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Abstract 

���ecu�ar species rec�g�iti�� a�d ide�tificati��� based �� the �it�ch��dria� c�x1 a�d �� the �uc�ear ITS2� were perf�r�ed 

�� i�dividua�s �f T�ry�us siesis c���ected i� Ita�y� �� its c��se re�ative T� beeficus a�d �� �ative t�ry�ids� The 

aut��atic(gap(disc�very (ABGD) a�a�yses c�rrect�y separate a���st a�� ��rph�species� 4� the basis �f c�x1� i�dividua�s �f 

�ate(spri�g T� beeficus c�ustered with T� siesis� a�d th�se ide�tified as ear�y(spri�g T� beeficus were rec�g�i'ed as a 

separate e�tity� Whereas� T� beeficus ec�types c�ustered with T� siesis �� the basis �f ITS2� C�a�esce�t tree(based 

�eth�ds c��fir�ed these resu�ts� The c�x1�based rec�g�iti�� �f ear�y(spri�g T� beeficus as a separate phy��species �ed us 

t� c��c�ude that this tax�� deserves t� be treated as a va�id species� whereas i�dividua�s ide�tified as �ate(spri�g T� beeficus 

�ight be c��sidered as part �f T� siesis� ��rph���gica� ide�tificati�� a�d B/AST a�a�yses c��fir�ed that �� T� beeficus 

was i�p�rted i�t� Ita�y t� c��tr�� Dry�c�s�us �uriphi�us� 

 

�eyw	rds 

C�assica� bi���gica� c��tr��� Dry�c�s�us �uriphi�us� ���ecu�ar tax����y� T�ry�us beeficus� T�ry�us siesis� W��bachia 
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I�tr	ducti	� 

 

The Asia� chest�ut ga�� wasp (ACGW)� Dry�c�s�us �uriphi�us Yasu�atsu� 1951 (Hy�e��ptera6 Cy�ipidae)� �ative �f 

Chi�a� was c��sidered t� be a �a<�r pest �f chest�ut (Castaea spp�) by the �id(20th ce�tury� It estab�ished itse�f i� severa� 

c�u�tries� bei�g rep�rted i� =apa� (1941)� ?�rea (1958)� the U�ited States (1974)� Bepa� (1999)� a�d Ca�ada (2012)� I� 

Eur�pe� it was first rec�rded i� Ita�y i� 2002� a�d is ��w rep�rted i� 19 Eur�pea� c�u�tries (De�a�ić 2016D EPP4 2016D 

�ichae�aEis 2016D RadGc' 2016)� 

This ga�� wasp i�duces the f�r�ati�� �f gree�ish(red ga��s� which deve��p at the ti�e �f budburst i� the f����wi�g ear�y(

spri�g� suppressi�g sh��t e���gati�� a�d causi�g a gradua� dec�i�e i� the vig�r �f the h�st p�a�ts (EFSA 2010)� Severe �ut 

pr�ducti�� ��sses due t� the deve��p�e�t �f ga��s were esti�ated t� reach up t� 85% i� ��rther� Ita�y (B�si� et a�� 2013D 

Battisti et a�� 2014)�  

I� =apa�� the i�dige��us parasit�id T�ry�us beeficus Yasu�atsu & ?a�i<�� 1979 (Hy�e��ptera6 T�ry�idae) was used as 

a bi���gica� c��tr�� age�t �f the ACGWD h�wever� it was ��t ab�e t� suppress chest�ut ga�� wasp p�pu�ati��s� thus requiri�g 

the i�tr�ducti�� �f the c��ge�eric species T� siesis ?a�i<�� 1982 fr�� Chi�a (Yara 2006)� These tw� species� T� siesis 

a�d T� beeficus� are difficu�t t� separate �� the basis �f either their ��rph���gy �r ec���gica� traits� The rati� �f the 

�vip�sit�r sheath �e�gth t� the �atera� �e�gth �f the th�rax (4JT rati�)� a�d the e�erge�ce peri�d were used t� disti�guish 

e�pirica��y the tw� species (KtaEe� 1987D ��riya et a�� 1992)� H�wever� the 4JT rati� was sh�w� ��t t� be c��p�ete�y 

re�iab�e (Yara 2004) a�d app�icab�e f�r fe�a�e adu�ts ���y� a�d the discri�i�ati�� based �� the e�erge�ce peri�d �ay be 

ha�pered by s�ight differe�ces �bserved betwee� the tw� species a�d by the fact that tw� ec�types �f T� beeficus have 

bee� described� �a�e�y ear�y(spri�g a�d �ate(spri�g types� each sh�wi�g differe�t e�erge�ce peri�ds (Yara et a�� 2000)� 

���ecu�ar �arEers were deve��ped t� disti�guish the tw� species� such as is�'y�e a�d DBA �arEers� the �atter targeti�g 

�uc�ear a�d �it�ch��dria� DBA (Yara 2004D Yara 2006D Yara & ?u�i�i 2009)� Additi��a� pr�b�e�s with species 

discri�i�ati�� are based �� hybridi'ati�� that was �bserved betwee� T� siesis a�d b�th ec�types �f T� beeficus (T�da et 

a�� 2000D Yara et a�� 2000D Yara et a�� 2010)� These hybrids are E��w� t� have i�ter�ediate ��rph���gica� features i� 

respect t� the pare�ta� species� Hybridi'ati�� betwee� �a�es �f T� siesis a�d fe�a�es �f T� beeficus was hyp�thesi'ed �� 

the basis �f �tDBA sh�wi�g a c��ser re�ati��ship betwee� �ate(spri�g T� beeficus a�d T� siesis tha� t� ear�y(spri�g T� 

beeficus (Yara 2004)� He�ce� defi�itive differe�tiati�� betwee� T�ry�us species a�d hybrids has ��t yet bee� achieved 

(Yara & ?u�i�i 2009D Yara 2014)� Differe�t p�ssib�e hyp�theses c�u�d be f�r�u�ated t� exp�ai� the phy��ge�etic patter� 

rep�rted i� Figure 2 i� Yara (2004)� �ai��y6 i) i�adequate tax����y� vi� T� beeficus �ate spri�g ec�type is sy���y� �f T� 
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siesis� as suggested by the great variabi�ity �� the 4JT rati� �f these species (Yara 2004)D ii) i�c��p�ete �i�eage s�rti�gD 

a�d iii) the �ccurre�ce �f e�d�sy�bi��t(�ediated �tDBA i�tr�gressi�� causi�g disc�rda�ce betwee� species a�d ge�e 

trees i� the T� siesis – T� beeficus gr�up� as i� the case �f the parasit�id wasps �f the ge�us Dip�a�� a�d the a�pha(

pr�te�bacteriu� W��bachia (?��pfstei� et a�� 2016)� 

After 15 years fr�� the first rep�rt �f the ACGW i� Eur�pe� a�d despite the species rich�ess �f the recruited parasit�id 

c���u�ity� parasitis� by �ative �atura� e�e�ies is sti�� ��w (�at�šević & �e�iEa 2013D Quacchia et a�� 2013D A��a et a�� 

2014D Fra�cati et a�� 2015D C����bari & Battisti 2016)� F�r this reas��� a c�assica� bi���gica� c��tr�� appr�ach was 

u�dertaEe� i� Eur�pe si�i�ar t� th�se i� =apa� a�d i� the USA (��riya et a�� 2003D C��per & RiesEe 2011)� T�ry�us 

siesis speci�e�s i�p�rted fr�� =apa� were re�eased i� Ita�y starti�g i� 2005 (Quacchia et a�� 2008D Ferraci�i et a�� 

2015a)� a�d afterwards i� �ther Eur�pea� c�u�tries (Papare��a et a�� 2016)� It pr�ved t� sett�e successfu��y i� the chest�ut(

gr�wi�g areas c��tai�i�g the ACGW �utbreaEs especia��y i� ��rther� Ita�y where it was i�itia��y re�eased� ��re�ver� after a 

te�(year peri�d� a differe�tiati�� i� �bserved behavi�rs was rec�rded (e�g�� pr����ged diapause a�d h�st ra�ge expa�si��D 

Ferraci�i et a�� 2015a� Ferraci�i et a�� 2017)� 

Eve� if �� evide�ce �f diverge�t e�erge�ce peri�ds f�r T� siesis was ever rec�rded i� Ita�y� but due t� the difficu�ty i� 

discri�i�ati�g T� beeficus� T� siesis� a�d hybrids� i�vestigati��s �� the bi�c��tr�� age�t �f the ACGW re�eased i� Ita�y 

were carried �ut� I� particu�ar� usi�g ���ecu�ar appr�aches a�d species de�i�itati�� t���s� three �a<�r g�a�s are addressed i� 

the prese�t study6 i) test the c��grue�ce betwee� ��rph�species a�d phy��species i� the i�tr�duced a�d i�dige��us 

T�ry�us speciesD ii) estab�ish whether T� beeficus i�dividua�s �r hybrids were i�itia��y re�eased i� Ita�y t�gether with 

=apa�(i�p�rted T� siesis speci�e�sD iii) i�vestigate the prese�ce �f W��bachia i� the exa�i�ed species t� pr�vide 

pre�i�i�ary i�f�r�ati�� regardi�g the distributi�� �f this bacteriu� withi� T� siesis – T� beeficus �ate spri�g ec�type� 

 

�ateria�s a�d �eth	ds 

Ethics state�et 

A�� experi�e�ts were c��ducted i� acc�rda�ce with the �egis�ati�� a�d guide�i�es �f the Eur�pea� U�i�� f�r the pr�tecti�� 

�f a�i�a�s used f�r scie�tific purp�ses (http6JJec�eur�pa�euJe�vir���e�tJche�ica�sJ�abOa�i�a�sJ�egis�ati��Oe��ht�)� 

A�� experi�e�ta� pr�t�c��s usi�g a�i�a�s were appr�ved by the ad�h�c C���ittee �f DISAFA �f the U�iversity �f T�ri��� 

I� additi��� a�� �ecessary per�its were i� ha�d whe� the research was c��ducted� 

 

Isects sa�p�ig� �aipu�ati� ad ��rph���gica� idetificati� 
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Fr�� 2006 t� 2016� putative T� siesis adu�ts e�ergi�g fr�� withered chest�ut ga��s c���ected i� Ita�y a�d =apa� were used 

f�r this study� a���g with �ative species �f T�ry�us e�ergi�g fr�� withered �aE a�d chest�ut ga��s c���ected i� Ita�y� as 

described i� Tab�e 1 a�d Figure 1� (Fig� 1 here) ��re precise�y� regardi�g T� siesis� the DBA was extracted fr��6 i) 

speci�e�s e�erged i� Ita�y fr�� chest�ut withered ga��s c���ected i� =apa� a�d pr�vided by the Bati��a� Agricu�tura� 

Research Ce�ter i� TsuEuba (Quacchia et a�� 2008)D ii) the pr�ge�y �f the adu�ts used i� the first re�eases i� Ita�y which 

�ccurred duri�g 2006 a�d 2008D iii) i�dividua�s e�ergi�g fr�� withered chest�ut ga��s c���ected i� Pied���t (Ita�y) 

betwee� 2014 a�d 2016� where the parasit�id was re�eased f�r the first ti�e� t�gether with speci�e�s e�ergi�g after a tw�(

year diapauseD a�d iv) three i�dividua�s� c���ected fr�� �aE ga��s �f the ga�� wasp Bi�rhi�a pa��ida (4�ivier� 1791)� Bative 

t�ry�ids� e�ergi�g fr�� ga��s �f D� �uriphi�us� B� pa��ida� Cyips divisa Hartig� 1840 a�d Cyips quercusf��ii /i��aeus� 

1758 c���ected i� A�sta Va��ey� /iguria� a�d Pied���t regi��s �f ��rth(wester� Ita�y� were a�s� i�c�uded i� the prese�t 

study� C���ecti��s were perf�r�ed b�th by ha�d a�d with the aid �f ��ppi�g shears� Ga��s were is��ated i� p�astic c��tai�ers 

a�d st�red i� �utd��r c��diti��s u�ti� parasit�id e�erge�ce� acc�rdi�g t� the �eth�d described by Ferraci�i et a�� (2015b)� 

A���g the e�erged parasit�ids� t�ry�id species were ide�tified by usi�g specific dich�t���us Eeys rep�rted i� De Vere 

Graha� & Gi<swi<t (1998) a�d ?a�i<� (1982)� a�d by c��paris�� with v�ucher speci�e�s dep�sited at the DISAFA(

E�t�����gy �ab�rat�ry� Ita�y� We were ab�e t� i�c�ude T� affiis (F��sc����be� 1832)� T� auratus (�P��er� 1764)� T� 

cyaeus Wa�Eer� 1847� T� f�avipes (Wa�Eer� 1833)� a�d T� geraii (Wa�Eer� 1833) (Tab�e 1)� 

 

D&A extracti�� PCR ad sequecig 

Che�ex DBA extracti�� acc�rdi�g t� ?aarti�e� et a�� (2010) was perf�r�ed �� �etath�racic �egs� dissected fr�� the 

speci�e�s� A�� the extracted speci�e�s were st�red i� etha��� a�d preserved i� the DISAFA c���ecti��s with v�uchers 

rep�rted i� Tab�e 1� Sa�p�es were sub<ect t� a�p�ificati�� �f the �it�ch��dria� cyt�chr��e c �xidase subu�it 1 (c�x1) 

ge�e� a�d the �uc�ear regi�� �f the i�ter�a� tra�scribed spacer 2 (ITS2) betwee� 5�8S rRBA a�d -SU rRBA ge�es� F�r c�x1 

a�p�ificati��� pri�ers C4I pF2 (?aarti�e� et a�� 2010) a�d HC4 (F���er et a�� 1994) were used with the f����wi�g 

c��diti��s6 a� i�itia� de�aturati�� step �f 2 �i� at 94QC� f����wed by 5 cyc�es �f 30 sec at 94QC� 1 �i� at 45QC� a�d 1 �i� at 

72QC� the� 35 cyc�es �f 30 sec at 94QC� 1 �i� at 50QC� a�d 1 �i� at 72QCD a fi�a� exte�si�� step �f 7 �i� at 72QC was 

app�ied� PCR f�r ITS2 was carried �ut with pri�ers ITS2fJr as described by Ca�pbe�� et a�� (1993)� The �btai�ed PCR 

pr�ducts were purified with the c���ercia��y avai�ab�e Eit (Ge�E�uteT� PCR C�ea�(Up ?it� Sig�a(A�drich) a�d seque�ced 

(Ge�echr��� R��e� Ita�y)� 
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E�ectr�pher�gra�s were �a�ua��y checEed usi�g Ge�ei�us Pr� 8�1 (Bi��atters /td�� AucE�a�d� Bew Rea�a�d)D �� 

heter�'yg�tes were rec�vered i� ITS2 e�ectr�pher�gra�s usi�g a d�ub�e peaEs si�i�arity �f 95%� The �uc�e�tide seque�ces 

were dep�sited i� the Eur�pea� Buc�e�tide Archive with accessi�� �u�bers /T821524 ( /T821619 a�d /T821620 ( 

/T821715� respective�y f�r c�x1 a�d ITS2� T� c��fir� the ��rph���gica� ide�tificati�� �f the speci�e�s� c�x1 ge�e 

seque�ces were sub<ected t� Buc�e�tide B/AST a�a�ysis agai�st �r database (https6JJb�ast��cbi������ih�g�vJB�ast�cgi)� 

4rth���g�us seque�ces fr�� T�ry�us spp�� with the additi�� �f B��ta��yia (S/egastig�us) d�rsa�is (Fabricius� 1798) as 

�utgr�up� were retrieved fr�� Ge�Ba�E (Tab�e 1)� The c�x1 dataset was a�ig�ed at the a�i�� acid �eve� usi�g �USC/E 

(Edgar 2004) a�d bacE tra�s�ated at the �uc�e�tide �eve�� whereas the ITS2 dataset was a�ig�ed usi�g �AFFT (?at�h et a�� 

2005) with E(IBS(i strategy� P��r�y a�ig�ed p�siti��s i� ITS2 a�ig��e�t were tri��ed with Gb��cEs (Castresa�a 2000) 

usi�g the strategy ad�pted by Sassera et a�� (2010) f�r a �ess stri�ge�t se�ecti��� 

 

 

Species de�i�itati� aa�yses 

Differe�t �eth�ds� with �� a pri�ri i�f�r�ati�� �� the ��rph�species� were ad�pted as described i� previ�us studies 

(���tag�a et a�� 2016a� b)� Brief�y� the aut��atic barc�de gap disc�very t��� (ABGDD Pui��a�dre et a�� 2012) a�d c�a�esce�t 

tree(based �eth�ds represe�ted by the ge�era�i'ed �ixed Yu�e(c�a�esce�t ��de� (G�YCD P��s et a�� 2006D Fu<isawa a�d 

Barrac��ugh� 2013) a�d its Bayesia� i�p�e�e�tati�� (bG�YCD Reid & Carste�s 2012) were used� These �eth�ds were 

exte�sive�y used t� rec�g�i'e a�d de�i�it species (e�g�� Cra�st�� & ?r�sh 2015D /ec�cq et a�� 2015) as we�� as supp�rt the 

descripti�� �f �ew i�sect taxa (e�g�� ���tag�a et a�� 2013D ���tag�a et a�� 2016b)� 

ABGD a�a�yses were perf�r�ed �� c�x1 a�d ITS2 a�ig�ed seque�ce datasets thr�ugh the web i�terface 

(http6JJwwwabi�s�v�<ussieu�frJpub�icJabgd) with the u�c�rrected p dista�ce (C���i�s et a��� 2012D Srivathsa� et a��� 2012) a�d 

defau�t setti�gs f�r the re�ai�i�g para�eters� 

The u�tra�etric tree required as i�put by the c�a�esce�t tree(based �eth�ds �f species de�i�itati�� was i�ferred with 

BEAST (Dru����d et a�� 2012)� Each a�ig��e�t was a�a�y'ed with =��de�Test 2 (Darriba et a�� 2012) a�d the ��st 

suitab�e ��de� �f �uc�e�tide ev��uti�� was se�ected usi�g the Bayesia� I�f�r�ati�� Criteri�� (Su��iva� & =�yce� 2005)� 

Ide�tica� hap��types �f c��specific speci�e�s were re��ved fr�� the datasets i� �rder t� �utf�a�E 'er�(�e�gth i�ter�a� 

��des i� the trees� Phy��ge�etic rec��structi�� was achieved u�der the Bayesia� fra�ew�rE usi�g BEAST (Dru����d et 

a�� 2012)� three i�depe�de�t ru�s were perf�r�ed f�r each dataset with the f����wi�g setti�gs6 �e�gth �f the �arE�v chai� �f 

10T8 ge�erati��sD trees a�d para�eters sa�p�ed every 1�000 ge�erati��sD ��de�s �f �uc�e�tide ev��uti�� as �btai�ed by the 
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��de� se�ecti��� vi� GTR (/a�ave et a�� 1984) with ga��a distributi�� (Γ) a�d pr�p�rti�� �f i�variab�e sites (I) i� the case 

�f c�x1� ?80 (?i�ura� 1980) U I i� the case �f ITS2D u�c�rre�ated re�axed c��cE type (Dru����d et a�� 2006)D tree pri�r set 

�� the Birth(Death I�c��p�ete Sa�p�i�g (Stad�er 2009)D �ther pri�r para�eters were set t� defau�t va�ues� The c��verge�ce 

�f the ru�s was visua��y exa�i�ed by TRACER (Dru����d et a�� 2012)� a�d the bur�(i� fracti�� esti�ated acc�rdi�g�y� 

After the re��va� �f the bur�(i� trees fracti��� trees were resa�p�ed at ��wer freque�cies i� �rder t� �btai� 5�000 trees f�r 

each ru�� a�d the� resa�p�ed trees were �erged a�d the �axi�u� c�ade credibi�ity tree was �btai�ed usi�g TreeA���tat�r 

(Dru����d et a�� 2012)� 

Si�g�e(thresh��d G�YC a�a�yses a�d bG�YC a�a�yses were perf�r�ed usi�g the R pacEages SP/ITS a�d bG�YC 

respective�y� The �axi�u� c�ade credibi�ity u�tra�etric tree previ�us�y i�ferred was used as i�put f�r G�YCD whereas� i� 

the case �f bG�YC� 30 ra�d���y sa�p�ed trees a���g the 15�000 �erged BEAST trees were used as i�put� The 

para�eters �f bG�YC a�a�ysis were6 �arE�v Chai� ���te Car�� �e�gth �f 100�000 ge�erati��s� sa�p�ed every 100 

ge�erati��s a�d a bur�(i� �f 800 trees� �eadi�g t� the esti�ati�� �f the statistics �� a sa�p�e �f 6�000 trees� 

Pairwise �uc�e�tide p(dista�ce withi� a�d betwee� taxa were ca�cu�ated usi�g �EGA 6 (Ta�ura et a�� 2013)� �issi�g data 

a�d gaps were exc�uded i� the pairwise dista�ce esti�ati�� a�d the sta�dard deviati�� was esti�ated by 500 b��tstrap 

pseud� rep�icates� 

 

W��bachia detecti� 

I� �rder t� pr�vide pre�i�i�ary i�f�r�ati�� regardi�g the distributi�� �f W��bachia withi� the T� siesis – T� beeficus 

gr�up� DBA is��ates fr�� a�� T� siesis speci�e�s were tested f�r the prese�ce �f this bacteriu� by PCR targeti�g the 16S 

rRBA ge�e by usi�g the W(Spec fJr pri�er pair as previ�us�y described (Werre� & Wi�ds�r� 2000)� after wh��e b�dy DBA 

extracti�� acc�rdi�g t� Raddadi et a�� (2011)� B��e �f the PCRs targeti�g W��bachia ge�es �ed t� p�sitive a�p�ificati��s� 

with the excepti�� �f the p�sitive c��tr��� a�d thus this resu�t wi�� ��t be rep�rted i� the Resu�ts ad Discussi� secti�� but 

���y c���e�ted i� the C�c�usi�� 

 

Resu�ts 

Datasets descripti� ad ���ecu�ar species idetificati� 

DBA was extracted fr�� a t�ta� �f 96 adu�t speci�e�s (47 fe�a�es a�d 49 �a�es) c���ected fr�� differe�t ��ca�ities a�d 

attributed t� the f����wi�g six species6 T� affiis (� S 6)� T� auratus (� S 2)� T� cyaeus (� S 4)� T� f�avipes (� S 3)� T� geraii 

(� S 2)� a�d T� siesis (� S 79) (Tab�e 1)� A frag�e�t �f 427 bp �f the �it�ch��dria� c�x1 ge�e a�d ITS2 seque�ces� 
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ra�gi�g fr�� 478 bp �f T� siesis t� 638 bp �f T� affiis� were �btai�ed f�r 95 i�dividua�s� The ��rph���gica� 

ide�tificati�� �f the speci�e�s c���ected i� Ita�y was c��fir�ed by a B/AST search �� c�x1 ge�e seque�ces (99%(100% �f 

ide�tity with c��specific speci�e�s)� Acc�rdi�g t� previ�us�y pub�ished ITS2 pr�fi�es (Yara 2006)� a�� the T� siesis 

c���ected i� Ita�y p�ssessed a h���a��e�ic ge��type� 57 i�dividua�s the 0J0� 14 i�dividua�s the (2J(2 a�d the speci�e� 

TsPBp13O1 c���ected i� Pied���t fr�� a ga�� �f B� pa��ida the ge��type (4J(4 (Tab�e 2)� 

With the additi�� �f �rth���g�us ge�e seque�ces avai�ab�e i� pub�ic rep�sit�ries f�r the species T� affiis� T� auratus� T� 

beeficus (ear�y( a�d �ate(spri�g ec�types)� T� f�avipes� T� geraii a�d T� siesis� the c�x1 a�d ITS2 datasets were 

c��p�sed �f� respective�y� 136 a�d 103 �uc�e�tide seque�ces� which� resu�ted i� 101 a�d 60 seque�ces f�r c�x1 a�d ITS2� 

respective�y� after the re��va� �f ide�tica� �uc�e�tide seque�ces (as described i� secti�� Species de�i�itati� aa�yses i� 

�ateria�s a�d �eth�ds)� 

 

Distace�based species de�i�itati� 

ABGD a�a�ysis perf�r�ed �� the a�ig�ed c�x1 ge�e seque�ces retrieved a perfect �atch betwee� the i�itia� a�d the 

recursive partiti��s at �uc�e�tide diverge�ce ra�gi�g fr�� 0�3% t� 1�3%� a�d �i�e gr�ups were ide�tified (�r putative 

���ecu�ar species)� high�y c��grue�t with ��rph���gica� ide�tificati��� (Fig� S1)� Particu�ar�y� T� affiis� T� auratus� T� 

cyaeus� T� f�avipes� T� geraii� T�ry�us sp� a�d B� d�rsa�is (�utgr�up) were rec�vered as separate e�titiesD speci�e�s 

ide�tified i� the �iterature as �ate(spri�g T� beeficus gr�uped with T� siesis� whi�e� a�� the i�dividua�s ide�tified as ear�y(

spri�g T� beeficus be���ged t� a separate gr�up� A�� the speci�e�s c���ected i� Ita�y (detai�s are rep�rted i� secti�� Isects 

sa�p�ig� �aipu�ati� ad ��rph���gica� idetificati� i� �ateria�s a�d �eth�ds) gr�uped with speci�e�s ide�tified as 

�ate(spri�g T� beeficus a�d as T� siesis retrieved by previ�us studies� I�creasi�g the pri�r i�traspecific �uc�e�tide 

diverge�ce t� va�ues betwee� 2% a�d 3�6% (Figure S1)� the i�itia� a�d recursive partiti��s �atch i� a sec��d �pti�u�� 

where the speci�e�s ide�tified as ear�y(spri�g T� beeficus were rec�g�i'ed i� the sa�e ev��uti��ary u�it with i�dividua�s 

�f the �ate(spri�g ec�type a�d the c��se�y re�ated T� siesis� The c��se re�ati��ship �f T� siesis a�d T� beeficus (b�th 

ec�types) is a�s� c��fir�ed by the ��w betwee�(taxa �uc�e�tide p(dista�ce �f 4�8% (SD S 0�7%D Tab�e 3)� Whe� the tw� 

ec�types �f T� beeficus are c��sidered separate�y� the �uc�e�tide p(dista�ces betwee� the� a�d T� siesis were 1�8% (SD 

S 0�4%) a�d 5�7% (SD S 0�9%)� respective�y i� the case �f �ate( a�d ear�y(spri�g ec�types (Tab�e 3)� 

Si�i�ar resu�ts i� the de�i�itati�� �f the species were achieved a�s� by ABGD a�a�yses perf�r�ed �� the ITS2 dataset� 

Seve� partiti��s were �btai�ed fr�� va�ues �f �uc�e�tide p(dista�ce ra�gi�g fr�� 0�8% t� 10%� with a �atch betwee� the 

i�itia� a�d recursive partiti��s (Fig� S2)� I� the case �f ITS2� a�� the speci�e�s ide�tified as T� siesis a�d the tw� 
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speci�e�s �f T� beeficus (ear�y( a�d �ate(spri�g) c�ustered withi� the sa�e gr�up (the achieved resu�t is ��t attributab�e t� 

the ad�pted tri��i�g strategy si�ce �� �uc�e�tides �f these tw� taxa were re��ved fr�� the a�ig��e�t)D a si�i�ar behavi�r 

was �bserved a�s� f�r T� auratus a�d T� geraii� I�teresti�g�y� the speci�e� �f T� geraii fr�� TsuEuba (=apa�� AB200280) 

was assig�ed t� a separate gr�up i� respect t� the Ita�ia� c��specific speci�e�s� The �atter resu�t is i� agree�e�t with the 

extre�e�y high va�ue �f withi�(taxa �uc�e�tide p(dista�ce rec�vered f�r T� geraii (average 21%� SD S 1�7%D Tab�e 3)� i� 

the ra�ge �f betwee� taxa va�ues� Except f�r T� geraii� the i�traspecific �uc�e�tide p(dista�ce ca�cu�ated �� ITS2 spa�s 

fr�� 2�4% (SD S 0�5%) t� 0%� respective�y i� the case �f T� affiis a�d T� beeficus (��e i�dividua� f�r each �f the tw� 

ec�typesD Tab�e 3)D whereas the i�terspecific �uc�e�tide p(dista�ce ra�ge fr�� 30�6% (SD S 2�1%) betwee� T� geraii – T� 

cyaeus t� 0�5% (SD S 0�2%) betwee� T� siesis a�d T� beeficus (Tab�e 3)�  

 

Tree�based species de�i�itati� 

The t�p���gies �f the Bayesia� c��se�sus c�x1 a�d ITS2 trees� used as i�put f�r the tree(based species de�i�itati�� 

�eth�ds� were ��t t�ta��y c��grue�t� as expected f�r c��se�y re�ated taxa (Figures 2 a�d 3)� (Figures 2� 3 here) 

4� the basis �f c�x1� a���st a�� the a�a�y'ed species were we�� supp�rted a�d ����phy�etic� with a Bayesia� p�steri�r 

pr�babi�ity (BPP) �f 1D the ���y excepti�� is represe�ted by the seque�ces ide�tified as �ate(spri�g T� beeficus that 

c�ustered with T� siesis� Tw� we�� supp�rted c�ades (BPP �f 0�97 a�d �f 0�96)� sub A a�d sub B i� Figure 2� ca� be 

ide�tified withi� the c�ade �ate(spri�g T� beeficus – T� siesis (BPP S 1)D h�wever� a c�ear c�usteri�g patter� is ��t 

ide�tifiab�e� A�� the speci�e�s c���ected i� Ita�y a�d ide�tified as T� siesis c�ustered withi� the c�ade T� siesis – �ate(

spri�g T� beeficus� �� speci�e�s �f ear�y(spri�g T� beeficus were i�p�rted i�t� Ita�y t� c��tr�� the ACGW thr�ugh the 

withered chest�ut ga��s� Eve� the speci�e� TsPBp13O1� with ge��type (4UG c�rresp��di�g t� that �f ear�y(spri�g T� 

beeficus� c�ustered withi� the c�ade T� siesis – �ate(spri�g T� beeficus �� the basis �f c�x1 seque�ce� as t� be expected 

c��sideri�g the resu�ts �f B/AST a�a�ysis� C��verse�y� re�ati��ships a���g the species gr�ups� especia��y th�se betwee� 

the c��p�ex T� siesis – T� beeficus a�d the re�ai�i�g species are ��t res��ved �� the basis �f c�x1 ge�e� ��re�ver� i� 

the case �f the ITS2 tree� the Bayesia� p�steri�r pr�babi�ity ass�ciated with ��rph�species was high but T� beeficus a�d T� 

geraii resu�ted paraphy�etic� 

Species de�i�itati�� a�a�yses perf�r�ed by i�p�e�e�ti�g c�a�esce�t tree(based appr�aches �ed t� a���st ide�tica� resu�ts 

f�r b�th c�x1 a�d ITS2 �arEers� Regardi�g the c�x1 dataset� the G�YC ��de� exhibited a sig�ifica�t�y better �iEe�ih��d 

tha� the �u�� ��de� (��g/G�YC S 822�6� ��g/BU// S 805�8� 2Δ/ S 33�5� χV test p�va�ue W 0�0001)� At the thresh��d betwee� 

Yu�e a�d C�a�esce�t ��de�s� vi� c�ad�ge�esis – a�age�esis� seve� �axi�u� �iEe�ih��d c�usters (95% CI X7� 8Y) a�d a t�ta� 
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�f te� e�tities �r putative ���ecu�ar species (95% CI X10� 11Y) were ide�tified (Figure 2)� Ide�tica� resu�ts were �btai�ed by 

bG�YC� which ide�tified 10 ev��uti��ary u�its supp�rted by a BPP ≥ 0�65 (Figure 2)� These resu�ts are i� acc�rda�ce with 

th�se �btai�ed by the dista�ce(based appr�ach� The ��rph�species i�c�uded i� the prese�t study� with the ���y excepti�� �f 

T� siesis – T� beeficus� were ide�tified by G�YC a�d bG�YC as be���gi�g t� separate e�tities� T�ry�us beeficus� as 

previ�us�y rep�rted (Yara� 2004)� resu�ted paraphy�eticD the �i�eage with i�dividua�s assig�ed t� ear�y(spri�g phe��type 

resu�ted ����phy�etic a�d we�� is��ated (BPPbG�YC S 0�75)� the sister �f the c�ade T� siesis – �ate(spri�g T� beeficus 

(BPPbG�YC S 0�65)� F�r the highest va�ue �f the c��fide�ce i�terva� �f e�tities rec�vered by G�YC (i�e�� 11)� �btai�ed 

��vi�g the Yu�e(C�a�esce�t thresh��d t�wards the tips� the c�ade T� siesis – �ate(spri�g T� beeficus is sp�it i�t� tw� 

disti�ct c�ades (Figure 2) with a c�usteri�g patter� �f i�dividua�s ��t exp�icab�e either i� ter�s �f their ge�graphic �rigi� ��r 

i� ter�s �f ec���gy� A�� the speci�e�s ide�tified as �ate(spri�g T� beeficus are gr�uped i� the c�ade sub A (BPP S 0�97D 

Figure 2)� p�ssib�y c�rresp��di�g t� subgr�up 3 i� Figure 2 �f Yara (2004)� H�wever� the fact that i�dividua�s �f T� siesis 

(AB07483� AB07484) be���gi�g t� subgr�ups 1 �r 2 i� Figure 2 �f Yara (2004) c�ustered here withi� the c�ade sub A with 

�ate(spri�g T� beeficus d�es ��t supp�rt this p�ssibi�ity� but ��re �iEe�y� that T� siesis – �ate(spri�g T� beeficus 

represe�ts a si�g�e species� 

4� the basis �f ITS2 seve� �axi�u� �iEe�ih��d e�tities have bee� ide�tified (Figure 3) (��g/G�YC S 434�1� ��g/BU// S 

431�1� 2Δ/ S 6D p�va�ue S 0�049)� but a wider 95% c��fide�ce i�terva� i� respect t� that achieved �� the basis �f the c�x1 

�arEer is rec�vered (95% CI X3(34Y)� bG�YC reached a���st ide�tica� resu�ts �f th�se �f G�YC� ide�tifyi�g five e�tities 

with BPP � 0�65 a�d seve� with BPP > 0�5 (Figure 3)� It is ��tew�rthy that b�th ec�types �f T� beeficus (represe�ted by 

��e speci�e� each) fa�� i�t� a si�g�e gr�up with T� siesis (BPP S 0�67)� c��fir�i�g the resu�ts achieved by ABGD� Tw� 

separate a�d we��(supp�rted e�tities c�u�d be rec�g�i'ed withi� the c�ade c��p�sed �f T� siesis – T� beeficus� Apart 

fr�� the T� beeficus – T� siesis c�ade� T� geraii resu�ted paraphy�etic� whi�e T� affiis� T� f�avipes a�d T� cyaeus 

resu�ted ����phy�etic a�d rec�g�i'ed as separate e�tities� 

 

Discussi	� 

TaEi�g adva�tage �f the rece�t i�tr�ducti�� �f T� siesis i� Ita�y as a bi�c��tr�� age�t �f the ACGW� the prese�t study is 

�ai��y f�cused �� testi�g the c��grue�ce betwee� ��rph�species a�d putative ���ecu�ar species (�r phy��species) �f the 

high�y ��rph���gica��y si�i�ar T� siesis – T� beeficus c��p�ex as we�� as �ative t�ry�ids� The resu�ts achieved by the 

previ�us studies atte�pti�g t� disti�guish T� siesis fr�� T� beeficus usi�g ���ecu�ar �arEers (Yara 2004� Yara 2006� 
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Yara & ?u�i�i 2009) pr��pted us t� ad�pt rig�r�us a�d rece�t�y deve��ped species de�i�itati�� t���s (i�e�� ABGD� G�YC 

a�d bG�YC) i� �rder t� test the species status �f these tw� taxa a�d that �f the �ative t�ry�ids� ��re�ver� si�ce the 

c�usteri�g patter� �f T� siesis a�d T� beeficus previ�us�y �btai�ed by c�x1 ge�e seque�ces was c��grue�t with 

e�d�sy�bi��t(�ediated �tDBA i�tr�gressi��� speci�e�s �f T� siesis c���ected i� Ita�y were tested f�r the prese�ce �f 

W��bachia� widespread i� i�vertebrates a�d rec�g�i'ed as the �aster �a�ipu�at�r �f their repr�ducti�� (Werre� et a�� 2008)� 

B��e �f the a�a�y'ed i�dividua�s sh�wed the prese�ce �f this bacteriu�� H�wever� si�ce t�p���gies �btai�ed usi�g c�x1 a�d 

ITS2 are disc�rda�t i� respect t� T� siesis – T� beeficus gr�up� vi� T� siesis a�d T� beeficus (ear�y( a�d �ate(spri�g) 

be���g t� the sa�e c�ade usi�g ITS2 but ear�y(spri�g T� beeficus be���g t� a differe�t c�ade usi�g c�x1� the prese�ce �f 

W��bachia duri�g the ev��uti�� �f the gr�up f����wed by a sec��dary ��ss ca���t be exc�uded �� the basis �f the prese�t 

study� ��re�ver� the p�ssibi�ity that �thers vertica��y i�herited e�d�sy�bi��ts� as [Cadidatus Cardi�iu�” (Rch�ri(Fei� 

a�d Per��a�� 2004)� i�f�ue�ced the ev��uti�� �f the gr�up was ��t i�vestigated i� this study� 

Usi�g c�x1 a�d ITS2 �arEers� a�� the ad�pted species de�i�itati�� appr�aches� represe�ted by �uc�e�tide dista�ce a�d 

c�a�esce�t tree(based �eth�ds� agree i� rec�g�i'i�g as separate phy��species a�� the �ative ��rph�species (Figures 2 a�d 

3)� I�teresti�g�y� the ITS2 seque�ce �f T� geraii avai�ab�e i� Ge�Ba�E (AB200280) did ��t c�uster with c��specific 

speci�e�s c���ected i� Ita�y� a�d due t� its high va�ue �f �uc�e�tide p(dista�ce re�ative t� the �ther c��specific (>20%)� it 

c�u�d be c��sidered as be���gi�g t� a differe�t tax�� (Figure 3)� Regardi�g the T� siesis – T� beeficus (ear�y( a�d �ate(

spri�g ec�types) c��p�ex� �� the basis �f c�x1 �arEer a�� speci�e�s �f ear�y(spri�g T� beeficus were ide�tified as a 

separate phy��speciesD this resu�t �et us hyp�thesi'e that the tax�� deserves t� be treated as va�id species� Whereas� si�ce 

i�dividua�s ide�tified as �ate(spri�g T� beeficus resu�ted i� a we��(de�i�ited gr�up t�gether with a�� T� siesis� they �ight 

be c��sidered as part �f this �atter species (Figure 2)� This resu�t is further c��fir�ed by the ��w va�ue �f the c�x1 �ea� 

�uc�e�tide p�distace betwee� T� siesis a�d the �ate(spri�g T� beeficus (1�8%� SD S 0�4)� which is i� the ra�ge �f the 

i�traspecific �uc�e�tide dista�ce va�ues esti�ated i� this study f�r the �ther a�a�y'ed T�ry�us species (Tab�e 3)� 

 

Usi�g ITS2 �arEer� T� beeficus (represe�ted ���y by tw� i�dividua�s f�r which the c�rresp��di�g c�x1 seque�ces are ��t 

avai�ab�e i� pub�ic rep�sit�ries) a�d T� siesis (39 i�dividua�s) be���g t� the sa�e ev��uti��ary u�it (Figure 3)� The tw� 

we��(supp�rted e�tities ide�tified by bG�YC withi� the T� siesis – T� beeficus gr�up d� ��t �atch a�y appare�t 

ge�graphic �r ec���gica� patter�� The resu�ts achieved usi�g this �arEer p�ssib�y suggests that ITS2 pr�fi�e is ��t re�iab�e t� 

disti�guish species a�d ec�types withi� the T� siesis species c��p�exD h�wever� si�ce t� �ur E��w�edge� c�x1 a�d ITS2 
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seque�ces �f the sa�e T� beeficus i�dividua� are ��t prese�t i� pub�ic rep�sit�ries� a c��c�usi�� ca���t be reached usi�g 

the avai�ab�e data� 

The va�ues �f �uc�e�tide p(dista�ce� the achieved tree t�p���gies� a�d the species de�i�itati�� resu�ts are c��grue�t with the 

f����wi�g sce�ari�s6 i) a rece�t �rigi� �f the taxa �f T� siesis – T� beeficus c��p�ex� i� which a c��p�ete �i�eage s�rti�g 

has ��t yet bee� achievedD ii) the prese�ce �f tw� de�i�ited species� vi�� ear�y spri�g T� beeficus a�d �ate spri�g T� 

beeficus – T� siesis� with the resu�ti�g i�c�rrect ide�tificati�� �f i�dividua�s assig�ed t� T� beeficus �ate spri�gD �r� iii) a 

si�g�e species requiri�g sy���y�y� 

I� c��c�usi��� the achieved resu�ts are far fr�� bei�g c��c�usive a�d a� i�tegrative tax����y a�a�ysis with a� i�creased 

�u�ber �f speci�e�s a�d based �� a �u�ti(ge�e appr�ach is required t� defi�itive�y s��ve the b�u�dary betwee� these tw� 

sister species� Besides� �ur study c��fir�s that �� i�dividua�s �f the ear�y(spri�g T� beeficus ec�type were i�p�rted fr�� 

=apa� t� c��tr�� the ACGW� Dry�c�s�us �uriphi�us� 
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Figure 1* C���ecti�� sites �f the speci�e�s a�a�y'ed i� the prese�t study� 

 

Figure 2* Species de�i�itati�� a�a�ysis based �� c�x1 ge�e seque�ces� A Bayesia� u�tra�etric tree i�ferred fr�� the c�x1 

ge�e seque�ce dataset� after the re��va� �f ide�tica� hap��types� T� beeficus – T� siesis speci�e�s are high�ighted with 

differe�t c���rs as f����w6 gree� S T� siesis� fr�� the prese�t studyD ye���w S T� siesis� fr�� Ge�Ba�E (Tab�e 1)D �ight 

b�ue S �ate(spri�g T� beeficus ec�type� fr�� Ge�Ba�E (Tab�e 1)D fuchsia S ear�y(spri�g T� beeficus ec�type� fr�� 

Ge�Ba�E (Tab�e 1)� 

C�ades c�rresp��di�g t� G�YC �axi�u� �iEe�ih��d c�usters �r putative ���ecu�ar species are rep�rted i� red� a�d by darE 

grey vertica� b��cEsD vertica� b�acE b��cEs i�dicate the ide�tified ��rph�species (�)D putative ���ecu�ar species ide�tified 

by bG�YC are represe�ted by vertica� s��id c���red b�xes� c���rs i�dicate supp�rt va�ues �f Bayesia� p�steri�r pr�babi�ity 

(BPP)6 0�5 – 0�9 i� �ra�ge� 0�9 – 0�95 i� �chre� 0�95 – 0�99 i� ye���wD �ight grey texture b�xes i�dicate putative ���ecu�ar 

species ide�tified by ABGD� 4� the �ai� ��des �f the phy��gra� are rep�rted the va�ues �f BPP � 0�7D � S bpp W 0�7� 

 

Figure 3* Species de�i�itati�� a�a�ysis based �� ITS2 ge�e seque�ces� A Bayesia� u�tra�etric tree i�ferred fr�� the ITS2 

ge�e seque�ce dataset� after the re��va� �f ide�tica� hap��types� T� beeficus – T� siesis speci�e�s are high�ighted with 

differe�t c���rs as f����w6 gree� S T� siesis� fr�� the prese�t studyD ye���w S T� siesis� fr�� Ge�Ba�E (Tab�e 1)D �ight 

b�ue S �ate(spri�g T� beeficus ec�type� fr�� Ge�Ba�E (Tab�e 1)D fuchsia S ear�y(spri�g T� beeficus ec�type� fr�� 

Ge�Ba�E (Tab�e 1)� 

C�ades c�rresp��di�g t� G�YC �axi�u� �iEe�ih��d c�usters �r putative ���ecu�ar species are rep�rted i� red� a�d by darE 

grey vertica� b��cEsD vertica� b�acE b��cEs i�dicate the ide�tified ��rph�species (�)D putative ���ecu�ar species ide�tified 

by bG�YC are represe�ted by vertica� s��id c���red b�xes� c���rs i�dicate supp�rt va�ues �f Bayesia� p�steri�r pr�babi�ity 

(BPP)6 0�5 – 0�9 i� �ra�ge� 0�95 – 0�99 i� ye���w� 0�99 – 1 i� whiteD �ight grey texture b�xes i�dicate putative ���ecu�ar 

species ide�tified by ABGD� 4� the �ai� ��des �f the phy��gra� are rep�rted the va�ues �f BPP � 0�7� 
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Tab�e 1* Sa�p�es a�a�y'ed i� the study� 

Species � �  � �  �� H	st ga�� wasp E�erge�ce Ga�� pr	ve�ie�cea V	uchers1Accessi	� �	* �ar�er Refere�ce 

T� siesis 5 6 11 D� �uriphi�us Apri� 2006 IT ( Pied���t Regi�� TsP06O1(11 c�x1� ITS2 This study 
̎ 5 3 8 ̎ �ay 2008 =P ( IbaraEi Prefecture Ts=08O1(8 ̎ ̎ 
̎ 3 3 6 ̎ �ay 2008 IT ( Pied���t Regi�� TsP08O1(6 ̎ ̎ 
̎ 0 3 3 B� pa��ida �ay 2013 ̎ TsPBp13O1(3 ̎ ̎ 
̎ 4 8 12 D� �uriphi�us �arch 2014 ̎ TsPd14O1(12 ̎ ̎ 
̎ 8 5 13 ̎ Apri� 2014 ̎ TsP14O1(9� 11(14 ̎ ̎ 
̎ 7 4 11 ̎ Apri� 2015 ̎ TsP15O1(11 ̎ ̎ 
̎ 7 8 15 ̎ Apri� 2016 ̎ TsP16O1(15 ̎ ̎ 

T� affiis 2 0 2 ̎ �arch 2010 ̎ Taf10O1(2 ̎ ̎ 
̎ 3 0 3 B� pa��ida �arch 2014 IT ( A�sta Va��ey Regi�� Taf14O1(3 ̎ ̎ 
̎ 0 1 1 ̎ 4ct�ber 2014 ̎ TafA14O1 ̎ ̎ 

T� auratus 0 2 2 ̎ Apri� 2014 IT ( /iguria Regi�� Tau14O1(2 ̎ ̎ 
T� cyaeus 1 1 2 D� �uriphi�us �ay 2010 IT ( Pied���t Regi�� Tc10O1(2 ̎ ̎ 

̎ 1 1 2 C� divisa 4ct�ber 2014 ̎ Tc14O1(2 ̎ ̎ 
T� f�avipes 0 3 3 D� �uriphi�us =u�e 2014 IT ( A�sta Va��ey Regi�� Tf14O1(3 ̎ ̎ 
T� geraii 1 0 1 ̎ August 2012 IT ( /iguria Regi�� Tg12CO1 ̎ ̎ 

̎ 0 1 1 C� quercusf��ii Apri� 2015 IT ( Pied���t Regi�� Tg15QO1 ̎ ̎ 
T� affiis ( ( 1 4aE cy�ipid ( HU ( Vas C�u�ty H�574341 c�x1 ?aarti�e� et a�� 2010 

T� auratus ( ( 1 ̎ ( HU ( =]s'(BagyEu�(S'����E C�u�ty H�574340 ̎ ̎ 
T� beeficus 

�ate spri�g 
( ( 4 D� �uriphi�us Apri� 1988 =P ( IbaraEi Prefecture AB070476(AB070479 ̎ Yara 2004 

T� beeficus 

ear�y spri�g 
( ( 4 ̎ �arch 1991 =P ( FuEushi�a Prefecture 

AB070473(AB070475� 
AB070480 

̎ ̎ 

̎ ( ( 4 ̎ �arch–Apri� 1988 =P ( IbaraEi Prefecture AB070493 (AB070496 ̎ ̎ 
̎ ( ( 2 ̎ Apri� 1993� 1997 =P ( Baga�� Prefecture AB070497 ( AB070498 ̎ ̎ 
̎ ( ( 1 ̎ �arch 1991 =P ( Hir�shi�a Prefecture AB070499 ̎ ̎ 
̎ ( ( 3 ̎ �arch–Apri� 1993 =P ( ?u�a��t� Prefecture AB070501 ( AB070503 ̎ ̎ 
̎ ( ( 1 ̎ �arch 1993 =P ( A���ri Prefecture AB070504 ̎ ̎ 

T� cyaeus ( ( 1 4aE cy�ipid ( FI ( Varsi�ais(Su��i Regi�� H�574245 ̎ ?aarti�e� et a�� 2010 
T� f�avipes ( ( 1 ( ( SP =Q416941 ̎ St��e et a�� 2012 
T� geraii ( ( 1 4aE cy�ipid ( HU ( Ves'prf� C�u�ty H�574309 ̎ ?aarti�e� et a�� 2010 

T� siesis ( ( 4 D� �uriphi�us �arch–Apri� 1993 CB ( Hebei Pr�vi�ce 
AB070482 ( AB070483� 
AB070485 ( AB070486 

̎ Yara 2004 

̎ ( ( 2 ̎ Apri� 1993 CB ( /ia��i�g Pr�vi�ce AB070484� AB070487 ̎ ̎ 
̎ ( ( 1 ̎ Apri� 1992 ?R ( ?y��gsa�g�a�(d� Pr�vi�ce AB070488 ̎ ̎ 
̎ ( ( 3 ̎ Apri� 2000 ?R ( ?a�gw��(d� Pr�vi�ce AB070489 ( AB070491 ̎ ̎ 
̎ ( ( 1 ̎ Apri� 1996 =P ( Shi�a�e Prefecture� 4Ei Is�a�ds AB070492 ̎ ̎ 
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T�ry�us sp� ( ( 1 
Ce�ticecis 

3ap�ica 
�ay 2000 =P ( Chiba Prefecture AB070500 ̎ ̎ 

̎ ( ( 1 D� �uriphi�us Apri� 1993 =P ( A���ri Prefecture AB070481 ̎ ̎ 
T� f�avipes ( ( 1 4aE cy�ipid  FI ( Varsi�ais(Su��i Regi�� H�574237 ITS2 ?aarti�e� et a�� 2010 
T� geraii 1 0 1 D� �uriphi�us 1997 =P ( IbaraEi Prefecture AB200280 ̎ Yara 2006 

T� beeficus 

ear�y spri�g 
1 0 1 ̎ 1988 =P ( IbaraEi Prefecture AB200271 ̎ ̎ 

T� beeficus 

�ate spri�g 
1 0 1 ̎ 1988 =P ( IbaraEi Prefecture AB200272 ̎ ̎ 

T� siesis ( ( 1 ̎ 1993 CB ( Hebei Pr�vi�ce AB200274 ̎ ̎ 
/egastig�us 

d�rsa�is 
( ( 1 ( ( CB ( Gui'h�u AY317240 c�x1 Che� et a�� 2004 

̎ ( ( 1 4aE cy�ipid ( ( GU123292 ITS2 Bich���s et a�� 2010 
 

B�te� a6 C�u�try abbreviati��s acc�rdi�g with C�u�try c�des IS4 3166� 
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Tab�e 2* Freque�cy �f ge��type� expressed as �u�ber �f i�dividua�s� f�r ITS2 seque�ces �f T� siesis� 

 

 

 

 

 

Tab�e 3* Withi� a�d betwee� �ea� va�ues �f �uc�e�tides p(dista�cea� 

Torymus 

species 

p-distance 

T. sinensis T. beneficus LS T. beneficus ES T. beneficus* T. auratus T. geranii T. affinis T. cyaneus T. flavipes 
T. sinensis 1.3(0.3)/0.6(0.1) 1.8(0.4) 5.7(0.9) 4.8 (0.7) 10.1(1.3) 9.9(1.3) 11.4(1.3) 12.3(1.5) 12.1(1.5) 

T. beneficus LS 0.5(0.2) 0.9(0.2)/- 5.2(0.6)  10.5(1.2) 25(1.8) 11.9(1.3) 21.9(2.1) 19.4(2) 

T. beneficus ES 0.5(0.2) 0 0.3(0.1)/-  11.2(1.3) 24.9(1.8) 11.7(1.3) 21.9(2.1) 19.6(2) 

T. beneficus*  0.5(0.2)   2.3(0.2)/0 11.1(1.2) 25(1.8) 11.8(1.2) 21.9(2) 19.5(2) 

T. auratus 24.2(2.2) 23.5(2.1) 23.3(2.1) 23.4 (2.2) 1.1(0.4)/0 11.6(1) 12.1(1.4) 29.9(2.6) 8.5(1.4) 

T. geranii 25.9(1.8) 10.8(1.3) 11.2(1.3) 11.1 (1.3) 9.7(1.3) 0.7(0.3)/21(1.7) 12 1.4) 12.2(1.4) 13(1.5) 

T. affinis 24.8(2.1) 24.4(2) 24(2) 24.3 (2) 16.8(1.9) 19.5(1.6) 1.6(0.4)/2.4(0.5) 29(2.3) 15.2(1.8) 

T. cyaneus 22.5(2.1) 12.7(1.5) 12.6(1.4) 12.6 (1.4) 13.1(1.5) 30.6(2.1) 11.5(1.4) 0.1(0.1)/0.1(0.1) 25.3(2.5) 

T. flavipes 20.4(2.1) 11.8(1.3) 12.1(1.3) 12 (1.3) 10.4(1.4) 14.9(1.4) 12.5(1.5) 11.5(1.4) 0.3(0.2)/1.2(0.4) 
 

aBu�ber �f base differe�ces per site expressed as perce�tage� Ab�ve the diag��a� are rep�rted the �ea� va�ues (ita�ics) �f betwee�(taxa p(dista�ce ca�cu�ated �� 

c�x1 ge�eD be��w the diag��a� are rep�rted the �ea� va�ues �f betwee�(taxa p(dista�ce ca�cu�ated �� ITS2D �� the diag��a�� i� b��d� are rep�rted �ea� va�ues �f 

withi�(taxa p(dista�ce ca�cu�ated �� c�x1 ge�e �� ITS2� respective�y �� the right a�d �� the �eft �f JD sta�dard deviati�� ca�cu�ated �� the base �f 500 b��tstrap is 

rep�rted withi� bracEets� P(dista�ce va�ues are ca�cu�ated �� �uc�e�tide seque�ce databases with�ut the re��va� �f ide�tica� hap��types� 

�p(dista�ce is ca�cu�ated gr�upi�g seque�ces fr�� T� beeficus ear�y(spri�g (ES) a�d T� beeficus �ate(spri�g (/S)� 

Species1C	��ecti�g �	ca�ity 

Ge�	type 

(4J(4 
U G ((CT3� (AG3)� (G)1)� 

(2J(2 
((CT)4� (AG)3) 

0J0 
((CT)4� (AG)4) 

T� siesis (IT ( – Pied���t) 1 13 50 
T� siesis (=P ( – IbaraEi Prefecture)  0 1 7 


