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Abstract

In the present study, Georgian and Central European representatives of the ant genera
Mpyrmoxenus and Leptothorax (tribe Formicoxenini) were investigated using different
methodologies. These species have totally different life styles, which have not been studied
before.

The study consists of three parts. The primary goal of the project was to define the
taxonomic position of the socially parasitic, slave-making ant M. tamarae (Arnoldi, 1968); To
study the life history and colony structure of M. tamarae using genetic markers. Another
purposes were to determine social organization of colonies of another ant species, L. scamni,
which is found in the Caucasus and Northern Turkey and to test Bergmann’s rule in application
to holarctic ant Leptothorax acervorum.

In the current study, behavior, morphometry, nuclear and mtDNA sequences were
compared between two taxa of Myrmoxenus, M. tamarae, from Georgia and the morphologically
similar, wide-spread species M. ravouxi (André, 1896). This was done in order to determine if
M. tamarae is a valid species, or alternatively might represent a Caucasian population of M.
ravouxi.

According to the results, the workers of these two taxa differed conspicuously in locomotor
activity and in morphometry, that supports view about M. tamarae’s validity. Small difference
between nuclear and mitochondrial DNA fragments of M. tamarae and M. ravouxi,. might be
explained by a recent radiation of the genus Myrmoxenus. According to the results of
morphometry, Georgian and Turkish populations of the genus Myrmoxenus belong to the
species-M. tamarae, separated from Western and Central European populations of M. ravouxi.

The study of colonies of M. tamarae showed that young queens invade 7emnothorax nests
and kill the host queen by throttling. The simultaneous presence of two slave species in a single
colony (7. crasecundus and T. cf. unifasciatus) indicates that M. tamarae is an active slave-
maker.The genetic structure of the colonies matched that expected for a monogynous and

monandrous ants.



To document functional monogyny in L. scamni, the mating behavior was studied, the
behavior of mating queens were observed, and the ovaries of nestmate queens from eight
colonies were dissected.

A phylogeny of Leptothorax species based on partial CO I sequences corroborated the view
that functional monogyny has evolved convergently in several taxa of Leptothorax. It appears
that this is a highly variable trait that can rapidly adapt to habitat changes.

To test Bergmann's rule, we studied 53 nests of Leptothorax acervorum (workers only),
collected along altitudinal gradients in Alps. Our results showed that the body size of workers

but not the colony size increases with altitude.

Key words: Formicidae, Myrmoxenus, slave making ants, morphometry, phylogeny,

Leptothorax, colony structure, reproductive skew, mating behavior, Bergmann's rule.
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ds1306dol  EIOMBOL, o3 BIoGMSE 3300900l  obdsgzwmdsTo  yMdgErgds, bmerm
©59mbgdmo  Bb3obderols 8dgdo BMEOSE  39MBoGHOL  F050MTogMdsL.
3mbsmIGgmdgwo F05633909gd0 2363090056 dslidobdgeo Lobgmdols dbmem ©OE ©s
bdo6 335309030 O MW B13Mm3b69wWbo 5®0s6. ollobo 809313690056 083050
F056339009dL @5 00mJdol yzgens Lobgmds 9g@Esbowros IUCN-ob fomgw Bmlibsdo Gmyme s
9mfy350 96 35005396900L 3065l dymao (Social Insects Specialist Group, 1996).

bmgose®o 359gmgdoL ghm-gemo 36093690 m3560 ™30L9dss dOMAoL 989JBHIMO0 ©s
Lm0 496sfowqds. gomawgdo MRJd0sb dmols dogboom s 0deg3056 FnsdMBogwMdSL,
boem 393900, G®IWgdog MIgBHgb 990mb3z9390d0 560056 LEgMowwGmado, HOMbg9b
0000003530 MdsBY, 93M™M39096 153390L s 039396 dmL. IYOMJOOL F9BsYMTBOgMHGdOL
0909y 09596900 009399056, bmwm  ©YOMRWId0  0fygdgb sboswo  3meEmbogdols
©o53vdbgdsls (Holldobler & Wilson, 1990).

9099599350 3500 MbLIBMASMYOGOOL 356TIMBOMEMIOLS, HBA0GMI® 5000 53l
3Mbxzwod@l H9360HMmMJ3ool gobsfowqdsliosh ©s3zsg3domgdom. xymxol 93690l dmeol
093600993000 obsfogdsls ,,M930MMm©MJ3orwo Mbsto” (“reproductive skew”) gfieaoqds
(Trettin et al., 2011; Trettin et al., 2014; Heinze & Gratiashvili, 2015). ©mgo0960m begoswwy®
Lobgmdgddo  sbgmo  3mbgwod@ol  osFMs  bgds  @MIobsGmo  0gMscmJogdols
RMOI0MJO0m, LOSE JOHo b FbMWwMmE Ms8Y60dg M0BIBEHO yLMBswo sbEYbL
09360093006 dMmbM3ME0BYOL (,0505¢0 Mg3MHMPOI30Io 1bsM0%). Lbgs Lobgmdgddo
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X3IBOL  g39es  IOMBOO  HoMmIMIMOL  F050mBo3wMmdOL  MsbsdIM  MoMm©9bmdsls
(005050 M93MMEJ30I0 Mbso“) (Bourke et al. 1997).

»0930009J30M0 165G FgBO© (33900505 LME0sMMO LORMORBIRMHNObYdOL
Sbm dmbomgliogg Lobgmdgddos 3o (Hammond et al., 2006). 85000 H936HM©MJzool
B656MH0“ ©oILEHMMIdME0s F056F39wgddo dbmwm  GHM0ds Formicoxenini-ol g3sM9d0l
Formicoxenus Mayr, 1855-ob o Leptothorax Mayr, 1855-0l Bmaogmo ULobgmdgddo
(Buschinger, 1968a; Buschinger & Winter, 1976; Buschinger et al., 1980; Heinze & Buschinger,
1988; Ito, 1990; Buschinger & Francoeur, 1991; Felke & Buschinger, 1999; Gill et al., 2009).

Bgdo LooLgMESE0M 33¢g35 gbgds Formicoxenini-ob ¢®0dsdo 899535000 mGO 43560,
Myrmoxenus—ob @S Leptothorax—ols (o630 abegdl, OMIWgdlsg  sboliosmgdom
960569000L5996 goblbgsggdmwo Lsbomabewm 3o3wgdo.

B5B3969005, MMA LobgMdgdol dsdox3bol 3OHMmEgldo oo 960d3bgemds  9boFds
bbgoollbgs d0aMdgdol 9HmMdE0g 259myqbgdsl, MMam®m0oEss dodmdmboMomwmo ©s
B0MHM3ME0 9563960900, INORMEWMA0IO0, J3J30000 S J3MELMYOMMO 33193900 (Steiner
et al., 2004; Seifert & Goropashnaya, 2004; Schlick-Steiner et al., 2005; Ross et al., 2010; Steiner
et al., 2010; Seppi et al., 2011; Gotzek et al., 2012; Blaimer & Fisher, 2013). dgLsdsd0bsg, bgdo
3393990 3obLbmGM 309w gdM© 2459m3099b9 Lbbgoolbgos 9900 q00L
(0mOHRMMA0IM0, 396930300, JOMEMYPOIOO S §3MCMY0MO0) 3mdd0BsEOs.

Bgdo LHEOLYOESEOM 339308 B0BOYOL HotBMoYgb:

e Jmdgbobs M. tamarae-ls sbsewo 9aH9ga3escgdol dmdogds Bsmo GHodol dm3mggdols
500D s 496TguoBMgMS M. tamarae -1s Ed5JumbmIomMHo LEGoEMLO;

e J999Lfogws M. tamarae-ls ULsbogmabwm 3o3wo s 3969@03MM0  FoM39Mgd0L
©HAsM9d00 259963305 oLO 3MEOMbOOL LGOI EHME;

e Jdmdgbobs M. tamarae-ll d5b30b6dgeo  Lobgmdgdol  0IbEGH0BROEOYMYdS  ©d
39689L5BM3Ms Fslidobdgur-bdg30TB0MGMDY;
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e Jdmdgbobs L. scamni-ol sbsero  3mmbogdol dmdogds GHodol  dm3m3gdol
5Q300b, G9dgLfogers d9hgy30egdol 43939 s 89990m{iagdobs dslido gbdomMo
IONEIOMB056MmdOL 5OLGOMIOL 303009 B;

e 3999Lfogws Leptothorax—ol 4356M0L gowrmyqgbgHo;

o 3mWomdBozmwo Leptothorax acevorum (Fabricius, 1793)-0l 8sgscom®g 89d9Lfogems
0139305 0] 5615 26M99M 30MMdJOOL (33¢0gd900 Lbgweols s 3mwmbool Bmdols

(33LOYOIOU.

399md394690mos  bsdo  3MdE035300  0835dH-BodBHMM0sb  gmEsbargddo, dgmmby
900900s 2odmbodzgybgders g®boserdo Ecological Entomology. sbg3g9, 9Omo L@s@os
3990939969090 5M5MIRIO0MYO©  gMboedo. 53 3OW035(30900L  GOHMNMOWOMDS
D068 9bL LoobgmEszom 65MMAoL doMoms@ bsfol s Jodmmmo Mgx39Ms@ol

39909995 Bosrmeo.

1. Gratiashvili N., Bernadou A., Suefuji M., Seifert B. & Heinze J. (2014) The Caucaso-
Anatolian slave-making ant Myrmoxenus tamarae (Arnoldi, 1968) and its more widely
distributed congener Myrmoxenus ravouxi (André, 1896): a multidisciplinary

comparison (Hymenoptera: Formicidae). Organisms, Diversity & Evolution 14 : 259-267
2. Gratiashvili N., Suefuji M., Barjadze Sh. & Heinze J. (2015) Morphometrics, life history

and population biology of the Ponto-Caucasian slave-making ant Myrmoxenus tamarae

(Hymenoptera: Formicidae). European Journal of Entomology 112 (1) : 175-179

3. Heinze J. & Gratiashvili N. (2015) High skew in the Caucasus: functional monogyny in

the ant Leptothorax scamni. Insectes Sociaux , 62 (4): 385-392
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4. Bernadou A., Rémermann C., Gratiashvili N. & Heinze J. (2016) Body size but not
colony size increases with altitude in the Holarctic ant, Leptothorax acervorum.

Ecological Entomology, (under review).

5. Gratiashvili, N. & Barjadze, Sh. (2008) Checklist of the ants (Formicidae Latreille, 1809)

of Georgia. Proceedings of the Institute of Zoology, 23: 130-146.
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1539360gMmM o@gms@cols dodmbowgs

Uss®ozgemmdo $056339¢7960b dgbpsgemol obdemkos
Logo®mggermdo 30563390900l dgbfagams @sofigm XIX Lsrm3zmbol 80-0sbo {iemgdol

OMEMsb.  Jodommwo  doMdg3mRBobols  Igbfeogwrsdo  izerowo  FgoBsbgl  Grmgmbs
Jo603900ds, 51939 MEbmgEds 39360969dds: 3. SMbMEWOT, §. L30T, 5. BMOYEDS, 0.
50510583035, 3. 39615359309, B. BolMbM3ds, . HMDLI0T, 3. LHORYMEIs, 5. MoEHI63MI
3 965d9wosbds.  mmdzs oo FogH  QoBbMOE0ggdEo 33093900  Lodomzgwrmls
006393mRBsMbsBg  bmwmE  Bodumbmdom®o s BofomdMog  93mEmaome-
2903058300 bsbosmol oym (Gratiashvili & Barjadze, 2008).

beagosgnaytro  3s0sbodobdo s Myrmoxenus-ol 33560l  F056339¢7980l  Bomermgos,
Mpyrmoxenus tamarae (Arnol'di, 1968)

bLME0SIOHO 3565H0EHOBA0 - Lm s MMO 3FGMHYIOOL 35M15DOEWO HTMI0WIIYYdS
96m 96 M589608g ™oz30LBREsE I3bMmzMd LME0SEMO Lobgmdsby -sM0l ™M30L9ds,
©535bslosMgdgo 3OS HBIbgdOLmZ0UL, BMAIOJO0LM30L s 2ablogMmgdom
369350 R9MOM35600 F0563F390qddo (Buschinger, 1986; 2009; Holldobler & Wilson, 1990).
30bs0IF MBI MdOL (MEMHBOLO), EOMIIOMO 35M5B0EHO0DBIOL, ¥FMIm sMsBoEGH0DBIOL
5699 0643000060Ddol s BEGHTsMo F0s63390 900l 339bmagbols dglfogws bogdmes 1810
P0@sb 3096 3mdgMol s 1859 farosb Bstrew®d oszobols doge (Huber, 1810; Darwin,
1859). 305633909030 LMEOSOO 35M3HBOGHODBIOL MBOM 3OO gdomo Jodmbogngs
9m30569000, 1990 gl 259md399bs d. 3mEEOMdgMol s 9. 30bmbol ogbdo “The
Ants“ (Holldobler & Wilson, 1990). 2001 gl 3. ©9@™©93 s 0. 3506390 godmbigl
dodmbogngs 53 Lsgombob Tglsbgd (D’ettore & Heinze, 2001). dovbgogs 0dols, H®A dmenrm
m30  Peool  3bdogbg  AMegzoeo  ©35EB0mO 9B  0dbs  Qsdm 33w,
F056339093d0 L3050 MO 356MH5BoGH0DT0 MBYOS LHOBEHIMILM S STMMMESg M9s.

A&®00ds> Formicoxenini goblio3momMgdom 8eo@st0s bemEosw)Oo 3sMsD0@Hg00m, Loss
bR MdYEmds HoMdmodzs 9d3uxgM gMsbgmoLsh sdmm30wgdws@ (Beibl et al,,
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2005). 9mbsmIRwmdgwo F0sb3F39wgd0©sb Myrmoxenus Ruzsky, 1902 (ymgowo Epimyrma
Emery, 1915) $o63moaqgbl 25b6Ls3mmemqgdom  LsobGHghgbem 9350l  dolo  BoGo™
393000300 LsBEZMGdoms s Lalogmabwm  (303wgdol IMO35WeRgMHM3bgdom. 040
9mbsmIREmdg  F056339c9ddo LobgmdMm035© Y39wsDg oI  FoJumbos, ™Mo
39390 bobgmdgdo  FMmOHRMEMYoMMs© bJoMs 396G  edoxbmmo o6 sGol
(Gratiashvili et al., 2014).

3bmdowos Myrmoxenus - ol 33560l 3990930 Lobgmdgdo (sbMogo 1):

gb®owo 1. Myrmoxenus — ol 3356M0L Labgmdgdo, Jsb3obdEwgdo s FogMEgwgdgdo (http://www.antwiki.org,

2016)
N Lsbgmdols Labgero dsL3obdgemo Fosb3zgwrols 3930 39w9d
Lobgmds
Myrmoxenus adlerzi .
1 Temnothorax exilis (Emery, | Lsdg®dbgmo
(Douwes, Jessen & 1869)
Buschinger, 1988)
2 Mpyrmoxenus africana | - Q5000
(Bernard, 1948)
3 | Myrmoxenus algeriana | Temnothorax curtulus | 55060, JoOHMIM
(Cagniant, 1968) (Santschi, 1923), 7. curtulus

gentilis (Santschi, 1923), T.
monjauzei (Cagniant, 1968),
T. spinosus (Forel, 1909)

4 15)’1' Héofen lis9 o bernardi | . othorax gredosi | 9b3s6gmo
(Espadaler, ) (Espadaler & Collingwood,
1982)
5 ]SW}EHiOXeg;SA} birgitae Temnothorax  gracilicornis | qb3s6900-356560l
(Schultz, ) nivarianus (Santschi, 1925) 31bdmargdo
6 ]EW)/ rmox;gg; COBIA | Temnothorax exilis (Emery, | bog®sb3gom0-30®bogs,
(Emery, ) 1869) 39PGHMIWNOHO  0GHOIW0S  ©d
bm6353H0d
7 Myrmoxenus gordiagini | Temnothorax lichtensteini | bea®3s305, 8mb@9bgpem,
Ruzsky, 1902 (Bondroit, 1918), 7. serviculus | baenmggbos, 0 SMYNO,
(Ruzsky, 1902) LsdgBIBg00, gsbobgono,
01090 5 OO
8 ]gymengiI; kraussei Temnothorax recedens | 3906&H®so > LadbGHgm
(Emery, ) (Nylander, 1856) 93635, BOOW™®®  58M03>
©5 0O Jgo0
g | Myrmoxenus FAVOUXL | Temnothorax affinis (Mayr, | go6&®. @ Lsdb6. g36m3s

(Andre, 1896)
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1855), T interruptus (Schenck,
1852), T. nigriceps (Mayr,
1855), T unifasciatus
(Latreille, 1798) D)
Temnothorax-ob 33560L bgo
LoHgMdGOO
10 | Myrmoxenus stumperi | Temnothorax tuberum | LogMobygmo, 8390350
(Kutter, 1950) (Fabricius, 1775)
11 | Myrmoxenus tamarae | Temnothorax crasecundus | Lodo®mM3gem, MIMJg00
(Arnol’di, 1968) Seifert & Csosz, 2015, 7. cf
unifasciatus (Latreille, 1798)
Myrmoxenus zaleskyi
12 - Bab
(Sadil, 1953) 990

3350 Myrmoxenus-ol QJEMABJOI0 3MEmbogdl s9OBYdY6 Temnothorax-ols §35¢M0L
bbgoolibgs LobgMdgdOL dEYJd0L 0b3sBoMgdom (Buschinger, 1989). Myrmoxenus-ob
3Mmmbogdo G5dgbodg s39ME0sb g sdg BOHILOMEo 06E030OLYYE T9Ygds,
O0Iwgdog 9®0sb 2.5-5 83 Lopa®Adolb. d©9YJ00 A3H3WYds JOHMIYM0sbo MMl Loboom
b99080 JgMdol J398 96 3ol bs3Mowgddo. Tglodergdgwros OO  3MEMmbogdols
30Mm™M3905, 50H9MS 5 OBMEMSGHMOOME 3060HMdYdT0 ffrrgdol dsbdow by 33060390900
Bo@otmgds (Buschinger, 1968; 1987; Buschinger & Winter, 1983).

Mpyrmoxenus tamarae (Arnol’di, 1968) 560l 53 2356M0L 9OHMOEIODO FoMdmIsygbgwro
Bogom39em@sb. 58 LobgModoL 2 dMds 06E030O FM3M39dMWO 0YM ™. 050 5d300l
3096 dmOHx Aol Go0Mmbols bmey. sdsdo Temnothorax—ob 33560l F0563399d0l dgdo
1963 §gwl (Kwxumamsuau, 1967). H90mowbodbme 0bo3z00qdbg 0oghbmdoo 1968
Dol 3. 9OBme0d s0fgMs 393b0gMgdoLomzol sbogro Lobgmds M. tamarae (ApHonsaw,
1968), ®Hmdgeoz  Lods®rmgguml 96gdos s dg@sbowos TUCN-ol bmlibsdo Hmymbs
9mfyzoo Lobgmds—VU D2 35@9am®oom (Social Insects Specialist Group, 1996). 396l
3990330935309 9M9BIOO 56 0gm 3bmdowo M. tamarae-ls globgd oS Lobgmdol Im 3wy
500960bs. M. tamarae-ls 399900L 5090l Ao 0bxMmMTs300%9 IYOHHMdIO™ sGIGdMd©S
AmbyBMYOS, MM 080 Fglsdwms  gmRowoym ALMBEOMI0 BIOMNME 2930 EIOVIo M.
ravouxi (André, 1896)—ol blobmbodo (Buschinger, 1989; Schulz & Sanetra, 2002).
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Leptothorax -ols 33560l 3056,339¢980l Bomeregos, Leptothorax scamni Ruzsky, 1905

O MO0 S»fgmeol 3sbdobg LmEoMmdoMEIMAOMGmo 331093900l  JOMOMHS©
L530bgdL LemEoswmo 3HgMgdol 3membogddo IPMBWYOOL, obsyMmBOMYGOIMWO @
09360mJ3omo  ¢bseol  ddmbg 8MIOOL  MomEIbmds @ Tomo YR30
D068 9bL. 3membogdo G90dwgds 0gmlb 9MMNEIMAB0s60, M35 OIEMRE0sbo 6
2bJ30M9®© 9OHMOIOMBE0s60 (HMEILSE 3ME™b0sdo FMO35¢0 IOMBI0S, MI(3S
y39wsbo o6 56056 3mEHgbgomGo  339M3Ebol  dgdEgdo, Mg TbmwmE ghmo
fo®0maagbl ©®330MmEMIE0NL @IQMBIL).

2bJ30mboeMo  JMMNPIVMB0BMds by ,8396J30mboscmGo  Fmbmyobos”
053005300395© 50)gMs . 3500d (Pardi, 1940, 1946) Jomscrol 305Bsbsdo Polistes

gallicus Linnaeus, 1761 @5 50dmBbs, ™3 09300000 F056339gddo. 256y Solenopsis
invicta-bo, LBosg oL  23H3Wgds  3MEoR0bosly ©>  dmbmgobosli;msb 9N,
RMbdomboscmMo 9O IOMBE0sbMIOL  sMBGIMdS 333 303JON0s GHEOdS
Formicoxenini-ob bmyogmo  Lobgmdqddo:  Leptothorax acervorum (Fabricius, 1793)
Leptothorax gredleri (Buschinger, 1968a), Leptothorax sphagnicolus (Francoeur, 1986) oo
JubmdomEHM™o 43500l Formicoxenus Mayr, 1855-0b Lobgmdgdol «dg@Egl,mdsdo (Buschinger
& Winter, 1976; Buschinger, 1979; Buschinger et al., 1980; Francoeur et al., 1985; Trettin et al.,
2011).

33900 Leptothorax 9cm0@EsgLb 35¢o6ds o Bsdmowm Bmdol FoobF3zgwgdol 20-0g
Lobgmdsl, MMAgdos 3bM3OMMdIE 35BS 3MEmbogdols Lobom J3900L 9398, W3MdS©
b9gddo 6  BHMBHIOoL Low®mwyggddo (Heinze et al, 1993). gb 93500 JOMOMSI©
30oMdBH035005 293039 gdo.  LogoOmzgermdo a3bgzgds 4 Lobgmds: Leptothorax
acervorum (Fabricius, 1793), L. gredleri Mayr, 1855, L. muscorum (Nylander, 1846), oo L.
scamni Ruzsky, 1905 (Gratiashvili & Barjadze, 2008). 306390 Usdo Lobgmds a3b3wgds
AbmREomb  Bbgoolbgs 5ol o bs3Tom©  39MRsss  Tgbfageroeo, bmem L.
scamni 33630905 35335L05L5 @O BOOWMgm MO Jgmdo s Tobbg doerosh dfoco
06g3m®Ts3055  (3bMdoro. 53 335M0L  BJglmdMOZ30 MBS O Y30Gds  OWO
693G 00w MHo Mbgdol Lobom, 5689 MBOM bdoMmsw 0ygbgdgb ,,8596Mgd0l dmbdmdol”
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https://en.wikipedia.org/w/index.php?title=Leptothorax_gredleri&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Leptothorax_muscorum&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Leptothorax_scamni&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Leptothorax_scamni&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Leptothorax_scamni&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Leptothorax_scamni&action=edit&redlink=1

J3935L 9L5FY3009d9g0 35OEb0MMOL ImBsbodws (Buschinger, 1968c, 1971; Heinze et al.,
1992; Oberstadt & Heinze, 2003).

8356 Leptothorax—olb 30embogddo 365350 ©9IOMBEoL 9OHMNEOMME0 Msbss®lgdmds
990Y3009d0L 9909y SbowsBOS ©IMBWGdOL FIMdOM® 3©Jdo IOMHBYdOL
G030M0 Jgg0s (Douwes et al., 1987; Stille et al., 1991; Heinze, 1995; Bourke et al., 1997;
Hammond et al., 2006; Bernadou & Heinze, 2013). ©ma09600) Lobgmdgddo dwol sdbsbogo
©IOMBGI0 BOME0s© GHMEgMbEGHMWwgdo 50056 9MmBsbgmol Jodshm ©s yzgusbo
©9%96 33963900 (,B93MWGIG0O0 3moy0bos”) (Buschinger, 1968a; Bourke, 1991, 1993;
Heinze, 1993). Ubgs Lobgmdgddo ©gomxmmgdo 5d4sgdgb H936MHm©d@ore 096maMdosl
399mmdom s 30896Mbs3gool 3909y s AbMEM® Y439wsHg oo LoggbyOBg Igmao
©JOMGBSo  0fjggdol  339M3bgdoL  ©YISL  FoBIBRHMDBY (86300 BMbmyobos®)
(Buschinger, 1968a; Heinze & Smith, 1990; Heinze et al., 1992; Ito, 2005). LemEosemMo ©s
(9360MOMJ30Mo  09MHsMJool  ©sdgscgdol 8909y,  9MdgdL  0gMobo  dosgzom
396 9bsGOlbM36 gMREIdDY, HMIgdog 0§ygdgb mmEodgdol Imdfoxggdsl s dosom
46056 3906 (Heinze & Smith, 1990; Gill & Hammond, 2011; Trettin et al., 2011). sbg ™3,
©M30656¢) ©gomBswl, OHmymez BsbL, 5d3L LOEMWO 3M6GHOMEO  FSTMTSZWMdSBY
30mbosdo, 0d69ds gl 30603060 3MBEHMMWO M) 5M330MPI30M0, Bdgdol 39d39mdom.

‘@050 H936MHMOI30Io 9656H0” s FgbodsdobO® ,BIZNWEHIGHOMO 3te0yobos”
33b30905 BOOwMmgm bsbgzsmLggH™Madol 30390, gomy35mm3560 fofzmzsbo Eyggdol
Leptothorax—ol 30¢omb0gddo (3. 396GH®oMo s BOOmgm 930m30L L. acervorum-—
do, L. canadensis-0o, L. muscorum-0o0; (Buschinger, 1968a; Bourke & Heinze, 1994; Heinze et
al., 1995).

09000 (30300 MbBsMOL” dJmby Lobgmdgdo L. gredleri, L. sphagnicolus, s
L. sp. A (5be0obsbls ®9390m0609dwo, Gmym®g “Leptothorax AF-erg,” (Ellison et al., 2012)) oo
L. acervorum-ol  gbJ3ombocrm@ms  dmbmyobm®o  3m3MwsEogdo,  3bm3zOMdgb
3596MMY350M356 350039} gddo, MHMYMMOESS  dgEmgdo  bdod  3g9ggddo, Fomdosbo
50030900l 35396, dMowo bsfowgdo, 3erm3zsbo Fomdmbsddbgdol 3009gd0, sb FdGMswo
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AY9ggo0lL Bgbosbo spaowgdo (Bourke & Heinze, 1994; Felke & Buschinger, 1999; Trettin et al.,
2011).

Leptothorax scamni 5300530039s@ s0{gMowo ogm GmymGE L. muscorum —ob
39335L0M0 356005305  Leptothorax (Mychothorax) muscorum var. scamni 50550¢)356mab
SbEomb, 350olL 1358Bg B3390 MdMPY60dg dTsHy OYMPBMBO® (smobmMo
“scamnum” 608bogl Lb3sdl) (Pysckmit , 1905). 3. s®bmer0d (Arnol'di, 1977) 5043965 ol
LobgMdol  Mobado, LTsBHYd0MO  0bRMEOTs300L  IM[MEIdOL  got9gdg.  MBO05EO
bgaoboe sfigol s bgm@039gdol s0bodgbsl (Heinze et al., 1993) b ©@og®om sboero
608938900l 8m3m39ds BOHLOW Mo mMHJgmls s BOHOWMgm 3535350580. J0vbgs35
06@9bbomEo  Loggwg Bodwxmdsmgdols ROHOE™mgm sbsGME0sdo, OO  3MEmbogdol
3m3bs 899999090 50dmPbs. 9d9sb 29dmdobotyg, gobbs F9Mom©o, GMI L. scamni
d9Lsdems 0gml WogMmdM035© 4965H0wgdImo 35d0@ 90l B3g309wolE0, 039 MMYMO3
L. gredleri (Heinze et al., 1993) s bolosmgdm©ql ,,d500e0 6936009300 mbsGom®.

890560 fgbio, Leptothorax acervorum (Fabricius, 1793)

6560390, OMIWgdog d0bsEOMdIE 303 A9Mgdm 3060MdYOT0, Q95BbosT MM
0O BbgMol Bmds 56 sls, 30O 08539 LEBgMOOL HotrBMA>A9bEGOL FMBOBEEYIdL
MMM MO0 300085GHM 3060Mdgddo (Bergmann, 1847; Shelomi, 2012). dobgszs 0dobs,
M 0530930603900  09Mdsbol  fgbo  gbgdmEs  MdOWLolbEosb byMbgIeosbgdl,
9305690000 0l go3M(39 s 303B0LLEP0s6JOBYE, LOOE F9FMIZE0BS 319NN AZ5MM3560
990093900 (Bergmann, 1847; Blackburn et al., 1999; Shelomi, 2012).

dmm  fegddo  bbgoobbgs 33009399000  dmbs 896356l fglol  GHaLGHOMYdS
bmgosey®  d)hgMgddo Foolobgmd®mog s Lobgmdsmsdm®mol ©Mbggdby. LmEose®
dhgM90d0o ,Lbgmeols Bmds“ goboborgds HMAMME 396390 313930l Lbgmeols Bmds b
»U99390mMP60BIoL . bmds, Mog  gmEobbImdL  3mermbosdo  060300qd0L  LagMHomm
5m©9gbmdsl (Kaspari & Vargo, 1995; Heinze et al., 2003; Dunn et al., 2010).

3omdBHoznwo  FoobIggws  Leptothorax acervorum  {o6H3moqbl  dqLogg®mols
bodmEgwm  LobGgdsl  bbgoolbgs  go6gdm  306Hmdgddo  Lsbogmabam  303wol
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d9L5LHO3O. 00 BIMMMPLY Yo3M(39eGdO bb3o@OLBIS 39MYMIxz0vI 4569E9Yddo
B030L EMb0Ib Lb3zsslbgs Lodsmgbyg (Glaser, 2006; Seifert, 2007; Bernadou et al., 2015).
30@mb0ogoo 56MH0L 3536 S 89YJO0L AM3M39dS SI0WOPdS Fglsdwrgdgwo. 2003 Fgwls,
350639L5 s Fobo 3Mmegagdol 33argzsdo (Heinze et al. 2003) L. acervorum-ols 060g309d0l
Lbgweols Lsdmoem Dmds 0BOEIdM©S #obgems© BsdbOHgmosb BOHOWMmgmolisggb.
5J90056 259mB0bsMY, 35330h6@S 35650, MM LTSVl BOEILML H35380MGDOMS3
dqbodgrms  odmgergbowogm  bbgmerols  Bmdol  Abgoglbo ©sdm3ogdmegds o
Bo@o®mgdmeogm 33e935 9¢0390do bbgosbbgs Lodsmwgbg dm3mgqdwo L. acervorum-ols
35250 BY, M3 33339905 LETSEGOIL 0gERRTIBOL Falols FGHglBHoMmIBOLMZ0L Lo G
dh9g69ddo.
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331930L 3sbagos s 8gocgdol dodmbogrgs

F056339e980b 89365023985 s Fgbsbzs

Bgdo  LooLYOHGHSEoMm  33e930L  BIMAWddo  B35@IMgD dORMEMY0O0,
3959303160 ©s J3930000 9Ju39MH0d96E 900 (I, II, III, IV 3490¢003530900).

bo33e930 Md09dBHJool Myrmoxenus tamarae-ls, Leptothorax scamni-ob s L. acervorum-
ol 3mwmbogdo m303m3900 SB30GMOGHMOOL F9d39Md0m, d06MmTY3MEMQ05d0  F0MYOYWO
9900900 Jgbsdsdolo (I, II, III, IV 3998¢0035(30990).

Myrmoxenus tamarae-ls 5 3obo Mo dsL30bdwols: Temnothorax cf. unifasciatus (Latreille,
1798)-0b o T. crasecundus Seifert & Csosz, 2015-0l LUOMEo 3mEmbogdo  dmzodmggom
93069 39335L0MmbBY-d0mOXYMIol  bgmdsdo, 3060230658 dool  LoadbGMgo—s0dmMmbogwgm
R9OOMODY, LemRgE EBOL LOLIGSMLML sberml (41°48'39.89"N, 43°27'6.05"E), Lodsmeng
b030L Mmbosb: ~1,027 9. 3membogdo dgdsMgmdbgb 3033900l (Pinus sylvestris var.
hamata Steven) Jg6Job 398 s 3e0ob Bod®moggddo (L. 1 - 3).

b6 1. dmOxmdol Hs0mbo, beg. sds. Myrmoxenus tamarae — s 303039000 5QYOWO.
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beé. 3. Myrmoxenus tamarae -0b 30¢0mbos 3ol bad®oegddo.
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2010-2011 §§. 9mgz03m390m 100-00g 3membos, 093s 999sb bmerm© 9 3membos ogm
35050056900 Myrmoxenus tamarae-»o. 3mg®mbogdo 990339300696 d/dq0L o
535909 50i9M9 bJgbmdGOZ MOMBSL.

Leptothorax scamni-ol LEG¥WMEWO 3MEw™mb0gdo, (FIWIJMNLWO OIOMBEIGO0 S bOEO
3mb09gdol ©sdxdbgdgwo ©IEMBWGdoL X3MBgdo dmz03m390m  LsdEbg-xo35b900l
Mgaombdo, 505 dsbdo, Pohzmgzsbo Ayol LodbGgo 139OHOMOBY
(41°45'25.54"N; 42°49'4.37"E), bLodswmg B30l ©Mbosb: 1535 8. 3mwwmbogdo 81Mmdbb
393396000 bm3ob (Abies nordmanniana (Steven) Spach) o s@dmbogeMo bsd30L (Picea
orientalis (L.) Peterm.) 0g6HmUl LsdbMgom dbséql, Jgedol 4398. 0oo Gosm@gbmdom dmgqdo
0965 653360 ©H0s67do Hggdol MgMHMYDdMIB, LysE BOLO HMbogws (bLE. 4).

b6, 4. Leptothorax scamni Ruzsky, 1905-ob dw0g bmdol bob Jgddob d3gd. obdoo bsBggbgdos dvygdo

3MLYIMEIO M3g00L X ARB0. dOL BJIMD s J3g9Mo MYOMO® 5MOL Gobol FdMseo ggbo.

L. acervorum -ols bO¥XYEO 3MEMbogdo Imz03m390 s3LEHMOOL 539080 975 3-sb 1,980
d L0ds0E8Y O835BMBI0 bob sd3s¢ BHMGHYOTdo, dmMgddo, Jotdob J398 s 3wOb
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https://en.wikipedia.org/w/index.php?title=Leptothorax_scamni&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Leptothorax_scamni&action=edit&redlink=1

B536oegddo. 43 3membos 3m303m3900 3000635 ligMEswdo s 10 3membos 0bldGmw3d0
(L6, 5), (9B Yd0 obowgm IV 39d¢035:30500).

Ly®. 5. 35539093500L Bgd0o, (0BLBG30, S3BEHMOY).

15330930 M309d3H9Jdol 8Mm3m390E0 3 ™bogdO 250530Y356900 MdOEIOLT0, 0EIOsL
Lobgardfiomzm  MbogzgdlodgBolb  bmmemaool  obbEGoGMGHOL  9bGH™MIMmEmyools
53MMEGHMMH0LS S MYa9bLldMAOL MbogzgMloEgBHOL g3me300L, Ji3930L WS 29bgEH03oL
WHOMEOBHMM05d0. oloerol dm3mggdol 9999y bgdms 3mwwmbogdols bGHMMJGMOYdOL
3obLsBE3Ms  3/dgd0l, LJgmd®O30 MomdOL, 3390 EbYdOL, FM3MHYdoLs @S  WsM3gdoL
OIMNZ0M. 303D 3MEMmbogdo 065HgdMES MdIT0MOL BLIGOHOL IJmby, LESbsMEWW,
bod 2obymn0gd0s6 3eslBHdsbol gmmgddo (L. 6) Bobggo 0MBgdMH03 30MM™dYdJO,
OMamO3 gb S0HgMowos Formicoxenini—ob Ubgs F0sb6339wgdologols (Buschinger, 1974;
Heinze & Ortius, 1991).
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byd. 6. Lodaobymazowgdosbo 3Mg  F056339gdol  3mwmbogdol  sdm®mOGMOH0oME  3060HMdJdT0
29b6LomgLgdWsE. gMm gobymzowgds FmoEsgl MBswmE 3L, dgmMgdo moglbgds 1533900, bmenm
09L53g 9bgmEoEgdsdo — fgowo.

IOBMEMA0O0 ©O 2969G039O0 3959Mm33¢)3900LMZ0L Toloens 0bsbgdms 96 %-09b6
L3oMEHdo 56 Logobmargdo -20°C-by.

J693000 ggli39@0dgbAgdo

1) bo39Wg 330603909305 3bsym, GMI M. ravouxi-ob 313gdo 39wDbY dMm3m3gdoLLL
0mdMomdgb  bgaws  358obsz 30, GmEs bgds Fsmo  899©Ygdol  sBosbgds.  sdols
bodoMol3odme, M. tamarae-s 9999900 EsMOdMPHIE 8930 MBOM LGRS d9ggdols
©H056900LsL. 59996 490MBObsMY, 9I30Y30BJD 29339HMTd> L3MbEFHIBMMO 3930l
bsbosomo M. tamarae-ls > M. ravouxi-ol 9993l IO odMOSGHMOOME 306MdYdTO.
Jg930m0 94b3gm0dg6EHOLMZ0L AsdMmgz0Ygbgmn M. ravouxi-ol 3mmbogdo 3gMHdsboosb,
39dMb30L s Fomb3mxygbols fofigmzsbo GYyowsb s M. tamarae — b 3mErmbogdo
LodoMm3germsb,  Lmg.  ©00sh. mzmim@memew  J3gzom  9JudgmodgbBdo (I
390¢0035305) 390mz094qbgod M. tamarae-ls s M. ravouxi-ol Jmembogdo, M®IWgdos
0b5bgdm©s 9OHMLs s 00539 dMMOIGMOO 306Md9dT0 ModM©Ybodg mM3z0l Jsbdow By

00 3OF9BJBHJO0L 930050  SL30W OO, MMIGdoE HoMdModMds  F05bF39cgdols
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3900H9 5 WHdMMSGHMM05d0 bbgo@ollbgs @mbols 5g@omMm™dol godm. 9Ju3gModgbEodog
F0563390980 065bg0mbab 2 33060l 560w Bg 0631dsGH™GTo bgermazbmmo dgdmoamdol
3060Hmd9ddo 12 oo ey 20 °C/12 bod ©sdg 10 °C.

B3MBEHBMOO 3930l bobosmol  goloBMIs  3bgbom  dMds  F0sbF39gd0L
dmd6smdgdol  Imbo@MmMobal 15 B ©osdgBHEMOL dJmbg M3  5MBIBY, GMIwol
30009003 ©IBYOMo  oym  Fluon®-om  (3m@o@)dH®ogmmrimtmngmowgbo). 0
6030096905 0y969096 MbgObgIm 3bMm3zggdol 90mbggzgddo, GmAd 396 F9dgrmb dom
39¢093bY, 99bH990Dg 96 Lbgs 3mbBEGHI0bgMdDY 53mEgds. 90gbsl OO0 WIBIOIO OY™
b0 BowEHMOL Jomsom, MHMIJE0E 033WIOMPS 3OL YMm3zger M gobdgmemgdsls
dmE0ob. gdu39gM0dgbEHOL sLsfyolbdo 8dgdl BOHMbOWO® 3B353WOM 35B9MS 3ealBdsliols
300b®3o (05dgBHMmom 2 1) Bs3zwg3o sM9bol (396G 0. M3TIMm©abodg Fsdob J9day
b9dm©s 300b®mol IMEowgds s F056339wgdL d9gdermo sM9bsbg ™s30LvBS©
AmdGsmds.  F0s63F399d0l  BHgLGH0MGds  bgdm©s 06030 MOMIMHS©O @S  Fsm0
L3MBEHBMOO  133eg30  GHO9gIBH™O00l  BHgMs bgdmes 180 Fodol sbdsgzermdsdo
39996000, MHMIgeoE 96M9bol doM0Id TN ogm 70 LI-00m. 0dobsmzol, GMJ
dmdbsmoym LBobsmol 3mdmygboBoMmgds s sBIOImoym bgdoldogMo 30BMsE GO
bobxo, Mooz 9990w F0sbF3garol  BHMogBHMM0sDg  a93egboll  Imbgbs,  969bs
39039ImOGHYIMN0 0gm MJNOO FMYomMO S bsmMIdM©s HBYIMIb mgmMo Bgmbols
Lobomwom. g43gwms Bsbsfgmo 390009dms mmsbols 39d3gGo@weaty (23.2-24.0°C, 52 %
A96056Mdo). F0563399d0L godmyggbgds 9dudg@odgbEdo begdms dbmem ghmbgw.

9md65mdgdoL  9Bo0Bo  bgdm®s  Bom3zsem3zsm 3330 EGHIOME0  3OMYMDd
EthoVision® XT 7.0-ob 89939mdom, (Noldus Information Technology, 2007). &®Ms9d&m&ools
565¢0Bolmz0lL, HHomo sMgbs oymzowo oym 39bEGHMIE Bmbo (osdgEHMo 13 11J)
5 39609339600 Bmbo (Logsbg 1 a) (bye. 7).
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390089600
bmbo

3963 ®scm®o
Bmbs

3963Ms®o

50300

9. 7. L3MBEHbMOHO WMIMIMEGHMOHO J3930L bogdu3gM0dgbEHM MY9bs, MMIgeoE GgIds 39M0RIOOVIEO
©5 396GHOIWMMHo BMbgdoLash. fomgwo BIMOom J0OHMBOMsE 50b0TbMwos F056F3gmwols Bogh ds3woo
356d0¢ol BHMo9dGH™O00.

GOBM9dT0 2959395600 FHMGJGHMM00I6 A5TM30m35¢gm J909a0 mmbo 393000
356539@®0: 2ImdMomdol M (§3), yogwowo dsbdogro (1d), LobJsmq (L0/§d) s bggmwo
(°/19). mbogy 35659@®™do M. tamarae-ly 33900 8603369wmgbs 2sbLlbgsgwgdm©bb M.
ravouxi - ol 3119900Lb.

Jggzomo  603Mdgdo  Fgoms  (335¢gdSEO  IMEEH035M0530v0  EOoL3YOLOYO
bewobom (PERMANOVA) 30330939600 36macmsdmmo 353930l PERMANOVA-i
(Anderson, 2001; McArdle & Anderson, 2001) g59mygbgdom. ©o3m30009d 33¢590L
§o6M8Mo960s J393000 3565893 9d0: IMIMIMIOL MM, 25300 dsbdowo, LoBdsty
5 bggMo, bmwm sdm)3000909o (33¢09 00 0gm Lobgmdgdo (Mo mby).

0dobomzol  MMI  2oba3zqLaBe3zms, mv  MMIgY  WM3MIMEGHMOM  356(5d9GHO0
296Ub3530098mb96  Lobgmdgdo, ™mGmGsdEHMM0sbo  ©oL3YMLoMwo sbsewobo (Two-Way
ANOVA) B535¢)909m  250mmM3w0  mmb  356M5393HOmb, OHmymeE  ©sdm30wgdwwm
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33009©J0Mb s LobgMdgdMsb (M. ravouxi s M. tamarae) > 3MEomb0gdmsb (xsd80 M35

3Mmmbos), HMYMO M 30IIIL (3319 JIND.

390mygbgdmo 0dbs  sbg3g Fo30MHM—30dol  BHILGHO @S  BIMMY—OoL  BHJuGo.
MOMNOYOHMITINZOEIOINGds 58 MO0 Bodumbol  Wwm3MIMEGHMOHI 393908 dmGol
3563969 565993HH0D9dMwo 96535 56BMIogd0sbo dsbd@odom (NMDS)
LEAOGOLAHOIMMO 3MA30EIOMWOo 3OMYMITME 3539¢ R 2.11.0-ob (R Development Core
Team 2010) @5 3539¢ VEGAN ver. 1.15-1-0b ¢s8myqgbgdoo (Oksanen et al., 2011) (I
30035(309).

2) Leptothorax scamni - ol dgfiyzogdol 9dudg@odgb@ol sfygdsdg bgdmes
989M900L 5JGH0IMMOOL OYIDs. IO 49FMPOSD 3OL QoMo s 0fjygd9b
54BH0Ms© ddOMOL, Mg bbgs O™ JommM30L ©adsbolinsmgdgero 56 sMHOL (G
Pgbo, olobo gmggwmzol dmol Jogbom 5M06). sdoGH™mI ool 8 Lssm0sb (BBol
59mbg0s6) LEEsdML 7 Bosmsdg oM 3membogdol 153560609ds 3 @Ol Jsbdow by
@5 00 3YMJOOL IMZEs, HMIGd0E 08YMmx3gdMm©bgb 00 dmdgbEobm3zol dol g
(ITT 399000 35(309).

959003900530 8000gdMES IEIEMYOOL 59EH0IMHMBOL 3031100 39M0MmEO, 39MIME 1YY
390 BssmolmM30l 084mBIOMES 500 oJLoTSWMMO MHHMPIHMOS d)EOL Fotmgo (8:00—-
11:00) o5 99H930e900L 9Ju396H0TI6EHIO0 GoMYdMEs LHMOg OMOL 00 dmbs3z9mdo.

d9L50Y30gdq 56965l HoMTMoAbEs 393HMOL K580, HMIOL BLIIOOE WIBIGEO
0y 3505d0M0ob mbgeo igbom (L. 8).
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Loy, 8. dqLsfy30gdgeo s69bs - 39EHM0L X500, HMIJLOE IBIM0s MVSTOMOL Mbgwo ggboom. dsbdo
9m53L9dMo XMmbgdo bodw)oergdsl sdewg3l IgEMGRL, MM >3mEEbgb s Fsbsbm®Eogwmb ,d586M9d0L
00bImds*“.

050580600L 5396530 39MFH035W MO FMMO3LJd0 0gm M5IMYb0TY 35@SMS BMIoL
XMbo, G®mIwgdHg3 9gMgdl 999dwmm 53mEg0s. 39@MOL xsddo slg3g 3b3s3om Lbgs
3Mmmbogool dsdmgdl 995y309d0l goblobm®mE0gwgdws®. 3569bom 3Mm3meEs30gdols
6509bMdOL s boby®mdeogmdols Bsbodzbol. dghyz0egdols d3germds Fo®ds@gdvIens
00390MY, 1<) 359M0 9Y30g00LIL 3956 A5I0bMYPIMOS s IMH350 IMRIOMS 53
3mBoE0sdo  M59gbodg  odol  aobdsgermdsdo  (Oberstadt &  Heinze, 2003).
3965gmBOINIPPNWO  EIVOBWIOO  FIWRYZZLS O3  dYYddo,  3dbgbEom
05630609058 s 999MIdo FonDg ©9330603905L. goboymaz09gMgdol 9999 VIPMBEGdO

doe0939 0§y90b9gb BOHMGOOL Brm30¢09dsb.
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de2R099HM0s

3mORMIgAHO0o 3565HM™IGOoLmMZ30L Foloerol Bodbogos s dmbE0Mmgds begdms X.
Ws339L dgommeoom (Lattke, 2000).

©IAHOMM0  INORMEWMAO0MNO0  gobsbmIgdolmzol  9dm30ygbgod  ©AMbEH0MYdMEO
9309336930 Bgdo 306050 393000056 5 FMfMEIOEo 9dgE dgMHbsmMl doge
9396L0MMR0656, SeBMIE 0TobygMHol FogH HMDOMOR0IB, S6EMYSL Fme 3ol Joge
9390379960056 s 5¢gdl BroBgb3mb doge 3093006 (3dwrozs3ogdo I, 1L, IV).

dm3zsbobgm JmBwoml 11 Jzgybol (Lods®mzgwrm, mMdgmo, Lmdbgmo, ggMdsbos,
53LGHM05, dMEYPIMINO, LERMIBYJMO, JU3sDbgMO, LEP™M353900, LdgMIbgMO s 30506s), 18
DoOGHowdo dm3mgqdeo M. ravouxi-ob @S M. tamarae-ls 8w93d9d0lL, T5dMJOOLS o
©9IOMRGI0L IMNOBMEMYOMOO gobsbMIgdol go3gmgds (Gratiashvili et al. 2014; k. 9).

L. 9. IORMm3YGHO0530 godmygbgdmwo Myrmoxenus-ob Lobgmdgdol 33900l 5EYO0IIO0.
LoddMEMdO: T30 GHMWBIOHEs Lodzmmbgo - Myrmoxenus ravouxi -ob 8033900l 5EYOWId0; Fomgwo
33900000 - Myrmoxenus tamarae-ols 333900l 5Qy0o.

31



boen  203%mdgoy  Myrmoxenus-ols 435600 90 0bog0@o. 9dgsb 66 ogm dds
F056339s, ©bs®Bgbo LJglmd®mogo ™mosmds (LwE. 10). moomgme dxds F0sb3F39wsby
393BM3gom 89990 21 ImMBmEmaomco bodsbo: CL, CW, EL, EW, SL, PoOC, FRS, MH, ML,
MW, PEH, PEW, PPW, SPBA, SPST , SPTI, SPH, MpGr, NOL, PHL, PnHL (g@®swgdo

obowgom I s II 3990e035309000).

bomé. 10. Myrmoxenus tamarae (Arnoldi, 1968). a - $o3ol 0m3m3900L 50w bodsOmzgemdo, bmg.
Q505LMSD sbenmls, (FsLFEHedo =5 3); b — 93s; ¢ — IOMGsw0; d — B53G0. (AsLIAEVO b—d -ogob= 250 pm).

y39ws  4obobmdo 2935390090  Jobdolmsgzol  FFIH  LEGHJOXIMOL  godmygbgdom,
OMIgoE Lodmegdsls 0dgg3s X, Y o Z ©09Mdgdol go6dgdm 899900035 350mdMomo
©5IMbEGH0MGOMo 93H9gd3esdo s Wild M 10 LGgdHgm dozmmbimdol Lsdwsegdom,

HMIgog 90FYOH300006 x 1.6 3Ho30L 3esb-53mdOHMmo@GMwo md0gdEH030m. 2565HMmIgdol
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39399905 bgdmos 200 - 320 x 45000@9090L dmGob. M. tamarae-ls ©> M.ravouxi —ob
dmORMEMyon©Oo  dmbs399900  dgzsx5bgn NC-Ward, NC-UPGMA, ©s NC-K-Means
dmbsizgdms 15331930 9bsE0Bgdom (Seifert et al., 2013) (9GS gd0 ImEgdwmeros 1
3990¢003530580).

L. acervorum-ols 99900l  Lbbgmeol BmIol  godmbozzwglzs  do3bmdgo 318
©53mbEGH0M0Mo 0600300l ™30l doduodscMo Loysbg (CW) s 39Bmbmdol LoyMdg
(ML) (Seifert 2007). Lodwowrm 3M30gdgd0l godmbsgargbs dgdmbggzomo 20 dwds
F05b63F390s 293BMmBg0m MmOXGO.

dmdgdolb  Ubgmewol  Bmdsls ©@d D30l ©®bosd  Lodspergl  ImEol
MOHMN0JOHMPOITIMI0IOMgdoL  25dmMmboM33935®@  39dMm30Ygbgo  bsHmdMogo  JgMgmeo-
993993900L Im@gero (Ime gvbdios, R-package “nlme”). 300aGsdmwo 3539¢0 R “MuMIn”
(r.squaredGLMM  g3bd3os)-ob  08myggbgdom  dmgsbobgom  300MMH0 ©s  306HMdOmO
1LY3M-YGHIMT0bs3o0L  3M9R0E0Y6EHOL  LoowYgdol (Pseudo-A? values: APm 0o R2,)
(Nakagawa & Schielzeth, 2013) godmmges. LOTsEOL (330 GOGOMB JOMS© JMEmbools
bmdol  (mommgMe  30embosdo 373900l MomEabmds) 33000930l ILEA9bs©
39903099690  296BMYsgdMo  bsbmdMogo Fgdgmwo dmgero (glmmPQL  gmbjgos,
305910 353930 R “MASS”). LEsbsdEHmwo gomdowgdgdo dg3sbfmmgom quasi-GLM
model -0l 999mygbgdoom (Zuuret al, 2009). gzgms  LEIGOLEOZMNMO  SBosewobo
396bm®Eow©s s M9803930 503M 3330vEIOHIo 3OMYMds R 3.2.1 (R Development
Core Team, 2015)-0b bsdosegdom. (IV 30¢0035309).

Us23906b9980b 85339075
1533960359900l g5339ms IMbs 30bM3MEsMIo F03MMI3M30L J3gd o. d+9dobygMol s

0. swmgzqgol  dobgozoomm  (Buschinger &  Alloway, 1978) L. scamni-olb 3o
965350 YOMRE056 30w mbogddo, 306390 339M3EbOL godmBgbosb mMo 330600l 909

@S OMEILSE ®59m9b0dg BOBMYILEBHOMEO IOMBWOL 390 Jobs glsdhbyzs
399039M0W0 OO MoMmEYbMdom IMIForgdmwo 339603bgdoL Asdm (III 3Md03s30s).
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896905030900 Gglifsgers

3969303900  330930Lm30L  ©HI-0L  ASTMmYmxBs  BJIMEs  LYPOEEHMOIGNO
50mb0dol dGMIool godmygbgdom  (CTAB) 3OMmEHM™3meol dobgwozoo (Sambrook &
Russell, 2001) (3999qro3siogoo I, 11, II1).

1) 3969303160 33eg30LmM30L odmzo33wogm M. ravouxi-ol 399d900L ©bd gg3dm3ol 15
D90 GHowosb, M. tamarae-ols 399900L ©BI Lm®. IBOL 3M3MWs3006 s MIMdm M.
adlerzi —ob ©YOMBs0. M5dMm©Ybodg bodwdo, GMIdoE dow0sh 439656 M. ravouxi-ol,
053658 35000 IMORMAGEHO0MWOo 3bsobom 0IBEGHOTROEMGdS 56 MBI, 33W93530
dmbligbgdmos GmamM3 Myrmoxenus sp. s7myMY350 dg@Bgmwo odbs M. gordiagini
(Ruzsky, 1902) 351350096, (b3 09) o 7. unifasciatus 35¢0db3000096, (9035605) (bme.11).

L@, 11, dmeng3mem®d 330093530 godmyqbgdmeo Myrmoxenus-ol bobgmdgdol dm3mgzgdol  sH0Ewgdo.
LoddMEMJdO: T30 BHMERIOEs Lsd3Mmbgwo - Myrmoxenus ravouxi-ob; 30LBIOO 335OSGO - Myrmoxenus
tamarae-ols; 30bggMO Oymeo - Myrmoxenus gordiagini-ob; €GO x0 Mamwo - Myrmoxenus adlerzi-ol; 9{3569
6™dd0 - Myrmoxenus sp. 05635056, gu3sbgmo; fomgmo dostrmzmombs bsdzmmbgwo - Myrmoxenus sp. d0s
&50393H0sb,  LsdgMdbgmo; )36y  x39M0 -  Myrmoxenus sp. 050GHI©D,  M3Ms0bs;  gsgz0LBMO
3505y ™00 - Myrmoxenus sp. 30Lmz30H, M Jqoo.



00MOM3ME0  3OMGHJ0b-053m©0Mmgdgwo  g9bgdo:  MaGmem  (wingless), dmEEol
(abdominal-A), g6dgww@oweosbo Gmom3bobo (longwave rhodopsin) s @saMIgergdols
RodBHmeo 1 (elongation factor 1), sbgzg doGmdmbo®omwo 3q6900: 30EH™MIOHMIMI30oBL 1
> II  bMdgeHgmo-COI/COII 0dbs 583¢0x030M90Mwo 0. Mm@GHEIMol s dobo
3Mmgaq00L dobggzom (Oettler et al. 2010). 3m@o0dg@sbsl xsF3mM0 Mgs5dzogd0oL (PCR)
GO3WO0 3OMAM5Ts 90 40 303oLoasb, Losz 1 Fmool 2sbdsgemdsdo bgds
965365305 94 °C — Bg, 1 Hrmol gob8s3emdsdo 50 — 60 °C 3090bstrgmdlL 36509969d0l
05353006905 s 1 mmobs s 30 Hsdol gobdsgarmdsdo 72 °C — Bg bgds geombasEos. od
439woxgel fob wdwgzol 2 (ool asbdsgermdsdo 94 °C s dmygzgds  LodmeErmm
393Md9gdol 3Omiagbo (final extension) 5 ool gobdogwrmdsdo 72 °C - %bg. PCR
36MHmYd3Hgool  3(d9bom  Ls(idgbo dozmm Bs3mgdoom (Roche Diagnostics GmbH,
Mannheim). 36m@v)d@gdob bydz9bocmgds d0d0bsdgmds ABI 3G0bdme 310 396930396
3booboBm®do (Applied Biosystems, Weiterstadt).

693wgmGH0MOH0 1968080 30)MdgdL 35LHMMIdOm 3MMYGMmdoo Sequensing Analysis
ver. 3.4 s 3m3mmyo® 363963 IOL 9HMT6)0mMb 3osMgdoom (alignment) Bio-Edit
ver. 7.0.5.2 (Hall 1999)-oo Clustal W algorithm—ol 35dmygqbgdoom.

130Ma969HBMMm0 bggdo 5353900 8509H0OO sbseoBol Lodwyswgdom 3MB30vE Mo
36OmyMsds> MrBayes ver. 3.1.2 (Huelsenbeck & Ronquist, 2001) go8mygbgdoom. dmgwro
399033090 396900l g3mE300bmzol gxsldwo 0dbs dGMmacmsds MrMTgui-ob ver.
1.01 MrModeltest—oo (http://genedrift. org/software/mrmtgui. html), TOPALIi ver. 2 (Milne et
al. 2009), o> MetaPIGA ver. 2.0 (Helaers and Milinkovitch 2010)-ol godmygbgdoom.

M. tamarae-ols 30®booll LBEGHOMIGHMOOL  goblobzmolimzol ©bd—ol gduB®madzos
dmbs M. tamarae - b 8 3mgombool 60 3190sb. LEBIOEHWMWO JM3MEogoe —
39693039600 3565893600  (5¢ggdol HoEb30, FMboErm©bgwo s  godmzwrgbowo
393960MmDoyMEGHMWMdS, bmwo sergargdols Lobdodmg) asdmzomzswgm  3MI309E OO
30ma®msds Cervus ver. 3.03 (Kalinowski et al., 2007)-ob 09d39gmdom. d<dgdl dmeMol
Bomglomds 2963LsbwgMgm GenAlEx (Genetic Analysis in Excel, an Excel add-in: Peakall &
Smouse, 2012) — obs 39939md0m Queller & Goodnight (1989) — ols dobggom. LEsbIMEHWwo
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3MI0gd900  WwMmIMNLYddy  MBOMBlgmymaowo  0dbs  x93608350bg00.  Lodmoerm
Bomglomdol 89535193900  259M3033¢09m  JOPNEIVMRBOSHO @O FOZSETIGM060
3Mmmbogdol dmdgddo (0,75) dmbosgrmbgero 36033690 mdol  obssmdgy  t-GHgbEHOL
LG5 gd0m.

2) 000bom30L, MMI  2sba39LEBMIMS M MBI BToMSI®  Z0MIMPIOMS

b0 9OMOIOMRE0sbMds  3mb39Mabd s  Leptothorax-ols 3500,

d930Lfogemgoy 98 239M0L  Gowmygbos.  bmzwgm@Gomdo  1sbdodgztrmdgdo
3obLsBO3OME 0dbs Leptothorax- ol 235MG0L bmmo 5M53505DOGHMO 350956 JEH03ME0

LobgMd0sb Mmmbo Lobgmdols FosbF3geolb (L. acervorum, L. gredleri, L. muscorum s L.
scamni) ©b3-m30l, 13MIm 3sM5BoGo F0sbFggwol L. kutteri Buschinger, 1966 -ob s m®o
6990 JBHo3zmwo Lobgmdol (L. canadensis Provancher, 1887 o L. sp. A) ©bd-ogz0bL. gu
©o9d3960Mgd o obogns dmoEogl  Leptothorax - ol 2356MH0L 5075950 s0figMowo
236943060 9OHMOIOMBE0s60 s FM535¢IPMB0560 FHogumbgdol »dgEglmdsL.
©63-0l 0bMEsE0s dmbEs CTAB 3gmm©ol dobggom, 30m@EHgobsbs K-U  asdmyqbgdom
(Sambrook & Russell, 2001). 533¢0x0306MHgdMwo odbs  dodmdmbodommo g9bob
3OAMJOMIMJB0sDOL 306390 LdgMmgmeols CO I gGMogdgbdo, M63-ol tLeu MGgyombols
Bomgwoom C1-J-2183/A8-N-3914 3650396900l 303d0bsgoom (Simon et al. 1994) oo
d0MMZM0 3OMEJ0b-05300Mgd9wo 39b9gd0: MBOMM, ZMHIJEHIWM0sB0 HMm™ILobo
QS QMAGGd0L BodBHmOo 1a-F1, d3Mgool s m@EHwmgdol dobggoom (Brady et al., 2006;
Oettler et al., 2010).
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99093900

530 1. M. tamarae - b 33¢09g30L 990093000
J6I3020 Jgbdg®odgbdob Gggao

wm3mdmEHmOmeds 9du3g00dgbGds sB39bs, M M. tamarae - b 3993900 56056 MBOM
dmd®5360, 306 M. ravouxi - ol dm9dgd0 (PERMANOVA, Fi29 =19.65, P<0.001). M. ravouxi
- 0l 399890mb Fgotmgdom, M. tamarae - 1y 39900 5G0D MROM 5JEH0MMJd0 (LsTwSEOM
MdMdOHomO0L O +SD - M. t. 17.44+11.03 §3; M. r. 47.04+22.29 {}0), 350569L 89365 93O
956doero 180 {30l 496353wmdsdo (bodmoem gogwrowro dsbdoeo +SD - M. t. 73.03+36.67
10; M. r. 19.67+9.95 13), 0943696 MBO™ LHGSRIOO (L5FMsEM bobdstg +SD - M. t. 0.74+0.19
10/§d; M. r. 0.41+0.12 BO/{3) s doo B0GM 25300 GHM9JBHMO0S FJ0(3930s MRMM b5309d
b3999gdl  (Lsdmserm bggmeo +SD - M. t. 198.39+128.78°/b0; M. r. 414.33+297.40 °/10)

(9GO0 0b6xzmMTs305 0bogm I 3md03s30580).

Fear802099 (0G0 J330b gegao
M. tamarae-ls ©@> M. ravouxi-ob 9999909 @oHBMIOEO M(E3IYONO TMOBMEOMYOOIO

60dbols  gomgocmolfjobgdomm NC-Ward, NC-UPGMA s NC-K-Means 3@osb@geae
565e0Bgddo, 3MEMgws30s BgbMEH039dLs O 4gMPMORoSL MGl glodhRbgzo oM  oym.
d9L50530bo,  BIBMIMOZ30  OLIMOT0LBGHMO  bsEroBol  (LDA)  Lodmogdoo
9m35bobgm  608bgdol  gBHo3mdMmogo  dgdioMgds  SPSS  ver. 15.0 3m33ow@gcrmero
36OHMyM5dME0 353930l 2odmyqbgdom. o330  303mmgbs, MMI  y3zgws  bodwmdo
LogoMM39 M, LMIHIMOEIB s MVYMJg0sb J093Mm3bgdMms M. tamarae-ls, bmgrm
6509139%0 930m30L 3996900096 - M. ravouxi-ob. bodbgdol d9d30M9gdol 909y 6sE0Bdo
399mygbgdmwo o0dbs bmomo bodsbo: PoOC, SPBA, EW, PEW s PPW, 6ol 999953
LoHgolo 3sboxg03oE0s T9oE35s.

NC-K-Means 35093035300 0bsbdo, dbmewmp ghHmo gybgddws®o mdbgmosb,
9903 965¢0Bol ©sHYygdol Fob 303mmgboom dogzs3mm3bgm M. tamarae-s, IR YMIBOS

M. ravouxi -56. 08539 bmyomo 60dbol dbgzgermdsdo dowgdom, NC Ward (boé. 12) o
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NC-UPGMA 565¢00%gd3ds 93b903@omgdo  “Armenia” s “Georgia (Daba)-2" soxamxs M.
ravouxi-omsb. 0wy 59 M6 609Nl 35X 3BJO bsBMOM0Z3 OLIOH0T0BIBEHWMW bsEroBdo
(LDA) 6mam®3 396mmBggge bLoddmermqdl ,wild cards®, 35006 bmdbgomol gybgddwsmo
“Armenia” ©o@IBEGHMOYdS MMAMO3 M. ravouxi, bmem  Lodo®mzgumlb 9aH9ga3es®mo
“Georgia (Daba)-2” - @mam®M@s M. tamarae.

3535b505dg, bsHMdM030  EOLZM0T0bIBEGHMWO  bsEroBol  (LDA) msbbdos, ®mGo
09630 Jonwo dgomom (,NC Ward® s ,NC-UPGMA®) dbmwmo ghmo 93b933¢e®o
§oM8mo9bl 8300960 J3eslogoEoMgdl (=4 %), bewm gOHmo sG®s-0gcMsddomwo NC
K-Means 3¢sb3Hg00bs30mwo dgommom 30 563 9000 gaH9ddmwsto s6 sGol d3sMo@
33ll0R0EOMGONO.

3905 3993900L 2565HMTgdOLS, 4539009090 0dbs M. tamarae -l BjglmdGHOZ30 M>MdOL

2965%m39003. (©YEHwgd0 obogo II 3498¢003530580).

896900390 35¢930b Bg@g80
d0MOMZMEds 56396M9dds 96 9B3969L OO Z9M0sE0gd0 Myrmoxenus -ob 356do.

OB P0G 93390005 goblibgogqdmwo bobgmds M. gordiagini 356Lbgsggdm©s M.
ravouxi /M. tamarae - 356 ¢560™ 39gbol 3 05HM6 fy3000d0o, JMIJEHOW 056 HmEm3lbobdo
7 35996 (yzodo, dmaeob-A 39600 1 85B6 (iyz0edo s MIgEgdoL BogGHMMO-1
39630 1 356 iyz0e8o (Gratiashvili et al., 2014).

M. tamarae > M. ravouxi 35blbgz03090Mm©bgb 9M»569000LA6 MRGMM gqbol 4 dsBME
0930do s oaMdggdoll Bogd@meMo-1 ggbol 2 d5BmE (yzodo. me Lbgs doMHmgzmeE
39630 (3®3d9GHow 0560 HMmEM3Lobo s dmEwol-A) olobo 0gbEmMgdo 0y3696.

M.  ravouxi do@mgmbo®ommo aqbgdol  COI/COIl  g®msadgb@gddo  dzoMgo
39bUb3530gdMEs HLOHZEG WS (396G IIMHO 9g3MM30L FsldEsd0 (FoJu. 4 Bsbo3gwgdy).
M. ravouxi 306¢H6. ©5 ©sL. 930306 3608369 m3bs AobLb3930IdM®S LHdgMABgOL
930993 s69d0Lysb (11, 13, 15 Bsbs33ewgdgdo) s M. tamarae-l (Qods, LogoMN3gEm)
930993 56930Lgsb (13-sb 15-009 hsbo33egds). 3mbmaol gaHgddwrs®ds  [oedmddbs M.

tamarae - b > M. ravouxi -0 smmaGw30 (bx®. 13). M. tamarae-d {o6Hdmgdbs 3560500
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©LEHMJOMEo FBHM 05GHOL JgaHga3Esmmb ghmo  0bY3g, OMAMOE b ImbEs
d0MHM3ME0 NBOOMM gbol 99dmbg935d0 (YEOgd0 obowgm I 39980 35:30580).

0
|
Armenia-rave ——
—p Georgia_(Daba)_2-tama
Germany(Wurzburg)-ravo :I_

Awustria(Setzberg }-ravo
Bulgaria(Stara_Planina)-ravo
Germany(Kallmunz)-ravo

France(Grand_Canyon}-ravo

France(Savoje)-ravo
Spain(Chodos }ravo

Ukraine(Crimea_Mys_Martiacu_)-ravo

Greece_(Lefkos)-ravo
Greece_(Peloponnisos)-ravo :I
-
T |

Slovakia(Plastovce)-ravo

Ukraine(Odessa)-ravo
Georgia(Daba)_1-tama

Turkey_Artvin{Sarigol)_9-tama
Georgia_(Daba)_3-tama

Turkey_Kars(Posof)_8-tama

Georgia_(Daba)_4-tama

Georgia_(Daba)_5-tama
Turkey_Artvin{Borcka)-tama
Turkey_Kars(ligardagi)-tama j_

Georgia_(Daba)_6-tama

Turkey_Kars(Posof)_7-tama

byd. 12, dmbomdnwwmdgwo  F0s63F39wgdols Myrmoxenus tamarae - b > M. ravouxi - ol 99gdol
dnOHxmdgBH®omo  dmbsgqdgdol  NC-Ward  3wsb@ghobsgos.  oboom  bsBggbgdos 406 33939¢00
350035300l dmbg 9agd3ceMo. 530mbodgdo “ravo” s“tama” s0bodbogl badmermm ©gEHIM0bsEOs.
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Temnothorax unifasciatus

1.00 gordiaginiBaskal HR

L gorgiaginiBaskaz HR
r =p.PosofTR

sp. Parnassos GR

1lo sp. Taygetos Oros GR
0.8 sp. Taygetos Oros GR
ravouxiDrosopigy GR

0.5

sp.LlancaE

ore sp.Llancak
ravouxiKonstanzD
ravouxi Ammerbach D
038" ravouxiEisenbergD

I ravouxi Abruzzi |

53
ravouxi Ste Enimie F
1.00 ravouxinear Millau F
I ravouxinear Sault F
p7g [ ravouxiMt Ventoux F

ravouxiSavoillan F
ravouxi Kallminz D
ravouxi Schénhofen D
0.92 | ravouxiKrachenhausenD

ravouxi\WeichseldorfD

{ ravouxiWaldenhausenD
0.98

adlerziPanakios GR

sp.Jalta UA
tamarae Daba1 GE
0.95
0o tamarae Daba2 GE

tamarae Daba3 GE

boé.  13.  Myrmoxenus -0l 235600b  3mbomIgmmdgwo  F056339gdol  Msdmgbody  GHogumbols

do@mdmbo®ommo ©bd -ob (COI/COII) 1 430 356 Fy300BY ©319dbgdEo d509HBOMMO by. ds0gBOWGO
330G IOO0MGMEO 5EBIMMBYO0 FM390E05 3356d90m9b.
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beagomggb9cdo32960 sbserobol dggsgbéo

Lodo F03OMLOEGHIOGHMOO m3MLo, MM F930Lfogwgm, S0IMPBEs 1y3d5GOLS©
335wgdso M. tamarae - U 296930379600 30@mbooll LEG®WJGHOOL  Tgboxzsligds.
wm3nbo 2MS60 8903353005 993L segenls, 2MS65 - 8300 sengenls, bogm emzmlo 2MS86II -
mb segls.

399Mm30m3509m 3m@9b30wcMo bmwo sergargdol LobdoMmg s MoOMgM WMmIMiHY
oym 0.2 -Bg b53wgd0. Lodwmoerm  Bomglomds (Mean relatedeness), godmobys®0dgdmwo

J39wgcol s gbsomol dobgwzom (Queller & Goodnight, 1989), 9950996 0.627+SE
0.086. gl 9990 96003690M3bs 96 oBLLZ3YIOMPS FMBMYObool s FMmbmsbo®mools
09d0bgz935d0 ImBoermbgeoliasb (0. 75). 093y, M35 3memboosb bsddo, B39l dog
50dmBgboo 0dbs mMo 96 Lsdo 0bozoo ghHm wm3MLdo gabm@GHodom, HMIgwois 956
999L505998ms  IMbMAOboSl s BMbmsb®mosl (Gratiashvili et al., 2015) (y@owgdo
obowgom I 39980 35:30500)

M. tamarae - s 85630b6d9¢mo bsbgmdgdo

boggeg 8mbo39d9dds 43063965, MM Lma. 0380 M. tamarae 95b30bdws 0yYgbydl
Temnothorax-ols ™6 Lobgmdsl. B3zgbo  4s9m3zeg30Lal  9dgbo  3membos  Jgo3o3s
dsb30bdeol 3MTgdl, OGMIYd0E INORMEIMAOMMI® 9M3397wbo 0943bgb OHmymes T
unifasciatus (Latreille, 1798) 39663560 Loogg®EHOL ©s 96EMYoL Mmool doge, mmdiss
3969030600 33130l FJRIOP 5O IXFIBWOIE FIBAONWN® 9303w T. unifasciatus
o T. nigriceps (Mayr, 1855)-056. gm0 3mewmbos 8gozsgws 7. crasecundus Seifert & Csoesz,
2015-0 8m39gdL, GMIgeroi 6oL 7. crassispinus (Karavaiev, 1926)-ol sbeoml dmbsomgbiogg
Lobgmds. gemo  3membos JgoEegs mMogg Lobgmdol dmbs  F0s63F39wqdL. ghHm-gOH
WsdMMSGHMO0M  3:membosdo Bzgb dmfdgbo gogbom sbowgsbes M. tamarae-ls
©IOMBEoL doge dob30bdeols, 7. crasecundus - ol EYOMBEOL EIHOHBMBOL 3OHMEILOLY
(bm6. 14).

41



by®. 14. Myrmoexnus tamarael, ©OIEOMEBIO bORMOL Temnothorax crasecundus-olb ©JIOMABOEL
@HdMOMSGMOOME 30639dd0.

0530 2. L. scamni-obs 33¢0930L 99093900

L. scamni-ob dgfg30¢m980b 9939608960l d9cogso
L. scamni-ol 30m®bogdol 0b3gblbomo 13o60Mgdol Fggas 9dmzwobs, ™A

94395Hg 300 54¢03Mdsll IgM9d0 53¢gbwb96 ool 9 Lon-Esb 11 Lo-ol bsmzwom,
9699 bgwmgzbm®o Ibol sdmlgerosh 1-2 Lssmol 8999y (0saEMsds 1) s 0fygdwbgb
5303905 890 IMMOgLYOME XMbgdbBY.
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©053®335 1. LSOO 5JEHOZMBOL A3BOOP0 (LETMSEM, 5dEOMO TEIPMJOOL 3MM3MMEOOL 3Z35MEHOWO)

Leptothorax scamni - ob 16 303¢0bosdo.

8909300 g899©) 300YEMYO0 HIFNWIOYSQ 53dM539d©b96, 653696 ws Jerowbyb
39939b 5 BOMYOL, mYdEs 593565 ,0506Mgd0L IMbIMdOL® J3939, BMIgEoa 3bmdoEr0s
Leptothorax - ol Ubgs Lobgmdgddo s dmboomglogg 939090830 (Buschinger, 1968b, 1971;
Heinze & Buschinger, 1987), B396L 3096 ©0o304Lo6Mq0e00 56 gmazows. d0v9bgesgs sdoby,
B396L 9du3gEm0dg6&30 BgMgdds Fs0b3 TMobgMbal FodEMdOL dmbodgs s dmfjdy
393b0m 34 3m39W5:300L. 33530900 3MAYEXEIOMS 15-0b 77 o859y (Lodwmserme
32 $9). 99hy30egdol 9999y 99gMgdo ULHMIxzs®3g 03wo©bgb AOHMIdL. 5339050
Q9ILEGMGMS B3gMAOL SMLYdIMBS 23 - B 21 MR®MM IEgOOOL b3gedsmgzsdo (Lwy©.15);
M6 ©gOMRBdo b3gHAol sOBYOdMIOL sd3H3I30EJds 3960 Bmbgdbs.
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b6.15. Leptothorax scamni -0l 9¢0g®gdol bdgMdom baglyg b3gMdacg3s Fghgzowgdol I90YYy.

Us33903b9900U 3533900b dgcogao

393399000 0465 ©35 3mbool IPMBGdOL B3390 EHJJd0. MOMMIMWO JMEMbos
39039305 365350 MROMM ©JOMBIWL /56 MBROMM Jowfirmwl. oMy 3membosdo
0ym dbmem@ 9MHmMo 30H995¢MSO BODBMPLEHOMEO IPMBWO (MMIWol IMEIos
99L59RBg3500 A9TMBYOHOW0S OO MoMmPYbMdOm IMI[oRGdMEo 3390 EbYOOL 250M). Mmmbo
g0 FoHMPLEHOWO IOMBEEOL 25339090 45dMI3e0bs, MMd  dsmo 153390 3bYgd0
oy og®dgwgdmeo (3-5 99, Lodmowme 4 9d) s 890393wbg6  IMOz5EmOEbM36
9mdfoxngdmm mmEo@gdl. y30mgeo bbgmmol sGLYdMds 3939390 gdEs 005Dg, GMI 53
©IOMREGIL FoOLbdo OO MIMEIbMdom 33903bgd0 3JMmbosm IEIdIEo. bbgs,
390930 gd o ©d Jofiwo ©IMBwIBOL bd3390EbIgd0 5O ogem faaGdgwgdywo ©s
56 990335300696 dmdFoxzgdmem 33963bgdl (n = 25; 0,4-2 99, Lodwowme 0.83 39; Mann-—
Whitney U test, U =0, p = 0.0017).



00MMY0 30embos 8903930 Fbmm© 9H®» RIOEGHOWME ©IOMBIL s GO
3mwmbosdo  GodmEabody RBIOGHOWMMHO  ©EIOMBWOL  MbsgbmgMgdol  sOE  ghoo

3900b3g935 56 830JLOMYONIEMS.

Leptothorax - ob 33560l gognmggbgbo

Leptothorax-ob Lsbgmdgdol 821 dsDPmMo fygzowo Loy®dol ddmbg do@mdmboomwo
©b63-ob (COI) 5303963900 0ym Lo3domE (3395¢gds0 (163 Bsbs3zwgdol syowom),
353650 d0MOM3MYWo 496980 (MBOOM, FMHIGWEHIW0sbo HMPMILobo, RMmIgErgdol
Roddmemo  1a-F1) 0943696 093050 MnGM LEHDowmMgdo: 3 Bsbs33wgdol s@a0wom
WRGonm 39630, 10-0m - gMHdgeEomwmosbo HmM3Lobol 39680 @y 9-000 LMIGEgdOL
1odB™Oo 1a-F1 39680 (©sbsdoo S6).

doGMJmb®mome ©bd-ol BMsadgbEgdol dsogbom®mds (Lwyd. 16) s FodlodowryMo
dbgogLgdol (maximum likelihood) 565¢00Hds dmagz3s AbRS3LO BOL BHM3MEWMY09d0, Ly bY
39Y4MBO0s MO d0MOMIQO HMEIO. 9O 90338 F0MOMHIIE  IMWsMJBHogMw L.
acervorum-3. @S 35w9gsOdBHozm L. muscorum-b, 9gmGg 3o L. scamni-ob @5 MmO
B9o6dBHo3me Godumbl L. canadensis s L. sp. A-U. bol Gm3memaos bsmws 6396900,
M 3163000 JOMOIOMBE0sbMds (Fmbmyobos) gobgoms®ms 3mb39MgbEHMEs©
bbgoolbgs 93mEmEowme 45683 mgdgddo (evolutionary lineages), 56w e gm@s goombge
39630m560©s L. scamni - o @5 L. sp. A-U 49683mg0sd0 5 byaw gm@e mbxg® - L. gredleri-
ob o L. acervorum-obls sbd@mqdsdo (©9@Eowgdo obowgom III 3mde035:30580).
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Fig. 1 Bayesian consensus tree
from two independent analyses
of 821 bp sequences of the
mitochondrial CO [ gene of
Leptathorax scamni and related
species. Bayesian posterior
probahilities (as percentages)
are given at the nodes.
Functionally monogynous taxa
are highlighted by red font in the
online version
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] 9:L. muscorum RUS-Vyrica AY754690

L. muscomum |-Abruzzi JTe
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L. scamni GEO-Abastumani I-15
L. scamni GEO-Abastumani I-18
L. scamni GEO-Abastumani Il-17
I L. scamni GEC-Abastumani 18
Lea | scamni GEO-Abastumani 1-28
I L. scamni GEQ-Abastumani I-52

L. scamni GECQ-Abastumani |l-56
L. scamni GEO-Abastumani |l-58
L. scamni GEC-Abastumani I1-59
I L. scamni GEO-Abastumani -84

L. scamni GEO-Abastumani I-22
H. sublaevis D-Reichswald

oaoce

boé. 16. Leptothorax scamni-ob s 80bo dmbsmglisgg Labgmdgdol do@Gmgmbo®momwo CO I agbol 821 dsbwMo
§9300 Log™dol ddmbg Ligdzgblol MmMo sdMY30JOJE0 965¢0BO0EB 99900 B0 OGO JMBLGLLOL
bg. 0509009900 53MBGHIOOMOHMEO SWBIMMOJBO (3OMEIbEGHME0) BmEgdmwos 3356090006. gmbomMe

965350 ©9OMBE0560 Gogbmbgdo dmgdmwos fomgw ggMoc.

46



L. acervorum -ob 838980l bbgeyemols beadols osdm30009829¢798s bodsmemol 33emoer9898056

L. acervorum -ob 3999900L ®530L dodlodoEmo Loysby 033w gdmes 0.71 88-sb 0.94
90-00g  (LEBMoEm: 0.82 + 0.004), begrem Igbmbemdol Log®mdg 0.91 99-sb 1.29 93-dqy
(Lodnoem: 1.10 + 0.006) @5 05bsxBsMIMOST0 0ym gOMIsbgmmsb  (Spearman's rank
correlation: n = 318, r = 0.74, P < 0.001). 05308 3ogbodscr®o Logsbols 99dmbggzsdo
39b5BMAol  LEFMoEm  3Mmdomgds oym 0.0133 + 0.004 38 s FgHBMLmAol LogMdol
d90mbgaggzodo - 0.0176 + 0.007 39. 306500096 2965BMBgdol Bodrowrm 3MIoEdgdo ™30l
Loaobol Fgdmbggzsdo MBOM bs3wgdo 0ym, 300609 d9HBMbMIoL LogMdolsl, Ibmem
05308 Logobols 9bseoBlL  gobzobowsgm, mwdazs Igbmlmdol Loga®dol dgdmbggzsdos
DMBEO© 965¢MP0MM0 G990 J0LGIMYWO.

500300l LOJsE oL Fo5EGOLMD GBS Fmbs Ms30L Logsbols I60T36gwm3zs60 BOH
(¢=3.350, P=0.001, R2n = 0.098 and A% = 0.472; 00oog(s0s 2).

3Mmbool Bmds 0(33egdms 12-sb 282 3dsdg mommgmer dvgdo (Lodosem:
7254 + 17.37 06003000), 95353 Lodo@ol FoEJdsLML 9O 3Mmmbools Bmds 6
3oBOOW) (£=-1.589, P=0.118).

B396L 33093580, bob 39w990d0 (Jgedol 9390, 3o BHMEHYdd0) Bodmzbo 3membogdo
093696 MRGM ©oo BMmIol (Lsdserm: 93.35 + 32.43 0b60300), 3006MY 3JwEOL
Bo3Gocrgddo  bs3mgbo  (Lodmorm: 55.46 + 1650 0b60300). dgs Bmbsi3gdgdol
LEAHOGOLAHOIMMO E93)To3900LsL  I60d3bgEM3zs60 Lbgsmds 58 ™GO TsLoerol dmgqdL
dm6H0bL 56O 530JLOMGIMWS.

ob3MLos

dmbsmdgemdgo  FoosbFggwol M. tamaraell  GHodumbmdowm®o  LEsEHLol
39bLoBEZMOLLL Q5TM3E0bs goblibgoggdqdo M. tamarae-s s> M. ravouxi-ol JmMOL s
d9L5dem BLobMbooBsEOOL Logombo 56 IILEHMOEs (Gratiashvili et al., 2014). 439esby
503565 Bbg5Mds 53 MmO BoduLmBL Mol A5dM3w0bEs J3935d0. gAML S 08539 306MHMdYdT0
M. tamarae-ls 399980 3dO>MOdEHI6 MRO™ LBHEORI, FoOM©LIL MBGMM™ 9@ d56d0EL
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940600696 MAO™ bs3engd bgzgmengdl dmdGmomdolsl, 306Mg M. ravouxi-ol 9999900. 9HPO
dbc03, 3b™39wms J3935 900 HA0MS® 15395ME 3SLEH0IMMO LmEosE G dgM9gdl mGol
@5 d9lodems 033w9dMEIL 303309008 oabomosi 30 (Gordon et al. 2011; Modlmeier &
Foitzik 2011; Pinter-Wollman et al., 2012), 0935 J393000 Bb35m39d00m dglsdems dmbgogls
LobgMds-MMHgegdol godox3bs (Davison et al., 1999).
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056005 2. Leptothorax acervorum -ob 9v9dgdol 0030L Fogdlodscn@o Logsbol sdm30EIdWgds BLzoL
©Mb0s6 LOTsPWOL (330 YdYPO6. 318 Fmds (6 0603000 MOMMYMEO 31EMb006) 53 BdyE0EIL 0dbs
230DMm30o. HB3Bo 4306396908 BsBMdM0Z30 JgMgmEro dmEaerol JogH 3OHMYbMBOMYdS© ITMI0IOMEGdL
(£=3.350, P=0.001). bog@oLygho 56095 330839690 565¢0B0olL 95%-056 Lo®dbmgdsb.
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AmORMIgAHO0N  sbsgroBdo M. tamarae-ll gzgws  93HBYIZWHM0 oS  ghmol
IXJNBOS DMOIME gaHga3es®gdmsb, MMIwgdoz 3bmdowbo 0943696, Hmymeaz M.
ravouxi (Schulz & Sanetra, 2002), 35306 Gmgs 930™3Mds M. ravouxi -00 Bs9mgoeods
3939 3abBgMo (Gratiashvili et al., 2014).

59 ™60 Gogumbol doOm™M3Mo s do@mdmb®omwo ©bd-ol MsbIodEI3r™dYdO
930M9© 396Lb3530IOMPS JOMT6gOLYD, MoE Tgbodems s0bLBSL 3 3500 SGLYdIWO
5055906090 M5EOS(30000 S J3MwY30)M0 bsHYOOL sMLMMEo godoxb3zom (incomplete
lineage sorting) (Funk & Omland, 2003; Weimers & Fiedler, 2007; Seifert, 2009).

96 %-0560 3MEOYWS305 JJMYMHOR0SLS S BJ6ME03L FMEOL s F30MY, Boasd MO
3oblbgoggds M. tamarae -bLS ©s M. ravouxi -ob ImEOHOL MO0 dOOMIMo 2960l o
do@mdmbo®om ©b3d-ob 1s6d0dg3zt™dIdT0  MRWGdIL g35dEg3l MM 353395L0wY6-
OO 3M3MES30900  godm3zymom OMAMmOE3 3ow3g  Lobgmds,  GM™Igos
3990356 3939099e005 EILBOZWID S 39BEGHMIWME 93MIM3580 Fo3M(39gdwo M. ravouxi -
39b. 59 563396@ (300U 534569l J3930000 BB3MBYOO 58 MG BSJuMBL FMMOL s 0l FBog@o,
G0 00l 3M3MWO300 MYRWIOMEs© 0949bgdl Fob3obdwos 7. cf unifasciatus-oob
qgoo 1. crasecundus-b, G™IgoE 00939036905 Temnothorax nylanderi-ols 3n33qgdLub.
8019b9g3500 0doby, gb Lobgmds g3b3gds Myrmoxenus-obs 3356MH0L go3M39egdol sGgsedo
(Seifert & Csbsz, 2015), sGolim©Il R0JLOMGIMWS GMIJ0dg BME0SXMOO 35MHSBOEOL
dsb3obderoq (Buschinger 1989; Mei, 1992; Delattre et al., 2012, 2013).

bmgy. 0530  Im3mzgdmewo M.  tamarae-ll 93069  MoMmEIBMOOL  3MEmbogdols
3o9m33g30m  dogomgom 96033690 m3s60  0bxm®dszos  dobo  Lsbogmabwm  3ozwol
dqlobgd. M.  tamarae-ll gO®MO  JMWMmbos  9JOPEOMMWI©  F903o3s MO39
B90mmbligbgdreo dslidobdgero Lobgmdol dxdgdls, Gog sILEHWOYOL M. tamarae syEoME
9mbsmIGMdYEMdsll s  Imbgdbg  03sLbIGOL.  FmbgdBg  oBHomMo  ™o3slbIs
dgboderms  ogml sbggg M. tamarae-ll BMmP0gO  3M™bogddo sOLYOYIEo  F)dgdol
3obUb35390wo 29bmEH03900L sOLYGdMOOL GOM-gMmo sblbs, MMIgwol Myrmoxenus-ols
33900l 30306 bLemEoMYgbgBH03MNO LEHOMIGHMOL, FMbMYObosl s FMBMIBOOSL o6

399L53HY30L9dMs.
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O0am®O3 Myrmoxenus-ol 439w Lobgmdolmgolss ©sdobsbosmgdgwo, M. tamarae-ls
©IOMRG30 dsl30bdeol IEMGBWL 3e05396 IBGRMdOm, MHobo dm{dga h396 dogbom
533063909006 OML gOHM-9gHo 3mermbosdo (Lw®.14).

33e930L  9bseroHgdds @a30P39bs, MM Leptothorax scamni-ol 3Jmermbogdo 930609
3933500Mmb0@b 96056 FMbJ30MM9  JONIVMAB0s60. MOMMGMO  25TM3IZ3EGME0
3mwmbos 990393000 FbBMWMm©  9OH  BODBMYPSLEGHOI  IOMBOL,  Bs339MEbygdTdo
0mdfjoggdwo  MmmEoGdom. 53539 JnErmbogdol dgfiggowgdwr s dgfiggowgdw
©IOMBEGOL  4o9BbIm  3oBoMs 13390 3Ebggd0  Bmdfoggdmwo  339GEbgdOL  AoMgdg.
M33H00oOH0 b0l 3mbaglowemo dmgwgdol (Concession models of optimal skew)
(Johnstone, 2000; Reeve & Keller, 2001; Nonacs & Hager, 2011) osbsbdo do@owo
09360 J30Mwo  Mbs®o 3530009 MOos  bgloyg®gwo  3530GsGHOl  WodmdMo3
3936039 gdLMb, B3 dboRIBMH®S  IOMBGIOL  qodbg3oL  @s  FoMEGHMIO©
3mb0gdol ss®mLgdsl 0f)393L (Bourke & Heinze, 1994). Loggerg 933060399900l 9909850
500b0dbs L. scamni-ol  LHmMgo sbgmo wodmdm030 3500GH0GOL s®BYOdMDds, MO godm
Bog9M9m9g30 ogm L. scamni-ol 89dobgg3s5do Fo@owo MH930HM©MJ30wo MbsGol o
5QR0WMOM030  d9fy30eqdol  s®LYdMDs.  sdLMMAsbdo  fofigmzsbo  BHgol  dsbogdo
3mwmbogool 3mgbs B39b 993d9eom dbmerm@ dmol LsdbMgm BGMHEMOBY sOLYdMEO
65936500l oo 9O BY. B0bgEez5  SOSLEYABOL Lbgs syowgddo 0bEgblormo
dgdbols, 58 Lobgmdol 3mEwmbogdols 3mgbs 396 dmbgMbos.

W5dMMEGHMM0580 L. scamni-os 358609035 5 9borgoBms ©Mmagdds, dmbsmgliogg
Lobgmdgdol dbyogLoco (Heinze & Buschinger, 1987; Bernadou & Heinze, 2013), Lgduogseroydo
59BH03Mds 259M03w0bgl owrom, Fsa®sd L. acervorum-ysb a5b6bbgoggoom (Franks et al.,
1991), 990930c©bgb oo FMHg6omMO 59BH03MdOL F569dg. sboeasbMs d9fiy30wgdIeo
©IOMBEGI0 3OHMOWgImE 04696 do0gdIembo 356 FdMdOoME dmgdo, MmMI3s Loggary
533063909008 8909gao© 25dm3egboo 0dbs 3MmEmbogdols sdssMLYDdIO (3503990
©IOMBGI0L S IOMBIP DS XAIBIOOL sOLYGOMDS(.

Leptothorax-ob 93500L 316309050 JONOIOMB0S60 Lobgmdgdol ©IEMTBEgdo
d0mdEomE 3©9do IdMHYBIdOL s S1g3g 30096Mbs3o0l G989y 6()Ybgdom BBYYdOm s
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309600 545¢0009396 ©MI0bBEHME 09Ms6Jogdls (Heinze & Smith, 1990; Heinze & Ortius,
1991; Heinze et al., 1992; Ito, 2005; Trettin et al., 2011). ©YOMBI-©IOMREOL s F)do-
©IOMBEOL  53Mm9L05T FgLodEIMs 498MOf30MmL om0 IB0s6gdGdO s B MobyDY
dgmxBo IOMBEGO0L 2odmdgzgds d9osb (Heinze et al., 1992; Ortius & Heinze, 1999; Gill
& Hammond, 2011). Bg9bo 50m33w9308 O™ L. scamni-ol 39mdwon® dmqdo 356
©0MH6qdMEo 58 9b0d) ©IPMBIEO 0PY3s BdEIdo F0dMMBId0EIE Modgbody
3306580, ML G9LsdErms 30MO0mMgdL LMGM9E g0 5MIBOOL sSOLYIMDSDY.

B0MmabgHM®Ts  9Bs0Bds  ohggbs, MM  Leptothorax-olb 35030  g3mbdis0mo
IONPIOMAB06MBS 29630Ms 3mb39MR96EMWI© ModmMm©Ybodg g3me30mE bsbdo.
09360300 MBsMO 3obgds, MMI sGOL LdBOW MmO ™M30L9ds, MoLo bsmgwo
dogomomo@ss L. acervorum-ob 6039, 3MbJ3omMe  9OHM©Imamosbo  ©s
3615350 IOMB060 3M3MWs30900L sOLGdMds (Heinze et al., 1995; Gill et al., 2009). gl
005603690l 03sL, MMA  Foowo b B  MHY3OMEMI30Nwo  MbsMo  FgodEgds
39630005009 gM98M 30MHMdYdOL TY33E0.

OmamO3 B3963s 490m33wg359 230P3965, B30l ©MboIE Lol Fo@gdslomsb
9bms© L. acervorum-ol 3membogddo 9mdgdol  Lbgmeols bmds 0BMmgds, Mog
39900bs3HJ0S 0530l Logsbols s IgbmLmdol Log®dol BGMsTo.

b9l oo HBMds Fgboderms 0gmb 130M5GHILBMBdS IBIWO FJI3gMHOEIMHOL OMU,
Lo 1533900l Im3Mm39ds  FGBOMOMW0s, YB3 MBRO™M o dMIJL  sJ3m
29100 doddogrolodo MHgHolEgbdmemds (Cushman et al., 1993; Heinze et al., 2003).
dgbsderms  bbgmewols Bmdol  BeEs  4sdm3gmeo  oymb  Lbgs  9945boBdgdom, Doy,
3M63996M96300L glmlBgdom s LomdmL dgbsbgzom (Blackburn et al., 1999; Heinze et al,,
2003).

Lo3OEEOL F5BHYOSLMIb gPrmo© L. acervorum-ol 3membogdols Bmds 96 goBOOW..
1539M9M©OME,  F056339wgdol  3mwmbool BEOS bEgds  BHMM3039006  BmIogHo
LodEGHYolzgbh bs33900 MgbMLgdol bs3egdmodobsl (Kaspari & Vargo, 1995). 93536
303536 3060HMd)0T0 EIOMBLYO0 MBOM EOELBL FMEbermdgb o 3MmEmbogddo,
300069 35@9Msdo (Kaspari & Vargo, 1995). Mmgmea BsbL, L. acervorum-8o 3mermbools
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BMIsLmsb 539330090000 bbgs BodEHM®ds 0dmbos 493wgbs, HMYMMOEsS MOl sbogms.
B39bL 33t93580, bob 3wggddo (JgMdob J39d, sd3se BHMBHJddo) bsdmgbo 3membogdo
0y3b696 MBOH™ oo BmAol, 3069 3oL 6536Mowgddo bsdmgbo. 33¢930L M™L dgEo
939 BH™M605  golomzoeoljobgdqero, MMAMOOEsS 3@ Mmbool A563005609d0L BEBowos b
©IOMBEGIOL  MHOMIbMdy, slggg 133900l s sFobEOL  (335¢GOSMBS,  MTo3
d9L5dgdq0s 0gmboml 253egbs 3mEmbooll BmdsHy B30l ™b0IL BOTsMEIglmb
393806 do.

51336900

e M53mgbodg dgomEol  (MOFMWMAONOHO s J393000)  35IMmYygbgdom
LGOS M. tamarae-ls 35CO0IOMS.

o M. tamarae-ls 300bools LBHOJEHMOS F99Lsd53gds FMboErMmEbg dMbMmY0bosl s
9bMsbG0sL.

o M. tamarae-ls 5H5¢05HMHOO YOMBEYO0 50635D0MgdG6 MG Fol3obdge Lobgmdsl (7.

crasecundus s T. cf. unifasciatus).

o L. scamni-oL 89(Yy30wgdol J3930L dglHogeols, 49bsgmxz096M9dME ©ILMBWIdBY

©53300390900L6  ©>  @IOMBIOOL  B5339MOEbIJOOL 35339000l TIIYO©
LGOS dsLdo B6J309M0 JOPNOIOMBLOSBMBOL SOLYGOMDS.

e COI do@mgmbo®mommo ggbol Lgdzgbbby syMbmdom Leptothorax-ol g35MOb
130M2969Hds 9LEGHYIMS, O™ 3MbI30MM0 JMNPIOMBE06MdS obzoMsM©s
3M6390396@ s Leptothorax-ob H59m©gbodg Godumbdo.

e Leptothorax acevorum-ob 30mbogdol 250m33w9359 963960 L. acevorum-ols 339dols
Lbbgwerols Bemdol, o6 565 30e0mbools Bmdob BOHS B30l MboH Lodsweols
BOLSL ghms.
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Abstract A small minority of the presently recognized ~12,500
species of ants are slave-makers, which permanently
depend on the help of “slave workers,” that is workers of
other ant species, which they pillage as brood from their nests
in well-organized slave raids. The genus Myrmoxenus is one
of the most species-rich taxa of slave-making ants, but indi-
vidual species are often not well-delimited. Here, we compare
behavior, morphometry, and nuclear and mtDNA sequences
between two taxa of Myrmoxenus: Myrmoxenus tamarae
(Arnoldi, 1968), known only from its type locality in
Georgia, and the wide-spread M. ravouxi (André, 1896) to
determine if the former might simply represent a Caucasian
variant of the latter. Workers of the two taxa differed clearly in
locomotor activity and slightly also in morphometry, while
genetic investigations with nuclear and mitochondrial genes
revealed only a weak differentiation. Given that Myrmoxenus
appears to be a genus with a relatively recent radiation, we
suggest to conservatively keep the present taxonomic situation
with M. ravouxi and M. tamarae as separate species. The latter
would then include specimens from Eastern Turkey and prob-
ably also Ukraine. Further studies, in particular in Greece and
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Turkey, might help to clarify the status of these endangered
ants.

Keywords Myrmoxenus - Slave-making ants - Dulosis -
Phylogeography

Introduction

About 150 of the more than 12,500 species of ants are social
parasites, which temporarily or permanently depend on the
help of workers from other ant species (Holldobler and Wilson
1990; Buschinger 2009). The myrmicine tribe Formicoxenini
is particularly rich in social parasites, with six or more sepa-
rately evolved workerless inquilines and at least six conver-
gent origins of slave-making (dulosis) (Beibl et al. 2005).
Among the slave-making genera, Myrmoxenus Ruzsky,
1902 (formerly Epimyrma) is of particular interest because
of'its wide geographical range and the large diversity ofits life
histories. Young Myrmoxenus queens seek adoption into nests
of Temnothorax ants, where they kill the resident queen by
slowly throttling it. Some Myrmoxenus species have many
workers, which during well-organized slave-raids pillage
brood from neighboring Temnothorax nests, while other spe-
cies are “degenerate slave-makers” with only very few
workers or even completely workerless (Buschinger 1989).
At present, about ten species are recognized in Southern
Europe and Northern Africa, ranging from the Canary
Islands to the Caucasus (Schulz and Sanetra 2002).
Myrmoxenus tamarae (Armoldi, 1968) is the only represen-
tative of this genus yet reported from Georgia. It was de-
scribed based on two workers collected in 1963 by the
Georgian myrmecologist T. Jijilashvili from a nest of
“Temnothorax unifasciatus” found near the village of Daba,
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Southern Georgia (Jijilashvili 1967; Arnoldi 1968). From the
brief original description and the figures, Buschinger (1989)
considered M. tamarae as synonymous with the widely dis-
tributed Myrmoxenus ravouxi (André, 1896). Similarly,
Schulz and Sanetra (2002) suggested synonymy of these two
taxa and referred to specimens collected in Turkey close to the
Georgian border as M. ravouxi. Despite of this, M. tamarae is
still listed by IUCN (2013) as a valid species endemic to
Georgia under category VU D2, that is, vulnerable with a very
restricted area of occupancy (IUCN 2001). Until recently,
nothing was known about M. tamarae except for the type
material (holotype worker and one paratype worker).

In 2010 and 2011, we succeeded in collecting several
complete colonies of M. tamarae and two host species,
“T. unifasciatus” (Latreille, 1798) and T. sp. NYL2, an, as
yet, undescribed species closely related to 7. nylanderi
(Forster, 1850) and 7. crassispinus (Karavaiev, 1926), at the
type locality. Here, we use an integrative approach to clarify
whether M. tamarae is an independent evolutionary lineage
and thus a valid species separate from M. ravouxi. A growing
number of studies document that using data from multiple
sources, such as mitochondrial and nuclear markers, morphol-
ogy, behavior, and ecology, allows a more accurate species
delimitation than studies with only a single type of informa-
tion (for ants see, for example, Ross et al. 2010; Steiner et al.
2010; Seppd et al. 2011; Gotzek et al. 2012; Blaimer and
Fisher 2013). We therefore investigated locomotion behavior
of the two taxa in addition to traditional morphometry and
molecular analyses of mitochondrial DNA (mtDNA) and
nuclear genes. Behavioral differences have previously been
used in species delimitation (Davison et al. 1999; Schlick-
Steiner et al. 2010), and the much higher locomotion activity
of M. tamarae upon disturbance of their nests inspired a closer
examination of particularly this trait.

Materials and methods
Ant collecting and maintenance

Colonies of a species morphologically very closely resem-
bling T. unifasciatus, T. sp. NYL2, and M. tamarae were
collected in August 2010 and June 2011 from their nests under
pine bark and in rock crevices at the type locality, the south-
eastern slope of the Gvirgvina mountain range above the right
bank of the Gujaretistskali river near the cemetery of the
village Daba, Borjomi Gorge (Southern Georgia; 41° 48.6
N, 43° 27" E; elevation ~1,020 m).

For a comparison of behavior, we used one colony of
M. ravouxi (5 individuals) from a pine forest at Kallmiinz,
Germany (49° 09.5 N, 11° 56.5 E; Suefuji and Heinze 2014),
two colonies of M. ravouxi (4 and 5 individuals, respectively)
from Schonhofen (49° 0.7' N, 11° 57.3' E.), and five colonies

@ Springer

(16 individuals) of M. tamarae from Daba, Georgia. Colonies
were kept in standard three-chambered plastic boxes with a
plaster floor (Buschinger 1974; Heinze and Ortius 1991). To
avoid artifacts arising from different activity levels in the lab
and field, we studied only colonies that had been kept under
the same laboratory conditions for several months. Before the
behavioral analyses, the ants had been kept for 2 weeks in
incubators at 12 h 20 °C/12 h 10 °C.

Locomotor behavior

Workers of M. ravouxi from Germany, France, and Italy
typically move only very slowly when their nest is opened
in the field (J.H., unpublished). In contrast, field observations
suggested that workers of M. tamarae fled more rapidly upon
disturbance. We therefore quantified the spontaneous behav-
ioral patterns of workers of M. tamarae and M. ravouxi in the
laboratory by tracking their movements in a circular arena
(diameter 15 cm) with Fluon®-coated walls. The floor of the
arena was covered by an unmarked filter paper, which was
replaced between each trial. At the beginning of the experi-
ment, workers were gently placed into a small plastic cylinder
(diameter 2 cm) in the center of the observation arena. The
cylinder was removed after a few seconds, and the ants could
move freely in the arena. Ants were tested individually, and
their spontaneous exploration trajectory was recorded for
180 s with a camera (DNT® DigiMicro 2.0 Scale, resolution
800x600 pixels) centered 70 cm above the arena floor. To
homogenize the light and to mask any visual cues that could
have influenced the ant’s trajectory, the arena was surrounded
by a white cardboard and was lighted from above by white
neon lights. All recordings were made at room temperature
(23.2-24.0 °C, 52 % humidity). Ants were used only once in
this experiment.

Movements were analyzed using the tracking software
EthoVision® XT 7.0, (http://www.noldus.com) at a sample
rate of six samples/s. Ants were tracked using the “image
subtraction” and “only objects that are darker than the back-
ground” methods. For the trajectory analysis, the circular arena
was divided into two zones as follows: a central zone (diameter
13 c¢m) and a peripheral zone (width 1 cm). To avoid edge
effects on locomotion parameters (velocity and meander), only
the parts of the trajectories performed in the central zone were
analyzed. A threshold movement of 0.1 cm was used as an
input filter to eliminate, from true locomotion, system noise or
slight movements due to body wobble. Four behavioral pa-
rameters commonly used in the literature (Sword 2005;
Skaloudova et al. 2007) were calculated from each digitized
paths: (1) time not moving (s), total time spent moving and total
time spent not moving during the 180 s, where ants were
considered not moving if they did not exceed a velocity of 0.
08 cm/s (approximately one ant body length, 0.4 cm, per 5 s);
(2) distance moved (cm), total distance traveled during 180 s;


http://www.noldus.com/

The Caucaso-Anatolian slave-making ant Myrmoxenus tamarae

261

(3) velocity (cm/s), mean distance moved per unit time; (4)
meander (°/cm), mean absolute change in the direction of
movement of an ant relative to the distance moved. For further
details about these different parameters, see Noldus
Information Technology (2007).

Behavioral patterns were compared by permutational mul-
tivariate analysis of variance (PERMANOVA) using the soft-
ware package PERMANOVA (Anderson 2001; McArdle and
Anderson 2001) with time spent not moving, distance moved,
velocity and meander as dependent variables, and species (two
levels) as independent variables. PERMANOVA tests were
based on a Euclidean distance matrix and performed on 9,999
permutations. Locomotor parameters were standardized to z-
scores prior to analysis.

To determine in which locomotor parameter both species
differed, we performed two-way analysis of variance
(ANOVA) with time spent not moving, distance moved, ve-
locity or meander as dependent variables, and species (two
modalities; M. ravouxi and M. tamarae) and colonies (eight
colonies in total) as independent variables. The assumptions
of normality and homoscedasticity were tested with a Shapiro-
Wilk test and a Bartlett’s test, respectively. To comply with
these assumptions, dependent variables were log (x+1)-trans-
formed before analysis. The relationships between locomotor
behavior in the two taxa were visualized by non-metric mul-
tidimensional scaling (NMDS) using the statistical software R
2.11.0 (R Development Core Team 2010) and the package
VEGAN ver. 1.15-1 (Oksanen et al. 2011).

Morphometry

For detailed morphometric comparisons, we used mounted
and dried specimens from our own collections and those
provided by A. Buschinger, Rossdorf, A. Schulz,
Leverkusen, and A. G. Radchenko, Kiev (Table 1a—supple-
mentary material). All measurements were made using a pin-
holding stage, permitting unlimited rotation around the X, ¥,
and Z axes and a Wild M 10 stereomicroscope equipped with a
x1.6 plan-apochromatic objective. In each worker, we evalu-
ated 21 metric distances (Seifert 2006; Table 2—supplemen-
tary material) at magnifications between x200 and x320.
Readings of measurements were done for whole units of
graduation marks—this, e.g., corresponds to 8 pm in case of
mesosoma length and reduces the accuracy.

Morphological data were evaluated by the exploratory data
analyses NC-Ward, NC-UPGMA, and NC-K-Means
according to the methods and software described in Seifert
et al. (2013). Nest-centroid clustering (NC clustering) is a
form of exploratory data analysis and was introduced by
Seifert et al. (2013) as a tool for hypothesis formation in
morphology-based alpha-taxonomy of eusocial organisms.
The special feature of NC clustering is calculating centroids
for each nest sample before being introduced in the

downstream algorithms of Ward, UPGMA, and K-Means.
These centroids are calculated by a hypothesis-free applica-
tion of linear discriminant analysis—i.e., there is no a priori
grouping because each nest sample is assumed to represent a
different class. The consequence is an optimal spacing of all
nest samples in the multidimensional Euclidian space—the
obvious reason for the increased performance of the different
downstream algorithms (see Seifert et al. 2013).

Two of the applied downstream algorithms are the agglom-
erative nesting (AGNES) methods, Ward’s method, and
UPGMA (Edwards and Parker 2011). AGNES proceeds by
a series of fusions. It starts with the situation (at step 0), where
each nest sample (here composed of one to many ant workers)
forms a separate cluster of its own, and then the algorithm
merges a pair of minimally dissimilar nest samples into one
cluster. The method successively merges nodes that have the
least dissimilarity, until all nest samples are agglomerated in a
cluster. Unweighted pair group method with arithmetic mean
(UPGMA) uses the distance matrix of centroids of nest sam-
ples as simple Euclidian distance, and Ward’s method utilizes
squared Euclidean distances. The other applied downstream
method is K-Means clustering, a non-hierarchical/non-nested
cluster analysis that aims to partition 7 objects into K clusters
in which an object belongs to the cluster with the nearest mean
(Lloyd 1982). In contrast to AGNES, K-Means clustering
does not require the estimation of distances to nodes, thus
avoiding a weakness of agglomerative nesting.

Genetics

We sequenced DNA from workers of M. ravouxi from popu-
lations throughout its range and from M. tamarae from the
type locality (Table 1 b—supplementary material). In addition,
we included a queen of the workerless M. adlerzi (Douwes
et al. 1988), which is morphologically very similar to
M. ravouxi. Several samples that resemble M. ravouxi could
not be identified yet by thorough morphometric analysis and
here are referred to as M. sp. As outgroups, we chose
M. gordiagini (Ruzsky, 1902) from Baska, Croatia, and
T’ unifasciatus from Kallmiinz, Germany.

DNA was extracted using a cetyltrimethyl ammonium bro-
mide (CTAB) protocol (Sambrook and Russell 2001). The
nuclear protein-coding genes wingless (355 base pairs (bp)),
abdominal-A (404 bp), longwave rhodopsin (543 bp) and
elongation factor 1 (376 bp), and mitochondrial gene COIl/
COlIl (1,430 bp, including tLeu region) were amplified fol-
lowing Oettler et al. (2010) with slight modifications, i.e.,
using 1.2 ul/10 uM of each forward and reverse primer and
0.25 ul/100 mM of each ANTP (Fermentas, St. Leon-Rot) ina
total reaction volume of 20 ul. Nuclear genes could not be
amplified in all specimens.

The PCR cycling program consisted of 40 cycles of 1 min
at 94 °C (denaturation), 1 min at 50-60 °C (annealing), and
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1 min 30 s at 72 °C (extension), preceded by 2 min at 94 °C
and followed by a final extension of 5 min at 72 °C. PCR
products were purified with the High Pure PCR Cleanup
Micro Kit (Roche Diagnostics GmbH, Mannheim). Cycle
sequencing was then conducted in a total reaction volume of
20 pl with 2 pl of Big Dye Terminator v1.1 Sequencing RR-
100 (Applied Biosystems, Weiterstadt), 3 pul of 5x sequencing
buffer, 1 wl/10 uM of each primer, 2—7 pl of the purified
product, and 7-12 pl of PCR-H,O. Cycling program
consisted of 30 cycles of 10 s at 96 °C, 8 s at 55 °C (for
wingless)/58 °C (for abdominal-A)/54 °C (for longwave rho-
dopsin)/60 °C (for elongation factor 1)/50 °C (for COI/COII),
and 4 min at 60 °C. After cleaning with an ethanol precipita-
tion, all products were sequenced with an ABI Prism 310
Genetic Analyzer (Applied Biosystems, Weiterstadt). The
reads were corrected with Sequencing Analysis 3.4 and
aligned with Bio-Edit 7.0.5.2 (Hall 1999) using the Clustal
W algorithm.

The phylogeny was reconstructed using a Bayesian analy-
sis with the software MrBayes 3.1.2 (Huelsenbeck and
Ronquist 2001). The model for the evolution of the investi-
gated genes was estimated with MrModeltest using MrMTgui
(http://genedrift.org/mtgui.php), TOPALi v2 (Milne et al.
2009), and MetaPIGA v2.0 (Helaers and Milinkovitch
2010). All three software packages suggested the same nucle-
otide substitution model, GTR + I"(General Time Reversible
with I"distribution). The evolutionary model was assigned for
the entire undivided dataset using the Akaike information
criterion. MrBayes analysis was done using the default set-
tings of four Markov chains (three heated, one cold) and a
heating parameter of 0.2. Each analysis was conducted with a
Markov chain Monte Carlo method repeatedly, and the results
were compared to ensure convergence on the same topology.
An initial run based on 10,000,000 generations did not gen-
erate a different topology compared to a single GTR + I
model. The chain was sampled every 100 generations over
5,000,000 generations after discarding the first 1,250,000
generations (the burn-in). We assessed the burn-in and the
run convergence using the program Tracer 1.4 (available at
http://tree.bio.ed.ac.uk/software). The tree was obtained with
FigTree 1.2.2 (http://tree.bio.ed.ac.uk/software).

Results

The impression that workers of M. famarae are more mobile
than workers of M. ravouxi when their nests are disturbed in
the field was corroborated by detailed behavioral analyses
under standardized laboratory conditions (PERMANOVA,
F129=19.65, P<0.001). In all four parameters defined above,
workers of M. tamarae differed significantly from workers of
M. ravouxi (Table 3—supplementary material). Compared to
M. ravouxi, M. tamarae were more active (mean time not
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moving£SD—M. t. 17.44+£11.03 s; M. r 47.04+£22.29 ),
moved over significantly longer distances (mean distance
moved+SD—M. t. 73.03£36.67 cm; M. r. 19.67£9.95 cm),
were faster (mean velocity=SD—M. ¢. 0.74%0.19 cm/s; M. r.
0.41+0.12 cm/s), and had a less sinuous trajectory (mean
meander+SD—AM. ¢t. 198.39+128.78%/cm; M. r. 414.33+
297.40 °/cm) (Table 3—supplementary material). Except for
velocity, we found no effect of colonies on locomotor
behavior.

This is visualized by non-metric multidimensional
scaling (NMDS): the x-axis opposes workers with a
high velocity and a larger distance moved (right part
of the plot, M. tamarae) from workers with a low
velocity and a low distance moved (left part of the plot,
M. ravouxi). The y-axis opposes workers that are not
moving (positive values on the y-axis) from workers
that are moving (negative values on the y-axis). The
group centroid of M. tamarae was separated from the
group centroid of M. ravouxi (Fig. 1).

Workers of M. tamarae and M. ravouxi differed slightly in
a number of morphometric measurements. For example,
workers of M. tamarae on average had a smaller relative
postpetiole width (PPW/CS 3.27+SD 0.15 vs. 3.48+0.14), a
smaller minimal distance between the lateral margins of the
propodeal spines (SPBA/CS 2.26+0.14 vs. 2.50+0.16),
and a larger postocular distance (PoOc 3.12+0.14 um
vs. 3.024+0.14 um) than workers of M. ravouxi, but indi-
vidual values overlapped widely. Considering all 21 mor-
phological characters in a NC-Ward, NC-UPGMA, and
NC-K-Means clustering, there was no correlation between
phenotype and geography detectable. However, these
cluster algorithms are likely to make more errors if too
many characters with high variance and low indicative
value are considered (Seifert et al. 2013). Accordingly,
we aimed at a reduction to the most discriminative char-
acters by running a linear discriminant analysis (LDA)
with stepwise character reduction as implemented in the
SPSS 15.0 software package under the hypothesis that all
samples from Georgia, Armenia, and Anatolia belong to
M. tamarae and those from outside this region to
M. ravouxi. After reducing the analysis to the characters
PoOC, SPBA, EW, PEW, and PPW, NC-K-Means
changed the primary classification of only the sample
from Armenia to M. ravouxi. This NC-K-Means classifi-
cation was supported for all 24 samples by a confirmative
LDA. Considering the same five characters, both NC-
Ward (Fig. 2) and NC-UPGMA allocated the samples
“Armenia” (labeled Armenia, Megrikek, P.H.C Lichkvas,
N 386—86. Radchenko 22.6.86) and “Georgia (Daba)-2”
in a branch together with M. ravouxi. If these two samples
were set as wild cards in a LDA, the former was con-
firmed as M. ravouxi, but the latter one changed to
M. tamarae. Taking the LDA classification as truth, there
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only 3 of 355 bp of wingless (0.8 %), 7 of 543 bp of longwave
rhodopsin (1.3 %), 1 of 404 bp of abdominal-A (0.2 %), and 1
of 376 bp of elongation factor 1 (0.3 %) without intraspecific
variation.

M. tamarae and M. ravouxi differed consistently in 4 bp of
wingless (1.1 %, three substitutions synonymous and one non-
synonymous leading to an exchange of threonine by methio-
nine in M. tamarae) and 2 bp of elongation factor 1 (0.5 %,
both substitutions synonymous) and were identical in the
other two nuclear genes (see Table 4a—supplementary mate-
rial). A specimen from Jalta, Ukraine, (morphology not ex-
amined) had the same wingless sequence as M. tamarae.
Myrmoxenus sp. from Taygetos Oros, Greece, had an inter-
mediate sequence of wingless, sharing two synonymous sub-
stitutions with M. tamarae but like M. ravouxi from Central
and Western Europe, lacking the third synonymous and the
non-synonymous substitution (see Fig. 1—supplementary
material).

Similarly, M. ravouxi varied little in the sequence of the
mitochondrial gene COI/COII throughout Western and
Central Europe (max. four substitutions in a total of 1,430
base pairs, 0.3 %, M. ravouxi from Kallmiinz vs. Mt. Ventoux,
France, see Table 4b—supplementary material). M. ravouxi
from Central and Western Europe differed considerably more
from material from Greece (Kallmiinz vs. Drosopigi, 11 sub-
stitutions, 0.8 %, Kallmiinz vs. Taygetos Oros, 13 and 15
substitutions, 0.9 and 1.0 %, details not shown) and from
M. tamarae from Daba, Georgia (13 to 15 substitutions,
0.9-1.0, see Table 4b—supplementary material). A specimen
from Posof, Turkey, which was identified as M. tamarae by
morphometry and for which no nuclear gene sequences were
available, constituted the outgroup of M. tamarae and
M. ravouxi. As in the nuclear gene wingless, M. tamarae from
Georgia formed a well-supported branch together with a spec-
imen from Jalta, Ukraine (Fig. 3).

Discussion

Our three approaches to clarify the taxonomic position of the
slave-making ant M. tamarae from Daba, Georgia, relative to
the more widely distributed M. ravouxi yielded conflicting
results. The most conspicuous difference between the two taxa
was found in behavior. In a morphometric analysis, all but one
specimen of M. tamarae clustered with samples from Anatolia
currently recognized as M. ravouxi, while European
M. ravouxi formed a separate cluster. Nuclear and mitochon-
drial DNA sequences differed slightly between the two taxa,
but the branching pattern was less clear, probably reflecting
recent radiation of the genus and incomplete lineage sorting.
Previous fieldwork throughout most of the range of
M. ravouxi consistently showed that workers of M. ravouxi
move only slowly and rarely flee when their nest site is opened
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(unpublished observations). In contrast, M. tamarae rapidly
escaped upon nest disturbance. This behavioral difference was
corroborated by detailed studies in the laboratory. Under
exactly the same conditions, workers of M. tamarae walked
faster, over longer distances, and in less meandering paths
than M. ravouxi. Though animal behavior is often quite plastic
and among social insects may vary even within populations
(e.g., Gordon et al. 2011; Modlmeier and Foitzik 2011; Pinter-
Wollman et al. 2012), several studies have shown that behav-
ioral differences may reliably corroborate species
delimitations based on other traits (e.g., Schlick-Steiner et al.
2010). This is quite trivial in the case of mating behavior, but
other types of behavior, including general activity patterns,
have also been found to be highly helpful for differentiating
among cryptic species (e.g., Davison et al. 1999).

In morphology, workers of M. tamarae and M. ravouxi
differed in the mean values of a number of traits, but like in
other closely related pairs of ant species, the large variability
within taxa does not allow to reliably determine individuals
based on only one or a few simple characters (e.g., Seifert
2009). A multivariate analysis of the characters PoOc, SPBA,
EW, PEW, and PPW differentiated the two taxa with only one
sample misclassified.

M. ravouxi from Western and Central Europe differed
consistently from M. tamarae from Daba in two of four
investigated nuclear genes. Similarly, mtDNA sequences of
M. tamarae from Daba and a specimen from Jalta, Ukraine,
formed a well-supported branch separate from the M. ravouxi
cluster from Western and Central Europe. Material from
Posof, Turkey, which was identified as M. tamarae by mor-
phometry, constituted the outgroup of M. tamarae from
Georgia and M. ravouxi. The low divergence in both nuclear
and mitochondrial genes and the shallow branching patterns
of phylogenies presumably reflect a recent and rapid expan-
sion of the genus Myrmoxenus with incomplete lineage
sorting (e.g., Funk and Omland 2003; Seifert 2009; Weimers
and Fiedler 2007), interspecific hybridization, and mtDNA
capture (e.g., Shaw 2002; Good et al. 2008; Schubart et al.
2008). Ongoing speciation is also indicated by the observation
that most currently recognized species of Myrmoxenus hy-
bridize in the laboratory (Jessen and Klinkicht 1990;
Buschinger 2001). Myrmoxenus from Greece, which differed
in the sequences of both mitochondrial and nuclear gene
sequences from M. ravouxi from Central and Western
Europe, requires additional investigations, which, however,
are not part of this present study.

The 96 % correlation of geography and phenotype and the
small but consistent difference between M. tamarae and
M. ravouxi in two nuclear genes and mtDNA sequences leads
us to suggest maintaining the Caucaso-Anatolian populations
as a species separate from M. ravouxi from Western and
Central Europe. This argumentation is supported by the be-
havioral difference between the two taxa and the unique
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Temnothorax unifasciatus

Fig. 3 Bayesian tree based on

1,430 base pairs of mitochondrial

DNA (COI/COII) from several

taxa of the slave-making ant

genus Myrmoxenus. Bayesian

posterior probabilities are given at —
the nodes

100 gordiagini Baskal HR

L gordiagini Baska2 HR
sp. Posof TR

sp. Parnassos GR

sp. Taygetos Oros GR
1.00

situation within Myrmoxenus that the Daba population regu-
larly uses a species of the Temnothorax nylanderi complex as
an accessory host. Though widely distributed throughout the
range of Myrmoxenus, species of this complex have never
been found to be utilized as host by any social parasite
(Buschinger 1989; Delattre et al. 2012). Our study highlights
the importance of using an integrative approach for species
delimitation rather than relying on only one or a few charac-
ters. Recent studies have shown that many cryptic species can
reliably be identified only by a multisource approach (Schlick-
Steiner et al. 2010; Padial et al. 2010; Seppa et al. 2011;
Edwards and Knowles 2014) that combine data from
morphology, genetics, and ecology.

Conclusion

The unified species concept of De Queiroz (2007) defines a
species as “a separately evolving metapopulation lineage
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recognized by at least one operational criterion.” In the
context of our study, morphology, locomotion behavior,
host species selection, geography, and mtDNA are the
applied operational criteria. All criteria supported
heterospecificity to some extent. To better elucidate the
taxonomic relationship between M. ravouxi and
M. tamarae, it would be ideal to sample material from
geographic areas connecting the here studied populations.
Unfortunately, the patchy distribution of slave-making
species and the difficulties of detecting parasitized host
colonies even during intensive fieldwork preclude contin-
uous sampling throughout the whole range of M. ravouxi/
M. tamarae. This is clearly documented by the fact that
extensive sampling of populations of Temnothorax
throughout Georgia (e.g., around Daba, Abastumani, and
Mestia) did not reveal any other sites with Myrmoxenus.
Given that parts of the forests in Borjomi-Kharagauli
National Park close to Daba were destroyed by wildfire
during the 2008 South Ossetia war, the Daba population
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appears to be quite isolated. It is therefore certainly worth
being protected from further destruction and merits addi-
tional studies.
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Supplementary material

Suppl. Table la. Collecting information for the ants analyzed in this study. Material
examined by morphometry is stored in the collections of A. Schulz, Leichlingen, A.G.
Radchenko, Kiev, or N. Gratiasvhili at Ilia State University, Tbilisi. Except were indicated

samples were collected by the person in whose collection it is deposited.

Code in Figure 2 Collecting site and date Deposition

Armenia Armenia, Megrikek, P.H.C Lichkvas, A. G. Radchenko
22.6.1986

Austria (Setzberg) 1.5km N Spitz, Wachau, 48°23'N, A. Schulz

15°25E', 300m, 5.5.2001

Bulgaria (Stara Planina) 1.5km W Tipchenitsa 10km E Zverion, | A. Schulz
400m, 43°03'46" N, 23°41'22" E,

07.06.2009

France (Grand Canyon) Grand Canyon du Verdon, Collet A. Schulz

Barris, 1000m; 05.-11.05.1992

France(Savoie) Prov. Savoie, 4km N Culoz, vic. Col du | A. Schulz
Grande Colombier, 700-900 m,

13.04.1996.

Georgia (Daba) 1 - 6 1km E, Daba village, Georgia, 1013m, N. Gratiashvili

2010




Germany (Wiirzburg)

Waldenhausen, 49°44.70’ N, 9°31.40 E,

Sept. 2008, coll. M. Suefuji/ J. Heinze

N. Gratiashvili

Germany (Kallmiinz)

Kallmiinz, 49°9.50 N, 11°6.50‘E, Oct.

2011, coll. M. Suefuji / J. Heinze

N. Gratiashvili

Greece (Lefkos) Letkos, Kallighoni 26.03.71, Leg. Lobl A. Schulz

Slovakia (Plastovce) Plastovce, 7.8.1988, Leg. P. Werner A. Schulz

Spain (Chodos) Chodos, Pefiagolosa, 1300-1500m, A. Schulz
18.05.1991

Turkey (Artvin) 20 km NW Sarigol, 60 km SW A. Schulz
Artvin,1600-1900 m, 28.06.1993

Turkey Kars (Posof) near Posof, 1700m, 25.06.1993 A. Schulz

Turkey Artvin (Borcka) 3 km S Bor¢ka,Civan,25 km NW A. Schulz
Artvin, 29.06.1993

Turkey Kars (Ilgardagi) Ilgardagi Geg¢idi,10 km S Posof, 2500 m, | A. Schulz

25.06.93,

Ukraine (Crimea Mys

Martiacu)

Crimea, Mys Martiacu, N 15431,

10.8.1995, coll. A. Buschinger

N. Gratiashvili

Ukraine (Odessa)

Odessa Prov., Tatrabynaesky distr.,

6.6.1983

A. Radchenko




Suppl. Table 1b. Material examined by molecular analyses

Code in Figure 3

Collecting site

GenBank

Accession No.

Temnothorax unifasciatus

Kallmiinz, 49°9.50° N,11°6.50° E, Oct. 2011,

J. Heinze

COI/COII-LK392516.

WG-LK392481.

M. gordiagini Baska HR

St. Ivana, Baska, Croatia, J. Beibl, 19.4.2003

COI/COII-LK392507;

LK392508.

WG-LK392457;

LK392458.

EF1-LK392484.

Abd A-LK392487.

LW Rd-n.a.

M. ravouxi Abruzzi

Abruzzi, Italy, 14525, A. Buschinger, 1990

COI/COII-LK392496.

WG-LK392467.

M. ravouxi Ammerbach

Ammerbach nr. Jena, Germany, J. Trettin,

2012

COI/COII-LK392493.

WG-LK392464.

M. ravouxi Drosopigi

Drosopigi, Greece, 12359, A. Buschinger,

1985

COI/COII-LK392497

M. ravouxi Eisenberg

Eisenberg, Austria, 15592, A. Buschinger

1997

COI/COII-LK392495.

WG-LK392466.

M. ravouxi Kallmiinz

Kallmiinz, 49°9.50° N,11°6.50° E, Oct. 2011,

M. Suefuji

COI/COII-LK392488.

WG-LK392468.

EF1-1K392482.




Abd A-LK392485.

LW Rh-n.a.

M. ravouxi Konstanz

Konstanz, Germany; H. Martz, 12.2009

COI/COII-LK392490.

WG-LK392462.

M. ravouxi Krachenhausen

Krachenhausen, 49°9.20’ N, E11°57.20’ E,

2011.M. Suefuji

COI/COII-LK392492.

WG-LK392465.

M. ravouxi Mt. Ventoux

Mont Ventoux, Provence, France, 13894, A.

Buschinger 1988

COI/COII-LK392498.

WG-LK392472.

M. ravouxi near Millau

near Millau, Midi-Pyrenees, France, 16163,

A. Buschinger. 1.10.2003

COI/COII-LK392499.

WG-LK392470.

M. ravouxi near Sault

Sault, Provence, France, 13908, A.

Buschinger, 1988

COI/COII-LK392500.

WG-LK392471.

M. ravouxi Savoillan

Savoillan, France, ]. Beibl, July 2003

COI/COII-LK392501.

WG-LK392473.

M. ravouxi Schonhofen

Schoénhofen, 49°0.70 N, 11°57.30’ E , 2009,

M. Suefuji

COI/COII-LK392491.

WG-LK392463.

M. ravouxi St. Enemie

Ste Enimie, Languedoc-Roussillon, France,

16168, A. Buschinger, 2.10.2003

COI/COII-LK392502.

WG-LK392469.

M. ravouxi Waldenhausen

Waldenhausen, 49°44.70’ N, 9°31.40 E, Sept.

2008, J. Heinze / M. Suefuji

COI/COII-LK392489.

WG-LK392461.

M. ravouxi Weichseldorf

Weichseldorf, 49°8.10 N, 11°56.60’ E, 2011.

COI/COII-LK392494.




M. Suefuji

WG-LK392474.

M. sp. Jalta Jalta, Ukraine, 15432, A. Buschinger, 1995 | COVCOILK392509.
WG-LK392477.
M. sp. Llanca Llanca, Catalonia, Spain, 16154, A. COL/CON-1K392510;

Buschinger, Sept. 2003

LK392511.

WG-LK392475;

LK392476.

M. sp. Parnassos

Parnassos, 15477, A. Buschinger, 1996

COI/COII-LK392512

M. sp. Posof

3km E Posof, prov. Ardahan, Turkey, A.

Schulz 17.7.2012

COI/COII-LK392513

M. sp. Taygetos Oros

Taygetos Oros, Greece, A. Schulz, 30.4.2011

COI/COII-LK392514;

LK392515.

WG-LK392459;

LK392460.

M. tamarae Daba

1km E Daba village, Georgia, 1013m, N.

Gratiashvili, 2010

COI/COII-LK392503;

LK392504;LK392505.

WG-LK392478;

LK392479;1.K392480.

EF1-LK392483.

Abd A-LK392486.

LW Rh-n.a.

M. adlerzi

Panaktos, Greece, 15432 A. Buschinger,

1995

COI/COII-LK392506




Suppl. Table 2. Morphological characters measured in M. ravouxi and M. tamarae. For

detailed definitions of measurements except SPH and NOL see Seifert (2006).

CL Maximum cephalic length in median line

CW Maximum cephalic width

CS arithmetic mean of CL and CW

EL the large diameter of the compound eye

EW the small diameter of the compound eye

FRS Distance of frontal carinae

MH (workers) maximum mesosoma height

ML (workers) mesosoma length

MW Maximum mesosoma width

PeH Maximum petiole height

PeW Maximum width of petiole

PHL Length of longest hair on petiole

PnHL Length of longest hair on pronotum

PoOc Postocular distance

PPW Maximum width of postpetiole

SL Maximum straight line scape length

SPBA smallest distance between the lateral margins of the propodeal spines

SPST Distance between the center of propodeal stigma and spine tip. The stigma center
refers to the midpoint defined by the outer cuticular ring but not to the center of stigma

opening which may be positioned eccentrically.



SPTI The distance of spine tips in dorsal view; if spine tips are rounded or thick take the
centers of spine tips as reference points.

SPH The distance between the center of petiolar stigma and the apex of the petiolar
sternal process.

NOL The distance between the anterior most and posterior most point of petiole

measured along a horizontal line crossing the center of stigma.



Suppl. Table 3. Results of two-way ANOVA for each locomotion parameter of

Myrmoxenus ravouxi and M. tamarae

Dependent variables | Independent variables F value P
Time not moving Species Fa2)=25.63 P<0.001
Colonies Fery=1.11 P=0.38
Distance moved Species F122) = 44.65 P<0.001
Colonies Fio2)=2.12 P=0.09
Velocity Species Faxm) = 47.69 P<0.001
Colonies Fe2) =3.69 P=0.01
Meander Species Fu22)=10.91 P=0.003
Colonies Ko =2.06 P=0.09




Suppl. Table 4a: Sequence differences in the nuclear genes wingless and elongation Factor 1 among M. ravouxi from Kallmiinz, Germany,
M. gordiagini and M. tamarae. Indicated are the codon positions of substitutions, if they are transitions or transversions, and if they are

synonymous or resulted in a changed protein sequence.

Wingless
Position 9 21 108 124 151 270 350 transitions transversions
M. gordiagini (Baska) A->G C>T T-2G 2 1
M. tamarae (Daba) C>T C>T TG CoT 3 1
codon position 3 3 3 1 1 3 2
amino acid exchange syn syn syn Arg—>Gly syn syn  Thr> Met

Elongation factor 1

position 40 150 transitions | transversions
M. gordiagini (Baska) T>C 1 0

M. tamarae (Daba) T>C C>T 2 0
codon position 1 3

amino acid exchange syn syn




Suppl. Table 4b: Differences between CO I (highlighted in grey) and CO II sequences of M. ravouxi from Kallmiinz, Germany, and some

exemplary Myrmoxenus specimens from other populations. Indicated are the codon positions of substitutions, if they are transitions or

transversions, and if they are synonymous or resulted in a changed protein sequence. No differences were found in the sequence of tLeu

RNA (position 790 — 852).

position

244

276

294

357

405

558

616

679

684

723 855 864 930

945

954

1123

1179

1296

1344

1377

1380

transitions/

transversions
M. ravouxi
AT AT Cc>T A>G
(Mt Ventoux) 2 2
G>A C>T T>C A>G G>A T2A C>T ASG T2A T>C T>C G>A
M. sp. (Jalta) 10 2
G>A C>T T>C A>G G>A T2A T>C Cc>T T>C G>A
M. sp. (Posof) 8 1
M. tamarae G>A C>T T>C A>G G>A T2A AS>G C>T A>G T>C T2A T>C T>C G>A
(Daba 1) 12 2
M. tamarae A>G G>A C>T T>C A>G G>A T2A A>G C>T C>T ASG T>A T>C T>C G>A
(Daba 2) 13 2
M. tamarae G>A C>T C>T T>C A>G G>A T2A AS>G C>T T>A T>C T>C G>A
(Daba 3) 11 2
. 1 3 3 3 3 3 1 1 3 3 3 3 3 3 3 1 3 3 3 3 3
codon position
. . lle Va  Cys lle
amino acid > syn syn syn syn  syn > > sYyn Ssyn Ssyn syn syn syn  syn > syn  syn  syn  syn  syn
exchange val Met  Ser Vv




Suppl. Figure 1. Bayesian tree of Temnothorax unifasciatus, Myrmoxenus gordiagini, M.
ravouxi and M. tamarae based on sequences of the nuclear gene wingless. The small
number of differences among the various taxa does not allow drawing firm conclusions
about the phylogeny of the various taxa, but it supports the view that M. tamarae and M.
ravouxi are distinct species. The analysis of nuclear genes from older samples of

Myrmoxenus, including M. adlerzi, failed.

gordiagini Baska1l HR
0.98

gordiagini Baska2 HR

Temnothorax unifasciatus

sp. Taygetos Oros GR
sp. Taygetos Oros GR

ravouxi Wirzburg D

| ———— ravouxi Konstanz D

ravouxi Schonhofen D
ravouxi Ammerbach D
ravouxi Krachenhausen D
ravouxi Eisenberg D

ravouxi Abruzzi |

ravouxi Kallmiinz D

0.98 1.00

ravouxi Ste Enimie F
ravouxi near Millau F
ravouxi near Sault F
ravouxi Mt. Ventoux F
ravouxi Savoillan F
ravouxi Weichseldorf D
sp. Llanca E

sp. Llanca E

sp. Jalta UA

tamarae Daba1 GE

100 —  tamarae Daba2 GE

tamarae Daba3 GE

0.002
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Abstract. The ant genus Myrmoxenus consists of about ten socially parasitic species including active slave-makers and workerless
“degenerate slave-makers”. Myrmoxenus tamarae was previously known only from type material, two workers collected at Daba,
Georgia and nothing was known about its life history, colony structure or the morphology of its sexuals. An inspection of colonies of
M. tamarae near the type locality in 2010 indicates that young queens of M. tamarae invade Temnothorax nests and kill the host queen
by throttling. The simultaneous presence of two slave species in a single colony (an undescribed species related to 7. nylanderi and a
species morphologically resembling 7. unifasciatus) indicates that M. tamarae is an active slave-maker. The genetic structure of the
colonies matches that expected for a monogynous and monandrous ant, but three of eight colonies inspected appeared to contain work-

ers belonging to an additional genetic lineage.

INTRODUCTION

Ants are indisputedly one of the big successes in evolu-
tion. Their complex cooperative life enables them to thrive
in numerous ecological niches (Wilson, 1971; Holldobler
& Wilson, 1990, 2008), but at the same time makes them
particularly vulnerable to exploitation by pathogens or
parasites (Schmid-Hempel, 1998). Among the latter are
slave-making ants (“dulotic ants”; Wilson, 1975; Busch-
inger, 1986, 2009; Holldobler & Wilson 1990; d’Ettorre
& Heinze, 2001). Instead of founding new societies inde-
pendently, young slave-maker queens usurp the nests of
other ant species, in which they kill or expel the resident
queen(s) and often also adult workers. Host workers that
later emerge in the conquered nest misidentify the slave-
maker queen as their own (e.g., Lenoir et al., 2001) and,
as in unparasitized nests, take over all the daily duties in
the colony. Workers produced by the slave-maker queen
herself do not engage in brood care or foraging but instead
pillage pupae from host nests in the neighborhood to re-
plenish the stock of slaves “at home” (Wilson, 1971; Bus-
chinger, 1986, 2009; Holldobler & Wilson, 1990; d’Ettorre
& Heinze, 2001).

Myrmoxenus Ruzsky, 1902 is the most species-rich of
six or more clades of slave-making ants that have evolved
in the myrmicine tribe Formicoxenini (Beibl et al., 2005).
It comprises 10 to 12 species in Southern Europe and
Northern Africa (Buschinger, 1989; Schulz & Sanetra,
2002). Two workers collected in 1963 in Georgia (Jijilash-
vili, 1967) were described as M. tamarae (Arnol’di, 1968),
but since then no additional specimens of this taxon have
been collected. Here we report on the results of two field

trips to the type locality of M. tamarae near Daba, Borjomi
district, Georgia, during which we collected a total of nine
colonies of this rare and probably endangered species of
ant. We describe in detail the habitat of this ant, morphol-
ogy of its sexuals and social and genetic composition of
its colonies. A multidisciplinary comparison of M. tama-
rae and other species of Myrmoxenus does not support the
view that M. tamarae is a junior synonym of M. ravouxi
(André, 1896) and indicate that it can be considered as a
valid species (Gratiashvili et al., 2014).

MATERIAL AND METHODS

Ant collecting and culture

Colonies of M. tamarae and its two host species were col-
lected in August 2010 (n = 5) and June 2011 (n = 4) from their
nests under pine bark and in rock crevices at the type locality
near Daba, Borjomi Gorge (Borjomi district, South Georgia) (Fig.
la). The structure of six colonies was investigated immediately
after sampling. Then the colonies were transferred to laboratories
in Thilisi and Regensburg and kept in standard three-chambered
plastic boxes with a plaster floor under semi-natural conditions as
described previously for other formicoxenine ants (Buschinger,
1974; Heinze & Ortius, 1991).

Morphometry

We measured 21 morphological characters of each of 20 mount-
ed and dried workers (from six nests), five queens (incl. female
sexuals, from two nests), and five males (from one nest) using a
pin-holding stage, permitting unlimited rotation around the X, Y
and Z axes, and a Wild M 10 stereomicroscope equipped with
a 1.6 x plan-apochromatic objective at magnifications between
200 x and 320 x. Measurements are defined by Seifert (2006) and
Gratiashvili et al. (2014). Automontage pictures were produced
using a Keyence VHX 500 FD digital microscope.
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Fig. 1: Myrmoxenus tamarae (Arnol’di, 1968). a — type locality near Daba, Georgia (bar = 5 m); b — worker; ¢ — queen; d — male
(bars for b—d = 250 pum).

Sociogenetic analysis

Genomic DNA was extracted from 60 workers from eight colo-
nies (3 to 10 per colony) using a CTAB-protocol (Sambrook &
Russell, 2001). PCR was performed using primers and methods
previously established for Myrmoxenus ravouxi (Suefuji et al.,
2011; Suefuji & Heinze, 2014) in 20 pl reaction volumes [1 pl
DNA template, 0.1 pl 1 U Taq polymerase (Fermentas), 0.8 pul 5
UM of each forward and reverse primer (MWG Biotech; forward
primer labeled with 6-FAM, TET or HEX), 2 ul 10 x Taq buffer
(Fermentas), 4 ul 1 x Enhancer (PEQLAB), 1.6 pl 25 mM MgCl,,
4 pul 1 mM of each dNTPs (Fermentas), 5.7 ul PCR water] in
Eppendorf Mastercyclers with the cycling program described by
Suefuji & Heinze (2014) (32 cycles of 1 min 15 s at 94°C, 45 s at
50-60°C, 45 s at 72°C, preceeded by 4 min at 94°C and followed
by 30 s at 72°C). After adding GeneScan-500 (Tamra) size stan-
dard, we analyzed the labelled amplification products using an
ABI PRISM 310 Genetic Analyzer with a 310 Genetic Analyzer
Capillary 47 cm and POP4-Polymer. Loci were genotyped using
GeneScan 3.1 (PE Biosystems).

We determined the colony structure of M. tamarae by geno-
typing workers at loci 2MS60, 2MS65 (Suefuji et al., 2011) and
2MS86II (forward primer: AGA TTC ACT TGA AGC AGG
AGC; reverse primer: ACG CTT GGG CAT AAT AAA AAA
TC). Standard population genetic parameters (number of alleles,
expected and observed heterozygosities, frequency of null alleles)
were determined using the software Cervus 3.03 (Kalinowski et
al., 2007). Worker relatedness was estimated following Queller &
Goodnight (1989) using GenAlEx (Genetic Analysis in Excel, an
Excel add-in: Peakall & Smouse, 2012). Standard errors were ob-
tained by jackknifing over loci. Mean relatedness estimates were
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tested against the value expected for workers in monogynous and
monandrous ant colonies (0.75) using t-test.

RESULTS

The type locality of M. tamarae is on the south-eastern
slope of the Gvirgvina mountains above the right bank of
Guyjaretistskali river (Fig. 1a) near the cemetery at Daba
(Borjomi district, Southern Georgia; 41°48.5'N, 43°27'E;
1000-1016 m a.s.l.). The habitat is mixed forest with Scots
pine (Pinus sylvestris var. hamata) and, less abundant,
Caucasian spruce (Picea orientalis) and a xerophyte her-
baceous plant cover (“Pineta xeroherbosa”: Akhalkatshi &
Tarkhnishvili, 2012; complete list of vegetation in Table
1). Numerous nests of two species of Temnothorax Mayr,
1861 were found under the uppermost bark layers at the
base of living pines and in rock crevices. Approximately
8% of the Temnothorax colonies inspected were parasit-
ized, i.e., contained workers and / or queens of M. tamarae.

Colonies of M. tamarae contained a single M. tamarae
queen, 5 to 22 M. tamarae workers (n = 6, median 8) and
16 to 48 Temnothorax host workers (n = 6, median 18).
Two colonies collected in the field in August 2010 con-
tained sexuals of M. tamarae (39 and 8% / 13 and in colo-
nies collected in June 2011 sexuals eclosed in the laborato-
ry in early August (109 /13329 /1385 19 /43). Workers,
queens, and males of M. tamarae very closely resemble
those of other Myrmoxenus species (Figs 1b—d; Table 2),
in particular M. ravouxi. At present, workers of M. ravouxi



TaBLE 1. Complete list of the vegetation found at the type locality of the slave-making ant Myrmoxenus tamarae at Daba, Georgia.

Trees  Acer laetum, Carpinus orientalis, Picea orientalis, Pinus kochiana, Quercus macranthera

Shrubs Berberis vulgaris, Chamaecytisus caucasicus, Rosa canina, Rubus fruticosus

Asperula orientalis, Astracantha microcephala, Bellis perennis, Brachypodium sylvaticum, Carex buschiorum, Centaurea
bella, Cerastium sosnowskyi, Coeloglossum viride, Coluteocarpus vesicaria, Dactylorhiza euxina, Leucanthemum vulgare,
Onobrychis sosnowskyi, Onosma rupestris, Orobus laxiflorus, Platanthera chlorantha, Poa nemoralis, Prunella vulgaris,
Scutellaria sosnowskyi, Sempervivum sosnowskyi, Sesleria anatolica, Silene compacta, S. dianthoides, Stachys annua

Herbs

TaBLE 2. Means of morphometric data of samples of workers, queens and males of Myrmoxenus tamarae. Data are arithmetic means
+ standard deviations. Upper and lower extremes are given in square brackets. n is the number of colonies sampled, i the total number
of individuals studied in these samples. Characters were measured as defined by Seifert (2006) and Gratiashvili et al. (2014).

L . . Workers Queens Males
Abbreviation Definition of measurements and ratios (n=6:i=20) (n=2i=5) (n=1:i=5)
CL maximum cephalic length in median line [m] 639.034 +30.042 638.552 +18.502 511.676 £ 11.553

P £ K [689.720; 572.628]  [661.650; 617.540]  [529.320; 501.250]
cw maximum cephalic width [im] 613.851 £41.900 623.154 +£10.457 580.648 +£22.399
p K [693.730; 545.360]  [633.580; 609.520]  [601.500; 553.380]
. . 626.442 + 34.573 630.853 £ 8.796 546.162 £ 15.438
€S arithmetic mean of CL and CW [um] [683.705; 558.994]  [641.600; 619.946]  [565.410; 529.320]
CL/CW maximum cephalic length in median line / 1.043 £ 0.039 1.029 £+ 0.044 0.882+0.027
maximum cephalic width [1.096; 0.971] [1.066; 0.975] [0.913; 0.840]
. . . 0.729 +£0.042 0.692 + 0.041 0.311£0.019
SL/CS maximum straight line scape length / CS [0.844: 0.665] [0.739: 0.643] [0.327: 0.289]
. 0.395+0.018 0.373+£0.010 0.374 £ 0.008
PoOc /€S postocular distance / CS [0.423; 0.369] [0.388; 0.359] [0.381;0.362]
. . 0.346 + 0.049 0.342+0.016
FRS/CS distance of frontal carinae / CS [0.537: 0.299] [0.369: 0.329] n/a
EYE/CS arithmetic mean of large and small diameter of 0.246 £ 0.011 0.285+0.010 0.377 £0.018
the elliptical compound eye / CS [0.265; 0.223] [0.297; 0.270] [0.394; 0.358]
MW maximum mesosoma width [m] 404.774 £ 29.563 524.779 + 13,027 536.486 +26.103
K [453.010; 333.395]  [547.175;514,090]  [580.260; 514.090]
. . 0.646 +0.033 0.832+0.014 0.982 +0.042
MW/ CS maximum mesosoma width/ CS [0.713; 0.546] [0.852; 0.814] [1.026; 0.932]
smallest distance between lateral margins of 0.286 £0.015 0.388 +£0.028
SPBA/CS propodeal spines / CS [0.319; 0.261] [0.420; 0.353] wa
. . . 0.328 £0.019 0.357 +0.029
SPTI/CS distance of spine tips in dorsal view / CS [0.363: 0.300] [0.397: 0.325] n/a
SPST/ CS distance between center of propodeal stigma and 0.259+£0.012 0.251+0.025 0.380 = 0.058
tip of spine / CS [0.283; 0.238] [0.279; 0.210] [0.413;0.277]
. . . 0.292 +0.024 0.286 + 0.008 0.305 +0.023
PEW/CS maximum petiole width / CS [0.374; 0.253] [0.300; 0.279] [0.332; 0.276]
. . . 0.411 +0.020 0.416 +0.010 0.434+£0.023
PPW/CS maximum post petiole width / CS [0.452; 0.378] [0.428; 0.407] [0.471: 0.414]
. . . 0.587 +0.031 0.595 +0.026 0.433 +£0.022
PEH/CS maximum petiole height / CS [0.637; 0.515] [0.639: 0.575] [0.471; 0.413]
SPH/ CS distance between center of petiolar stigma and 0.276 £ 0.023 0.286 = 0.027 0.267+0.016
apex of petiolar sternal process / CS [0.311; 0.225] [0.311; 0.254] [0.288; 0.250]
ML mesosoma length [uim] 795.383 +45.242 942.812 +51.630 1006.956 + 38.231
gl ik [890.220; 689.720]  [1000.890; 862.150] [1041.330; 960.450]
1.270 +0.038 1.495 +0.068 1.843 +£0.025
ML/CS mesosoma length / CS [1.317; 1.208] [1.570; 1.391] [1.870; 1.808]
. . 0.569 +0.031 0.920 £ 0.101 1.167 £ 0.030
MH/CS maximum mesosoma height / CS [0.640; 0.532] [1.059; 0.813] [1.209; 1.134]
Noucs b oot PO 0300 0500 Gaasoon
p petiole ne [0.400; 0.325] [0.399; 0.317] [0.441; 0.391]
crossing center of stigma / CS
. . 0.177 £0.022 0.205 +0.013 0.179 £ 0.032
PHL/CS length of longest hair on petiole / CS [0.216: 0.118] [0.226: 0.194] [0.216: 0.129]
PnHL / CS length of longest hair on pronotum / CS 0.129 £ 0.024 0.147+0.038 0.160 0.015

[0.170; 0.091]

[0.191; 0.106]

[0.175; 0.135]




TaBLE 3. Primer sequences, repeat motives and annealing temperature (T,) of the three microsatellite loci studied in the slave-making

ant Myrmoxenus tamarae. Allele size range, number of alleles (4), expected and observed heterozygosities (H__, H

) were calculated.

exp’ obs

N indicates the number of individuals that were genotyped (ten per colony).

Locus GB accession T (°C) Size range (bp) N A o H,.

2MS60 HQ154543 60 115-137 60 6 0.682 0.633
2MS65 HQ154544 60 139-155 60 7 0.789 0.650
2MS86I1 not available 60 145-151 60 4 0.686 0.883

and M. tamarae can be distinguished only by complex sta-
tistical methods (Gratiashvili et al., 2014).

Field data show that at the type locality M. tamarae uti-
lizes as hosts two species of Temnothorax. Six nests con-
tained host workers of a species morphologically identi-
fied as T. unifasciatus (Latreille, 1798) by B. Seifert and
A. Schulz, but genetically forming the out group to Central
European 7. unifasciatus and T. nigriceps (Mayr, 1855)
(based on a sequence of the mitochondrial gene COI/ COII,
M. Suefuji, unpubl.). Two nests contained workers of “7.
crasecundus” (provisional name of a recognized mor-
phospecies currently being described by B. Seifert and S.
Csb6sz), which is a species closely related to 7. nylanderi
(Foerster, 1850) and 7. crassispinus (Karavaiev, 1926).
One colony contained both slave species. In one laboratory
colony we observed a young M. tamarae queen killing a
“T. crasecundus” host queen by throttling.

The three microsatellite loci studied were sufficiently
variable to give a crude estimate of genetic colony struc-
ture. Locus 2MS60 had six alleles, 2MS65 seven alleles
and 2MSB86II four alleles (mean number of alleles: 5.67;
Table 3). The frequency of potential null alleles was es-
timated to be lower than 0.2 at each locus. Mean related-
ness, estimated following Queller & Goodnight (1989),
was 0.627 £ SE 0.086, which is not significantly different
from the value of 0.75 expected for monogyny and monan-
dry (a single, singly mated queen per colony; t = 1.489, p
=0.180). Nevertheless, in three of eight colonies we found
two or three individuals with a genotype at one locus that
was not compatible with monogyny and monandry.

DISCUSSION

M. tamarae closely resembles other slave-making spe-
cies of the genus Myrmoxenus, in particular M. ravouxi,
in morphology and life history. Workers, and presumably
also queens and males, of M. tamarae can be separated
from those of M. ravouxi only by an exploratory statistical
analysis of multiple morphological characters, as in other
pairs of closely related or cryptic species (e.g., Seifert,
2013; Seifert et al., 2013; Csész et al., 2013). M. tama-
rae has therefore been considered to be synonymous with
M. ravouxi (Buschinger, 1989; Schulz & Sanetra, 2002),
but our recent integrative study revealed subtle differences
between the two taxa, which do not support the proposed
synonymy (Gratiashvili et al., 2014).

The few colonies of M. tamarae collected provide use-
ful information about the life history of this species, which
support our view that M. tamarae is a close relative of M.
ravouxi (Gratiashvili et al., 2014). One colony contained
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workers from two host species, which demonstrates that M.
tamarae is an active slave-maker like M. ravouxi. At Daba,
M. tamarae utilizes a species of Temnothorax, which mor-
phologically resembles 7. unifasciatus. The other host is 7.
“crasecundus”, a species closely related to 7. nylanderi and
T. crassispinus. This is particularly surprising, as species of
this taxonomic group, though abundant throughout much
of the range of Myrmoxenus, are rarely if ever parasitized
(Buschinger, 1989; Delattre et al., 2012, 2013; but see Mei,
1992). Active slave-raiding may also be the explanation for
genotypes of M. tamarae workers that did not match the
typical sociogenetic structure of Myrmoxenus, monogyny
and monandry (a single, singly mated queen per colony).
Similarly aberrant genotypes are recorded in a large frac-
tion of M. ravouxi colonies in Southern Germany. Geno-
typing the offspring produced by queens under controlled
laboratory conditions strongly supported monogyny and
monandry and suggested that genetic heterogeneity in the
field might result from colony fusion or raiding of neigh-
boring colonies or adoption of stray Myrmoxenus workers
(Suefuji & Heinze, 2014).

As is the case for all species of Myrmoxenus, queens of
M. tamarae appear to eliminate the host queen by throt-
tling. We observed such an interaction in a colony that had
been queenless when collected one year before. Presum-
ably sexuals of both the host and parasite eclosed from
brood in the laboratory. Unfortunately we could not deter-
mine whether the queens were inseminated. While sexuals
of M. ravouxi leave the nest to mate during nuptial flights,
those of M. kraussei (Emery, 1915) and other species
regularly mate in the nest, which results in considerable
heterozygote deficiency (Suefuji & Heinze, 2014). The ge-
netic data, albeit based on a small sample and only three
loci, do not support regular inbreeding in M. tamarae. 1t
is therefore unlikely that the M. tamarae queen had been
inseminated.

Genetic diversity in the population studied was relatively
high and matched that found at other loci in a similarly
small number of colonies of M. ravouxi (Suefuji & Heinze,
2014, population Schonhofen; average number of alleles
6.2). This indicates that the population at the type local-
ity does not suffer from inbreeding and might probably be
larger than concluded from the difficulties of finding slave-
maker colonies.

The type locality at Daba is the only known population of
M. tamarae in Georgia, but the finding of morphologically
and genetically similar ants in Northern Turkey close to
the Georgian border suggests that the species might be
more common throughout the Lesser Caucasus and other



mountainous areas. At least the habitat, dry and open
mixed forests with pines, firs and oaks, and the two host
species are abundant in many places in this area.
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Abstract Animal societies vary considerably concerning
how reproductive rights are partitioned among individual
group members (“reproductive skew”). Nestmate queens of
most polygynous species contribute more or less equally to
the brood, but queens of a few species of the genus Lep-
tothorax form dominance hierarchies in which only the top
ranking queen lays eggs (“functional monogyny”). As
predicted by optimal skew models, high skew appears to be
associated with habitat patchiness. Here, we document
functional monogyny in the Caucaso-Anatolian ant Lep-
tothorax scamni (Ruzsky 1905). Similar to related species,
young female sexuals mate on the ground near their natal
nests and thereafter either disperse to found new colonies
solitarily or in groups or return into their natal nest, where
only one of several co-occurring queens reproduces. A
phylogeny of Leptothorax species based on partial CO I
sequences corroborates the view that functional monogyny
has evolved convergently in several taxa of Leptothorax. It
thus is a relatively labile trait that can rapidly adapt to
habitat changes.
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Introduction

When animals live in groups, conflict arises about the par-
titioning of reproduction. In some social species, this
conflict is resolved by the formation of dominance hierar-
chies, and only one or a few dominants monopolize
reproduction (“high reproductive skew”). In others, all
group members produce similar numbers of offspring (“low
reproductive skew”). Optimal skew theory (e.g., Keller and
Reeve 1994; Johnstone 2000; Reeve and Keller 2001;
Nonacs and Hager 2011) explains the magnitude of repro-
ductive skew from genetic relatedness of group members,
their fighting strength and impact on group productivity, and
ecological constraints on dispersal and solitary nesting.
Because of their division of labor between reproductives
(queens and—in termites—kings) and non-reproductive
workers, insect colonies are typically regarded as high-skew
societies (Sherman et al. 1995). However, colonies of many
species of wasps and ants regularly contain multiple queens,
whose share in the offspring of the group may vary widely.
Queens of mature multi-queen colonies of ants usually
contribute roughly equally to the brood pile (e.g.,
Buschinger 1968a; Bourke 1991; Hammond et al. 2006).
Variation in queen egg laying rates, if present at all, pre-
sumably reflects differences in queen age or physiological
status rather than social hierarchies. At present, high re-
productive skew has been documented only in a few ant
species, notably in the myrmicine tribe Formicoxenini
(Formicoxenus and Leptothorax; e.g., Buschinger 1968a;
Buschinger and Winter 1976; Buschinger et al. 1980;
Heinze and Buschinger 1988; Ito 1990; Buschinger and
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Francoeur 1991; Felke and Buschinger 1999; Gill et al.
2009).

The co-occurrence of multiple queens in colonies of
Leptothorax typically results from the return of young
queens into their natal nests after mating (e.g., Douwes et al.
1987; Stille et al. 1991; Heinze 1995; Bourke et al. 1997;
Hammond et al. 2006; Bernadou and Heinze 2013). In some
species, nestmate queens completely tolerate one another
and all lay eggs (“facultative polygyny”; e.g., Buschinger
1968a; Bourke 1991, 1993; Heinze 1993). In other species,
queens form reproductive hierarchies in fall and after
hibernation, and only the top-ranking queen begins to lay
eggs in spring (“functional monogyny”, Buschinger 1968a;
Heinze and Smith 1990; Heinze et al. 1992; Ito 2005). After
the social and reproductive hierarchy has become estab-
lished, workers attack subordinate queens that begin to
mature oocytes and expel them from the nest (e.g., Heinze
and Smith 1990; Gill and Hammond 2011; Trettin et al.
2011). Hence, the dominant queen appears to have full
control over breeding in the colony, either directly or indi-
rectly via its workers. Of the various models of optimal
skew theory (Johnstone 2000; Reeve and Keller 2001;
Nonacs and Hager 2011), concession models might, there-
fore, be applicable and Leptothorax ants allow testing their
predictions. Concession models predict an increase of skew
with relatedness and environmental constraints. Contrary to
these predictions, queen—queen relatedness is similar in
high-skew and low-skew societies (Heinze 1995), but skew
indeed appears to be linked to the magnitude of environ-
mental constraints on dispersal and solitary nesting (Bourke
and Heinze 1994; Reeve and Keller 2001). Skew is low in
Leptothorax colonies from extended, homogenous conifer-
ous forests of the Northern hemisphere (e.g., L. acervorum
from Central and Northern Europe, L. canadensis, L. mus-
corum; Buschinger 1968a; Bourke and Heinze 1994; Heinze
et al. 1995). Nest densities have never been mapped over
more than a few dozen mz, but fieldwork shows that nesting
sites—rotting twigs or bark—are quite evenly distributed
over large areas of these forests (unpubl. observations;
Seifert 2007). Young queens should thus have a good
chance to locate a suitable nest site after dispersal on the
wing (Bourke and Heinze 1994).

In contrast, the high-skew species L. gredleri, L. sphag-
nicolus, and L. sp. A (recently referred to as “Leptothorax
AF-erg,” Ellison et al. 2012) and the functionally mono-
gynous populations of L. acervorum all live in more patchy
habitat, such as clearings in dense forests, small, dry patches
in spruce bogs, the edge of rocky outcrops, or moist areas in
dry forests (Bourke and Heinze 1994; Felke and Buschinger
1999; Trettin et al. 2011). Mapping the distribution of
colonies of Leptothorax sp. A showed that available nest
sites were limited. Dispersing queens might, therefore, risk
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to remain without suitable nest site or to drift off into un-
suitable habitat (Heinze 1993).

Empirical data thus appear to support skew theory (e. g.,
Keller and Reeve 1994; Johnstone 2000). However, for
most species colony structure and habitat requirements had
been known before skew models were available, and the
association between skew and habitat was recognized in
retrospect. Predicting the colony structure of a previously
unstudied species from habitat characteristics would pro-
vide a more convincing test of skew theory.

Leptothorax scamni was originally described as a variety
of L. muscorum based on individual workers collected from
a bench (lat. scamnum, bench, stool) near Abastumani,
Caucasus (Ruzsky 1905). Arnol’di (1977) later elevated it to
species rank without giving additional information. The
formal re-description and designation of neotypes (Heinze
et al. 1993) was sparked by the finding of new samples from
Northern Turkey and the Caucasus. Despite intensive field
work in Northern Anatolia, complete colonies could not be
found. From this it was concluded that L. scamni “rarely
occurs in dense populations, but may be a patchily dis-
tributed habitat specialist, such as L. gredleri” (Heinze et al.
1993), i.e., with local mating and high reproductive skew.

Here, we describe the structure of colonies of L. scamni
from a coniferous forest near its type locality in the Lesser
Caucasus in Georgia. Dissection of queens shows that
colonies of L. scamni are functionally monogynous. Fur-
thermore, like in several other Lepfothorax, mating occurs
near the natal nest of female sexuals without intensive flight
activity. Finally, based on the molecular phylogeny of
Leptothorax species we show that functional monogyny
evolved convergently in separate clades, highlighting that
reproductive skew is a rather plastic trait in Leptothorax
ants.

Materials and methods

Complete colonies, solitary queens, and groups of founding
queens were collected in a coniferous forest on a south-
exposed slope below the Abastumani Astrophysical Ob-
servatory, Samtskhe-Javakheti region, Georgia (N:
41'45.473', E: 042'49.044’, elev. appr. 1535 m) in August
2010 and September 2013. Quite unusual for Leptothorax,
colonies nested under the bark on the southern side of stems
of Caucasian firs (Abies nordmanniana) and Oriental spruce
(Picea orientalis) up to 1.6 m above the ground. Many nests
were found near old, withered, injured stem areas, where
resin had been tapped, and some colonies were completely
surrounded by dry resin deposits (Fig. S1). Six colonies
were also found in rotting logs and tree stumps on the
ground, the typical nest site of other species of Leptothorax.
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Colonies no longer contained eggs and thus appeared to
have already prepared for hibernation when collected in the
field. To avoid confusing young queens, which had been
adopted shortly before collection and had not yet matured
eggs, with the typical subordinate non-laying queens in
functionally monogynous colonies we did not dissect
ovaries immediately after collection. Instead, colonies were
brought to the lab at University of Regensburg, transferred
into small plastic boxes with a plastic frame sandwiched
between two microscope slides serving as nest (Heinze and
Ortius 1991) and subjected to artificial hibernation (14 h
0 °C/10 h 10 °C) for approximately 10 weeks in incuba-
tors. Thereafter, temperatures were increased to spring
(2 weeks, 12 h 10 °C/12 h 20 °C) and summer conditions
(12 h 15 °C/12 h 25 °C). Colonies were provided with
honey every 2 weeks in winter and with honey and chopped
up cockroaches twice per week in spring and summer.
Ovaries were dissected following Buschinger and Alloway
(1978) in eight multi-queen colonies 2 weeks after first eggs
had appeared in the colonies and the gasters of several
queens had become visibly swollen from the mass of de-
veloping eggs.

Data on the structure of colonies of other Leptothorax
species, i.e., facultative polygyny vs. functional monogyny,
were taken from the literature (e.g., Buschinger 1968a, b;
Heinze 1993; Bourke and Heinze 1994; Heinze et al. 1995;
Oberstadt and Heinze 2003; Gill and Hammond 2011;
Scharf et al. 2011; Trettin et al. 2011). Polygyny of L. ac-
ervorum and L. muscorum from Georgia was verified by
dissections (Abastumani) or the occurrence of several
visibly physogastric queens within single colonies (Tsag-
veri, Svaneti). The structure of colonies of L. acervorum and
L. muscorum from Central Italy (Abruzzi, Gran Sasso) was
not examined.

Mating behavior was observed in June 2014 in 16 colo-
nies kept in incubators under artificial summer conditions.
Colonies were removed from the incubators at the begin-
ning of the artificial day conditions and observed in the
laboratory at daylight and room temperature (19 °C). We
placed a small upright stick into one of the chambers of the
plastic box to allow female sexuals to climb up from the
plaster floor and added males from other colonies to elicit
mating. We scanned colonies once every hour between 8:00
and 19:00 on each of three subsequent days and counted the
number of all female sexuals that were found outside of
their nests. In addition we directly observed all behavior
during the peak period of sexual activity (8:00-11:00) and
noted the duration and timing of copulations.

To determine how often functional monogyny evolved
convergently in Leptothorax we determined the molecular
phylogeny of Leptothorax. We sequenced ants from four of
the five non-parasitic Palearctic species of Leptothorax, the
workerless parasite L. kutteri, and two Nearctic species for

which reliable data on colony structure are available
(Heinze 1993). This covers most of the presently described
functionally monogynous and polygynous taxa of Lep-
tothorax. Only L. oceanicus from East Siberia and North
Korea (e.g., Radchenko and Heinze 1997; Radchenko 2004,
2005; colony structure unknown), the rare functionally
monogynous bog specialist L. sphagnicolus from Québec
(Buschinger and Francoeur 1991), and several described or
undescribed nearctic taxa with unclear colony structure
(Heinze 1989) were not available for this study.

DNA was isolated using the CTAB method including
proteinase K digestion (Sambrook and Russell 2001). We
amplified a fragment of the mitochondrial gene CO I in-
cluding tLeu RNA using the primer combination CI1-J-
2183/A8-N-3914 (Simon et al. 1994) and the nuclear pro-
tein-coding genes wingless, longwave rhodopsin, and
elongation factor 1o-F1 following Brady et al. (2006) and
Oettler et al. (2010). For PCR we used the GO-Taq Hot Start
Master Mix from Promega (Madison, WI) with a final pri-
mer concentration of 0.7 uM and 1 pl DNA. PCR
conditions were an initial denaturation step at 94 °C for
240 s, 38 cycles of denaturation at 94 °C, 45 s; annealing at
50 °C, 45 s; elongation at 72 °C, 105 s, and a final step of
72 °C, 300 s. DNA was sequenced by LGC Genomics
(Berlin) in an ABI 3100 capillary sequencer. Sequences
were visually corrected and ambiguous parts at the fragment
ends were removed, resulting in partial sequences of 821 bp
(CO 1), 361 bp (elongation factor 1a-F1), 523 bp (long-
wave), and 340 bp (wingless).

To increase the robustness of our phylogenetic analysis,
we added several partial CO I sequences of L. acervorum, L.
muscorum, and Harpagoxenus sublaevis from Brandt et al.
(2007) and aligned the complete set of sequences in Bioedit
7.2.5 (Hall 1999) using the Clustal W algorithm. The se-
quences did not contain unexpected stop codons, deletions
or inversions, and the amino acid sequences of the CO I
fragment of Leptothorax widely matched those published in
GenBank and Gotzek et al. (2010). Nuclear gene sequences
for these specimens were not available from GenBank.
Furthermore, nuclear genes could not be amplified in all of
our samples and those that did differed only in few base
pairs. They were thus not further included in the full phy-
logenetic analysis. The software MEGA 6.06 (Tamura et al.
2013) suggested HKY + G (Hasegawa et al. 1985) as best
model for the evolution of CO I sequences.

Bayesian analysis was performed with MrBayes 3.2.1
(Ronquist et al. 2012) with three heated and one cold
Markov chains. Default heating parameter was set at 0.2
with an MCMC length of 3,000,000 generations. The first
500 generations (burn-in) were discarded and every 500th
generation was sampled. A maximum likelihood analysis
was performed with MEGA 6.06 and 1000 bootstraps
(Felsenstein 1985). The phylogenetic tree was drawn using
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FigTree version 1.4.0 (available at http://tree.bio.ed.ac.uk/
software). GenBank accession numbers and the placement
of voucher specimens are given in Table S1.

To better document the observed heterogeneity of se-
quences of L. gredleri we repeated the analysis with
additional, 646 bp long CO I sequences from an earlier,
unpublished study. To clarify the taxonomic status of L.
gredleri we also investigated the nuclear genes longwave
rhodopsin and elongation factor 1a-F1. For both genes
MEGA 6.06 (Tamura et al. 2013) suggested the Jukes-
Cantor model (Jukes and Cantor 1969) as best model for the
evolution of nuclear genes.

Results

In August 2010 and September 2013 we collected colonies
of L. scamni at its type locality in Abastumani, Georgia. In
total we found seven solitary queens, two colonies con-
sisting of five and six queens and one or four workers with a
few larvae, and 32 larger colonies (5 queenless, 11 with a
single queen, 18 with multiple—2 to 13—dealate female
sexuals or queens of unknown reproductive status).

Ovary dissection

We dissected the ovaries of queens from eight colonies,
each with multiple dealate queens and/or dealate virgin
female sexuals. Each colony had only one visibly physo-
gastric queen, i.e., with the abdomen slightly swollen from
the mass of maturing eggs. Dissections of four of these
physogastric queens revealed that the ovarioles were elon-
gated (3-5 mm, median 4 mm) and contained numerous
maturing oocytes. The presence of corpora lutea suggested
that these queens had laid large numbers of eggs in the past.
The ovaries of other queens, both mated and virgin, were not
elongated and did not contain maturing eggs (Table I;
n =25; 04-2 mm, median 0.83 mm; Mann—Whitney
U test, U = 0, p = 0.0017). We did not find any evidence
for the co-existence of multiple, highly fertile queens with
viable eggs in their ovaries. The fat bodies of fertile queens
and also those of most inseminated, non-fertile queens had a
yellowish coloration, while fat bodies of young queens are
usually white. This indicates that at least some of the non-
fertile, mated queens had been present already before the
last mating season.

Mating behavior
Most female sexuals remained inside their nests at the be-
ginning of the artificial day time, but 1 hour later a large

number of female sexuals was seen running around in the
arena and moving up the provided small sticks. They
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Table 1 Dissection data of nestmate queens found in the colonies of
the ant Leptothorax scamni

Colony Fully fertile queens: Mated queens unmated
visibly physogastric no mature queens
and/or with maturing oocytes® no mature
oocytes oocytes®

GEO 11 8 1 8

GEO1I 13 1 (not dissected) 4

GEO IT 17 1 (not dissected) 1 4

GEO 1II 25 1 (not dissected) 1 2

GEO 11 52 1 3 1

GEO II 54 1 (not dissected) 3 2

GEO 1I 60 1 11 1

GEO 1I 64 1 2

Each colony contained only one fertile queen, while the ovaries of
others did not contain viable eggs. This suggests functional monogyny

* The ovaries of seven inseminated and five uninseminated queens
contained each one trophic egg with large yolk droplets

regularly bent and twisted their gasters and contorted their
wings, but we never observed the clear female calling be-
havior known from other Leptothorax and related genera
(Buschinger 1968b, 1971; Heinze and Buschinger 1987), i.e.,
raising the gaster, extrusion of the sting, and secretion of
droplets of poison gland pheromone via the sting. Never-
theless, female sexuals attracted males and we witnessed a
total of 34 copulations, all between 1 and 2% hours after
artificial sunrise (Fig. S2). Copulations lasted from 15to 77 s
(median 32 s). After mating, female sexuals quickly shed
their wings. Dissection proved the presence of sperm in the
spermathecae of 21 of 23 dealate queens; in two queens the
presence could not be substantiated.

Phylogeny

The 821-bp fragment of mitochondrial DNA was reason-
ably variable, with 163 variable and 105 parsimony
informative sites, but nuclear genes were much more
conserved (3 variable sites in wingless, 10 in longwave
rhodopsin, and 9 in elongation factor 1a-F1). Variation in
elongation factor 1o-F1 was due to an aberrant sequence of
L. muscorum from Abruzzi, which differed in eight or nine
base pairs from other sequences, while the remaining se-
quences differed in maximally one base pair (see below).
As nuclear sequences were not available for all samples we
focused our analysis on mtDNA. Bayesian (Fig. 1) and
Maximum likelihood analysis (Fig. S3) of the mtDNA
fragment gave essentially similar tree topologies with a
split between two main branches, one containing mainly
holarctic L. acervorum and Palearctic L. muscorum, the
other L. scamni and the two Nearctic taxa L. canadensis
and L. sp. A. The tree topology clearly suggests that
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Fig. 1 Bayesian consensus tree
from two independent analyses
of 821 bp sequences of the
mitochondrial CO I gene of
Leptothorax scamni and related
species. Bayesian posterior
probabilities (as percentages)
are given at the nodes.
Functionally monogynous taxa
are highlighted by red font in the
online version
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functional monogyny evolved convergently in different
lineages, i.e. at least once in the lineage of L. scamni and
L. sp. A and at least twice in the lineages of L. gredleri and
L. acervorum.

While most taxa from which material from different
populations could be investigated formed clear monophyla,
sequences of L. gredleri varied considerably, with one
sample clustering with L. scamni and another from the same
population with L. muscorum. On average, sequences in-
cluding that of H. sublaevis differed in 35.5 base pairs, and
the most divergent sequences of L. acervorum differed in 18
base pairs. In contrast, two samples from the same

0.008

population of L. gredleri (Erlangen-7 and Erlangen-70)
differed in 48 base pairs, which translates into two hypo-
thetical amino acid exchanges in the CO I protein. An
analysis with additional sequences from L. gredleri cor-
roborated this high diversity (Fig. S4). Nevertheless,
monophyly of L. gredleri is supported by a specific se-
quence of longwave rhodopsin shared by all studied L.
gredleri (GEO-Daba I-8 and D-Erlangen 2, 7, and 26) but
different from the sequences of all other taxa in three or four
bases (Fig. S5). Similarly, all L. gredleri, but also two
samples recognized as L. muscorum from Georgia (GEO
I-31 and GEO II-57), consistently differed from the
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remaining samples (excluding one aberrant sequence of L.
acervorum from Gran Sasso) in a transversion of A to G in
the gene elongation factor lo-F1. The workerless social
parasite L. kutteri is situated within its host L. acervorum,
reflecting its presumed origin from this taxon (Buschinger
1990).

Discussion

Our analysis shows that colonies of the ant Leptothorax
scamni from the Lesser Caucasus are functionally mono-
gynous. Each examined colony contained only a single
physogastric queen with maturing oocytes in its ovaries.
Other mated or unmated queens had short ovarioles without
maturing viable eggs, though some ovaries contained trophic
eggs with large yolky droplets. Similar to other functionally
monogynous Leptothorax, the contribution of nestmate
queens to the brood is, therefore, highly skewed. Concession
models of optimal skew (Johnstone 2000; Reeve and Keller
2001; Nonacs and Hager 2011) suggest that high reproduc-
tive skew is associated with constraints on dispersal and
solitary founding by young ant queens, e.g., when suitable
habitat is patchily distributed (Bourke and Heinze 1994).
Previous field observations indicated such habitat patchiness
for L. scamni, suggesting a life history similar to that of L.
gredleri with high reproductive skew and local mating
(Heinze et al. 1993). The present study confirms these pre-
dictions and corroborates the view that Leptothorax ants are
suitable models for testing optimal skew theory (e.g., Bourke
and Heinze 1994; Trettin et al. 2014).

In the laboratory, males and young queens of L. scamni
showed sexual activity early in the morning and mated
without much flight activity, similar to related species (e.g.,
Heinze and Buschinger 1987; Bernadou and Heinze 2013)
but different from L. acervorum (Franks et al. 1991). Young
mated queens were readily accepted in their natal nests, but
field observations also revealed solitarily founding queens
and groups of five or more dealate queens. Whether and how
reproductive hierarchies develop in such foundress asso-
ciations remains to be studied. Queens of functionally
monogynous Leptothorax form dominance hierarchies by
antennal boxing and biting after re-adoption and again after
the end of hibernation (e.g., Heinze and Smith 1990; Heinze
and Ortius 1991; Heinze et al. 1992; Ito 2005; Trettin et al.
2011). Workers may additionally influence and reinforce
the outcome of queen antagonism through differential ag-
gression and care (e.g., Heinze and Smith 1990; Heinze
et al. 1992; Ortius and Heinze 1999; Gill and Hammond
2011). Both queen—queen and worker—queen aggression
may cause injuries and lead to the expulsion of low-ranking
queens from the nest (e.g., Heinze et al. 1992). In our study,
the observation that several of the adopted queens died
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within a few weeks after adoption might indicate such ag-
gression (N. Gratiashvili, unpubl.). Nevertheless, the dark
yellowish coloration of the fat bodies of most non-repro-
ductive queens shows that the presence of multiple queens
in a nest is not a transient phenomenon associated with the
hibernation of young queens before regular dispersal in
spring (as in Temnothorax gredosi and T. minutissimus,
Buschinger 2002; Buschinger and Linksvayer 2004).

Our fieldwork supports the earlier impression that L.
scamni is rather patchily distributed. Despite intensive
search in other areas around Abastumani, we found colonies
only on a south-exposed slope in an open spruce forest. In
contrast to other Leptothorax species, which live at the base
of pine trees or in rotting branches (e.g., Buschinger 1968a;
Seifert 2007), L. scamni nested under the bark of spruce and
fir trees and many nests were surrounded by large deposits
of dry resin (Fig. SI). Some ants gather resin to protect
themselves against pathogens (e.g., Christe et al. 2003;
Castella et al. 2008) and it might be interesting to compare
the expression of immune genes between L. scamni and
related species that live in other nest materials.

Finally, phylogenetic analysis suggests that functional
monogyny evolved convergently in several lineages of
Leptothorax. Reproductive skew thus appears to be a labile
trait. This is made particularly obvious by the existence of
both functionally monogynous and polygynous populations
of L. acervorum (Heinze et al. 1995; Gill et al. 2009). Felke
and Buschinger (1999) suggested the possibility that the
functionally monogynous population from S de Albar-
racin in Spain constitute a separate species. However, this is
neither supported by our data nor by previous phylogenetic
studies (e.g., Brandt et al. 2007; Gill et al. 2009). The
flexibility of queen behavior is further supported by the
observation that experimental manipulations can elicit ag-
gressive interactions among queens from low-skew
societies similar to those observed in the functionally
monogynous populations (Trettin et al. 2014). This indi-
cates that skew can evolve with environmental changes.

Though not the aim of the study our analysis yielded
some interesting data about another functionally mono-
gynous ant, Leptothorax gredleri. First, our finding of this
ant in Daba, Georgia, greatly enlarges its presently known
range (Central and Southern Europe) and matches a recent
record from the Northern Caucasus (Yusupov 2014). Se-
cond, while nuclear genes confirm a monophyletic origin of
L. gredleri, our samples do not form a separate clade in a
phylogeny based on an 821-bp sequence of mtDNA. In-
stead, different specimens even from the same population
cluster with L. muscorum, L. scamni, or form an own
branch. Whether this reflects incomplete lineage sorting or
hybridization, in particular with the morphologically very
similar, sympatrically occurring L. muscorum, remains to be
investigated. In any case, our finding documents that
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barcoding based on partial CO I sequences is not always a
reliable method of distinguishing among closely related ant
taxa.
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Supplementary material

Supplementary material Fig. S1. Close up of the nest of Leprothorax scamniunder spruce bark. The arrow

points to the nest cavity with a cluster of larvae. The white material above and below the nest is dried resin.
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Supplementary material Fig. S2. Timing of sexual activity (median, quartiles of the proportion of active female
sexuals) in 16 colonies of the ant Leptothorax scamni. Colonies were removed from dark incubators at 15 °C and

exposed to light and room temperature (19 °C) at 8:00.
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Supplementary material Tab. S1. Collecting sites of Leprothorax samples, GenBank accession numbers of gene

sequences, and deposition of voucher specimens.

Code in Figure 1

Collecting site

GenBank

Accession No.

L. acervorum D-Reichswald JT2 Niirnberger Reichswald, Germany, coll. J. Trettin LN831885

L. acervorum I-Gran Sasso JT4 GrSA 1.3, Abruzze Gran Sasso, Italy, coll. J. Trettin LN831886

L. muscorum I-Abruzzi JT6 Abruzze, Italy (42°42°N, 13°73°E), coll. J. Trettin LN831887

L. acervorum E-Sra de la Demanda 10 | Sra de la Demanda, coll. J. Trettin LN831916

L. acervorum E-Sra de Albarracin Sra.de Albarracin, Spain, coll. J. Trettin LN831918

148

L. acervorum GEO-Svaneti I-33 Chalai Valley, Latali, Svaneti, Georgia, 2010, coll. J. LN831919
Heinze

L. acervorum GEO-Svaneti I-30 Chalai Valley, Latali, Svaneti, Georgia, 2010, coll. ]. LN831915
Heinze

L. acervorum GEO-Abastumani II-66 | Abastumani, Georgia. 09. 2013 LN831902

L. acervorum GEO-Tsagveri I-11 Tsagveri, Georgia, 2010, coll. J. Heinze LN831912

L. kutteri D-Reichswald Reichswald, Gemany LN831920




L. acervorum F-Pyrenees 8 Pyrenees, France, coll. ]. Trettin LN831917
L. gredleri GEO-Daba I-8 Abastumani, Georgia, coll. J. Heinze LN831888
L. gredleri D-Erlangen 2 Erlangen, Germany (49°35’N, 11°01°E) LN831904
L. gredleri D-Erlangen 7 Erlangen, Germany (49°35'N, 11°01°E) LN831905
L. gredleri D-Erlangen 26 Erlangen, Germany (49°35’N, 11°01°E) LN831907
L. gredleri D-Erlangen 70 Erlangen, Germany (49°35'N, 11°01°E) LN831906
L. acervorum D-Erlangen MF7 Erlangen, Germany (49°35’'N, 11°01°E) LN831908
L. canadensis CAN-Tadoussac Q9 Pointe de I'Islet, Tadoussac, Québec, 2010 LN831913
L. sp. A CAN-Tadoussac Q6 Pointe de I'Islet, Tadoussac, Québec, 2010 LN831909
L. sp. A CAN-Grandes Bergeronnes 4km east Cap Bon Desir, Grandes Bergeronnes, IN831921
Q28 Québec, 2010

L. sp. A CAN-Grandes Bergeronnes 4km east Cap Bon Desir, Grandes Bergeronnes, LN831910
Q22 Québec, 2010

L. sp. A CAN-Grandes Bergeronnes 4km east Cap Bon Desir, Grandes Bergeronnes, LN831911

Q30

Québec, 2010




L. muscorum GEO-Abastumani II-57 | Abastumani, Georgia. 09.2013 LN831898
L. muscorum GEO-Svaneti [-31 Svaneti, Georgia, coll. J. Heinze LN831903
L.scamni GEO-Abastumani I-21 Abastumani, Georgia, 2010 LN831889
L.scamni GEO-Abastumani [-22 Abastumani, Georgia, 2010 LN831914
L.scamni GEO-Abastumani II-13 Abastumani, Georgia. 09.2013 LN831890
L.scamni GEO-Abastumani II-15 Abastumani, Georgia. 09.2013 1LN831891
L.scamni GEO-Abastumani II-16 Abastumani, Georgia. 09.2013 LN831892
L.scamni GEO-Abastumani I1-17 Abastumani, Georgia. 09.2013 LN831893
L.scamni GEO-Abastumani I1-18 Abastumani, Georgia. 09.2013 1LN831894
L.scamni GEO-Abastumani I1-26 Abastumani, Georgia. 09.2013 LN831895
L.scamni GEO-Abastumani II-52 Abastumani, Georgia. 09.2013 LN831896
L.scamni GEO-Abastumani I1-56 Abastumani, Georgia. 09.2013 LN831897




L.scamni GEO-Abastumani II-58 Abastumani, Georgia. 09.2013 LN831899
L.scamni GEO-Abastumani II-59 Abastumani, Georgia. 09.2013 LN831900
L.scamni GEO-Abastumani 11-64 Abastumani, Georgia. 09.2013 LN831901
H. sublaevis D-Reichswald Niirnberger Reichswald, Germany LN831922
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Abstract

Bergmann's rule states that organisms inhabiting colder environments show an increase in body size or
mass in comparison to their conspecifics living in warmer climates. Although originally proposed for
homoeothermic vertebrates, this rule was later extended to ectotherms. In social insects, only few
studies have tested this rule and results have yielded ambiguous conclusion. Here, “body size” can be
considered at two different levels (the size of the individual workers or the size of the colony). In this
study, we use data from 53 nests collected along altitudinal gradients in the Alps to test the hypotheses
that the worker and colony size of the ant Leptothorax acervorum increase with increasing altitude and
therefore follow Bergmann’s rule. Our results show that the body size of workers but not the colony size
increases with altitude. Whether this pattern is driven by starvation resistance or other mechanisms

remains to be investigated.
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Introduction

Bergmann's rule states that organisms inhabiting colder environments show an increase in body
size or mass, e.g. with increasing latitude or altitude, in comparison to their conspecifics living in warmer
climates (Bergmann, 1847; Shelomi, 2012). Although originally proposed for homoeothermic
vertebrates, this rule was later extended to ectotherms where it yielded ambiguous results (Bergmann,
1847; Blackburn et al., 1999; Shelomi, 2012). For example, in insects an almost equal number of studies
found Bergmann clines or converse-Bergmann clines (body size decreases with temperature). However,
most studies did not show a specific pattern at all (Shelomi, 2012). More empirical data, particularly at
the intraspecific level and within contiguous ranges (Shelomi, 2012) are needed to uncover the variation
in body size with changing environmental conditions and the mechanisms that shape them.

In the last years, several studies have tested Bergmann’s rule in social insects in intraspecific and
interspecific comparisons. Here, “body size” can be considered at two different levels: the size of the
individual workers or the size of the “superorganism”, i.e. the total number of individuals in a colony
(Kaspari & Vargo, 1995; Dunn et al., 2010; Heinze et al., 2003). While there is some indication that
worker body size and colony size in ants tend to be larger at higher latitude and thus follow Bergmann’s
rule (body size: Cushman et al., 1993; Heinze et al., 1999; Heinze et al., 2003; colony size: Kaspari &
Vargo, 1995), other studies failed to find a consistent pattern in other groups (Hawkins, 1995; Porter &
Hawkins, 2001). However, only very few studies have tested for Bergmann’s rule in social insects along
altitudinal gradients (e.g. Geraghty et al., 2007).

The holarctic ant Leptothorax acervorum (Fabricius, 1793) (Hymenoptera: Formicidae) is a
suitable model system to study life history traits under different environmental conditions. The species
is widely distributed both in latitude and altitude (Glaser, 2006; Seifert, 2007; Bernadou et al., 2015),
colonies are small, and nests can be easily collected. In a previous study, Heinze et al. (2003) found that

in L. acervorum, average individual body size increases with latitude and that workers from two localities



with rough and alpine climate were larger than expected from latitude. This suggested that altitude may
similarly affect body size. Here, we use data from 53 nests collected along altitudinal gradients in the
Alps to test the hypotheses that the two different levels of “body size” that can be found in social insects
(i.e., size of the worker, size of the colony) follow Bergmann’s rule, i.e., that both parameters increase

with increasing altitude.

Materials and Methods

Colonies of L. acervorum are inconspicuous and mainly consist of a few dozen to a few hundred
workers and one or several queens (Heinze et al., 2003). Complete colonies were collected with
aspirators and forceps in two localities in the Alps (Austria: Vorarlberg, Kleinwalsertal, 47°20°'N 10°10’E
and Tyrol, Innsbruck, 47°16'N 11°23E, distance between the sites is about 90 km). A total of 53 nests (43
nests in Kleinwalsertal and 10 nests in Innsbruck) were sampled during the summers 2012 (18 nests
sampled in early July in Kleinwalsertal) and 2013 (25 nests collected in early July in Kleinwalsertal and 10
nests sampled in early September in Innsbruck) along altitudinal gradients ranging from 977 to 1,980 m,
and from 975 to 1,846 m, for the Walmendinger Horn (Kleinwalsertal) and the Hafelekar (Innsbruck)
mountains, respectively. The altitude of each nest was recorded by means of a GPS (Garmin® eTrex
Vista™). In areas known to be suitable for L. acervorum (e.g., small stands of pine trees, pine forest,
rocky areas), we randomly searched potential nest sites for colonies, including rotting branches, tree
stumps, under bark, and rock crevices (Heinze et al., 2003; Seifert, 2007). Nests were placed in plastic
vials and brought to the laboratory to determine the colony size by counting the number of workers
(two nests were excluded for the colony size analysis as workers were not counted in these nests).
Colonies were subsequently stored in ethanol to investigate the worker body size.

The worker body size (maximum cephalic width, CW, and mesosoma length, ML; Seifert 2007)

was investigated on mounted and dried workers. Six randomly selected workers per colony were



measured, summing up to 318 individuals (Walmendinger Horn: N= 258, Hafelekar: N= 60). All
measurements were made using a pin-holding stage, permitting full rotation around the X, Y, and Z axes,
and a Wild M10 stereomicroscope equipped with a 1.6x plan-apochromatic objective at magnifications
between 200-320x (see Gratiashvili et al., 2014). Mean measurement errors, determined by measuring a
random subsample of 20 workers twice, were 0.0133 + 0.004 mm for maximum cephalic width and
0.0176 + 0.007 mm for mesosoma length. All measurements were made blind to altitude by the same
person (N.G.).

We used a linear mixed-effect model (Ime function, R-package “nlme”) to examine the
relationship between altitude and worker body size (CW or ML). To account for pseudo-replication
problems, the variable “colony” (six workers per colony were used) was nested within the variable
“localities” and was entered as a random variable in the model. We used the R-package “MuMIn”
(r.squaredGLMM function) to calculate the marginal and conditional Pseudo-R* values (R, and R’
respectively, Nakagawa & Schielzeth, 2013). To examine the variation in colony size (number of workers
per nest) with changing altitude, we used a generalized linear mixed model (glmmPQL function, R-
package “MASS”) with a Poisson error distribution. Because of overdispersion, the standard errors were
corrected using a quasi-GLM model (Zuur et al., 2009). The variable “localities” was entered as a random
variable as described above. All statistical analyses were performed and graphs generated with the
software R 3.2.1 (R Development Core Team, 2015). All data in the text are given as mean + 95%

Confidence Interval (Clggs).

Results and Discussion
Maximum cephalic width and mesosoma length of L. acervorum workers varied between 0.71
and 0.94 mm (mean: 0.82 + 0.004) and between 0.91 and 1.29 mm (mean: 1.10 + 0.006), respectively.

Maximum cephalic width and mesosoma length were highly correlated (Spearman's rank correlation: n



=318, r = 0.74, P < 0.001). Because mean measurement errors were lower for cephalic width than for
mesosoma length, only the analysis of cephalic width is reported in the following. However, the results
are qualitatively identical for mesosoma length.

Head width increased significantly with altitude: workers were larger at high than low altitudes
(t = 3.350, P = 0.001, R*, = 0.098 and R*. = 0.472; Fig 1.). While a similar pattern was found along
latitudinal gradients in other studies (Heinze et al, 1999; Heinze et al.,, 2003; in ant assemblages:
Cushman et al., 1993), our results differed from those of Geraghty et al. (2007), who did not find a
relationship between body size and altitude across different ant species. The reason for this might be
that Geraghty et al. (2007) did not take intraspecific variation in body size into account. The variation
among ant species might have overshadowed the relation to altitude (Shelomi, 2012).

A larger body size can be advantageous under low temperature when foraging activity and food
access are restricted: bigger workers have an increased starvation resistance (Cushman et al., 1993;
Heinze et al., 2003). However, whether this (starvation resistance hypothesis) or other mechanisms (e.g.
relaxation of competition, heat conservation hypothesis, see Blackburn et al., 1999; Heinze et al., 2003)
explain the altitudinal clines in worker body size remains to be investigated.

Colony size varied between 12 and 282 workers per nest (mean: 72.54 + 17.37) but did not
increase with altitude (t = -1.589, P = 0.118; Fig 2.). It has been suggested that colony size increases
moving from the tropics towards the temperate zone to buffer food shortage (Kaspari & Vargo, 1995). In
rough climate, queens are able to survive longer in large compared to smaller colonies (Kaspari & Vargo,
1995). Contrary to expectations, our data did not support this "fasting endurance hypothesis" (Kaspari &
Vargo, 1995) but match previous findings in which no relationship was found (ants, latitude: Heinze et
al., 2003; altitude: Geraghty et al., 2007; termites, latitude: Porter and Hawkins, 2001). Though our
sample size is limited it appears that in L. acervorum, other factors might play a role for colony size, e.g.

the size of available nest material (see also Heinze et al., 2003). In our study, colonies found in wood



material (e.g. under bark, rotting branches) were larger (mean: 93.35 + 32.43) than colonies found in
rock material (e.g. rock crevices) (mean: 55.46 + 16.50). Although we did not find a significant difference
between both materials when incorporating these in the models (analyses not shown), eight of the 10
biggest nests were found in wood.

Despite our attempt to collect entire colonies from rock crevices and from wood material, we
cannot exclude that a few workers escaped collection. Furthermore, colony life history traits, such as
stage of development or queen number, could have confounded colony size pattern along altitude
gradients. More data taking into account such potential bias as well as resource and weather
fluctuations are needed to understand the factors associated with changes in colony size along altitude.

In conclusion, this study confirms that in the ant L. acervorum the body size of workers, but not
the colony size increases with altitude. Whether this pattern is driven by starvation resistance or other
mechanisms and to understand if worker body size and colony size are linked to colony survival rate

remain open and interesting questions that need to be addressed.
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Figure captions:

Fig. 1

Relationship between maximum cephalic width and altitude for workers of the ant Leptothorax
acervorum. 318 workers (six individuals per colony) from 53 nests were measured. The line gives the
relationship predicted by a linear mixed model (t = 3.350, P = 0.001). The grey area indicates the 95%

confidence interval of the fitted linear function.

Fig. 2
Relationship between colony size (number of workers per colony) and altitude for the ant Leptothorax

acervorum (n=51 nests; GLMM: t = -1.589, P = 0.118).
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Abstract. The investigation of the ants began from the end of 80s of 19" century in Georgia. In the
investigation of Georgian ants have contributed Georgian and foreign scientists as well. According to K.
Arnol'di, G. Dlussky, A. Forel, T. Jijilashvili, V. Karavaiev, N. Nasonov, M. Ruzsky, B. Seifert, A.
Radchenko and G. Arakelian nowdays in Georgia are recorded 142 species of ants, which are united in 4
subfamilies and in 35 genera.

Key words: ants, species, Georgia

Family Formicidae Latreille, 1809
Subfamily Dolichoderinae Forel, 1878
Genus Bothriomyrmex Emery, 1869
1. B. communistus Santschi, 1919
Distribution: E.G.: Gardabani, Rustavi (Jijilashvili, 1968); S.G.: Akhaldaba, Akhaltsikhe,
Borjomi, Chobiskhevi, surroundings of Atskuri, surroundings of Dmanisi (Ruzsky, 1905; Jijilashvili, 1967a,
1974a).

2. B. meridionalis (Roger, 1863)
Distribution: E.G.: Kvishkheti, Mtskheta, Tbilisi (Avchala) (Ruzsky, 1905).

Genus Dolichoderus Lund, 1831

3. D. quadripunctatus (Linnaeus, 1771)

Syn.: Dolichoderus unicolor Ruzs.

Distribution: E.G.: Bolnisi,Grakali, grove along the riv. lori, Kavtiskhevi, Lagodekhi Reserve, Mt.
Kochalo, Rustavi, Sartichala, surroundings of Poladauri, Tbilisi (Mushtaidi Garden, surroundings of Tbilisi),
Tsodoreti (Ruzsky, 1902, 1905; Jijilashvili, 1964b, 1967b, 1966, 1968, 1973, 1974a); W.G.: Batumi,
Kutaisi, Senaki (Ruzsky, 1905, 1907; Jijilashvili, 1974b); S.G.: Adigeni, Akhaldaba, Akhaltsikhe, Aspindza,
Baniskhevi, Borjomi, Daba, surroundings of Ota (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

Genus Liometopum Mayr, 1861
4. L. microcephalum (Panzer, 1798)
Distribution: E.G.: surroundings of Tbilisi (Nasonov, 1889; Ruzsky, 1905; Jijilashvili, 1964b);
W.G.: Baghdati (Ruzsky, 1905); S.G.: Zekari Pass (Ruzsky, 1905).

Genus Tapinoma Foerster, 1850
5. T. erraticum (Latreille, 1798)

Syn.: Tapinoma nigerimum Nyl., Tapinoma tauridis Em., Tapinoma tauridis transcaucasicus
Karaw.

Distribution: E.G.: Ertatsminda, Grakali, Igoeti, Karsani, Kavtiskhevi, Kianeti, Kojori, Kvareli,
Manglisi, Mt. laghluja, Patara lilo, Sadakhlo, Sartichala, Satskhenhesi, Shiraki (Kasristskali, Ole gorge,
Pantishara gorge, Zilcha), Shulaveri, surroundings of Bolnisi, surroundings of Digomi, surroundings of Gori,
surroundings of Jandara Lake, surroundings of Kumisi Lake, surroundings of Mtskheta, surroundings of
Taribana, surroundings of Tetritskaro-Gokhnari, Tbilisi (Dendropark, Saburtalo, Shavnabada, surroundings
of Turtle Lake, Tbilisi Sea, Tbilisi Botanical Garden, Vake Park, Vaziani), Tkviavi, Tsodoreti, Udabno,
Vashlovani Reserve (Ruzsky, 1905; Jijilashvili, 1964a, 1964b, 1966, 1968, 1973, 1974a); W.G.: Anaklia,
Batumi, Bichvinta Reserve, Chaladidi, Kodori gorge, Kutaisi, Ochamchire, Saghoria, Sataplia, surroundings
of Alakhadze, surroundings of Lake Inkiti (Ruzsky, 1905, 1907; Jijilashvili, 1974b); S.G.: Abastumani,
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Akhaldaba, Akhaltsikhe, Bakuriani, Borjomi, Daba, Dviri, Gomareti, Gujareti, Likani, Rustavi, surroundings
of Adigeni, surroundings of Aspindza, surroundings of Sapara, surroundings of Trialeti, Tsaghveri, Tsalka,
Vardzia (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

6. T. karavaievi Emery, 1925

Distribution: E.G.: Dedoplistskaro, Eldari Lowland, Gori, Igoeti, Kianeti, Lekistskali, Mt.
Kvernaki, Patara Lilo, Saguramo, Samgori, Sartichala, surroundings of Bolnisi, surroundings of Digomi,
surroundings of Iraga, surroundings of Lake Kumisi, Taribana, Tbilisi (Dendropark, Shavnabada,
surroundings of Tbilisi Sea, surroundings of Turtle Lake, Tbilisi Botanical Garden, Varketili), Tetritskaro,
Zedazeni (Jijilashvili, 1964 a, b, 1966, 1968, 1973, 1974a); S.G.: Adigeni, Aspindza, Bakuriani,
Dmanisi,Goderdzi Pass, Gujareti, surroundings of Abastumani, surroundings of Atskuri, surroundings of
Kariani, surroundings of Khertvisi, Vardzia (Jijilashvili, 1974a).

Subfamily Formicinae Latreille, 1809
Genus Camponotus Mayr, 1861
Subgenus Camponotus Mayr, 1861
7. C. (Camponotus) herculeanus (L., 1758)
Distribution: E.G.: Shiraki, Tbilisi (Jijilashvili, 1964b, 1966); S.G.: Abastumani, Aspindza,
Borjomi, Goderdzi Pass, Kokhtagora, Tskhratskaro, Zekari Pass (Ruzsky, 1905; Karavaiev, 1926;
Jijilashvili, 1974a).

8. C. (Camponotus) vagus (Scopoli, 1763)

Distribution: E.G.: Kvishkheti, Surroundings of Tbilisi (Nasonov, 1889; Ruzsky, 1902;
Jijilashvili, 1964b); W.G.: Abasha, Akhali Atoni, Batumi, Bichvinta, Kintrishi, Kobuleti, Kutaisi, Oni, Poti,
Sokhumi (Ruzsky, 1905, 1907; Karavaiev, 1926).

Subgenus Colobopsis Mayr, 1861
9. C. (Colobopsis) truncatus (Spinola, 1808)
Distribution: E.G.: Kasristskali, Lagodekhi Reserve, Thilisi (Mushtaidi Garden, Surroundings of
Thilisi) (Ruzsky, 1902; Jijilashvili, 1964b, 1966, 1967b); W.G.: Akhali Atoni, Bichvinta (Ruzsky, 1905,
1907; Karavaiev, 1926); S.G.: Borjomi Park (Jijilashvili, 1967a).

Subgenus Myrmentoma Forel, 1912
10. C. (Myrmentoma) fallax (Nylander, 1856)
Syn.: Camponotus ruzskyi Em.
Distribution: E.G.: Kavtiskhevi, Nichbisi, Sartichala, Shiraki, Tbilisi (Mushtaidi Garden) (Ruzsky,
1905; Jijilashvili, 1964a, b, 1966, 1968); W.G.: Anaklia, Grigoleti, Kutaisi, Menji, Nakalakevi, Ochamchire,
Sakara, Zugdidi Botanical Garden (Jijilashvili, 1974b); S.G.: Tsaghveri (Jijilashvili, 1967a).

11. C. (Myrmentoma) lateralis (Olivier, 1792)

Distribution: E.G.: Bolnisi, Mtskheta, Vashlovani Reserve (Ruzsky, 1902, 1905; Karavaiev, 1926,
Jijilashvili, 1964b, 1966, 1974a); W.G.: Akhali Atoni, Bichvinta, Kutaisi, Menji, Saghoria (Ruzsky, 1905,
1907; Karavaiev, 1926; Jijilashvili, 1974b).

12. C. (Myrmentoma) piceus (Leach, 1825)

Syn.:Camponotus atricolor Nyl., Camponotus merula Los.

Distribution: E.G.: Dedoplistskaro, Grakali, Karsani, Kianeti, Kitsnisi, Kvishkheti, Lochini gorge,
Manglisi, Mtskheta, Pantishara, Rustavi, Sakavre, Samgori, Tbilisi (Lisi Lake, Mtatsminda Park,
Surroundings of Tbilisi Sea, Tbilisi Botanical Garden, Tbilisi Dendropark), Tkviavi (Ruzsky, 1902, 1905;
Jijilashvili, 1964a, b, 1966, 1968, 1974a); W.G.: Batumi, Bichvinta Reserve, Oni, Sokhumi Botanical
Garden (Ruzsky, 1905; Karavaiev, 1926; Jijilashvili, 1974b); S.G.: Abastumani, Adigeni, Akhaltsikhe,
Aspindza, Atskuri, Borjomi, Khertvisi, Likani, Ota, Vardzia (Ruzsky, 1905; Jijilashvili, 1974a).

Subgenus Tanaemyrmex Ashmead, 1905
13. C. (Tanaemyrmex) aethiops (Latreille, 1798)
Syn.: Camponotus glaber Em., Camponotus sylvaticoaethiops For., Camponotus sylvaticoides
Dalla Tor.
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Distribution: E.G.: Bolnisi, Dighomi, Eldari Lowland, Ertatsminda, Gardabani, Igoeti, Iraga,
Karsani, Kaspi, Kavtiskhevi, Khachini, Kianeti, Kojori, Lagodekhi Reserve, Lekistskali, Mt. laghluja,
Mtskheta, Pantishara gorge, Patara Lilo, Patara Shiraki, Shavnabada, Sadakhlo, Sagarejo, Sakavre, Samgori
field, Samshvilde, Sartichala, Satskhenhesi, Shiraki (Kasristskali), Skra, Taribana, Tbilisi (Avchala, Lisi
Lake, Mtatsminda Park, Mushtaidi Garden, Surroundings of Tbilisi sea, Tbilisi Botanical Garden),
Tetritskaro, Tskneti, Vashlovani Reserve, Vaziani, Zedazeni (Ruzsky, 1905; Jijilashvili, 1964a, b, 1966,
1967b, 1968, 1974a); W.G.: Asechka, Batumi, Bjinevi, Chakvi, Chiatura, Gumbra, Jvari, Kodori gorge
(Ruzsky, 1905, 1907; Jijilashvili, 1974b); S.G.: Abastumani, Akhaldaba, Akhaltsikhe, Aspindza, Atskuri,
Borjomi, Daba, Dmanisi,Goderdzi Pass, Gomareti, Likani, Machartskali, Mzetamze, Ota, Patara Tsemi,
Tsaghveri, Vardzia, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

14. C. (Tanaemyrmex) sylvaticus (Olivier, 1792)
Distribution: W.G.: Chakvi (Ruzsky, 1905).

15. C. (Tanaemyrmex) turkestanicus Emery, 1887
Distribution: E.G.: Eldari Lowland (Pantishara gorge) (Jijilashvili, 1964a, b, 1966).

Genus Cataglyphis Foerster, 1850
16. C. aenescens (Nylander, 1849)

Syn.: Cataglyphis (Monocombus) aenescens georgica Arn., Myrmecocystus cursor tancrei (For.)
var. caspius Ruzs.

Distribution: E.G.: Canyon Ole, Dedoplistskaro, Eldari Lowland, Gardabani, Gori, Igoeti, Karsani,
Kasristskali, Kavtiskhevi, Kitsnisi, Lekistskali, Magharo, Mejvriskhevi, Mtskheta, Patara Lilo, Patara
Shiraki, Samgori, Sartichala, Shavimta, Skra, Satskhenhesi, Surroundings of Tbilisi Sea, Taribana, Udabno,
Vashlovani Reserve, Vaziani (Jijilashvili, 1964a, b, 1966, 1968; Arnol’di, 1968); S.G.: Akhalkalaki,
Aspindza, Rustavi, Vardzia (Jijilashvili, 1974a).

17. C. nigripes Arnol’di, 1964

Syn.: Myrmecocystus viaticus setipes var. turcomanica Em.

Distribution: E.G.: Eldari Lowland, Gardabani, Kaltani gorge, Karsani, Lekistskali, Pantishara
gorge, Shulaveri, Taribana, Tbilisi (Avchala, Saburtalo, Surroundings of Turtle Lake), Udabno, Vashlovani
Reserve (Ruzsky, 1905; Arnol’di, 1964; Jijilashvili, 1964b, 1966, 1968).

18. C. nodus (Brullé, 1833)

Syn.: Cataglyphis nodus caucasicola Arn.

Distribution: E.G.: Armazi gorge, Bolnisi, Canyon Ole, Dedoplisthkaro, Dighomi, Eldari
Lowland, Gardabani, Kaltani gorge, Khachini, Kumisi, Lekistskali, Mt. lalghuja, Pantishara gorge, Sadakhlo,
Saguramo, Surroundings of Lisi Lake, Surroundings of Shulaveri Lake, Taribana, Tbilisi Botanical Garden,
Vashlovani Reserve (Arnol’di, 1964; Jijilashvili, 1964b, 1966, 1968, 1974a).

19. C. viaticus (Fabricius, 1787)
Syn.: Myrmecocystus viaticus (Fabr.) desertorum For.
Distribution: E.G.: Mtskheta, Surroundings of Thilisi (Ruzsky, 1905).

Genus Formica L., 1758
20. F. aquilonia Yarrow, 1951
Distribution: S.G.: Akhaltsikhe, Ota, Sapara, Tadzrisi (Jijilashvili, 1967a, 1974a).

21. F. candida Smith, 1878
Syn.: Formica transkaucasica Nason.
Distribution: E.G.: Kazbegi, Tbilisi (Nasonov, 1889; Ruzsky, 1905).

22. F. cinerea Mayr, 1853

Syn.: Formica cinerea armenica Ruzs., Formica imitans Ruzs.

Distribution: E.G.: Bolnisi, Dariali gorge, Dedoplistskaro, Ertatsminda, Gudamakari gorge, lori
gorge, Kakheti Region-without exact locality, Karsani, Kavtiskhevi, Kazreti, Khachini, Khrami gorge,
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Lagodekhi Reserve, Larsi, Luri, Manglisi, Mukhrani, Pasanauri, Pitareti, Poladauri, Rveli, Sartichala,
Shulaveri, Tbilisi (Avchala, Mushtaidi Garden, Surroundings of the Tbilisi Sea), Tetritskaro, Tsereti
(Ruzsky, 1905; Jijilashvili, 1964a, b, 1966, 1967b, 1968, 1974a); W.G.: Akhali Atoni, Anaklia, Anaria,
Baghdati, Bank of Inkiti Lake, Batumi, Buknara, Bzipi gorge, Chakvi, Chanistskali gorge, Colkhic Reserve,
Darcheli, Gagra, Ghalidzga gorge, Grigoreti, Gulripshi, Ingiri, Kobuleti, Kutaisi, Mt. Urta, Nakalakevi,
Natanebi, Ochamchire, Pichora gorge, Poti, Supsa gorge, Surebi, Tsaishi, Tsalenjikha (Nasonov, 1889;
Ruzsky, 1905; Jijilashvili, 1974b); S.G.: Abastumani, Akhaldaba, Aspindza, Bakuriani, Borjomi Park, Daba,
Gomareti, Gorelovka, Gujareti, Gujaretistskali gorge, Khanchali Lake, Khertvisi, Machartskali, Tsaghveri,
Tsalka, Vardzia (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

23. F. cinereofusca Karavaiev, 1929
Distribution: W.G.: Svaneti Region, without exact locality (Karavaiev, 1929).

24. F. clara Forel, 1886
Distribution: E.G.: surroundings of Tbilisi (Ruzsky, 1905).

25. F. cunicularia Latreille, 1798

Syn.: Formica (Serviformica) cunicularia glauca Ruzs., Formica (Serviformica) cunicularia
fuscoides Dluss., Formica rufibarbis clara var. caucasica Ruzs.

Distribution: E.G.: Adzvisi, Bolnisi, Canyon Ole, Dedoplistskaro, Dighomi, Ertatsminda,
Gardabani, Grakali, Karsani, Kavtiskhevi, Kazreti, Khachini, Kianeti, Kiketi, Kitsnisi, Kojori, Lagodekhi
Reserve, Lochini gorge, Loshkineti, Luri, Magharo, Mejvriskhevi, Mukhrani, Sadakhlo, Saguramo, Sakavre,
Samgori, Shavimta, Shulaveri, Skra, Taribana, Tbilisi (Mtatsminda Park, Surroundings of Tbilisi Sea,
Surroundings of Turtle Lake, Tbilisi Botanical Garden, Thbilisi Dendropark), Tetritskaro, Tskneti, Tsodoreti,
Udzo, Varketili, Vaziani, Zedazeni (Jijilashvili, 1964a, b, 1966, 1967b, 1968); W.G.: Ajameti, Alakhadzi,
Batumi Botanical Garden, Bichvinta Reserve, Bjinevi, Chakvistavi, Chalaburi, Chaladidi, Enguri gorge,
Eshera, Gagra, Green Cape, Gumbra, Ingiri, Issue of riv. Rioni and Tekhuri, Khobi, Kobuleti, Kodori gorge,
Menji, Nakalakevi, Natanebi, Ochamchire, Senaki, Surroundings of Inkiti Lake, Tsaishi, Tsalenjikha,
Tskaltubo, Zestaponi, Zorveti, Zugdidi Botanical Garden (Jijilashvili, 1974b); S.G.: Abastumani, Akhaldaba,
Akhalkalaki, Akhaltsikhe, Aspindza, Atskuri, Avralo, Bakuriani Botanical Garden, Baniskhevi, Bogdanovka,
Borjomi (Borjomi Park), Chitakhevhesi, Daba, Dmanisi,Dviri, Goderdzi Pass, Gomareti, Gujareti, Kariani,
Khanchali Lake, Likani, Mzetamze, Patara Tsemi, Saghamo Lake, Sakochao, Tadzrisi, Tandzia, Trialeti,
Tsaghveri, Tsalka, Tsikhisjvari (Jijilashvili, 1967a, 1974a).

26. F. fennica Seifert, 2000
Distribution: E.G.: Shenako (Seifert, 2000).

27. F. foreli Bondroit, 1918

Syn.: Formica (Coptoformica) tamarae Dluss.

Distribution: E.G.: Omalo (Dlussky, 1964); S.G.: Bakuriani, Gorelovka, Gujareti, Tsalka
(Jijilashvili, 1967a, 1974a).

28. F. fusca L., 1758

Distribution: E.G.: Ertatsminda, Kavtiskhevi, Khrami gorge, Lagodekhi Reserve, Saguramo,
Tetritskaro, Tkemlovani, Zedazeni (Jijilashvili, 1964a, b, 1967b, 1968, 1974a); W.G.: Chakvistavi, Kobuleti
(Jijilashvili, 1974b); S.G.: Abastumani, Akhaldaba, Bakuriani, Goderdzi Pass, Gorelovka, Gujareti,
Kokhtagora, Tsalka, Tskhratskaro, Zekari Pass (Karavaiev, 1926; Jijilashvili, 1967a, 1974a).

29. F. georgica Seifert, 2002
Distribution: E.G.: Barisakho, Kazbegi, Mtskheta, Omalo, Pasanauri, Shatili, Shenako (Seifert,
2002).

30. F. lemani Bondroit, 1917

Distribution: S.G.: Bogdanovka, Khanchali Lake, Paravani Lake, Tabatskuri Lake, Tskhratskaro
Pass (Jijilashvili, 1967a, 1974a).
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31. F. picea Nylander, 1846
Distribution: S.G.: Bakuriani, Bogdanovka, Khanchali Lake, Tabatskuri Lake, Tikmatashi Pass
(Jijilashvili, 1967a, 1974a).

32. F. pratensis Retzius, 1783
Distribution: E.G.: Manglisi (Ruzsky, 1905); S.G.: Abastumani (Ruzsky, 1905).

33. F. rufa L., 1761
Distribution: S.G.: Abastumani (Ruzsky, 1905).

34. F. rufibarbis Fabricius, 1793

Distribution: E.G.: Dedoplistskaro, Dighomi, Gardabani, Kazbegi, Manglisi, Mtskheta, Pasanauri,
Rustavi, Sagarejo, Sakavre, Sartichala, Tbilisi (Ortachala, Surroundings of Tbilisi Sea, Tbilisi Botanical
Garden), Tsereti, Udabno, Varketili (Ruzsky, 1905; Jijilashvili, 1964a, b, 1966, 1968, 1974a); W.G.:
Ajameti, Bank of Inkiti Lake, Batumi, Bichvinta Reserve, Bjinevi, Chakvi, Kutaisi, Oni, Ozurgeti, Poti
(Ruzsky, 1905, 1907; lJijilashvili, 1974b); S.G.: Abastumani, Adigeni, Arjevanidze forest, Aspindza,
Bakuriani, Baniskhevi, Bogdanovka, Borjomi Park, Daba, Gujareti, Kimotesubani, Ota, Tadzrisi, Trialeti,
Tsaghveri, Tsalka (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

35. F. sanguinea Latreille, 1798

Syn.: Formica clarior Ruzs.

Distribution: E.G.: Dighomi, Ertatsminda, Igoeti, Iraga, Karsani, Kavtiskhevi, Kiketi, Kojori,
Kvishkheti, Lagodekhi Reserve, Manglisi, Rustavi, Saguramo, Sakavre, Samshvilde, Surroundings of Gori,
Thilisi (Surroundings of Turtle Lake), Tetritskaro, Tskneti, Velebi (Nasonov, 1884; Jijilashvili, 1964a, b,
1966, 1967b, 1968, 1974a); W.G.: Akhali Atoni, Bichvinta, Eshera, Sokhumi (Ruzsky, 1905, 1907;
Jijilashvili, 1974b); S.G.: Abastumani, Adigeni, Akhalkalaki, Akhaltsikhe, Aspindza, Bakuriani, Borjomi,
Daba, Mzetamze, Ota, Sapara, Tadzrisi, Tba, Trialeti, Tsaghveri, Tsalka, Zekari Pass (Ruzsky, 1905;
Jijilashvili, 1967a, 1974a).

36. F. subpilosa Ruzsky, 1902

Distribution: E.G.: Bank of Jandara Lake, Dighomi, Gardabani, Kavtiskhevi, Kiketi, Lochini
gorge, Mtskheta, Rustavi, Taribana, Thilisi (Avchala, Samgori, Surroundings of Tbilisi Sea) (Ruzsky, 1902,
1905; Jijilashvili, 1964b, 1966, 1968).

Genus Plagiolepis Mayr, 1861
37. P. pallescens Forel, 1889
Distribution: E.G.: surroundings of Thbilisi (Ruzsky, 1905); S.G.: Borjomi (Ruzsky, 1905).

38. P. pygmaea (Latreille, 1798)
Distribution: E.G.: Manglisi, Mtskheta, Tbilisi (Avchala, Mushtaidi Garden, surroundings of Lisi
Lake; Tbilisi Botanical Garden) (Ruzsky, 1905); W.G.: Batumi, Oni, Tsesi (Ruzsky, 1905).

Genus Polyergus Latreille, 1804
39. P. rufescens (Latreille, 1798)
Distribution: E.G.: Manglisi (Ruzsky, 1905); W.G.: Bjinevi (Jijilashvili, 1974b); S.G.: Borjomi,
Daba, Tadzrisi, Vardzia (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

Genus Proformica Ruzsky, 1902
40. P. caucasea (Santschi, 1925)
Distribution: E.G.: Tbilisi (Karavaiev, 1926).

41. P. kobachidzei Arnol’di, 1968
Distribution: E.G.: Zemo Omalo (Arnol’di, 1968).

42. P. nasuta (Nylander, 1856)

Distribution: E.G.: Canyon Ole, Eldari Lowland, Gori, Karsani, Kavtiskhevi, Kobi, Lekistskali,
Mt. lalghuja, Mtskheta, Sartichala, Shulaveri, Surroundings of Gori, Surroundings of Gremi, Taribana,
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Tbilisi (Mtatsminda, Mushtaidi Garden, Surroundings of Tbilisi Sea, Tbilisi Botanical Garden, Turtle Lake),
Vashlovani Reserve (Ruzsky, 1905; Jijilashvili, 1964a, b, 1966, 1968, 1974a); W.G.: Batumi, Chakvi
(Ruzsky, 1905); S.G.: Abastumani, Akhaltsikhe, Aspindza, Borjomi, Daba, Dviri, Rustavi, Tsaghveri,
Vardzia (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

43. P. pilosiscapa Dlussky, 1969
Distribution: W.G.: Surroundings of Skurhesi, Tsalenjikha (Dlussky, 1969; Jijilashvili, 1974b).

Genus Lasius Fabricius, 1804
Subgenus Cautolasius Wilson, 1955
44. L. (Cautolasius) flavus (Fabricius, 1782)

Syn.: Lasius (Cautolasius) flavus (F.) var. fuscoides Ruzs., Lasius (Cautolasius) flavus (F.) var.
odoratus Ruzs.

Distribution: E.G.: Bolnisi, Bukhurtkhevi-tskali gorge, Bursachili, Dedoplistskaro, Didi Lilo,
Dighomi, Gokhnari, Iraga, Kobi, Kojori, Lagodekhi Reserve, Larsi, Lekistskali, Lilo, Loshkineti, Manglisi,
Mleta, Pantishara, Pasanauri, Sartichala, Satskhenhesi, Shiraki, Tbilisi (Surroundings of Tbilisi Sea, Tbilisi
Dendropark, Vaziani), Tetritskaro, Tkemlovani, Tskneti, Udabno (Ruzsky, 1905; Jijilashvili, 1964a, b,
1967b, 1968, 1974a); W.G.: Kutaisi, Oni, Sokhumi, Surroundings of Skurhesi, Tsalenjikha (Ruzsky, 1905;
Karavaiev, 1926; Jijilashvili, 1974b); S.G.: Abastumani, Atskuri, Avralo, Bakuriani, Bogdanovka, Borjomi,
Goderdzi Pass, Gorelovka, Great and Minor Khanchali Lakes, Kariani, Paravani Lake, Tikmatashi Pass,
Trialeti, Tsalka, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1967a, Jijilashvili, 1974a).

45. L. (Cautolasius) myops Forel, 1894
Distribution: S.G.: Zekari Pass (Ruzsky, 1905).

Subgenus Chthonolasius Ruzsky, 1912

46. L. (Chthonolasius) bicornis (Foerster, 1850)
Distribution: E.G.: Thbilisi (Seifert, 1988); W.G.: Ritsa Lake (Seifert, 1988); S.G.: Adigeni,
Avralo, Baniskhevi, Gujaretistskali, Tsaghveri, Tsalka (Jijilashvili, 1967a, 1974a).

47. L. (Chthonolasius) citrinus Emery, 1922

Syn.: Lasius (Chthonolasius) affinis Schenck.

Distribution: E.G.: Kazbegi, Kvishkheti (Ruzsky, 1905; Seifert, 1988, 1990) S.G.: Borjomi,
Kimotesubani (Ruzsky, 1905; Jijilashvili, 1967a).

48. L. (Chthonolasius) distinguendus (Emery, 1916)
Distribution: E.G.: Kavtiskhevi (Jijilashvili, 1964a, b).

49. L. (Chthonolasius) mixtus (Nylander, 1846)
Distribution: E.G.: Tbilisi (Ruzsky, 1905; Jijilashvili, 1964b).

50. L. (Chthonolasius) rabaudi (Bondroit, 1917)
Distribution: S.G.: Bogdanovka, Khanchali Lake (Jijilashvili, 1974a).

51. L. (Chthonolasius) umbratus (Nylander, 1846)
Distribution: E.G.: Tbilisi (Mushtaidi Garden) (Ruzsky, 1902; Jijilashvili, 1964b); S.G.:
Bogdnovka, Borjomi, Daba, Khanchali Lake (Ruzsky, 1902, 1905; Jijilashvili, 1967a, 1974a).

Subgenus Dendrolasius Ruzsky, 1912
52. L. (Dendrolasius) fuliginosus (Latreille, 1798)
Distribution: E.G.: Bolnisi, Poladauri (Jijilashvili, 1974a) S.G.: Borjomi (Borjomi Park, Borjomi
Plateau), Tsaghveri (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).
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Subgenus Lasius Fabricius, 1804

53. L. (Lasius) alienus (Foerster, 1850)

Distribution: E.G.: Bank of Jandara Lake, Bolnisi, Bursachili, Gardabani, Grakali, Gudauri,
Gveleti, Igoeti, Iraga, Kasristskali, Kavtiskhevi, Kazbegi, Kazreti, Khrami gorge, Kianeti, Kitsnisi, Kojori,
Kvishkheti, Lagodekhi Reserve, Larsi, Lekistskali gorge, Luri, Manglisi, Mleta, Mtskheta, Nichbisi,
Pantishara, Pasanauri, Poladauri, Saguramo, Sakavre, Samshvilde, Satskhenhesi, Shavimta, Shulaveri,
Sighnaghi, Taribana, Tbilisi (Mushtaidi Garden, Tbilisi Botanical Garden), Tetritskaro, Tkemlovani,
Tkviavi, Udabno, Zedazeni (Ruzsky, 1905; Jijilashvili, 1964a, b, 1966, 1967b, 1968, 1974a); W.G.: Abasha,
Ajishesi, Akhali Atoni, Anaklia, Anaria, Baghdati, Batumi Botanical Garden, Bichvinta Reserve, Bjineti,
Chakvi, Chaladidi, Chakvistskali, Eshera, Grigoreti, Ingiri, Inkiti Lake, Kakhaberi, Khobi, Kobuleti, Kutaisi,
Lidzava, Menji, Nakalakebi, Natanebi, Ochamchire, Oni, Poti, Senaki, Sokhumi, Sviri, Tsaishi, Tsalenjikha,
Tsesi, Zestaponi, Zugdidi Botanical Garden (Ruzsky, 1905; Karavaiev, 1926; lijilashvili, 1974b); S.G.:
Abastumani, Akhalkalaki, Akhaltsikhe, Aspindza, Avralo, Bakuriani, Bogdanovka, Borjomi, Dmanisi,
Goderdzi Pass, Gogasheni, Kariani, Khanchali Lake, Ota, Paravani Lake, Sapara, Tabatskuri, Trialeti,
Tsalka, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

54. L. (Lasius) brunneus (Latreille, 1798)

Distribution: E.G.: Bolnisi, Gardabani, Kianeti, Kiketi, Manglisi, Pasanauri (Ruzsky, 1905;
Jijilashvili, 1968, 1974a); W.G.: Akhali Atoni, Baghdati, Bank of the riv. Rioni, Kutaisi, without exact
locality, Poti, Sokhumi, Surebi, Tsaishi, Zugdidi (Ruzsky, 1905; Karavaiev, 1926; Jijilashvili, 1974b); S.G.:
Akhaldaba, Aspindza, Bakuriani, Baniskhevi, Borjomi Park, Kimotesubani, Mzetamze, Ota, Tsaghveri,
Tsalka, Trialeti, Vardzia, Zekari Pass (Jijilashvili, 1967a, 1974a).

55. L. (Lasius) emarginatus (Olivier, 1792)

Distribution: E.G.: Bolnisi, Ertatsminda, Igoeti, Kazreti, Khrami gorge, Kianeti, Lagodekhi
Reserve, Manglisi, Poladauri, Saguramo, Samshvilde, Shavimta, Tetritskaro, Tskneti, Tsodoreti, Zedazeni,
Zilcha (Jijilashvili, 1964a, b, 1966, 1967b, 1968, 1974a); W.G.: Anaklia, Asechka, Skurhesi, Batumi
Botanical Garden, Bichvinta Reserve, Chakvi, bank of the riv. Chaladidi, without exact locaty, Chanistskali,
Engurhesi, Ghalidzga gorge, Kakhaberi, Khobi, Kodori gorge, Lidzava, Natanebi, Ochamchire, Telman-
darcheli, Tkvarcheli, Tsalenjikha, Zestaponi, Zugdidi (Zugdididi Botanical Garden) (Ruzsky, 1905;
Karavaiev, 1926; Jijilashvili, 1974b); S.G.: Abastumani, Adigeni, Akhaldaba, Akhaltsikhe, Aspindza,
Baniskhevi, Bank of the riv. Borjomula without exact locality, Borjomi (Borjomi Park, Borjomi plateau),
Daba, Gomareti, Kariani, Libani, Mzetamze, Patara Tsemi, Sapara, Tadzrisi, Tsaghveri, Vardzia (Ruzsky,
1905; Jijilashvili, 1967a, 1974a).

56. L. (Lasius) lasioides (Emery, 1869)

Distribution: E.G.: Thilisi (Avchala) (Ruzsky, 1905); W.G.: Alakhadzi, Anaklia, Asechka, Bank
of Inkiti Lake, Bichvinta Reserve, Chakvistskali, Darcheli, Green Cape, Kakhaberi, Khelvachauri, Khobi,
Kutaisi, Lidzava, Menji, Ochamchire, Senaki, Tsalenjikha, Tskaltubo, Zestaponi, Zovreti, Zugdidi
(Jijilashvili, 1974b).

57. L. (Lasius) niger (L., 1758)

Distribution: E.G.: Gardabani, Grove across the riv. lori, Manglisi, Sadakhlo, Sartichala, Tbilisi
(Samgori field), Tetritskaro (Ruzsky, 1905; lJijilashvili, 1964b, 1966, 1968, 1974a); W.G.: Abasha,
Alakhadzi, Anaklia, Bank of Inkiti Lake, Bichvinta Reserve, Chaladidi, Kakhaberi, Khobi, Khrami gorge,
Kobuleti, Menji, Natanebi, Ochamchire, Poti, Senaki, Surroundings of Paliastomi Lake, Surroundings of Poti
(Ruzsky, 1905, 1907; Jijilashvili, 1974b); S.G.: Bakuriani, Borjomi (Ruzsky, 1905; Jijilashvili, 1967a,
1974a).

58. L. (Lasius) obscuratus Stitz, 1930
Distribution: E.G.: upper valleys of the rivers Alazani, Andiskoysu, Aragvi, Argun, Assa, Terek
(Seifert, 1992).

59. L. (Lasius) turcicus Santschi, 1921
Distribution: E.G.: Tbilisi (Seifert, 1992).

136



Genus Lepisiota Santschi, 1926
60. L. frauenfeldi (Mayr, 1855)
Syn.: Lepisiota caucasica (Santschi, 1917)
Distribution: E.G.: Eldari Lowland, Gardabani, Kaltani gorge, Pantishara gorge, Vashlovani
Reserve (Jijilashvili, 1964b, 1966); W.G.: Baghdati, Kutaisi (Ruzsky, 1905, 1907).

Genus Paratrechina Motschoulksy, 1863
61. P. colchica Pisarski, 1960
Distribution: W.G.: Achishesi, Batumi, Buknara, Ingiri, Kakhaberi, Kochi, Zugdidi Botanical
Garden (Pisarski, 1960; Jijilashvili, 1974b).

Genus Prenolepis Mayr, 1861
62. P. nitens (Mayr, 1853)
Distribution: W.G.: Batumi Botanical Garden, Kutaisi (Ruzsky, 1905, 1907; Jijilashvili, 1974b).

Subfamily Myrmicinae Lepeletier de Saint-Fargeau, 1835
Genus Aphaenogaster Mayr, 1853
63. A. georgica Arnol’di, 1968
Distribution: E.G.: Shiraki, without exact locality (Arnol’di, 1968); S.G.: Dmanisi (Arnol’di,
1968).

64. A. gibbosa (Latreille, 1798)

Syn.: A. gibbosa muschtaidica Ruzs.

Distribution: E.G.: Near to Davit Gareji monastery, surroundings of Kianeti, Tbilisi (Mushtaidi),
Udabno (Ruzsky, 1905, Jijilashvili, 1964b, 1966, 1974a).

65. A. kurdica Ruzsky, 1905
Distribution: E.G.: Lagodekhi Reserve (Jijilashvili, 1967b); S.G.: Khrami gorge (Tsalka district),
surroundings of Atskuri (Jijilashvili, 1974a).

66. A. obsidiana (Mayr, 1861)
Distribution: E.G.: Bursachili, Gudauri, Mleta, Pasanauri (Ruzsky, 1905); S.G.: Goderdzi Pass
(Ruzsky, 1905; Jijilashvili, 1974a).

67. A. semipolita (Nylander, 1856)
Distribution: W.G.: Batumi (Ruzsky, 1905).

68. A. splendida transcaucasica Karavaiev, 1926
Distribution: E.G.: Shiraki (Canyon Ole) (Jijilashvili, 1964a, b, 1966).

69. A. subterranea (Latreille, 1798)

Distribution: E.G.: Algeti, Betania, Ertatsminda, Gardabani, Karsani, Kavtiskhevi, Kianeti,
Kvishkheti, Lagodekhi Reserve, Saguramo, Shiraki-Shavimta, surroundings of Kazreti, surroundings of
Tetritskaro, Tbilisi, Zedazeni (Ruzsky, 1902, 1905; Jijilashvili, 1964b, 1966, 1967b, 1968, 1973, 1974a);
W.G.: Baghdati, Batumi (Batumi Botanical Garden, Green cape), Bichvinta Reserve, Chakvistavi, Colchic
Reserve, Natanebi, Rioni, Sakara, Sataplia, Surebi, surroundings of Kutaisi, Sviri, Tsaishi, Tsalenjikha,
Zugdidi Botanical Garden (Ruzsky, 1905, 1907; lJijilashvili, 1974b); S.G.: Abastumani, Akhaldaba,
Akhaltsikhe, Borjomi Park, Dviri, Kimotesubani, Likani, surroundings of Chitakhevhesi, surroundings of
Dmanisi, Tsaghveri, Tsalka, Zekari Pass (Ruzsky, 1905; Karavaiev, 1926; Jijilashvili, 1967a, 1974a).

70. A. testaceopilosa (Lucas, 1849)
Distribution: W.G.: Baghdati, Kutaisi (Ruzsky, 1905).
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Genus Cardiocondyla Emery, 1869
71. C. elegans Emery, 1869
Distribution: E.G.: Mtskheta, Pantishara, Taribana, Tbilisi (Avchala, Lisi Lake, Mushtaidi Garden,
Tbilisi Botanical Garden) (Ruzsky, 1902, 1905; Jijilashvili, 1964b, 1966); W.G.: Batumi, Ingiri, Poti,
Telmani-Darcheli (Ruzsky, 1905, 1907; lJijilashvili, 1974b); S.G.: Abastumani, Akhaltsikhe, Borjomi
(Ruzsky, 1905).

72. C. sahlbegi Forel, 1913
Distribution: E.G.: Diklo, Tbilisi (Seifert, 2003).

73. C. stambuloffii Forel, 1892
Syn.: Cardiocondyla bogdanovi Ruzs.
Distribution: E.G.: Taribana (Jijilashvili, 1964a, b, 1966).

Genus Crematogaster Lund, 1831
Subgenus Crematogaster Lund, 1831
74. C. (Crematogaster) laestrygon Emery, 1869
Distribution: W.G.: Chakvi (Ruzsky, 1905).

75. C. (Crematogaster) schmidti (Mayr, 1853)

Distribution: E.G.: Bolnisi, Gardabani, Karsani, Kavtischevi, Kianeti, Khachini, Lagodekhi
Reserve, Mtskheta, Nichbisi, Sadakhlo, Saguramo, Sighnaghi, surroundings of Poladauri, Taribana, Tbilisi
(Avchala, Thilisi Botanical Garden), Udabno, Vashlovani Reserve (Ruzsky, 1902, 1905; Jijilashvili, 1964b,
1967b, 1966, 1968, 1973, 1974a); W.G.: Akhali Atoni, Anaklia, Batumi (Batumi Botanical Garden, Green
cape), Bichvinta, Chakvi, Chaladidi, Eshera, Ingiri, Kakhaberi, Khobi, Kobuleti, Kodori gorge, Kutaisi, Poti,
Rioni, Sakara, Senaki, Zugdidi Botanical Garden (Ruzsky, 1905, 1907; Karavaiev, 1926; Jijilashvili, 1974b);
S.G.: Borjomi, surroundings of Chitakhevhesi, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

76. C. (Crematogaster) scutellaris (Olivier, 1792)
Distribution: W.G.: Batumi (Ruzsky, 1905).

77. C. (Crematogaster) subdentata Mayr, 1877
Distribution: E.G.: Igoeti, Kavtiskhevi, surroundings of Gori, surroundings of Lisi Lake, Taribana
(Ruzsky, 1902, 1905; Jijilashvili, 1964b, 1966, 1968, 1973).

Subgenus Orthocrema Santschi, 1918
78. C. (Orthocrema) bogojawlenskii Ruzsky, 1905
Syn.: Crematogaster (Crematogaster) kosti Ruzs.
Distribution: E.G.: Thilisi (Lisi Lake) (Ruzsky, 1905).

79. C. (Orthocrema) sordidula (Nylander, 1849)

Distribution: E.G.: Bolnisi, Poladauri, Ratevani, surroundings of Khachini, surroundings of
Mitskheta, Tbilisi (Mtatsminda plateau, surroundings of Lisi Lake, surroundings of Turtle Lake) (Ruzsky,
1905; Jijilashvili, 1964b, 1968, 1974a).

Genus Harpagoxenus Forel, 1893
80. H. sublaevis sublaevis caucasicus Armol’di, 1968
Distribution: S.G.: Patara Themi, Tsaghveri (Jijilashvili, 1967a; Armol’di, 1968).

Genus Leptothorax Mayr, 1855
81. L. acervorum (Fabricius, 1793)
Distribution: W.G.: Manglisi, riv. Rioni, without exact locality (Ruzsky, 1905); S.G.: Adigeni,
Baniskhevi, Kimotesubani, Mzetamze, Sakochao, surroundings of Bakuriani, Tsaghveri, Tskhratskaro Pass,
Zekari Pass (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

138



82. L. muscorum (Nylander, 1846)
Distribution: E.G.: Kazbegi, Saguramo, Zedazeni (Ruzsky, 1905; lJijilashvili, 1968); S.G.:
Adigeni, Aspindza, surroundings of Ota, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1974a)

83. L. scamni Ruzsky, 1905
Distribution: S.G.: Abastumani (Ruzsky, 1905).

Genus Manica Jurine, 1807
84. M. rubida (Latreille, 1802)
Distribution: E.G.: Manglisi, Tkemlovani (Jijilashvili, 1973, 1974a); W.G.: Chakvi, Mamisoni
Pass (Ruzsky, 1905, 1907); S.G.: Abastumani, Akhaldaba, Bakuriani Botanical Garden, Bogdanovka,
Borjomi Park, Ota, Patara Tsemi, Sapara, surroundings of Didi and Mtsire Khanchali Lakes, Tabatskuri,
Tadzrisi, Tsaghveri, Zekari Pass (Ruzsky, 1902, 1905; Karavaiev, 1926; Jijilashvili, 1967a, 1974a).

Genus Messor Forel, 1890
85. M. caducus (Victor, 1839)

Syn.: Messor caducus caucasicola Arn.
Distribution: E.G.: Tbilisi (Arnol’di, 1977).

86. M. incorruptus Kuznetsov-Ugamsky, 1929

Syn.: Messor aegyptiacus var. incorruptus Ruzs.

Distribution: E.G.: Kojori, Tbilisi (Ruzsky, 1905); S.G.: Abastumani, Akhaltsikhe (Ruzsky,
1905).

87. M. melancholicus Arnol’di, 1977

Distribution: E.G.: Eldari Lowland, Gardabani, Shiraki (Zilcha), surroundings of Dighomi, Tbilisi
(Mtatsminda Park, Shavnabada, surroundings of Tbilisi, Tbilisi Botanical Garden) (Jijilashvili, 1964a, b,
1968); S.G.: Aspindza, surroundings of Atskuri (Jijilashvili, 1974a).

88. M. meridionalis (André, 1883)

Distribution: E.G.: Eldari Lowland, Gardabani, Manglisi, Shiraki (Kasris-tskali), surroundings of
Dighomi, Lekistskali, Mt. Iaghluja, Mtskheta, Pantishara, Patara Shiraki, Shulaveri, Rustavi, Taribana,
Tbilisi (Mushtaidi Garden, surroundings of Lisi Lake, surroundings of Tbilisi Sea, Tbilisi Botanical Garden,
Varketili),Vashlovani Reserve, Zilcha (Ruzsky, 1905; Jijilashvili, 1964b, 1966, 1968).

89. M. structor (Latreille, 1798)

Syn.: Messor rufitarsis (s. 1.), Messor rufitarsis F., Messor clivorum Ruzs., Messor clivorum
sevani Arn.

Distribution: E.G.: Adzvisi, Bolnisi, Digomi, Eldari Lowland, Ertatsminda, Gamarjveba,
Gardabani, Iraga, Gori, Ghoghasheni, Karsani, Kavtiskhevi, Kojori, Kvishkheti, Lagodekhi Reserve,
Manglisi, Nichbisi, Saguramo, Sakavre, Shiraki (Kasristskali, Zilcha, Canyon Ole, Didi Shiraki), Sighnaghi,
surroundings of Dighomi, surroundings of Iraga, surroundings of Lisi Lake, Shulaveri, surroundings of
Satskhenhesi, Taribana, Tetritskaro, Udabno, Pantishara, Vashlovani Reserve, Tbilisi (Avchala, Krtsanisi,
Mtatsminda Park, Mt. Shavnabada, Thilisi Botanical Garden, Samgori field, surroundings of Thbilisi Sea,
surroundings of Turtle Lake), Tkemlovani, Zedazeni, Zilcha, (Ruzsky, 1905; Jijilashvili, 1964a, b, 1967b,
1966, 1968, 1973, 1974a); W.G.: Akhali Atoni, Bank of riv. Choloburi without exact locality, Bichvinta
reserve, Bjinevi, Chiatura, Rgani, Gumbra, Kodori gorge, Kvemo Sakara, surroundings of Zorveti,
Tskaltubo, Vani, Zestaponi (Ruzsky 1905; Karavaiev, 1926; Jijilashvili, 1974b); S.G.: Abastumani,
Akhaldaba, Akhalkalaki, Akhaltsikhe, Borjomi Park, Chitakhevhesi, Chobiskhevi, Daba, Dviri, Gujareti,
Machartskali, Patara Tsemi, Sapara, Tsaghveri, Vardzia, Zekari Pass (Ruzsky, 1905; Karavaiev, 1926;
Jijilashvili, 1967a, 1974a).

Genus Monomorium Mayr, 1855
90. M. dentigerum (Roger, 1862)
Distribution: E.G.: Eldari Lowland, Lekistskali, Surroundings of Mingechauri, Taribana
(Jijilashvili, 1964a, b, 1966).
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91. M. pharaonis (Linnaeus, 1758)
Distribution: E.G.: surroundings of Thilisi (Ruzsky, 1905; Jijilashvili, 1964b); W.G.: Batumi
(Ruzsky, 1905, 1907).

92. M. salomonis (Linnaeus, 1758)
Distribution: S.G.: Akhaltsikhe (Ruzsky, 1902, 1905).

93. M. subopacum (Smith. F., 1858)
Distribution: E.G.: Eldari Lowland, Lekistskali, Pantishara, surroundings of Mingechauri,
Taribana, Vashlovani Reserve (Jijilashvili, 1964b, 1966).

Genus Myrmecina Curtis, 1829
94. M. graminicola (Latreille, 1802)

Distribution: E.G.: Bolnisi, Kazreti, Kojori, Lagodekhi Reserve, surroundings of Ratevani,
surroundings of Tetritskaro, Thilisi (Mtatsminda Park), Tsodoreti (Jijilashvili, 1967b, 1968, 1974a); W.G.:
Asechka, Batumi (Green cape), Bichvinta Reserve (Jijilashvili, 1974b); S.G.: Dmanisi, Khrami gorge,
Tandzia (Jijilashvili, 1974a).

Genus Myrmica Latreille, 1804

95. M. caucasica Arnol’di, 1934

Distribution: E.G.: Kavtiskhevi, Kojori, Mukhrani, Sartichala, surroundings of Iraga, Tbilisi
Botanical Garden, Tetritskaro (Jijilashvili, 1964b, 1966, 1968, 1973, 1974a); W.G.: Ajameti, Alakhadze,
Anaria, Kakhaberi, banks of the riv. Ghalidzga without exact locality, banks of the riv. Supsa, without exact
locality, Batumi (Batumi Botanical Garden, Green cape), Bichvinta, Chaladidi, Colchic Reserve, Eshera,
Gagra, Gumbra, Ingiri, Khelvachauri, Kodori gorge, Kutaisi, Kvemo Sakara, Natanebi, Ochamchire, Poti,
Rioni, riv. Rioni basin, Saghoria, surroundings of Grigoreti, Tsaishi, Zestafoni, Zugdidi Botanical Garden
(Ruzsky, 1905, 1907; Jijilashvili, 1974b); S.G.: Akhaldaba, Arjevani forest, Bakuriani, Borjomi Park, Daba,
Dmanisi, Gujareti, Kariani, Kimotesubani, Libani, Machartskali, Mzetamze, Patara Tadzrisi, Tba,
Tikmatashi Pass, Tsaghveri, Tsemi (Jijilashvili, 1967a, 1974a).

96. M. caucasicola Arnol’di, 1934
Distribution: E.G.: Kiketi, surroundings of Samshvilde, Tetritskaro, (Jijilashvili, 1968, 1974a);
S.G.: Adigeni, Aspindza, Borjomi, Ota, Patara Tsemi, Tadzrisi, Zekari Pass (Jijilashvili, 1967a, 1974a).

97. M. georgica Seifert, 1987
Distribution: E.G.: Mtskheta, Tbilisi (Seifert, 1987).

98. M. lacustris Ruzsky, 1905
Syn.: Myrmica scabrinodis lobicornis Nyl. var. deplanata Em.
Distribution: W.G.: Batumi, Oni (Ruzsky, 1905).

99. M. lobicornis Nylander, 1846

Distribution: E.G.: Bursachili, Gudauri, Gveleti, Kazbegi, surroundings of Patara Lilo, Tbilisi;
(Mushtaidi Garden) (Ruzsky, 1902, 1905; Jijilashvili, 1964b, 1966, 1968); W.G.: riv. Rioni gorge without
exact locality; S.G.: Abastumani, surroundings of Gomareti, Tikmatashi Pass, Tskhratskaro (Ruzsky, 1905;
Jijilashvili, 1967a, 1974a).

100. M. ravasinii Finzi, 1923
Distribution: S.G.: Aspindza, Ota, Patara Tsemi, Tsaghveri, Zekari Pass (Jijilashvili, 1967a,
1974a).

101. M. rubra (Linnaeus, 1758)

Syn.: Myrmica laevinodis Nyl.

Distribution: E.G.: Loshkineti, Pasanauri (Ruzsky, 1905; Jijilashvili, 1973); W.G.: Eastern slope
of Mt. Ajara, Oni, Ozurgeti (Ruzsky, 1905); S.G.: Abastumani, Bogdanovka, Borjomi, surroundings of
Saghamo Lake, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1974a).
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102. M. ruginodis Nylander, 1846

Distribution: E.G.: Algeti gorge, Bursachili, Gudamakari, Gudauri, Iraga, Kiketi, Kitsnisi, Kojori,
Larsi, Loshkineti, Pasanauri, Saguramo, Sakavre, Shindisi, surroundings of Tetritskaro, Tbilisi (Samgori
field), Tkemlovani, Zedazeni (Ruzsky, 1905; Karavaiev, 1926; Jijilashvili, 1968, 1973, 1974a); W.G.:
surroundings of Kutaisi, surroundings of Tkvarcheli, Tsalenjikha, Source of the riv. Rioni (Ruzsky, 1905;
Jijilashvili, 1966, 1974b); S.G.: Abastumani (surroundings of Observatory), Bakuriani, Bogdanovka,
Borjomi, Dmanisi, Goderdzi Pass, Gujareti, Kariani, surroundings of Khanchali Lake, surroundings of
Saghamo Lake, surroundings of Trialeti, Tabatskuri, Tsalka, Zekari Pass (Ruzsky, 1902, 1905; Karavaiev,
1926; Jijilashvili, 1967a, 1974a).

103. M. rugulosa Nylander, 1849
Distribution: E.G.: Gardabani, Kavtiskhevi surroundings of Jandara Lake (Jijilashvili, 1964b,
1968, 1973).

104. M. scabrinodis Nylander, 1846

Distribution: E.G.: Gardabani, Gudamakari, Dedoplistskaro, Kobi, Kvishkheti, Larsi, Manglisi,
Mleta, Pasanauri, Rustavi, surroundings of Digomi, surroundings of Iraga, surroundings of Sathkhenhesi,
Thilisi (Mushtaidi Garden), Tetritskaro (Ruzsky, 1902, 1905; Jijilashvili, 1964b, 1966, 1968, 1974a); W.G.:
Abasha, Katsoburi, riv. Rioni basin without exact locality (Ruzsky, 1905; lJijilashvili, 1974b); S.G.:
Bakuriani, Borjomi Park, Dmanisi,Gujareti, Patara Tsemi, surroundings of Kariani, surroundings of Trialeti,
Tsalka, Tskhratskaro, Vardzia, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

105. M. schencki Viereck, 1903
Distribution: E.G.: Ertatsminda, Omalo, Sakavre, Shatili (Jijilashvili, 1973; Seifert, 2003).

106. M. sulcinodis Nylander, 1846

Distribution: E.G.: Gudauri, Igoeti, Loshkineti, Pasanauri (Ruzsky, 1905; Jijilashvili, 1973); S.G.:
Gorelovka, North slope of Tskhratskaro, surroundings of Bogdanovka, surroundings of Khanchali Lake,
Zekari Pass (Ruzsky, 1905; Jijilashvili, 1974a).

107. M. turcica Santschi, 1931
Distribution: E.G.: Mtskheta, Tbilisi (Seifert, 2002).

Genus Myrmoxenus Ruzsky, 1902
Subgenus Myrmoxenus Ruzsky, 1902
108. M. (Myrmoxenus) tamarae (Arnol’di, 1968)
Distribution: S.G.: Daba (Arnol’di, 1968).

Genus Pheidole Westwood, 1839
109. P. pallidula (Nylander, 1849)

Syn.: Pheidole pallidula orientalis Em.

Distribution: E.G.: Ateni gorge, Bolnisi, Dedoplistskaro, Dighomi, Grakali, Igoeti, Kavtiskhevi,
Khashuri, Kojori, Mtskheta, Pantishara, Ratevani, Sartichala, Shavnabada, Shiraki (Kasristskali, Zilcha,
Canyon Ole), Shulaveri, surroundings of Jandara Lake, surroundings of Khachini, surroundings of Magharo,
surroundings of Mingechauri, surroundings of Satskhenhesi, Taribana, Thilisi (Avchala, Mtatsminda park,
Mushtaidi Garden, Tbilisi Botanical Garden, surroundings of Lisi Lake, surroundings of Tbilisi Sea,
Varketili), Vashlovani Reserve (Nasonov, 1889; Ruzsky, 1902, 1905; Jijilashvili, 1964b, 1966, 1968, 1973,
1974a); W.G.: surroundings of Batumi, surroundings of Kutaisi (Ruzsky, 1905, 1907); S.G.: Abastumani,
Akhaltsikhe, Aspindza, Atskuri, Borjomi, Daba, Khertvisi, Likani, surroundings of Rustavi, Tsaghveri,
Vardzia (Nasonov, 1889; Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

Genus Solenopsis Westwood, 1840
110. S. fugax (Latreille, 1798)
Syn.: Solenopsis fugax orientalis Ruzs.; Solenopsis orbula Em. var. latroides Ruzs.
Distribution: E.G.: Dedoflistskaro, Dusheti, Ertatsminda, Igoeti, Kavtiskhevi, Kazreti, Lagodekhi
Reserve, Manglisi, Pasanauri, Shiraki (Kasristskali, Shavimta), surroundings of Bolnisi, surroundings of
Digomi, Tbilisi (Samgori, Tbilisi Botanical Garden, Mtatsminda Park, surroundings of Patara Lilo, surro
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undings of Tbilisi Sea, Varketili), Udabno, Vashlovani Reserve (Ruzsky, 1905; Jijilashvili, 1964b, 1966,
1967b, 1968, 1973, 1974a); W.G.: Anaria, Batumi, Bichvinta, Chakvi, Ingiri, Kutaisi (Ruzsky, 1905, 1907;
Karavaiev, 1926; Jijilashvili, 1974b); S.G.: Abastumani, along the bank of the riv. Borjomula, Aspindza,
Atskuri, Chobiskhevi, Daba, Mzetamze, Sapara, surroundings of Dmanisi,Tadzrisi, Zekari Pass (Ruzsky,
1905; Jijilashvili, 1967a, 1974a).

111. S. ilinei Santschi, 1936

Syn.: Solenopsis orbula oculata Karaw.

Distribution: E.G.: Gardabani, Karsani, Shiraki (Kasristskali, Pantishara), surroundings of
Dighomi, Thilisi (Mtatsminda plateau, Tbilisi Botanical Garden) (Jijilashvili, 1964a, b, 1966, 1968).

Genus Stenamma Westwood, 1839
112. S. westwoodii Westwood, 1839
Distribution: E.G.: Kojori, Saguramo, Zedazeni (Jijilashvili, 1968); S.G.: Bakuriani, Baniskhevi,
Borjomi, Chitakhevhesi, Dmanisi, surroundings of Gomareti, Tsaghveri (Jijilashvili, 1967a, 1974a).

Genus Strongylognathus Mayr, 1853
113. S. rehbinderi Forel, 1904
Distribution: W.G.: Akhali Atoni, Batumi, Bjinevi (Forel, 1904, Ruzsky, 1905, 1907; Jijilashvili,
1974b).

114. S. testaceus (Schenck, 1852)
Distribution: E.G.: Tbilisi (Samgori) (Jijilashvili, 1964a, b, 1966); S.G.: Tsaghveri, Tsalka
(Jijilashvili, 1967a, 1974a).

Genus Temnothorax Mayr, 1861
115. T. affinis (Mayr, 1855)
Syn.: Leptothorax affinis Mayr
Distribution: E.G.: Pasanauri, Tbilisi (Mushtaidi Garden) (Ruzsky, 1905; Jijilashvili, 1964b);
W.G.: Baghdadi, Kodori gorge, Kutaisi (Ruzsky, 1905, 1907; Jijilashvili, 1974b).

116. T. alpinus (Ruzsky, 1902)
Distribution: W.G.: Mamisoni Pass (Ruzsky, 1905); E.G.: Gudauri (Ruzsky, 1905).

117. T. brauneri (Ruzsky, 1905)
Distribution: W.G.: Baghdati, Surebi (Ruzsky, 1905); S.G.: Zekari Pass (Ruzsky, 1905).

118. T. corticalis (Schenck, 1852)
Distribution: S.G.: Baniskhevi, Mzetamze, Tsaghveri (Jijilashvili, 1997a).

119. T. exilis (Emery, 1869)
Distribution: E.G.: Manglisi , Pasanauri (Ruzsky, 1905).

120. T. korbi (Emery, 1924)

Distribution: E.G.: Karsani, Kojori, Nichbisi, surroundings of Gokhnari, Tbilisi (Mtatsminda Park,
Tbilisi Botanical Garden), Tetritskaro (Jijilashvili, 1968, 1973, 1974a); S.G.: Tskhratskaro (Jijilashvili,
1974a).

121. T. melnikovi (Ruzsky, 1905)
Distribution: S.G.: Akhaltsikhe, Sapara (Jijilashvili, 1974a).

122. T. nadigi (Kutter, 1925)

Syn.: Leptothorax caucasicus Arn.
Distribution: E.G.: Kojori (Arnol’di, 1977).
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123. T. nigriceps (Mayr, 1855)
Distribution: E.G.: Manglisi (Ruzsky, 1905).

124. T. nigritus (Emery, 1878)
Distribution: W.G.: Batumi, Kutaisi, Oni (Ruzsky, 1905); S.G.: Zekari Pass (Ruzsky, 1905).

125. T. nylanderi (Foerster, 1850)

Distribution: E.G.: Algeti, Bolnisi, Ertatsminda, Kojori, Khrami gorge, Lagodekhi Reserve,
Manglisi, surroundings of Khachini, surroundings of Kianeti, Tetritskaro (Ruzsky, 1905; Jijilashvili, 1967b,
1973, 1974a); S.G.: Abastumani, Akhaldaba, Akhaltsikhe, Baniskhevi, Borjomi Park, Chitakhevhesi, Daba,
Dviri, Kariani, Mzetamze, surroundings of Gomareti, surroundings of Patara Dmanisi, surroundings of
Sapara, Tsaghveri, Tskhratskaro, Zekari Pass (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

126. T. parvulus (Schenck, 1852)
Distribution: E.G.: Kavtiskhevi, Kiketi, Manglisi, Saguramo, Shulaveri, Tbilisi (Mtatsminda
park), Tskneti, Tsodoreti, Zedazeni (Jijilashvili, 1964b, 1966, 1968).

127. T. recedens (Nylander, 1856)

Syn.: Leptothorax (Temnothorax) rogeri Em.

Distribution: E.G.: surroundings of Mtskheta (Ruzsky, 1905; IJijilashvili, 1964b); W.G.:
surroundings of Kutaisi (Ruzsky, 1905, 1907); S.G.: Borjomi (Ruzsky, 1905).

128. T. satunini (Ruzsky, 1902)
Distribution: E.G.: Gardabani, Rustavi (Jijilashvili, 1968).

129. T. tamarae (Radchenko, 1993)
Distribution: S.G.: Tsaghveri (Radchenko, 1993).

130. T. tuberum (Fabricius, 1775)
Distribution: E.G.: Kavtiskhevi, surroundings of Bolnisi, Tbilisi (Mtatsminda plateau, Tbilisi
Botanical Garden) (Jijilashvili, 1968, 1973, 1974a); W.G.: Akhali Atoni, Batumi (Ruzsky, 1905).

131. T. unifasciatus (Latreille, 1798)

Syn.: Leptothorax tuberum unifasciatus (Latr.) var. anoplogynus Em.

Distribution: E.G.: Kavtiskhevi, Kiketi, Lagodekhi Reserve, Manglisi, Poladauri, surroundings of
Bolnisi, surroundings of Mtskheta, surroundings of Ratevani, surroundings of Tetritskaro, Zedazeni (Ruzsky,
1905; Karavaev, 1926; Jijilashvili, 1964b, 1966, 1967b, 1968, 1974a); W.G.: Alakhadze, Anaklia, Asechka,
Baghdati, Bichvinta, Bjinevi, Chakvistavi, Gagra, Khobi, Kutaisi, Lidzava, Poti, riv. Tekhura and Rioni,
without exact locality, Sakara, Senaki, surroundings of Achishesi, Tsaishi, Zugdidi Botanical Garden
(Ruzsky, 1905, 1907; Karavaiev, 1926; Jijilashvili, 1974b); S.G.: Akhaldaba, Borjomi Park, Chitakhevhesi,
Chobiskhevi, Daba, Kimotesubani, Tsaghveri, Zekari pass (Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

Genus Tetramorium Mayr, 1855

132. T. caespitum (Linnaeus, 1758)

Distribution: E.G.: Eldari Lowland, Dedoplistskaro, Dighomi, Dusheti, Ertatsminda, Gardabani,
Gori, Gudamakari, Igoeti, Iraga, Karsani, Kavtiskhevi, Kazbegi, Kazreti, Khrami gorge, Kobi, Kojori,
Lagodekhi Reserve, Larsi, Loshkineti, Magharo, Manglisi, Mleta, Mtskheta, Pasanauri, Patara Lilo,
Poladauri, riv. lori gorge, Rustavi, Sadakhlo, Saguramo, Samshvilde, Sartichala, Satskhenhesi, Shiraki
(Canyon Ole, Kasris-tskali, Zilcha), Shulaveri, Skra, slopes of Mt. Kvernaki, surroundings of Digomi,
surroundings of Gori, surroundings of Kianeti, surroundings of Kumisi Lake, surroundings of Ratevani,
surroundings of Tandzia, surroundings of Tetritskaro, Taribana, Thilisi (Avchala, Dendropark, Lisi lake,
Mtatsminda park, Mushtaidi Garden, Samgori, Shavnabada, surroundings of Turtle Lake, surroundings of
Thilisi, surroundings of Thilisi Sea, Tbilisi Botanical Garden, Varketili, Vaziani), Tiriponi field, Tkemlovani,
Tkviavi, Udabno, Vashlovani Reserve, Zedazeni (Nasonov, 1889; Forel, 1904; Ruzsky, 1905; Jijilashvili,
1964b, 1966, 1967b, 1968, 1973, 1974a); W.G.: Ajameti, Akhali Atoni, Alakhadze, Anaklia, Anaria, Bank
of the riv. Chanistskali, Bank of the riv. Pichora, Batumi, Bichvinta, Chakvi, Chaladidi, Darcheli, Eshera,
Gagra, Gali, Grigoreti, Gumbra, Ingiri, Kakhaberi, Khelvachauri, Khobi, Kutaisi, Ochamchire, Poti, Sakara,
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Sataplia, Surebi, surroundings of Achishesi, surroundings of Inkiti Lake, Sviri, Tsalenjikha, Zestafoni,
Zugdidi Botanical Garden (Forel, 1904; Ruzsky, 1905, 1907; Jijilashvili, 1974b); S.G.: Abastumani,
Adigeni, Akhalkalaki, Aspindza, Atskuri, Bakuriani, Borjomi, surroundings of Dmanisi,Goderdzi Pass,
Kariani, Likani, Sapara, surroundings of Akhaltsikhe, surroundings of Bogdanovka, surroundings of
Gorelovka, surroundings of Ghoghasheni, surroundings of Khertvisi, Tsalka, Trialeti, Vardzia, Zekari Pass
(Ruzsky, 1905; Jijilashvili, 1967a, 1974a).

133. T. densopilosum Radchenko et Arakelian, 1990
Distribution: W.G.: Ochamchire (Radchenko et Arakelian, 1990).

134. T. ferox Ruzsky, 1903

Distribution: E.G.: Gardabani, Kavtiskhevi, Sadakhlo, Sartichala, Shiraki (Kasristskali), Lochini
gorge, Rustavi, Udabno, Tbilisi (Dendropark, Varketili, surroundings of Turtle Lake, surroundings of Tbilisi
Sea) (Jijilashvili, 1964a, b, 1966, 1968); W.G.: Bichvinta, Gumbra, Ochamchire, surroundings of Inkiti
Lake (Jijilashvili, 1974b).

135. T. forte Forel, 1904

Syn.: Tetramorium taurocaucasicum Arn.

Distribution: W.G.: Ajameti, Anaklia, Chakvistavi, Kobuleti, Sataplia, Vani, Zugdidi-Telmani
(Ruzsky, 1905; Jijilashvili, 1974b).

136. T. punicum (Smith, F., 1861)
Distribution: E.G.: Tbilisi (Jijilashvili, 1964a, b, 1966).

137. T. semilaeve André, 1883

Distribution: E.G.: Gardabani, Iraga, Khrami gorge, Lochini gorge, Sadakhlo, Saguramo,
Shulaveri, surroundings of Dighomi, surroundings of Gori, surroundings of Tetritskaro, Tbilisi (Mtatsminda
park, surroundings of Lisi Lake, surroundings of Tbilisi Sea, Tbilisi Botanical Garden, Varketili),
Vashlovani Reserve, Zedazeni (Ruzsky, 1905; Jijilashvili, 1964b, 1968, 1973, 1974a); W.G.: Ajameti,
Anaklia, Anaria, Asechka, Batumi, Bichvinta, Chaladidi, Chiatura, Rgani, Sakara, Zestaponi (Ruzsky, 1905,
1907; lJijilashvili, 1974b); S.G.: Akhaltsiche, Aspindza, Atskuri, Daba, Dviri, Mzetamze, Rustavi,
surroundings of Adigeni, surroundings of Kariani, surroundings of Khertvisi, surroundings of Tsalka, Tba,
Tsaghveri (Jijilashvili, 1967a, 1974a).

138. T. syriacum Emery, 1924

Distribution: E.G.: Kavtiskhevi, Patara Lilo, Sadakhlo, Sartichala, Shiraki (Kasristskali, Ole
gorge, Shavimta, Zilcha), Tbilisi (Dendropark, Mtatsminda park, Samgori, surroundings of Lisi Lake,
surroundings of Tbilisi Sea, surroundings of Turtle Lake, Varketili), Udabno (Jijilashvili, 1964a, b, 1966,
1968).

Subfamily Ponerinae Lepeletier de Saint-Fargeau, 1835
Genus Cryptopone Emery, 1893
139. C. ochracea (Mayr, 1855)
Distribution: W.G.: Batumi (Jijilashvili, 1974b).

Genus Hypoponera Santschi, 1938
140. H. eduardi (Forel, 1894)
Distribution: W.G.: Batumi, Chakvi, Chakvistavi (Jijilashvili, 1974b).

Genus Pachycondyla Smith, F., 1858

141. P. nigrita (Emery, 1895)
Distribution: W.G.: Alachadze, Senaki (Jijilashvili, 1974b).

144



Genus Ponera Latreille, 1804

142. P. coarctata (Latreille, 1802)

Syn.: Ponera lucida Em.
Distribution: E.G.: Gardabani, Karsani, Khrami gorge, Kojori, Lagodekhi Reserve, Shulaveri,

Thilisi (Mtatsminda plateau, Tbilisi Botanical Garden, Mushtaidi Garden), Tetritskaro (Ruzsky, 1905;
Jijilashvili, 1964b, 1967b, 1966, 1968, 1974a); W.G.: Alakhadze, Asechka, Batumi, Bichvinta Reserve,
Chakvistavi, Kutaisi, Ozurgeti (Ruzsky, 1902, 1905, 1907; Karavaiev, 1926; lijilashvili, 1974b). S.G.:
Surroundings of Dmanisi ( Jijilashvili, 1974a).
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