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Hemipenial differentiation in the closely related

congeners Ablepharus kitaibelii (BIBRON & BORY

DE SAINT-VINCENT, 1833), and Ablepharus budaki
GOCMEN, KUMLUTAS & TOSUNOGLU, 1996

(Squamata: Sauria: Scincidae)

Unterschiede in der Hemipenismorphologie der beiden nahe verwandten Arten
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und A. budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996
(Squamata: Sauria: Scincidae)
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KURZFASSUNG

Die Hemipenes zweier nahe verwandter Ablepharus Arten, A. kitaibelii (BIBRON & BORY DE SAINT-VINCENT,
1833) und A. budaki GO¢MEN, KUMLUTAS & TOSUNOGLU, 1996 werden erstmalig beschrieben. Diese Arten haben
dhnliches Aussehen und wurden nur durch wenige externe und sehr variable Merkmale unterschieden. In Uberein-
stimmung zu einer fritheren genetischen Studie zeigten die ménnlichen Geschlechtsorgane jedoch deutliche morpho-
logische Unterschiede. Einige Merkmalsauspriagungen der Hemipenes weisen Ahnlichkeiten mit denen der Skink-
Subfamilie Lygosominae auf. Dariiberhinaus wird eine bisher unbeschriebene Hemipenisstruktur als ‘asulcal pro-
trusion’ beschrieben. Es wurden ausschlieBlich epithelial verhornte, unverkalkte Mikrostrukturen beobachtet. Eine
neuartige Methode des Ausstiilpens kleiner, fragiler Hemipenes von Eidechsen wird vorgeschlagen.

ABSTRACT

The hemipenes of two closely related Ablepharus species, A. kitaibelii (BIBRON & BORY DE SAINT-VINCENT,
1833), and A. budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996, are described for the first time. These species are
of similar general appearance and differ by few external and variable characters only. The genital morphology,
however, revealed profound differences, which is in concert with a previous genetic study. Some hemipenial char-
acters resemble those found in lygosomine skinks. Moreover, a previously undescribed hemipenial structure was
found: the asulcal protrusion. Only epithelial non-calcified keratinous microstructures were observed. An inno-
vative technique for eversion of small and fragile lizards” hemipenes is proposed.
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INTRODUCTION

The genus Ablepharus FITZINGER in
EVERSMANN, 1823, currently comprises ten
species [Ablepharus bivittatus MENETRIES,
1832; A. budaki GOCMEN, KUMLUTAS &
TOSUNOGLU, 1996; A. chernovi DAREVSKY,
1953; A. darvazi JERIOMCENKO & PANFILOV,
1990; A. deserti STRAUCH, 1868; A. gray-
anus (STOLICZKA, 1872), A. kitaibelii (BiB-
RON & BORY DE SAINT-VINCENT, 1833), A4.

lindbergi WETTSTEIN, 1960; A. pannonicus
(FITZINGER, 1824), and A. rueppellii (GRAY,
1839)] confined mainly to southwestern and
southern Asia (SINDACO & JEREMCENKO
2008). A single species, 4. kitaibelii, is
present in Europe. Taxonomic revisions
(STEPANEK 1937; MERTENS 1952; FUHN
1970; EREMCENKO & SCERBAK 1986; GOC-
MEN et al. 1996), resulted in descriptions of
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several subspecies: 4. k. fabichi STEPANEK,
1937; A. k. fitzingeri MERTENS, 1952; A. k.
stepaneki FUnN, 1970, and A. k. budaki.
Shortly after its description, the status of the
latter taxon was raised to full species by
SCHMIDTLER (1997). He also introduced a
new subspecies 4. b. anatolicus from the
Anatolian mainland. Based on molecular
data, PouLakaAkis et al. (2013) demonstrat-
ed that A. budaki belongs to a well-support-
ed clade that is further subdivided into three
monophyletic lineages. Diagnostic features
and arguments for raising A. budaki to
species level included external morphologi-
cal traits (GOCMEN et al. 1996; SCHMIDTLER
1997) and substantial genetic divergence
from A. kitaibelii (POULAKAKIS et al. 2005,
2013).

The hemipenial morphology has
proven its significance as an important trait
for interspecific taxonomic differentiation
of congeners. This method has been applied
for other small representatives of various
lizard families, e.g., Chamaeleonidae (KLA-

VER & BOHME 1986), Lacertidae (BOHME
1971; ARNOLD 1983, 1986a, 1986b), Gymn-
ophthalmidae (UzzeL 1969, 1973; MYERS et
al. 2009; NuUNEs et al. 2012, 2014), Dac-
tyloidae (KOHLER 2010; KOHLER & KREUTZ
1999; KOHLER & SUNYER 2008; KOHLER &
VESELY 2010; KOHLER et al. 2007, 2010,
2012). Generally, the members of the Scin-
cidae family have been studied sporadically,
with few works concerning this topic (BOH-
ME 1988; BOHME et al. 2000; GREER & BIs-
WAS 2004; ZIEGLER & BOHME 2004; HORNER
2007). In Ablepharus this feature received
very little attention. Up to this date, a single
study dealing with this matter schematically
presents the hemipenial morphology of A.
darvazi, A. deserti and A. pannonicus
(EREMCENKO & PANFILOV 1990).

The purpose of this study is to
describe the hemipenial morphology of two
closely related representatives of the genus
Ablepharus and to propose an alternative
technique for hemipenial preparation appli-
cable to small lizard species.

MATERIALS AND METHODS

Materials.— Ablepharus kitaibelii,
three adult males from Bulgaria: Silistra
region, near v. Sratsimir, No. NMNHS194;
Southern Pirin Mts., near v. Belyovo, No.
NMNHS45; Strandzha Mts., near v. Bele-
vren, No. NMNHS170. Ablepharus budaki,
two adult males from Turkey, Hatay Pro-
vince, near v. Ylanli, NMNHS400-401. All
specimens are preserved in ethanol in the
collection of the National Museum of Nat-
ural History, Bulgarian Academy of Scien-
ces (NMNHS) in Sofia, Bulgaria.

Methods.— Early proposed tech-
niques for hemipenial preparation (e.g., ORr-
TENBURGER 1923; BOHME 1971, 1988;
MANZANI & ABE 1988; PESANTES 1994 etc.)
appeared to be inapplicable to the studied
objects because of their small size and
fragility. As small skinks possess delicate
hemipenes the authors used techniques
developed for everting the endophallus of
large moths (HARDWICK 1950; DUFAY 1978;
FIBIGER et al. 1984) with some modifica-
tions. The method is based on manual ever-
sion and dehydration of the soft tissue by
injection with absolute ethanol.

The specimens were dissected and
both hemipenes together with the retractor
muscles and connective tissue were re-
moved carefully with small scissors, forceps
and scalpel, and then submerged into 5 %
ethanol solution. This ethanol concentra-
tion decreases the surface tension without
hardening the soft tissues. Then the con-
nective tissue and most of the retractor mus-
cle were extirpated. After that, the hemi-
penes were everted using fine forceps and
syringe with a thin metal needle. Complete
eversion was achieved after injecting 5 %
ethanol into partially everted hemipenes.

Processing with potassium hydroxide
(KOH) solution used for various larger rep-
tiles (PESANTES 1994; ZIEGLER & BOHME
1997; ZAHER, 1999; HARVEY et al. 2012)
and some smaller species (NUNES et al.
2014) proved to be inapplicable, because
the tissues became too soft and fragile, and
consequent eversion was impossible. The
everted hemipenes were stained in 0,5 %
Alizarin Red S solution for about 10-15 sec-
onds. This stain is used for contrasting of
hemipenial carbonate structures of lizards
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(UzzeLL 1969, 1973). Both alcohol (70 %)
and water solution of Alizarin produced
equal results. The staining did not provide
the expected result because the stain pene-
trated in all tissues, hence they were equally
stained and no contrasted structures were
observed under a stereomicroscope. How-
ever, this procedure proved to be useful for
subsequent microscopic observation. After
staining the hemipenes were inflated with
100 % ethyl alcohol using a syringe with a
blunt needle. A continuous flow of alcohol
was maintained for a few seconds to harden
the hemipenes. To avoid ejecting by pres-
sure, the hemipenes were tied at the pedicel
area to the needle by a thin cotton thread.
Afterwards, the thread was removed from
the dehydrated hemipenes and they were
permanently preserved in absolute ethanol.
The absolute ethanol dehydrates and hard-
ens the tissue very well and keeps its shape
and structures unchanged for an unlimited
period.

Permanent microscopic slides of three
Alizarin stained hemipenes of A. kitaibelii

and two of A. budaki were made. For the
purpose, the hemipenes were slit laterally to
produce sulcal and asulcal halves, then
compressed between two slides and dehy-
drated with absolute ethanol for five min,
after that removed from the slides and
cleared with Euparal Essence for five min
and mounted permanently on a slide with
Euparal embedding agent. To test the pres-
ence of carbonate structures, two hemipenes
of A. kitaibelii and one of A. budaki were
treated with 10 % HNO; for a minute (under
direct microscope observation on temporary
slide mounts), then washed with distilled
water (2 x 5 min) and eventually, dehydrat-
ed and mounted permanently on slides.
Additionally, the slides were observed
through a compound microscope Amplival
(Carl Zeiss Jena) with polarizing device.
The slides were photographed using a com-
pound microscope (Olympus BX41) with
mounted camera (Olympus ColorView 1).
The terminology of basic hemipenial
structures follows DOWLING & SAVAGE
(1960) and KLAVER & BOHME (1986).

RESULTS

In A. kitaibelii the hemipenis has no
visible macrostructures and ornaments (Figs.
1, 3). The hemipenis is deeply bilobed, with
two equally long and symmetrical branches.
Sulcus spermaticus bifurcation point is close
to that of the branching. Length to width
branches ratio is ca. 3:1. Thick, well devel-
oped labia surround the sulcus. Small v-
shaped folds are visible inside each sulcus in
the distal area of the branches. The sulci
open on the tip of the branches of the
hemipenis. On each side of the labium, at
the end of the sulci, there is an elongated
fold — the terminal awl. The branches are as
long as the body of the hemipenis. The trun-
cus of the hemipenis bears two weakly pro-
nounced, asymmetrical lobes. The total
length of the hemipenes is 4-4.5 mm. Ob-
servation of the hemipenis surface under a
microscope demonstrated that there are
microscopic structures, non-degradable after
nitric acid treatment (Fig. 2). The micro-
structures were observed also through a
polarizing microscope and did not show

birefringence, which is a typical feature of
calcium carbonate crystals. Evidently, these
structures are not calcified but keratinous,
polygonally shaped. The keratin structures
are densely distributed on the tip of the two
parts of the hemipenis and are absent in the
sulci region and on the base of the hemipe-
nis. On the middle part of the hemipenis,
around the branching, the keratin structures
are more sparsely distributed than on the tip.
Shed epithelium was observed in some spec-
imens during eversion of the hemipenes.
The general shape of the A. budaki
hemipenis looks similar to that of 4. kitai-
belii but some major differences were
observed (Figs. 1, 3). Two distinct out-
pocketing, leaf-shaped folds are located on
both sides of the truncus of the hemipenis,
placed at the same position as the bulbous
lobes of the 4. kitaibelii hemipenis. A well-
pronounced structure was observed on the
asulcal surface of the hemipenial truncus.
Basal of the branching, where the epithelial
tissue is protruding, it appears as a large
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Fig. 1: Inflated and stained (Alizarin Red S) everted hemipenes of different specimens of
A-D — Ablepharus kitaibelii (BIBRON & BORY SAINT-VINCENT, 1833) and
E-H — Ablepharus budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996.
A, C, D, E — sulcal side; B, G, H — asulcal side; F — lateral view.
A, B, C — overinflated, H — incompletely everted. Scale bar = 1 mm.

Abb. 1: Aufgeblidhte, mit Alizarinrot S geférbte ausgestiilpte Hemipenes unterschiedlicher Individuen von
A-D — Ablepharus kitaibelii (BIBRON & BORY SAINT-VINCENT, 1833) und
E-H — Ablepharus budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996.
A, C, D, E — sulkale Seitenansicht; B, G, H — asulkale Seitenansicht; F — laterale Ansicht.
A, B, C — tibermaBig aufgebldht, H — unvollstdndig ausgestiilpt. Mafistab = 1 mm.

Fig. 2 (opposite page) / Abb. 2 (gegeniiberliegende Seite)

Keratinous microstructures on the surface of everted hemipenes of
A-D — Ablepharus kitaibelii (BIBRON & BORY SAINT-VINCENT, 1833) and
E-H — Ablepharus budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996.
A, E — apical surface; B, F — apical surface enlarged; C, G — truncus, asulcal surface;
D, H — pedicel, asulcal surface. Scale bars: A, C, D, E, G, H= 100 um; B, F = 10 um.

Verhornte Mikrostrukturen auf der Oberfliche ausgestiilpter Hemipenes von
A-D — Ablepharus kitaibelii (BIBRON & BORY SAINT-VINCENT, 1833) und
E-H — Ablepharus budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996.

A, E — Oberfldche des Apex; B, F — Oberfléche des Apex, vergroert;

C, G — asulkale Oberflache des Truncus; D, H — asulkale Oberfliche des Pedicels.
Mafstab: A, C, D, E, G, H= 100 um; B, F = 10 um.
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Fig. 3: Inflated hemipenes of
A-B — Ablepharus kitaibelii (BIBRON & BORY SAINT-VINCENT, 1833) and
C-D — Ablepharus budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996.
1 — labia, 2 — sulcus spermaticus, 3 — bulbous lobes, 4 — v-shaped folds,
5 — terminal awls, 6 — asulcal protrusion. Scale bar = | mm.

Abb. 3: Aufgebldhte Hemipenes von
A-B — Ablepharus kitaibelii (BIBRON & BORY SAINT-VINCENT, 1833) und
C-D — Ablepharus budaki GOCMEN, KUMLUTAS & TOSUNOGLU, 1996.
1 — Lippen, 2 — sulcus spermaticus, 3 — bulbdse Lappen,
4 — v-férmige Falten, 5 — endstéindige Dornen, 6 — asulkale Ausstiilpung. Maf3stab = 1 mm.

ovoid structure in the completely inflated
hemipenis, for which we propose the term
‘asulcal protrusion’. The branches are of
the length of the hemipenial body. They are
more slender and more elongate than in A.
kitaibelii. Length to width branches ratio is
ca. 4:1. The total length of the hemipenes is
roughly the same as in the previous species,

i.e., 4-4.5 mm. The microscopic observa-
tion of the slides reveals that similar keratin
structures cover most of the surface of the
hemipenis (Fig. 2). They appear smaller
and more densely distributed than in A.
kitaibelii, but apparently, they are of the
same keratinous composition and shape.
Similarly, no calcified structures and orna-
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ments were detected. Ablepharus budaki
hemipenes are also deeply bilobed and the
two branches of each hemipenis are equally
long and symmetrical, with thick labia sur-
rounding the sulci. Several v-shaped folds

are observed inside the sulci in the distal
area of the branches. The sulci open on the
tip of the branches of each hemipenis. On
each side on the labium, at the end of the
sulcus, there is a terminal awl.

DISCUSSION

CopPE (1896) stated that the hemipenial
characters ‘have a constant systematic
value’, which ‘differs with the character and
varies from generic to superfamily in rank’.
In the comprehensive revision of the sub-
family Lygosominae (Scincidae), GREER
(1979) considered the deep bifurcation of
hemipenes with a long narrow base and two
equally long branches as deterministic char-
acters for some genera. The author regard-
ed the bifurcated hemipenial type with elon-
gate branches as a synapomorphy for the
Sphenomorphus group. Scincella reevesii
(Gray, 1838) (fig. 321 in ZIEGLER 2002) also
has bifurcated hemipenes with thin branches
as long as the body (truncus plus pedicel).
The hemipenes of the studied species of
Ablepharus are similar in general shape.

LiNnkeM et al. (2011) described lateral
lobes on the hemipenial truncus (‘main
shaft’ according to the authors’ terminolo-
gy) claiming that they are unique for a
Philippine skink group, for which they cre-
ated a new genus, Pinoyscincus LINKEM,
Diesmos & BrRowN, 2011. The authors re-
ferred to these protuberances as ‘bulbous
lobe structures’. The structures are very
similar to these observed in A. kitaibelii.
Such processes are observed also in taxa
from other genera: S. reevesii (fig. 321 in
ZIEGLER 2002) and Hemiergis gracilipes
(STEINDACHNER, 1870) (given as Spheno-
morphus gracilipes, fig. 14 in GREER 1979).
GREER (1989) mentioned that the genera
Carlia, Lampropholis, Lygisaurus, and
Saproscincus share the unique hemipenial
morphology of an elongate projection from
the base of the everted hemipenis, probably
referring to the same structures, but did not
provide additional information. In fact,
EREMCENKO & PANFILOV (1990) were the
first to describe such structures in the genus
Ablepharus for A. pannonicus and A. dar-
vazi, and called them ‘suspending folds’
(translated from Russian). The more neutral

term ‘bulbous lobes’ is preferred here as to
their shape and still unknown function and
origin. It should be emphasised that the bul-
bous lobes are not universal in Ablepharus,
as it is clearly demonstrated by EREMCENKO
& PANFILOV (1990: fig. 2a, hemipenis of 4.
deserti).  Apparently, the presence or
absence of bulbous lobes is a rather homo-
plastic character for skink genera with bifur-
cated hemipenes.

Although similar in location, the bul-
bous lobes of A. kitaibelii and A. budaki
demonstrate substantial differences in shape
and size. The lobes of 4. kitaibelii hemi-
penes are similar in size to those in 4. pan-
nonicus; the lobes of 4. darvazi are appar-
ently larger but with similar shape. These
structures in A. budaki do not resemble
those of any species known to the authors.

Kraver & BOHME (1986) provided
descriptions for various hemipenial struc-
tures in Chamaeleonidae but their homology
with the structures described here is uncer-
tain. The lobes observed in scincid lizards
could not be associated with protuberances
such as ‘auriculae’, ‘papillae’, ‘pedunculi’,
‘projections’ or ‘rotulae’, which denote dif-
ferent ornamentations (BOURGAT & BRYGOO
1968; KLAVER & BOHME 1986).

Bifurcate hemipenes with long attenu-
ate terminal elements (awls) are reported for
the Palauan skink species Sphenomorphus
scutatus (PETERS, 1867) and another unde-
scribed taxon attributed to the same genus
(CrROMBIE & PREGILL 1999). These terminal
structures are also present in both 4. kitai-
belii and A. budaki, but are not visible on
the illustrated hemipenes of A. pannonicus,
A. deserti and A. dervazi (EREMCENKO &
PaNFILOV 1990), which probably is due to in-
complete eversion rather than real absence.

The phylogenetic relationships of the
representatives of genus Ablepharus remain
controversial, especially when relying on
the data presented by PYRON et al. (2013).
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In this work 4. budaki and A. kitaibelii plus
A. chernovi form a well-supported clade
along with a set of other lygosomine species.
In the cladogram, 4. pannonicus is grouped
with Asymblepharus alaicus ELPATIEVSKY,
1901, forming another well supported clade
significantly distant from the previous one,
but is a sister group to the large ‘Sphenomor-
phus group’. This grouping obviously makes
the genus Ablepharus appear paraphyletic.
However, this is more likely a result of meth-
odological approach and lack of matching of
the mitochondrial gene sequences. Accord-
ing to the phylogenetic and phylogeographic
data provided by PouLAKAKIS et al. (2013)
the Ablepharus specimens studied in the
present paper fall into the geographic range
inhabited by the ‘Turkey’ clade of A. budaki,
which is consistent with the taxon A. budaki
anatolicus described by SCHMIDTLER (1997).

No scincid species is reported to pos-
sess hemipenes with calcified structures,
which is supported also by the present study.
The absence could be used to some extent in
the general diagnosis of family Scincidae.
Similarly, they are absent in Anguidae
(THOMAS & HEDGES 1998) and Chamacleo-
nidae (KLAVER & BOHME 1986). External
calcified hemipenial structures (mainly
spines) are detected in various but not all
gymnophthalmid lizards (for review see
NuUNES et al. 2014), in several snakes (Colu-
broides sensu ZAHER et al. 2009), but surely
are not present in the snake infraorders Sco-
lecophidia and Alethinophidia (BRANCH
1981, 1986). The existing minute spines seen
in Lacertidae are hypothesized to be season-
ally developed (ARNOLD 1973, 1986a; IN DEN
Bosch 2001). Considering their sparse dis-
tribution among the squamate reptiles, the
calcified hemipenial structures are tentatively
understood as homologies, but this question is
yet unsolved (NUNES et al. 2014).

Similar to observations in the current
study, tissue containing microstructures is
reported for other lizard families. The mi-
crostructures in these species are variable on
both individual and population level (BOH-
ME 1971, 1988; IN DEN BoscH 2001).

The hemipenial morphology provides
a useful tool for interspecific discrimination
of the studied members of genus Ablepha-
rus. The differences between the hemipenes
of A. kitaibelii and A. budaki are substantial
and reveal that these species differ in more
essential morphological characters than
mentioned by GO¢MEN et al. (1996) and
SCHMIDTLER (1997), supporting their full
specific status.

The application or the interpretation of
the hemipenial morphology for higher taxo-
nomic analyses however is less informative,
an example being the results for the families
Lacertidae (BOHME 1971) and Chamacleo-
nidae (KLAVER & BOHME 1986). This leads
to the conclusion that the hemipenial differ-
entiation should be used only after a stable
phylogeny of the group of interest is avail-
able. NUNES et al. (2014) explicitly support
this conclusion for Gymnophtalmidae. In
this respect, evidently a phylogenetic study
including more representatives of the genus
Ablepharus is necessary in order to trace
and interpret the evolutionary significance
of the observed differences.

The hemipenial morphology of Scin-
cidae provides an unexplored field which
could help to elucidate the relationships in
this group. The specific morphological pecu-
liarities of hemipenes could be an important
starting point for species recognition and
description. This way the method presented
here provides a necessary tool for future in-
vestigation of the hemipenial characteris-
tics, especially in minute representatives of
the squamate reptiles.
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