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Abstract. Hybridization between parthenogenetic females and heterospecific males may 

generate polyploid offspring and contribute to reticulate evolution in Caucasian rock lizards. 

We analyzed 30 offspring from ten clutches of parthenogenetic Darevskia dahli females 

showing evidence of mating with D. portschinskii in a hybrid zone in northern Armenia. 

Genotyping of offspring from all clutches using three microsatellite loci identified seven 

triploid hybrids. One clutch consisted entirely of triploids, whereas three contained both diploid 

and triploid offspring. Fertilization appears to occur only in some eggs within a clutch. Triploid 

production was positively associated with female body size. The low frequency of successful 

triploid formation may limit further polyploid and reticulate evolution in Darevskia. 

 

Keywords. Caucasian rock lizards, hybridization, triploid-diploid offspring, reticulate 

evolution.
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The Caucasian rock lizards of the genus Darevskia Arribas, 1999, which includes both 

sexual and parthenogenetic species, are a classic model for studying hybridization and reticulate 

evolution. All parthenogenetic forms are of hybrid origin (Arakelyan et al., 2023). The 

geographic ranges of parthenogenetic females, which reproduce clonally without males, often 

overlap with those of their sexual relatives, resulting in hybrid zones in areas of syntopy 

(Darevsky, 1967; Petrosyan et al., 2020; Arakelyan et al., 2023). Previous studies have 

demonstrated that triploid and, occasionally, tetraploid hybrids can arise through repeated 

hybridization between parthenogenetic females and sexual males (Darevsky and Kulikova, 

1962; Darevsky, 1967; Darevsky et al., 1973; Danielyan et al., 2008). The occurrence of 

polyploid offspring highlights the need to better understand the reproductive outcomes of 

interactions between parthenogenetic and sexual forms. In the present study, we examined how 

often reproductive interactions of parthenogenetic D. dahli with D. portschinskii result in 

triploid hybrids and whether diploid and triploid offspring can occur within the same clutch. 

Field sampling was conducted in a sympatric zone of the parthenogenetic rock lizard 

Darevskia dahli and the sexual species D. portschinskii near Amrakits village, northern 

Armenia (40.99° N, 44.42° E). Two field expeditions were carried out from 28 May to 16 June 

2023 and from 21 May to 13 July 2025. A total of 11 gravid D. dahli females showing visible 

ventral bite marks characteristic of mating attempts were collected from among more than 300 

females examined. Females were maintained at the A.N. Severtsov Institute of Ecology and 

Evolution and laid 33 eggs under laboratory conditions (Table 1). Twenty-six produced live 

hatchlings, four unhatched eggs contained embryos suitable for DNA analysis (designated E in 

Table 1), and three eggs that died early were excluded. Thus, ploidy was determined for 30 

offspring or embryos. 

Microsatellite genotyping was performed using three nuclear loci (Du215, Du281, and 

Du323) previously applied to characterize clonal diversity in D. dahli (Vergun et al., 2014). 
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PCR amplification followed published primers and conditions (Korchagin et al., 2007; Badaeva 

et al., 2008; Girnyk et al., 2021). Offspring showing only maternal alleles at all informative loci 

were classified as diploid (2n), whereas those carrying an additional non-maternal allele at one 

or more loci were classified as triploid (3n) hybrids. 

All eleven D. dahli females with mating marks were diploid. Among their 30 offspring, 

seven were triploid hybrids and 23 were diploid (Table 1). Triploids were produced only by 

four females, where three clutches contained both diploid and triploid siblings, whereas one 

contained only triploids. Thus, offspring ploidy varied both among and within clutches. 

Spearman’s rank correlations showed that female body length (SVL) was not 

significantly associated with clutch size (ρ = 0.510, P = 0.132), but was positively correlated 

with both the number of triploid offspring (ρ = 0.709, P < 0.05) and their proportion within the 

clutch (ρ = 0.695, P < 0.05). Larger females therefore produced more triploid offspring and a 

higher proportion of triploids within their clutches. Although the sample size was small, larger 

females tended to produce both more triploid offspring and a higher proportion of triploids, 

while clutch size itself was not significantly related to female size. This suggests that the pattern 

is not simply because larger females lay more eggs. Female body size may therefore influence 

fertilization success, although whether this is related to age, reproductive condition, egg 

characteristics, or mating behaviour remains unclear. 

The occurrence of mixed-ploidy clutches indicates that parthenogenetic development 

and heterospecific fertilization can occur within the same reproductive episode. We suggest that 

diploid offspring developed parthenogenetically from unfertilized eggs, whereas triploids 

resulted from fertilization of unreduced diploid eggs by haploid D. portschinskii sperm (Dedukh 

et al., 2024). Similar mixed-ploidy offspring were reported by Darevsky and Kulikova (1962) 

in D. armeniaca from a sympatric zone with D. valentini. This is particularly important in the 

evolutionary context of Darevskia, whose parthenogenetic species are stable diploids 
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(Kupriyanova, 2010; Spangenberg et al., 2020, 2021). Although fertile triploid individuals have 

occasionally been reported (Arakelyan et al., 2025), triploid Darevskia hybrids are 

predominantly sterile (Darevsky, 1966; Darevsky et al., 1973, 1985), limiting their contribution 

to subsequent generations. In our population, females with visible mating marks were also rare, 

representing only 11 of more than 300 examined D. dahli (about 4%). Of these, only four 

produced triploid offspring, which accounted for 23.3% (7/30) of all offspring examined. This 

suggests that successful triploid formation is considerably less frequent than reproductive 

interactions indicated by mating marks. Together, the low frequency of triploid formation and 

the predominant sterility of triploid hybrids may represent an important bottleneck in further 

reticulate and polyploid evolution in Darevskia, helping to explain why higher-ploidy forms 

arise only rarely in this group of reptiles.  

 

Acknowledgements 

The authors are grateful to Natalia Sopilko and Yuri Voronov for assistance with animal care. 

 

Funding 

The field work and genetic study was funded by the Russian Science Foundation (RSF) N 22-

14-00227-P (E. Galoyan). Support of publication were funded by Higher Education and Science 

Committee of MESCS RA (Research Project № 21SC-BRFFR-1F013). 

 

Ethics approval and consent to participate 

Permit for the collection of lizards was issued by the Ministry of Environment of the Republic 

of Armenia (No. 3/29.7/2593-2025). Animal experimental procedures were conducted in 

accordance with the regulations of the Animal Ethics Committee of the IEE RAS (protocol No. 

123, 2025). 



 

5 

REFERENCES 

Arakelyan, M., Iryshkov, E., Nikolaev, O., Spangenberg, V., Martirosyan, I., Girnyk, A., 

Stepanyan, I., Brinev, I., Pankin, M., Mikhailovskaya, E., Galoyan, E., (2025): Triploid 

hybrid formation in sympatric populations of sexual Darevskia portschinskii and 

parthenogenetic D. dahli. Biol. J. Linn. Soc. 146: blaf128. 

Arakelyan, M., Spangenberg, V., Petrosyan, V., Ryskov, A., Kolomiets, O., Galoyan, E. (2023): 

Evolution of parthenogenetic reproduction in Caucasian rock lizards: A review. Curr. 

Zool. 69: 128-35. 

Arribas, O.J. (1999): Phylogeny and relationships of the mountain lizards of Europe and Near 

East (Archaeolacerta Mertens, 1921, sensu lato) and their relationships among the 

Eurasian lacertid radiation. Russ. J. Herpetol. 6: 1-22. 

Badaeva, T.N., Malysheva, D.N., Korchagin, V.I., Ryskov, A.P. (2008): Genetic variation and 

de novo mutations in the parthenogenetic Caucasian rock lizard Darevskia unisexualis. 

PLoS One 3: e2730. 

Danielyan, F.D., Arakelyan, M.S., Stepanyan, I.P. (2008): Hybrids of Darevskia valentini, D. 

armeniaca, and D. unisexualis from a sympatric population in Armenia. Amphib.-Reptil. 

29: 487-504. 

Darevsky, I.S. (1966): Natural parthenogenesis in a polymorphic group of Caucasian rock 

lizards related to Lacerta saxicola Eversmann. J. Ohio Herpetol. Soc. 5: 115-52. 

Darevsky, I.S. (1967): Skal'nye yashcheritsy Kavkaza: Sistematika, ekologiya i filogeniya 

polimorfnoy gruppy kavkazskikh yashcherits podroda Archaeolacerta [Rock lizards of 

the Caucasus: Systematics, ecology and phylogeny of the polymorphic group of 

Caucasian rock lizards of the subgenus Archaeolacerta]. Leningrad: Nauka. 

Darevsky, I.S., Kulikova, V.N. (1962): Sistematicheskie priznaki i nekotorye osobennosti 

oogeneza gibridov mezhdu obepoloy i partenogeneticheskoy formami skal'noy 



 

6 

yashcheritsy Lacerta saxicola Eversmann [Systematic characters and some features of 

oogenesis of hybrids between bisexual and parthenogenetic forms of the rock lizard 

Lacerta saxicola Eversmann]. Tsitologiya 4: 160-70. 

Darevsky, I.S., Kupriyanova, L.A., Uzell, T. (1985): Parthenogenesis in reptiles. In: Evolution 

and Ecology of Unisexual Vertebrates, pp. 411-526. Dawley, R.M., Bogart, J.P., Eds, 

New York, New York State Museum. 

Darevsky, I.S., Uzell, T., Kupriyanova, L.A., Danielyan, F.D. (1973): Triploid hybrid males in 

sympatric populations of some parthenogenetic and bisexual species of rock lizards of the 

genus Lacerta. Bull. Mosc. Soc. Nat. 78: 48-58. 

Dedukh, D., Altmanová, M., Petrosyan, R., Arakelyan, M., Galoyan, E., Kratochvíl, L. (2024): 

Premeiotic endoreplication is the mechanism of obligate parthenogenesis in rock lizards 

of the genus Darevskia. Biol. Lett. 20: 20240182.  

Girnyk, A.E., Vergun, A.A., Arakelyan, M.S., Ryskov, A.P. (2021): Molecular-genetic 

identification of Darevskia unisexualis × D. valentini triploid hybrids from sympatric 

populations of Armenia. Mol. Genet. Microbiol. Virol. 36: 201-3. 

Korchagin, V.I., Badaeva, T.N., Tokarskaya, O.N., Martirosyan, I.A., Darevsky, I.S., Ryskov, 

A.P. (2007): Molecular characterization of allelic variants of (GATA)n microsatellite loci 

in parthenogenetic lizards Darevskia unisexualis (Lacertidae). Gene 392: 126-33. 

Kupriyanova, L. (2010): Cytogenetic and genetic trends in the evolution of unisexual lizards. 

Cytogenet. Genome Res. 127: 273-9. 

Petrosyan, V., Osipov, F., Bobrov, V., Dergunova, N., Omelchenko, A., Varshavskiy, A., 

Danielyan, F., Arakelyan, M. (2020): Species distribution models and niche partitioning 

among unisexual Darevskia dahli and its parental bisexual (D. portschinskii, D. mixta) 

rock lizards in the Caucasus. Mathematics 8: 1329. 



 

7 

Spangenberg, V., Arakelyan, M., Galoyan, E. (2021): Meiotic synapsis of homeologous 

chromosomes and mismatch repair protein detection in the parthenogenetic rock lizard 

Darevskia unisexualis. Mol. Reprod. Dev. 88: 119-27. 

Spangenberg, V., Kolomiets, O., Stepanyan, I., Galoyan, E., de Bello Cioffi, M., Martynova, 

E., Martirosyan, I., Grishaeva, T., Danielyan, F., Al-Rikabi, A., Liehr, T., Arakelyan, M. 

(2020): Evolution of the parthenogenetic rock lizard hybrid karyotype: Robertsonian 

translocation between two maternal chromosomes in Darevskia rostombekowi. 

Chromosoma 129: 275-83. 

Vergun, A.A., Martirosyan, I.A., Semyenova, S.K., Omelchenko, A.V., Petrosyan, V.G., 

Lazebny, O.E., Tokarskaya, O.N., Korchagin, V.I., Ryskov, A.P. (2014): Clonal diversity 

and clone formation in the parthenogenetic Caucasian rock lizard Darevskia dahli. PLoS 

One 9: e91674.



 

8 

Table 1. Offspring ploidy and snout–vent length of Darevskia dahli with visible copulation 

marks. 

Offspring ploidy 
Female SVL, mm 

(ID) 
No. of diploid offspring (2n) (IDs) 

No. of triploid offspring 

(3n) (IDs) 

Diploid only 63 (2022) 4 (2054, 2051, 2052, 2053) 0 

 61 (1355) 2 (2415, 2414) 0 

 63 (5021) 1 (2044) 0 

 67/62 (5014/5015)* 7 (2100, 2110, 2112, 2113, 2224, E1, E2) 0 

 63 (5133) 1 (5305) 0 

 66 (5114) 3 (5310, 5311, 5312) 0 

Triploid only 70 (5025) 0 3 (1542, 2123, 2122) 

Mixed 66 (3003) 2 (2103, 2104) 1 (2105) 

 65 (5124) 1 (5243) 1 (5244) 

 65 (5131) 2 (E3, E4) 2 (5334, 5335) 

*The row with female IDs 5014/5015 lists seven offspring because they were from mixed clutches. 


