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Abstract

Visual inspection of several embryos of the parthenogenetic lizard Darevskia armeniaca revealed the presence of an embryo with axial bifur-
cation (“two-headed”) on the stage of pigmented eyes and plate-like limb buds with a distinct border at the edges. This is the third recorded
case of axial bifurcation in D. armeniaca, although two previous cases were mentioned without further discussion. Here the bicephalic
embryo is described in detail and the potential reasons are discussed. The analysis of the literature on axial bifurcation in lacertids suggests
that this type of developmental disorder may be particularly common in this parthenogenetic form. Hybridization may cause multiple
developmental disorders, including incomplete separation of twin embryos; all parthenogenetic Darevskia have a hybrid origin, and this

may cause the disorders rather than parthenogenetic reproduction by itself. The hypothesis needs further study with more representative

samples of parthenogenetic and sexually reproducing Darevskia.
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Introduction

Axial bifurcation is an extreme case of developmental in-
stability, which, in turn, may stem from genetic disorders
and/or environmental effects (Moller 1997). It may result
from the incomplete separation of identical twins or dupli-
cation of the notochord (Wu et al. 2002). Axial bifurcation
remains a reasonably rare phenomenon, though hundreds
of bicephalic organisms have been recorded since ancient
times. Bicephalic individuals are recorded for all vertebrate
groups, including lampreys (Hanson 1985; Suzuki 2016),
sharks (Goto et al. 1981; Wagner et al. 2013), bony fish
(Gudger 1938; Jezierska et al. 2000), salamanders (Ferndn-
dez-Alvarez et al. 2011; Pereira and Rocha 2004; Au et al.,

2020), frogs (McFadden et al. 2011), turtles (Diong et al.
2003; Palmieri et al. 2012; Sonmez et al. 2017; Ingle et al.
2021), crocodilians (Elsey and Stelly 2018), lizards (Pleitcha
1968; Payen 1995; Spadolla and Insacco 2009; Ruiz-Villan-
ueva et al. 2018; Di Marzio et al. 2023) as well as mammals
(Wu et al. 2002; Ibrahim 2021), being relatively common
in snakes (Cunningham 1937; Wallach 2007).

Bicephaly prevalence in squamates is taxon-specific. Wal-
lach (2018) summarized the information on bicephaly in
snakes available by that date. He accounted for 1850 records
of axial duplication, including 542 cases in colubrids, 335 in
natricids, 266 in viperids, and only 13 in elapids. In other
squamates, axial bifurcation is relatively rare. Di Marzio et
al. (2023) in their review list 49 reports of conjoined twins
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in different lizard families, including 14 cases in lacertids.
Two of these cases belong to the parthenogenetic form,
Darevskia armeniaca (Darevsky 1966; Payen 1995). Other
lacertids with recorded bicephaly are the sand lizard (Lacer-
ta agilis; 3 cases), green lizard (Lacerta viridis; 2 cases), wall
lizard (Podarcis muralis; 3 cases), Italian wall lizard (Podar-
cis siculus; single case), jeweled lizard (7imon lepidus; single
case), and viviparous lizard (Zootoca vivipara; 2 cases). Be-
low, we describe a third case of axial bifurcation in the par-
thenogenetic D. armeniaca, now recorded in an embryonic
stage. The third finding of a bicephalic specimen in the same
parthenogenetic form, which is not widespread or particu-
larly numerous, may indicate that this anomaly may reflect
a predisposition of this form to developmental anomalies;
therefore, we found it worth publishing in a separate paper.

Materials and methods

Sixteen individuals of Darevskia armeniaca were caught
during the reproductive season (July 2023) near Saghamo
Lake in southern Georgia (N43.73°, E41.299; elevation
2015 m. a.s.l.; mountain steppe with rocky outcrops) and
taken into the laboratory for observation on the egg devel-
opment. All females deposited eggs between June 23 and
July 7. The eggs were fixed in a 4% paraformaldehyde solu-
tion 1-17 days after deposition. Embryos were observed un-
der a Zeiss Stemi 508 stereo microscope with an 8:1 zoom
and a Zeiss Apo 1.5x FWD 53 mm front lens attached.
Images of the embryos (Fig. 1) were taken using a Canon
EOS 60D camera with a Canon MP-E 65mm /2.8 1-5x
Macro Photo Lens mounted on a Novoflex Castel-L Focus-
ing Rack. Digital images were prepared using Zerene Stack-
er image stacking software and Adobe Photoshop CS6. In
2021-2022, egg clutches of different Darevskia species were
obtained in the laboratory (Barateli et al. 2022).

The numbers of hatched juveniles we add to the pub-
lished data in order to infer the rough frequency of hatch-

lings with developmental anomalies (Table 1). Embryos
were staged according to Wise et al. (2009), whereas the
decisive criterion was the development of limbs.

Results and discussion

The bicephalic embryo was found in an egg fixed 17 days
after deposition. The other 11 eggs of Darevskia armeniaca
and 3 eggs of Darevskia mixta were fixed in 2 days after
deposition; normally developing embryos were present. The
embryo had two heads, two long necks, two pairs of fore-
limb buds, and a single body and tail; hence, it belonged to
the category proarchodichotomous, according to Smith and
Pérez-Higareda (1987). These categories were developed for
snakes with axial bifurcation but appear to be applicable to
other squamates. In snakes, this category of axial bifurcation
is rare and comprises only 4.2% of the studied cases. Unfor-
tunately, comparable information for lacertids is scarce. In-
acco and Spadolla (2009) described a newborn Podarcis sic-
ula with two pairs of forelimbs and two heads, similar to the
embryo described here. Payen (1995) and Gonzélez (2018)
described a hatched prodichotomous Zootoca vivipara.

The overall morphology of the bicephalic embryo dis-
played signs of degradation, with poorly differentiated
oedematous eyes with patchy pigmentation and abnormal
surface ectoderm. The bicephalic embryo displayed limb
features of stage 30: autopodium with apical ectodermal
ridge, whereas normally developing embryos fixed from day
13 after egg deposition displayed three distinct limb seg-
ments with beginning digit condensation, hence matching
stages 32-34.

The finding of the bicephalic embryo in a lizard egg is a
rare event. So far, only 49 conjoined twins of lizards were
found, including 11 bicephalic or conjoined twins in lacer-
tids (Di Marzio et al. 2023). This is strikingly less than the
cases of bicephalic individuals in snakes (Wallach 2007,
2018). Different from the bicephalic snakes, which survive

stage 32

Figure 1. Lateral views of normally developed embryos (A, B) and dorsolateral view of a bicephalic embryo (C). Inset in C — details of

limb morphology. Note differentiated eye primordia in A and B with an evenly pigmented retina and centrally located lens primordia.

dpo — days post oviposition, st — stylopodium, z — zeugopodium, au — autopodium, mes — mesencephalon, of — optical fissure, asterisk —

limb, h — heart, t — tail, AER - apical ectodermal ridge.
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Table 1. The number of juveniles of Darevskia hatched in captivity
that are reported by different authors and from our observations

(Barateli and Iankoshvili, unpublished).

Species Number of hatched Source
individuals

D. armeniaca* 5 Darevsky 1966
D. valentini 3 Darevsky 1966
D. rostombekowi* 3 Darevsky 1966
D. raddei 4 Darevsky 1966
D. dahli* 4 Darevsky 1966
D. caspica 16 Kidov et al. 2022
D. saxicola 46 Kidov et al. 2021
D. pontica 28 Kidov 2018
D. unisexualis* 168 Badayeva 2008
D. armeniaca*® 147 Badayeva 2008
D. alpina 7 Kidov et al. 2011
D. caucasica 1 Kidov et al. 2011
D. derjugini 11 Kidov et al. 2014
D. chlorogaster 10 Kidov et al. 2019
D. portschinskii 2 Our data
D. dahli 5 Our data
D. obscura Our data
D. valentini 18 Our data
D. armeniaca 35 Our data
D. derjugini 1 Our data

* parthenogenetic forms

for years in 16% of the recorded cases (Wallach, 2018),
there are no documented cases of survived conjoined twins
in lizards, including lacertids (Di Marzio et al. 2023); this
may be the reason why bicephaly in lizards is recorded as
much rarer than in snakes. The embryo described in this
paper, obviously, would die before hatching.

Even more interesting is that this is the third recorded
bicephaly in a parthenogenetic species, D. armeniaca. This
species, although relatively common in its natural habi-
tats, has a very limited range and is observed by scientists
and amateur herpetologists as much rarer than the species
widespread in Europe, such as sand lizard or viviparous
lizard. This drives us to the hypothesis that some specific
features of D. armeniaca tend to develop twins, including
conjoined twins, more commonly than most other lizard
species. Is this a common feature of all Caucasian rock liz-
ards of the genus Darevskia, all hybridogenous partheno-
gens from this genus, or specifically of D. armeniaca? For
insight into this question, we summarized the recorded data
on captive breeding of different rock lizard species. Lizards
from this genus are relatively commonly bred in captivity
for research purposes and kept in terraria. Unfortunately,
most of the breeders do not report the number of hatched
juveniles; however, there are only two reports of bicephalic
individuals (see above). The number of juveniles hatched
in captivity is shown in Table 1. Altogether, there are 517
recorded cases of captive hatching; however, judging from
the reports of captive breeding, we can suppose there are
several times more. More than one-third of those are D.
armeniaca, and only for this parthenogenetic form are three
cases of bicephalism (including that described in this paper)
reported, which is 1.6% of all described juveniles hatched
or developed in captivity.

This is a substantial proportion of bicephalic individu-
als, and it might be related to the specific developmental

features of D. armeniaca. Unfortunately, all cases described
in Table 1 are due to hatched juveniles, and potentially, the
proportion of embryos with axial bifurcation may be sub-
stantially higher than such embryos that reach the hatching
stage. However, two other cases of bicephaly in D. arme-
niaca are described for hatched juveniles, which is also re-
markable.

Among the 11 potential reasons for axial bifurcation,
Wallach (2007, 2018) lists inbreeding depression from
small population gene pools and hybridization, as well as
different environmental impacts. Since lizards are paraphy-
letic with respect to snakes (Simoes and Pyron, 2021), this
list is obviously applicable to other squamates. The natu-
ral habitats of D. armeniaca, including the location from
which the mother of the bicephalic embryo described here
was collected, lay in a natural setting (mountain steppe) on
an elevation over 2,000 m and were not densely populat-
ed. Consequently, potential environmental reasons such as
excessive pollution or radiation should rather be ruled out,
and the genetic factors specific to this species are the most
likely reasons.

Hybridization is a significant potential reason for axi-
al bifurcation in reptiles. Indeed, Ball (1995) showed that
crossing between two species of milk snakes (Lampropeltis)
may produce offspring with axial bifurcation (Ball 1995;
Wallach 2007). The backcross of a hybrid elapid snake,
Acantophis, also produced a two-headed offspring (Maryan
2001).

All Darevskia parthenogens have hybrid origins (Mur-
phy, 2000; Tarkhnishvili et al., 2020) and represent hybrid
clones. This may be a potential reason for the relatively
common axial bifurcation in these species. Remarkably, it
appears that D. armeniaca, most likely, combines in its ge-
nome parts of the genome of three rather than two bisexual
parental species: D. mixta, D. valentini, and D. portschinskii
(Tarkhnishvili et al. 2021). This might cause the presence
of multiple incompatible fragments in the genome of this
species, causing not only the loss of sexual reproduction
but other potential developmental problems. Notably, the
parthenogens gradually return to a homozygous state of in-
dividual loci, including those where deleterious alleles may
present as a result of a process of gene inversion (Tarkhnish-
vili et al. 2021).

At the moment, this remains a hypothesis because, dif-
ferent from the previous cases, bicephalic embryos may
be more common in all lacertid species than the success-
ful hatching of two-headed individuals. To validate our
hypothesis, representative samples of the developing pre-
hatched embryos should be analyzed in different species of
sexually reproducing and parthenogenetic lizards, which is
the matter of the ensuing study.
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