2008; 2010 Bannikova et al., 

2018). ʆʜʥʘʢʦ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʬʠʣʦʛʝʥʠʶ, 

ʨʘʟʨʝʰʝʥʥʫʶ ʥʘ ʥʘʜʚʠʜʦʚʦʤ ʫʨʦʚʥʝ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʭʦʨʦʰʦ ʧʦʜʜʝʨʞʘʥʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʚʥʫʪʨʠ ʛʨʫʧʧʳ S. tundrensis+S. asper ʠ S. daphaenodon. S. satunini 

ʦʢʘʟʳʚʘʝʪʩʷ ʤʦʥʦʬʠʣʝʪʠʯʥʘ, ʦʜʥʘʢʦ ʝʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʥʝʫʩʪʦʡʯʠʚʦ (Bannikova et al., 2018). ɸʥʘʣʠʟ Y-ʭʨʦʤʦʩʦʤʥʳʭ ʤʘʨʢʝʨʦʚ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʦʥʦʬʠʣʝʪʠʯʥʦʩʪʴ S. satunini. ʅʝʫʩʪʦʡʯʠʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʢʘʚʢʘʟʩʢʦʡ ʙʫʨʦʟʫʙʢʠ ʥʘ ʜʝʨʝʚʝ ʠ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʷʜʝʨʥʦʡ ʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʬʠʣʦʛʝʥʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʜʨʝʚʥʠʤ ʩʦʙʳʪʠʝʤ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʠ ʠʥʪʨʦʛʨʝʩʩʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʤʝʞʜʫ ʧʨʝʜʢʦʚʦʡ 
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ʬʦʨʤʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʠ ʩʝʚʝʨʥʳʤʠ ʧʦʧʫʣʷʮʠʷʤʠ ʢʘʚʢʘʟʩʢʦʡ 

(ɹʘʥʥʠʢʦʚʘ ʠ ʃʝʙʝʜʝʚ 2010).   

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ X-ʩʮʝʧʣʝʥʥʳʭ, Y-

ʩʮʝʧʣʝʥʥʳʭ ʠ ʘʫʪʦʩʦʤʥʳʭ ʤʘʨʢʝʨʘʭ ʧʨʦʪʠʚʦʨʝʯʘʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʤ ʪʘʢʞʝ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʣʦʞʝʥʠʷ S. granarius ʠ ʥʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʝʝ ʙʣʠʟʦʩʪʴ ʢ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʝ. Y-ʩʮʝʧʣʝʥʥʳʝ ʤʘʨʢʝʨʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʣʠʟʦʩʪʴ S. granarius ʢ S. coronatus (Taberlet et al., 1994; Yannic 

et al., 2008), ʘ ʍ-ʩʮʝʧʣʝʥʥʳʝ ʩʙʣʠʞʘʶʪ ʝʝ ʩ S. coronatus and S. antinorii (Yannic 

et al., 2010). ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʟʘʠʤʩʪʚʦʚʘʥʠʷ 

ʤʪɼʅʂ S. granarius ʦʪ ʧʠʨʝʥʝʡʩʢʦʡ ʧʦʧʫʣʷʮʠʠ S. araneus.      

ʉʦʙʳʪʠʷ ʜʨʝʚʥʝʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʙʲʷʩʥʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʪʠʚʦʨʝʯʠʶ ʤʝʞʜʫ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʠ ʷʜʝʨʥʦʡ ʬʠʣʦʛʝʥʠʷʤʠ, ʥʦ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʷʜʝʨʥʦʛʦ ʜʝʨʝʚʘ ʛʨʫʧʧʳ çaraneusè.       

1.4.2. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʘʷ ʜʠʚʝʨʛʝʥʮʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ S. araneus 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ S. araneus 

(s.str) ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʨʘʟʣʠʯʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ. ʇʦʪʦʢ 

ʛʝʥʦʚ ʯʝʨʝʟ ʛʠʙʨʠʜʥʫʶ ʟʦʥʫ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʘʨʢʝʨʦʚ: ʢʦʜʦʤʠʥʘʥʪʥʳʭ ʠʟʦʬʝʨʤʝʥʪʦʚ (Frykman and Bengtsson 1984, 

Ratkiewicz et al. 2002) ʠ ʘʫʪʦʩʦʤʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʦʚ (Horn et al 2011, 

Andersson et al 2004, Jadwiszczak et al. 2006), ʥʘʩʣʝʜʫʝʤʦʡ ʧʦ ʤʘʪʝʨʠʥʩʢʦʡ 

ʣʠʥʠʠ ʤʪɼʅʂ (Ratkiewicz et al 2002, Andersson et al. 2005, Jadwiszczak et al. 

2006) ʠ ʧʦ ʦʪʮʦʚʩʢʦʡ ï ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʣʦʢʫʩʘ L8Y, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ Y-

ʭʨʦʤʦʩʦʤʝ (Balloux et al 2000, Jadwiszczak et al. 2006).  

ʀʟʦʬʝʨʤʝʥʪʳ 

ʕʣʝʢʪʨʦʬʦʨʝʟ ʙʝʣʢʦʚ ï ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʣʠʯʥʦʡ 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠʟʦʬʦʨʤ ʬʝʨʤʝʥʪʦʚ, ʩʣʫʞʠʣ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʧʫʣʷʮʠʦʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 

(ɸʣʪʫʭʦʚ, 1982). ʆʜʥʘʢʦ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚʳʭ ʣʦʢʫʩʦʚ ʟʘʪʨʫʜʥʷʝʪ ʦʮʝʥʢʫ ʛʝʥʥʦʛʦ 
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ʧʦʪʦʢʘ ʯʝʨʝʟ ʛʠʙʨʠʜʥʫʶ ʟʦʥʫ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʘʨʢʝʨʘ. ɽʜʠʥʩʪʚʝʥʥʦʡ 

ʛʠʙʨʠʜʥʦʡ ʟʦʥʦʡ, ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʛʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʙʳʣʘ ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʨʘʩ Cordon ʠ Valais (Br¿nner and Hausser 

1996), ʢʦʪʦʨʘʷ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʷʚʣʷʝʪʩʷ ʤʝʞʚʠʜʦʚʦʡ ï ʚ 2002 ʛʦʜʫ ʨʘʩʘ Valais 

ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ ʦʪʜʝʣʴʥʳʡ ʚʠʜ ï Sorex antinorii (Br¿nner et al., 2002[1]). ɺʦ 

ʤʥʦʞʝʩʪʚʝ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʟʦʥʘʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʛʝʥʥʦʛʦ ʧʦʪʦʢʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ (Frykman and Bengtsson 

1984, Bengtsson and Frykman 1990, Ratkiewicz et al., 1994, 2003, 2002). 

Ratkiewicz ʩ ʢʦʣʣʝʛʘʤʠ (2003) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ (ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʦ 31 ʘʣʣʦʟʠʤʥʦʤʫ ʣʦʢʫʩʫ) ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ Guzowy  Mğyn  (Gu)  ʠ  Lňgucki  Mğyn  (Lg) ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʤʝʞʨʘʩʦʚʫʶ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʷʚʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʣʘʥʜʰʘʬʪʥʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴʶ ʫʯʘʩʪʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʦʜʥʘʢʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʙʝʣʢʦʚʳʭ 

ʤʘʨʢʝʨʦʚ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʠʨʦʚʘʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʚ ʙʝʣʦʢʢʦʜʠʨʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. 

ʄʠʢʨʦʩʘʪʝʣʣʠʪʳ 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʚʦʝʦʙʨʘʟʠʷ 

ʧʦʧʫʣʷʮʠʡ ʠ ʨʘʩ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ 

ʧʦʪʦʢʘ ʛʝʥʦʚ, ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʚʳʩʦʢʦ-

ʧʦʣʠʤʦʨʬʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʨʦʪʢʠʭ ï ʦʪ 1 ʜʦ 6 

ʧʦʚʪʦʨʦʚ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʣʣʝʣʴʥʦʛʦ ʧʦʣʠʤʦʨʬʠʟʤʘ, ʢʦʜʦʤʠʥʘʥʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʥʘʩʣʝʜʦʚʘʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʜʣʠʥʘ ʘʤʧʣʠʬʠʮʠʨʫʝʤʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʵʪʦʪ ʤʘʨʢʝʨ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘ ʚʠʜʦʚʦʤ ʠ 

ʚʥʫʪʨʠʚʠʜʦʚʦʤ ʫʨʦʚʥʷʭ.  

ʍʦʪʷ ʤʠʢʨʦʩʘʪʝʣʣʠʪʳ ʩʯʠʪʘʶʪʩʷ ʩʝʣʝʢʪʠʚʥʦ-ʥʝʡʪʨʘʣʴʥʳʤ ʤʘʨʢʝʨʦʤ, 

ʥʝʤʘʣʦ ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʬʫʥʢʮʠʷʭ. ʕʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʯʘʩʪʚʫʶʪ ʚ 
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ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʦʤʘʪʠʥʘ, ʨʝʛʫʣʷʮʠʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ɼʅʂ, ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ 

ʪʨʘʥʩʣʷʮʠʠ, ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʜʠʥʘʤʠʢʠ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ (Chistiakov et al. 

2006). 

ɼʣʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʦʧʠʩʘʥʦ ʙʦʣʝʝ 40 ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ 

ʣʦʢʫʩʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʘʫʪʦʩʦʤʘʭ (Wyttenbach et al. 1997, Balloux et al. 

1998, Lugon-Moulin et al. 2000, Basset et al. 2006[1], Basset et al. 2006[2]) ʠ ʣʦʢʫʩ 

L8Y, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ Y-ʭʨʦʤʦʩʦʤʝ (Balloux et al. 2000).  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʩʫʱʝʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʦʚ ʚ ʩʝʤʠ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʨʘʩ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʩʳ 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʘʢ ʢ ʦʜʥʦʡ (Wittenbach et al 1999, Moska et al 2011), ʪʘʢ ʠ ʢ 

ʨʘʟʥʳʤ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ (Andersson 2004, Jadwiszczak et al 2006).  ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʛʠʙʨʠʜʥʦʡ ʟʦʥʳ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʣʘʙʘʷ, ʥʦ ʟʥʘʯʠʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ, ʪʦʛʜʘ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʝʞʜʫ 

ʨʘʩʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʡ (Andersson 2004, Ratkiewicz et al., 

2000, 2002), ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ (Horn et al 2011, 

Wittenbach et al 1999).  

ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʦʥʢʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʠʙʨʠʜʥʦʡ ʟʦʥʳ 

Hªllefors ʠ Uppsala ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʫʪʨʠʨʘʩʦʚʳʡ ʫʨʦʚʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʧʨʝʚʳʰʘʝʪ ʤʝʞʨʘʩʦʚʳʡ. Nm (ʯʠʩʣʦ ʤʠʛʨʘʥʪʦʚ) ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʧʦʧʫʣʷʮʠʷʤʠ ʚ ʵʪʦʡ ʛʠʙʨʠʜʥʦʡ ʟʦʥʝ ʩʦʩʪʘʚʠʣʦ 11 ʦʩʦʙʝʡ ʥʘ ʧʦʢʦʣʝʥʠʝ, ʪʦʛʜʘ 

ʢʘʢ ʤʝʞʨʘʩʦʚʘʷ ʤʠʛʨʘʮʠʷ ʜʦʩʪʠʛʣʘ 92 ʦʩʦʙʝʡ. ʇʨʠ ʘʥʘʣʠʟʝ ʚʳʙʦʨʦʢ ʢʘʞʜʦʡ 

ʨʘʩʳ ʥʝʟʘʚʠʩʠʤʦ, ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʣʘʙʳʡ, ʥʦ ʟʥʘʯʠʤʳʡ ʜʝʬʠʮʠʪ ʛʝʪʝʨʦʟʠʛʦʪ 

(Fst=0.009ð0.01), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ ʚʳʙʦʨʢʠ 

(Wittenbach et al 1999).  

ɼʦʩʪʦʚʝʨʥʳʡ ʜʝʬʠʮʠʪ ʛʝʪʝʨʦʟʠʛʦʪ ʦʙʥʘʨʫʞʝʥ ʪʘʢʞʝ ʚ ʛʠʙʨʠʜʥʦʡ ʟʦʥʝ 

ʨʘʩ Ğňgucki Mğyn ʠ Popielno (Fis=0.13) ʧʨʠ ʘʥʘʣʠʟʝ ʦʙʱʝʡ ʚʳʙʦʨʢʠ. 

ɼʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʠ ʤʝʞʜʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʚʳʙʦʨʢʘʤʠ, ʥʠ ʤʝʞʜʫ 

ʭʨʦʤʦʩʦʤʥʳʤʠ ʨʘʩʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ (Fst=0.027, P>0.05; Fst=0.003, P>0.05, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (AMOVA) ʧʦʢʘʟʘʣ, ʯʪʦ 99% 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʠʟʫʯʝʥʥʳʭ ʘʫʪʦʩʦʤʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʘʭ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ɼʣʷ ʣʦʢʫʩʘ L8Y 90% 

ʦʙʱʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚʥʫʪʨʠ ʚʳʙʦʨʦʢ, 6.97% ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʠ ʪʦʣʴʢʦ 3.03% ʩʦʩʪʘʚʣʷʝʪ ʤʝʞʨʘʩʦʚʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ (Moska et al 2011).   

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʪʝʥʜʝʥʮʠʷ ʢ ʧʨʝʦʙʣʘʜʘʥʠʶ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʥʘʜ ʤʝʞʨʘʩʦʚʦʡ ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʨʘʩ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʨʘʟʣʠʯʥʳʤ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʨʘʩ Drnholec (WEKG) ʠ Bialowieza 

(EEKG) ʥʝ ʥʘʡʜʝʥʦ ʟʥʘʯʠʤʦʡ ʤʝʞʨʘʩʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʠ ʧʦ ʘʫʪʦʩʦʤʥʳʤ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʘʤ (FCT=0.00169; P=0.2737), ʥʠ ʧʦ ʣʦʢʫʩʫ L8Y, ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ 

ʚ Y-ʭʨʦʤʦʩʦʤʝ (FCT=0.00; P=0.7322). ɿʥʘʯʠʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ, ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʚʥʫʪʨʠ ʨʘʩʳ, ʢʘʢ ʧʦ ʘʫʪʦʩʦʤʥʳʤ ʣʦʢʫʩʘʤ, 

ʪʘʢ ʠ ʧʦ L8Y. ɼʣʷ ʣʦʢʫʩʘ L8Y 12% ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʷʤʠ 

ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ (AMOVA), ʜʣʷ ʘʫʪʦʩʦʤʥʳʭ ʣʦʢʫʩʦʚ ï 2% (Jadwiszczak et al. 

2006). ɼʦʩʪʦʚʝʨʥʦʛʦ ʵʬʬʝʢʪʘ ʠʟʦʣʷʮʠʠ ʨʘʩʩʪʦʷʥʠʝʤ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʠ 

ʜʣʷ ʘʫʪʦʩʦʤʥʳʭ ʤʠʢʨʦʩʘʪʝʣʣʠʪʦʚ (R = 0.124, P = 0.371) ʥʠ ʜʣʷ L8Y (R = ī0.216, 

P = 0.734). ɿʥʘʯʠʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʙʨʠʜʠʥʛʘ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʪʙʦʨʘ ʧʨʦʪʠʚ ʛʠʙʨʠʜʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʞʝ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʝʞʜʫ ʨʘʩʘʤʠ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʙʣʠʟʢʠʤ ʨʦʜʩʪʚʦʤ ʠ 

ʩʦʭʨʘʥʝʥʠʝʤ ʧʨʝʜʢʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʕʪʘ ʛʠʧʦʪʝʟʘ, ʦʜʥʘʢʦ, ʥʝ ʦʙʲʷʩʥʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʥʫʪʨʠʨʘʩʦʚʦʡ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ (Jadwiszczak et al. 2006). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ ʤʘʨʢʝʨʫ, ʧʝʨʝʜʘʶʱʝʤʫʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ 

ʩʘʤʮʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠ ʜʣʷ ʨʘʩ Ğňgucki Mğyn ʠ Popielno ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦ ʘʫʪʦʩʦʤʥʳʤ ʣʦʢʫʩʘʤ.  

ɺ ʛʠʙʨʠʜʥʦʡ ʟʦʥʝ ʨʘʩ Abisko (NEKG) ʠ Sidensjº (WEKG) ʤʝʞʨʘʩʦʚʘʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ ʰʝʩʪʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʤ ʣʦʢʫʩʘʤ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ 

(Fst=0.015), ʯʝʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʝʞʜʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʚʳʙʦʨʢʘʤʠ 

(Fst=0.018). ɿʘʚʠʩʠʤʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ ʦʪ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʙʳʣʘ ʟʥʘʯʠʤʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʘ (Andersson et al. 2004).  ɸʥʘʣʠʟ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ (AMOVA) ʜʣʷ ʣʦʢʫʩʘ L8Y, ʧʦʢʘʟʘʣ, ʯʪʦ 80% 
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ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʚʳʙʦʨʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤʠ 

ʨʘʩʘʤʠ.  

ʈʦʣʴ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʪʦʢʘ ʛʝʥʦʚ 

ʉʝʨʠʷ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʘ ʨʦʣʠ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʦʛʨʘʥʠʯʝʥʠʠ 

ʧʦʪʦʢʘ ʛʝʥʦʚ ʤʝʞʜʫ ʨʘʩʘʤʠ. ɺ ʛʠʙʨʠʜʥʳʭ ʟʦʥʘʭ ʥʝʢʦʪʦʨʳʭ ʨʘʩ ʫ ʛʠʙʨʠʜʦʚ, 

ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʧʦ ʨʘʟʣʠʯʘʶʱʠʤ ʨʘʩʳ ʭʨʦʤʦʩʦʤʘʤ, ʚ ʧʨʦʬʘʟʝ I ʤʝʡʦʟʘ, 

ʚʤʝʩʪʦ ʦʙʳʯʥʳʭ ʙʠʚʘʣʝʥʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʪʨʠʚʘʣʝʥʪʳ (ʩʪʨʫʢʪʫʨʳ ʠʟ ʪʨʝʭ 

ʭʨʦʤʦʩʦʤ), ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʘʥʦʤʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʮʝʧʦʯʢʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʭʨʦʤʦʩʦʤ, ʢʦʣʴʮʘ). ʉʘʤʳʡ ʩʣʦʞʥʳʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʘʨʠʘʥʪʦʚ ï ʮʝʧʦʯʢʘ ʠʟ 11 ʭʨʦʤʦʩʦʤ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʤʝʡʦʟʝ ʛʠʙʨʠʜʦʚ 

ʨʘʩ ʄʦʩʢʚʘ ʠ ʉʝʣʠʛʝʨ (ɹʫʣʘʪʦʚʘ ʠ ʇʘʚʣʦʚʘ, 2007).  

ʆʪʩʫʪʩʪʚʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ çʥʝʩʦʚʧʘʜʘʶʱʠʭè, çʧʝʨʝʩʪʨʦʝʥʥʳʭè 

ʭʨʦʤʦʩʦʤʘʭ, ʘ ʪʘʢʞʝ ʤʝʡʦʪʠʯʝʩʢʠʡ ʜʨʝʡʬ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ 

ʧʦʪʦʢ ʛʝʥʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʠʭ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʩ ʦʛʨʘʥʠʯʝʥ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʧʦ çʦʙʱʠʤè. ʉʦʟʜʘʥʠʝ ʢʘʨʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ 46 ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʚ 

ʭʨʦʤʦʩʦʤʥʳʭ ʧʣʝʯʘʭ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʠ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʟʢʠʭ ʚʠʜʦʚ 

ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢ ʛʝʥʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ (Basset 

et al 2006[1]).  

Basset ʩ ʢʦʣʣʝʛʘʤʠ (2006[2]) ʨʘʩʩʤʘʪʨʠʚʘʷ ʢʦʥʪʘʢʪ ʜʚʫʭ ʭʨʦʤʦʩʦʤʥʳʭ 

ʨʘʩ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ (Cordon ʠ Vaud) ʩ Sorex antinorii, ʠʩʧʦʣʴʟʫʷ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʢʘʢ ʚ ʥʝʠʟʤʝʥʥʳʭ 

(çʦʙʱʠʭè) ʜʣʷ ʵʪʠʭ ʪʘʢʩʦʥʦʚ ʭʨʦʤʦʩʦʤʘʭ, ʪʘʢ ʠ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʩʪʨʦʡʢʝ 

(çʧʝʨʝʩʪʨʦʝʥʥʳʭè), ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʪʦʢ ʛʝʥʦʚ ʦʛʨʘʥʠʯʝʥ ʩʠʣʴʥʝʝ ʚ ʛʠʙʨʠʜʥʦʡ 

ʟʦʥʝ c ʨʘʩʦʡ Vaud, ʭʨʦʤʦʩʦʤʥʘʷ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʢʦʪʦʨʦʡ ʩ S. antinorii ʙʦʣʴʰʝ 

(ʪʨʠʚʘʣʝʥʪʳ ʚ ʤʝʡʦʟʝ ʫ ʛʠʙʨʠʜʦʚ S. araneus Cordon + S. antinorii ʠ ʮʝʧʦʯʢʠ ʠʟ 

11 ʵʣʝʤʝʥʪʦʚ ʫ S. araneus Vaud + S. antinorii). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʝʬʠʮʠʪ 

ʛʝʪʝʨʦʟʠʛʦʪ (Fis) ʜʣʷ ʣʦʢʫʩʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ çʧʝʨʝʩʪʨʦʝʥʥʳʭè 

ʭʨʦʤʦʩʦʤʘʭ, ʙʳʣ ʙʦʣʴʰʝ, ʯʝʤ ʚ çʦʙʱʠʭè. ʕʪʠ ʨʘʟʣʠʯʠʷ, ʦʜʥʘʢʦ, ʦʢʘʟʘʣʠʩʴ 

ʥʝʜʦʩʪʦʚʝʨʥʳ. 
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ɸʥʘʣʠʟ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦ ʣʦʢʫʩʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ 

çʦʙʱʠʭè ʠ çʧʝʨʝʩʪʨʦʝʥʥʳʭè ʭʨʦʤʦʩʦʤʘʭ, ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ 

ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʘʢʞʝ ʜʣʷ ʧʷʪʠ ʢʘʨʠʦʪʠʧʠʯʝʩʠʢʭ ʪʘʢʩʦʥʦʚ ʚ 

ʛʨʫʧʧʝ S. araneus s.l.  ɺ ʩʨʘʚʥʝʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʪʨʠ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩʳ S. 

araneus ï Vaud, Cordon ʠ Biağowieza (ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʤʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʦʢʘ ʛʝʥʦʚ) ʠ S. 

antinorii ï ʙʣʠʟʢʠʡ ʢ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʝ ʚʠʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʦʪʦʢ ʛʝʥʦʚ, ʠʥʪʨʦʛʨʝʩʩʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʚʠʜʘʤʠ ʦʪʤʝʯʘʣʘʩʴ 

ʥʝʦʜʥʦʢʨʘʪʥʦ (Lugon-Moulin et al., 1999; Brunner et al., 2002; Basset et al., 

2006[2]). ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʚʠʜ S. coronatus, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʠʙʨʠʜʠʟʘʮʠʠ ʩ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʦʡ. ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝ ʧʦʟʚʦʣʠʣ ʦʙʥʘʨʫʞʠʪʴ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʥʠ ʜʣʷ ʦʜʥʦʡ ʠʟ ʜʝʩʷʪʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʧʘʨ, ʭʦʪʷ ʤʝʞʛʨʫʧʧʦʚʳʝ F-

ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ çʧʝʨʝʩʪʨʦʝʥʥʳʭè ʭʨʦʤʦʩʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʧʨʝʚʳʰʘʣʠ ʪʘʢʦʚʳʝ ʜʣʷ çʦʙʱʠʭè. ʇʨʠ ʩʦʚʦʢʫʧʥʦʤ ʘʥʘʣʠʟʝ ʚʩʝʭ ʧʘʨ ʪʘʢʩʦʥʦʚ, 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʭʨʦʤʦʩʦʤ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʦʚʝʨʥʳʤʠ 

(P=0.016). ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʘʥʘʣʠʟʝ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʠʩʪʘʥʮʠʡ ([ŭɛ]2). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʚ 

ʜʚʫʭ ʠʟ ʪʨʝʭ ʩʣʫʯʘʷʭ ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʝ F-ʩʪʘʪʠʩʪʠʢʠ ʧʨʝʚʳʰʘʶʪ 

ʤʝʞʛʨʫʧʧʦʚʳʝ. ʕʪʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʠʩʪʘʥʮʠʡ (Basset et al., 2008). 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʚʣʠʷʥʠʷ ʫʯʘʩʪʠʷ ʭʨʦʤʦʩʦʤ, ʥʝʩʫʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʣʦʢʫʩʳ, ʚ ʧʝʨʝʩʪʨʦʡʢʘʭ ʥʘ ʩʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦ ʵʪʠʤ ʣʦʢʫʩʘʤ Horn ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2011) ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʰʝʩʪʥʘʜʮʘʪʠ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʚ ʧʷʪʠ ʛʠʙʨʠʜʥʳʭ ʟʦʥʘʭ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʤʝʡʦʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʝʤʳʭ ʛʝʪʝʨʦʟʠʛʦʪʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʛʠʙʨʠʜʥʳʝ ʟʦʥʳ ʤʝʞʜʫ ʨʘʩʘʤʠ Drnholec-Ulm (ʛʠʙʨʠʜʳ ʦʙʨʘʟʫʶʪ 

ʪʨʠʚʘʣʝʥʪʳ ʚ ʤʝʡʦʟʝ), Oxford-Hermitage (ʪʨʠʚʘʣʝʥʪʳ ʠ ʮʝʧʦʯʢʠ ʠʟ ʧʷʪʠ 

ʭʨʦʤʦʩʦʤ), ʊʦʤʩʢ-ʅʦʚʦʩʠʙʠʨʩʢ (ʪʨʠʚʘʣʝʥʪʳ ʠ ʮʝʧʦʯʢʠ ʠʟ ʜʝʚʷʪʠ ʭʨʦʤʦʩʦʤ), 

Drnholec-Byaloweza (ʮʝʧʦʯʢʠ ʠʟ ʜʝʩʷʪʠ ʭʨʦʤʦʩʦʤ) ʠ ʄʦʩʢʚʘ-ʉʝʣʠʛʝʨ 
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(ʮʝʧʦʯʢʠ ʠʟ ʦʜʠʥʥʘʜʮʘʪʠ ʭʨʦʤʦʩʦʤ). ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʩʪʝʧʝʥʴʶ ʩʣʦʞʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ ʟʦʥʳ ʠ ʩʪʝʧʝʥʴʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ (Fst) ʚ ʥʝʡ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʦʩʪʴ ʥʘ ʤʝʞʨʘʩʦʚʦʤ ʫʨʦʚʥʝ (Fct) 

ʙʳʣʘ ʩʣʘʙʦʡ, ʢʘʢ ʜʣʷ ʣʦʢʫʩʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ çʦʙʱʠʭè, ʪʘʢ ʠ ʚ 

çʧʝʨʝʩʪʨʦʝʥʥʳʭè ʭʨʦʤʦʩʦʤʘʭ. Fct ʪʘʢʞʝ ʥʝ ʢʦʨʨʝʣʠʨʦʚʘʣʘ ʩʦ ʩʪʝʧʝʥʴʶ 

ʩʣʦʞʥʦʩʪʠ ʛʠʙʨʠʜʥʦʡ ʟʦʥʳ. ʅʠ ʚ ʦʜʥʦʡ ʛʠʙʨʠʜʥʦʡ ʟʦʥʝ ʥʝ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʤʳʭ 

ʨʘʟʣʠʯʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ʜʣʷ çʦʙʱʠʭè ʠ çʧʝʨʝʩʪʨʦʝʥʥʳʭè 

ʭʨʦʤʦʩʦʤ.  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʛʠʙʨʠʜʥʳʭ ʟʦʥʘʭ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʧʦʢʘʟʘʥʦ 

ʥʘʣʠʯʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʠ ï ʚʝʣʠʯʠʥʘ Fsc ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 

0.013 ʜʦ 0.036 ï ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʠʤʦʡ ʤʝʞʨʘʩʦʚʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʦʪʦʢ ʛʝʥʦʚ, ʦʮʝʥʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚ Y-ʭʨʦʤʦʩʦʤʝ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʦʛʦ ʣʦʢʫʩʘ L8Y, ʥʝʨʝʜʢʦ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ ʪʘʢʦʚʦʛʦ ʜʣʷ ʘʫʪʦʩʦʤʥʳʭ ʣʦʢʫʩʦʚ (Moska et al. 2011, 

Jadwiszczak et al. 2006, Andersson 2004). ʇʨʦʱʝ ʚʩʝʛʦ ʦʙʲʷʩʥʠʪʴ ʵʪʦʪ ʬʘʢʪ 

ʧʦʥʠʞʝʥʥʦʡ ʬʝʨʪʠʣʴʥʦʩʪʴʶ ʛʠʙʨʠʜʥʳʭ ʩʘʤʮʦʚ, ʢʘʢ ʠʣʣʶʩʪʨʘʮʠʝʡ ʢ ʧʨʘʚʠʣʫ 

ʍʘʣʜʘʥʘ (Haldane, 1922). ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʦʜʥʘʢʦ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʩʪʦʣʴ 

ʦʯʝʚʠʜʥʳʤ ʚ ʩʚʝʪʝ ʪʦʛʦ, ʯʪʦ ʚʥʫʪʨʠʨʘʩʦʚʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ ʣʦʢʫʩʫ L8Y 

ʪʘʢʞʝ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʫʶ ʧʦ ʘʫʪʦʩʦʤʥʳʤ ʣʦʢʫʩʘʤ (Jadwiszczak et al. 2006). 

ɸʣʴʪʝʨʥʘʪʠʚʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʩʝʣʝʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ. ɼʣʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʨʘʩʩʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʤʝʱʝʥʦ ʚ ʩʪʦʨʦʥʫ ʩʘʤʮʦʚ, ʘ ʩʘʤʢʠ ʬʠʣʦʧʘʪʨʠʯʥʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʥʝ 

ʩʦʙʣʶʜʘʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʘʤʠ ʚʠʜʘ. ʊʘʢ, ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʜʘ S. antinorii 

(ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ S. ar. Valais) ʩʚʷʟʳʚʘʶʪ ʩ ʤʠʛʨʘʮʠʝʡ ʠʤʝʥʥʦ ʩʘʤʦʢ 

(Fivaz et al., 2003). ʉʢʣʦʥʥʦʩʪʴ ʩʘʤʦʢ ʦʙʳʢʥʦʚʝʥʥʳʭ ʙʫʨʦʟʫʙʦʢ ʢ ʤʠʛʨʘʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʙʦʣʴʰʘʷ ʩʨʝʜʥʷʷ ʜʠʩʪʘʥʮʠʷ ʨʘʩʩʝʣʝʥʠʷ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʨʝʜʠ ʥʝʨʝʟʠʜʝʥʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʚʟʨʦʩʣʳʭ, 
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ʨʝʧʨʦʜʫʢʪʠʚʥʦ ʘʢʪʠʚʥʳʭ ʦʩʦʙʝʡ, ʧʦʢʘʟʘʥʦ ʠ ʧʨʠ ʧʨʷʤʳʭ ʥʘʙʣʶʜʝʥʠʷʭ 

(ʑʠʧʘʥʦʚ ʠ ʜʨ., 2005). 

ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʛʝʥʦʤʘ, ʙʫʜʫʯʠ ʤʘʨʢʝʨʦʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʘʪʝʨʠʥʩʢʠʭ 

ʣʠʥʠʡ ʚ ʧʦʧʫʣʷʮʠʷʭ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʚ 

ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʢʘʢ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʠʜʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʚ ʧʦʧʫʣʷʮʠʷʭ ʞʠʚʦʪʥʳʭ 

(ʍʦʣʦʜʦʚʘ 2009). 

     ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʵʪʦ ʢʦʣʴʮʝʚʘʷ ʤʦʣʝʢʫʣʘ 

ʜʣʠʥʥʦʡ 16ï18 ʪʳʩʷʯ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʘʨ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʩʝʙʝ 37 ʛʝʥʦʚ ʠ ʥʝ 

ʥʝʩʫʱʘʷ ʠʥʪʨʦʥʦʚ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʥʝʢʦʜʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ ɼʅʂ (1ï2 ʪʳʩʷʯʠ 

ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ) ï ʢʦʥʪʨʦʣʴʥʳʡ ʨʝʛʠʦʥ ï ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʨʝʧʣʠʢʘʮʠʠ 

ʠ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʥʘʩʣʝʜʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦ ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ ʜʝʣʘʝʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ɼʅʂ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɼʘʥʥʳʭ ʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʩ ʧʝʨʝʜʘʶʱʠʭʩʷ ʧʦ 

ʤʘʪʝʨʠʥʩʢʦʡ ʣʠʥʠʠ ʤʘʨʢʝʨʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʫ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʤʘʣʦ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʚʳʩʦʢʦʝ 

ʛʘʧʣʦʪʠʧʠʯʝʩʢʦʝ ʠ ʥʠʟʢʦʝ ʥʫʢʣʝʦʪʠʜʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ cytb ʫ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʘʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʛʘʧʣʦʪʠʧʦʚ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʨʘʟʣʠʯʠʷ ʚ ʯʘʩʪʦʪʘʭ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʥʘ ʥʝʙʦʣʴʰʠʭ ʚʳʙʦʨʢʘʭ. ʊʘʢ, ʧʨʠ ʘʥʘʣʠʟʝ ʜʝʩʷʪʠ ʚʳʙʦʨʦʢ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʩ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ (WEEKG ʠ EEKG) ʚʩʝ 

ʚʝʣʠʯʠʥʳ Fst, ʢʘʢ ʤʝʞʜʫ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ, ʪʘʢ ʤʝʞʜʫ ʨʘʩʘʤʠ ʠ 

ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʙʳʣʠ ʨʘʚʥʳ ʥʫʣʶ (Ratkiewicz et al. 2002). ʕʪʦʪ ʵʬʬʝʢʪ, 

ʢʨʦʤʝ ʧʨʦʯʝʛʦ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʩʦʙʝʡ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʮʠʪʦʭʨʦʤʘ b (n ʦʪ 1 ʜʦ 6). ʀʟ 21 ʦʙʥʘʨʫʞʝʥʥʦʛʦ 

ʛʘʧʣʦʪʠʧʘ (N=28) ʚʦʩʝʤʥʘʜʮʘʪʴ ʚʩʪʨʝʪʠʣʠʩʴ ʝʜʠʥʦʞʜʳ ʠ ʪʦʣʴʢʦ ʜʚʘ ʙʦʣʝʝ, 
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ʯʝʤ ʚ ʦʜʥʦʡ ʚʳʙʦʨʢʝ. ɸʥʘʣʠʟ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʦʩʴʤʠ ʧʦʣʠʤʦʨʬʥʳʭ ʘʣʣʦʟʠʤʥʳʭ 

ʣʦʢʫʩʦʚ ʜʣʷ ʵʪʠʭ ʧʦʧʫʣʷʮʠʡ (n ʦʪ 12 ʜʦ 42) ʪʘʢʞʝ ʥʝ ʧʦʢʘʟʘʣ ʟʥʘʯʠʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʠ ʥʘ ʤʝʞʛʨʫʧʧʦʚʦʤ, ʥʠ ʥʘ ʤʝʞʨʘʩʦʚʦʤ, ʥʠ ʥʘ 

ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʤ ʫʨʦʚʥʝ.  

ɺ ʛʠʙʨʠʜʥʦʡ ʟʦʥʝ ʨʘʩ Drnholec ʠ Bialowieza ʦʪʩʫʪʩʪʚʦʚʘʣʠ 

ʨʘʩʦʩʧʝʮʠʬʠʯʥʳʝ ʛʘʧʣʦʪʠʧʳ, ʟʥʘʯʠʤʦʡ ʤʝʞʨʘʩʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ (Jadwiszczak et al. 2006). 

ʅʝ ʦʙʥʘʨʫʞʝʥʦ ʨʘʩʦʩʧʝʮʠʬʠʯʥʳʭ ʛʘʧʣʦʪʠʧʦʚ ʠ ʧʨʠ ʘʥʘʣʠʟʝ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʯʘʩʪʢʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʨʘʩ 

Abisko/Sidensjº. ʄʝʞʨʘʩʦʚʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʟʜʝʩʴ ʙʳʣʘ ʪʘʢʞʝ ʥʝʚʳʩʦʢʘ 

(Fst=0.051), ʭʦʪʷ ʠ ʟʥʘʯʠʤʘ (Andersson, 2004). ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦ L8Y ʪʘʢʞʝ 

ʟʥʘʯʠʤʘ ʠ ʣʠʰʴ ʥʝʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ (Fst=0.054). 

ɺʥʫʪʨʠʨʘʩʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʘ 

ʚ ʢʦʥʪʘʢʪʥʳʭ ʟʦʥʘʭ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ. ʃʠʰʴ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ 

ʦʧʠʩʘʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʛʣʫʙʠʥʝ ʘʨʝʘʣʘ ʨʘʩʳ, ʘ ʝʩʣʠ ʪʘʢʠʝ ʜʘʥʥʳʝ ʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ, ʪʦ ʨʝʜʢʦ ʚʢʣʶʯʘʶʪ ʙʦʣʝʝ ʦʜʥʦʡ ʚʳʙʦʨʢʠ ʥʘ ʨʘʩʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʦʧʫʣʷʮʠʡ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʨʘʩ, ʚ ʛʣʫʙʠʥʝ ʠʭ 

ʘʨʝʘʣʦʚ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʤʘʷ ʧʦʧʫʣʷʮʠʦʥʥʘʷ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʴ, ʘ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʤʝʞʜʫ ʩʘʤʠʤʠ ʭʨʦʤʦʩʦʤʥʳʤʠ ʨʘʩʘʤʠ ʥʝʚʳʩʦʢʘ (Searle 1985, 

Frykman et al 1983, Wojcik et al., 1996). 

ɸʥʘʣʠʟ ʠʟʦʬʝʨʤʝʥʪʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʳʙʦʨʢʘʭ ʥʘ ʘʨʝʘʣʝ ʨʘʩʳ Oxford 

ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʘʣʣʝʣʴʥʳʭ ʯʘʩʪʦʪ ʟʜʝʩʴ ʥʝ ʩʚʷʟʘʥʘ 

ʩ ʢʘʨʠʦʪʠʧʦʤ. ʅʘʠʙʦʣʴʰʠʝ ʯʘʩʪʦʪʥʳʝ ʨʘʟʣʠʯʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʤʝʞʜʫ 

ʢʘʨʠʦʪʠʧʠʯʝʩʢʠ ʩʭʦʜʥʳʤʠ ʚʳʙʦʨʢʘʤʠ, ʚʟʷʪʳʤʠ ʚ ʩʭʦʞʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʜʘʣʝʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦʪ ʬʘʢʪ ʩʢʦʨʝʝ 

ʩʣʝʜʩʪʚʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʨʝʡʬʘ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʦʢʘ 

ʛʝʥʦʚ, ʯʝʤ ʨʝʟʫʣʴʪʘʪʦʤ ʣʦʢʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪʙʦʨʘ (Searle 1985). 

ɿʥʘʯʠʤʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ (Fst=0.014, p<0.005) ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ, 

ʚʟʷʪʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʙʠʦʪʦʧʘʭ ʥʘ ʥʝʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 
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ʦʙʥʘʨʫʞʠʣʠ ʠʩʩʣʝʜʫʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 11-ʪʠ ʘʣʣʦʟʠʤʥʳʭ ʣʦʢʫʩʦʚ ʫ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʨʘʩʳ  Bialowieza (Wojcik et al.,1996). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʜʠʥʥʘʜʮʘʪʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ ʚ 

ʰʝʩʪʥʘʜʮʘʪʠ ʣʦʢʘʣʠʪʝʪʘʭ ʰʝʩʪʠ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʥʫʪʨʠʨʘʩʦʚʘʷ (Fst=0.076) ʛʝʥʝʪʠʯʝʩʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ʧʨʝʚʳʰʘʝʪ ʤʝʞʨʘʩʦʚʫʶ (Fst=0.124) (ɻʨʠʛʦʨʴʝʚʘ, 2012). ʊʘʢʞʝ ʟʥʘʯʠʤʳʡ, ʭʦʪʷ 

ʠ ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ (FSR=0.031, p<0.001) ʧʦ 

ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʤ ʣʦʢʫʩʘʤ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʫ Sorex araneus ʚʙʣʠʟʠ ʝʛʦ 

ʛʠʙʨʠʜʥʦʡ ʟʦʥʳ ʩ Sorex antinorii (Br¿nner et al 2002[2]). 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʤʘʨʢʝʨʦʚ. 

ʊʘʢ, ʧʨʠ ʘʥʘʣʠʟʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʫʯʘʩʪʦʢ ʮʠʪʦʭʨʦʤʘ b ʠ ʫʯʘʩʪʦʢ ʢʦʥʪʨʦʣʴʥʦʛʦ ʨʝʛʠʦʥʘ, ʚ 

28 ʚʳʙʦʨʢʘʭ ʠʟ ʰʝʩʪʠ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ (Abisko, Sidensjº, Uppsala, 

Hªllefors,  ¥land, ¡karp), 25.5% ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʙʱʝʡ ʚʳʙʦʨʢʠ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʨʘʩʳ (Andersson et al 

2005). ʅʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʤʝʞʜʫ ʭʨʦʤʦʩʦʤʥʳʤʠ ʨʘʩʘʤʠ ʠ 

ʜʘʞʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ. ʅʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʝʝ ʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʷʪʠ ʚʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʭ ʭʨʦʤʦʩʦʤʥʳʭ 

ʨʘʩ (Biağowieza, Goğdap, Ğegucki Mğyn, Nogat, Drnholec), ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʘʱʠʭ 

ʢ ʨʘʟʣʠʯʥʳʤ ʢʘʨʠʦʪʠʧʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ (Ratkiewicz et al. 2002). ʂ ʩʦʞʘʣʝʥʠʶ, 

ʚ ʨʘʙʦʪʝ ʥʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʥʫʪʨʠ ʨʘʩ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʠʩʩʣʝʜʦʚʘʣʠ ʙʦʣʝʝ, ʯʝʤ ʦʜʥʫ ʚʳʙʦʨʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʘʨʢʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʘʨʝʘʣʘ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ, 

ʭʦʪʷ ʠ ʥʝ ʦʪʨʘʞʘʶʪ ʭʨʦʤʦʩʦʤʥʦʡ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʠ, ʦʢʘʟʳʚʘʶʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʝʜʠʥʫʶ ʢʘʨʪʠʥʫ. ʆʪʩʫʪʩʪʚʫʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʦʢʘ ʛʝʥʦʚ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ʪʘʢʦʚʳʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʧʫʣʷʮʠʷʤʠ. ɹʦʣʝʝ 

ʪʦʛʦ, ʛʝʥʝʪʠʯʝʩʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ, ʢʘʢ ʜʣʷ ʚʳʙʦʨʦʢ ʠʟ 
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ʟʦʥʳ ʢʦʥʪʘʢʪʘ, ʪʘʢ ʠ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ, ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʘʨʝʘʣʘ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ. 
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ɻʃɸɺɸ 2.  ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

 

2.1. ʆɹʒɽʄ ʄɸʊɽʈʀɸʃɸ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʜʣʷ 544 ʦʙʨʘʟʮʦʚ ʨʦʜʘ Sorex 

(ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ ɻʝʥʙʘʥʢʘ ʩʤ. 

ʪʘʙʣʠʮʫ ʤʘʪʝʨʠʘʣʘ ʚ ʇʨʠʣʦʞʝʥʠʠ 1: ʪʘʙʣ. ʇ1.1-1.3), ʠʟ ʥʠʭ 498 ī Sorex 

araneus. ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʦʪʥʦʩʷʪʩʷ ʢ ʜʨʫʛʠʤ 9 ʚʠʜʘʤ ʛʨʫʧʧʳ çaraneusè: S. 

arcticus, S. tundrensis, S. daphaenodon, S. satunini, S. coronatus, S. granarius, S. 

antinorii, S. asper, S. maritimensis (ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʚ ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʙʳʣʠ ʪʦʣʴʢʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʜʘʥʥʳʝ). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʥʦʰʝʥʠʡ ʚ 

ʛʨʫʧʧʝ ʚʠʜʦʚ çaraneusè ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ S. 

roboratus, S. caecutiens, S. minutus, S. thibetanus, S. minutissimus, S. volnuchini, S. 

shinto, S. cansulus, S. isodon, S. unguiculatus, S. raddei, S. samniticus. 

ɺʩʝʛʦ ʚ ʚʳʙʦʨʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʠʟ 120 ʣʦʢʘʣʠʪʝʪʦʚ ʜʣʷ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʠ ʠʟ 23 ʣʦʢʘʣʠʪʝʪʦʚ ʜʣʷ ʚʠʜʦʚ ʛʨʫʧʧʳ çaraneusè (ʩʤ. 

ʪʘʙʣʠʮʫ ʇ1.1, ʇ1.2, ʇ1.4, ʈʠʩ. 2.1). 

ɺ ʨʘʙʦʪʫ ʚʦʰʣʘ 981 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʘ cytb 

(ʩʤ. ʪʘʙʣʠʮʫ ʤʘʪʝʨʠʘʣʘ ʚ ʇʨʠʣʦʞʝʥʠʠ 1: ʪʘʙʣ. ʇ1.1-1.3) ʠʟ ʥʠʭ 247 

ʦʨʠʛʠʥʘʣʴʥʳʭ, ʦʩʪʘʣʴʥʳʝ ʜʝʧʦʥʠʨʦʚʘʥʥʳʝ ʚ ɻʝʥʙʘʥʢʝ ʨʘʥʝʝ), ʠ 135 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʘ ND2. ʀʟ 

ʷʜʝʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ  ʯʘʩʪʠʯʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 11-ʠ ʵʢʟʦʥʦʚ: ʛʝʥ Ŭ-2B ʘʜʨʝʥʝʨʛʠʯʝʩʢʦʛʦ ʨʝʮʝʧʪʦʨʘ 

(A2AB), ʛʝʥ ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʘ B2 (ADRB2), ʛʝʥ ʘʧʦʣʠʧʦʧʨʦʪʝʠʥʘ (ApoB), ʛʝʥ 

ʙʫʪʠʨʠʣʭʦʣʠʥʵʩʪʝʨʘʟʳ (BCHE), ʛʝʥʳ ʙʝʣʢʘ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʨʘʢʫ ʤʦʣʦʯʥʦʡ 

ʞʝʣʝʟʳ 1 ʠ 2 ʪʠʧʦʚ (BRCA1 ʠ BRCA2), ʛʝʥ ʨʝʮʝʧʪʦʨʘ ʛʦʨʤʦʥʘ ʨʦʩʪʘ (GHR), ʛʝʥ 

ʠʥʪʝʨʬʦʪʦʨʝʮʝʧʪʦʨʥʦʛʦ ʨʝʪʠʥʦʠʜʩʚʷʟʳʚʘʶʱʝʛʦ ʙʝʣʢʘ (IRBP), ʛʝʥ ʧʘʣʣʘʜʠʥʘ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʮʠʪʦʩʢʝʣʝʪʦʤ (PALL),  ʛʝʥ ʬʘʢʪʦʨʘ ʘʢʪʠʚʘʮʠʠ 

ʨʝʢʦʤʙʠʥʘʮʠʡ 2 (RAG2)  ʠ ʛʝʥ ʙʝʣʢʘ 
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 ʪʠʪʠʥʘ (TTN), ʘ ʪʘʢʞʝ 9-ʠ ʠʥʪʨʦʥʦʚ (ʤʝʩʪʘʤʠ ʩ ʫʯʘʩʪʢʘʤʠ ʵʢʟʦʥʦʚ): 5-ʡ ʠʥʪʨʦʥ 

ʛʝʥʘ ʧʦʣʠʧʝʧʪʠʜ N-ʘʮʝʪʠʣʛʘʣʘʢʪʦʟʘʤʠʥʠʣʪʨʘʥʩʬʝʨʘʟʳ (GLANT5), ʠʥʪʨʦʥ 

ʛʝʥʘ ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʪʫʯʥʳʭ ʢʣʝʪʦʢ (MCGF), ʠʥʪʨʦʥ ʛʝʥʘ ʧʨʦʪʝʠʥʢʠʥʘʟʳ ʉ 

(PRKC), ʠʥʪʨʦʥ ʛʝʥʘ ʢʠʥʘʟʳ ʙʝʣʢʘ RIO, ʠʥʪʨʦʥ ʛʝʥʘ 11-ʛʦ ʜʦʤʝʥʘ ʘʣʴʬʘ/ʙʝʪʘ-

ʛʠʜʨʦʣʘʟʳ (ABDH11), ʠʥʪʨʦʥ ʛʝʥʘ ʜʝʛʠʜʨʘʪʘʟʳ ʜʝʣʴʪʘ-ʘʤʠʥʦʣʝʚʫʣʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (AlaD), ʠʥʪʨʦʥ ʛʝʥʘ ʨʝʧʣʠʢʘʪʠʚʥʦʛʦ ʬʘʢʪʦʨʘ MCM3 (MCM3), ʠʥʪʨʦʥ 

ʛʝʥʘ ʙʝʣʢʘ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʙʝʣʢʦʤ ʩ-MYC (MYCB) ʠ ʠʥʪʨʦʥ ʛʝʥʘ ROGDI. 

ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 533 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 433 ʠʟ 

ʢʦʪʦʨʳʭ ʦʨʠʛʠʥʘʣʴʥʳʝ (ʩʤ. ʪʘʙʣʠʮʫ ʤʘʪʝʨʠʘʣʘ ʇ1.2 ʚ ʇʨʠʣʦʞʝʥʠʠ 1).  

ɺʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʙʳʣʠ ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ ɻʝʥʙʘʥʢ. ʅʦʤʝʨʘ ʜʦʩʪʫʧʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʤʘʪʝʨʠʘʣʘ 

(ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣ. ʇ1.1 ʠ ʇ1.2)  

ɺ ʘʥʘʣʠʟ Rad-seq ʚʦʰʣʠ 59 ʦʙʨʘʟʮʦʚ S. araneus ʠʟ 22 ʣʦʢʘʣʠʪʝʪʦʚ, 20 

ʦʙʨʘʟʮʦʚ ʜʨʫʛʠʭ ʚʠʜʦʚ ʛʨʫʧʧʳ çaraneusè, ʘ ʪʘʢʞʝ ʦʙʨʘʟʝʮ S. roboratus, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ (ʇʨʠʣʦʞʝʥʠʝ 1, ʪʘʙʣ. ʇ1.1 ʠ 

ʇ1.4). ɺʩʝʛʦ ʙʳʣʦ ʩʦʟʜʘʥʦ 11 ʙʠʙʣʠʦʪʝʢ ʠ ʧʦʣʫʯʝʥʦ ʦʢʦʣʦ 700 ʤʣʥ ʯʪʝʥʠʡ: ʚ 

ʩʨʝʜʥʝʤ 9689538 (180052-36850914) ʥʘ ʦʙʨʘʟʝʮ (ʪʘʙʣ. ʇ1.5).  

2.2. ʃɸɹʆʈɸʊʆʈʅʓɽ ʄɽʊʆɼʓ 

ɼʅʂ ʚʳʜʝʣʷʣʠ ʠʟ ʟʘʩʧʠʨʪʦʚʘʥʥʳʭ ʪʢʘʥʝʡ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ 

ʣʠʟʠʨʦʚʘʥʠʷ ʧʨʦʪʝʠʥʘʟʦʡ K, ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤʥʦʡ ʜʝʧʨʦʪʝʠʥʠʟʘʮʠʝʡ ʠ 

ʦʩʘʞʜʝʥʠʝʤ ʠʟʦʧʨʦʧʘʥʦʣʦʤ (Sambrook et al., 1989).  

ʋʩʣʦʚʠʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʘʡʤʝʨʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ʇ2.1. 

ʇʨʦʜʫʢʪʳ ʇʎʈ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʚ 1% ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʠ ʦʯʠʱʘʣʠ 

ʦʩʘʞʜʝʥʠʝʤ NH4EtOH ʠʣʠ ʥʘʙʦʨʦʤ Diatom DNA PCR Clean-Up. 

ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʨʝʘʢʪʠʚʦʚ ABI PRISMÈ 

BigDyeÊ Terminator v. 3.1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʩʝʢʚʝʥʘʪʦʨʝ Applied Biosystems 3730 DNA Analyzer ʚ ʆʆʆ 

çʎʂʇ ɻʝʥʦʤè ʠ ɿɸʆ çɽʚʨʦʛʝʥè. 
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ʀʩʧʦʣʴʟʫʝʤʳʡ ʧʨʦʪʦʢʦʣ ddRadseq ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʨʦʪʦʢʦʣʘ 

quaddRADSeq (Franchini et al., 2017). ʄʦʜʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʧʦʣʫʯʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʘ SNP (ʦʢʦʣʦ 80 ʪʳʩʷʯ), ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʰʠʭ ʟʘʜʘʯ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʝʰʝʚʠʪʴ ʧʨʦʮʝʜʫʨʫ, ʫʤʝʥʴʰʠʚ ʢʦʣʠʯʝʩʪʚʦ 

ʯʪʝʥʠʡ ʥʘ ʦʙʨʘʟʝʮ ʜʦ 10 ʤʣʥ, ʩ ʜʨʫʛʦʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʭʦʜʷʱʝʡ 

ʪʦʪʘʣʴʥʦʡ ɼʅʂ, ʧʦʩʢʦʣʴʢʫ ʜʦʣʷ ʛʝʥʦʤʘ, ʦʪʙʠʨʘʝʤʦʛʦ ʜʣʷ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʵʪʠʤ ʤʝʪʦʜʦʤ ʥʝʙʦʣʴʰʘʷ.  

ʇʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʪʦʪʘʣʴʥʦʡ ɼʅʂ, ʝʝ ʧʦʜʚʝʨʛʘʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʝ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ (MagPure A4 XP, Magen, ʣʠʙʦ 

Agencourt AMPure XP, Beckman Coulter), ʯʪʦʙʳ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʚ ʧʨʦʙʘʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʩʪʨʠʢʮʠʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʦʯʠʱʝʥʥʦʡ ɼʅʂ ʠʟʤʝʨʷʣʠ ʥʘ Qubit 2.0 (Thermo Fisher 

Scientific). 

ʈʝʩʪʨʠʢʮʠʷ ʠ ʣʠʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʝʜʠʥʦʡ ʨʝʘʢʮʠʠ. ɺ ʨʝʘʢʮʠʶ 

ʜʦʙʘʚʣʷʣʠ ʠʟʙʳʪʦʢ ɼʅʂ (2000 ī 3000 ʥʛ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʱʝʛʦ ʢʘʯʝʩʪʚʘ 

ʧʨʦʙʳ). ɸʜʘʧʪʝʨʳ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʟʘʨʘʥʝʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʧʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʢʘʞʜʦʛʦ ʦʜʥʦʮʝʧʦʯʝʯʥʦʛʦ ʘʜʘʧʪʝʨʘ ʩ ʝʛʦ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ ʧʘʨʦʡ. 

ɸʜʘʧʪʝʨʳ ʩʦʜʝʨʞʘʣʠ ʚʥʫʪʨʝʥʥʠʝ ʠʥʜʝʢʩʳ ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʝʣʠʯʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʟʘʧʫʩʢʘ ʩʝʢʚʝʥʘʪʦʨʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʬʨʘʢʮʠʶ ʛʝʥʦʤʘ, ʢʦʪʦʨʫʶ ʤʳ ʙʫʜʝʤ ʩʝʢʚʝʥʠʨʦʚʘʪʴ, ʤʳ ʟʘʤʝʥʠʣʠ 

ʦʜʥʫ ʠʟ ʨʝʩʪʨʠʢʪʘʟ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ ʧʨʦʪʦʢʦʣʝ (ʚʤʝʩʪʦ MSPI 

ʠʩʧʦʣʴʟʫʝʪʩʷ BSAHI, ʝʝ ʧʘʪʪʝʨʥ ʫʟʥʘʚʘʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʝʥʦʤʝ ʨʝʞʝ, ʥʦ ʦʥʘ 

ʦʩʪʘʚʣʷʝʪ ʪʘʢʦʡ ʞʝ ʣʠʧʢʠʡ ʢʦʥʝʮ, ʢʘʢ MSPI, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʤʝʥʷʪʴ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʧʨʦʪʦʢʦʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʜʘʧʪʝʨʦʚ).  

ʆʨʠʛʠʥʘʣʴʥʳʡ ʧʨʦʪʦʢʦʣ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʫʣʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʩʪʨʠʢʮʠʠ ʠ ʣʠʛʠʨʦʚʘʥʠʷ ʧʝʨʝʜ ʜʘʣʴʥʝʡʰʝʡ ʦʯʠʩʪʢʦʡ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

(size-selection) ʥʘ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮʘʭ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʭʦʜʷʱʘʷ ɼʅʂ 

ʤʦʞʝʪ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʢʘʯʝʩʪʚʫ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ 

ʨʠʩʢʦʚʘʥʥʳʤ. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʙʳ ʦʪʜʝʣʴʥʦ ʜʦ 
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ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʨʘʟʤʝʨʘ 200 ī 400 ʧ.ʦ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

Qubit. ʇʫʣʠʨʦʚʘʥʠʝ, ʩ ʫʯʝʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʚʥʫʪʨʝʥʥʠʭ ʠʥʜʝʢʩʦʚ, ʧʨʦʠʟʚʦʜʠʣʠ ʫʞʝ ʧʝʨʝʜ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʇʎʈ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ quaddRADSeq-ʧʨʘʡʤʝʨʦʚ (Franchini et al., 2017), ʩʦʜʝʨʞʘʱʠʭ 

ʠʥʜʝʢʩʳ Illumina. ɼʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʚʰʠʭʩʷ ʧʨʘʡʤʝʨʦʚ ʠ ʠʭ ʜʠʤʝʨʦʚ ʧʨʦʜʫʢʪʳ 

ʇʎʈ ʧʦʜʚʝʨʛʘʣʠ ʦʯʠʩʪʢʝ ʤʘʛʥʠʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 1 ī 2 ʨʘʟʘ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ 

ʠʟʤʝʨʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʙʠʙʣʠʦʪʝʢʠ ʥʘ Qubit. ʂʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʮʝʣʝʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʦʤʦʱʴʶ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʥʘ ʧʨʠʙʦʨʝ QIAxcel 

(QIAGEN). 

ʇʨʦʙʳ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʢʘʢ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʘʷ ɼʅʂ ʥʝ ʫʜʘʣʷʝʪʩʷ ʧʨʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʥʘ ʤʘʛʥʠʪʥʳʭ 

ʯʘʩʪʠʮʘʭ ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʜʦʣʷ ʬʨʘʛʤʝʥʪʦʚ ʵʪʦʡ ʧʨʦʙʳ ʚ ʧʫʣʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʟʘʥʠʞʝʥʥʦʡ. ɼʝʪʘʣʠ ʤʝʪʦʜʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ʇ2.2. 

2.3. ʇɽʈɺʀʏʅɸʗ ʆɹʈɸɹʆʊʂɸ ɼɸʅʅʓʍ 

2.3.1. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʉʵʥʛʝʨʘ 

ʇʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʯʪʝʥʠʷ ʤʝʪʦʜʦʤ ʉʵʥʛʝʨʘ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʘʭ Chromas (v. 2.6.6 (2018), Technelysium Pty Ltd, South 

Brisbane, Queensland, Australia.) ʠ SeqMan (DNASTAR Inc., Madison, WI). ɺʩʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʚʳʨʦʚʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ CLUSTAL W 

(Thompson et al., 1994) ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ Bioedit v7.0.9.0 (Hall, 1999) 

ʩ ʥʘʩʪʨʦʡʢʘʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ, ʘ ʟʘʪʝʤ ʧʨʦʚʝʨʝʥʳ ʚʨʫʯʥʫʶ.  

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʘʥʘʣʠʟʘ ʚʩʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ ʛʝʥʘ cytb 

ʛʨʫʧʧʳ ñaraneusò, ʠʟʥʘʯʘʣʴʥʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʢʦʪʦʨʦʡ ʚʢʣʶʯʘʣʦ 981 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʚʳʙʦʨʢʝ ʛʘʧʣʦʪʠʧʦʚ. ɻʘʧʣʦʪʠʧʳ 

ʦʧʨʝʜʝʣʷʣʠʩʴ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʥʫʣʝʚʦʡ ʜʠʩʪʘʥʮʠʝʡ ʤʝʞʜʫ ʜʨʫʛ 

ʜʨʫʛʦʤ. ɻʝʥʝʪʠʯʝʩʢʠʝ p-ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ PAUP (Swofford, 2003). ʆʢʦʥʯʘʪʝʣʴʥʦʝ 
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ʚʳʨʘʚʥʠʚʘʥʠʝ ʚʢʣʶʯʘʣʦ 624 ʛʘʧʣʦʪʠʧʘ cytb ʛʨʫʧʧʳ S. araneus (ʪʘʙʣʠʮʘ ʚ 

ʇʨʠʣʦʞʝʥʠʠ ʇ1.3.). 

ɻʝʪʝʨʦʟʠʛʦʪʥʳʝ ʧʦʟʠʮʠʠ ʚ ʷʜʝʨʥʳʭ ʛʝʥʘʭ, ʪʦ ʝʩʪʴ ʧʦʟʠʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʜʚʘ ʧʠʢʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʡ ʚʳʩʦʪʳ, 

ʙʳʣʠ ʟʘʢʦʜʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ IUPAC ʢʦʜʦʚ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʘʣʠʟʦʚ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʬʘʟʠʨʦʚʘʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʚʠʜʦʚʦʛʦ ʜʝʨʝʚʘ, ʤʳ ʬʘʟʠʨʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ Phase 

(Stephens et al., 2001; Stephens & Donnelly, 2003) ʧʨʦʛʨʘʤʤʳ DnaSP v.6 (Rozas 

et al., 2017). 

ʄʦʜʝʣʠ ʵʚʦʣʶʮʠʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʨʘʟʙʠʝʥʠʝ ʥʘ 

ʧʘʨʪʠʮʠʠ ʢʘʢ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʷʜʝʨʥʳʭ ʛʝʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʧʨʦʛʨʘʤʤʝ IQtree (Nguyen et al., 2015) c ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ TESTMERGE 

(Chernomor et al., 2016, Kalyaanamoorthy et al., 2017) ʠ ʢʨʠʪʝʨʠʷ BIC. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʦʚ 

ʧʨʦʚʝʨʷʣʠ ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʦʪʜʝʣʴʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʩʪʘ ʦʪʥʦʰʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʡ. ɺʝʣʠʯʠʥʳ ʧʨʘʚʜʦʧʦʜʦʙʠʡ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ PAML 4.7 (Yang, 

2007). ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ ʇ3.1 ʠ ʇ3.2 ʚ ʇʨʠʣʦʞʝʥʠʠ.  

2.3.2. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ NGS 

ʇʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʧʦʣʥʦʛʝʥʦʤʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʝ ʯʪʝʥʠʷ ʦʯʠʱʘʣʠ ʦʪ ʇʎʈ-ʜʫʧʣʠʢʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ 

clone_filter ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʠʥʜʝʢʩʘʤʠ 

ʤʦʜʫʣʝʤ process_radtags ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Stacks (Catchen et al., 2013). 

ʋʜʘʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʩ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʯʪʝʥʠʷ, ʘʜʘʧʪʝʨʦʚ ʠ ʧʝʨʚʠʯʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʯʪʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʦʛʨʘʤʤʦʡ Trimmomatic (Bolger et al., 2014). 

ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʨʪʠʨʦʚʘʣʠ ʥʘ ʛʝʥʦʤ S. araneus (ʥʦʤʝʨ ʜʦʩʪʫʧʘ ʚ 

ɻʝʥʙʘʥʢʝ: GCA_027595985.1) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ bowtie2 (Langmead and 

Salzberg, 2012). ʇʦʩʣʝ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ gstaʩks ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ Stacks ʙʳʣʠ ʩʦʟʜʘʥʳ ʙʠʙʣʠʦʪʝʢʠ SNP ʦʪʜʝʣʴʥʦ ʜʣʷ ʚʳʙʦʨʦʢ S. 

araneus s.str. ʠ ʛʨʫʧʧʳ çaraneusè. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʣʠ ʬʠʣʴʪʨʘʮʠʶ 

ʯʪʝʥʠʡ ʧʦ ʢʘʯʝʩʪʚʫ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ SNP ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʧʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ 
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ʢʦʣʠʯʝʩʪʚʘ ʯʪʝʥʠʡ ʜʚʫʭ ʘʣʣʝʣʝʡ ʜʣʷ ʛʝʪʝʨʦʟʠʛʦʪ. ʇʦʩʢʦʣʴʢʫ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ 

Stacks ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʧʦʢʨʳʪʠʶ, ʙʠʙʣʠʦʪʝʢʠ SNP 

ʵʢʩʧʦʨʪʠʨʦʚʘʣʠ ʚ ʬʦʨʤʘʪ vcf ʠ ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʧʦʢʨʳʪʠʶ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ 

ʧʨʦʛʨʘʤʤʝ vcftools (Danecek et al., 2011). ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʩ ʥʠʟʢʠʤ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʦʡ ʚʳʙʦʨʢʦʡ, ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʪʘʚʰʠʭʩʷ SNP ʠʩʢʣʶʯʘʣʠ ʠʟ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʘʥʘʣʠʟʦʚ (ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ populations ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ Stacks) ʤʳ ʩʦʟʜʘʚʘʣʠ ʚʳʙʦʨʢʠ SNP, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫ 95 ʠʣʠ 75% 

ʦʙʨʘʟʮʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʩʮʝʧʣʝʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʦʚ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʚʳʙʦʨʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʪʦʣʴʢʦ ʦʜʠʥ SNP ʥʘ 

1500 ʥʧ (ʵʪʘ ʬʠʣʴʪʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ vcftools). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ ʙʳʣʦ ʩʬʦʨʤʠʨʦʚʘʥʦ 4 ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ ï ʚʩʝ SNP, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫ 95% ʦʙʨʘʟʮʦʚ ʚʳʙʦʨʢʠ (95all), ʟʘʚʝʜʦʤʦ 

ʥʝʩʮʝʧʣʝʥʥʳʝ SNP ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫ 95% ʦʙʨʘʟʮʦʚ ʚʳʙʦʨʢʠ (95ul), ʚʩʝ SNP, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫ 75% ʦʙʨʘʟʮʦʚ ʚʳʙʦʨʢʠ (75all), ʟʘʚʝʜʦʤʦ ʥʝʩʮʝʧʣʝʥʥʳʝ SNP 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʫ 75% ʦʙʨʘʟʮʦʚ ʚʳʙʦʨʢʠ (75ul). ʕʪʠ ʦʙʦʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʝʪʘʣʝʡ ʦʪʜʝʣʴʥʳʭ ʘʥʘʣʠʟʦʚ.   

ʏʘʩʪʴ ʘʥʘʣʠʟʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʚʳʨʘʚʥʠʚʘʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʛʝʪʝʨʦʟʠʛʦʪʳ 

ʙʳʣʠ ʟʘʢʦʜʠʨʦʚʘʥʳ IUPAC ʢʦʜʘʤʠ, ʘ ʜʣʷ ʯʘʩʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʬʦʨʤʘʪʝ igenestrut, ʛʜʝ ʛʝʪʝʨʦʟʠʛʦʪʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 1, ʛʦʤʦʟʠʛʦʪʘ ʧʦ 

ʨʝʬʝʨʝʥʩʥʦʤʫ ʘʣʣʝʣʶ ʢʘʢ 2, ʘ ʛʦʤʦʟʠʛʦʪʘ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʘʣʣʝʣʶ ʢʘʢ 0. 

 2.4. ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɺ ɻʈʋʇʇɽ çARANEUSè 

2.4.1 ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʪɼʅʂ 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ML ʜʝʨʝʚʦ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʳʨʘʚʥʠʚʘʥʠʠ ʛʝʥʘ cytb, 

ʙʳʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ IQTREE (Nguyen et al., 2015). ʉʪʘʙʠʣʴʥʦʩʪʴ 

ʪʦʧʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ Ultrafast Bootstrap (Hoang et al., 

2018) ʩ 10,000 ʨʝʧʣʠʢ. 

ɹʘʡʝʩʦʚʦ ʫʣʴʪʨʘʤʝʪʨʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʧʦʣʫʯʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ BEAST 

1.10.4 (Suchard et al., 2018) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʛʥʦʨʤʘʣʴʥʦʡ ʤʦʜʝʣʠ 
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ʩʚʦʙʦʜʥʳʭ ʯʘʩʦʚ ʠ ʘʧʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʜʝʨʝʚʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʝɦʛʦ ʤʦʜʝʣʠ ʨʦʞʜʝʥʠʷ-ʩʤʝʨʪʠ (birth-death), ʩ ʜʣʠʥʥʦʡ ʮʝʧʠ 500 

ʤʣʥ ʰʘʛʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 28 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

cytb 4 ʚʠʜʦʚ ʨ. Sorex ʜʨʫʛʠʭ ʚʠʜʦʚʳʭ ʛʨʫʧʧ (S. minutus, S. caecutiens, S. 

roboratus ʠ S. samniticus). ʏʪʦʙʳ ʫʪʦʯʥʠʪʴ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ S. daphaenodon, S. tundrensis ʠ S. araneus ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ, ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ 17 ʧʦʣʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʤʦʚ, ʜʦʩʪʫʧʥʳʭ ʚ ɻʝʥʙʘʥʢʝ (S. araneus: KT210896, 

MN122909, MN122847; S. daphaenodon: MK110676; S. tundrensis: KM067275; 

S. mirabilis: MF438265; S. ex gr. cylindricauda: KF696672, KT023074; S. 

unguiculatus: AB061527; S. isodon: MG983792; S. caecutiens: MF374796; S. 

cansulus (S. sinalis ʚ ɻʝʥʙʘʥʢʝ): KY814925; S. minutus: MN122904; S. 

minutissimus: MK641805, MH823669; S. gracillimus: MF426913; S. roboratus: 

KY930906). ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 12 ʙʝʣʦʢʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʪʷʞʝʣʦʡ ʮʝʧʠ ʤʪɼʅʂ. ɼʣʠʥʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 10,779 ʧ.ʦ. (3,593 

ʢʦʜʦʥʦʚ). ML ʜʝʨʝʚʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ IQTREE ʜʣʷ ʚʩʝʭ ʧʦʟʠʮʠʡ 

ʢʦʜʦʥʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ. ʉʪʘʙʠʣʴʥʦʩʪʴ 

ʪʦʧʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ Ultrafast Bootstrap (Hoang et al., 

2018) ʩ 10,000 ʨʝʧʣʠʢ. 

2.4.2. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

20 ʷʜʝʨʥʳʭ ʛʝʥʦʚ 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ML ʜʝʨʝʚʦ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʢʦʥʢʘʪʝʥʘʪʝ 20 ʷʜʝʨʥʳʭ 

ʛʝʥʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ IQTREE (Nguyen et al., 2015). ʉʪʘʙʠʣʴʥʦʩʪʴ 

ʪʦʧʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ Ultrafast Bootstrap (Hoang et al., 

2018) ʩ 10,000 ʨʝʧʣʠʢ. 

ɹʘʡʝʩʦʚ ʘʥʘʣʠʟ ʷʜʝʨʥʦʛʦ ʢʦʥʢʘʪʝʥʘʪʘ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʘʭ 

MrBayes 3.27 (Ronquist et al., 2012) ʠ BEAST 1.10.4 (Suchard et al., 2018). 

ʇʦʜʭʦʜʳ ʵʪʠʭ ʜʚʫʭ ʧʨʦʛʨʘʤʤ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʚʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ 

ʵʢʩʧʣʠʮʠʪʥʳʡ ʘʣʛʦʨʠʪʤ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʵʚʦʣʶʮʠʠ ʚ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʷʭ 
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ʜʝʨʝʚʘ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʪʝ ʞʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʠ ʨʘʟʙʠʝʥʠʝ ʥʘ 

ʧʘʨʪʠʮʠʠ, ʯʪʦ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ML.  

ɺ ʘʥʘʣʠʟʝ MrBayes ʚ ʢʘʯʝʩʪʚʝ ʘʧʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥ ʚʝʪʚʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɼʠʨʠʭʣʝ, ʦʙʱʝʝ ʜʣʷ ʚʩʝʭ ʧʘʨʪʠʮʠʡ. ʇʨʦʛʦʥ 

ʚʢʣʶʯʘʣ 2 ʮʝʧʠ ʧʦ 5 ʤʣʥ ʛʝʥʝʨʘʮʠʡ ʢʘʞʜʘʷ.  

ɺ ʘʥʘʣʠʟʝ BEAST ʜʣʷ ʢʘʞʜʦʛʦ ʛʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʦʶ ʤʦʜʝʣʴ ʯʘʩʦʚ 

(ʩʪʨʦʛʠʝ ʠʣʠ ʥʝʩʪʨʦʛʠʝ ï uncorrelated lognormal), ʩʤ. ʪʘʙʣʠʮʫ ʇ3.2) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʡ. ɸʧʨʠʦʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʜʝʨʝʚʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ birth-death ʤʦʜʝʣʠ. 

ʂʘʣʠʙʨʦʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʪʦʤ ʘʥʘʣʠʟʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ, ʩʢʦʨʦʩʪʴ 

ʵʚʦʣʶʮʠʠ ʜʣʷ ʛʝʥʘ A2AB ʙʳʣʘ ʬʠʢʩʠʨʦʚʘʥʘ, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʛʝʥʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (0, 100) ʜʣʷ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʠ 

ʧʘʨʘʤʝʪʨʘ ucld.mean. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʘʧʨʠʦʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʙʳʣʠ ʦʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɼʣʠʥʘ ʮʝʧʠ ʩʦʩʪʘʚʠʣʘ 50 ʤʣʥ 

ʛʝʥʝʨʘʮʠʡ.  

ɹʘʡʝʩʦʚʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʚ MrBayes 

ʠʩʧʦʣʴʟʫʷ ʢʘʢ ʬʘʟʠʨʦʚʘʥʥʳʝ, ʪʘʢ ʠ ʥʝʬʘʟʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʩ ʪʝʤʠ ʞʝ 

ʫʩʣʦʚʠʷʤʠ, ʯʪʦ ʠ ʘʥʘʣʠʟ ʜʣʷ ʢʦʥʢʘʪʝʥʘʪʘ.  

ʉʭʦʜʠʤʦʩʪʴ ʚʩʝʭ ʙʘʡʝʩʦʚʳʭ ʘʥʘʣʠʟʦʚ ʦʮʝʥʠʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Tracer 1.7 

(Rambaut et al., 2018). ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʠʩʢʣʶʯʘʣʠ 10% burn-in ʠ ʩʯʠʪʘʣʠ 

ʩʦʰʝʜʰʠʤʩʷ ʘʥʘʣʠʟ ʩ ESS (ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ) ʚʩʝʭ ʦʮʝʥʠʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʦʣʝʝ 200. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʢʦʜʠʨʫʶʱʠʭ ʠ ʥʝʢʦʜʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ML ʠ ɹʘʡʝʩʦʚ ʘʥʘʣʠʟʳ 

ʥʝʟʘʚʠʩʠʤʦ ʜʣʷ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʵʢʟʦʥʦʚ ʠ ʠʥʪʨʦʥʦʚ 

(8416 ʠ 4668 ʥ.ʧ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʘʨʘʤʝʪʨʳ ʠ ʜʝʪʘʣʠ ʤʝʪʦʜʠʢʠ ʩʦʚʧʘʜʘʣʠ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʘʥʘʣʠʟʘʤʠ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʠʜʦʚʦʛʦ ʜʝʨʝʚʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʳ 

ASTRAL ver. 5.7.74 (Zhang et al., 2018) ʠ BEAST2 (ʘʣʛʦʨʠʪʤ StarBEAST 

Bouckaert et al., 2019) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. 
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ɼʣʷ ʘʥʘʣʠʟʘ ASTRAL ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 20 ʥʘʙʦʨʦʚ ʜʝʨʝʚʴʝʚ ʜʣʷ 

ʷʜʝʨʥʳʭ ʛʝʥʦʚ (3600 ʜʝʨʝʚʴʝʚ ʜʣʷ ʢʘʞʜʦʛʦ), ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ɹʘʡʝʩʦʚʘ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʚ 

MrBayes. ɸʣʣʝʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʩʚʘʠʚʘʣʠʩʴ ʛʘʧʣʦʠʜʥʳʤ ʧʩʝʚʜʦ-

ʵʢʟʝʤʧʣʷʨʘʤ. ɼʣʷ ʫʯʝʪʘ ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʜʝʨʝʚʘ ʛʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʨʦʮʝʜʫʨʘ ʤʫʣʴʪʠʣʦʢʫʩʥʦʛʦ ʙʫʪʩʪʨʝʧʘ ("-b" option, 1,000 replicates). 

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʚʠʜʦʚʦʛʦ ʜʝʨʝʚʘ StarBEAST ʘʧʨʠʦʨʥʦ ʚ ʢʘʯʝʩʪʚʝ 

ʚʠʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: S. araneus, S. antinorii, S. arcticus, S. 

daphaenodon, S. coronatus, S. granarius, S. satunini ʩ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ (N), S. 

satunini ʟʘʢʘʚʢʘʟʩʢʠʡ (ʊ), S. tundrensis ʥʝʘʨʢʪʠʯʝʩʢʠʡ ʠ S. tundrensis 

ʧʘʣʝʘʨʢʪʠʯʝʩʢʠʡ. ɺ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʜʣʷ 20 ʷʜʝʨʥʳʭ ʛʝʥʦʚ 

ʠ ʛʝʥʘ cytb. ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤ StarBEAST ʥʝ ʫʯʠʪʳʚʘʝʪ ʠʥʪʨʦʛʨʝʩʩʠʶ ʛʝʥʦʚ, 

ʤʳ ʚʢʣʶʯʠʣʠ ʚ ʚʳʨʘʚʥʠʚʘʥʠʝ cytb ʪʦʣʴʢʦ ʣʠʥʠʶ A S. satunini ʠ ʣʠʥʠʶ II  S. 

granarius, ʧʦʩʢʦʣʴʢʫ ʣʠʥʠʷ B S. satunini ʠ ʣʠʥʠʷ I S. granarius, ʚʝʨʦʷʪʥʦ, 

ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʪʨʦʛʨʝʩʩʠʠ (ʩʤ. ɻʣʘʚʳ 3 ʠ 5). ɼʣʷ ʫʩʢʦʨʝʥʠʷ 

ʩʭʦʞʜʝʥʠʷ ʘʥʘʣʠʟʘ ʚʳʨʘʚʥʠʚʘʥʠʝ cytb ʙʳʣʦ ʩʦʢʨʘʱʝʥʦ ʜʦ 90 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʅʝʧʦʣʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S. tundrensis, S. antinorii 

ʠ S. araneus ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ, ʘ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʚʳʙʨʘʥʳ ʧʦ 20 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʚʠʜʦʚ. ʏʪʦʙʳ 

ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʘʥʘʣʠʟʝ, cytb ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʧʦʟʠʮʠʠ 

ʢʦʜʦʥʦʚ, ʷʜʝʨʥʳʝ ʛʝʥʳ ʥʘ ʧʘʨʪʠʮʠʠ ʥʝ ʨʘʟʜʝʣʷʣʠ. ʇʨʠʤʝʥʷʣʠ ʥʝʟʘʚʠʩʠʤʳʝ 

ʤʦʜʝʣʠ ʯʘʩʦʚ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʥʘʣʠʟʘʤʠ BEAST ʜʣ̫ 

ʷʜʝʨʥʦʛʦ ʢʦʥʢʘʪʝʥʘʪʘ ʠ ʛʝʥʘ cytb. ɺ ʢʘʯʝʩʪʚʝ ʘʧʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʬʦʨʤʳ ʜʝʨʝʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴ Yule, ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɼʣʠʥʘ ʮʝʧʠ 

ʩʦʩʪʘʚʠʣʘ 500 ʤʠʣʣʠʦʥʦʚ. ʉʭʦʜʠʤʦʩʪʴ ʙʳʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ Tracer 1.7; ESS 

ʧʨʝʚʳʰʘʣ 100 ʜʣʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ burnin 10%.  

2.4.3. ɸʥʘʣʠʟ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʝ ʩʝʪʠ 

ʉʦʛʣʘʩʦʚʘʥʥʦʝ ʜʝʨʝʚʦ (concordance tree) ʧʦʩʪʨʦʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ BUCKy 

(Larget et al., 2010) ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʧʦʩʪʝʨʠʦʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ 
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MrBayes ʧʨʠ ʘʥʘʣʠʟʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʥʦʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʘʣʛʦʨʠʪʤ BUCKy 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʦʪʩʫʪʩʪʚʫʶʱʠʤ ʜʘʥʥʳʤ, ʤʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʘʥʘʣʠʟ ʥʘ 

ʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʚʠʜʘʤʠ (S. roboratus ʚʳʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ, 

ʘ S. satunini ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʣʠʥʠʠ T (ɿʘʢʘʚʩʢʘʟʩʢʫʶ) ʠ N (ʉʝʚʝʨʦ 

ʂʘʚʢʘʟʩʢʫʶ), ʩʤ. ɻʣʘʚʫ 3.) ʠ ʥʝ ʧʨʠʥʠʤʘʣʠ ʚʦ ʚʥʠʤʘʥʠʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʦʙʨʘʟʮʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʚʠʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʩʦʭʨʘʥʷʶʱʠʤʠ ʤʦʥʦʬʠʣʠʶ ʚʠʜʦʚʳʭ ʢʣʘʜ, ʘ ʜʝʨʝʚʴʷ ʚ 

ʘʧʦʩʪʝʨʠʦʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʙʳʣʠ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ 10 

ʦʩʪʘʚʰʠʭʩʷ ʚʠʜʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ. ʀʩʧʦʣʴʟʫʷ 

ʧʨʦʛʨʘʤʤʫ mbsum ʠʟ ʧʘʢʝʪʘ BUCKy, ʤʳ ʦʙʲʝʜʠʥʠʣʠ ʪʦʧʦʣʦʛʠʠ 

ʘʧʦʩʪʝʨʠʦʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʫʜʘʣʠʚ ʧʝʨʚʳʝ 10% burnin. ʌʘʢʪʦʨʳ ʩʦʛʣʘʩʠʷ 

ʦʮʝʥʠʚʘʣʠ ʚ BUCKy ʩ ʧʘʨʘʤʝʪʨʦʤ Ŭ (Larget et al., 2010) ʨʘʚʥʳʤ 1.0, 1000, ʠ 

0.001. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʫ ʟʘʧʫʩʢʘʣʠ ʜʚʘʞʜʳ, ʜʣʠʥʘ ʮʝʧʠ ʩʦʩʪʘʚʠʣʘ 

10 ʤʣʥ ʰʘʛʦʚ.  

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʚʦʟʤʦʞʥʳʭ ʨʝʪʠʢʫʣʷʮʠʡ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ 

ʬʠʣʦʛʝʥʠʠ ʛʨʫʧʧʳ çaraneusè, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʣʛʦʨʠʪʤ SNAQ (Species 

Networks applying Quartets) ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ PhyloNetworks v.0.6.0 

(Sol²s-Lemus & An®, 2016), ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ Julia (Bezanson et al., 2014). 

ɸʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʘʙʣʠʮʳ ʬʘʢʪʦʨʦʚ ʩʦʛʣʘʩʠʷ (CFs) ʜʣʷ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʢʚʘʨʪʝʪʦʚ, ʦʮʝʥʝʥʥʳʝ ʚ BUCKy ʩ ʧʘʨʘʤʝʪʨʦʤ Ŭ = 1. ʄʳ ʧʨʦʜʝʣʘʣʠ 

30 ʟʘʧʫʩʢʦʚ ʧʨʦʛʨʘʤʤʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʚʦʟʤʦʞʥʳʭ ʨʝʪʠʢʫʣʷʮʠʡ 

(hmax) ʦʪ 0 ʜʦ 4. ʋʯʠʪʳʚʘʣʠ ʣʫʯʰʠʡ ʟʘʧʫʩʢ ʜʣʷ ʢʘʞʜʦʛʦ hmax. ʉʦʛʣʘʩʦʚʘʥʥʦʝ 

ʜʝʨʝʚʦ, ʧʦʣʫʯʝʥʥʦʝ ʚ BUCKy ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʥʘʯʘʣʴʥʦʝ ʜʣʷ ʘʥʘʣʠʟʘ ʩ hmax 

= 0.  

2.4.4. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ SNP 

ML ʜʝʨʝʚʴʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ IQTREE (Nguyen et al., 2015) 

ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ɺ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ GTR+G+ASC ʜʣʷ ʚʩʝʭ SNP. ʄʦʜʝʣʴ ʢʦʨʨʝʢʮʠʠ 

ʚʳʙʦʨʦʯʥʦʛʦ ʩʤʝʱʝʥʠʷ (ascertainment bias correction +ASC) (Lewis, 2001) 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʠʟʤʝʥʯʠʚʳʝ ʧʦʟʠʮʠʠ ʥʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʥʘʙʦʨ 
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ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʧʨʘʚʢʫ ʚ ʚʳʯʠʩʣʝʥʠʝ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 

Ultrafast Bootstrap ʩ 10,000 ʨʝʧʣʠʢ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 75all (ʩʤ. ʨʘʟʜʝʣ 2.3.2).  

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 75ul, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ svdq 

(Chifman & Kubatko, 2014), ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ PAUP, ʙʳʣʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʚʠʜʦʚʦʝ ʜʝʨʝʚʦ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʵʢʟʝʤʧʣʷʨʦʚ, ʪʘʢ 

ʠ ʥʘ ʫʨʦʚʥʝ ʚʠʜʦʚ.   

2.4.5 ɸʥʘʣʠʟ ʨʝʪʠʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ SNP  

ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ snptovcf (Olave & Meyer, 2020), ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ 

ʧʘʢʝʪʝ R (R Core Team, 2021), ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 75ul ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ 

ʬʘʢʪʦʨʳ ʩʦʛʣʘʩʠʷ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʚʘʨʪʝʪʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʦʙʨʘʟʮʦʚ. 

ʅʘʙʦʨ ʬʘʢʪʦʨʦʚ ʩʦʛʣʘʩʠʷ ʙʳʣ ʨʝʜʫʮʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ 

ʯʝʪʚʝʨʢʠ ʚʠʜʦʚ ʦʩʪʘʚʘʣʩʷ ʦʜʠʥ ʢʚʘʨʪʝʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʯʠʩʣʦʤ ʣʦʢʫʩʦʚ. ʇʦʣʫʯʠʚʰʫʶʩʷ ʤʘʪʨʠʮʫ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚ ʧʨʦʛʨʘʤʤʝ PhyloNetworks v.0.6.0. ʇʘʨʘʤʝʪʨ hmax 

(ʯʠʩʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʪʠʢʫʣʷʮʠʡ) ʠʟʤʝʥʷʣʩʷ ʦʪ 1 ʜʦ 4. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʯʘʣʴʥʦʛʦ ʜʝʨʝʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ML ʬʠʣʦʛʝʥʠʶ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 75all.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ PhyloNetworks ʥʝ ʩʧʦʩʦʙʝʥ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʝʪʠ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʳ ʧʨʦʚʝʨʠʣʠ, 

ʢʘʢ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʠʩʢʣʶʯʝʥʠʝ ʪʘʢʩʦʥʦʚ, ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ 

ʨʝʪʠʢʫʣʷʮʠʷʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ.    

ʊʘʢʞʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʩʦʙʳʪʠʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʳ ʧʨʦʚʦʜʠʣʠ 

ABBA|BABA ʪʝʩʪʳ (Durand et al., 2011) ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ CalcD ʚ ʧʘʢʝʪʝ 

EvobiR (Blackmon et al., 2013) ʜʣʷ R. ɼʣʷ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʤʳ ʦʩʪʘʚʣʷʣʠ ʚ 

ʚʳʙʦʨʢʝ ʧʦ ʦʜʥʦʤʫ ʦʙʨʘʟʮʫ ʢʘʞʜʦʛʦ ʚʠʜʘ, ʩ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ SNP. 

ʕʪʦʪ ʪʝʩʪ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʝʨʝʚʘ ʜʣʷ 4 ʪʘʢʩʦʥʦʚ (ABCD), ʜʚʘ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʟʘʚʝʜʦʤʦ ʩʝʩʪʨʠʥʩʢʠʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ (A ʠ B), 

ʘ ʦʜʠʥ ʷʚʣʷʝʪʩʷ ʟʘʚʝʜʦʤʦ ʚʥʝʰʥʠʤ (D). ʇʨʦʚʝʨʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʯʠʩʣʦ 

ʦʙʱʠʭ ʧʨʦʜʚʠʥʫʪʳʭ ʘʣʣʝʣʝʡ ʜʣʷ ʧʘʨʳ A ʠ C ʜʦʩʪʦʚʝʨʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʧʘʨʳ 
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B ʠ C (ʠʣʠ ʥʘʦʙʦʨʦʪ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʩʪʠʨʫʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʪʘʢʩʦʥʘ C ʩ ʪʘʢʩʦʥʦʤ A ʠʣʠ ʩ ʪʘʢʩʦʥʦʤ B. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 

ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 117 ʪʝʩʪʦʚ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʚʠʜʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʝʢʦʪʦʨʳʝ ʪʝʩʪʳ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʣʠ ʫʯʘʩʪʚʦʚʘʪʴ S. satunini ʠ 

S. roboratus, ʥʝ ʧʨʦʚʦʜʠʣʠ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ SNP. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʪʝʩʪʘ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 1000 ʙʫʪʩʪʨʝʧ 

ʨʝʧʣʠʢ. 

 2.5. ʌʀʃʆɻɽʆɻʈɸʌʀʗ S. ARANEUS 

2.5.1. ʉʪʨʫʢʪʫʨʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ɼʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ 

ʚʳʙʦʨʢʘʤʠ (Fst, Net-ʜʠʩʪʘʥʮʠʠ), ʧʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

(ʥʫʢʣʝʦʪʠʜʥʦʝ ()́ ʠ ʛʘʧʣʦʪʠʧʠʯʝʩʢʦʝ (H) ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʮʝʥʠʚʘʣʠ ʜʣʷ ʚʳʙʦʨʦʢ 

ʩ NÓ5) ʚ ʧʨʦʛʨʘʤʤʝ Arlequin 3.1 (Excoffier et al. 2005), ʪʦʣʴʢʦ ʧʦ ʛʝʥʫ cytb.  

ɼʣʷ ʜʘʥʥʳʭ SNP ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ 

ʦʙʨʘʟʮʘʤʠ, ʦʮʝʥʝʥʥʳʝ ʢʘʢ ʩʨʝʜʥʠʝ ʜʠʩʪʘʥʮʠʠ (Manhattan distance) ʧʦ ʚʩʝʤ 

ʣʦʢʫʩʘʤ ʚ ʧʨʦʛʨʘʤʤʝ PAUP. ʅʘʙʣʶʜʘʝʤʫʶ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʚ ʧʨʦʛʨʘʤʤʝ vcftools (Danecek et al., 2011), ʟʘʪʝʤ ʚʳʯʠʩʣʷʣʠ 

ʩʨʝʜʥʝʝ ʜʣʷ ʧʦʧʫʣʷʮʠʠ. ʆʞʠʜʘʝʤʫʶ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ ʦʮʝʥʠʚʘʣʠ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ hierfstat ʜʣʷ R (Goudet et al., 2015). 

ɼʠʩʪʘʥʮʠʠ Fst ʜʣʷ SNP ʜʘʥʥʳʭ ʪʘʢʞʝ ʚʳʯʠʩʣʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ hierfstat.  

ʀʥʪʝʨʧʦʣʷʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʥʦʦʙʨʘʟʠʷ (ʥʫʢʣʝʦʪʠʜʥʦʝ ʠ 

ʛʘʧʣʦʪʠʧʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʣʷ cytb ʠ ʦʞʠʜʘʝʤʘʷ ʠ ʥʘʙʣʶʜʘʝʤʘʷ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ ʜʣʷ SNP) ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ QGIS 3.8.3 (QGIS Development Team, 2019) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʩʦʚ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʜʠʩʪʘʥʮʠʷʤ (Inverse 

Distance Weighting, IDW) (Mitas & Mitasova, 1999), ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ 0.4ʭ0.2, 

ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 300x300 ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʩʪʦʷʥʠʷ = 4.  

ʄʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ Net-ʜʠʩʪʘʥʮʠʡ ʧʦ ʛʝʥʫ ʩytb ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʚʳʙʦʨʢʘʤʠ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ (Gower, 1966, 
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Mardia, 1978), ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ cmdscale ʜʣʷ R (ʧʘʢʝʪ stats). ɼʣʷ ʵʪʦʛʦ 

ʘʥʘʣʠʟʘ ʥʝʢʦʪʦʨʳʝ ʚʳʙʦʨʢʠ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ ʧʦ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʝʡ ʚ ʜʘʥʥʦʤ ʘʥʘʣʠʟʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʢʦʣʠʯʝʩʪʚʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʳʙʦʨʦʢ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 99,7% ʜʠʩʧʝʨʩʠʠ ʦʧʠʩʳʚʘʣʦʩʴ 

ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʦʩʷʤʠ, ʤʳ ʦʛʨʘʥʠʯʠʣʠʩʴ ʘʥʘʣʠʟʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʚʫʭ 

ʢʦʦʨʜʠʥʘʪ.  

ʉʪʨʫʢʪʫʨʫ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʵʢʟʝʤʧʣʷʨʘʤʠ ʧʦ SNP ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ: 

1. ʄʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ ʄʘʥʭʝʪʪʝʥ 

ʜʠʩʪʘʥʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 75all, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ 

cmdscale ʚ R. 

2. ʄʝʪʦʜʘ DAPC, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʘʢʝʪʝ adegenet ʜʣʷ R (Jombart, 2008). 

ɺ ʵʪʦʤ ʘʥʘʣʠʟʝ ʤʫʣʴʪʠʣʦʢʫʩʥʳʝ ʛʝʥʦʪʠʧʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʚ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʧʨʠ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʤ ʘʥʘʣʠʟʝ. 

3. ʄʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʝ ADMIXTURE v1.3.0 (Alexander et 

al. 2009) ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 75ul. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦ 

ʫʤʦʣʯʘʥʠʶ, ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʂ (ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ) ʦʪ ʦʜʥʦʛʦ ʜʦ ʜʝʩʷʪʠ. 

ʆʧʪʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʂ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ.  

4. ʄʝʪʦʜʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʝ Structure v2.3.4 (Pritchard et al. 

2000) ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 75ul. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ admixture ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʦʙʝʡ ʢ 

ʧʦʧʫʣʷʮʠʷʤ, ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʘ Ŭ, ʦʙʱʝʛʦ ʜʣʷ ʚʩʝʭ ʧʦʧʫʣʷʮʠʡ, 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ɚ (ʨʘʚʥʳʤ 1,0) ʠ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 

ʘʣʣʝʣʝʡ. ʂʘʞʜʳʡ ʟʘʧʫʩʢ ʚʢʣʶʯʘʣ 110000 ʰʘʛʦʚ (10% burn-in) MCMC. ɼʣʷ 

ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ K ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ 3ï5 ʥʝʟʘʚʠʩʠʤʳʭ ʟʘʧʫʩʢʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ ʩʣʘʙʦʡ ʩʭʦʜʠʤʦʩʪʴʶ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ K ʘʥʘʣʠʟ ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʜʠʘʧʘʟʦʥʦʤ K ʦʪ 1 ʜʦ 6. ʆʧʪʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ K ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ lnP(D) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ 
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Pritchard et al. (2003). ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʟʥʘʯʝʥʠʷ 

K ʚ ʜʠʘʧʘʟʦʥʝ 1ï4, ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ Evanno et al. (2005), ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ 

ʧʘʢʝʪʝ CLUMPAK (Kopelman et al. 2015). 

ɸʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ (AMOVA) ʪʘʢʞʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚ 

ʧʘʢʝʪʝ Arlequin 3.1. ʜʣʷ ʜʘʥʥʳʭ cytb ʠ SNP. ɿʥʘʯʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʢ ʦʮʝʥʠʚʘʣʘʩʴ 

ʥʘ ʦʩʥʦʚʘʥʠʠ 1000 ʧʝʨʤʫʪʘʮʠʡ. ɼʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʤʳ ʧʨʦʚʝʣʠ ʪʨʠ 

ʚʘʨʠʘʥʪʘ ʪʝʩʪʘ: 1) ʦʙʱʫʶ ʚʳʙʦʨʢʫ ʨʘʟʜʝʣʠʣʠ ʥʘ ʛʨʫʧʧʳ ʧʦʧʫʣʷʮʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤ ʜʝʣʝʥʠʝʤ (ʩʤ. ʪʘʙʣʠʮʫ ʇ1.1. ʚ ʇʨʠʣʦʞʝʥʠʠ 1) 2) 

ʩ ʜʚʫʤʷ ʠʣʠ ʪʨʝʤʷ ʢʨʫʧʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʘʨʝʘʣʘ ʚʠʜʘ (ʎʝʥʪʨʘʣʴʥʘʷ ʉʠʙʠʨʴ, ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ɽʚʨʦʧʘ ʠ 

ʜʨʫʛʠʝ ʯʘʩʪʠ ɽʚʨʦʧʳ+ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ); 3) ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʢʨʫʧʥʳʭ ʛʨʫʧʧ. ɼʣʷ ʜʘʥʥʳʭ SNP ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʘʪʨʠʮʳ 75ul, ʩ ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: ʶʞʥʘʷ ɽʚʨʦʧʘ, ʟʘʧʘʜ 

ʝʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ+ʌʝʥʥʦʩʢʘʥʜʠʷ, ɿʘʚʦʣʞʴʝ+ʋʨʘʣ, ʉʠʙʠʨʴ. ʊʘʢʦʝ 

ʨʘʟʙʠʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʦʡ ʜʝʨʝʚʘ (ʩʤ. ɻʣʘʚʘ 4).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʤʝʥʯʠʚʦʩʪʠ cytb ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ SAMOVA (Dupanloup et al., 2002). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ K (ʯʠʩʣʦ ʛʨʫʧʧ) ʦʪ 2 ʜʦ 15, ʯʠʩʣʝ ʰʘʛʦʚ 1000, ʯʠʩʣʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

1000, ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ K2P-ʜʠʩʪʘʥʮʠʶ. ʀʟ 

ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʚʳʙʦʨʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʤʝʥʝʝ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʠ 

ʦʩʪʨʦʚʥʳʝ ʚʳʙʦʨʢʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʧʦʣʦʞʝʥʠʝʤ ʚʳʙʦʨʢʠ ʤʳ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʉʧʠʨʤʝʥʘ (ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʘʢʝʪʝ R, R Core Team 2013). 

ʀʥʪʝʨʧʦʣʷʮʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʘ cytb ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʧʨʦʛʨʘʤʤʝ AIS (Miller , 2005). 

ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʨʝʭʤʝʨʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʠʩʪʘʥʮʠʡ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʳ 
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ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʩʪʘʪʦʯʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʜʠʩʪʘʥʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʚʩʝʭ ʧʦʧʘʨʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʠʩʪʘʥʮʠʡ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʜʠʩʪʘʥʮʠʠ. ʀʥʪʝʨʧʦʣʷʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ IWD ʜʣʷ ʨʝʰʝʪʢʠ 50X50, ʩ 

ʧʘʨʘʤʝʪʨʦʤ ʚʟʚʝʰʠʚʘʥʠʷ (a) =0.1. ʏʪʦʙʳ ʧʨʠʚʝʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʦʨʜʠʥʘʪ ʢ 

ɽʚʢʣʠʜʦʚʫ ʤʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠ ʢʦʦʨʜʠʥʘʪʳ ʣʦʢʘʣʠʪʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ʊʝʩʪ ʄʘʥʪʝʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ p-

ʜʠʩʪʘʥʮʠʝʡ ʧʦ cytb ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʝʡ ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ (NÓ5) ʚ 

ʧʨʦʛʨʘʤʤʝ Arlequin 3.1. ɼʣʷ ʜʘʥʥʳʭ SNP ʦʮʝʥʠʚʘʣʠ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʧʦʢʘʟʘʪʝʣʝʤ Fst ʜʣʷ ʧʘʨ ʚʳʙʦʨʦʢ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʝʡ ʚ ʧʘʢʝʪʝ vegan 

ʜʣʷ R (Oksanen et al., 2013) 

2.5.2. ɼʝʤʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʚʥʝʟʘʧʥʦʡ ʵʢʩʧʘʥʩʠʠ (SEM) ï ʚʨʝʤʷ ʵʢʩʧʘʥʩʠʠ (Ű) ʠ 

ʝʛʦ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ (Schneider and Excoffier 1999), ʪʝʩʪʳ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʘʨʥʳʭ ʜʠʩʪʘʥʮʠʡ SEM (SSD ʠ ʠʥʜʝʢʩ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ (raggedness index)), ʩʪʘʪʠʩʪʠʢʠ D ʊʘʜʞʠʤʳ (Tajimaôs D, Tajima 

1989) ʠ Fs ʌʫ (Fuôs Fs, Fu 1997) ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Arlequin 3.1 

(Excoffier et al. 2005). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʟʥʘʯʠʤʦʩʪʴ ʩʪʘʪʠʩʪʠʢ 

ʤʳ ʛʝʥʝʨʠʨʦʚʘʣʠ 1000 ʩʣʫʯʘʡʥʳʭ ʚʳʙʦʨʦʢ.  

ʉʪʘʪʠʩʪʠʢʫ ʊʘʜʞʠʤʳ ʜʣʷ ʜʘʥʥʳʭ SNP ʤʳ ʦʮʝʥʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

hierfstat ʜʣʷ R. ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʪʘʪʠʩʪʠʢʠ ʜʝʣʘʣʠ 100 ʨʝʧʣʠʢ 

ʙʫʪʩʪʨʝʧʘ ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʧʠʩʘʥʥʦʛʦ ʩʢʨʠʧʪʘ.     

ɼʣʷ ʦʧʠʩʘʥʠʷ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʧʦ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ BSP (Bayesian Skyline 

Plot, Drummond et al., 2005), ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ c ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ BEAST 1.10.4 (Suchard et al., 2018) ʧʨʠ ʜʣʠʥʝ ʮʝʧʠ 108 h ʘʛʦʚ, ʯʠʩʣʝ 

ʛʨʫʧʧ 10. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ ʇ.3.1. ʇʨʠʣʦʞʝʥʠʷ 3). ʂʘʞʜʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʨʘʟ, 

ʩʦʰʝʜʰʠʤʠʩʷ ʩʯʠʪʘʣʠ ʮʝʧʠ, ʚ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨ ESS Ó 200. ɺʠʟʫʘʣʠʟʘʮʠʶ 
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ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʧʦʩʪʨʦʝʥʠʝ BSP ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Tracer 1.7. 

ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ Hope et al. (2014).  

ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʧʦ 

ʩʧʝʢʪʨʫ ʯʘʩʪʦʪ SNP ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ Stairwayplot v2.1 (Liu & Fu, 

2020). ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ 95all (ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ 3 ʵʢʟʝʤʧʣʷʨʘ ʩ 

ʥʘʠʤʝʥʴʰʠʤ ʯʠʩʣʦʤ SNP) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʧʝʢʪʨʳ ʯʘʩʪʦʪ SNP (ʢʦʣʠʯʝʩʪʚʦ 

SNP ʢʦʪʦʨʦʝ ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ). ʋʥʠʢʘʣʴʥʳʝ ʘʣʣʝʣʠ 

(ʚʩʪʨʝʯʘʶʱʠʝʩʷ 1 ʨʘʟ ʠ ʚ ʛʝʪʝʨʦʟʠʛʦʪʝ) ʧʨʠ ʵʪʦʤ ʠʛʥʦʨʠʨʦʚʘʣʠʩʴ. ʆʙʱʘʷ 

ʜʣʠʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʨʘʚʥʦʡ 4 ʤʣʥ ʧ.ʦ. ɺʨʝʤʷ ʛʝʥʝʨʘʮʠʠ 

ʩʯʠʪʘʣʦʩʴ ʨʘʚʥʳʤ 1 ʛʦʜʫ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚʝʣʠʯʠʥʳ ʧʦ ʫʤʦʣʯʘʥʠʶ.       

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʫʶ ʦʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʝʜʢʦʚʦʛʦ 

ʛʘʧʣʦʪʠʧʘ ʤʪɼʅʂ S. araneus ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʘʨʩʠʤʦʥʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʤʘʪʨʠʮʘ ʜʚʫʤʝʨʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ TNT ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʪʦʢ (landmark) (Goloboff and Catalano 

2018) ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʣʦʛʠʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʛʘʧʣʦʪʠʧʦʚ. ʕʪʦʪ 

ʘʣʛʦʨʠʪʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʜʚʫʤʝʨʥʳʭ ʧʨʝʜʢʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʩʠʤʦʥʠʠ ʉʘʥʢʦʚʘ (Sankoff parsimony) 

(Catalano et al. 2010). ʄʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ (ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʫʟʣʦʚ ʜʝʨʝʚʘ) ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʫʪʝʤ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʝʪʢʠ  12 x 12 ʠ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʳʙʦʨʦʢ. ʆʮʝʥʠʚʘʣʦʩʴ ʪʦʣʴʢʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢʦʨʥʷ ʜʝʨʝʚʘ. ʏʪʦʙʳ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʝʪʦʯʥʦʩʪʴ, ʚʳʟʚʘʥʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʪʦʧʦʣʦʛʠʠ 

ʤʠʪʭʦʥʜʨʠʘʣʴʥʦʛʦ ʜʝʨʝʚʘ, ʤʳ ʧʦʚʪʦʨʠʣʠ ʘʥʘʣʠʟ 100 ʨʘʟ, ʠʩʧʦʣʴʟʫʷ ʜʝʨʝʚʴʷ ʠʟ 

ʘʧʦʩʪʝʨʠʦʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ BEAST. 

ʊʦʪ ʞʝ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʮʝʥʢʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʣʦʢʘʣʠʟʘʮʠʠ ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ) ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ S. 

araneus ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ SNP. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 
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ʪʦʧʦʣʦʛʠʷ ML-ʜʝʨʝʚʘ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ ʧʦ ʤʘʪʨʠʮʝ 75all. ʇʦʤʠʤʦ 

ʢʦʨʥʝʚʦʛʦ ʫʟʣʘ, ʥʘʠʙʦʣʝʝ ʧʘʨʩʠʤʦʥʠʘʣʴʥʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʢʦʚʳʭ ʫʟʣʦʚ ʦʩʥʦʚʥʳʭ ʭʦʨʦʰʦ ʧʦʜʜʝʨʞʘʥʥʳʭ ʢʣʘʜ. 

2.5.3. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʝʜʠʘʥʥʦʡ ʩʝʪʠ (Bandelt et al., 1999) ʛʘʧʣʦʪʠʧʦʚ cytb 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ Network 5.0 (Fluxus Technology Ltd. (2010) [1]), ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ī ʤʝʪʦʜ ʫʧʨʦʱʝʥʠʷ ʟʚʝʟʜ (star contraction), 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʧʨʦʛʨʘʤʤʳ (Fluxus Technology Ltd. (2010) 

[2]). ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʘʩʪʝʨʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʣʦʢʘʣʴʥʦʡ ʵʢʩʧʘʥʩʠʠ, ʠ ʚʢʣʶʯʘʝʪ ʫʟʣʳ ʪʘʢʦʛʦ ʢʣʘʩʪʝʨʘ ʚ ʫʟʝʣ 

ʦʩʥʦʚʘʪʝʣʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʤʝʜʠʘʥʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʧʦʣʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʥʦʡ 

1140 ʧʘʨ ʦʩʥʦʚʘʥʠʡ (336 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ). 

ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʦʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʥʘ 

ʦʩʥʦʚʝ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʝʥʦʚ cytb ʠ ND2 ʤʝʪʦʜʦʤ ML IQ-

TREE (Nguyen et al. 2015) ʠ ɹʘʡʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʚ BEAST 1.10.4 (Suchard et al., 

2018). ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʨʘʟʮʳ ʠʟ ʩʝʚʝʨʦʢʘʚʢʘʟʩʢʦʡ 

ʬʠʣʦʛʨʫʧʧʳ S. satunini. ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚ ML ʘʥʘʣʠʟʝ ʨʘʟʙʠʝʥʠʝ ʥʘ ʧʘʨʪʠʮʠʠ 

ʠ ʤʦʜʝʣʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ3.1. ʚ ʇʨʠʣʦʞʝʥʠʠ 3. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ Ultrafast bootstrap 

(Hoang et al., 2018) ʩ 10000 ʨʝʧʣʠʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ML ʘʥʘʣʠʟ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʮʝʜʫʨʳ ʙʫʪʩʪʨʝʧ (1000 ʨʝʧʣʠʢ) ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʚ Treefinder (Jobb, 2011) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʦʛʦ ʞʝ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʧʘʨʪʠʮʠʠ ʠ 

ʤʦʜʝʣʝʡ ʥʫʢʣʝʦʪʠʜʥʦʡ ʵʚʦʣʶʮʠʠ, ʢʘʢ ʠ ʚ ʘʥʘʣʠʟʝ IQ-TREE.  

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʣʴʪʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʚ BEAST ʥʘ ʦʩʥʦʚʝ 

ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʝʥʦʚ cytb ʠ ND2 ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʦʜʝʣʴ ʩʪʨʦʛʠʭ ʯʘʩʦʚ, ʪ.ʢ. ʛʠʧʦʪʝʟʘ ʦ ʥʘʣʠʯʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʦʚ ʜʣʷ ʵʪʠʭ 

ʜʘʥʥʳʭ ʥʝ ʙʳʣʘ ʦʪʚʝʨʛʥʫʪʘ (ʪʝʩʪ ʦʪʥʦʰʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ, p>0.05, 

ʧʨʦʛʨʘʤʤʘ baseML ʧʘʢʝʪʘ PAML, Yang, 2007). ɼʣʷ ʬʦʨʤʳ ʜʝʨʝʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ  ʤʦʜʝʣʴ skyline ʩ 10 ʛʨʫʧʧʘʤʠ. ɺʳʩʦʪʳ ʫʟʣʦʚ ʜʝʨʝʚʘ ʙʳʣʠ 
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ʦʪʢʘʣʠʙʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʮʝʥʝʥʥʦʡ ʨʘʥʝʝ ʩʢʦʨʦʩʪʠ ʟʘʤʝʥ ʜʣʷ cytb: 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ = 0.18 ʟʘʤʝʥ ʥʘ ʩʘʡʪ ʟʘ ʤʣʥ. ʣʝʪ, SD = 0.02; ʚ ʢʘʯʝʩʪʚʝ 

ʘʧʨʠʦʨʥʦʛʦ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʘʨʘʤʝʪʨʘʤʠ Ŭ = 15.86 ʠ 

ɓ = 0.0116. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʨʘʟʲʷʩʥʝʥʘ ʧʦʜʨʦʙʥʦ ʚ 

ʨʘʟʜʝʣʝ 2.6. ɼʣʷ ʩʢʦʨʦʩʪʠ ʵʚʦʣʶʮʠʠ ʛʝʥʘ ND2 ʙʳʣʦ ʚʚʝʜʝʥʦ 

ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʦʝ ʘʧʨʠʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʦʭʨʘʥʠʣʠ ʘʧʨʠʦʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʥʘʤʠ ʤʦʜʝʣʠ ʥʫʢʣʝʦʪʠʜʥʦʡ ʵʚʦʣʶʮʠʠ ʜʣʷ ʰʝʩʪʠ ʧʘʨʪʠʮʠʡ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʇ.3.1. ʇʨʠʣʦʞʝʥʠʷ 3. ɼʣʠʥʘ ʮʝʧʠ ʙʳʣʘ ʨʘʚʥʘ 200 ʤʣʥ. 

ɼʣʷ ʜʘʥʥʳʭ SNP NJ ʜʝʨʝʚʴʷ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ 

ʤʘʥʭʵʪʪʝʥ ʜʠʩʪʘʥʮʠʡ ʚ ʧʨʦʛʨʘʤʤʝ PAUP. ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʙʫʪʩʪʨʝʧ (1000 ʨʝʧʣʠʢ).  

ML ʜʝʨʝʚʴʷ ʧʦ ʜʘʥʥʳʤ SNP ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ IQtree ʜʣʷ ʚʩʝʭ 

ʤʘʪʨʠʮ, ʢʨʦʤʝ 95ul. ɺ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴ ʥʫʢʣʝʦʪʠʜʥʳʭ ʟʘʤʝʥ 

GTR+G+ASC ʜʣʷ ʚʩʝʭ SNP (ʩʤ. 2.4.4). ʉʪʘʙʠʣʴʥʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ Ultrafast bootstrap (Hoang et al., 2018) ʩ 10000 ʨʝʧʣʠʢ. 

ɺʠʜʦʚʦʝ ʜʝʨʝʚʦ ʙʳʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ svdq (Chifman & 

Kubatko, 2014), ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ PAUP ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ 75ul. ɺ ʢʘʯʝʩʪʚʝ ʚʠʜʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʛʠʦʥʘʣʴʥʳʝ ʚʳʙʦʨʢʠ.    

2.5.4. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʭʨʦʤʦʩʦʤʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʠʣʦʛʝʥʠʠ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʤʦʞʝʪ ʣʠ ʥʘʣʠʯʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʜʚʫʧʣʝʯʠʭ ʭʨʦʤʦʩʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʠʥʘʧʦʤʦʨʬʠʡ, ʙʠʥʘʨʥʳʝ 

ʧʨʠʟʥʘʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʣʠʯʠʶ (1) ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ (0) ʤʝʪʘʮʝʥʪʨʠʢʘ, 

ʙʳʣʠ ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʥʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʧʦ SNP-

ʜʘʥʥʳʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʧʘʨʩʠʤʦʥʠʠ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʧʨʦʛʨʘʤʤʝ PAUP* ʩ ʦʧʮʠʝʡ ACCTRAN. 
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2.6. ʆʎɽʅʂɸ ɺʈɽʄɽʅ ɼʀɺɽʈɻɽʅʎʀʀ 

2.6.1. ʆʮʝʥʢʘ ʚʨʝʤʝʥ ʜʠʚʝʨʛʝʥʮʠʠ ʚ ʛʨʫʧʧʝ çaraneusè. 

ɺʦʟʨʘʩʪ ʫʟʣʦʚ ʜʠʚʝʨʛʝʥʮʠʠ ʚ ʛʨʫʧʧʝ çaraneusè ʦʮʝʥʠʚʘʣʠ ʥʝʟʘʚʠʩʠʤʦ 

ʜʣʷ ʷʜʝʨʥʳʭ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ (20 ʷʜʝʨʥʳʭ 

ʛʝʥʦʚ) ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʣʠ ʚ StarBEAST, ʠʩʧʦʣʴʟʫʷ ʪʦʪ ʞʝ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʘʢ ʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʠʜʦʚʦʛʦ ʜʝʨʝʚʘ, ʥʦ ʜʘʥʥʳʝ ʜʣʷ cytb ʙʳʣʠ 

ʠʩʢʣʶʯʝʥʳ. ɺ ʵʪʦʤ ʘʥʘʣʠʟʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ ʚʪʦʨʠʯʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ 

ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʮʝʥʢʘʤ ʚʨʝʤʝʥʠ ʨʘʟʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʨ. 

Sorex, ʧʦʣʫʯʝʥʥʳʤ ɹʘʥʥʠʢʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (2018) (Supplementary S4, ʪʦʯʢʠ 

B, G ʠ H). ɼʣʷ ʢʘʞʜʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʪʦʯʢʠ ʘʧʨʠʦʨʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʣʦʛ-ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦ ʩʨʝʜʥʠʤ ʠ 

ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʨʘʚʥʳʤʠ ʚʝʣʠʯʠʥʘʤ, ʦʮʝʥʝʥʥʳʤ ɹʘʥʥʠʢʦʚʦʡ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (Bannikova et al. 2018).  

ɼʣʷ ʦʮʝʥʢʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʚʨʝʤʝʥ ʜʠʚʝʨʛʝʥʮʠʠ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʪʦʯʢʠ, ʧʦʣʫʯʝʥʥʳʝ ɹʘʥʥʠʢʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(Bannikova et al. 2018). ʆʜʥʘʢʦ ʥʘ ʫʨʦʚʥʝ ʤʝʞʛʨʫʧʧʦʚʦʡ ʜʠʚʝʨʛʝʥʮʠʠ (ʥʘ 

ʢʦʪʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʪʦʯʢʠ) ʪʨʘʥʟʠʮʠʠ ʪʨʝʪʴʠʭ ʧʦʟʠʮʠʡ ʢʦʜʦʥʦʚ 

ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʥʘʩʳʱʝʥʥʳʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʟʘʤʝʥ ʚ 1-ʡ ʠ 2-ʡ ʧʦʟʠʮʠʷʭ 

ʢʦʜʦʥʦʚ ʠ ʪʨʘʥʩʚʝʨʩʠʡ ʚ 3-ʭ ʧʦʟʠʮʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʠ 

ʚʨʝʤʝʥʠ ʜʠʚʝʨʛʝʥʮʠʠ ʚʥʫʪʨʠ ʛʨʫʧʧ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʫ ʜʘʪʠʨʦʚʘʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʤʪɼʅʂ, ʤʳ ʧʨʠʤʝʥʠʣʠ ʜʚʫʭʵʪʘʧʥʫʶ ʧʨʦʮʝʜʫʨʫ, ʠʩʧʦʣʴʟʫʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʜʦʩʪʫʧʥʳʝ ʚ GenBank. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 17 ʧʦʣʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʤʦʚ 13 

ʧʘʣʝʘʨʢʪʠʯʝʩʢʠʭ ʚʠʜʦʚ ʨ. Sorex ʠ ʦʮʝʥʠʣʠ ʚʨʝʤʝʥʘ ʠʭ ʜʠʚʝʨʛʝʥʮʠʠ 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 12 ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ. ʏʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʩʤʝʱʝʥʠʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʚ ʩʚʷʟʠ ʩ ʥʘʩʳʱʝʥʠʝʤ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚ ʘʥʘʣʠʟʝ ʪʦʣʴʢʦ ʪʨʘʥʩʚʝʨʩʠʠ ʪʨʝʪʴʝʛʦ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʧʝʨʝʢʦʜʠʨʦʚʘʥʳ ʚ A ʠ C. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʚ BEAST 1.10.4 ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʯʘʩʪʦʪʳ ʥʫʢʣʝʦʪʠʜʦʚ ʦʮʝʥʠʚʘʣʠʩʴ ʵʤʧʠʨʠʯʝʩʢʠ, ʧʘʨʘʤʝʪʨ ə ʜʣʷ 

ʤʦʜʝʣʠ HKY ʙʳʣ ʨʘʚʝʥ 0.5. ɺ ʚʳʙʦʨʢʫ ʚʦʰʣʠ ʪʨʠ ʚʠʜʘ ʛʨʫʧʧʳ çaraneusè: S. 
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araneus, S. daphaenodon, and S. tundrensis, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʦʮʝʥʠʪʴ ʚʨʝʤʷ 

ʜʠʚʝʨʛʝʥʮʠʠ ʤʝʞʜʫ S. araneus ʠ ʦʩʪʘʣʴʥʳʤʠ ʜʚʫʤʷ ʚʠʜʘʤʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ 

ʵʪʘʧʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠ ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʦʮʝʥʢʠ ʚ ʢʘʯʝʩʪʚʝ ʘʧʨʠʦʨʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʚʳʨʘʚʥʠʚʘʥʠʠ ʛʝʥʘ 

cytb ʛʨʫʧʧʳ S. araneus. ʇʘʨʘʤʝʪʨʳ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʫʢʘʟʘʥʳ ʨʘʥʝʝ (ʨʘʟʜʝʣ 

2.4.1).  

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʜʠʚʝʨʛʝʥʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ SNP ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʘʣʛʦʨʠʪʤ LSD2 (To et al., 2016), ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ IQtree2. ɸʣʛʦʨʠʪʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʠʩʭʦʜʷ ʠʟ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʯʘʩʳ ʥʝ ʩʦʙʣʶʜʘʶʪʩʷ, ʩʢʦʨʦʩʪʠ ʚ ʩʦʩʝʜʥʠʭ ʚʝʪʚʷʭ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʠ 

ʧʦʜʯʠʥʝʥʳ ʝʜʠʥʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ɺ ʜʘʥʥʦʤ ʘʥʘʣʠʟʝ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʘʣʠʙʨʦʚʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʵʪʦʤʫ ʥʘ ʚʳʭʦʜʝ ʤʳ ʧʦʣʫʯʘʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʨʝʤʝʥʘ ʜʠʚʝʨʛʝʥʮʠʠ. ʏʪʦʙʳ ʧʝʨʝʚʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʚʨʝʤʝʥʘ ʚ ʘʙʩʦʣʶʪʥʳʝ ʤʳ ʩʦʧʦʩʪʘʚʣʷʣʠ ʠʭ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ 20 ʦʪʜʝʣʴʥʳʭ ʷʜʝʨʥʳʭ ʛʝʥʦʚ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʣʫʯʰʝʡ ʪʦʧʦʣʦʛʠʠ ʜʣʷ ʤʘʪʨʠʮ 95all, 95ul, 75 ul. ɼʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

75all ʘʥʘʣʠʟ ʥʝ ʧʨʦʚʦʜʠʣʠ ʪʘʢ ʢʘʢ ʜʝʨʝʚʦ ʜʣʷ ʵʪʦʛʦ ʥʘʙʦʨʘ ʠʤʝʝʪ 

ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʠʟʢʫʶ ʜʠʩʪʘʥʮʠʶ ʤʝʞʜʫ S. roboratus ʠ ʛʨʫʧʧʦʡ 

çaraneusè.   

2.6.2. ʆʮʝʥʢʘ ʚʨʝʤʝʥ ʜʠʚʝʨʛʝʥʮʠʠ ʫ S. araneus s. str. 

ʆʮʝʥʢʘ ʚʦʟʨʘʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ ʩ ʧʦʤʦʱʴʶ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʦʚ ʟʘʪʨʫʜʥʝʥʘ, ʚʦ-ʧʝʨʚʳʭ, ʦʪʩʫʪʩʪʚʠʝʤ ʷʩʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʭʨʦʤʦʩʦʤʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴʶ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʵʪʦʛʦ ʚʠʜʘ. 

ʋʯʠʪʳʚʘʷ ʬʝʥʦʤʝʥ ʟʘʤʝʜʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʦʚ ʩʦ ʚʨʝʤʝʥʝʤ (Ho et al., 

2005, Ho, 2007), ʢʦʨʨʝʢʪʥʘʷ ʜʘʪʠʨʦʚʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʠʭ ʩʦʙʳʪʠʡ 

ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʪʦʯʝʢ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ 

ʥʠʤʠ ʧʦ ʚʦʟʨʘʩʪʫ. ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ 
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ʢʘʣʠʙʨʦʚʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʯʘʩʦʚ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʡ ʵʢʩʧʘʥʩʠʠ ʥʝʢʦʪʦʨʳʭ 

ʙʦʨʝʘʣʴʥʳʭ ʠ ʩʫʙʙʦʨʝʘʣʴʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Sorex, ʢʦʪʦʨʫʶ ʩʚʷʟʳʚʘʶʪ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ. 

ʄʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʩʣʝʜʫʶʱʠʝ ʩʦʙʳʪʠʷ: 

ʕʢʩʧʘʥʩʠʷ S. antinorii ʚ ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ɸʣʴʧʘʭ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦʪ ʚʠʜ ʦʙʨʘʟʦʚʘʣʩʷ ʘʣʣʦʧʘʪʨʠʯʝʩʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʦʣʷʮʠʠ ʥʘ ɸʧʧʝʥʠʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʚʦ ʚʨʝʤʷ ʦʣʝʜʝʥʝʥʠʷ ʧʦʟʜʥʝʛʦ ʠʣʠ 

ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ (Taberlet et al., 1998, Br¿nner et al., 2002[1,2], Hewitt, 

1996). ʂʦʣʦʥʠʟʘʮʠʷ ʜʦʣʠʥ ʟʘʧʘʜʥʳʭ ɸʣʴʧ ʧʨʦʠʩʭʦʜʠʣʘ, ʚʝʨʦʷʪʥʦ, ʥʘ ʛʨʘʥʠʮʝ 

ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ 15000 ï 18000 ʣʝʪ ʥʘʟʘʜ (Yannic et al., 2012). 

ʅʝʩʢʦʣʴʢʦ ʧʦʟʞʝ S. antinorii ʧʦʷʚʠʣʘʩʴ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ɸʣʴʧʘʭ ï ʟʘʩʝʣʝʥʠʝ 

ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʯʝʨʝʟ ʧʝʨʝʚʘʣʳ Simplon ʠ Grand St 

Bernard (Lugon Moulin, & Hausser, 2002, Yannic et al., 2008, Yannic et al., 2012), 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʦʩʚʦʙʦʞʜʝʥʠʷ ʢʦʪʦʨʳʭ ʦʪʦ ʣʴʜʘ ï 12850 ʣʝʪ ʥʘʟʘʜ 

(Schl¿chter, 1988, Burga, 1988). ʕʪʦ ʚʨʝʤʷ ʤʳ ʧʨʠʥʠʤʘʝʤ ʟʘ ʞʝʩʪʢʫʶ ʚʝʨʭʥʶʶ 

ʛʨʘʥʠʮʫ ʵʢʩʧʘʥʩʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʧʦʧʫʣʷʮʠʠ S. antinorii.  

ʕʢʩʧʘʥʩʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ S. minutus. 

ʅʘ ʘʨʝʘʣʝ ʤʘʣʦʡ ʙʫʨʦʟʫʙʢʠ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʬʠʣʦʛʨʫʧʧ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʬʫʛʠʫʤʘʤ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʵʪʦʪ ʚʠʜ ʧʝʨʝʞʠʚʘʣ 

ʧʦʩʣʝʜʥʝʝ ʦʣʝʜʝʥʝʥʠʝ (McDevitt, 2010). ʉʝʚʝʨʦ-ʮʝʥʪʨʘʣʴʥʘʷ ʬʠʣʦʛʨʫʧʧʘ 

ʨʘʩʩʝʣʷʣʘʩʴ ʠʟ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʩʝʚʝʨʥʦʛʦ ʨʝʬʫʛʠʫʤʘ ʚ ʧʦʩʣʝʣʝʜʥʠʢʦʚʴʝ 

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʇʦʟʜʥʝʛʦ ɼʨʠʘʩʘ, ʪʦ ʝʩʪʴ ʥʝ ʨʘʥʴʰʝ 11,5 ʪ.ʣ.ʥ. (Vega et al., 

2010), ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʣʘ, ʚʝʨʦʷʪʥʦ, ʵʢʩʧʘʥʩʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʢʣʘʜʳ ʚ 

ʤʘʪʝʨʠʢʦʚʦʡ ɸʥʛʣʠʠ (Searle et al., 2009). ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʦʢʦʣʦ 

8 ʪ.ʣ.ʥ. ï ʚʨʝʤʷ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩʫʭʦʧʫʪʥʦʛʦ ʤʦʩʪʘ ʚ ʨʘʡʦʥʝ ʇʘ ʜʝ ʂʘʣʝ. 

ʇʨʠʤʝʨʥʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʤʦʛʣʠ ʙʳʪʴ ʟʘʩʝʣʝʥʳ ʚʥʫʪʨʝʥʥʠʝ ɻʝʙʨʠʜʳ. ʀʨʣʘʥʜʠʷ 

ʟʘʩʝʣʝʥʘ ʦʩʦʙʷʤʠ ʧʠʨʝʥʝʡʩʢʦʡ ʬʠʣʦʛʨʫʧʧʳ, ʚʝʨʦʷʪʥʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʟʘʩʝʣʝʥʠʝʤ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʯʝʣʦʚʝʢʦʤ ï ʦʢʦʣʦ 6 ʪ.ʣ.ʥ. (McDevitt et al., 2009, 

Mascheretti et al., 2003).  
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ʕʢʩʧʘʥʩʠʷ ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʳ S. minutissimus ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ï S. yukonicus 

ʥʘ ɸʣʷʩʢʝ. 

ʕʢʩʧʘʥʩʠʷ S. yukonicus ʥʘ ɸʣʷʩʢʝ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ï 

ʛʦʣʦʮʝʥʝ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʩʩʝʣʝʥʠʷ ʚʦʩʪʦʯʥʦʡ ʛʨʫʧʧʳ S. minutissimus (Hope et 

al., 2010). ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʵʪʦʛʦ ʩʦʙʳʪʠʷ 12.9 ʪ.ʣ.ʥ. ï ʚʨʝʤʷ, ʢʦʛʜʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɹʝʨʠʥʛʠʠ ʩʪʘʣʘ ʧʦʷʚʣʷʪʴʩʷ ʚʳʩʦʢʦʢʫʩʪʘʨʥʠʢʦʚʘʷ ʪʫʥʜʨʘ ʠ 

ʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ (Lozhkin et al., 2011). ɿʘ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʧʦʷʚʣʝʥʠʷ ʥʘ 

ɸʣʷʩʢʝ S. yukonicus ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘʪʦʧʣʝʥʠʝ ɹʝʨʠʥʛʠʡʩʢʦʛʦ ʤʦʩʪʘ, ʢʦʪʦʨʦʝ 

ʧʨʦʠʟʦʰʣʦ ʥʝ ʧʦʟʞʝ 11 ʪ.ʣ.ʥ. ʕʢʩʧʘʥʩʠʷ ʉʠʙʠʨʩʢʦʡ ʛʨʫʧʧʳ S. minutissimus 

ʧʨʦʠʟʦʰʣʘ ʥʝ ʨʘʥʴʰʝ ʦʢʦʥʯʘʥʠʷ ʩʘʨʪʘʥʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ï 15 ʪ.ʣ.ʥ. ʠ ʥʝ ʧʦʟʞʝ 

ʵʢʩʧʘʥʩʠʠ S. yukonicus ï 12,9 ʪ.ʣ.ʥ.  

ʕʢʩʧʘʥʩʠʷ ʤʘʪʝʨʠʢʦʚʳʭ ʧʦʧʫʣʷʮʠʠ S. caecutiens ʠ S. isodon.  

ʉʦʛʣʘʩʥʦ ʥʘʰʝʡ ʛʠʧʦʪʝʟʝ, ʢʦʣʦʥʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʨʝʘʣʘ ʵʪʠʤʠ 

ʚʠʜʘʤʠ ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ ʪʘʝʞʥʦʡ ʟʦʥʳ ʚ ʉʠʙʠʨʠ (McDonald et al., 2000, Velichko et al., 

1997). ʕʢʩʧʘʥʩʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʳ ʩʨʝʜʥʝʡ ʙʫʨʦʟʫʙʢʠ ʧʨʦʠʟʦʰʣʘ ʥʝ 

ʨʘʥʝʝ, ʯʝʤ ʚ ʙʦʨʝʘʣʴʥʳʡ ʧʝʨʠʦʜ ï 10-9 ʪ.ʣ.ʥ., ʘ ʙʦʣʝʝ ʪʝʧʣʦʣʶʙʠʚʦʡ 

ʨʘʚʥʦʟʫʙʦʡ ʙʫʨʦʟʫʙʢʦʡ ʧʦʟʜʥʝʝ, ʥʝ ʨʘʥʝʝ 8 ʪ.ʣ.ʥ. 

ʕʢʩʧʘʥʩʠʷ Sorex asper. 

ʉʫʜʷ ʧʦ ʪʦʤʫ, ʢʘʢ ʠʟʤʝʥʷʣʠʩʴ (ʫʤʝʥʴʰʘʣʩʷ ʚʦ ʚʨʝʤʷ LGM ʠ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʚ ʧʦʩʣʝʣʝʜʥʠʢʦʚʦʝ ʚʨʝʤʷ) ʘʨʝʘʣʳ ʩʦʚʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩ ʪʷʥʴʰʘʥʩʢʦʡ ʙʫʨʦʟʫʙʢʦʡ ʚʠʜʦʚ (Zhang & Zhang, 2012, Bºhner & Lehmkuhl, 

2005), ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʪʷʥʴʰʘʥʩʢʦʡ 

ʙʫʨʦʟʫʙʢʠ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʨʘʥʥʝʤ ʛʦʣʦʮʝʥʝ. 

ɿʘ ʦʮʝʥʢʫ ʩʢʦʨʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʨ. Sorex ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʳʭ 

ʚʨʝʤʝʥʘʭ ʤʳ ʧʨʠʥʠʤʘʣʠ ʤʝʜʠʘʥʫ ʦʮʝʥʦʢ ʜʣʷ ʰʝʩʪʠ ʚʠʜʦʚ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚʳʭ ʦʮʝʥʦʢ (S. minutus, S. antinorii, S. 

minutissimus/yukonikus), ʠʪʦʛʦʚʫʶ ʩʢʦʨʦʩʪʴ ʪʘʢʞʝ ʚʳʯʠʩʣʷʣʠ ʢʘʢ ʠʭ ʤʝʜʠʘʥʫ. 

ɼʣʷ ʦʮʝʥʢʠ ʦʰʠʙʢʠ ʩʢʦʨʦʩʪʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʮʝʜʫʨʫ, ʩʦʯʝʪʘʚʰʫʶ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʙʫʪʩʪʨʵʧ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʦʰʠʙʢʫ 
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ʧʘʨʘʤʝʪʨʘ Ű, ʤʳ ʤʦʜʝʣʠʨʦʚʘʣʠ ʝʛʦ ʢʘʢ ʣʦʛʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ 

ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ ʩʦ ʩʨʝʜʥʠʤ ʠ ʜʠʩʧʝʨʩʠʝʡ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚ ʧʨʦʛʨʘʤʤʝ 

Arlequin 3.1 ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʙʫʪʩʪʨʵʧʘ ʤʳ ʬʦʨʤʠʨʦʚʘʣʠ ʧʩʝʚʜʦʨʝʧʣʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʦʰʠʙʢʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʜʣʷ ʨʦʜʘ ʚ ʮʝʣʦʤ.  

ʆʰʠʙʢʠ ʦʮʝʥʦʢ ʚʨʝʤʝʥ ʦʪʜʝʣʴʥʳʭ ʩʦʙʳʪʠʡ ʚ ʠʩʪʦʨʠʠ S. araneus ʤʳ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʫʯʝʪʦʤ ʦʰʠʙʦʢ ʩʢʦʨʦʩʪʠ ʠ † ʩ ʧʦʤʦʱʴʶ ʜʝʣʴʪʘ-ʤʝʪʦʜʘ 

(Oehlert, 1992). 
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ɻʃɸɺɸ 3. ʈɽɿʋʃʔʊɸʊʓ. ɻʈʋʇʇɸ çARANEUSè.  

 

3.1. ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʀɽ ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʅɸ ʆʉʅʆɺɸʅʀʀ 

ɼɸʅʅʓʍ CYTB  

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʝʥʘ cytb (ʈʠʩ. 3.1.) ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʤʠ (Taberlet et al., 1994; Fumagalli et al., 1996; 1999; Yannic et al., 

2008; 2010; Mackiewicz et al., 2017). ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣʘ S. granarius, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʜʚʫʤʷ ʥʝʨʦʜʩʪʚʝʥʥʳʤʠ ʬʠʣʦʛʨʫʧʧʘʤʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ (I) 

ʦʢʘʟʘʣʘʩʴ ʙʣʠʟʢʘ ʢ ʭʨʦʤʦʩʦʤʥʦʡ ʨʘʩʝ Carlit S. araneus, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʘʷ (II) 

ʥʘʭʦʜʠʣʘʩʴ ʣʠʙʦ ʚ ʪʨʠʭʦʪʦʤʠʠ ʩ S. coronatus ʠ ʢʣʘʜʦʡ S. araneus + antinorii 

(ML ʘʥʘʣʠʟ), ʣʠʙʦ ʦʢʘʟʳʚʘʣʘʩʴ ʩʝʩʪʨʠʥʩʢʦʡ ʛʨʫʧʧʦʡ ʢ S. coronatus (ɹʘʡʝʩʦʚ 

ʘʥʘʣʠʟ). 

 

 

 

 

 

 

 

 

 

 

 

 ʈʠʩ. 3.1. ɹʘʡʝʩʦʚʩʢʦʝ ʫʣʴʪʨʘʤʝʪʨʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ 

ʦʩʥʦʚʝ ʛʘʧʣʦʪʠʧʦʚ ʛʝʥʘ cyt b. ʊʨʝʫʛʦʣʴʥʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʭʦʨʦʰʦ 

ʧʦʜʜʝʨʞʘʥʥʳʝ ʛʨʫʧʧʳ. ʏʠʩʣʘ ʥʘʜ ʚʝʪʚʷʤʠ ʧʦʢʘʟʳʚʘʶʪ ʫʨʦʚʝʥʴ ʧʦʜʜʝʨʞʢʠ 

ʢʣʘʜ (BPP (ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ɹʘʡʝʩʘ) ʧʦ ʜʘʥʥʳʤ BEAST / ʧʨʦʮʝʥʪ 

ʙʳʩʪʨʦʡ ʙʫʪʩʪʨʝʧ-ʧʦʜʜʝʨʞʢʠ (fast bootstrap) ʚ IQTREE).è 
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3.2. ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʀɽ ʈɽʂʆʅʉʊʈʋʂʎʀʀ, ʆʉʅʆɺɸʅʅʓɽ ʅɸ 

ʆʊɼɽʃʔʅʓʍ ʗɼɽʈʅʓʍ ɻɽʅɸʍ. 

ɺ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʦʜʦʤ ML ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʨʘʚʥʠʚʘʥʠʷ 20 ʷʜʝʨʥʳʭ ʛʝʥʦʚ (ʈʠʩ. 3.2.ɸ.), ʚʩʝ ʚʠʜʦʚʳʝ ʢʣʘʜʳ ʠʤʝʣʠ 

ʘʙʩʦʣʶʪʥʳʝ ʧʦʜʜʝʨʞʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʜʝʨʝʚʝ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʣʠʰʴ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʜʝʨʞʘʥʥʳʭ ʢʣʘʜ: ʛʨʫʧʧʘ çaraneusè ʚ ʮʝʣʦʤ, ʘʩʩʦʮʠʘʮʠʷ S. 

tundrensis + S. daphaenodon ʠ ʘʩʩʦʮʠʘʮʠʷ S. antinorii + S. araneus. S. coronatus 

ʩ ʫʤʝʨʝʥʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʦʢʘʟʘʣʘʩʴ ʩʝʩʪʨʠʥʩʢʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʜʝ S. 

araneus + S. antinorii. S. arcticus ʟʘʥʠʤʘʣʘ ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʛʨʫʧʧʝ, ʘ S. 

satunini ʦʢʘʟʘʣʘʩʴ ʩʝʩʪʨʠʥʩʢʦʡ ʢ S. granarius, ʦʜʥʘʢʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʧʦʜʜʝʨʞʢʘ. ɼʝʨʝʚʦ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʚ BEAST ʠʤʝʣʦ ʪʘʢʫʶ 

ʞʝ ʪʦʧʦʣʦʛʠʶ ʠ ʧʦʜʜʝʨʞʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʫʟʣʦʚ. 

ɼʝʨʝʚʦ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ML ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʵʢʟʦʥʦʚ 

(ʈʠʩ. 3.2. ɹ), ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝʤ S. granarius, 

ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʣʘ ʩʝʩʪʨʠʥʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢ S. coronatus. ʀʩʢʣʶʯʝʥʠʝ 

ʠʥʪʨʦʥʦʚ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʜʝʨʞʝʢ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘʜʚʠʜʦʚʳʭ ʢʣʘʜ. 

ʕʪʘ ʞʝ ʪʦʧʦʣʦʛʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ ʦʙʦʠʭ ɹʘʡʝʩʦʚʳʭ ʘʥʘʣʠʟʘʭ, ʘʧʦʩʪʝʨʠʦʨʥʳʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʝʭ ʢʣʘʜ ʧʨʝʚʳʰʘʣʠ 0,95.  

ɺ ʘʥʘʣʠʟʝ ML ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʥʪʨʦʥʦʚ (ʈʠʩ. 3.2. ɺ) 

ʙʦʣʴʰʠʥʩʪʚʦ ʫʟʣʦʚ ʠʤʝʣʠ ʥʠʟʢʫʶ ʧʦʜʜʝʨʞʢʫ. ʆʙʲʝʜʠʥʝʥʠʝ S. tundrensis + S. 

daphaenodon ʦʢʘʟʘʣʦʩʴ ʝʜʠʥʩʪʚʝʥʥʦʡ ʢʣʘʜʦʡ, ʦʙʱʝʡ ʩ ʜʝʨʝʚʦʤ ʧʦ ʧʦʣʥʦʤʫ 

ʚʳʨʘʚʥʠʚʘʥʠʶ. S. araneus ʟʘʥʷʣʘ ʩʝʩʪʨʠʥʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʢ S. coronatus, S. 

antinorii ʨʘʩʧʦʣʦʞʠʣʘʩʴ ʥʘ ʦʪʜʝʣʴʥʦʡ ʙʘʟʘʣʴʥʦʡ ʚʝʪʚʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ S. 

arcticus ʠ S. satunini ʩʬʦʨʤʠʨʦʚʘʣʠ ʢʣʘʜʫ, ʦʙʲʝʜʠʥʠʚʰʫʶʩʷ ʩ S. granarius. 

ʊʦʧʦʣʦʛʠʷ ʜʝʨʝʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ MrBayes, ʠʜʝʥʪʠʯʥʘ ʜʝʨʝʚʫ ML. ɼʝʨʝʚʦ, 

ʧʦʣʫʯʝʥʥʦʝ ʚ BEAST ʦʪʣʠʯʘʣʦʩʴ ʧʦʣʦʞʝʥʠʝʤ S. antinorii, ʦʢʘʟʘʚʰʠʤʩʷ 

ʩʝʩʪʨʠʥʩʢʠʤ ʢ ʦʙʲʝʜʠʥʝʥʠʶ S. araneus + S. coronatus. ʇʦʜʜʝʨʞʢʠ ʚ ɹʘʡʝʩʦʚʳʭ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʪʘʢʦʚʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ML. 
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ʈʠʩ. 3.2. ɼʝʨʝʚʦ ML, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʚ ʧʨʦʛʨʘʤʤʝ IQTREE ʥʘ 

ʦʩʥʦʚʝ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 20 ʷʜʝʨʥʳʭ ʛʝʥʦʚ (A), 

ʢʦʥʢʘʪʝʥʘʮʠʠ ʵʢʟʦʥʦʚ (B) ʠ ʢʦʥʢʘʪʝʥʘʮʠʠ ʠʥʪʨʦʥʦʚ (C). ʏʠʩʣʘ ʥʘʜ ʚʝʪʚʷʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʧʦʜʜʝʨʞʢʠ ʢʣʘʜ: BPP ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ BEAST / BPP ʧʦ ʜʘʥʥʳʤ MrBayes / fast 

bootstrap ʚ IQTREE. ɿʥʘʯʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʢʣʘʜ ʜʣʷ B ʠ C ʥʝ 

ʧʦʢʘʟʘʥʳ. 

3.3. ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʀɽ ʈɽʂʆʅʉʊʈʋʂʎʀʀ, ʆʉʅʆɺɸʅʅʓɽ ʅɸ 

ɼɸʅʅʓʍ SNP 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʝʪʦʜʦʤ ML ʜʣʷ ʯʝʪʳʨʝʭ ʤʘʪʨʠʮ 

ʜʘʥʥʳʭ SNP ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ (ʈʠʩ. 3.3.). ɺ ʪʨʝʭ ʠʟ ʯʝʪʳʨʝʭ ʩʣʫʯʘʝʚ ʪʦʧʦʣʦʛʠʷ 
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ʜʝʨʝʚʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʪʘʢʦʚʦʡ ML ʜʝʨʝʚʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʧʦ ʵʢʟʦʥʘʤ. ɺ 

ʯʝʪʚʝʨʪʦʤ ʩʣʫʯʘʝ (95ul) S. tundrensis ʥʝ ʦʙʲʝʜʠʥʠʣʩʷ ʩ S. daphaenodon, ʘ 

ʨʘʩʧʦʣʘʛʘʣʩʷ (ʩ ʥʠʟʢʦʡ ʧʦʜʜʝʨʞʢʦʡ) ʚ ʢʘʯʝʩʪʚʝ ʩʝʩʪʨʠʥʩʢʦʡ ʛʨʫʧʧʳ ʢ ʢʣʘʜʝ, 

ʦʙʲʝʜʠʥʷʶʱʝʡ ʚʩʝ ʚʠʜʳ ʛʨʫʧʧʳ, ʢʨʦʤʝ S. daphaenodon ʠ S. arcticus. 

ʇʦʢʘʟʘʪʝʣʠ ʧʦʜʜʝʨʞʢʠ ʟʘʚʠʩʝʣʠ ʦʪ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳ ʜʣʷ 

ʤʘʪʨʠʮʳ 75all ʠ, ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʦʢʘʟʘʣʠʩʴ ʘʙʩʦʣʶʪʥʳʤʠ ʚʦ ʚʩʝʭ 

ʫʟʣʘʭ, ʜʘʞʝ ʚʥʫʪʨʠ ʚʠʜʦʚ. ɼʣʷ ʤʘʪʨʠʮʳ 95all ʧʦʜʜʝʨʞʢʠ ʙʳʣʠ ʪʘʢʞʝ ʚʳʩʦʢʠ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʙʘʟʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ S. arcticus, ʛʜʝ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 90. 

ʈʠʩ. 3.3. ML ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʬʠʣʦʛʝʥʠʠ ʛʨʫʧʧʳ araneus, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ SNP. ɺ ʫʟʣʘʭ ʫʢʘʟʘʥʳ ʧʨʦʮʝʥʪʳ fast bootstrap ʚ IQTREE ʜʣʷ ʤʘʪʨʠʮʳ 

75all. 

3.4. ʉʈɸɺʅɽʅʀɽ ʗɼɽʈʅʓʍ ʀ ʄʀʊʆʍʆʅɼʈʀɸʃʔʅʓʍ ʌʀʃʆɻɽʅʀʁ  

(1) ʅʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʜʝʨʝʚʝ ʚʠʜʫ S. satunini ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʝ 

ʥʝʨʦʜʩʪʚʝʥʥʳʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʚʝʪʚʠ: ʶʞʥʘʷ (A) ʠ ʩʝʚʝʨʥʘʷ (B), ʵʪʦʪ ʞʝ  

ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʢʘʟʘʥ ʨʘʥʝʝ ɹʘʥʥʠʢʦʚʦʡ ʠ ʃʝʙʝʜʝʚʳʤ (2010). ɻʘʧʣʦʪʠʧʳ 

ʩʝʚʝʨʥʦʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʣʠʥʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʥʝʨʘʟʨʝʰʝʥʥʳʭ 

ʧʦʣʠʪʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʷʭ ʩ S. antinorii ʠ S. araneus, ʪʦʛʜʘ ʢʘʢ ʛʘʧʣʦʪʠʧʳ 

ʶʞʥʦʡ ʟʘʥʠʤʘʶʪ ʩʝʩʪʨʠʥʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʜʝ S. araneus + 

S. coronatus + S. granarius + S. antinorii. ɺ ʧʨʝʜʝʣʘʭ ʶʞʥʦʡ ʣʠʥʠʠ ʪʘʢʞʝ 
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ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʚʝ ʢʣʘʜʳ (p-distance = 2.5%), ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ (T) 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʛʘʧʣʦʪʠʧʦʤ ʠʟ ʖɺ ɿʘʢʘʚʢʘʟʴʷ. ɺʪʦʨʘʷ ʢʣʘʜʘ (N) 

ʚʢʣʶʯʘʝʪ ʛʘʧʣʦʪʠʧʳ ʩ ʩʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ S. satunini 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʦʧʦʣʦʛʠʝʡ ʷʜʝʨʥʦʛʦ ʜʝʨʝʚʘ. 

(2) ʅʘ ʜʝʨʝʚʝ ʧʦ cytb S. daphaenodon ʟʘʥʠʤʘʝʪ ʩʝʩʪʨʠʥʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʝ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ S. tundrensis (ʢʘʢ ʥʘ ʷʜʝʨʥʳʭ), ʘ ʢʦ ʚʩʝʤ ʚʠʜʘʤ ʛʨʫʧʧʳ, ʢʨʦʤʝ 

S. arcticus (ʚʤʝʩʪʝ ʩ S. maritimensis) ʠ S. tundrensis ʩ ʫʤʝʨʝʥʥʦʡ ʠʣʠ ʚʳʩʦʢʦʡ 

ʧʦʜʜʝʨʞʢʦʡ. ʆʜʥʘʢʦ ʥʘ ʜʝʨʝʚʝ ʧʦ 12 ʙʝʣʦʢ ʢʦʜʠʨʫʶʱʠʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ 

ʛʝʥʘʤ S. tundrensis ʦʙʲʝʜʠʥʷʝʪʩʷ S. daphaenodon ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ 

ʧʦʜʜʝʨʞʢʦʡ (ʇʨʠʣʦʞʝʥʠʝ 8).  

(3) ʂʣʘʜʘ S. arcticus + S. maritimensis ʦʢʘʟʳʚʘʝʪʩʷ ʭʦʨʦʰʦ ʧʦʜʜʝʨʞʘʥʥʦʡ 

ʠ ʦʪʚʝʪʚʣʷʝʪʩʷ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʜʨʝʚʝ ʧʝʨʚʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʫʨʦʚʝʥʴ 

ʜʠʚʝʨʛʝʥʮʠʠ ʤʝʞʜʫ S. arcticus / S. maritimensis ʠ ʦʩʪʘʣʴʥʳʤʠ ʚʠʜʘʤʠ ʛʨʫʧʧʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫʨʦʚʝʥʴ ʜʠʚʝʨʛʝʥʮʠʠ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤʠ. 

3.5. ʏʀʉʃʆ ʉʀʅɸʇʆʄʆʈʌʀʁ ɺ ʗɼɽʈʅʓʍ ʀ ʄʀʊʆʍʆʅɼʈʀɸʃʔʅʓʍ 

ɺʓʈɸɺʅʀɺɸʅʀʗʍ 

ʀ ʜʣʷ 20 ʷʜʝʨʥʳʭ ʛʝʥʦʚ, ʠ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʫʤʤʘ ʜʣʠʥ 

ʚʥʫʪʨʝʥʥʠʭ ʚʝʪʚʝʡ ʜʝʨʝʚʘ ʛʨʫʧʧʳ çaraneusè ʨʘʚʥʘ 44 ʟʘʤʝʥʘʤ. ɼʦʣʷ 

ʧʨʦʧʫʱʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʦʙʦʠʭ ʚʳʨʘʚʥʠʚʘʥʠʷʭ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ (12% ʠ 

14%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʥʦ ʠʥʜʝʢʩ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʙʳʣ ʚʳʰʝ ʜʣʷ ʷʜʝʨʥʳʭ 

ʜʘʥʥʳʭ (0.82 ʧʦ ʩʨʘʚʥʝʥʠʶ 0.55 ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʷʜʝʨʥʳʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩʪʦʣʴ ʞʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ, ʢʘʢ ʜʘʥʥʳʝ cytb. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʜʝʬʠʮʠʪ 

ʨʘʟʨʝʰʝʥʠʷ ʷʜʝʨʥʦʛʦ ʜʝʨʝʚʘ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʧʦʜʜʝʨʞʢʝ ʰʝʩʪʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʫʟʣʦʚ ʚ ʘʥʘʣʠʟʝ ML. 

3.6. ɺʀɼʆɺʆɽ ɼɽʈɽɺʆ ʀ ʉʆɻʃɸʉʆɺɸʅʅʆɽ ɼɽʈɽɺʆ 

ɺʠʜʦʚʳʝ ʜʝʨʝʚʴʷ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʚ ASTRAL ʠ StarBEAST ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 20 ʷʜʝʨʥʳʭ ʛʝʥʦʚ ʠ cytb, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 

3.4. 
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ʈʠʩ. 3.4. ɺʠʜʦʚʦʝ ʜʝʨʝʚʦ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʚ ʧʨʦʛʨʘʤʤʝ StarBEAST 

ʥʘ ʦʩʥʦʚʝ ʷʜʝʨʥʳʭ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʏʠʩʣʘ ʥʘʜ ʚʝʪʚʷʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʧʦʜʜʝʨʞʢʠ ʢʣʘʜ (BPP ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

StarBEAST ʥʘ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ / BPP ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ StarBEAST ʥʘ 

ʷʜʝʨʥʳʭ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ / ʧʨʦʮʝʥʪ ʙʫʪʩʪʨʝʧ-ʧʦʜʜʝʨʞʢʠ ʚ 

ASTRAL / ʬʘʢʪʦʨ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʚ BUCKy). 

ɺ ʘʥʘʣʠʟʝ ASTRAL ʚʩʝ ʚʠʜʦʚʳʝ ʢʣʘʜʳ ʧʦʣʫʯʠʣʠ 100% (ʠʣʠ ʙʣʠʟʢʫʶ ʢ 

ʥʝʡ) ʧʦʜʜʝʨʞʢʫ. ʆʙʲʝʜʠʥʝʥʠʷ S. araneus + S. antinorii, S. granarius + S. 

coronatus ʠ S. daphaenodon + S. tundrensis ʠʤʝʣʠ ʚʳʩʦʢʠʝ ʧʦʜʜʝʨʞʢʠ ï ʦʢʦʣʦ 

85%. S. arcticus ʟʘʥʠʤʘʝʪ ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʥʝʙʦʣʴʰʦʡ ʧʦʜʜʝʨʞʢʦʡ. 

ʃʠʥʠʠ S. satunini, S. coronatus + S. granarius ʠ S. antinorii + S. araneus ʥʘʭʦʜʷʪʩʷ 

ʚ ʦʪʥʦʰʝʥʠʷʭ ʥʝʨʘʟʨʝʰʝʥʥʦʡ ʧʦʣʠʪʦʤʠʠ. 

ʅʘ ʚʠʜʦʚʦʤ ʜʝʨʝʚʝ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʤ ʚ StarBEAST, ʭʦʨʦʰʦ 

ʧʦʜʜʝʨʞʘʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ S. coronatus ʠ S. granarius ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʩʝʩʪʨʠʥʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʘʜʝ S. araneus + S. antinorii, ʘ S. 

satunini, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʥʠʤʘʝʪ ʩʝʩʪʨʠʥʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
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ʵʪʠʤ ʯʝʪʳʨʝʤ ʚʠʜʘʤ. ʕʪʦʪ ʧʘʪʪʝʨʥ ʠʜʝʥʪʠʯʝʥ ʧʦʣʫʯʝʥʥʦʤʫ ʜʣʷ ʢʦʥʢʘʪʝʥʘʪʘ 

ʵʢʟʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʝʚʨʦʧʝʡʩʢʘʷ ʢʣʘʜʘ, ʚʢʣʶʯʘʶʱʘʷ 3 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʟʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʚʠʜʘ (S. coronatus, S. granarius, S. 

antinorii) ʠ ʰʠʨʦʢʦʘʨʝʘʣʴʥʳʡ S. araneus. ɸʩʩʦʮʠʘʮʠʷ ʵʪʦʡ ʢʣʘʜʳ ʩ S. satunini 

(ʟʘʧʘʜʥʘʷ ʢʣʘʜʘ) ʪʘʢʞʝ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʦʜʜʝʨʞʢʫ. ɹʘʟʘʣʴʥʳʝ ʫʟʣʳ ʚʠʜʦʚʦʛʦ 

ʜʝʨʝʚʘ, ʚʢʣʶʯʘʷ ʢʣʘʜʫ S. daphaenodon + S. tundrensis, ʧʦʜʜʝʨʞʘʥʳ ʩʣʘʙʦ. 

ʀʩʢʣʶʯʝʥʠʝ ʛʝʥʘ cytb ʠʟ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥ 

ʘʧʦʩʪʝʨʠʦʨʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦ ʚʩʝʭ ʫʟʣʘʭ. 

ʊʦʧʦʣʦʛʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʜʝʨʝʚʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʚ BUCKy ʜʣʷ 

ʤʘʪʨʠʮ SNP (ʈʠʩ. 3.5.) ʠʜʝʥʪʠʯʥʘ ʪʦʧʦʣʦʛʠʠ ʚʠʜʦʚʦʛʦ ʜʝʨʝʚʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 20 ʷʜʝʨʥʳʭ ʣʦʢʫʩʘʭ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʦʢʘʟʘʣʠʩʴ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʘ ʘʣʴʬʘ 

(ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʘʧʨʠʦʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ 

ʪʦʧʦʣʦʛʠʡ ʛʝʥʥʳʭ ʜʝʨʝʚʴʝʚ). 

ʊʦʧʦʣʦʛʠʷ ʚʠʜʦʚʦʛʦ ʜʝʨʝʚʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ svdq ʥʘ 

ʦʩʥʦʚʘʥʠʠ SNP ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʘʢʦʚʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʳʨʘʚʥʠʚʘʥʠʡ ʛʝʥʘ cytb ʠ 20 ʷʜʝʨʥʳʭ ʛʝʥʦʚ. ʇʦʜʜʝʨʞʢʠ ʜʣʷ ʚʩʝʭ ʥʘʜʚʠʜʦʚʳʭ 

ʫʟʣʦʚ ʙʣʠʟʢʠ ʢ 100% ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʣʘʜʳ S. daphaenodon+S. tundrensis. 

(ʈʠʩ. 3.5.) 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.5. ʉʦʛʣʘʩʦʚʘʥʥʦʝ ʜʝʨʝʚʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʚ BUCKy ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ SNP (75all). ʅʘʜ ʚʝʪʚʷʤʠ ʫʢʘʟʘʥʳ ʙʫʪʩʪʨʝʧ-ʧʦʜʜʝʨʞʢʠ 

ʫʟʣʦʚ. 
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3.7. ɺʀɼʆɺʓɽ ʉɽʊʀ. ɻʀɹʈʀɼʀɿɸʎʀʗ 

ɺʠʜʦʚʳʝ ʩʝʪʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʚ SNAQ ʧʦ 20 ʷʜʝʨʥʳʤ ʣʦʢʫʩʘʤ ʠ 

cytb ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ 3.6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.6. ɺʠʜʦʚʳʝ ʩʝʪʠ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʘ SNAQ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʪʠʢʫʣʷʮʠʡ ʨʘʚʥʦ 1 (A), 

2 (B) ʠ 3 (C). ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʪʨʦʛʨʝʩʩʠʠ, ʯʠʩʣʘ ʥʘ 

ʚʝʪʚʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ɔ (ʜʦʣʷ ʛʝʥʦʤʘ, ʫʥʘʩʣʝʜʦʚʘʥʥʘʷ ʦʪ 

ʨʦʜʠʪʝʣʴʩʢʠʭ ʣʠʥʠʡ). ʅʘ ʨʠʩ. 3D ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʧʩʝʚʜʦʚʝʨʦʷʪʥʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʜʦʧʫʩʪʠʤʳʭ ʨʝʪʠʢʫʣʣʷʮʠʡ. 

ɻʨʘʬʠʢ ʚʝʣʠʯʠʥ ʧʩʝʚʜʦ-ʧʨʘʚʜʦʧʦʜʦʙʠʷ (pseudo-loglikelihood) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ ʧʝʨʝʩʪʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʯʠʩʣʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʪʠʢʫʣʷʮʠʡ (hmax) ʙʦʣʴʰʝ 2 (ʈʠʩ. 3.6 D). ɹʦʣʝʝ ʪʦʛʦ, ʪʦʣʴʢʦ 

ʜʚʝ ʨʝʪʠʢʫʣʷʮʠʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʜʘʞʝ ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ hmax ʨʘʚʝʥ 3 ʠʣʠ 4. 

ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʘʥʘʣʠʟʘ S. coronatus ʠʤʝʣ ʛʠʙʨʠʜʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ ʚʢʣʘʜʦʤ ʨʦʜʩʪʚʝʥʥʳʭ S. granarius ʠ S. araneus 

ʣʠʥʠʡ. ɽʩʣʠ ʜʦʧʫʩʢʘʣʦʩʴ ʚʪʦʨʦʝ ʩʦʙʳʪʠʝ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʪʦ ʵʪʦ ʙʳʣʘ 
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ʛʠʙʨʠʜʠʟʘʮʠʷ ʤʝʞʜʫ S. satunini ʠ ʣʠʥʠʝʡ S. arcticus, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʷʷ 

ʧʦʣʫʯʠʣʘ 24,7-17,1% ʛʝʥʦʤʘ ʦʪ ʧʝʨʚʦʡ (ʈʠʩ. 3.6.).  

ɺʠʜʦʚʳʝ ʩʝʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ SNP ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʶʪʩʷ (ʈʠʩ. 3.7.). ʇʨʠ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ hmax ʦʪ 2 ʜʦ 4 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʦʩʴ ʜʚʝ ʨʝʪʠʢʫʣʷʮʠʠ. ʆʜʥʘ ʩʦʩʪʦʷʣʘ ʚ ʠʥʪʨʦʛʨʝʩʩʠʠ 16,5% 

ʛʝʥʦʤʘ ʦʪ ʧʨʝʜʢʘ S. arcticus ʢ ʧʨʝʜʢʫ S. daphaenodon, ʘ ʚʪʦʨʘʷ ʚ ʟʘʠʤʩʪʚʦʚʘʥʠʠ 

4,5% ʛʝʥʦʤʘ ʧʨʝʜʢʦʤ S. araneus ʦʪ ʧʨʝʜʢʘ S. satunini (N). 

ʈʠʩ. 3.7. ɺʠʜʦʚʳʝ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ SNP, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ SNAQ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ 

ʧʨʦʛʨʘʤʤʝ PhyloNetworks ʜʣʷ ʨʘʟʥʳʭ ʥʘʙʦʨʦʚ ʪʘʢʩʦʥʦʚ. ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʪʨʦʛʨʝʩʩʠʠ, ʯʠʩʣʘ ʥʘ ʚʝʪʚʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ɔ 

(ʜʦʣʷ ʛʝʥʦʤʘ, ʫʥʘʩʣʝʜʦʚʘʥʥʘʷ ʦʪ ʨʦʜʠʪʝʣʴʩʢʠʭ ʣʠʥʠʡ). 
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ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʳ ʠʩʢʣʶʯʘʣʠ ʠʟ ʘʥʘʣʠʟʘ ʧʦ ʦʜʥʦʤʫ ʪʘʢʩʦʥʫ ʠʟ ʢʘʞʜʦʡ 

ʧʘʨʳ, ʫʯʘʩʪʚʦʚʘʚʰʝʡ ʚ ʜʚʫʭ ʨʝʪʠʢʫʣʷʮʠʷʭ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ. ʀʟ 

ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʯʝʪʘʥʠʡ, ʪʨʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʝʜʠʥʩʪʚʝʥʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʨʝʪʠʢʫʣʷʮʠʶ ï ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʦʙʱʠʤ 

ʧʨʝʜʢʦʤ S. granarius ʠ S. coronatus 3,5-9,5 % ʛʝʥʦʤʘ ʦʪ ʣʠʥʠʠ, ʩʝʩʪʨʠʥʩʢʦʡ ʢʦ 

ʚʩʝʤ ʩʦʚʨʝʤʝʥʥʳʤ ʚʠʜʘʤ ʛʨʫʧʧʳ çaraneusè. ɺ ʯʝʪʚʝʨʪʦʤ ʩʣʫʯʘʝ (ʠʩʢʣʶʯʝʥʳ 

S. arcticus ʠ S. araneus) ʘʥʘʣʠʟ ʥʝ ʧʦʜʜʘʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʟ-ʟʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʫʢʦʨʝʥʠʪʴ ʩʝʪʴ ʯʝʨʝʟ ʚʥʝʰʥʶʶ ʛʨʫʧʧʫ, ʪʘʢ ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʝʨʝʥʦʩ ʛʝʥʦʚ ʦʪ ʧʨʝʜʢʘ S. daphaenodon ʢ ʧʨʝʜʢʫ S. roboratus. 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʨʝʪʠʢʫʣʷʮʠʷ ï ʧʝʨʝʥʦʩ 

36,5% ʛʝʥʦʚ ʦʪ ʦʙʱʝʛʦ ʧʨʝʜʢʘ S. satunini ʢ ʦʙʱʝʤʫ ʧʨʝʜʢʫ S. granarius + S. 

coronatus. 

 ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ABBA|BABA ʪʝʩʪʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ S. 

roboratus, S. satunini N, S. satunini S ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

SNP ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, ʧʦʵʪʦʤʫ ʯʠʩʣʦ ʢʚʘʨʪʝʪʦʚ ʩ ʠʭ 

ʫʯʘʩʪʠʝʤ ʦʢʘʟʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʠ ʤʦʱʥʦʩʪʴ ʪʝʩʪʦʚ ʪʘʢʞʝ 

ʫʤʝʥʴʰʠʣʘʩʴ. ʂʦʣʠʯʝʩʪʚʦ ʠ ABBA ʠ BABA ʧʘʪʪʝʨʥʦʚ ʙʳʣʦ ʤʝʥʴʰʝ 50 ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʩʪʦʚ ʩ ʫʯʘʩʪʠʝʤ ʵʪʠʭ ʚʠʜʦʚ, ʧʦʵʪʦʤʫ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʢʠʭ 

ʪʝʩʪʦʚ ʥʫʞʥʦ ʦʪʥʦʩʠʪʴʩʷ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ. ɺʩʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 117 ʪʝʩʪʦʚ 

(ʇʨʠʣʦʞʝʥʠʝ 6). ɺʳʩʦʢʦ ʜʦʩʪʦʚʝʨʥʳʤ ʦʢʘʟʘʣʦʩʴ ʧʨʝʦʙʣʘʜʘʥʠʝ ɸɺɺɸ 

ʧʘʪʪʝʨʥʘ ʥʘʜ ɺɸɺɸ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʠʜ ɸ ʧʨʝʜʩʪʘʚʣʝʥ S. daphaenodon, 

ʚʠʜ B ï S. tundrensis, ʚʠʜ D ï S. arcticus, ʘ ʚʠʜ C ʦʜʥʠʤ ʠʟ ʯʝʪʳʨʝʭ ʚʠʜʦʚ 

ʝʚʨʦʧʝʡʩʢʦʡ ʢʣʘʜʳ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʨʝʜʢʘ ʝʚʨʦʧʝʡʩʢʦʡ ʢʣʘʜʳ ʩ ʧʨʝʜʢʦʤ S. 

tundrensis. ʆʜʥʘʢʦ, ʢ ʪʘʢʦʤʫ ʞʝ ʨʝʟʫʣʴʪʘʪʫ ʤʦʛʣʘ ʙʳ ʧʨʠʚʝʩʪʠ ʛʠʙʨʠʜʠʟʘʮʠʷ 

ʤʝʞʜʫ S. daphaenodon ʠ S. arcticus. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʦʚʳʝ ʟʘʤʝʥʳ, 

ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʧʨʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʚʠʜʘʤʠ, ʙʫʜʫʪ 

ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ ʧʨʝʜʢʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ 

ʪʝʩʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ (D) ʠʩʧʦʣʴʟʫʝʪʩʷ S. roboratus, ʪʦ D-

ʩʪʘʪʠʩʪʠʢʘ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʤʦ ʦʪ 0. ɽʩʣʠ ʞʝ, ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ C 
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ʚʳʩʪʫʧʘʝʪ S. arcticus, ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʫʝʪʩʷ S. roboratus, 

ʪʦ ʪʝʩʪʳ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ B ʠʩʧʦʣʴʟʫʝʪʩʷ S. daphaenodon 

ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ (ʧʨʝʦʙʣʘʜʘʶʪ ɸɺɺɸ ʧʘʪʪʝʨʥʳ) ʚ 4 ʩʣʫʯʘʷʭ 

(ʪʘʢʩʦʥ ɸ: S. araneus, S. antinorii, S.coronatus, S. granarius) ʠʟ 5. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʥʘʣʠʯʠʠ ʨʝʪʠʢʫʣʷʨʥʳʭ ʩʦʙʳʪʠʡ ʤʝʞʜʫ ʣʠʥʠʷʤʠ S. 

arcticus ʠ S. daphaenodon.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʦʚʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝʩʪʳ (ʧʨʝʦʙʣʘʜʘʶʪ ɺɸɺɸ 

ʧʘʪʪʝʨʥʳ), ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʚʳʩʪʫʧʘʝʪ S. arcticus, ʚ 

ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ C ð S. satunini S, ʘ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʦʚ A ʠ B ð S. araneus ʠ 

ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʝʚʨʦʧʝʡʩʢʦʡ ʢʣʘʜʳ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʛʠʙʨʠʜʠʟʘʮʠʠ S. satunini ʩ S. araneus. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʥʘʣʠʟʳ ʩ ʫʯʘʩʪʠʝʤ S. satunini S ʠ S. satunini N 

ʢʨʘʡʥʝ ʥʝʥʘʜʝʞʥʳ ʠʟ-ʟʘ ʤʘʣʝʥʴʢʦʛʦ ʯʠʩʣʘ SNP, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʪʝʩʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ C ʫʯʘʩʪʚʫʝʪ S. araneus, ʘ ʚ ʢʘʯʝʩʪʚʝ 

ʪʘʢʩʦʥʦʚ A ʠ B S. satunini N ʠ S. satunini S, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʦʙʣʘʜʘʥʠʝ 

BABA ʧʘʪʪʝʨʥʦʚ ʥʘʜ ABBA ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ (p<0,05) ʚ 2 ʩʣʫʯʘʷʭ (ʪʘʢʩʦʥ D: 

S. daphaenodon ʠʣʠ S. tundrensis) ʠʟ 3. ʕʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚ ʧʦʣʴʟʫ 

ʛʠʧʦʪʝʟʳ ʦ ʛʠʙʨʠʜʠʟʘʮʠʠ ʤʝʞʜʫ S. satunini N ʠ S. araneus. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʦʚʝʨʥʳʤʠ (p<0.01) ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʩʪʦʚ, ʚ 

ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʫʝʪʩʷ S. arcticus, ʚ ʢʘʯʝʩʪʚʝ 

ʪʘʢʩʦʥʘ C S. daphaenodon ʠʣʠ S. tundrensis, ʘ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ A ʠ B ʨʘʟʥʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʘʧʘʜʥʦʡ ʢʣʘʜʳ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʚʝʨʢʠ 

3.8. ʄʆʃɽʂʋʃʗʈʅʆɽ ɼɸʊʀʈʆɺɸʅʀɽ 

ɺʨʝʤʝʥʘ ʜʠʚʝʨʛʝʥʮʠʠ, ʦʮʝʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ StarBEAST ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ (20 ʣʦʢʫʩʦʚ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 3.8. ʠ ʚ ʊʘʙʣʠʮʝ 

3.1. ɺʦʟʨʘʩʪ ʙʦʣʴʰʠʥʩʪʚʘ ʫʟʣʦʚ ʙʳʣ ʦʪʥʝʩʝʥ ʢ ʨʘʥʥʝʤʫ ʧʣʝʡʩʪʦʮʝʥʫ, ʩʘʤʦʝ 

ʨʘʥʥʝʝ ʚʝʪʚʣʝʥʠʝ (ʦʙʦʩʦʙʣʝʥʠʝ S. arcticus ʠ S. tundrensis + S. daphaenodon) 

ʜʘʪʠʨʫʝʪʩʷ 1.25ð1.39 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ. S. coronatus ʠ S. granarius ʨʘʟʜʝʣʠʣʠʩʴ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʥʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ (~770 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ). 
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ɽʜʠʥʩʪʚʝʥʥʳʡ ʫʟʝʣ, ʜʘʪʠʨʦʚʘʥʥʳʡ ʩʨʝʜʥʠʤ ʧʣʝʡʩʪʦʮʝʥʦʤ ï ʨʘʟʜʝʣʝʥʠʝ S. 

araneus ʠ S. antinorii (~650 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.8. ɺʦʟʨʘʩʪ ʫʟʣʦʚ, ʦʮʝʥʝʥʥʳʡ ʧʦ ʷʜʝʨʥʳʤ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʩ 95% HPD-ʠʥʪʝʨʚʘʣʘʤʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚ ʧʨʦʛʨʘʤʤʘʭ StarBEAST ʠ BEAST ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ y = x. 

ɺʨʝʤʷ ʨʘʟʜʝʣʝʥʠʷ S. araneus ʠ S. tundrensis, ʦʮʝʥʝʥʥʦʝ ʠʟ ʪʨʘʥʩʚʝʨʩʠʡ 

ʪʨʝʪʴʠʭ ʧʦʣʦʞʝʥʠʡ ʢʦʜʦʥʦʚ 12 ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʛʝʥʦʚ (1.21 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ) 

ʦʢʘʟʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʦʮʝʥʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟʝ ʷʜʝʨʥʳʭ 

ʛʝʥʦʚ (1.39 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ). ʆʜʥʘʢʦ, ʚʦʟʨʘʩʪ ʦʩʪʘʣʴʥʳʭ ʫʟʣʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʦʪʜʝʣʝʥʠʷ S. arcticus), ʦʮʝʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʚʥʠʚʘʥʠʷ cytb ʦʢʘʟʘʣʩʷ 
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ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʷʜʝʨʥʳʤ ʜʘʥʥʳʤ. ʆʮʝʥʝʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʚʨʝʤʷ ʜʠʚʝʨʛʝʥʮʠʠ S. arcticus (1.76 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ), 

ʥʘʧʨʦʪʠʚ, ʦʢʘʟʘʣʦʩʴ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʦʮʝʥʝʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʷʜʝʨʥʳʭ 

ʜʘʥʥʳʭ (1.27 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ). 

ʊʘʙʣʠʮʘ 3.1. ʆʮʝʥʢʠ ʚʨʝʤʝʥ ʜʠʚʝʨʛʝʥʮʠʠ (ʤʣʥ. ʣʝʪ) ʚʠʜʦʚ ʛʨʫʧʧʳ 

çaraneusè ʧʦ ʷʜʝʨʥʳʤ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʋʟʝʣ ʇʦ ʷʜʝʨʥʳʤ ʜʘʥʥʳʤ, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

(95% HPD) 

ʇʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ 

ʜʘʥʥʳʤ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

(95% HPD) 

S. arcticus / ʜʨʫʛʠʝ 1.27 (0.99ï1.55) 1.76 (1.08ï2.48) 

S. daphaenodon + S. tundrensis / ʜʨ. 1.39 (1.09ï1.72) 1.21 (0.82ï1.68) 

S. daphaenodon / S. tundrensis 1.15 (0.83ï1.47) 1.02 (0.64ï1.43) 

S. satunini / ʜʨʫʛʠʝ 1.15 (0.87ï1.46) 0.87 (0.54ï1.24) 

S. satuniniN / S. satuniniT 0.37 (0.21ï0.55) 0.26 (0.14ï0.40) 

S. coronatus + S. granarius / ʜʨ. 0.96 (0.71ï1.22) 0.59 (0.36ï0.86) 

S. coronatus / S. granarius 0.77 (0.52ï1.01) 0.49 (0.28ï0.73) 

S. antinorii / S. araneus 0.65 (0.41ï0.88) 0.31 (0.17ï0.44) 

S. roboratus / ʜʨʫʛʠʝ 3.21 (2.70ï3.73) 2.83 (1.71ï4.01) 

S. caecutiens / S. minutus 3.00 (2.49ï3.51) 2.74 (1.71ï3.97) 

S. caecutiens + S. minutus / ʜʨ. 3.61 (3.07ï4.17) 3.23 (2.01ï4.63) 

 

ɺʨʝʤʝʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʝʛʨʝʩʩʠʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ, 

ʦʮʝʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ ʤʘʪʨʠʮ SNP ʥʘ ʘʙʩʦʣʶʪʥʳʝ ʚʨʝʤʝʥʘ, ʦʮʝʥʝʥʥʳʝ 

ʥʘ ʦʩʥʦʚʘʥʠʠ 20 ʷʜʝʨʥʳʭ ʣʦʢʫʩʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2.  
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ʊʘʙʣʠʮʘ 3.2.  ʆʮʝʥʢʠ ʚʨʝʤʝʥ ʜʠʚʝʨʛʝʥʮʠʠ (ʤʣʥ. ʣʝʪ) ʚʠʜʦʚ ʛʨʫʧʧʳ 

çaraneusè ʧʦ ʜʘʥʥʳʤ SNP. 

ʋʟʝʣ ɼʣʷ ʤʘʪʨʠʮʳ 

75ul 

ɼʣʷ ʤʘʪʨʠʮʳ 

95all 

ɼʣʷ ʤʘʪʨʠʮʳ 

95ul 

S. arcticus/ʜʨ. 1,51 1,60 1,57 

S. daphaenodon + S. tundrensis / ʜʨ.  
1,33 1,43 1,36 

S. daphaenodon / S. tundrensis  1,18 1,25 1,24 

S. satunini / ʜʨ. 1,15 1,24 1,16 

S. satuniniN / S. satuniniT  0,38 0,21 0,30 

S. coronatus + S. granarius / ʜʨ. 0,95 1,00 0,98 

S. coronatus / S. granarius  0,52 0,47 0,48 

S. antinorii / S. araneus  0,78 0,78 0,78 

S. roboratus / ʜʨ. 3,12 2,95 3,04 

S. tundrensis_basal 0,24 0,04 0,09 

S. araneus_basal 0,26 0,10 0,07 

 

ɻʨʘʬʠʢʠ ʨʝʛʨʝʩʩʠʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ (ʈʠʩ 3.9.). 
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ʈʠʩ. 3.9. ʈʝʛʨʝʩʩʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʜʠʚʝʨʛʝʥʮʠʠ ʧʦ SNP ʥʘ 

ʦʮʝʥʢʠ ʘʙʩʦʣʶʪʥʳʭ ʚʨʝʤʝʥ ʧʦ 20 ʷʜʝʨʥʳʤ ʛʝʥʘʤ. 
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ɻʃɸɺɸ 4. ʈɽɿʋʃʔʊɸʊʓ S. ARANEUS S.STR. 

4.1. ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʀɽ ʈɽʂʆʅʉʊʈʋʂʎʀʀ 

ɹʘʡʝʩʦʚʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʨʝʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ cytb ʠ ND2, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. (ʈʠʩ. 

4.1, ʠ ʚ ʇʨʠʣʦʞʝʥʠʠ 4 ʈʠʩ. ʇ.4.1 ʠ ʇ.4.2). ʅʘ ʙʘʟʘʣʴʥʦʤ ʫʨʦʚʥʝ ʜʝʨʝʚʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʨʘʟʨʝʰʝʥʥʦʡ ʧʦʣʠʪʦʤʠʝʡ ʜʚʫʭ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, 

ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʧʦʜʜʝʨʞʢʫ ʢʣʘʜ ʠ ʥʝʩʢʦʣʴʢʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʛʘʧʣʦʪʠʧʦʚ (ʥʘʧʨʠʤʝʨ, FS20, Bal1, Bal2), ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟ 

ʂʘʨʝʣʠʠ, ʦʩʪʘʣʴʥʳʝ ʠʟ ʖʞʥʦʡ ɽʚʨʦʧʳ.  

ʈʠʩ. 4.1 ɹʘʡʝʩʦʚʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʛʝʥʦʚ cytb ʠ ND2. ɺʝʣʠʯʠʥʳ ʥʘʜ ʚʝʪʚʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʙʘʡʝʩʦʚʦʡ 

ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ/ML ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʜʜʝʨʞʢʝ ʙʫʪʩʪʨʝʧ/ML 

Ultrafast ʙʫʪʩʪʨʝʧ. ɺʝʣʠʯʠʥʳ ʥʠʞʝ 0.8/60/70 ʥʝ ʫʢʘʟʘʥʳ. ʈʠʩʫʥʦʢ, ʥʘ 

ʢʦʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʦʨʝʥʴ, ʘ ʪʘʢʞʝ ʨʠʩʫʥʦʢ, ʚʢʣʶʯʘʶʱʠʡ ʦʙʦʟʥʘʯʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ 4. ʅʘ ʨʠʩ. ʇ4.1. ʠ ʇ4.2. 

ɼʚʝ ʢʨʫʧʥʳʝ ʰʠʨʦʢʦʘʨʝʘʣʴʥʳʝ ʢʣʘʜʳ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 4 
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ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʟʘʤʝʥʘʤʠ (ʧʦ ʜʚʝ ʚ ʢʘʞʜʦʤ ʠʟ ʠʩʩʣʝʜʫʝʤʳʭ ʛʝʥʦʚ) ï 

ʪʨʘʥʟʠʮʠʷʤʠ ʚ ʪʨʝʪʴʝʤ ʧʦʣʦʞʝʥʠʠ ʢʦʜʦʥʘ. ɸʨʝʘʣ ʧʝʨʚʦʡ ʠʟ ʢʣʘʜ (ʉʠʙʠʨʩʢʦʡ) 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʨʘʟʦʙʱʝʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ï ʙʦʣʝʝ ʢʨʫʧʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ, ʤʝʥʝʝ ʢʨʫʧʥʘʷ ï ʦʪ ʖʞʥʦʡ ʌʠʥʣʷʥʜʠʠ ʠ ʨʘʡʦʥʘ 

ʃʘʜʦʛʠ ʜʦ ʮʝʥʪʨʘʣʴʥʦʡ ʂʘʨʝʣʠʠ. ɻʘʧʣʦʪʠʧʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʵʪʠʭ ʜʚʫʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʥʝ ʦʙʨʘʟʫʶʪ ʦʙʦʩʦʙʣʝʥʥʳʭ ʢʣʘʜ ʥʘ ʜʝʨʝʚʝ. ɺʪʦʨʘʷ ʢʨʫʧʥʘʷ ʢʣʘʜʘ 

(ɽʚʨʦʧʝʡʩʢʘʷ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʦʪ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʜʦ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ.  

ɽʚʨʦʧʝʡʩʢʘʷ ʢʣʘʜʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʥʝʧʦʜʜʝʨʞʘʥʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ 

ʛʘʧʣʦʪʠʧʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɽʚʨʦʧʳ ʠ ʜʚʝ ʭʦʨʦʰʦ ʧʦʜʜʝʨʞʘʥʥʳʝ 

ʩʫʙʢʣʘʜʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ (ʖʞʥʦʝʚʨʦʧʝʡʩʢʘʷ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ɹʘʣʢʘʥʘʭ, 

ʜʨʫʛʘʷ (ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʘʷ) ʚ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ɻʘʧʣʦʪʠʧʳ ʧʦʩʣʝʜʥʝʡ ʩʫʙʢʣʘʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʯʝʥʴ ʰʠʨʦʢʦ ï ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʈʫʤʳʥʠʠ ʜʦ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʭʦʨʦʰʦ 

ʧʦʜʜʝʨʞʘʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ (ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʘʷ ʩʫʙʢʣʘʜʘ) ʚ ʧʨʝʜʝʣʘʭ 

ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʦʡ ʩʫʙʢʣʘʜʳ ʚʢʣʶʯʘʝʪ ʚʳʙʦʨʢʠ ʠʟ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, 

ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʶʞʥʦʛʦ ʋʨʘʣʘ ʠ ʜʚʘ ʦʙʨʘʟʮʘ ʩ ʩʝʚʝʨʥʦʛʦ ʋʨʘʣʘ. 

ʄʝʜʠʘʥʥʳʝ ʩʝʪʠ ʛʘʧʣʦʪʠʧʦʚ cytb ʠ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ cytb ʠ ND2, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ 

çstar contractionè ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ ʈʠʩ. 4.2. ʠ ʈʠʩ. 4.4. 

ʅʘ ʩʝʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ cytb ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʫʟʣʘ ɽ81 ʠ S1, ʨʘʟʜʝʣʝʥʥʳʝ ʪʨʝʤʷ ʟʘʤʝʥʘʤʠ. ɻʘʧʣʦʪʠʧʳ ʫʟʣʘ E81 ʠ 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ (ʢʦʜ ʛʘʧʣʦʪʠʧʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ɽ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ ʠ ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʉʶʜʘ ʦʪʥʦʩʠʪʩʷ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ɽʚʨʦʧʝʡʩʢʦʡ ʢʣʘʜʳ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʧʦ ʧʦ cytb ʠ ND2. ɻʘʧʣʦʪʠʧʳ ʫʟʣʘ S1 ʠ ʩʚʷʟʘʥʥʳʝ 

ʥʠʤʠ (ʢʦʜ ʛʘʧʣʦʪʠʧʘ ʥʘʯʠʥʘʝʪʩʷ ʩ S) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʚʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʘ ʪʘʢʞʝ ʚ ʶʞʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʉʠʙʠʨʩʢʦʡ ʢʣʘʜʝ ʥʘ ʜʝʨʝʚʝ ʧʦ cytb ʠ ND2. ɼʦʣʷ ʛʘʧʣʦʪʠʧʦʚ ʉʠʙʠʨʩʢʦʡ ʣʠʥʠʠ 
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ʚ ʧʦʧʫʣʷʮʠʷʭ ʚʦʩʪʦʯʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ (ʈʠʩ. 4.3; 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ, r = -0.83, p<0.05). 

 

ʈʠʩ. 4.2 ʄʝʜʠʘʥʥʘʷ ʩʝʪʴ ʛʘʧʣʦʪʠʧʦʚ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ cytb. S ï ʛʘʧʣʦʪʠʧʳ 

ʩʠʙʠʨʩʢʦʡ ʛʘʧʣʦʛʨʫʧʧʳ; E ï ʛʘʧʣʦʪʠʧʳ ʝʚʨʦʧʝʡʩʢʦʡ ʛʘʧʣʦʛʨʫʧʧʳ; U ï 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʛʘʧʣʦʪʠʧʳ.  

ʅʝʢʦʪʦʨʳʝ ʛʘʧʣʦʪʠʧʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʉʣʦʚʝʥʠʠ, ʥʘ ɹʘʣʢʘʥʘʭ, ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʂʘʨʝʣʠʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʢʦʜ 

ʛʘʧʣʦʪʠʧʘ ʥʘʯʠʥʘʝʪʩʷ ʩ U). ʊʘʢʦʡ ʧʘʪʪʝʨʥ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʛʘʧʣʦʪʠʧʘʤʠ ʥʝ 

ʩʦʜʝʨʞʠʪ ʧʨʦʪʠʚʦʨʝʯʠʡ ʩ ʪʦʧʦʣʦʛʠʝʡ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ.  

ʉʝʪʴ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ cytb ʠ ND2 (ʨʠʩ. 4.4.) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʮʝʥʪʨʘʣʴʥʳʭ   ʫʟʣʦʚ.   ɹʦʣʴʰʘʷ   ʯʘʩʪʴ  ʛʘʧʣʦʪʠʧʦʚ  ʠʟ  ʚʳʙʦʨʦʢ  ʩ  ʪʝʨʨʠʪʦʨʠʠ 
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ʈʠʩ. 4.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʘʧʣʦʪʠʧʦʚ cytb ʉʠʙʠʨʩʢʦʡ ʠ ɽʚʨʦʧʝʡʩʢʦʡ 

ʛʨʫʧʧ ʚ ʚʳʙʦʨʢʘʭ S. araneus. ʉʠʥʠʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʛʘʧʣʦʪʠʧʳ ʩʠʙʠʨʩʢʦʡ 

ʛʨʫʧʧʳ, ʢʨʘʩʥʳʤ ʝʚʨʦʧʝʡʩʢʦʡ, ʙʝʣʳʤ ï ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʛʘʧʣʦʪʠʧʳ. ʅʦʤʝʨʘ 

ʣʦʢʘʣʠʪʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʙʣʠʮʝ ʤʘʪʝʨʠʘʣʘ (ʊʘʙʣʠʮʘ ʇ1.1).  

ɽʚʨʦʧʳ ʠ ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʙʲʝʜʠʥʝʥʳ ʩ ʜʚʫʤʷ ʤʝʜʠʘʥʥʳʤʠ ʚʝʢʪʦʨʘʤʠ, 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʦʜʥʫ ʟʘʤʝʥʫ. ʇʨʠ ʵʪʦʤ ʩ ʦʜʥʠʤ ʠʟ ʥʠʭ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʘʧʣʦʪʠʧʳ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʮʝʥʪʨʘʣʴʥʦʡ, 

ʶʞʥʦʡ ɽʚʨʦʧʳ, ʶʛʘ ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʛʘʧʣʦʪʠʧʦʚ ʠʟ ʚʳʙʦʨʦʢ 

ʌʝʥʥʦʩʢʘʥʜʠʠ. ʉ ʜʨʫʛʠʤ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʘʧʣʦʪʠʧʳ ʩʝʚʝʨʘ, 

ʮʝʥʪʨʘ ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ, ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʋʨʘʣʘ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʛʘʧʣʦʪʠʧʦʚ ʠʟ ʚʳʙʦʨʦʢ ʚʦʩʪʦʯʥʦʡ, ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʉʠʙʠʨʠ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʯʘʩʪʴʶ ʛʘʧʣʦʪʠʧʦʚ ʚʦʩʪʦʯʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ ʠ ʩ ʪʨʝʪʴʠʤ 

ʤʝʜʠʘʥʥʳʤ ʚʝʢʪʦʨʦʤ, ʦʪʩʪʦʷʱʠʤ ʦʪ ʧʝʨʚʳʭ ʜʚʫʭ ʥʘ 4 ʠ 5 ʟʘʤʝʥ. 

4.2. ʌʀʃʆɻɽʅɽʊʀʏɽʉʂʀɽ ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʅɸ ʆʉʅʆɺɸʅʀʀ 

ɼɸʅʅʓʍ SNP  

ML ʜʝʨʝʚʴʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ ʤʘʪʨʠʮ SNP (95all, 

75all, 75ul) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ 4.5. ʅʘʠʣʫʯʰʠʝ ʧʦʜʜʝʨʞʢʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʥʘʙʦʨʘ 

ʜʘʥʥʳʭ 75all. ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ ʙʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʣʠ 

ɹʘʣʢʘʥʦ-ɼʫʥʘʡʩʢʠʝ ʚʳʙʦʨʢʠ. ɼʚʘ ʦʙʨʘʟʮʘ ʨʫʤʳʥʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʟʘʥʠʤʘʶʪ ʩʝʩʪʨʠʥʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʨʘʟʮʘʤ ʠʟ ʉʠʙʠʨʠ ʠ 

ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ʂʣʘʜʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʚʩʝ ʦʙʨʘʟʮʳ ʠʟ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ 

ʠ ʉʠʙʠʨʠ (ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʦ-ʉʠʙʠʨʩʢʘʷ, ɺɽʉ) ʚʩʝʛʜʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʧʦʜʜʝʨʞʢʫ. ɹʘʟʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʥʝʡ ʟʘʥʠʤʘʶʪ 3 ʚʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʝ 
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ʚʝʪʚʠ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʝ ʜʦ ʢʦʥʮʘ ʨʘʟʨʝʰʝʥʳ: ʵʢʟʝʤʧʣʷʨʳ 

ʂʘʨʝʣʴʩʢʦʡ ʩʫʙʢʣʘʜʳ (1), 2 ʦʙʨʘʟʮʘ ʠʟ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ (2) ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʵʢʟʝʤʧʣʷʨ ʠʟ ɹʨʷʥʩʢʦʡ ʦʙʣʘʩʪʠ (3).  

 

 

ʈʠʩ. 4.4 ʄʝʜʠʘʥʥʘʷ ʩʝʪʴ ʛʘʧʣʦʪʠʧʦʚ, ʧʦʩʪʨʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʢʦʥʢʘʪʝʥʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ cytb ʠ ND2. ʏʠʩʣʦ 

ʰʪʨʠʭʦʚ ʥʘ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʛʘʧʣʦʪʠʧʳ, ʦʙʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʟʘʤʝʥ. 
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ʈʠʩ. 4.5. ɼʝʨʝʚʦ ML ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ ʤʘʪʨʠʮ SNP (95all, 75all, 75ul), 

ʚ ʫʟʣʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜʜʝʨʞʢʠ fast bootstrap. 

ɺ ʧʨʝʜʝʣʘʭ ʂʘʨʝʣʴʩʢʦʡ ʩʫʙʢʣʘʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʩʝʚʝʨʥʳʡ 

ʠ ʶʞʥʳʡ ʢʣʘʩʪʝʨʳ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ ʪʝʨʨʠʪʦʨʠʠ ʦʪ 

ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʨ. ɺʦʣʛʘ, ʜʦ ʮʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʭʦʨʦʰʦ 

ʧʦʜʜʝʨʞʘʥʥʫʶ ʢʣʘʜʫ (ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦ-ʉʠʙʠʨʩʢʘʷ, ɺʋʉ). ɹʘʟʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʢʣʘʜʝ ɺʋʉ ʟʘʥʠʤʘʶʪ ʵʢʟʝʤʧʣʷʨʳ ʩʦ ʩʨʝʜʥʝʡ ɺʦʣʛʠ ʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ɺʳʙʦʨʢʠ ʩ ʶʞʥʦʛʦ ʠ ʩʝʚʝʨʥʦʛʦ ʋʨʘʣʘ 

ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʦʙʲʝʜʠʥʝʥʠʶ. ɺʩʝ ʚʳʙʦʨʢʠ ʠʟ ʟʘʧʘʜʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ 

ʉʠʙʠʨʠ ʦʙʨʘʟʫʶʪ ʭʦʨʦʰʦ ʧʦʜʜʝʨʞʘʥʥʫʶ ʩʫʙʢʣʘʜʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʉʠʙʠʨʩʢʦʡ ʩʫʙʢʣʘʜʦʡ.  

ɼʝʨʝʚʴʷ NJ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʤʘʥʭʝʪʪʝʥ-ʜʠʩʪʘʥʮʠʷʤ ʠʤʝʶʪ ʩʭʦʜʥʫʶ 

ʪʦʧʦʣʦʛʠʶ (ʨʠʩ. 4.6.). 
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ʈʠʩ. 4.6. ɼʝʨʝʚʦ NJ (ʤʘʥʭʝʪʪʝʥ-ʜʠʩʪʘʥʮʠʠ) ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ ʤʘʪʨʠʮ 

SNP (95all, 75all, 75ul), ʚ ʫʟʣʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʙʫʪʩʪʨʝʧ-ʧʦʜʜʝʨʞʢʠ. 

 ʈʠʩ. 4.7. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ, 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʤʝʪʦʜʦʤ SVDQuartets, ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ 

SNP 75ul. ʏʠʩʣʘ ʥʘʜ ʚʝʪʚʷʤʠ ʦʙʦʟʥʘʯʘʶʪ ʟʥʘʯʝʥʠʷ ʙʫʪʩʪʨʝʧ-ʧʦʜʜʝʨʞʢʠ.  
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ʊʦʧʦʣʦʛʠʷ ʚʠʜʦʚʦʛʦ ʜʝʨʝʚʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ 75ul 

(ʈʠʩ. 4.7.), ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʦʧʦʣʦʛʠʝʡ ML ʠ NJ ʜʝʨʝʚʴʝʚ. ʆʩʥʦʚʥʳʝ 

ʦʙʲʝʜʠʥʝʥʠʷ, ʦʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʭʦʨʦʰʦ ʧʦʜʜʝʨʞʘʥʳ ʠ ʚ ʵʪʦʤ ʘʥʘʣʠʟʝ. 

ʉʝʪʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ Neighobour Net ʥʘ ʦʩʥʦʚʘʥʠʠ 

75all ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩ. 4.8. ʊʦʧʦʣʦʛʠʷ ʩʝʪʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷʤʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ ʩʝʪʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʮʘʤ ʠʟ ɹʘʣʢʘʥʦ-ɼʫʥʘʡʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʢ ʥʝʡ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʚʥʝʰʥʷʷ ʛʨʫʧʧʘ. ɺ ʩʣʝʜʫʶʱʝʤ ʫʟʣʝ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʦʙʨʘʟʮʳ 

ʠʟ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʠ ʂʘʨʝʣʴʩʢʘʷ ʩʫʙʢʣʘʜʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʛʨʫʧʧ. 

ʉʣʝʜʫʶʱʠʡ ʫʟʝʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʭʦʞʜʝʥʠʶ ʦʙʨʘʟʮʦʚ ʠʟ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ɽʚʨʦʧʳ, ʇʦʚʦʣʞʴʷ ʠ ʋʨʘʣʘ. ʅʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʡ ʦʪ ʢʦʨʥʷ ʫʟʝʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʜʠʘʮʠʠ ʩʠʙʠʨʩʢʠʭ ʦʙʨʘʟʮʦʚ. 

 

ʈʠʩ.4.8. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʘʷ ʩʝʪʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʝʪʦʜʦʤ Neighbour-Net 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ 75all. ɺʥʝʰʥʠʝ ʛʨʫʧʧʳ (S. antinorii ʠ S. coronatus) ʥʝ 

ʧʦʢʘʟʘʥʳ. 
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4.2. ABBA|BABA ʊɽʉʊʓ 

ʈʝʟʫʣʴʪʘʪʳ ABBA|BABA ʪʝʩʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 7. ʀʟ 2440 

ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʩʪʦʚ 258 ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʤʳʤʠ ʧʨʠ p < 0,05, ʠ ʣʠʰʴ 87 

ʩʦʭʨʘʥʠʣʠ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠ ʙʦʣʝʝ ʩʪʨʦʛʦʤ ʧʦʨʦʛʝ p < 0,01. 

1. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʦʧʫʣʷʮʠʡ ʩʝʚʝʨʥʦʡ ʠ 

ʶʞʥʦʡ ʂʘʨʝʣʠʠ ʩ ʜʨʫʛʠʤʠ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ 

ʙʣʠʟʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʶʞʥʦʡ ʂʘʨʝʣʠʠ ʩ ʧʦʧʫʣʷʮʠʷʤʠ ʉʠʙʠʨʠ, ʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʪʜʝʣʴʥʦ ʨʝʟʫʣʴʪʘʪʳ ABBA|BABA ʪʝʩʪʦʚ ʚ ʢʦʪʦʨʦʤ ʪʘʢʩʦʥʳ 

A ʠ B ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʟʮʘʤ ʠʟ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʂʘʨʝʣʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʘ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ C ʚʳʩʪʫʧʘʣʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʵʢʟʝʤʧʣʷʨʳ, ʢʨʦʤʝ 

ʶʞʥʦʝʚʨʦʧʝʡʩʢʠʭ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʣʠ ʨʦʣʴ ʚʥʝʰʥʝʡ ʛʨʫʧʧʳ (ʇʨʠʣʦʞʝʥʠʝ 7 

ʪʘʙʣʠʮʳ ʇ7a-e). ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʥʝʦʜʥʦʟʥʘʯʥʳ, ʧʦʩʢʦʣʴʢʫ ʜʦʩʪʦʚʝʨʥʳʝ 

ʟʥʘʯʝʥʠʷ ʝʩʪʴ ʢʘʢ ʜʣʷ ʚʘʨʠʘʥʪʘ ɸɺɺɸ ʪʘʢ ʠ ʜʣʷ ʚʘʨʠʘʥʪʘ ɺɸɺɸ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʦʚʝʨʥʳʭ ʪʝʩʪʦʚ ʜʣʷ ʚʘʨʠʘʥʪʘ ABBA ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʜʣʷ ʚʘʨʠʘʥʪʘ BABA. ɺ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʪʝʩʪʦʚ ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ ʉ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʟʝʤʧʣʷʨʳ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʜʦʩʪʦʚʝʨʥʳʭ ʪʝʩʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ABBA ʚʘʨʠʘʥʪʫ (ʧʨʠ p < 0.01 

13 ʠʟ 14). ʇʦʩʣʝʜʥʠʡ ʨʝʟʫʣʴʪʘʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ 

ʙʣʠʟʦʩʪʴ ʧʦʧʫʣʷʮʠʡ ʠʤʝʥʥʦ ʶʞʥʦʡ ʂʘʨʝʣʠʠ ʢ ʩʠʙʠʨʩʢʠʤ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ. 

ʊʝʤ ʩʘʤʳʤ ʥʘʰʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʩʣʠ ʢʘʢʘʷ-ʪʦ ʠʟ ʧʦʧʫʣʷʮʠʡ ʂʘʨʝʣʠʠ 

ʠ ʠʩʧʳʪʳʚʘʣʘ ʚʣʠʷʥʠʝ ʨʝʪʠʢʫʣʷʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʵʪʦ ʙʳʣʘ ʩʝʚʝʨʥʘʷ, ʘ ʥʝ 

ʶʞʥʘʷ ʂʘʨʝʣʠʷ.  

2. ʄʳ ʧʨʦʚʝʨʷʝʤ ʛʠʧʦʪʝʟʫ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʦʪʦʢʘ ʛʝʥʦʚ ʤʝʞʜʫ 

ʧʦʧʫʣʷʮʠʷʤʠ ʨʘʩʳ ʅʦʚʦʩʠʙʠʨʩʢ ʠ ʙʦʣʝʝ ʟʘʧʘʜʥʳʤʠ (ʋʨʘʣ, ʇʦʚʦʣʞʴʝ). ʕʪʦ 

ʜʦʣʞʥʦ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʙʦʣʴʰʝʡ ʙʣʠʟʦʩʪʠ ʦʙʨʘʟʮʦʚ ʨʘʩ ʉʦʢ ʠ ʉʝʨʦʚ ʢ ʨʘʩʝ 

ʅʦʚʦʩʠʙʠʨʩʢ, ʯʝʤ ʢ ʧʦʧʫʣʷʮʠʷʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʝ 

ʭʨʦʤʦʩʦʤʥʳʭ ʨʘʩ (ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ). 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʦʚ A ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʟʝʤʧʣʷʨʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ B ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʩʳ ʅʦʚʦʩʠʙʠʨʩʢ 
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ʠʟ ʦʢʨʝʩʪʥʦʩʪʝʡ ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢ ʠ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ɽʥʠʩʝʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʩʦʥʘ C ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʩ ʉʦʢ ʠ ʉʝʨʦʚ. (ʇʨʠʣʦʞʝʥʠʝ 7 ʪʘʙʣʠʮʳ ʇ7 f, j) 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʫʨʘʣʴʩʢʠʭ ʧʦʧʫʣʷʮʠʡ (ʨʘʩʘ ʉʝʨʦʚ), 

ʙʦʣʴʰʠʥʩʪʚʦ ʜʦʩʪʦʚʝʨʥʳʭ ʪʝʩʪʦʚ (13 ʠʟ 16) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ABBA ʚʘʨʠʘʥʪʫ, 

ʪʦ ʝʩʪʴ ʫʢʘʟʳʚʘʣʠ ʥʘ ʙʦʣʴʰʫʶ ʙʣʠʟʦʩʪʴ ʨʘʩʳ ʅʦʚʦʩʠʙʠʨʩʢ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʠʙʠʨʩʢʠʤʠ) ʢ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʨʘʩʳ ʉʝʨʦʚ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʜʘʶʪ 

ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ 

ʠʥʪʨʦʛʨʝʩʩʠʨʦʚʘʥʥʦʩʪʠ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʩ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʨ. ɽʥʠʩʝʡ ʠ ʠʟ 

ʦʢʨʝʩʪʥʦʩʪʝʡ ʅʦʚʦʩʠʙʠʨʩʢʘ.   

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ ʉ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʩʳ ʉʦʢ, ʪʦ 

ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʥʝʦʜʥʦʟʥʘʯʥʳʤ. ʇʨʠʤʝʨʥʦ ʧʦʨʦʚʥʫ ʜʦʩʪʦʚʝʨʥʳʭ ʪʝʩʪʦʚ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ABBA ʠ BABA ʧʘʪʪʝʨʥʳ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ ʦ 

ʩʙʣʠʞʝʥʠʠ ʨʘʩʳ ʉʦʢ ʩ ʨʘʩʦʡ ʅʦʚʦʩʠʙʠʨʩʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʨʘʩ ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʳ. 

3. ʇʨʦʚʝʨʷʝʤ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ (ʠʣʠ ʩʫʱʝʩʪʚʦʚʘʣ) ʧʦʪʦʢ 

ʛʝʥʦʚ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ɿʘʚʦʣʞʴʷ ʠ ʋʨʘʣʘ (ʘ ʪʘʢʞʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ 

ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ) ʠ ʧʦʧʫʣʷʮʠʷʤʠ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ (ʨʘʩʘ ʄʦʩʢʚʘ). 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ ɸ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʟʝʤʧʣʷʨʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʘʩʝ ʉʦʢ ʠʣʠ 

ʨʘʩʝ ʉʝʨʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ B ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʟʝʤʧʣʷʨʳ ʠʟ ʟʘʧʘʜʥʦʡ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʩʦʥʘ C ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʘʩʳ ʄʦʩʢʚʘ 

(ʇʨʠʣʦʞʝʥʠʝ 7 ʪʘʙʣʠʮʳ ʇ.7.h-k). ɺʩʝ ʜʦʩʪʦʚʝʨʥʳʝ ʪʝʩʪʳ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ 

ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʥʬʠʛʫʨʘʮʠʶ BABA, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʝʨʦʷʪʥʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʦʪʦʢʘ ʛʝʥʦʚ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ɿʘʚʦʣʞʴʷ/ʋʨʘʣʘ ʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ABBA|BABA ʪʝʩʪʦʚ ʚ ʮʝʣʦʤ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʪʦʢ ʛʝʥʦʚ 

ʤʝʞʜʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʙʣʠʟʢʠʤʠ ʨʝʛʠʦʥʘʤʠ, ʘ ʠʤʝʥʥʦ ʧʦʧʫʣʷʮʠʠ ɿʘʚʦʣʞʴʷ ʠ 

ʋʨʘʣʘ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʢʣʘʜʫ ʩ ʧʦʧʫʣʷʮʠʷʤʠ ʉʠʙʠʨʠ, 

ʦʢʘʟʳʚʘʶʪʩʷ ʙʣʠʞʝ ʢ ʧʦʧʫʣʷʮʠʷʤ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ, ʯʝʤ ʩʠʙʠʨʩʢʠʝ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʦʧʫʣʷʮʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʢʘʟʳʚʘʶʪʩʷ ʙʣʠʞʝ ʢ ʫʨʘʣʴʩʢʠʤ, ʯʝʤ 

ʮʝʥʪʨʘʣʴʥʦʩʠʙʠʨʩʢʠʝ.   
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4.3. ɻɽʅɽʊʀʏɽʉʂɸʗ ʀ ɻɽʆɻʈɸʌʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ɸʈɽɸʃɸ 

ʆɹʓʂʅʆɺɽʅʅʆʁ ɹʋʈʆɿʋɹʂʀ. 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʜʣʷ ʚʳʙʦʨʦʢ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ (ʊʘʙʣʠʮʘ 4.1.).  

ʊʘʙʣʠʮʘ 4.1. ʇʘʨʘʤʝʪʨʳ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʥʘ cytb S. araneus ʚ ʮʝʣʦʤ ʠ ʚ 

ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧʘʭ ʠ ʨʝʛʠʦʥʘʭ: ɺ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʧʨʠʚʝʜʝʥʳ ʥʘʟʚʘʥʠʷ 

ʚʳʙʦʨʦʢ ʠ ʠʭ ʥʦʤʝʨ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ ʤʘʪʝʨʠʘʣʘ. N ï ʯʠʩʣʦ 

ʦʙʨʘʟʮʦʚ, nH ï ʯʠʩʣʦ ʛʘʧʣʦʪʠʧʦʚ, H (sd) ï ʛʘʧʣʦʪʠʧʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʝʛʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, Pi (sd) ï ʥʫʢʣʝʦʪʠʜʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʝʛʦ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

ʅʘʟʚʘʥʠʝ ʚʳʙʦʨʢʠ (ʥʦʤʝʨ ʣʦʢʘʣʠʪʝʪʘ ʥʘ 

ʢʘʨʪʝ) 

N H H (sd) Pi (sd) *102 

ɹʫʨʷʪʠʷ (2) 5 3 0.800 (0.164) 0.14 (0.12) 

ʇʨʠʙʘʡʢʘʣʴʝ ʠ ɿʘʙʘʡʢʘʣʴʝ (1-5) 12 8 0.894 (0.078) 0.18 (0.12) 

ɹʘʛʘʟʶʣʴ (7) 12 9 0.955 (0.047) 0.34 (0.20) 

ʊʘʥʟʳʙʝʡ-ʆʷ (8, 9) 5 2 0.400 (0.237) 0.11 (0.09) 

ɿʘʧʘʜʥʳʡ ʉʘʷʥ (6-9) 18 12 0.922 (0.051) 0.27 (0.16) 

ʊʦʧʦʣʴʥʦʝ-ʉʦʣʦʥʝʯʥʦʝ (22, 23) 8 5 0.857 (0.108) 0.15 (0.11) 

ɸʣʪʘʡ (20-23) 13 8 0.910 (0.056) 0.17 (0.12) 

ʂʝʤʝʨʦʚʦ (24) 5 4 0.900 (0.161) 0.42 (0.29) 

ʅʦʚʦʩʠʙʠʨʩʢ (25) 6 4 0.867 (0.129) 0.32 (0.22) 

ʖʞʥʘʷ ʉʠʙʠʨʴ (6-11, 20-25) 45 27 0.955 (0.017) 0.31 (0.18) 

ɻʘʧʣʦʪʠʧʳ ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʳ ʚ ʶʞʥʦʡ ʉʠʙʠʨʠ 39 23 0.942 (0.022) 0.24 (0.14) 

ʊʫʥʛʫʩʢʘ 1 (12) 7 6 0.952 (0.096) 0.18 (0.13) 

ʊʫʥʛʫʩʢʘ 2 (13) 6 5 0.933 (0.122) 0.19 (0.14) 

ʉʫʭʘʷ ɹʘʭʪʘ (14) 5 3 0.700 (0.218) 0.14 (0.12) 

ʉʨʝʜʥʝʝ ʪʝʯʝʥʠʝ ɽʥʠʩʝʷ, ʧʨʘʚʳʡ ʙʝʨʝʛ (16, 17) 13 3 0.410 (0.154) 0.07 (0.06) 

ʉʨʝʜʥʝʝ ʪʝʯʝʥʠʝ ɽʥʠʩʝʷ, ʣʝʚʳʡ ʙʝʨʝʛ (18, 19) 9 5 0.806 (0.120) 0.29 (0.19) 

ʎʝʥʪʨʘʣʴʥʘʷ ʉʠʙʠʨʴ (12-19) 43 20 0.893 (0.037) 0.16 (0.10) 

ʉʠʙʠʨʴ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ) 100 42 0.934 (0.019) 0.24 (0.14) 

ɻʘʧʣʦʪʠʧʳ ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʳ ʚ ʉʠʙʠʨʠ 93 37 0.901 (0.021) 0.20 (0.12) 

ɺʩʝ ʩʠʙʠʨʩʢʠʝ ʛʘʧʣʦʪʠʧʳ 122 66 0.936 (0.017) 0.21 (0.13) 
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ʀʣʴʤʝʥʩʢʠʡ ʟʘʧʦʚʝʜʥʠʢ (30) 9 7 0.944 (0.070) 0.32 (0.20) 

ʉʠʙʘʡ (31) 9 5 0.889 (0.071) 0.28 (0.17) 

ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ (26-32) 24 14 0.938 (0.028) 0.28 (0.17) 

ɻʘʧʣʦʪʠʧʳ ʝʚʨʦʧʝʡʩʢʦʡ ʛʨʫʧʧʳ ʚ ʉʠʙʠʨʠ 31 18 0.942 (0.025) 0.27 (0.16) 

ʀʪʢʫʣʦʚʦ (33) 10 8 0.933 (0.077) 0.41 (0.25) 

ʖʤʘʪʦʚʦ (34) 8 5 0.857 (0.108) 0.46 (0.28) 

ʖʞʥʳʡ ʋʨʘʣ (30-34) 37 21 0.957 (0.016) 0.39 (0.22) 

ʗʥ-ʇʫʧʫ-ʅʴʝʨ (35) 5 5 1.000 (0.127) 0.48 (0.32) 

ɻʦʨʝʚʢʘ (37) 5 5 1.000 (0.127) 0.32 (0.23) 

ʗʢʰʘ (38) 7 7 1.000 (0.076) 0.41 (0.26) 

ʉʝʚʝʨʥʳʡ ʋʨʘʣ (35-38) 20 19 0.995 (0.018) 0.40 (0.23) 

ʋʨʘʣ ʠ ʟʘʧʘʜʥʘʷ ʉʠʙʠʨʴ (26-38) 62 41 0.980 (0.007) 0.38 (0.21) 

ʨ. ɺʳʯʝʛʜʘ (39, 41) 5 5 1.000 (0.127) 0.30 (0.21) 

ʅɸʆ (45) 9 8 0.972 (0.064) 0.38 (0.24) 

ʉʝʚʝʨ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ (39-45) 21 20 0.995 (0.017) 0.38 (0.22) 

ʂʦʢʰʘʛʘ (46) 8 8 1.000 (0.063) 0.42 (0.26) 

ʉʘʚʠʯʢʠ (53) 9 8 0.972 (0.064) 0.45 (0.27) 

ʂʨʫʪʠʮʳ (54) 5 5 1.000 (0.127) 0.42 (0.28) 

ʉʝʣʠʛʝʨ (55) 5 5 1.000 (0.127) 0.49 (0.33) 

ʎʝʥʪʨʘʣʴʥʘʷ ʈʦʩʩʠʷ (46, 51-55) 31 30 0.998 (0.009) 0.43 (0.24) 

ʇʨʠʦʟʝʨʩʢ (59) 7 7 1.000 (0.076) 0.28 (0.19) 

ʉʝʛʝʞʘ (66) 11 8 0.927 (0.067) 0.37 (0.22) 

ʨ. ʂʝʤʴ (65) 15 9 0.914 (0.052) 0.29 (0.18) 

ʇʦʷʢʦʥʜʘ (66) 5 2 0.400 (0.237) 0.07 (0.07) 

ʆʫʣʫʥ (67) 7 4 0.810 (0.130) 0.31 (0.20) 

ɺʦʩʪʦʯʥʘʷ ʌʝʥʥʦʩʢʘʥʜʠʷ ʠ ʧʨʠʣʝʛʘʶʱʠʝ 

ʪʝʨʨʠʪʦʨʠʠ (56-68) 

70 50 0.984 (0.007) 0.40 (0.22) 

ɽʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚʦʩʪʦʯʥʦʡ 

ʌʝʥʥʦʩʢʘʥʜʠʠ 

37 24 0.967 (0.015) 0.33 (0.19) 

ʉʠʙʠʨʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚʦʩʪʦʯʥʦʡ 

ʌʝʥʥʦʩʢʘʥʜʠʠ 

29 23 0.961 (0.028) 0.24 (0.15) 

ʎʠʤʣʷʥʩʢʠʝ ʧʝʩʢʠ (48) 9 4 0.583 (0.183) 0.06 (0.07) 

ʖʛ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ (47-50) 18 12 0.863 (0.080) 0.43 (0.25) 

ʂʠʩʙʘʣʘʪʦʥ (76) 7 5 0.905 (0.103) 0.43 (0.28) 
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ɿʘʣʘ (82, 83) 5 4 0.900 (0.161) 0.33 (0.24) 

ɻʝʨ-ʄʦʰʦʥ-ʐʦʧʨʦʥ (85) 6 5 0.933 (0.122) 0.70 (0.44) 

ʉʥʝʞʥʠʢ (86) 20 10 0.934 (0.028) 0.42(0.24) 

ʖʞʥʘʷ ɽʚʨʦʧʘ (70-89) 63 46 0.990 (0.005) 0.63 (0.33) 

ɽʚʨʦʧʘ (33-120) 351 238 0.996 (0.001) 0.54 (0.29) 

Sorex araneus 475 275 0.992 (0.002) 0.53 (0.28) 

ɽʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚ ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʝ 145 106 0.990 (0.003) 0.44 (0.24) 

ɽʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚ ɽʚʨʦʧʝ 298 198 0.995 (0.001) 0.50 (0.26) 

ɺʩʝ ʝʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ 329 212 0.995 (0.001) 0.48 (0.26) 

 

ʅʫʢʣʝʦʪʠʜʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʝʥʘ cytb ʟʥʘʯʠʤʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʘʨʝʘʣʘ ʚʠʜʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʘʥʘ R = -0.45, p < 0.01). ɼʦʩʪʦʚʝʨʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʛʘʧʣʦʪʠʧʦʚ ʠ ʜʦʣʛʦʪʦʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʥʛʦʚʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʘʥʘ R = -0.22, p > 0.05). ʆʙʘ ʧʘʨʘʤʝʪʨʘ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʜʦʩʪʦʚʝʨʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʜʦʣʛʦʪʦʡ 

ʪʘʢʞʝ ʚ ʩʠʙʠʨʩʢʦʡ ʠ ʝʚʨʦʧʝʡʩʢʦʡ ʧʦʜʚʳʙʦʨʢʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʛʘʧʣʦʪʠʧʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʧʦʧʫʣʷʮʠʷʭ ʉʠʙʠʨʠ ʦʢʘʟʘʣʦʩʴ ʟʥʘʯʠʤʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʝʚʨʦʧʝʡʩʢʠʭ ʢʘʢ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ (ʶʞʥʘʷ, 

ʚʦʩʪʦʯʥʘʷ, ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʩʝʚʝʨʥʘʷ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ) (Z-test, p < 0.05). 

ɿʥʘʯʠʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʰʠʨʦʪʦʡ ʠ ʦʙʦʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʢʘʢ ʚ ʚʳʙʦʨʢʝ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʚ ʧʨʝʜʝʣʘʭ ʝʝ ʝʚʨʦʧʝʡʩʢʦʡ ʠ 

ʩʠʙʠʨʩʢʦʡ ʧʦʜʚʳʙʦʨʦʢ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʆʙʘ ʧʘʨʘʤʝʪʨʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʢʘʟʘʣʠʩʴ ʚʳʰʝ ʫ ʛʘʧʣʦʪʠʧʦʚ ʝʚʨʦʧʝʡʩʢʦʡ ʣʠʥʠʠ ʯʝʤ ʫ 

ʛʘʧʣʦʪʠʧʦʚ ʩʠʙʠʨʩʢʦʡ (Z-test, p < 0.05).  

ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʥʫʢʣʝʦʪʠʜʥʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ (ʈʠʩ. 4.9.)   
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ʈʠʩ. 4.9. ʀʥʪʝʨʧʦʣʷʮʠʷ ʛʘʧʣʦʪʠʧʠʯʝʩʢʦʛʦ (ʘ) ʠ ʥʫʢʣʝʦʪʠʜʥʦʛʦ (ʙ) 

ʨʘʟʥʦʦʙʨʘʟʠʷ cytb, ʥʘʙʣʶʜʘʝʤʘʷ (ʚ) ʠ ʦʞʠʜʘʝʤʘʷ (ʛ) ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ 

ʜʘʥʥʳʭ SNP S. araneus ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. 

ʇʘʨʘʤʝʪʨʳ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʜʘʥʥʳʤ SNP (ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʘʪʨʠʮ 95ul) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2.  

 

ʊʘʙʣʠʮʘ 4.2. ʇʘʨʘʤʝʪʨʳ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʜʘʥʥʳʤ SNP (ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮ 95ul). 

 

ʈʝʛʠʦʥ He Ho Fis 

ḜẍẎẍẚẠẍẢẳẔ ẙ ḧầẙẎẍẚẠẍẢẳẔ 0,049 0,046 0,053 

ḓấẨẩấẮẤẵẚ ḩẍỀẤ 0,048 0,049 -0,016 

ḩầẔẓẤẔẔ ẩẔẮẔẤẙẔ ầ  ḘẤẙẨẔẚ Ầầẍẏẵẚ ẎẔầẔẐ 0,047 0,048 -0,019 

ḩầẔẓẤẔẔ ẩẔẮẔẤẙẔ ầ  ḘẤẙẨẔẚ ẢẔẏẵẚ ẎẔầẔẐ 0,051 0,048 0,063 

ḜẍẦẍẓẤẍỀ ḩẙẎẙầẳ 0,049 0,049 -0,009 

ṀẗẤẵẚ ḫầẍẢ 0,053 0,053 0,000 

ḩẔẏẔầẤẵẚ ḫầẍẢ 0,053 0,051 0,041 

ḩẔẏẔầ ẔẏầấẦẔẚẨẠấẚ ẮẍẨẩẙ ḨấẨẨẙẙ 0,063 0,062 0,024 
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ḥẙẗẤẔẔ ẩẔẮẔẤẙẔ ầ  ḓấẢẐẍ 0,047 0,047 -0,004 

ḩầẔẓẤẔẔ ẩẔẮẔẤẙẔ ầ  ḓấẢẐẍ 0,059 0,058 0,004 

ḜẍẦẍẓ ẙ ẨẔẏẔầấ-ẘẍẦẍẓ ẔẏầấẦẔẚẨẠấẚ ẮẍẨẩẙ ḨấẨẨẙẙ 0,055 0,052 0,058 

ṀẗẤẍỀ ḭẔẤẤấẨẠẍẤẓẙỀ 0,059 0,056 0,054 

ḩẔẏẔầẤẍỀ ḭẔẤẤấẨẠẍẤẓẙỀ 0,060 0,056 0,056 

ḓấẨẩấẮẤẵẔ ḡẍầẦẍẩẵ 0,061 0,058 0,054 

ḩầẔẓẤẔẓẪẤẍẚẨẠẍỀ ầẍẏẤẙẤẍ 0,081 0,073 0,112 

ḑẏẨẩầẙỀ 0,079 0,075 0,051 

ḩẢấẏẔẤẙỀ 0,071 0,070 0,013 

 

ʂʘʢ ʥʘʙʣʶʜʘʝʤʘʷ, ʪʘʢ ʠ ʦʞʠʜʘʝʤʘʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ ʫʤʝʥʴʰʘʶʪʩʷ ʩ 

ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ (ʢʦʨʨʝʣʷʮʠʷ ʉʧʠʨʤʝʥʘ: ɟ = ï0,84 ʜʣʷ ʦʙʝʠʭ, p < 0,05). 

ɿʥʘʯʠʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʰʠʨʦʪʦʡ ʥʝ 

ʚʳʷʚʣʝʥʦ (ɟ = ï0,33 ʜʣʷ ʦʙʦʠʭ, p > 0,05). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʭʨʘʥʷʣʠʩʴ ʠ ʧʦʩʣʝ 

ʠʩʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʚʘʨʠʘʙʝʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʠʟ ʖʞʥʦʡ ɽʚʨʦʧʳ (ɟ ʜʣʷ 

ʜʦʣʛʦʪʳ: ï0,70 ʠ ï0,68, p < 0,05; ʜʣʷ ʰʠʨʦʪʳ: 0,46 ʠ 0,35, p > 0,05).  

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʝʜʥʠʭ 

ʚʳʙʦʨʦʯʥʳʭ ʤʝʞʛʘʧʣʦʪʠʧʠʯʝʩʢʠʭ p-ʜʠʩʪʘʥʮʠʡ (ʛʝʥ cytb) ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ 

4.10.  

ʇʦ ʧʝʨʚʦʡ ʦʩʠ ʚʳʙʦʨʢʠ ʉʠʙʠʨʩʢʦʡ ʢʣʘʜʳ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ. ʇʦ 

ʚʪʦʨʦʡ ʦʩʠ ʦʪ ɽʚʨʦʧʝʡʩʢʠʭ ʛʘʧʣʦʪʠʧʦʚ ʦʪʜʝʣʷʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʳʙʦʨʢʘ 

ʠʟ ʎʠʤʣʷʥʩʢʠʭ ʧʝʩʢʦʚ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚʳʙʦʨʢʠ ʠʟ ɺʝʥʛʨʠʠ ʠ ʉʣʦʚʝʥʠʠ. ɺ 

ʧʨʝʜʝʣʘʭ ʝʚʨʦʧʝʡʩʢʦʛʦ ʢʣʘʩʪʝʨʘ, ʚʳʙʦʨʢʠ ʠʟ ʌʝʥʥʦʩʢʘʥʜʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʦʪʝ ʛʘʧʣʦʪʠʧʳ ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʳ, ʩʤʝʱʝʥʳ 

ʚ ʩʪʦʨʦʥʫ ʩʠʙʠʨʩʢʦʛʦ ʢʣʘʩʪʝʨʘ.  
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ʈʠʩ. 4.10. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ (PCoA) ʥʘ ʦʩʥʦʚʝ 

Net ʜʠʩʪʘʥʮʠʡ ʧʦ ʛʝʥʫ cytb ʤʝʞʜʫ ʚʳʙʦʨʢʘʤʠ. ɼʘʥʥʳʝ ʩʧʨʦʝʮʠʨʦʚʘʥʳ ʥʘ 

ʧʣʦʩʢʦʩʪʴ ʧʝʨʚʳʭ ʜʚʫʭ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʤʘʩʰʪʘʙʳ ʧʦ ʦʩʷʤ ʦʜʠʥʘʢʦʚʳ.  

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʄʘʥʭʵʪʪʝʥ-

ʜʠʩʪʘʥʮʠʡ ʤʝʞʜʫ SNP-ʛʝʥʦʪʠʧʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.11. ʇʝʨʚʘʷ ʦʩʴ 

ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʜʝʣʝʥʠʶ ʧʦ ʜʦʣʛʦʪʝ ð ʢʨʘʡʥʠʝ ʧʦʣʦʞʝʥʠʷ 

ʟʘʥʠʤʘʶʪ ʟʘʧʘʜʥʳʝ ʚʳʙʦʨʢʠ ʠʟ ʶʞʥʦʡ ɽʚʨʦʧʳ ʠ ʚʦʩʪʦʯʥʳʝ ʚʳʙʦʨʢʠ ʠʟ 

ʉʠʙʠʨʠ. ɺ ʮʝʥʪʨʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʳʙʦʨʢʠ ʠʟ ʂʘʨʝʣʠʠ ʠ ʙʣʠʟʢʠʝ ʢ ʥʠʤ ʦʙʨʘʟʮʳ 

ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ. ʆʥʠ ʞʝ ʦʪʜʝʣʷʶʪʩʷ ʧʦ ʚʪʦʨʦʡ ʦʩʠ. ɺʳʙʦʨʢʠ 

ʇʦʚʦʣʞʴʷ, ʋʨʘʣʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɽʚʨʦʧʳ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʢʘ ʢ 

ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʠʨʦʚʢʝ. ʆʙʨʘʟʮʳ ʠʟ ʚʦʩʪʦʯʥʳʭ ʂʘʨʧʘʪ ʟʘʥʠʤʘʶʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʶʞʥʦʝʚʨʦʧʝʡʩʢʠʤʠ ʠ 

ʚʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʠʤʠ ʚʳʙʦʨʢʘʤʠ. 
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ʈʠʩ.4.11. ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʦʨʜʠʥʘʪ (PCoA) ʥʘ ʦʩʥʦʚʝ ʄʘʥʭʵʪʪʝʥ-

ʜʠʩʪʘʥʮʠʡ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʥʘʙʦʨʫ ʜʘʥʥʳʭ 75all. ɼʘʥʥʳʝ 

ʩʧʨʦʝʮʠʨʦʚʘʥʳ ʥʘ ʧʣʦʩʢʦʩʪʴ ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪ, ʤʘʩʰʪʘʙʳ ʧʦ ʦʩʷʤ 

ʦʜʠʥʘʢʦʚʳ.  

ʂʣʘʩʪʝʨʠʟʘʮʠʷ, ʧʨʦʚʝʜʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ find.clusters 

ʙʠʙʣʠʦʪʝʢʠ adegenet (R) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ K= 2 (56 

ʦʩʝʡ PC) (ʨʠʩ. 4.12). ʆʜʥʘʢʦ, ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ 

PC (ʨʠʩ. 4.13.), ʚʢʣʶʯʝʥʥʳʭ ʚ ʘʥʘʣʠʟ ʠ ʧʨʠ ʯʠʩʣʝ ʦʩʝʡ ʦʪ 44 ʜʦ 31 ʦʧʪʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʣʘʩʪʝʨʦʚ 3. ʄʝʞʜʫ 30 ʠ 25 ʦʧʪʠʤʘʣʴʥʦʝ K=5. ʇʦʩʣʝ ʫʤʝʥʴʰʝʥʠʷ 

ʯʠʩʣʘ PC ʜʦ 25 ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ 

ʣʫʯʰʝʝ ʨʝʰʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʦʛʦ ʯʠʩʣʘ 

ʢʣʘʩʪʝʨʦʚ.  
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ʈʠʩ. 4.12. ɿʥʘʯʝʥʠʷ BIC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ ʧʨʠ 56 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʘʥʘʣʠʟʝ DAPC. 

 

ʈʠʩ. 4.13. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ. A ð ʟʘʚʠʩʠʤʦʩʪʴ lnP(D) ʦʪ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ ʚ ʘʥʘʣʠʟʘʭ 

STRUCTURE. B ð ʟʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʠ ʦʪ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ 

ʚ ʘʥʘʣʠʟʘʭ ADMIXTURE. C ð ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʣʘʩʪʝʨʦʚ (ʚ ʜʠʘʧʘʟʦʥʝ 1ï

10) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʩʦʭʨʘʥʝʥʥʳʭ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʘʥʘʣʠʟʝ 

DAPC. D ð ʟʥʘʯʝʥʠʷ BIC ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʢʣʘʩʪʝʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʯʠʩʣʝ ʩʦʭʨʘʥʝʥʥʳʭ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʘʥʘʣʠʟʝ DAPC: ʧʫʩʪʳʝ ʢʨʫʞʢʠ ð 

nPC = 50, ʟʚʝʟʜʦʯʢʠ ð 35, ʢʚʘʜʨʘʪʳ ð 27, ʟʘʢʨʘʰʝʥʥʳʝ ʢʨʫʞʢʠ ð 22. 

ʅʘ ʨʠʩ. 4.14. ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ 2, 3 ʠ 5 

ʢʣʘʩʪʝʨʦʚ. 
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ʈʠʩ. 4.14. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

(DAPC) ʧʨʠ ʯʠʩʣʝ ʢʣʘʩʪʝʨʦʚ K = 2, 3 ʠ 5. ʎʚʝʪʥʳʝ ʢʨʫʞʢʠ ʧʦʜ ʩʪʦʣʙʮʦʚʳʤʠ 

ʜʠʘʛʨʘʤʤʘʤʠ ʦʙʦʟʥʘʯʘʶʪ ʨʝʛʠʦʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ ADMIXTURE 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4.15.  

ʂʨʦʩʩʚʘʣʠʜʘʮʠʦʥʥʳʡ ʪʝʩʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ K=2 (ʨʠʩ. 4.13.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʜʥʘ ʧʨʝʜʢʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʧʫʣʷʮʠʷʤ ɹʘʣʢʘʥʦ-ɼʫʥʘʡʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʜʨʫʛʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʧʫʣʷʮʠʷʤ ʉʠʙʠʨʠ, ʋʨʘʣʘ ʠ ʚʦʩʪʦʢʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ. ʆʙʨʘʟʮʳ ʠʟ ʂʘʨʝʣʠʠ ʠ ʟʘʧʘʜʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠʤʝʶʪ 

ʩʤʝʰʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ K=3 ʩʦʭʨʘʥʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʉʠʙʠʨʠ, ʋʨʘʣʫ ʠ ʚʦʩʪʦʢʫ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʧʨʝʦʙʣʘʜʘʝʪ ʚʦ ʚʩʝʭ ʧʦʧʫʣʷʮʠʷʭ ʙʘʣʢʘʥʦ-ʜʫʥʘʡʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʢʨʦʤʝ 

ʈʫʤʳʥʠʠ. ʊʨʝʪʴʷ, ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʂʘʨʝʣʠʠ, ʈʫʤʳʥʠʠ ʠ ʥʘ ʟʘʧʘʜʝ ɽʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ K ʜʦ 4 ʧʦʷʚʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ 

ʉʠʙʠʨʠ ʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʛʨʫʧʧʳ, ʘ ʈʫʤʳʥʩʢʠʝ ʦʙʨʘʟʮʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ 
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ʜʨʫʛʠʤʠ ʦʙʨʘʟʮʘʤʠ ʶʞʥʦʡ ɽʚʨʦʧʳ. ʇʨʠ K=5 ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʶʞʥʦʡ ɽʚʨʦʧʳ. ʇʨʠ K=6 ʥʘ ʟʘʧʘʜʝ 

ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘ, ʦʪʜʝʣʴʥʘʷ ʦʪ ʂʘʨʝʣʠʠ. 

ʈʠʩ. 4.15. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ ʧʨʦʛʨʘʤʤʝ ADMIXTURE ʧʨʠ ʯʠʩʣʝ 

ʢʣʘʩʪʝʨʦʚ K = 2ï6. ʎʚʝʪʥʳʝ ʢʨʫʞʢʠ ʧʦʜ ʩʪʦʣʙʮʦʚʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ 

ʦʙʦʟʥʘʯʘʶʪ ʨʝʛʠʦʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ STRUCTURE ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.16. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ K=2 ʢ K=3 (ʨʠʩ. 4.13). 

ʇʨʠ K=2 ʚʦ ʚʩʝʭ ʧʦʧʫʣʷʮʠʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʦʜʥʘ ʧʨʝʜʢʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʘ 

ʚʪʦʨʘʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʦʪʝ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʩ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʶʞʥʦʡ ɽʚʨʦʧʝ, ʂʘʨʝʣʠʠ ʠ ʥʘ ʟʘʧʘʜʝ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ. ʇʨʠ K=3 ʦʜʥʘ ʧʨʝʜʢʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʯʪʠ ʚʦ 

ʚʩʝʭ ʧʦʧʫʣʷʮʠʷʭ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ 100% ʚ ʉʠʙʠʨʠ, ʩʦʩʪʘʚʣʷʷ ʧʦʨʷʜʢʘ 80-90% ʥʘ 

ʚʦʩʪʦʢʝ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʋʨʘʣʝ, 40-50% ʚ ʂʘʨʝʣʠʠ ʠ ʟʘʧʘʜʝ 

ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʘ 0-10% ʚ ʶʞʥʦʡ ɽʚʨʦʧʝ. 



101 
 

ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʚ ʶʞʥʦʡ ɽʚʨʦʧʝ. ʊʨʝʪʴʷ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40-60% ʚ ʂʘʨʝʣʠʠ ʠ ʥʘ ʟʘʧʘʜʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʉʠʙʠʨʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ K ʜʦ 4-6 ʩʪʨʫʢʪʫʨʘ 

ʤʝʥʷʝʪʩʷ ʤʘʣʦ, ʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʥʝʙʦʣʴʰʠʭ ʠ 

ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ ʚ ʶʞʥʦʡ ɽʚʨʦʧʝ, ʘ ʠʭ ʜʦʣʷ ʚ ʦʩʪʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʠʩʯʝʟʘʶʱʝ ʤʘʣʘ (ʨʠʩ. 4.16.).   

ʈʠʩ. 4.16. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚ ʧʨʦʛʨʘʤʤʝ STRUCTURE ʧʨʠ ʯʠʩʣʝ 

ʢʣʘʩʪʝʨʦʚ K = 2ï6. ʎʚʝʪʥʳʝ ʢʨʫʞʢʠ ʧʦʜ ʩʪʦʣʙʮʦʚʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ 

ʦʙʦʟʥʘʯʘʶʪ ʨʝʛʠʦʥʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ AMOVA ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʤʪɼʅʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4.3.  
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ʊʘʙʣʠʮʘ 4.3. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

(AMOVA) S. araneus, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʘ cytb. ʂʫʨʩʠʚʦʤ 

ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ, ʥʝ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʥʫʣʷ ʜʦʩʪʦʚʝʨʥʦ.  

 

ʏʠʩʣ

ʦ 

ʛʨʫʧʧ 

ɼʦʣʷ 

ʤʝʞʛʨʫʧʧʦʚʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ 

(%)  

ɼʦʣʷ 

ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʤʝʞʜʫ 

ʧʦʧʫʣʷʮʠʷʤʠ ʚ 

ʧʨʝʜʝʣʘʭ ʛʨʫʧʧ 

(%) 

ɼʦʣʷ 

ʚʥʫʪʨʠʧʦʧʫʣ

ʷʮʠʦʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪ

ʠ (%) 

CT SC ST 

ɻʨʫʧʧʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ɺʩʝ ʚʳʙʦʨʢʠ 29 26.6 13.3 60.2 0.27 0.18 0.40 

ʉʠʙʠʨʩʢʠʝ ʚʳʙʦʨʢʠ 6 6.3 1.0 92.7 0.06 0.01 0.07 

ɽʚʨʦʧʝʡʩʢʠʝ ʚʳʙʦʨʢʠ 23 15.3 17.7 67.1 0.15 0.21 0.33 

ɽʚʨʦʧʝʡʩʢʠʝ ʚʳʙʦʨʢʠ ʙʝʟ 

ʶʞʥʦʡ ɽʚʨʦʧʳ 
19 17.5 10.7 71.8 0.18 0.13 0.28 

ɽʚʨʦʧʝʡʩʢʠʝ ʚʳʙʦʨʢʠ ʙʝʟ 

ʌʝʥʥʦʩʢʘʥʜʠʠ 
18 14.1 17.1 68.9 0.14 0.20 0.31 

ʖʞʥʘʷ ɽʚʨʦʧʘ 4 0.7 36.8 62.5 0.01 0.37 0.38 

ʄʘʢʨʦʨʝʛʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

ʉʠʙʠʨʴ ï ɽʚʨʦʧʘ (ʚʢʣʶʯʘʷ 

ʶʞʥʫʶ ɽʚʨʦʧʫ) 
2 28.9 21.4 49.8 0.29 0.30 0.50 

ʉʠʙʠʨʴ ï ʶʞʥʘʷ ɽʚʨʦʧʘ ï  

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ɽʚʨʦʧʳ 
3 24.0 21.9 54.1 0.24 0.29 0.46 

ʄʝʞʛʨʫʧʧʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʘʩʴ ʤʝʞʜʫ 

ʚʘʨʠʘʥʪʘʤʠ ʘʥʘʣʠʟʘ ʩ ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʤʘʢʨʦʨʝʛʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʥʘ ʛʨʫʧʧʳ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ (28.9 ï 24.0 %). ɸʥʘʣʠʟ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʘʙʫʶ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʩʠʙʠʨʩʢʦʡ ʛʨʫʧʧʳ ï 

ʚʥʫʪʨʠʛʨʫʧʧʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ~92% ʦʪ ʦʙʱʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʚʩʝ 

ʠʥʜʝʢʩʳ ʬʠʢʩʘʮʠʠ ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ 

ʤʝʞʛʨʫʧʧʦʚʘʷ (ʠ ʚʥʫʪʨʠʨʫʧʧʦʚʘʷ) ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʘ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʚʳʙʦʨʦʢ ʠʟ 

ʌʝʥʥʦʩʢʘʥʜʠʠ ʠ ʖʞʥʦʡ ɽʚʨʦʧʳ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʵʪʠʭ ʚʳʙʦʨʦʢ ʠʟ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʷʶʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺʝʨʦʷʪʥʦ, ʥʠʟʢʠʝ 
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ʧʦʢʘʟʘʪʝʣʠ ʤʝʞʛʨʫʧʧʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʖʞʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʚʳʙʦʨʢʝ 

ʩʚʷʟʘʥʳ ʩ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʥʘ ʚʥʫʪʨʠʛʨʫʧʧʦʚʦʤ ʫʨʦʚʥʝ, ʦʜʥʘʢʦ ʵʪʦʪ 

ʘʩʧʝʢʪ ʥʫʞʜʘʝʪʩʷ ʚ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

ʇʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

(SAMOVA) ʜʦʣʷ ʤʝʞʛʨʫʧʧʦʚʦʡ ʜʠʩʧʝʨʩʠʠ (FCT) ʠ ʤʝʞʛʨʫʧʧʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʠʟʤʝʥʯʠʚʦʩʪʠ (Va) ʦʢʘʟʳʚʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʧʨʠ ʯʠʩʣʝ ʛʨʫʧʧ (K) = 2. ʇʨʠ 

ʨʘʟʜʝʣʝʥʠʠ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʦʙʦʩʦʙʣʷʝʪʩʷ ʦʜʥʘ ʠʟ ʚʝʥʛʝʨʩʢʠʭ ʚʳʙʦʨʦʢ (ˉ 83). 

ʇʦʩʢʦʣʴʢʫ ʥʘʩ ʠʥʪʝʨʝʩʦʚʘʣʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ʥʘ ʚʩʝʤ ʘʨʝʘʣʝ ʚʠʜʘ, ʤʳ 

ʧʦʚʪʦʨʠʣʠ ʘʥʘʣʠʟ, ʠʩʢʣʶʯʠʚ ʚʝʥʛʝʨʩʢʠʝ ʚʳʙʦʨʢʠ (ˉ 76-85).  

ʈʠʩ. 4.17. ʀʟʤʝʥʝʥʠʝ ʤʝʞʛʨʫʧʧʦʚʦʡ ʜʠʩʧʝʨʩʠʠ (FCT) ʠ ʤʝʞʛʨʫʧʧʦʚʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʠʟʤʝʥʯʠʚʦʩʪʠ (Va) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʛʨʫʧʧ ʧʨʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ (SAMOVA). 

ɺ ʵʪʦʤ ʘʥʘʣʠʟʝ Va ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ K=3 (ʈʠʩ. 3.6. SAMOVA), ʘ 

FCT ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ ʧʨʠ K = 4 ʠ ʧʨʠ K = 5, 6, 7 ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʦʙʦʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ K=3. ʇʨʠ ʪʘʢʦʤ 

ʟʥʘʯʝʥʠʠ K ʩʠʙʠʨʩʢʠʝ ʠ ʝʚʨʦʧʝʡʩʢʠʝ ʚʳʙʦʨʢʠ ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ, 

ʪʘʢʞʝ ʦʙʦʩʦʙʣʷʝʪʩʷ ʦʜʥʘ ʠʟ ʚʳʙʦʨʦʢ ʠʟ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ (ˉ 61), 

ʚ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ çʩʠʙʠʨʩʢʠʝè, ʪʘʢ ʠ çʝʚʨʦʧʝʡʩʢʠʝè ʛʘʧʣʦʪʠʧʳ. 
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ɺʳʙʦʨʢʘ ʠʟ ɹʝʨʜʩʢʘ (ˉ 25), ʢʦʪʦʨʘʷ ʥʝʩʝʪ ʝʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ 

ʛʨʫʧʧʠʨʫʝʪʩʷ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ ʚʳʙʦʨʢʘʤʠ. ʇʨʠ K = 4 ʦʙʦʩʦʙʣʷʝʪʩʷ ʪʘʢʞʝ 

ʚʳʙʦʨʢʘ ʠʟ ʦʢʨʝʩʪʥʦʩʪʝʡ ʅʦʚʦʩʠʙʠʨʩʢʘ (ˉ 26).  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ AMOVA ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ SNP (75ul) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4.4.  

ʊʘʙʣʠʮʘ 4.4. ʈʝʟʫʣʴʪʘʪʳ AMOVA ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ SNP (75ul) ʩ 

ʫʯʝʪʦʤ (A) ʠ ʙʝʟ ʫʯʝʪʘ (B) ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʛʝʥʦʪʠʧʘ ʦʩʦʙʠ. ɺʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʜʠʩʧʝʨʩʠʠ ʜʦʩʪʦʚʝʨʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʫʣʷ (P < 0,0001). 

ḝẨẩấẮẤẙẠ ẙẘảẔẤẮẙẏấẨẩẙ 

ḡấảẦấẤẔẤẩẵ 
ẓẙẨẦẔầẨẙẙ 

ḧầấắẔẤẩ 
ẙẘảẔẤẮẙẏấẨẩẙ 

A   

ḤẔẗẓẪ ẐầẪẦẦẍảẙ 45,75 9,6 

ḤẔẗẓẪ ẦấẦẪẢỀắẙỀảẙ ẏẤẪẩầẙ ẐầẪẦẦ 30,65 6,43 

ḤẔẗẓẪ ấẨấẎỀảẙ ẏ ẦấẦẪẢỀắẙẙ 29,98 6,29 

ḓẤẪẩầẙ ấẨấẎẙ 369,97 77,67 

B   

ḤẔẗẓẪ ẐầẪẦẦẍảẙ 45,19 9,49 

ḤẔẗẓẪ ẦấẦẪẢỀắẙỀảẙ ẏẤẪẩầẙ ẐầẪẦẦ 38,34 8,05 

ḤẔẗẓẪ ấẨấẎỀảẙ ẏ ẦấẦẪẢỀắẙẙ 392,86 82,47 
 

ʆʢʦʣʦ 78% ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʘʙʣʶʜʘʝʤʫʶ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʴ. ʀʟʤʝʥʯʠʚʦʩʪʴ ʤʝʞʜʫ ʦʩʦʙʷʤʠ ʚʥʫʪʨʠ ʧʦʧʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

6% ʦʪ ʦʙʱʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʳʙʦʨʢʠ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʪʦʣʴʢʦ ʞʝ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʛʨʫʧʧ. ʆʩʪʘʚʰʠʝʩʷ 10% 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʞʛʨʫʧʧʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ.     

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʄʘʥʪʝʣʘ ʢʘʢ ʜʣʷ cytb ʪʘʢ ʠ ʜʣʷ ʜʘʥʥʳʭ SNP 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʦʩʪʦʚʝʨʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʷʤʠ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ (r=0.29, p < 0.001; r=0.70, 

p<0.0001).  
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ɻʝʥʝʪʠʯʝʩʢʠʡ ʣʘʥʜʰʘʬʪ, ʦʪʨʘʞʘʶʱʠʡ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʧʦ 

ʛʝʥʫ cytb (ʈʠʩ. 4.18.) ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʤʝʥʴʰʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʘʨʝʘʣʘ.  

 

ʈʠʩ. 4.18.  ɻʝʥʝʪʠʯʝʩʢʠʡ ʣʘʥʜʰʘʬʪ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʜʠʩʪʘʥʮʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. D ï ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʜʠʩʪʘʥʮʠʷ (p-ʜʠʩʪʘʥʮʠʷ). 

4.4. ʆʎɽʅʂɸ ʉʂʆʈʆʉʊʀ ʄʆʃɽʂʋʃʗʈʅʆʁ ʕɺʆʃʖʎʀʀ ʈʆɼɸ SOREX 

ʇʆ ʄʀʊʆʍʆʅɼʈʀɸʃʔʅʓʄ ɼɸʅʅʓʄ 

ɺʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʚʠʜʦʚ ʨʦʜʘ Sorex ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʠʟʥʘʢʠ ʥʝʜʘʚʥʝʡ ʵʢʩʧʘʥʩʠʠ ï ʩʪʘʪʠʩʪʠʢʠ ʊʘʜʞʠʤʳ ʠ ʌʫ ʜʦʩʪʦʚʝʨʥʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʘʨʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ ʜʠʩʪʘʥʮʠʡ 

ʫʥʠʤʦʜʘʣʴʥʦ ʠ ʥʝ ʦʪʢʣʦʥʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦ ʦʪ ʦʞʠʜʘʝʤʦʛʦ, ʠʩʭʦʜʷ ʠʟ ʤʦʜʝʣʠ 

ʚʥʝʟʘʧʥʦʡ ʵʢʩʧʘʥʩʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚʨʝʤʝʥʘ ʵʢʩʧʘʥʩʠʠ (Ű) ʠ ʩʢʦʨʦʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ (ʊʘʙʣʠʮʘ 4.5). 
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ʊʘʙʣʠʮʘ 4.5. ʉʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʚʦʣʶʮʠʠ ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʦʜʘ 

Sorex, ʦʮʝʥʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʘʨʥʳʭ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʜʠʩʪʘʥʮʠʡ. 

ɺʠʜ ɻʨʫʧʧʘ N Ű (95% ɼʀ) ʉʢʦʨʦʩʪʴ (95% ɼʀ) 

S. antinorii 
ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ɸʣʴʧʳ 64 2.6 (2.0 -3.3) 10.11 (7.55-12.70) 

ɿʘʧʘʜʥʳʝ ɸʣʴʧʳ 47 4.4 (1.7-6.4) 13.18 (5.05-19.20 

S. minutus 

ʉʝʚʝʨʥʘʷ ʢʣʘʜʘ 90 5.9 (4.9-8.8) 23.00 (19.03-34.28) 

ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʘʷ ʢʣʘʜʘ 20 4.9 (3.1-6.4) 20.04 (12.72-26.41) 

ʎʝʥʪʨʘʣʴʥʘʷ ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ 88 6.0 (5.2-7.3) 26.42 (22.91-32.16) 

ʀʨʣʘʥʜʠʷ 57 2.9 (2.1-3.6) 21.58 (15.60-26.69) 

ɺʥʫʪʨʝʥʥʠʝ ɻʝʙʨʠʜʳ 38 5.7 (2.3-12.4) 22.25 (9.01-48.50) 

S. minutissimus 29 1.9 (0.3-3.8) 7.18 (1.07-14.07) 

S. yukonicus 20 2.3 (1.0-3.6) 8.02 (3.64-12.37) 

S. caecutiens 31 5.8 (4.0-7.2) 30.40 (21.02-37.49) 

S. isodon 23 3.8 (2.3-6.8) 19.79 (12.10-35.63) 

S. asper 22 5.3 (2.2-11.9) 20.65 (8.45-46.09) 

 

ʇʦʣʫʯʝʥʥʘʷ ʥʘʤʠ ʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʩʢʦʨʦʩʪʴ 

ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʡ (ʩʢʦʨʦʩʪʴ ʟʘʤʝʥ, substitution rate) ʜʣʷ ʥʝʜʘʚʥʠʭ ʩʦʙʳʪʠʡ 

ʜʣʷ ʨ. Sorex ʩʦʩʪʘʚʠʣʘ 18.4 Ñ 4.6% ʟʘ ʤʠʣʣʠʦʥ ʣʝʪ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʦʧʦʩʪʘʚʠʤ 

ʩʦ ʩʢʦʨʦʩʪʴʶ, ʦʮʝʥʝʥʥʦʡ ʜʣʷ ʩʦʙʳʪʠʡ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʨ. Sorex ʚ 

ʨʘʙʦʪʝ ɹʘʥʥʠʢʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ (Bannikova et al., 2018; substitution rate = 

13.9%). 

4.5. ʀʉʊʆʈʀʏɽʉʂɸʗ ɼɽʄʆɻʈɸʌʀʗ ʆɹʓʂʅʆɺɽʅʅʆʁ ɹʋʈʆɿʋɹʂʀ 

4.5.1. ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʧʘʨʥʳʭ ʜʠʩʪʘʥʮʠʡ ʧʦ ʛʝʥʫ cytb, 

ʚʝʣʠʯʠʥʳ SSD, ʠʥʜʝʢʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (raggedness index, RI), ʚʝʣʠʯʠʥʳ 

ʩʪʘʪʠʩʪʠʢʠ D ʊʘʜʞʠʤʳ ʠ Fs ʌʫ ʠ ʠʭ ʟʥʘʯʝʥʠʷ p ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 5. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʙʦʨʦʢ ʧʦʧʘʨʥʳʝ ʨʘʟʣʠʯʠʡ ʨʘʩʧʨʝʜʝʣʝʥʳ ʫʥʠʤʦʜʘʣʴʥʦ 

ʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʤʦ ʦʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʤʦʜʝʣʠ ʚʥʝʟʘʧʥʦʡ ʵʢʩʧʘʥʩʠʠ (SEM). 

ɿʥʘʯʝʥʠʝ RI ʚʦ ʚʩʝʭ ʩʣʫʯʘʷ ʪʘʢʞʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʥʫʣʝʚʦʡ 

ʛʠʧʦʪʝʟʳ. ʉʨʝʜʠ ʶʞʥʦʝʚʨʦʧʝʡʩʢʠʭ ʛʘʧʣʦʪʠʧʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʘʨʥʳʭ 



107 
 

ʜʠʩʪʘʥʮʠʡ ʪʘʢʞʝ ʫʥʠʤʦʜʘʣʴʥʦ, ʥʦ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʤʝʞʜʫ 

ʥʘʙʣʶʜʘʝʤʳʤ ʠ ʩʠʤʫʣʠʨʦʚʘʥʥʳʤ (ʩ ʫʯʝʪʦʤ SEM) ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʥʘʯʠʤʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʞʠʜʘʝʤʦʡ ʧʨʠ ʥʫʣʝʚʦʡ ʛʠʧʦʪʝʟʝ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʧʘʨʥʳʭ 

ʨʘʟʣʠʯʠʡ ʚ ɹʘʣʢʘʥʦ-ɼʫʥʘʡʩʢʦʡ ʣʠʥʠʠ (ʉʣʦʚʝʥʠʷ ʠ ɺʝʥʛʨʠʷ), ʥʘʦʙʦʨʦʪ, 

ʦʢʘʟʘʣʦʩʴ ʟʘʤʝʪʥʦ ʙʠʤʦʜʘʣʴʥʳʤ, ʥʦ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʟʥʘʯʠʤʦ ʦʪ SEM. ɺʳʙʦʨʢʠ 

ʩ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʥʦʡ ʉʠʙʠʨʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʦʚʝʨʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

SEM, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʠʟʢʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʳʙʦʨʢʠ 

ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ɽʥʠʩʝʷ.  

ʊʝʩʪʳ ʥʘ ʥʝʡʪʨʘʣʴʥʦʩʪʴ ʊʘʜʞʠʤʳ ʠ ʌʫ ʦʪʚʝʨʛʘʶʪ ʛʠʧʦʪʝʟʫ ʩʝʣʝʢʪʠʚʥʦʡ 

ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʨʦʤʝ ʚʳʙʦʨʦʢ ʠʟ ʉʣʦʚʝʥʠʠ ʠ ɺʝʥʛʨʠʠ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ FS ʌʫ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʟʥʘʯʠʤʳʤ. 

ɿʥʘʯʝʥʠʷ TMRCA ʜʣʷ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ, Ű (ʠʩʭʦʜʷ ʠʟ ʤʦʜʝʣʠ ʚʥʝʟʘʧʥʦʡ 

ʵʢʩʧʘʥʩʠʠ) ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʘ ʥʘʯʘʣʘ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʵʢʩʧʘʥʩʠʠ ʦʮʝʥʝʥʥʳʝ 

ʠʩʭʦʜʷ ʠʟ ʤʦʜʝʣʠ ʚʥʝʟʘʧʥʦʡ ʵʢʩʧʘʥʩʠʠ ʠ ʠʟ ʘʥʘʣʠʟʘ ʉʢʘʡʣʘʡʥ ʧʨʠʚʝʜʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 4.6. ʠ ʥʘ ʈʠʩʫʥʢʝ 4.19.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʨʝʜʥʠʭ ʠ ʤʝʜʠʘʥʥʳʭ ʚʝʣʠʯʠʥʘʭ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ 

ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʩʮʝʥʘʨʠʡ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ S. araneus:  

1. ʄʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ TMRCA ʜʣʷ ʧʦʣʥʦʡ ʚʳʙʦʨʢʠ S. araneus 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʥʝʤʫ ʣʝʜʥʠʢʦʚʦʤʫ ʤʘʢʩʠʤʫʤʫ (22.7 ʪ.ʣ.ʥ.).  

2. ʈʘʜʠʘʮʠʷ ʝʚʨʦʧʝʡʩʢʦʡ ʣʠʥʠʠ (ʚʢʣʶʯʘʷ ʦʪʜʝʣʝʥʠʝ ʚʦʩʪʦʯʥʦ-

ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʶʞʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ ʣʠʥʠʠ) ʥʘʯʘʣʘʩʴ ʚ ʢʦʥʮʝ ʧʦʩʣʝʜʥʝʛʦ 

ʦʣʝʜʝʥʝʥʠʷ.  

3. TMRCA's ʝʝ ʶʞʥʦ- ʠ ʚʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ ʩʫʙʢʣʘʜ, ʘ ʪʘʢʞʝ 

ʩʠʙʠʨʩʢʦʡ ʢʣʘʜʳ ʜʘʪʠʨʫʶʪʩʷ ʧʝʨʠʦʜʦʤ ʧʦʪʝʧʣʝʥʠʷ Bßlling-Allerßd. 

ʇʦʩʣʝʜʥʠʡ ʦʙʱʠʡ ʧʨʝʜʦʢ ʦʙʨʘʟʮʦʚ ʠʟ ʟʘʧʘʜʥʦ-ʩʠʙʠʨʩʢʦʡ ʩʫʙʢʣʘʜʳ ʧʦ ʥʘʰʝʡ 

ʦʮʝʥʢʝ ʞʠʣ ʚ ʙʦʨʝʘʣʴʥʦʤ ʧʝʨʠʦʜʝ ʛʦʣʦʮʝʥʘ. 

4. ɺʩʝ ʦʮʝʥʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʥʘʯʘʣʩʷ ʧʦʩʣʝ (ʠʣʠ ʚ ʢʦʥʮʝ) Younger Dryas (YD) ʚʦ 

ʚʩʝʭ ʨʝʛʠʦʥʘʭ ɽʚʨʦʧʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʶʞʥʦʡ ɽʚʨʦʧʳ, ʛʜʝ ʨʦʩʪ ʥʘʯʘʣʩʷ ʚ 
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Bßlling-Allerßd (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʉʢʘʡʣʘʡʥ). ɺʦ ʚʩʝʭ 

ʝʚʨʦʧʝʡʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʶʞʥʦʡ ɽʚʨʦʧʳ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʯʠʩʣʝʥʥʦʩʪʠ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʫʤʘ ʚʦ ʚʨʝʤʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʭ ʙʦʨʝʘʣʴʥʦʡ 

ʠ ʘʪʣʘʥʪʠʯʝʩʢʦʡ ʬʘʟ ʛʦʣʦʮʝʥʘ.  

5. ʈʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʋʨʘʣʘ ʠ ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʉʢʘʡʣʘʡʥ, ʪʘʢʞʝ ʥʘʯʘʣʩʷ 

ʧʦʩʣʝ YD, ʚ ʧʨʝʙʦʨʝʘʣʴʥʦʤ ʠʣʠ ʜʘʞʝ ʘʪʣʘʥʪʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ. ʅʘ ʚʦʩʪʦʢʝ 

ʩʠʙʠʨʩʢʦʡ ʯʘʩʪʠ ʘʨʝʘʣʘ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʯʘʣʩʷ ʧʦʩʣʝ ʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʠ ʜʦʩʪʠʛ ʤʘʢʩʠʤʫʤʘ ʚ ʩʫʙʙʦʨʝʘʣʴʥʦʤ ʧʝʨʠʦʜʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʦʩʪʠʞʝʥʠʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʦʧʫʣʷʮʠʷʤʠ ʋʨʘʣʘ ʠ ʟʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʥʘʰʠʭ 

ʦʮʝʥʦʢ ʚʨʝʤʝʥʠ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʣʘʛʦʜʘʨʷ 

ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʠʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʥʘʤʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʟʘʤʝʥ. 

ʆʜʥʘʢʦ, ʜʘʞʝ ʪʘʢʠʝ ʰʠʨʦʢʠʝ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʦʢʘʟʘʣʠʩʴ 

ʥʝʩʦʚʤʝʩʪʠʤʳ ʩ ʛʠʧʦʪʝʟʦʡ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʝʨʠʦʜ ʜʦ ʤʘʢʩʠʤʫʤʘ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʦʛʦ ʤʝʞʣʝʜʥʠʢʦʚʴʷ MIS3). 

ʊʘʙʣʠʮʘ 4.6. ʇʘʨʘʤʝʪʨʳ ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ S. araneus ʚ ʮʝʣʦʤ 

ʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʛʘʧʣʦʛʨʫʧʧ ʛʨʫʧʧ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ: TMRCA, Ű ʠ 

ʚʨʝʤʷ ʵʢʩʧʘʥʩʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʶ ʚʥʝʟʘʧʥʦʡ ʵʢʩʧʘʥʩʠʠ, ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ (0.1 ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʯʠʩʣʝʥʥʦʩʪʠ), ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʢʦʥʝʮ 

ʨʦʩʪʘ (ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ=0) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʥʘʣʠʟʦʤ ʉʢʘʡʣʘʡʥ. 

 

TMRCA, 

ʪ.ʣ.ʥ. 

(95%CI) 

ʄʦʜʝʣʴ ʚʥʝʟʘʧʥʦʡ 

ʵʢʩʧʘʥʩʠʠ 
ʉʢʘʡʣʘʡʥ 

Tau 

(95%CI) 

ɺʨʝʤʷ, 

kya 

(95%CI) 

ʅʘʯʘʣʦ ʨʦʩʪʘ, 

kya (95%CI) 

ʄʘʢʩ 

ʨʦʩʪ, kya 

(95%CI) 

ʂʦʥʝʮ 

ʨʦʩʪʘ, kya 

(95%CI) 

ʖʞʥʘʷ ʉʠʙʠʨʴ (6-11, 21-25; 

ʩʠʙʠʨʩʢʠʝ ʛʘʧʣʦʪʠʧʳ) 
 

3.3 

(1.0-5.8) 

7.8 

(2.6-18.2) 
   

ʖʞʥʘʷ ʉʠʙʠʨʴ (6-11, 20-25)  
3.5 

(0.9-9.0) 

8.5 

(2.1-23.4) 
   



109 
 

ʎʝʥʪʨʘʣʴʥʘʷ ʉʠʙʠʨʴ (12-19)  
0.5 

(0.2-1.3) 

1.4 

(0.4-3.6) 
   

ʉʠʙʠʨʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚ 

ʉʠʙʠʨʠ 
 

2.5 

(0.9-4.4) 

5.9 

(1.5-15.9) 

4.5 

(2.5-8.3) 

3.8 

(2.0-7.2) 

1.6 

(0.8-3.0) 

ʉʠʙʠʨʩʢʘʷ ʢʣʘʜʘ 
14.7 

(5.1-36.3) 

2.2 

(0.7-4.6) 

5.3 

(1.7-12.9) 

4.7 

(2.6-8.6) 

4.0 

(2.1-7.6) 

1.9 

(1.1-3.5) 

ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʘʷ ʢʣʘʜʘ 
8.7 

(2.8-31.3) 

3.0 

(1.5-5.9) 

7.1 

(2.8-14.9) 
   

ɿʘʧʘʜʥʘʷ ʩʠʙʠʨʴ (26-32)***   
3.5 

(1.4-4.8) 

8.3 

(3.6-16.7) 
   

ɽʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚ 

ʉʠʙʠʨʠ 
 

3.1 

(0.9-5.1) 

7.4 

(2.5-17.5) 
   

ʖʞʥʳʡ ʋʨʘʣ (30-34)  
4.8 

(1.8-6.1) 

11.4 

(4.9-23.0) 
   

ʋʨʘʣ ʠ ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ 

(26-38) 
 

4.4 

(2.3-5.3) 

10.6 

(5.3-19.0) 

7.3 

(3.9-14.0) 

4.7 

(2.3-9.7) 
1.4 

ʉʝʚʝʨʥʳʡ ʋʨʘʣ (35-38)  
4.5 

(2.4-6.1) 

10.7 

(5.2-19.7) 
   

ʉʝʚʝʨ ɽʚʨʦʧʝʡʩʢʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ (39-45) 
 

4.2 

(2.3-5.4) 

10.1 

(5.1-18.2) 
   

ʎʝʥʪʨʘʣʴʥʘʷ ʈʦʩʩʠʷ 

(46, 51-55) 
 

5.1 

(2.9-6.4) 

12.2 

(6.2-21.2) 
   

ɺʦʩʪʦʯʥʘʷ ʌʝʥʥʦʩʢʘʥʜʠʷ ʠ 

ʧʨʠʣʝʞʘʱʠʝ ʪʝʨʨʠʪʦʨʠʠ 

(56-68) 

 
5.1 

(1.8-6.2) 

12.2 

(5.2-24.1) 
   

ɽʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚ 

ʚʦʩʪʦʯʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ ʠ ʥʘ 

ʧʨʠʣʝʞʘʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

 
3.6 

(1.1-5.3) 

8.7 

(3.1-19.4) 
   

ʉʠʙʠʨʩʢʠʝ ʛʘʧʣʦʪʠʧʳ ʚ 

ʚʦʩʪʦʯʥʦʡ ʌʝʥʥʦʩʢʘʥʜʠʠ ʠ ʥʘ 

ʧʨʠʣʝʞʘʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

 
2.7 

(1.2-3.5) 

6.4 

(2.9-12.2) 
   

ʖʞʥʘʷ ɽʚʨʦʧʘ (70-89) 
14.3 

(4.4-32.7) 

5.0 

(3.2-5.7) 

11.9 

(6.5-20.0) 

14.2 

(7.8-26.6) 

12.2 

(6.7-22.4) 

6.5 

(3.7-11.4) 

ɺʝʥʛʨʠʷ ʠ ʉʣʦʚʝʥʠʷ 
12.7 

(3.9-28.8) 
     

ɺʦʩʪʦʯʥʘʷ ɽʚʨʦʧʘ 

(ʝʚʨʦʧʝʡʩʢʠʝ ʛʘʧʣʦʪʠʧʳ) 
13.2 

(6.9-20.5) 

4.8 

(3.1-5.8) 

11.4 

(6.2-19.5) 

9.1 

(5.2-16.0) 

7.2 

(4.0-12.7) 

3.7 

(2.0-6.9) 

ɽʚʨʦʧʝʡʩʢʘʷ ʢʣʘʜʘ 
17.3 

(5.8-50.1) 

4.7 

(4.1-6.6) 

11.1 

(6.3-18.3) 

13.1 

(7.5-23.0) 

9.1 

(5.0-16.7) 

5.2 

(3.0-9.3) 

ɺʩʷ ʚʳʙʦʨʢʘ 
22.7 

(7.9-68.3) 

6.3 

(4.6-7.0) 

15.0 

(8.5-24.4) 

8.7 

(5.0-15.2) 

8.0 

(4.5-14.3) 

4.9 

(2.8-8.5) 
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4.5.2. ɼʘʥʥʳʝ SNP 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʊʘʜʞʠʤʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʨʠʮʳ SNP (95all) ʢʘʢ ʜʣʷ 

ʩʦʚʦʢʫʧʥʦʡ ʚʳʙʦʨʢʠ, ʪʘʢ ʠ ʜʣʷ ʚʳʙʦʨʦʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷ (ʶʛ, ʟʘʧʘʜ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʋʨʘʣ, 

ʚʦʩʪʦʢ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʉʠʙʠʨʴ) ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʦʩʪ 

ʵʬʬʝʢʪʠʚʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ (ʊʘʙʣʠʮʘ 4.7.). 

 

  

  

 

ʈʠʩ. 4.20. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩ StairwayPlot. ɻʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ 

ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʡ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʫʨʦʟʫʙʢʠ. 
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ʊʘʙʣʠʮʘ 4.7. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʊʘʜʞʠʤʳ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

SNP-ʤʘʪʨʠʮʳ 95all. 

 

ḓẨẔ ẦầấẎẵ ḒẍẢẠẍẤẵ 

ḘẏầấẦẔẚẨẠẍỀ 
ẩẔầầẙẩấầẙỀ 
ḨấẨẨẙẙ 

ḓấẢẐẍ  ḫầẍẢ ḩẙẎẙầẳ 

Tadjima's D -1,814 -1,294 -1,011 -0,726 -0,384 

Sd 0,015 0,015 0,020 0,024 0,031 

 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʦʙʳʢʥʦʚʝʥʥʦʡ 

ʙʫʨʦʟʫʙʢʠ, ʦʮʝʥʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʝ Stairwayplot ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ (ʨʠʩ. 

4.20.). ɺʦ ʚʩʝʭ ʧʷʪʠ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʳʡ ʨʦʩʪ, ʟʘ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ 

ʧʣʘʪʦ. ʇʨʠ ʵʪʦʤ ʨʘʥʴʰʝ ʚʩʝʛʦ ʨʦʩʪ ʥʘʩʪʫʧʘʝʪ ʚ ʖʞʥʦʡ ɽʚʨʦʧʝ, ʟʘʪʝʤ ʚ 

ʂʘʨʝʣʠʠ, ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ ʥʘ ʋʨʘʣʝ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʟʞʝ ʚ ʉʠʙʠʨʠ.   

4.6. ʈɽʂʆʅʉʊʈʋʂʎʀʗ ʇʈɽɼʂʆɺʆɻʆ ɸʈɽɸʃɸ 

ʈʠʩ. 4.21. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʧʨʝʜʢʦʚʳʭ ʘʨʝʘʣʦʚ 

ʧʦʩʣʝʜʥʝʛʦ ʦʙʱʝʛʦ ʧʨʝʜʢʘ S. araneus. 

ʈʝʟʫʣʴʪʘʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʢʦʚʦʛʦ ʘʨʝʘʣʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʛʝʥʘ cytb ʜʣʷ ʢʦʨʥʷ (root node) ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩ. 

4.21.) ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʧʦʩʣʝʜʥʠʡ ʦʙʱʠʡ ʧʨʝʜʦʢ ʩʦʚʨʝʤʝʥʥʦʡ Sorex araneus 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʦʙʠʪʘʣ ʚ ʖʞʥʦʡ ɽʚʨʦʧʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʘʨʝʘʣ ʧʨʝʜʢʦʚʦʛʦ 

ʛʘʧʣʦʪʠʧʘ ʨʘʩʧʦʣʦʞʝʥ ʢ ʶʛʫ ʦʪ ʂʘʨʧʘʪ ʙʦʣʝʝ ʯʝʤ ʚ 60% ʨʝʧʣʠʢ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʧʨʝʜʢʦʚʳʡ ʘʨʝʘʣ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʂʘʨʝʣʠʠ ʠʣʠ ʜʘʞʝ ʚ ʉʠʙʠʨʠ. 

ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʠʟʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʙʘʟʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʝʨʝʚʘ ʧʦ cytb 

ʠ ʥʘʣʠʯʠʝʤ ʦʙʦʩʦʙʣʝʥʥʦʛʦ ʙʘʟʘʣʴʥʦʛʦ ʛʘʧʣʦʪʠʧʘ ʚ ʂʘʨʝʣʠʠ.  
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