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Abstract 

[Ill provcmcnt 0 1' s tcrco ll1 icroscopic cq uipmcllt as we il as of rccordi ng and evaluation 01' da la s incc 
1992 cnablcs a much beller inte rpretatio n o flhc c.x lfcmcly compl icatcd situa tion w ilhi n the anl subgenus 
Clllhol/o/asills Ruzsky. J 912 comparcd 10 cadier rev isio ns by thc tlulhor. Vcry high frcq ucll cics 01' th c 
intc rspcc ifi c hybrids Lasius j el/si x IIl1/br(lt liS and L. mer idiOJ/al;.\" x III11 !Jmllls are rccogn iscd for thc tcr
ritory o f CcllI ra l Europe. T hc ra tio of propcrly idcnt ifi cd workcr nest sam pIes is 4 1 : 31 in (he L. j ellSilL. 
jensi x umbraills pair ami 19: 9 in Ihe L. meridiollalislL. meridiOllolis x 1/1II /)I"(lfIl5 pair. [n Ih e [aller pair. 
thc ratio of ra ndom[ y co [[cc lcd gync indi v idua[ s is 54 : 25 whi [e in Ihe fo rmcr pa ir no hybrid gyncs are 
produeed. Aceord ing to an cstimat ion considc ring Ihe real abundance ralios in Ihe g iven reg ion . ass um· 
ing a I I sex rat io amI equa l eo[o ny fo undation suecess 01' heterospcc ificall y mated gynes , as muc h as 
27 % o f the L. j ensi ,dates anel 19 % of L. lIIeridiOllolis alales shou[d ha ve mated wi th th e 
helerospee ifi c partner L. IImbmflls. Thcre are no indi cat ions fo r a seaso na l, daYlime or spatia l segrcga· 
tion o f swarm ing in any o rlhese Ihrec spec ies . Confined to th eir rath er small ol igotroph ie alld xerother
mous habitat "reas, bOlh L. j ells; "mi L. meridiol/a!is ha ve beeil cll circ\cd by 10 - 15-fold larger popu l,,
tion s of L. umbr(l/lls a ve r a vcry lang his torieal period. Reco nslruclion of postg lae ial natural ami anthro
pogcnolls landsc"pc dcvclopmcnt in Ccntral [mope indi ca tcs thai L. meridiol/alis and L. jells i ha ve been 
in elose contaet w ith L. umbra/lls fa r mo re than 7000 and I lüO yc" rs rcspcclivcl y and that the o vera ll 
habital freqllcneics ha ve linie ehall ged sinec thc bi g clear cuui ngs in l lüO BP. Social c1 eptogamy, as th e 
asymmetrie, unidiree tio nal ta rm of social hybridogcnesis, is an apparent strategy far rare species to sur
vive when eonfro nl ed wil h a superi or force of heterospec ilie hybridi sation partners. If a gyne o f a rare 
species does no t meet a conspce ific ma le, she will read il y aceepl betcrospec ifie ma les and eSlab lisb a 
product ive colony w ith the belp 01' (l vila [ popu lalion o f sierile hyb rid wo rkcrs. During so me 20 years of 
eo lo ny li fe, sht can Ihen se nd. in th e fonn o f numerous SOllS prod uccd , 100 % of her own al le lcs inlo Ih e 
gene poo l. In olher words thc hcterospcci fi c genes are onl y »s lol c n ~~ 10 lIse Ihe l11 as a vehiclc 10 propa
galc Ihe own genes but a re excl uded from reproduet ion. In Chrhol/o/as il/s , the optimum sol uli on fo r 
sac ial eleptogamy has beeil devclo ped by L. jemi in whic h the expens ive (lnd llseless produclio n o f 
hybrid gynes is suppressed, w hie h is not Ihe ease in L. meridiol/a!is. Soc ial cleptogamy has been fa und 
so far in Lasius , ;/ ca ll /!IOIIIYOpS. Solel/opsis and Tell/llo /horax while symmetrie soc ial hybridagcncsis is 
on ly known in Pogol/o/llyrmex . 

Z u sa mmenfassun g 

S oz iale Kl e ptogam ie im A m c isens uhg cnll s ChtlllJl/o/(lsius H.uzs ky, 1912 - das Ü berle
ben a ls Mi n dcrhe it - Scit 1992 e rfo lg te Ve rbesse rungen in s tc reomik ro skop ischc r A usrü
stlmg, Meßverfallrcn und Datenauswertung e rmög lichen gegenü ber fri.iheren Revis ionen des 
A uto rs e ine bessere Deutung de r kompliz ierten Situation im Subgcllus C/uh ol/o/asills Ruzsky, 
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1912 . Sehr hohc H ~i ufi gkeitcn der Hybriden Lasills jensi x /lmbrallfS lind L. meridiol/alis x 
IIl11brallls wurden I1ir das Territorium Milteleuropas festgestel lt. Das Verhältni s der dctcrmi
niCl1en Nes tproben ist 41 : 31 für L. jel/si gegen L. jemi x IIlIIbrallls und 19 : 9 fiir L. lII eri
diol/alis gegen L. meridiol/aUs x IIIJ/braliis . Für das letz tere Phünotypcn-Paar war dic Zahl der 
zufa ll sve rte ilt gesammelten Gyne ll 54 : 25, während im ersteren Fall keine I-Iybridgyncn pro
duziert wcrden. Unter Berücksichtigung der rea lcn Häufigkcit scrhiiltnisse in Milleleuropa 
und unter Annahme e ines Geschlechtsvcrhiiltni sses von I 1 und gleicher Kolononiegrün
dungschanccn hcterospezifi sch begattcter Gyncn ergibt sich, dass sich 27 % der L.jellsi- und 
19 % dcr L. l1Ieridiollalis-Geschlechtstie rc mit L. IIlIIbra/lis gekreuzt haben. Es g ibt ke ine 
Anzeichen für e ine sai sonale, tageszeit li chc und räumliche Trennung dcs I-lochzc itfluges zwi
schen den drei Arten. Beschränkt auf ihre re lati v kl e innäehigen, oligotrophen lind xerother
men Habitatinse ln, sind L.jensi und L. meridiol/alis übe r einen langen historischen Zeitraum 
von 10 - 15mal miiehtigeren Populationen von L. IImbra/lls umste llt. Einc Rekonstruktion der 
natürl ich und anthropogen bedingtcn postglazia len Landschafisentwick lung in Miltcleuropa 
zc igt , daß L. meridiol/alis und L. jensi se il mchr al s 7000 bzw. 1100 Jahren in engem Kontakt 
mit L. IIl11brallls gewesen scin müssen, und dass sieh die grundsiitzli chen l-I ab itathäufigkeit en 
nur wenig se it den großen Rodungcn vor 1100 Jahren geändert haben. Soziale Kleptogamie 
a ls die asymmctrische, unidirect ionale Form der Sozialen I-I ybridogenesc iSI eine offenkund i
ge Überlebenslra legic se ltener Arten unter den Bedingungen e iner Konfrontation mil zahlen
mäßig weit überlegenen l-I yb ridi sierungspartncrn . Wenn e ine Gyne e iner se ltcnen Art ke in 
konspezifisches Männchen finde t, wird sie bere itwillig ein artfremdes Männchen akzeptie ren 
und dann mit Hil fe eincr vita len Population sterile r I-I ybridarbcilcr e ine produkti ve Kolon ie 
aufbaucn. Während ihrer 20 - 25 Jahre währenden Reproduktionszeit kann sie dann - in der 
Form zahlre iehcr Söhne - 100 % ihrer e igen Allele in den Genpool ihrer A rt cntsenden. Die 
artfremdcn Gene werden also nur »gestohlen«, um sie al s Vehikel zur Vermehrung arteigcner 
Gene ZlI nutzen, werden aber andererse its von der eigenen Reproduktion ausgeschlossen. Die 
optimale Lösung Hir Soziale Kleptogmnie wurde bei L.jellsi real is iert , wo die teure und nutz
lose Produktion von l-I ybrielgynen unterdrück t wird, während s ie aber bei L. merldiol/aUs x 
I1l1IbrafllS noch e rfolgt. Soziale Kleptogamic ist damit bis lang bekannt fiir Lasills, Acanlho
myops, Solel/opsis und TelllllolllOrax, wührcnd Symmetri sche Soziale I-Iybridogenese nur fiir 
e inen Fall be i Pogol/omyrmex bekannt ist. 

I. Introduction 

Considcrablc improvemenls of cquipment ami methodoJogy anel a much wider sampling 
basis have beeIl achievcd since the <luthor's lasl rev isions (SEIFERT 1988, 1990, 1992) on tax
onomy of the genus Lasius Fabricius, 1804 had appearcd. The use 01' a high-resolution stere
omicroscope with a nUlll eri c aperture o f 0.25 instead of only 0.10. improved knowledgc on 
errors of stereomicroscopic morphometry togethcr with a reduction o f othcr sources of vari
ance (SEIFERT 2002), extension of the eharaetcr system and the lI se of modern computcrs 
instead of a pockct calculator provided a l1luch better approach to thc real taxonomie struc
ture of a complicated genus. 

Separation 01' the spec ies of the subgellus Chll/Ollolasim Ruzsky, 1912 based upon workcrs 
is one of the most cliflieult tasks in ant dctermination while gy ne discrimination is l1luch cas
ier in the majority of cases. Unfortunate ly, gyncs are rare ly co llccted togcther with workers in 
clcan nest samplcs - most of the gyncs are randomly co llcctcd during trappi ng projec ts or 
whcn they Illove over thc ground in scarch of a host colony. As conscquence, the quality of 
studies on ecology, di stribution or intcrspecific re lations sueh as hyb ridisation stro ngly 
depends upon worker di scrimination . According to recent studies (SEIFERT in prep.), about 23 
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species of Ch,hol/olasius are fo und in thc Pa lacarctic, three 01' whieh have to be dcsc ribed as 
new. 

Unexpected ly high hybridisat ion frcqucnc ics bctween W Palaearctie ant speeies of diffe r
en t tribcs havc al ready been reported by SEIFERT ( 1999) . Rcslil ts s ince then, obtaineel in ants 
of thc F'orlllica nda group (SEIFERT & GOROI'/\ SIl NAYA 2004) anel in Chlhollo/asills (present
cd hefe), have shown tha t cven these figll fes were llndcrestimales. For the Neareti e range , 
extreme regional hybridi smion rreq uelleics have beeil reported bctwccn Acallfllomyops dav
iger (Roger, 1862) and A. /caipes (V/ al sh, 1863) for S\V Ontario (UMPHREY & DANZ~MNN 
1998) ami Solenopsis gell1il/(lfa (Fabrie ius, ! 804) alld S. .\ )1/011; McCook, 1879 for E Texas 
( J-I ELMS-CAHA N & VINSON 2003). In thc former ease, as much as 50 % A. klfipes queens had 
ma tcd with a hetcrospcc ifie partner. A most fascinating phcnoJ1lcnon, reeently term cd »sym
metrie soeial hybridogencs is«, SS H, (PARKER 2004) , has been foune! in thc example of two 
Pogol/omyrm ex speeies in the SW Uni ted States (I-IEuvIS-CAlIAN el al. 2002 , HELMS-CAHAN 
& KELLER 2003). Here , intcrspecifie hybrid isation is essen ti a l lor surviva l 01' both parent 
genomes. I-Iowever, beeause evo lut ion 01' SS H in lllonogynous soc ieties requires a high fre
queney of multiple mat ing. whieh is rare in social hymenop tcra (STR i\SSi\'It\NN 200 I), this phe
nomeno ll should bc qu ite cxecptional. A wider di stribu tion is predieted hcre for thc asymmet
rie, unidircc tiona l ca ses, in whieh only onc spce ics uses hctc rospceific spe rm in order 10 

establi sh high ly producti ve eo lonics managcd by hybrid workers. Th is ronn or social hybri
dogenes is is termed he re social cleptogamy. 

Th is paper reports on socia! cleptogamy w ith in the subgenlls Chlhonolasius, w hi eh was 
undeteeted or unknown 15 years ago. Interspce ifi c hybridisat ion bctweell th ree Cluhollolasius 
species apparcntly does not alTect the genctic intcgrily or parent spce ies and may bc a strate
gy or rare spceics to survivc when con frontcd w ith overwhelming masses or hctc rospeeific 
hybridisat ion panners. Thc phenomcnon bccame obvious for some landscapes of Central 
Europe w hcre the Lasiu.s f:llltla is bcst-studied on a \Vorld widc sea le and where a high de nsi 
ty ofsamp ling is given. 

2. M a te ri a ls and methods 

2.1. S pccimclls exa mincd 

Thc fo l1 ow ing materia l of" Iluee species alld of" thei l" hybrids was lllorpholllct ri ea lly in vesti
gated (w = sampie wi th wmkers, g = samplc w ith gyncs). About tw ice the number of" speci
Illcns from thc same samplcs wcre only subjeelivcly illspee ted. 

Lasillsjensi Seifert , 1982: 

4 1 nest sampies w ith 128 workers, ane! 48 sllll1p lcs of gYlles w ith 68 specill1ells rrol11 the fo l
lowing sites were morphol1lct ri ea l1 y in vestigatcd : 

ARiVlEN IA: De li zhan , 1930.07, g. AUSTRI A: Burgenland: Jois, 1983, w; Spitz, Se tz berg, 
1994.05.13, IV. ß ELGI UM: Yvoir R.D. (4 ' 52'IV, 50' 19'N), 19 10. ß ULGARI A: Rhodopen: 
Dobrostan, 1982 .09. 11, IV; Rhodopen: Dobrostan, 1982.09. 10, g. CZ EC H IA: ßohemia: 
Koneprusy, 1980.08.09 w, g; Bohcmia: Zdiee, ! 976.08.03, g. GE H.MANY: Bad Köscn, Him
melre ich, 195 1.08.05, g; Badra: Numburg, 1987 .05 .27, w; Balgs tiid t, 1975.06.09, w; Bal
gstädt, 1979.06. 11 , IV ; ßalgstädt , 1980.05.04, IV ; ßalgstädt , 1980.07. 12, IV; ßa lgstädt, 
1980.08.27, IV; ßalgs tädt , 1980.09.04, IV; ßalgstädt , 1981.06.01 , IV; ßalgstädt, 1981.07.08, w, 
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g; Balgstädt, 1981.08.25, w; Beierstedt, 1991.08.01 , w; Creutzburg 0.7 km NNE, 1999.08.12, 
w; Creuzburg (No 162), 1999.08. 12, w; Erfurt: Edelberg, 1987.07.23 (BF2), g; Errurt: Edel
berg, 1987.08.21 (BQ, BG, Bf5), g; Errur!: Ringelberg, 1987 .07.23 (Br! , BQ), g; Erfurt: 
Steinberg, 1987 .08.21 (Bf!, Bf2), g; ElTringcn/ Rheinland, prc 1930, w; Etzdorf, 1971.07.28, 
g; Falken 0.7 km NE, 1999.08.13, w; Freyburg, 1983 .07. 10, w, g; Großvargula, 1998.05.10, 
w; Günscrodc, 1983 .06.02, w; Halle-Trotha, 1938.07.23, g; Hausneindorf, 2002.05.13, w; 
Hohenburg 0.9 km SW, 2002, w; Hohenburg 4.5 km NW, 2002, g; Kaiserstuhl, 1990.06 (BK I, 
BK5), g; Lcutra, An'hen I , 1972.05 .23, w; Leutra, An'hen 2, 1972.05.23 , w; Leutra, Gebüsch 
I , 1972.05.23, w; Leulra, Gebüsch 2, 1972.05.24, w; Lcutra, 1972 .07 .25, g; Leutra, 
1972.08.08, g; LeutTa, 1973 .08.11, g; Leutra, 198 1.08/09, g; Leutra, 1981.08.06 (9, 10), g; 
Leutra, Arrhen, 1981.08.06, g; Leutra, Mesobrom, 1981.08.06, g; Let"'" 1983 .08.11 (M 1-5), 
g; Leutra, 1993.07. 19, g; Grosswilsdorf, NSG Tote Täler, 1980.08.23, w; Grosswilsdorf, NSG 
Tote Täler, 198 1.09.06, w; Mulfingcn, 1986.07/08, g; Müchcln, 1994 .08.03, g; Quedlinburg, 
Seweckenberge, 1980.03.08, w; Qucdlinburg, Sewcekcnbergc , 1980.08.09, w; Römhild : 
Mi lz, 1999.08.02, g; Sehwarza, 1986.07.22 (BF5+6), g; Sehwarza, 1986.08.05, g; Steudnitz, 
1979.07.13 (Bf4), g; Steudn itz, 1979.07.27, g; Steudnitz, 1979.08. 10, g; Steudnitz, 
1979.08.24, g; Steudnitz, 1979.10.22, g; Steudnirz, 1980.08. 10, g; Steudnitz, 1980.08.11 
(BG-4), g; Steudnitz, 1981.07.22 (BG), g; Udersleben, 1998 .07 .08, g; Weddersleben, 
1979.05.26, w; Weisehütz (sampie W), 198 1.09.05, w; Weisehütz (sampie E) , 1981.09.05, w; 
Womlsleben, 1982.05.28, w; Wiirzburg: Rctzbach, 1990, w; Zappcndorf, 1942.07.05 , g; 
Zseheiplitz, 198 1.06.0 1, w; Zseheiplitz, 2002.06. 14 (563), w. GREECE: Mount Olympos: 
Agia Dimilrios, 1988.05.2 1, \V. KAZAK I'ISTAN: Saur M ountains (47°20'N, 85°3 1 'E), 
2001.07.25 (5 1), g. !'OLA ND: Pulawy, Kazimierz, 1962.07.07, w, g. ROMANIA: Medias
Birthelm, 1987.07.27, g. SLOVAKIA: Hor. Dolny Almas, 1938.07.20, w; PR Palanta, 
2000.08.08 S47, w. TURKEY: Bolu : Abant Gölu, 1994.06.26. 

Lasil/s jel/si x IIIl1brallts: 

3 1 nest sampies with 115 workers from thc following sites were Illorphoilletrically invcstigat
cd (gynes of this hybrid eombination are unknown): 

AUSTRIA: Schi ldbachgraben , 2003.09.03, w. CZEC HlA: Bohem ia: Koncprusy, 
1976 .07.31 , w; Nena"oviee, 2000.07.21 , w. GERMANY: Bad Kösen , 1975.09.25, w; Badra 
I km N, 1987.05.27 (N I), w; Balgstiidt , 198 1.06.01 (Lipi) , w; Bendorf, Landeskrone, 
1991.07.16 (with L. jel/si males), w; Camburg, 1980.09.08, w; Würzburg: Dürrbach, 
1991.05.27 (No 235), w; Würzburg (Iaboratory colony of K . Sommer, with L. IImbralllS moth
er), 1990.07, IV; Freyburg, 1983.07 .1 0, IV; Freyburg, 1983.07 .1 4 (I), IV; Friedriehsaue, 
2002 .05.13 (168), IV; Gatersleben, 1980.05.19, IV; Großvargula, 1998.05.10 (235), IV; I-I ete
bom, 1980.08.0 1, w; Kleinjena, 1982.09. 17, w; Leutra, A n'hen, 1983.07.28, w; Leut!"a, 
Arrhen, 1984.06.1 3, w; Lorch 0.2 km N, 1995.06.12 (3N5), IV; Naumburg, 1982.09.17, IV; 
Oberbergen, 1993.05.01 (g), w; Quedl inburg 4 km ESE, 2002.05 .1 5, w; Reinstädt 1 km NW, 
1993.07.20 (g5 , with L.jel/si males) , w; Sondershausen, 1983.05.30, w; Sättelstädt 0.4 km N, 
2002.06.12, Sii ttclstiidt 0.5 km NNW, 1984.09.05 (with L. jel/si males), w; Sättelstädt, 
1984.09.04, w; Grosswilsdorf, NSG Tote Tiiler, 1977.06.27, IV; Zseheiplitz, 198 1.06.0 I 
(Lipi), W; Zseheiplitz, 198 1.09.03, w. SLOVAK IA : Zadielska Planina, 2000.08.09 (S45), IV. 
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Lasills meridionalis (Bondroit , 1920): 

19 nest samplcs samplcs with 87 workcrs, Bnd 30 samplcs of gynes with 54 spec imcns from 
the fo llowing sitcs wcrc l11orphomctrically invcstigatcd: 

AUSTRIA: Slubaier Alp, Krössbaeh, 1948, g. BELGIUIVI : Ooslduinkerke, 200 1 (O PN32), 
w; Oostduinkcrkc, 200 1 (OPN5 1), w. CZECI-IIA : Bohcmia: Kam. Pfivoz, 1985.07.06, w; 
Bohcmia: Pul im, 1987.08 , w, g; Borotin 11 T.lbora, 1984.08, w, g; Kfivok hi.t sko Kublov, 
2002.07 .05, 11', g. FRANCE: Aveyron, 19 17, g. GERIVIANV: Bad Brambach, 1983.08.20, 11', 
g; Bock, 1983.07.30, g; Dahlen, 198 1.06.16,11'; Dahlen, 198 1.08.22,11'; Dübener I-leide: 
Roitzseher Wiese, 1995, g; Ganz, Silberberge, 1987 .08.05 (114) , 11' ; Gartz, Si lberberge, 
1987.08.05 ( 12), 11' ; Gart z, Silberberge, 1987 .08.05 (74) , 11'; Hannover, Umgebung, 1984, 11'; 
Hohenferchesa r, 2003.07 .27, 11'; Koblcnz/ I-Ioyersll'e rda , 1984.08.05, g; Kos tebrau, 
1984.08.06, g; Langebrüek, 1988.07.21 , g; Lauchhammer, FND Laug, 1984.09. 17, g; Lode
nau 0.5 km S, 1993.07. 10 (59), w; Lüncbmgcr Heide, Heymons, pre 1920, w; Ncurcddcwitz, 
1973.07.31 , g; Premnitz, 1982.07.22, g; Prcmnilz, 1983.06/07, g; Premn ilz, 1983.07.18/30, g; 
Prcmn itz, Schwarzcr Weg, 1985.07, g; Prelllnitz, Eisberg , 1985.07.24 , g; Schwarza, 
1986.08.05 (BF3, Bf4), g; Schll'arza, 1987.08.19. g; S0l'l10 3.7 km NE, 1994.07.20, g; Urwald 
Fünfeichen, 1987.08 .1 2, g; Waren: Feissnecksce, 1988.07.27, w; V.,liuersroda, 1993.07.20, g; 
Wölpem, 198 1. 03.22, 11'; Wölpern, 198 1.06.29, 11'; Wölpern, 1981.09.06 (2) , 11' ; Wölpern, 
1984.10.30, g; Wölpern, 1989.08. 15, g. ITALV: S-Tirol: St il fser Joch, 1998.08 .22 , g. 
NETHERLANDS: Bergen, 1988.07.2 1, g. SWEDE N: Skäne : Fa lsterbo, 1960, 11'. 
SWITZERLA ND: Alagna, 1917.07. 14, 11' ; Domlesehg, 1939.08.20, g; 11 Fuorn , 1998 .07 .26, 
g; Isone, 1983.08. 18, g; Montana, 1800 111, 1983 .07.09, w; Pradel1a, Schuls, 1955 .07.23 , w, g; 
VUGOSLAVIA : Brezoviea, 1986.08, 11'. 

Lasills meridionalis x IIIl1bra!lIs: 

9 nest sampies samplcs with 35 workcrs, and 17 samplcs 01' gynes with 25 spccimcns origi
naling from thc fo llowing sites were Illorphomctrically illvcstigated: 

AUSTRIA: Slotzing, 1999 .06, g . CZEC I'II A: Sludenee, 1984.08. 12, g; GEORG IA: 
44' 37'E, 42 ' 4 1'N. 1985.08.08, IV; GERMANV : Apl'clstädle r Ried, 1989.08.20, g; Bertels
dorf/Sebn itz, 1986.08.02, g; Casslau, 1975 .08. 19 (2), g; Dahlen, 1982.05.25, IV; Dubrillg 2 
km N, 1986.07/08 (2) , g; Erfurt: Sleinberg, 1987.07.09, g; Ga llen, 198 1.07 .06, 11'; Ganniseh
Parlenkirehen 12 kill W, 1994.08 .23 (2), g; Grei z, 1982.05.15, w; Gross-Luja, 1993.07 .29 (65-
2), g; Halle: Zoo I. Institute, 1988.06. 15, w, g; Ka isersluhl , 1990.06 (BK I), g; Krom lau 0.5 km 
SE, 2002.08.18, w; Preillnil z, 1983.06/07 (2), g; Rössc ll bergheidc, 1986 .09.08, IV; Schl epzig, 
1987.08.09, g; Sehlossböekclhcim, 1995.08.26, IV ; Welzlar: Eibelshausen, 1996.07, g; Säch
sische Schwciz: Zeughaus, 197 1, g. KAZAKl-ISTAN: Sam Mounta ins (47°20'N, 85°3 1 'E), 
2001.07.25 (5 1), g; S LOVAKlA: PR Palanla, 2000.08.08 (S44), 11'. SWITZERLAN D: 
Alaglla, 1917.07.14, g. 

Lasius I1l1Ibralll.\· (Nylander, 1846): 

97 nest samplcs with altogcthcr 303 workers, and 8 1 sHmplcs of gyncs with 11 3 spcci mens 
from thc fo llowing sitcs wcrc 1110rpholllctri ca ll y invcstigalcd: 

AUSTR IA: Bad Gleichellberg, 1994.07. 10, w; Bcrndorf, 1999.06, g; Erbre ichsdorf, 
2001.04.02 (No 6635), w; Forchach, 200 1.07.31 , g; Gcrlcllbcrg, 2002.05.04 (No 10975), IV; 
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Großheinriehschlag, 2002 (8929), 11'; Habersdorf, 2002.09.01 (No 11 262), 11' ; Hi nn, 1999.06, 
g; Hundsheimcr Berge, 2000.06.1 8 (No 193), g: Innsbruck: Arzl , 1994.08.02, w ; Inilsbruck: 
Arzl , 1995.09.27 (S 12), 11'; Krems: Theiss, 1969.07.20, g; Mark lcitcn, 2002 .08 .31 (No 
11290), 11' ; Nötseh, 1995.05.22, 11'; Oberdaehsberg, 2002.08.03 (No 11025), 11'; Oberdachs
berg, 2002.08.03 (No 11027), 11'; Radbrunn S, 200 1.09.23 (No 866 1), 11' ; St.pöl!cn, 
1994.07.12, 11', g; Sl.pöl!en, 1994.07.12 (g84), g; ZlI' ingcndorf, 2001.10.03 (No 10410), 11'. 
BULGA Rl A: Srebarna, 1988.07. 14 (1880), g. CZEC HI A: Bohemia: Srbsko, 1973 .04.08,11'; 
Bohcmia: Vitlll , 1983 .07 .19, w; Tvorsovice II Bellesov, 1985.06.28, w. ENG LAND: S Wales: 
Kenllg, 1960, w. FRANCE: Grande Chartrcusc, 191 7, g. GEO RG I A: Tinis, 191 8.08.30, g. 
GE RMANY: Apfe lstädter Ried, 1984.07.11 , g; Apfe lstädter Ried, 1984.07.31 (I, 2), g; 
Apfcl städtcr Ried, 1984 .08. 11, g; Apfelstäd ter Ried, 1984.08.3 1, 11', g; Bad Kösen, 
1981.09.21,11'; Bad Li ppspringe, 1988.08.27, g; Badra I km N, 1987 .05 .27 (N2), 11'; Bal
gstädt, 1977.06.20, w; Balgstiidt , 198 1.05.2 1, w; Balgstiidt, 1981.06.0 I , w; Balgstüc!t , 
198 1.08.25, w; Balgstädt, 1982.04.05, w; Belzig, 1984.08. 16, w; Berl in-Miiggelsee SW, 
1979.08. 12, g; Bernsdorf 5 km NE, 1989.08.08, g: Bertelsdorf, 1986.08.02, g; Casslau, 
1975.08.19, g; Damlller Moor/Beeskow, 1982.06/07, g; DClllitz-Thumi tz, 1986.07 .17, g; Des
sau, 1985.09.26, w; Dresden, pre 1920, g; Dresden-Langebrück, 1988 .07 .21 , g; Drcsdcn
Klotzsehe, 1989.08.08, g; Drohmbcrg, 1962.04.09, 11'; Dubring 2 km N, 1986.07/08 (2), g; 
Diibener Heide, 1993 (UG I 0, UG40, UG44), g; Diibcner I-leide: Mii hl baehwicscn, 1995, g; 
Dübener Hcide: Roitzscher Wiese, 1995, g; Dübener Heide : Siedegrabenwiese, 1995, g; Eifel: 
Mechernich, 1986.09.12, w; Eisenach, 1983.08.0 I , w; FND Laug, 1984, g; Fünfeichen, 
Urwald, 1987.08. 12, g; Frcyburg, 1982.07.15, w; Frcyburg, 1983 .07. 10 (2), w; Gannisch
Partenki rchen 12 km \V, 1994.08.23 , g; Gatcrslebcn, 1980.07.29, g; Gartz I km NW, 
1987.08.05 (85), 11'; Glciberg, 1998. 10, 11'; GÖrlitz, 1982.07 .11, g; Görl itz, 1984. 10. 11 , g; 
Gross-Luja, 1993.07 .29 (3, 65-1), g; Gross-Luja, 1993 .07.29 (59), 11'; Groß-Luja, 1993.07.29 
(65) , w ; Grosswilsdorf, Totc Tiiler, 1982.05.27, w; Griifenhainichen, 1982 .05.3 1, w ; I-Iam
burg-Bergcdorf, 1999.10 .06, w; I-Iamburg-Bcrgeclorf W, 2003.05. 17, w; Heimburg, 
1980.09.20 ( 180), w; Heimburg, 1980.09.20 ( 181).11'; Jiinkcndorfl km NNW, 198 1.06.08, w; 
Ka iserstuh l, 1990.06 (BK2, BA2), g; Kaiserstuh l, 199 1.06 (BA2), g; Kaiserstuhl , 1990.07 
(BA3), g; KoblenzlKnapPcllsee, 1984.08.05, g; Kön igshain, 1994.09.29, w; Kr. Beeskow: 
Schwarzbcrgc, 1983, g; Kr. Scnftenbcrg: Secwald, 1983, g; Kulkwitz, Tagebau, 1982. 10.17, 
w ; Leiss ling, 1986. 10.01 , w; Lcnggri es 9 km S, 1994.08.23 , w; Lcutra, 1993.07. 19, g; Lcu
tra, Art'hen, 198 1.07.09, g; GER: Lömisehau, 1965.08.07, g; Lorch 0.2 km N, 1995.06.12 
(3M 18), w; Ludwigsfclde, 1987, w, g; Ludwigsdorf, 1983 .09.27, g; Ludwigs lust, 1986.08.0 I, 
w; Lütgenziatz 1.6 km SW, 1999.09.04, w; Lützow/Gadcbusch, 1984.07.17, w; Mainz-Finthcn 
W, 1990.09/ 10, w; Marburg, 1954.09.04, g; Markc/Dessau, 1984 .05 .20, w; MarkeI Dessau, 
1984 .09.08, w; Maninfeld/Eiehsfeld, 1984.06, w; 1vleissen: Bosel, 1995.08, g; Gehren, 
198 1.06.25 ( I), w; Gehren, 198 1.06.25 (2), w; Müritzhof, 1984 .06.28, 11' ; Müritzhof, 
1985.10.07, w; Naumburg, 1979.05. 11, w; Neuenhagen, 2000.07.08, w, g; Ncustrehlitz, 
1986.06.04, w; NCLlstrehl itz: Grünplan, 1984, w, g; Niederoderwitz, 1920.05.28, w; Niesky: 
Stcinbach, 1983, w; Nöda, 1987.07.20, g; NSG Pulsnitz, 1984, g; Nürnbcrg, Rcichswald, 
1991.06, w; Pommcrn/Moscl, 1993.07/08, g; Prcmnitz, 1983.06/07, g; Prcmnitz, 1983. 10.23. 
w; Prel11ni tz, 1984 .07/08, g; Prcmnitz, 1985.07. 14, g; Pressel 2.8 km NNE, 1994.08.19, w ; 
Rcinstedt I km NW, 1993.07.20 (g29), Rotes Haus, 198 1.05.09, 11' ; Reinstiidt , 1993 .07 .20, g; 
Salcm, 1988.07.28, g; Sargstedt, 1979.05.30, w; Steinthallcbcn, 1987.05 .24, w; Stcudllitz, 
1979.07. 13 (Bn), g; Steudnitz, 1979.07.27, g; Stcudnitz, 1979.08. 10, g; Steudnitz, 
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1980.08 . 11 (Bf.3), g; Sleudnilz, 1981.07.08 (131'4, 131'5), g; Sleudnilz, 1981.07.22, g; Sleudnilz, 
1981.08.04 (131'5), g; Sleudnilz, 1982.07.15 , g: Slcudnilz, 1983.07.1 3 (1313), g; Stcudnitz, 
1984 .08.09 (Mn), g; Tübingen: Spitzberg, 1993.05.06, IV: Untergrombaeh, 1990.05,06, IV; 
Warcn: Feissneckscc, 1987.07.27 (2), w: Warcn/ Müritz, 1983.04. J 8, w; Weltersbach, 
1995.07.21 , W, g; Worrns lcbcn, 1982.05.28. w ; Wölpern, 1979.05.08, w; Wölpern, 
1979.09.17, IV; Wölpern , 1980.05 .24, IV; Wölpern, 1980.06.14, IV; Wölpern, 1980.10.16 (2) , 
IV : Wölpern, 1980. 10.16 (3), IV; Wölpern, 1981.03.22 (2) , IV; Wölpern, 198 1.05.22, IV; 
Wölpern , 198 1.09.06 ( I), IV: Wölpern, 1982.09. 26, IV; Wölpern, 1984.10.30, g; Zitt"u: 
I-I aincwaldc, 1989.07.2 I , g. e R EECE: Xan lhi. Slavrollpoli , 2002. 10.16, w. 

NETH E R LANDS : Bergen. 1988.07.21 , g. POLAND: Picniny, 1989.09. 15, g . S LOVAK IA: 
I-Iacava , Luky Migli ll cc , 2000.08.09, w; Zäd ie lska Planina, 2000.08.09 (S48), w. 
SLOVEN IA: Posloijna 12 km \V, Mt. Nanos, 1997.05 . w. SPA IN: La Scu dc Urgell 17 km 
W, 199 1.05.15 (158), IV; La Scu de Urgell 17 km W, 1991.05.15 (2), IV. SWE DEN: Öland : 
Esö, 1983 .07.26, IV; Öland: Glömminge 3 km SSW, 1992.06.13, IV. SW ITZE R LAND: Basel, 
Badischer Bahnhof, 1996.08.07, g; Basel, Badischer Bahnhof, 1996.09.04, g; VS: Brig 24 km 
E, Bodmcn, 1994.05. 16, IV. YVGOSLAV IA: Brezoviea, 1986, g, 

2.2. Equip mcnt, mcasuring, nnd data eva luation 

Workers were nUl11crically evaluated for 14 aud gy"cs for 13 characlers. at magnifications 
of 80 - 320x using a Wi ld MI 0 high-performance stereomicroscope equippcd with a 1.6x 
planapochromatic objective. Illumination was providcd by a Schon KL 1500 cold-l ight source 
with two nex iblc light -cables ll10unted at a ring support at thc objcclive. In contrast 10 the fre
quent ly uscd goosc nccks, th is system provides a focus-stab lc ill um ination independent of 
focus ing movements ami <llIows a rotat ion oflhe light-eable support around thc opl ica l axis . 
Thc latler is important for prccisc lllcasuring of pubcscellce di stance. AlImcasurclllents wcrc 
made on mounted al1(l dried specimcns us ing a pin-holding stage , permilli ng endless rotations 
around X, Y, and Z axes. A Leiea cross-scalcd ocular mlcromcter with 120 grnduation marks 
fanging ovcr 65 % of the visual field was uscd. A cross-scale is inevitable to r exact mcasurc
men ts of charaClcrs such CI S PEAS, PECR, SJ11nx , Sm in 01' I-ITmax. A mean measuring error 
or ± 0.6 ~ Lm was calcu latcd for sll1al1 alld well-dcfined slruClllres such as SClne length, but Olle 
of' ± 3 pm for la rger struCl urcs such as gync CW showing pos itioning anel dcs iccation crro rs 
(SEIFEHT 2002). To avo id round ing errors, all Illcasurements were rccordcd in pm cvcn for 
characlers for which aprecis ion of ± I pm is imposs ible. In order 10 reducc irritating renee
tions orthe cut icular surfaees, a plastic di ffuser was sometimes posit iolled as elosc as possi
ble to thc spccimcn. Thi s method considerably improved the reso lution of mierosculpture and 
othcr ti ny st ructures . 

Thc process to d isc riminatc the most s imilar sislcr spccics includcd (a) the recluction of 
variance in primary data (S[IFERT 2002), (b) thc rCllloval of allometrie variance by specific 
funetio ns val id for spec ies pairs (SEIFERT 2002), (c) the genern tion of' ncst samplc 1l1cans in 
workcrs and (d) a canonical di sc ri1l1inan t analysis wllh an SPSS 10.0 stat isti ca l package. 

RCJl10va l of a llometric varianee was performcd in workcrs by ovcra ll f'unctions computed 
as average of species speci fie function s of t 2 Chlhollo/asil/s cnti tics wl th sulTicicllt data avail
able: Lasills balcall icl/s Sci fert. 1988. L. bicomis ( Förster, 1850), L. cilrillllS Emery, 1922, L. 

dislillgllelldlls (Emery, 1916), L.jellsi Seifcrt , 1982, L. lII eritliolla/is (Bondroit , 1920), L. mix
Ws (Nylander, 1846), L. lIilidigasler Scifert , 1996, L. sablllarlllll (Bondroit , 1918), L. umbra-
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Ws (Nylander, 1846), L.jellsi x lII11brollls, L. lIIeridiollalis x umbra/us . This overall corrcction 
was prefcrred to cnablc 11 direct comparison of data in tablcs and becausc pa ir-specific corrcc
lions did not providc signiricant impro vclllcnt. Thc overall allomctric corrcctions for workcrs 
trans form data for (he assumplion of cach individual having a head sizc es of 1.05 111111: 

CLlCW,o, CLlCW (-0. 11451 *CS + 1.1 707)* 1.0505 

SLlCSw, SLiCS (-0.0 1560*CS + 0.9035)*0. 887 1 

GHLlCS"w GHLICS (-0.05470*CS + 0.1495)*0.09207 

Smux/CS,or SmaxiCS (+0.003536*CS + 0.09171 )*0.09542 

Smax/Smillcor = SmaxJSmin (+0.40038 *CS + 1.0589)* 1.4793 

HTlllaxJCScor HTmaxiCS 1 (+0.00887*CS + 0.1297)*0.1 390 I 

PDFcOT PDF 1 (+ 3. 121*CS + 4.96)*8.237 

PDGcor PDG (-7.564*CS + 16.42)*8.478 

nHTc\,r I1HT (+29.57*CS - 15.06)* 15.99 

PECR/CS,M PECR/CS 1 (+0.0768*CS + 0.0004)*0.08 10 

PEAS/CS,o, PEAS/CS 1 (+0.5 19*CS - 0.102)*0.443 

PEW/CSw, PEW/CS 1 (-0.0 189*CS + 0.3022)*0.2824 

PE H/CSm PEH/CS (+0. 1274*CS + 0.1269)*0.2607 

Relno v<!! ofa llomctric variance was pcrformcd in gynes as average ofspccics spec iric fUllc
lions of only those cntitics considcrcd hefe: L. meridionalis, L. umbra/w' and L. meridionalis 
x IIl11brarlis. These correc tions for gyncs transform dat(\ for the assulllption of each indi vidual 
having a head sizc es 01' 1.5 mm: 

CLlCWcor CLlCW (-0.0674*CS + 0.9628)*0.86 17 

SLlCS", SLiCS 1 (-0.1647*CS + 1.0996)*0.8526 

SmaxlCSoor Smax/CS 1 (-0.00747*CS + 0. 10996)*0.09876 

SmaxiSmincor = SmaxiSmin 1 (-0.0 137*CS + 1.6539)* 1.6334 

HTmax/CScor I-I Tm.x/CS 1 (+0.03416*CS + 0. 11 233)*0.16357 

I F2cor 11'2 1 (-0.0447*CS + 1.7454)*1.6784 

sqPDFcor sqPDF 1 (-0. 1 03 *CS + 2.970)*2.8 16 

sqPOGcor sqPDG (+O.0096*CS +2.2 13)*2.227 

nHTc;,r nl-IT (5 1.37*CS - 5 1.53)*25.52 

GI-I LlCSw , GHLICS (-0.0 12 16*CS + 0.08752)*0.06928 

Mnl-ILlCScor MnHLlCS (+0.00040*CS + 0.06 175)*0.06235 

Sc l-lD/CScor Sc HD/CS (-0.00424*CS + 0.02935)*0.02299 

2.3. Definition or 1II0rpholllctric clwnlctcrs 

Any I1lctric Illeasurement refcrs to rcal cuticular sUJ·face and not to the diffuse pubesccl1 ce 
surfacc (most important in CW, IF2, Smi1x , Smin. HTm <lx) . All setae counts include sctac pro-
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ject illg > I 0 ~lm from cut icular profi lc with no change of viewillg position. In cases o f" 
ambiguous project ing distance or unc lear l1air type (is it a fine seta or on ly a la rgcr pubescence 
ha ir?) countings of 0.5 a re applicd. 

CL 

CS 

CW 

G liL 

I-Itrnax 

11'2 

PEAS 

PHI 

PEW 
PECR 

1'01' 

- maximum eephal ic Icngth in median linc; thc hcad must bc earefu lly ti hed to thc 
posit ion with the truc maxi mum. Exeava tions o f postc rior vc rtcx rcducc CL. 

- eephalic sizc; thc arithmctie mcan o f CL and CW, lIsed as a Icss variable indica
tor of body sizc. 

- maximum cephalic width - ci thcr across, ante rior or postcrior of cyes, which 
cvcr y ie lds the maximum mcasuremcnl. 

- Icng th of longcst scta on dorsa l plane 01' first gastcr te rg ite exclueling setac near 
the posterior marg in. The anterior a rc,\ o f dorsa l planc wherc it slopes down to 
<l ntcrior facc is includcd. bu t do nevc r inel ude areas s loping > 50° (here setae are 
sign irieantly longer! ). 

- maximum width ofhi nd ti bia at midpoi nl. Thc rcferencc points to detcm1inc thc 
midpo int arc thc distal cnd of ti bia and the point ofst ronges t consl ri e tion ofthe 
tibia' s nexor side at thc tibio-fcmoral jo illl (a rrow in Fig . 5). In some speeies 
wi th dcnsc (lncl long pubcscc llcc (as cxcmp lary in L. mix/lIs) visua li sation of thc 
cutic ular sll rfacc is diflicult and Il1casuring crrors are expee ted. Howcver, con
Irol mcasurcl11cnts a ftc r rcmoval of pubesecncc have shown subjcetive and rcal 
HTmax not 10 difTcr cons idcrab ly. Uscrs ShOlti d tcst their subjccti vc errors a t thc 
begi nni ng of Cl mcasuring scrics. 

- ratio ofmcdian Icngth/maxi11111111 width ofsecond funi culus (third llnte ll na l) seg
ment whcn vicwing pcrpcnclicular to thc Illoving plane of thc hinge joint of the 
pediec l with scape. Usc mcdian Icnglh bec<lusc of freq ucnt Icngth di ffe renccs 
betwcen inncr anel oute r margin and lllodify incidcncc o f" illumina tion. 

- length 01' longest SCHI on mesonotUtll . 

- numbcr of setae projecti ng more than 10 pm above the extcnsor profile of hind 
ti bia. Apieal setae at di sta l end arc cxcJudcd . 

- bila tera l height asymmct ry of pet io lar e rcst. J-I c ight di ffe rcncc o r thc corners of 
pct io lar crest. If only OIlC side shows a corncr, hcight 111caSllrCI11cn t on the othcr 
siele is pcrformcd al Cl sagittal Icvel, thc eli stance of which from thc mcdian is 
cqlla l lO tha t oft he sagittal level of the corncr from the mcdian (Fig. 4). 

- petio lar hcight Illcas ll rcd from eentrc of spi raele 10 do rsalmost poi l1l of pe tio lar 
e res t. [n casc ofasymlllc tric ercsts, thc avcragc o fboth sielcs is takcn (Fig. 4). 

- maximum width 01' pc tiolc. 

- width of pctio lar cres t. In ca sc of an ave rage Cllrhoflo!asius scalc shape (Fig. I), 
PEe R is mcasurcd fro l11 co rner centrc to corner centrc. If thc c rcs t is stra ight, 
PECR is mcasurcd bc twccn the latera l most po ims of the straiglll scction (Fig. 2). 
If only OIl C s iele shows a corncr in asymmctrie seales, PEeR is twiee thc distanee 
a of thc corner een tre {"rom the median (r ig. 3). PECR is 0 in casc of symmctric 
erests \V ithollt any corners (rounded or ti pped crests) . 

- tra ll svcrse pubesccnce distance on vertcx frontal o f mid oeellus . To avo id dam
agcd anel o ily sur facc arcas, counti ngs a rc dOllc as an averagc of thrce or rour 
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SeHD 

SL 
Smax 

Smin 
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shorter sections 01'90 ).1111 . A scclion cross ing Ihe fronta ll ine is always includcd. 
J-Ia irs crossing/jusl tOllching thc 90 pm re fercnce lillcs are counted as 1/0.5. A 
['arhe !' fl at incidcncc of light (30°) is advantagcous. Ta visual isc thc ful! Icnglh 
of pubcsccncc hairs, short to-a nd-fro rotations of Ihe light-cables arolllld Ihe 
optica l axis are pennancntl y pcrfo rmed during cOlillting. Usc obj ecti ves \V ith 
nUJ11cric apertu res > 0.2. In gyncs, thc square reot ofPDF (sq PDF) is app licd 10 
nOfmal isc posilively skcwcd distributions. 

- transverse pubcsccncc d istancc Oll d orSllll1 01' fi rs t gaste r tcrg itc. Mcasur ing is 
basicall y done as in PDF. In spccics w ilh high pubcscc llcc d is tancc anel undalll 
agcd, c lean surfaces, larger sections o f L1p 10400 pm ShOlIid be combined but do 
no t cxeccd thi s lcngth 10 mini m ise errors eaused by surface eonvex ity. In gynes , 
the square 1'001 of PDG (sqPDG) is applied to norma lise pos iti ve ly skewed d is
tributions. 

- vicwing on thc small diameter 01' seape, max imum projec ling di stanec o f sclae 
fro m dorsal profi le of scapc. A ny sela , projce ting mo re than 1 0 ~1 11l or 11 0 1, is 
eonsidcrcd wilh except ion o f the apiea l ones. 

- maximum stra ight line scapc Icnglh excluding the a rti c ular condyle . 

- maximum scape d iameter al midpoinl. 

- mi nimum scape diameter at m idpo int. 

PEeR PEC I{ 

n 11 

nn 
Fig. I Fi g. 2 

" nPECR= 2n 

fh 
Fig.3 

Fig. S 

Figs 1 - 4 modc of rncasuring thc characlcrs PEe R, PH I, and PEAS 

Fig.5 proximal end poim (arrow) of mcasurin g hind ti bia lengl h 
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3. Rcs ul ts 

To understand the hybrid scenario described belo\\!, biology. habi tat sclcction, postglacial 
immigration, overa ll abundance and swanning or thc hyb rid ising spccics musl be cOllsidercd. 
All Chlhol/olasills spccies a re temporary social parasilcs or spccics orlhe subgcnus Lasills s. 
sIr. alld to a lesse r degree or the subgenus Callw lasills Wilson, 1955. Thc rarity of direc t evi
dence does not allo\\' to conclude thaI host specificity is widesprcad. though il is obvious that 
main hosts can bc recogniscd, and regional hOSI spccics sccm to cx ist according to di slribu
tiOllal data (S EIFERT 1988, 1996, SEIFERT & BUSC/-lI NGER 200 I, SCi lUCK-STEINER et al. 2002a, 
2002b). If l10t explic illy statcd othcrwise, any in formation givell on thc postglaciallandscape 
dcvelopment in Ccntra l Europc is derivcd rrom ßle K (1984) , G1U::1G ( 1988), KÖRB ER-GROH NE 
(1990) ancl LANG (1994). 

3. 1. Habitat sclcction, host spccies a lld putative postglachl l im migrat ion h istory 

L. I/IJ/brall/s is the least xe rothermophilous or thc threc spec ics cons idered here and oceurs 
in scm idry 10 111 0ist sites, bOlh in open habitats as wc ll <l S in shady woodland (Tab. I). As a 
cOll sequcncc, the speetrum orhabitals 01' L. I/Illbrafl/S is 111uch wider anel i1 is clearly the most 
abundant o f the 10 Chll/Ollolasills species known rrom Central Europe. It s main hosl speeies: 
Lasills niger (Linnaeus, 1758), is euryoeeious anel extrcmcly abundant in Centra l Europe. The 
composition orthe ant fauna in some ofthe L. IIlI/ bralllS sites suggcsts L. bJ"/lllllellS (Latrei ll e , 
1798), L. psammopltillls Seifen, 1992. allel L. plarylhorax Sei fe rt , 1991 to bc supplementary 
host spce ies but direct evidence by di scovcry of mixed nest populations is sti ll miss ing. Thc 
comparably wiele ccological poteney of L. IIl11 brafl/S (ir a soc ial parasilc can ever bear Ihis 
attribute! ) indieates timt postg lac ial immigration to CCllInll Europc must have started SOOI1 
and that L. I/lIIbrarus ShOllid have been a normal f~lt1l1at elemenl bctwecn 7500 alld 2000 BP. 
The landseape in thi s period was large ly dominated by dcnsc woodland, but interrupted by 
takes, bogs, rivcr plains anel small to medium sizcd e lear cll ttings ofthe Nco li thic, Bronze Agc 
and Earl y Iron Age eulturcs. 

Tab. 1 Frequeney of nes t flnd ings in Ccnlral Europc grouped in tour main habila\ eatcgories 

open, ope ll , frcsh-dry xcrothcn nous to peat bogs 
xcrothcrmo us, to Illois t 1lI0ist woodla ll d 

natura l to cu ltivatcd hllld 
scm i-Ilatu nl l 

L. jeusi 30 3 0 0 
(~ 91 %) (~ 9 %) l L. jellsi x 14 5 0 0 

umbrafUS (~ 74 %) (~ 26 %) 

L. umbrafIls 20 22 19 2 
(~ 3 2 %) (~ 35 %) (~ 30 %) (~ 3 %) 

L. me,.idiolJalis x 4 3 0 0 
IImb,.atus (~ 57 %) (~ 43 %) 

L. meridiollalis 13 0 0 
(~ 93 %) (~ 7 %) 
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L. meridionalis is s ignificantly more xcrothertnophilous than L. IIIl1brallls and occurs main
Iy in open sites. J-I owever, occurrence in S Fennoscandia alld 1110untain ranges of Central 
Europe indicates IO lcrance againsl lower winter temperatures. Major hab itats are dry hcalh 
land or xerothermous grass land, preferential1y 011 sandy so ils but al so on silicate rock. It s 
main host is Lasi/is psamlllophil/ls Sei fc rt , 1992, a proved seco!lc!ary host is L. para/ien/l.\' 
Seifert, 1992, wh ilc dircct proof for L. niger is still lacking. The ecology of L. meridionalis 
indicates a high potcncy for early postglacial immigration bcginning with 10000 BP 0 1' even 
earlier - sandy grass lands with plant species typical for fccent L. lII eridionalis habitats such 
as }asiolle 01' /-leliwuhel1lul1l werc alreaely dClcctcd in Gcrmany in thc early A l1 eröel 13 500 
BP (FR1EDR1Cl'! ct al. 2001 ). Immigration Illay havc happcned vcry fast ovcr corrielo rs provid
cd by wann dune arcas on glac ial out wash pla ins, stretching over hunelreels of miles a long 
Plcistocene watcrcourses. These sand dunes remained open for a longer period and are the pri
mal)' habitats for it s main host species. 

L. j ensi is the 1110st thennophilous of the Ihree species. In Centrell Europe, it prefe rential1y 
occurs in xe rothcrmolls grassland on limcstone in landscapes wi th warm local climate. In fact , 
the di stribu tion of L. j ells; in Central Europe largely overlaps wi th areas of hi storie or present 
wine growing anel zoogeographiea ll y it is a Slibmediterrancan elcment. Its major host specics 
is Lasills alielllls (Förster, 1850), a widcspread bllt xerothennophilous species. The eco logy 
o f L. jens; does no t indicate a potell cy fo r carl y postglacial immigra tion begi nning wi th 
10000 BP and it is a lso not li kely Ilmt L. jensi cou le! senle in the s111all open areas in the Cen
tral Europeall landscape bctweell 7500 ane! 2500 BP. Illd ircct support for this ielea is g iven by 
the absence of poll en 01' other foss il Iraces of Mediterranean 01' Submediterra llean steppe 
plants such as Sa/via pratel/sis or BrolllliS ereclus that are typica lly foune! in reeent L. j ensi 
habitats. As a conseqllence , substantial immigration of L. j ensi to SW Centra l Europe shollid 
not have procecded earlier than 2 100 BP with the cxtcnded Roman cultivat ion, whilc E Cen
tra l Europe was not rcachcd earl ic r than 11 00 BP with the big clear-cuttings of thc Middlc 
Ages anel silllllitancous temperature incrcasc betwcen 11 00 and 700 BP. 

3.2. Rclative population size in Ccntral Europc 

The re lative population size of L. j ensi, L. lI1eridiollalis and L. I/mbralny in Cent ra l Europe 
is important for our considerations but not casily estimated. Sampling acti vities oflhe autho r 
anel ITIany other mynnecologists arc biascd in Ccntra l Europc to open xerothcnnous sites 
where ant biodiversity is larges!, with limcs to l1c regions being 1110st attracti vc. Furlhcrl11 orc, 
it is a rule for abundant species that on ly a fract ion of thc specimens really collec ted is fina l
Iy ineorporated into collcetions in order 10 save storage capaci t-y and time for prepari ng and 
proper labclling 0 1' specimens. Rare species, in contrast, are lIsually stored completcly. As Cl 

consequence, the abundance of L. j ensi is strong ly over- anel that of L. Iflllbrall/s strong ly 
underestimated when sill1ply using thc number of sampies stored in the co llections. In thi s 
study, the ratio of L. jensi: L. lIIeridiollalis : L. limbrallis is 38 : 19 : 97 in morphometrically 
investigated worker nes t sampies and 78 : 54 : 169 in gyne individuals . lt becomcs clcar that 
both ratios are 1110st unrcalistic WhCIl cOll sidcring that po tential habita ts of the th ree species 
available in Central Europe have an area rat io ofabout 3 : 10: 100. Ifco nsidering tha t L.jensi 
reaches abo tl t twiee the density in rich limestone grass lands thall L. IIl11braflis or L. lII eridioll
alis in their mai n habitats (SEIF ERT, llnpublishcd rcsults), it follows that L. j ensi shou ld havc 
about 6 % and L. lII eridioll(tlis about 10 %l 01' thc overa ll population sizc of L. WlIbral/is . 
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3.3. Temporal alld spatial fc;lturcs 01" swarming 

Direc t obscrva tions o f alatcs fl yi ng-olT from the ncsts arc very rarc in ehthol/olasilis. Ho\\'
cvcr, dai ly flight hours Illay be roughl y es timated fro tll thc frequent observat ions 01' dea late 
gynes moving over ground. Whcn subt racting Olle hom from thc observation ti me. it follows 
that bOlh L.je/lsi. L. meridionoNs and L. IIlIIbrafus ShOlJld ny bctwccn 2.00 alld 7.00 p.l11. on 
warm summer days wi th high air humicli ty and weak 01' no air Illovcment. Catehes of alatc 
gynes o f a ll three speeies (al1(l of L. IIftidfgaster Sc ifert , 1996) in light -t raps ind ica tc ex ten
sion o f nights to late evenillg or carly night. The dat<! as a who le do not allow to concludc on 
inlcrspcci fic dayti lll c separation oflll/pt ial fli ght - ifallY tcmpora l scgrcg<ltion ShOlild ex ist, it 
cannot be conspicuous. On scvcra l occasions it was observcd thaI dcalatc gyncs 01' a ll Ihree 
spccics moved ove!' thc grol/nd at the samc site ami same hau I' 01' thc day. 

More prcc ise ly doclI l11 cn tcd are the seasonal flight periods cxpressed by obse rvation of 
a latc alld dea latc, wa lki ng 01' fl ying gyncs. A lota l of 172 night days in Ccntra l Europe. l11 a il1-
Iy from the period 1975 - 2003, was cva luatcd for L. jCl/si , L. mcridiollalis, L. IIl11braflls and 
the hybrid L. meridiolla/is x 11mbratli.'; (Tab. 2). There are no s ignificant d ifTe rences ofanllll 
al fli glli periods in each poss ible comparison whcll tested in a nonparamctric U test. Thc per
cen tage of observations outsidc the ove rl ap range is 1.3 % betwccn L jCl/si allel L IIIcridio /l

aNs , 6.7 % bctwcen L. jensi and L. lI//1bralli.\· ami 5.5 % betwecll L. IImbrallls ami L //Ierid

iOl/aNs. Hybrids L. mcridiolla/is x IIl11braflfs SCC I1l to fl y a litt le carli cr bu t thi s di ncrcllcc is 
al so insignifieallt. 

Thc ques lion o fa spatial sepa ration ofl11<lti ng placcs cannot bc answcrcel c lca rl y. Sincc l11al
ing on Ihc ground o r exposed struclmes has I1 cver beeil observed by any mynncco logist. mat
ing most probably oeem s during flight high up in thc ai r ancl thc si multaneo ll s ami synlOpic 
landing 01' mated gYlles of cli ITcrcnt specics suggcs ts 11 0 c lcar spatial separation. 

Tab. 2 Observa tion days 01' a late or dca lat e gyncs tlloving otllside the nests. Days are cOIHinuously 
ntlll1bcred with day I = I JUlle ami day 123 = I Oetober: n = number 01' observations 

L. jeusi 

L. meritfiolltllis 

L. IImbra/lis 

L. IIl1lbl'tIItls x 
meridiollalis 

m ean ± SO 

58. 1 ± 20.2 

6 1.9 ± 22.9 

58.7 ± 26.4 

49.8 ± 19.5 

range 

[23, 129] 

[23, 137] 

[ 10, 137J 

[ 15, 77J 

11 me~1Il date 

46 28 July 

32 1 August 

77 29./uly 

17 20 July 
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3.4. Thc hybrid C<lSC L. meritliolUlli." x fllllbmllls 

In gyncs, thc thrcc cntitics L. IImbra/IIs, L. l1Ieridionalis x I/lIlbralllS and L. mel'idiollctlis can 
bc fully separated on the indi vidual level by a canonica l discriminant analysis cOlllputing thc 
characlcrs es, CL/eWeor, Sm<lx"or, Smax/Smill,-or, HTnulxcor, IF2~ur, sq PDFcor• 111-IT,or and 
G HLlCScor (Fig. 6). All 192 dClc rminations show crror probabil itics ofp < 0.05. Safe !" dctcr
minations can bc achicvcd by pairwisc considcratiolls. In thc casc of L. meridiollalis vs L. 
lIIeridiolla/is x /llI/braflls a discriminant D( I 0) with 

0(10) = -47.56 -4.65 CS +22.06 CLlCW,", -9.15 SLlCS", + 11.90 Smax/CS,", +6. 126 
Smax/Sll1 illcor + 151.02 I-ITmax/CScor +3.76 IF2(·ur +O.66*sqPOfcor +0.0 I 4* n 1-1 Tcor -
25 .61*G HLlCS", 

shows for a1l 79 dClCrminations crror probabilitics ofp < 0.002: 

L. lII eridiollalis 

L. lII eridiollalis x IIl11bratll.\· 

0(10) +3. 150 ± 1.005 [1.32, +6.67]11 = 54 

0(10) -3.659 ± 0.989 [-5.46, -1.32]11 = 25 

and in thc ca se 01' L. lJIaidiollolis xIIIlIbralus vs L. IIlIIbrallls a discriminant 

0 ( 10) ~ 73.50 +2.46 CS +22.56 CLlCWw , + 13.63 SLlCS,", + 18.30 Smax/CS,", +8.93 
Slllax/Smincor + 106.72 I-ITmax/CS,·or +3.04 IF2cor + 1.60*sqPD Fcor -O.033*nI-l Tcor -
6.55*G H LlCS", 

shows for alt 113 dctcrminations crror probabilit ics of p < 0.013: 

L. lIIeridiollalis x IIlJ1brafllS 

L. IIl11braflls 

O( 1 0) +3.352 ± 1.329 [0.86, +5.91]11 = 25 

0 ( 10) -3.005 ± 0.915 [-5.08, -0.86] 11 ~ 11 3. 

COlllparativc data of al1 thrcc cntities are givcn in Tab. 3. Hybrid gyncs are in sevcn eharac
tcrs intermed iate bctwcen Ihc parent spccics, approach in two eharaeters to L. IIl11braws and 
in only olle to L. lIIeridiollalis. 

Comparcd to the comfOrlable situat ion in gyncs, idclltifieut ion 01' hybrids by workcr nest 
samplcs is problcm<llic ami somc sampIes are most doubtful. Three cnt ities ean be cluslcred 
by eanonical diseriminant analysis eomputing thc 14 standard chamelers CS, CLlCWcor, 
Smax/CScor, Smax/Sm incor, I-ITmax/CScur, PDFcor, PDGcor, nl-ITcor and GHLlCSCOh 

PECR/CScor, PEW/CScor, PEH/CScor alld PEAS/CScor but only 82.4 (X> of 125 ca ses havc error 
probabil itics of p < 0.10 (Fig. 7). Thc idellli fi cat ion is improved whcn pairwisc discriminant 
analys is is applicd . Unproblcmatic is the separation of the parent spccies. A discriminant 
D( 14) delcrmincs 98.3 % of 11 6 cases with crror probabilitics 01' I' < 0.005: 

0 ( 14) = -35.45 -3 .80 CS -27.38 CLlCW"" +33.10 SLlCSw , -4.92 Smax/CS,", +9.37 
Smax/Smillcor +8 1.54 HTmax/CScor -0.02 PDFcor +0.36 PDGcor +0.0 I nl-ITcor -71.75 
GHLlCS"" + 1.53 PECR/CS"" +57.49 PEW/CS", -10.96 PEH/CS" , -0. 38 

PEAS/CS"" 

L. meridiol/a/is 

L. IIJ/lbrams 

2.525 ± 0.828 [0.72, 4 .29] 11 = 19 

-3 .347 ± 1.024 [-5.74, -0.72]11 = 97. 



Social c1eptogamy in thc anl subgellus Clllhollolas ills 265 

Tab. 3 Prirnary (uncorrcctcd) morpholl1ctric d.lIa ur gyncs or Lasills meridio/lalis. L. meridiol/(tlis 
x I/III !J/"{/I/IS and L. l/Illbral/l.\·. GiV!.!tl are 'lrit hmclic mcan ± sl<lndard dev iation [m inimum, 
maximum] and the signifieance leve ls ora I test on di fTercncc orlhe means. 

L. meridiollufis L. meridiolf(lfis L. IImbrll1 l1S 
(11 ~ 54) x IImbra/lls (11 ~ 11 3) 

( 11 ~ 25) 

CS [mm[ 1. 5 14 ± 0.043 0.000 1 1.58 1 ± 0.046 tl .S. 1.563 ± 0.044 
[1.443, 1.627] [ 1. 510, 1.654] [1.465, 1.699] 

CLlCW 0.862 ± 0.0 13 Tl. S. 0. 859 ± 0.0 11 0.ü30 0.853 ± 0.0 13 
[0.829, 0.897] [0. 840, 0. 88 1] [0.829, 0.894] 

SLiCS 0. 864 ± 0.0 16 0.000 1 0.843 ± 0.0 17 0.000 1 0.813 ± 0.0 18 
[0.830, 0.908] [0. 812. 0.886] [0.775 . 0.887] 

Smax/CS 10.76 ± 0.40 0.000 1 9.90 ± 0.40 0.0001 8.88 ± 0.32 
[% [ [9.80, 11.49] [9.02, 10.64] [8. 12, 9.63] 

Smax/min 1.983 ± 0.105 0.000 1 1. 595 ± 0.089 0.0001 1.3 16 ± 0.061 
[ I. 776, 2.269] [1.413, 1.758] [ 1.1 84, 1.459] 

HTmax/CS 18.65 ± 0.54 0.000 1 16.59 ± 0.58 0.0001 14.32 ± 0.59 
[% [ [17.45,19.88] [15.46, 17.56] [12.98, 15.58] 

IF2 1.823 ± 0.097 0.0001 1. 657 ± 0.068 0.0001 1.549 ± 0.073 
[1.570, 2.0 I 0] [1.560, 1.823] [1.40 I, 1.805] 

MnH LlCS 7.06 ± 0.54 0.0001 6.11 ± 0.69 0.003 5.56 ± 0.76 
[% [ [6 .0, 8.4] _' __ 1 [5.3,7.5] [4.1 5, 10 .21] 

GHL/CS 7.11 ± 0.53 tl .S. 6.94 ± 0.48 0.0 11 6.6 1 ± 0.92 
[% [ [5.5, 8. 1] [6.2, 7.9] [4 .7, 10.2] 

nHT 3 1.3 ± 7.9 tl.S. 27.8 ± 11.6 I1. S. 28.8 ± 10.5 
[17.0, 5 1.0] [6.5, 47 .0] [0.9, 5 1.1 ] 

sqPD F 2.98 ± 0.19 0.00 1 2.81 ± 0.20 0.000 1 2.61 ± 0.17 
[2 .6 1, 3.48] [2.53, 3.55] [2 .05,3 .01] 

sq PDG 2.35 ± 0. 15 0.01 2.23 ± 0. 17 0.00 1 2.07 ± 0. 15 
[2. 10, 2.74] [2.00, 2.61] [1.82, 2.77] 

ScHD/CS 2. 11 ± 0.54 Tl. S. 2. 14 ± 0.70 0.000 1 2.72 ± 0.53 
[% [ [1.1 , 3.2] [1.0. 3.6] [1. 1, 4.7] 
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Clearly separate discriminant va lues anel low error probabilitics suggcst also a powerful sep
aration of L. meridiollalis from thc hybr id . Howcvcr, bccausc cf thc Jow sampIe sizc 01' Ihe 
hybrid which is lower than thc !lumber of charactcrs cvaluatcd, thc discriminant fUllctioll 

should bc ullstabie. Ncvcrthclcss, thc discriminant D( 14) with 

D( 14) ~ -43.7 1 -7.52 CS -78. 18 CLlCW,,, +100.47 SLlCS", + 11 4.55 Smax/CS,,, +7.60 
SmaxJSmincQr + 11 0.61 1-ITmaxlCScor -0. 14 PDFcor +0.5 1 PDGcor +0,02 nHTcor -
71. 75 GHLlCS,,, -44.46 PECR/CS" , +65.96 PEW/CS,,, -17 .92 PEH/CS,,, -0.76 
PEAS/CS", 

shows for all 28 determinat iolls crror probabi lities of p < 0.001: 

L. meridiol/a/is 

L. meridiollalis x l/mbralllS 

5.407 ± 0.992 [2 .67, 6.63J 11 ~ 19 

-4. 159 ± 1.01 8 [-5.39, -2.67] 11 = 9. 

Most problcmatic is thc separation of Ihe hybrid from L. umbra/us. A discriminant 0(14) 
detcnnillcs only 91.5 % cf 106 cases with error probabilities orp < 0. 10: 

D( 14) ~ -65 .79 +4.95 CS -29.94 CLlCW,,, +81.50 SLlCS<o, + 172.42 Smax/CS,,, -9.38 
SlllaxiSmincor -8.66 HTmax/CScor +0.78 PDFcor -0.52 PDGcor +0.06 nHTcor -34.95 
GHLlCS <o, + 11 .38 PEC R/CS,,, +53.94 PEW/CS,,,, -7.80 PEH/CS", -0.92 
PEAS/CS", 

L. lIIeridionalis x IImbra/lIs 

L. IIIl1bra/lis 

-1.588 ± 0.944 [-3.13, -0.38J 11 ~ 9 

2.117 ± 1.004 [0.38, 5.37J 11 = 97. 

Thc problcmat ic separation or thc hybrid rrom its L. IIl11braflls parcnt is also reneclcd in Tab. 
4. Among 14 characlcrs tcstcd, thc hybrid significanlly dilTcrs rrom L. 1II11braIlls in on ly 43 % 
but rrom L. lII eridiollalis in 79 % or charaClcrs. 
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Fig.6 Canonical discriminant analysis of gyne individuals. Fi lled squares = L. IIlIIbraflls, 

cmply sqarcs = L. II1 cridiollalis x I1lI1b/,(I(/ls , fi llcd triangles = L. mcridiollalis. 
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Tab. 4 Alloll1clrically corrcctcd morphomctric dala ofworkcr nest sampie mcans of Lasius meridiol/a!is, 

L. mel'idiol/afis x umbra/li.,· and L IImbra/us. Given are arithmctic mean ± standard deviation 
[minimum. maximuml and the significancc levels of a / test on difTcrence of the means: 
n =: Ilumber or ncst sampies (basis 01' SI,lIist ics), i =: Ilumbcr 01' individuals . 

L. meridionalis L. merid;oll alis L. umbratus 
(11 ~ 19, i ~ 67) X IImbrflflls (11 ~ 97, i ~ 303) 

(11 ~ 9, i ~ 35) 

CS Imml 1.010 ± 0.076 11. 5 . 0.988 ± 0. 101 0.0001 1.089 ± 0.073 
[0.851 , 1.1 21] [0.8 12, 1.124] [0.848, 1.211] 

CLlCWM 1.034 ± 0.014 0.017 1.047 ± 0.009 11.5. 1.042 ± 0.013 
[1.002, 1.064] [1.030, 1.055] [1.004, 1.075] 

SLlCScor 0.894 ± 0.007 0.000 1 0. 868 ± 0.007 0.036 0.878 ± 0.0 13 
[0. 880, 0.903] [0 .857, 0.877] [0.842, 0.919] 

Smux/Smill cnr 1.640 ± 0.068 0.0001 1.456 ± 0.096 0.05 1.393 ± 0.078 
[1. 512, 1.767] [ 1.331 , 1.602] [1.204, 1.547] 

Smux/CScur 10.02 ± 0.25 0.0001 930 ± 0.38 n.5. 9.36 ± 0.31 
(0;;, I [9.54, 10.50] [8.63 , 10.0 I] [8 .64, 10.04] 

I-ITmax/CScur 14.62 ± 0.32 0.0001 13.47 ± 0.49 n.5. 13.37 ± 0.39 
I'Yo l [ 14.03 , 15.33] [ 12.47, 14.00] [12.1 5, 14. 13] 

-L 
G HL/CS,", 8.87 ± 0.67 0.004 9.65 ± 0.48 n.s. 9.44 ± 0.56 
1%1 [7.52, 10.07] [9 .07, 10.49] [8.20, 10.84] 

nl-lT cur 2 1. 2 ± 7.7 0.0 12 13.8 ± 4 .1 0.04 1 17.7 ± 5.6 
[9.8, 40.9] (7.1, 17.7] [5.7,32 .6] 

PO felIr 8.24 ± 0.78 0.000 1 6.75 ± 0.42 11 .5. 6.85 ± 0.65 
[7.0, 9.6] [6.1,7.2] [4.6,8.7] 

PDG",r 8.4 1 ± 1.60 0.002 6.87 ± 0.82 0.088 6.4 1 ± 0.76 
[6.3 , 13.9] [5.7, 8.3] [4.6,8.6] 

I'EC R/CS", 0.096 ± 0.014 n .S. 0.089 ± 0.0 I 0 11.5. 0.090 ± 0.0 14 
[0.071. 0.133] [0.078, 0.108] [0.064, 0. 137] 

PEW/CS,,,, 0. 300 ± 0.014 0.0001 0.275 ± 0.0 I 0 0.00 1 0.288 ± 0.0 11 
[0.278, 0.331] [0.259, 0.289] [0.268,0.321] 

PEH/CS,,,, 0.266 ± 0.015 0.0001 0.260 ± 0.015 11 .5 . 0.254 ± 0.0 14 
[0.231 , 0.286] [0.237,0.284] [0.223 , 0.285] 

PEAS/CSM 0.42 ± 0.28 0.09 1 0.62 ± 0.3 1 0.0 14 0.37 ± 0.30 
(lXI I [0.00. 0.94] [0.00.1.12] [0.00, 1.36] 
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Fig. 7 Canonica l d i ~cr i ll1 inan l ana lys is of worker nest sU lllp lcs. rill ed squares = L. I/Illbraws, 

cll1pty sqarcs = L II/ /!ridiol/afis x IIl11b/'{//IIS, fi l1 ed triangles = L. meridiollalis. 

3.5. Thc hybrid C4lSC L. j eus; x 11l1lbmfllS 

Gyncs of L. jel/si x IIIlIbrallls shou ld bc eas ily idcntilicd becausc of the extreme morpho
logieal di rTcrc llccs or lhe paren! spccies (SEIFERT 1988). I-Iowcver, desp ilc intens ive smnpling 
in hab itats with L. jel/si populations, not a single gync suspeclcd to be hybrid has cver bee il 
discovcrcd Ihrougholl t an observation periocl of 27 ycars in whieh thc author has seen abollt 
89 gyncs 01' L. jellsi :1 11(1 330 gyncs of L. Iflllbraf/{s. As a mattcr or ract, L. jC l1si x umbraflls 

gyncs arc apparclHly not produccd. 

The thrcc cll titics L.jclIsi, L. jcnsi x Ilmbratlls alld L. w1Ihraflls can be identified based UPOIl 

worker nest sal11ples by a canonieal discriminallt ana lys is cOlllpllting the 14 standard charac
ters (Fig. 8). Thc iclcntification is improved whcn pairwise discriminant analys is is applicd. 
Radiea lly differcnt arc thc parc lll spccics. A disc ri minant 0 (14) with 

0 (14) ::::: -26.79 -4.02 CS -8.78 CLlCWcor + 17.05 SL,or +4.76 Smaxcor +9.30 Smax/Smincor 
+23.70 1-ITmaxcur +0.79 PDF ,ur +0.27 PDGcor -0.02 nl-lTcor -28.30 GI-I LlCScur -25.70 
PEC Rcor +37.88 PEWcor -9.80 PEHcor -0.33 PEAS,ur 

dctcrmines any or 138 cases with p < 0.000 I: 

L. /{II/braflls 

L. jcnsi 

-3 .316 ± 0.895 [-5.72, - 1.72] n ~ 97 

4.6 19 ± 1. 216 [1. 73, 7.45] n ~ 41. 
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Tab . 5 Allollletrically corrcc tcd 1l1O rph omctric dat<! 01' worke!" nest sampie mcans 01" L(/sills jel/si. 

L. jel/si x /{J/l bmIlIS ami L. IIlIIhm/ils. Given are arithmct ic mean ± standard deviati on 
[minimum. maximum] ami thc signi ficance levels 01" a , test on dincrence 01' th e means; 
n = number of nest sampies (basis 01" st'lt islics). i = llulllbcr o/" individua ls. 

L. IIWhmfllS L. j el1si L. j Cl1si 
(n ~ 97, i ~ 303) x IIl11hrafll .\· (n ~ 4 1, i ~ 128) 

(n ~ 31, i ~ 11 5) 

es Imml 1.089 ± 0.073 0.000 1 0.992 ± 0.082 n.s. 0.979 ± 0.066 
[0.848, 1.2 11 ] [0.838, 1. 145] [0.788, 1.085] 

CLlC\"eor 1.042 ± 0.0 13 0.061 1.047 ± 0.01 1 I1 .S. 1.049 ± 0.0 16 
[1.004, 1.075] [1.022 , 1.076] [ 1.02 1. 1. 109] 

SLlCS" , 0.878 ± 0.0 13 n.s. 0.878 ± 0.0 II 0.000 1 0.906 ± 0.0 I 0 
[0.842, 0.919] [0.853.0.903] [0.88 1. 0.926] 

Sm3xlSmineur 1.393 ± 0.078 0.0001 1.4 77 ± 0.054 0.000 1 1.885 ± 0.103 
[1.204, 1.547] [1.375, 1.634] [ I. 722, 2.154] 

Smilx/CSror 9.36 ± 0.3 1 0.0 1 9.57 ± 0.27 0.000 1 10.53 ± 0.25 
1%1 [8.64. 10.04] [8.9 1. 10.13] [9.9 1,10.95] 

----
HTmaxlCSror 13.37 ± 0.39 I1 .S. 13.49 ± 0.32 0.000 1 14. 72 ± 0.52 

[12. 15, 14. 13] [12.82, 14.17] [13.63. 16.10] 

GHL/CSror 9.44 ± 0.56 0.038 9.2 1 ± 0.5 1 0.000 1 8.50 ± 0.8 1 
1%1 [8 .20, 10.84] [8. 11 . 10. 12] [7.26, I U8] 

nHTcor 17.7 ± 5.6 n.s. 19.4 ± 4. 1 0.0001 26.4 ± 5.4 
[5.7, 32.6] [9.5. 26.5] [3. 1, 25.8] 

POFenr 6.85 ± 0.65 0.000 1 7.50 ± 0.73 0.000 1 9.52 ± 1.03 
[4.6,8.7] [5.9.9 .1] [7.4, 11 .8] 

POGen. 6.4 1 ± 0.76 n.s. 6.74 ± 1.1 6 0.000 1 9.28 ± 1.5 1 
[4.6, 8.6] [4.3 , 9.3] [6.5, 14.0] 

PECRlCSror 0.090 ± 0.0 14 0.0001 0.067 ± 0.0 15 0.000 1 0.025 ± 0.0 18 
[0.064,0. 137] [0.02 1, 0.096] [0.000, 0.065] 

PEW/CS,", 0.288 ± 0.0 II 0.000 1 0.278 ± 0.009 n.s. 0.28 1 ± 0.009 
[0.268, 0.32 1] [0.263 , 0.306] [0.259.0.304] 

PEH/CSror 0.254 ± 0.0 14 0.000 1 0.266 ± 0.0 15 0 003 0.278 ± 0.01 9 
[0.223, 0.285] [0.233,0.294] [0.230, 0.322] 

PEAS/CS"" 0. 37 ± 0. 30 0.000 1 1.08 ± 0.62 0.000 1 0.1 3 ± 0.21 
I "!., I [0.00, 1.36] [0.00, 2.76] [0.00, 0.79] 
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Fig. 8 Canoni<.:al disc rirn in <lnl analys is of workcr nest sampies. Fillcd squares = L. umbra/us, 

cmpty Sq,lfCS = Ljellsi x I/lJIbJ'(/fl/s, fi l!cd Irianglcs = L.jensi. 

Vcry clcar is also Ihe dist incti on of thc hybrid from L j ensi. A discr imi nant O( 14) wi th 

D( 14) = -68.09 + 1.95 es -6.52 CLlCWcor +42.16 SLcor +4 1.58 Slllax~()r + 7. 78 Sm<lx/Smincor 
+71.88 1-ITmaxcur -0.08 PDFcor +0.33 PDGcor +0.05 nl-l"r cor + 15.64 GHLlCScor -
13.03 PECRcor + 18.50 PEWcor -1.99 PEHlW -0.26 PEASl'Ur 

detenni llcs any 01' 72 cascs with p < 0.000 I: 

L. j ensi x IIl11brmlls 

L j el/si 

-3.345 ± 0.809 [-5.09,- 1.88] n = 3 1 

3.992 ± 1. 121 [1.88, 6.66] n = 41. 

Thc dist inc lion orlhc hybrid Ii·Olll L. IIlJ1brafllS by morphomclry alonc is Icss c lear. A discrim
inanl D(14) wilh 

D(14) = -22.85 +6.47 CS - 18.34 CL/CW,", +36.96 SL/CS"" +52 .29 Sillax/CS"" -3.63 
Smax/Sm in"or +4.50 HT1l1<lx/CScor -0.17 PDFcor +0.02 PDG\."m +0.002 nl-lTcor + 18.33 
GHL/CS"" +46.40 PECR/CS"" +5.78 PEW/CS"" -7.06 PEH/CS"" -1.9 1 
PEAS/CScor 

dctcnllines 89. 1 % 01' 128 cases wilh p < 0.10: 

L. j el/si x W/JbralliS 

L. Ifll/b/"atllS 

-1.687 ± 1.013 [-4.02, -0.21]11 = 3 I 

1.938 ± 0.996 [0.21 , 5.34]11 = 97. 

Howcvcr, many of Ihe doub tful cases can bc dccided by an cye-calch ing non-mclric charac
Icr - a pronounccd scalc asymmctry in thc hybrid. AI least a ccrtain pcrccntagc 01' workers in 
a hybrid sampIe lI sually shows Ihis typical pctiolc shapc (Fig. 10). 11 scel11S as i f one body half 
tries to form thc lapcring pctio le sca le of L. jensi (Fig. 9), whilc thc othcr siele works in thc 
oppositc dircction lowards the emargi nateel pctio le crest of L. IIIlIbrallls (Fig. 11). Numcrical-
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Iy th is hybrid aSY l11l11ctry is rcfl ec lcd by a signilicantly largcr PEAS cOl11pared to parent 
species (Tab. 5). As a consequcncc, thc disli nction of L.jellsi x lfll1bralllS from L. umbra/li'<; is 
c rcdible in the vast majority 01" cascs. Thc charac tcrs 01' thc hybrid L. jellsi x umbra/wo arc 
comparcd with thosc of thc parcllt specics in Tab. 6. Among 14 charactcrs testcd , thc hybrid 
is significant ly different from L. IIl11bmll/S in 64 % alld from L. jensi in 79 % of characte rs 
while it approachcs thc first in 2 I % and thc latler in 43 % of charactcrs. 

Fig. 11 

Figs 9 - 11 antcrior vie\\' of pClio lc in L. jensi (Fig. 9). L. jensi x umbmlu.,· (Fig. 10) and L. I/lIIbra!IIS 

(Fig. 11 ). Thc sCll lc bar cquals 200 MIl1. 

4. Discussion 

A ChlllOll o!asills gyne mated by a hc tcrospccific partner shoulc\ havc thc samc potcncy to 
successfu][y invaele a host colony as a conspccilically matce! gyne. Furthcnnarc, as fi eld 
observations showcd, thc co lonies bu ilt up anel maintaincd by hybrid workcrs had anormal 
population size and the workcrs themse lves diel not show a reeluced body s ize or behavioural 
abnonnal ities . Iflherc are production reductions on thc colony level, c.g. because ora limit
cd adaptation 01' hybrid workcrs to thc habi tat , thesc cannot be conspicuous. As a consc
quence , the number of col lectcd ncsts alld the \lumbcr of alate gynes nlndomly collectee! 
should refleci in some way hetc rospccilic mating frcqucilcics. I-Iowcvcr, 10 estima tc the rea l 
frcqucncy ofhetcrospecific mali ng, obscrved nest ancl gyne numbers 1l1ust be calibralcel with 
Ihe expected real abundance ratio (Tab. 6). 

According 10 these data aud asslltning an overall sex ratio of 1 I, absence of multiple mat
ing and cqual rate of alate production in each entit y, 27 % of L. jel/si sex uals (de ri ved I"rom 
ncst sam pies) anel 19 % of L. lIIeridiollalis sexuals (dcrived from both worker a11(1 gYlle data) 
wOli ld mate in thc region 01' Central Europe with L. IIl11bmlus. On thc other hand, on ly 2.2 % 
of Ccntra l European L. IIlJ1bralll.'· scx uals mate with L. jeJ/si and only 2.5 % of them with L. 
meridiollalis. Thcse figures rai sc the qllestion why thc rare spccics L. jel/si and L. lIIeridioll
alis can alTard to wastc such an cnormous al1lount ofgenes in heterospccific matings emd how 
they manage to maintain their gcnomic intcgrity. Accord ing to thc data prcscntcd in sect ion 
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3.1, L.jensi and L. meridiol/alis !lave becn cocxist ing in Centr a l Europe with L. IIl11bratlls for 
about 1100 years 01' more than 7000 years respec ti ve ly. I f the hybrids conside red here were 
ferti le ove r severa l generations and should not show significan t fitn ess rcd uc tions, only 10 -
20 years of crossings with an ovcrwhelmingly large L. IIl11bral/{s gene pool would suffice for 
an almost complcte e limination of L. jemi anel L. lII eridionalis phenotypcs. Thc conclusion is 
timt hybrid gynes of L. jel/si x lllllbratlls anel thosc of L. mel'idiolla/is x l/mbrallls are either 
not produced or infertile with a strong epigenetic or ex terna l se lection operat ing against the 
hybrid genome. 

Complele hybriel inf'c rtilit y is apparent ly givcll in L. jensi x IIl11braflls where no hybrid 
gynes are produced and, since male production by workers is not known in Lasil/s, males pro
duced by hybrid nests are the hemizygous sons or the non-hybrid mother gyne. Thc lucky ca se 
of a quite easy disti nction of L. jel/si males from those of L. /llIIbral/ls (SEIFERT 1988, 1997) 
a110ws conclusions on species identity oflhe mother gyne. Hybrid nests from Süttelstädt near 
Eisenach, 1984.09.05, from Reinstädt near Jena, 1993.07.20 and from Bendorfnear Kob lenz, 
199 1. 07 .16 a11 proeluced L. jensi males. On Ihe olher hand , the mOIher gyne o f a hyb rid nest 
kepl by Katrin Sommer in thc Würzburg laboratory 01' Bert J-l ö l1doblc r be longeel 10 L. l/Illbra
filS accord ing to the author's microseopic determination 01' thc li ving gync in Mai 1991. This 
gyne had been co llec lcd near Würzburg inlhc end o f July 1990 and had beeil transferred for 
colony foundation in an orphaned worker group of Las;us niger. 

Tab. 6 Putative relative frcqucncics ofncsls ami sc.xuals orille parem spccics Lasiusjel/si (= jens), 
L. meridio l1alis (= mcri). L. IIl11brafl/s ('" umbr) and of thc hybrids L. jensi x IfIllbrCllI/S 

(= jcXum) amI L. meridiollalis x III11 !Jrallls (= mcXurn) in Ccn traJ Europe. Calibration 01' dala 
in L. jemi x III11/)ralltS was pcrformcd with the same factor as in L. jel/si and in 
L. mel'idiol/o!is x ul/lbra/II.\' wit h thaI ca1cu lated für L. meridiollalis. 

jens jcXulll mcri IIIcXum I umbr 

assull1cd rea l abundance ratio of 6 10 100 
parent speeies 

worker nest sampies evaluatcd 41 3 1 19 9 97 

calibration faeto r for nes t sa1l1ples 0. 146 t 0. 146 0.526 0.526 I 1.031 

ca li bralcd nest sClmplc !lumber 6.00 4.54 10.00 4.74 100.0 

gy nc individuals cvaluated 89 0 54 25 330 

0.06~85 ~ ca libration fae tol' for gynes 0.067 0.1 85 

calibrated number of gyne-p roducing 6.00 0 10.00 4.63 100.0 
nests (assumed sex ratio I I ) 
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Nest site selcction in these weakly mobi le subte rrancan ants is largely preeletermined by the 
se leetive behaviour of the found ing gync anel her adaptation to habitat-spec ific host species. 
Beeause habitat se lection anel major host arc strongly d ifferellt bctwecn thc parcnt species L. 
wllbrafllS a llel L.jellsi , ncst sites ofhybriel nests may aIso givc suggestions to the speeies idcll 
tity o fthe mothcr gyne. According to the RCllkonncn-Schoener formul:l (SCIlO ENER 1974) and 
using thc data of Tab. I, nest si te overla p is 83 % betwcen L.jellsi ami L. jellsi x IIl11bratlls but 
only 58 % bctwccn L. IImbrafus and L. jensi x IIIJ/braws. This indica tcs that L. jensi mother 
gyncs shou ld preelominate which is in agreement wi th the data prescnted abovc. 

Plcnty of gynes are apparently produced by hybrid colonies of L. meridiol/alis x IIl11brafllS 
and only assumptions are possiblc on how thc integrity 01' thc parental genomes had been 
saved over more than 7000 ycars with frequcnt interspecific hybrid isation being a )J1onnal« 
situation. Unknown is also which sexes are in vo lved in hybriel isations bccausc ofthe unsolved 
eliscrimination of L. meridial/alis and L. IIl11braflls ma les (SEIFERT 1988) anel the 10w number 
01' invcstigatcd L. meridiollalis x umbralus nests. Nevertheles, the L. meridianalis x umbra

filS case is comparable to that of A calllhomyops claviger x haipes (UMl'HREY & DANZ~'tANN 

1998) where a lso plenty of gynes a re prodllced by hybrid ncsts. The gcnctic methods of 
Umphrey ancl Danzmann al10wed to show that only the A. hIlipes queens perform soc ial c1ep
togamy. 

Faseinating is thc quest ion how the rare spccics can compcnsate 1'01' the expccted losses 
they wo uld ex perience by hybridisations. A gync that did not meet a conspecifi c male in a 
))panspecific« mating nock should preler to accept a heterospecific male instead oflosing the 
option to reproeluce <lt a ll. With the he ll' ofheterospec ific gamctes she can then found a pro
ductive co lony with a vita l worker force composed 0 1' hybrids ami shc cau send, in the form 
ofnll lllerolls sons proeluced during some 20 ycars 01' colony life, 100 %) 01' her own genes into 
the genc pool. In other words the heterospeeific gcnes are only stolen to use thcm as a vehi
c1c to propagate the own genes but are excludcd from reproductioll (SEIFEHT 1999). This 
))social e leptogamy« diners from )) indivielual c lcptogamy« d iscovereel in frogs 01' the genus 
ROlla whcre the cxclusion of the helcrospecific genome proceeds during meiosis (G ÜNTHER 
1990) . 

The most perfect solut ion ofsocial c lcptogamy for monogynous anel 1ll0nO<lndrOllS societ ies 
is obviously {bune! in L. jel/si where the useless anel expcnsive proe!uction 01' hybrid gyncs is 
suppresseel in favour 01' inereasing the proeluction 01' SOllS. On ly a mating of an L. IIl11braflls 
male with a L.jensi gyne would Icael to this optimum solution wh ile the revcrse combination 
is fuHy dcst ructivc f'i'oll1 L. jensi's point of view. This may weil explain thc abovc-lllcntiol1cd 
observation that matings between L. IIl11brafl/S males anel L. jensi gyncs seelll to be thc typi
cal case. In other words, se lcetion should opera te in the direction tltat L. jensi gyncs should 
readily accept L. umbrallls males whi le males ShOllid avoid matings with helerospccific part
ners. 

A less pcrfect solution of cleptogamy is foune! in hybridisations of the myrmicine anl Tem

lIofharax alb/pennis (ClI rti s, 1854) with T lIig riceps Mayr, 1855 , r. IIIberulll (Fabricius, 1775) 
anel r. lIlIflase/alus ( Latrei Hc , 1798). The hap loid number 01' chromosomes is n :::: 8 in T. 
albipellnis but n :::: 9 in thc lalter three species (FISC HER 1987). For thc region of Central 
Europe, it is est imated that 28 % ofthe T albipcllllis sexua ls, will male with e ilher r. I/iberlllll , 

T nigrieeps 01' T 1II1{(aseiaIIlS (SEIFERT 1999). The resuh ing aneuplo idy 01' F I gynes (2n = 17) 
wi th inab ility to perform a balanccd ll1e iosis is thought to be the basic rcason saving the 
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genomic intcgri ty of involvecl parc nt spec ies. It scelnS quitc probable tl1;1t genomic incompat
ibi lit ies also savc the genetic in tcgrity or lhe parem spcc ies orlile hybrid Lasills meridionalis 
x lImb r a/lls. 

WING (1968) reported on hybridi satiolls in thc Nearctic genus ACOllll/OlI/Yops Ihm is elose
ly re latcd anel in overa ll biology most simi lar 10 thc subgcnus ChthoJ/olasills . Wing rccogn ised 
15 specics, fi vc ofwhich wlle re involvcd in fi vc hybrid combinat iolls. He considcrccl thc phe
nomcnOIl of hybridisation 10 bc vc ry ra re within the genus cxcept far thc ca se ACCllllhomyops 
/caipes x claviger. He idcntifi cd 183 sampies c f A. claviger, 146 of A. haipes and 20 of A. 
ha ipes x c1aviga His sampie Ilumbcrs will probably re ncel real abundance ralios beeause hi s 
mode of sampie selectioll is not sllspccled 10 be biased. For the same assumptions as presenl 
ed above, aboul 6 % ofthe A. huipes alld 5 % ofthe A. c/aviger ala tes should have mated with 
a heterospecific partner. I-I owcver, Wing most probably underestimated overa ll hybridisat ion 
frequeneies in Acalllhomyops becallse he only in vcstigatcd a single worker per sampie ami 
because the system of morphometric identification was lOo imprecise. According to Wing's 
deta iled description of methods ancl measuring errors, he lI sed mueh lOo low magnifications 
anel an inappropriate ocular Illierometer lead ing to abollt 500 % of the I11 casuring error 
achi eved with thc system used in this sludy. Furthermore he did 1101 lI se any form of a multi
ple di scrimi nant analys is 10 cvaluale his data. As a eonscqucllce, he had no chance to delcet 
higher Il ulllbers of hybrids in hi s material. The extreme regional hybrid fre'l ucllcy of 50 % in 
Acallfl/O lllYops c/aviger x Iruipes ['eported for SW Ontario (UMPI-I REY & DANZMANN, 1998) 
will probab1y not hold far la rger geographieal areas but this well-studied examplc shows the 
importanec 01' social cleptogamy in Acwuhomyops. 

SUlllll1i ng up, different farm s 01' socia l hybridogenesis are apparen tl y mare widely distrib
uted in ants and havc been found in mOllogynous- ll1onoandrous, monogYllous-polyandrous 
and polygynolls systems. Un idirec tional, asymmctric hybridogencsis, tenned here social clep
togamy bccausc OIlC part ne r is ehcatcd, is elearl y marc abundan t than sym ll1ctrie social hybri
dogenesis. The Icss effec ti ve fonns of soeial hybridogcnesis sti ll waist energy in producing 
plcnty of hybrid gynes whilc thc most cvolvcd fonns 01' social hybridogencsis in Pogol/o
myrmex barba/'lIslP rugOSIIS, So/el/opsis gemil/aralS. xy/ol/ i and Lasills jel/sil L. IImbrarliS 
have in eommon that no 0 1' very f'ew hybrid gynes are produced. In prefcrentially 1110nogy
nous-monoandrous systems such as Lasi!fs jel/silL. lImbrafIlS, production of pure species 
gynes is not possible. Monogynous-polyandrous systems as in Pogollomyrlll ex ba/'barusl P 
rugOSllS (I-IELMS-CMIAN et al. 2002, I-I ELMS-CM1AN & KELLER 2003) 0 1' polygynolls systems 
as in So/el/opsis gel1lil/atalS xy/ol/i (J-I EL~'IS -CM-It\ N & VINSON 2003) have the option to pro
duce pure-spccics gynes in addi tion to malcs whcn the mult iple fathcrs ofthe colonics include 
both parcnt species. Produeli ve emcicncy of the latter two systems is increascd by inhibition 
of pure-species fe male larvae to dcvelop into workers. Within hybrid zones but not outside, 
this inhibilion scems to be so strong Ihat haplomelrotic foundations of singly and homospecif"
ically ll1atcd I~ /'lIg0SIlS, P barbarus allel S . . \)'Iolli gyncs are apparently 11 0 longer successful. 

In conclusion a short com l11ent on Ouctuating asymmetri cs (FA) is givcll. 80th hybrids 
Lasiusjensi x IIl11 braflls and L. lIIer idiollalis x IIIl1braflls show signifi ealltly increased FA of 
petioh~ scalc compared to the paren! species as shown by their significilnlly larger PEAS data 
(Tab. 5). Funhermore, 45 hybrid warkers of L.jellsi x II l11 braflls showed increascd FA in scape 
length compareel 10 62 workcrs of the parent spccies - 0.508 ± 0.386 [0, 1.38] % versus 0.3 19 
± 0.309 [0, 1.22] % (S EIFE RT, unpubl ished stlldy). Thus, morphologieal asyml1letrics might 
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wei l be used as an accessory character to idcntify hybrids as done in this study. However, the 
indicative value of FA will be limi tcd because poor envi ronmel1tal quality, different f0n11s of 
stress during ontogcl1ctic devclopmelll or strong inbreed ing may lead to incrcascd asymtnc
tries also in non-hybrids (MARKOV 1995, HO ELZEL ct al. 2002). 
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