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AUTHORS’ PREFACE
Objectives, goals and background
Rock agamas are one of the most characteristic components of the fauna of terrestrial vertebrates
in rugged arid and high-altitude landscapes of the Old World. Partly because of this they have attracted close attention of herpetologists. At the same time, by the standards of modern zoological
research the up-to-date state of knowledge of rock agamas leaves much to be desired.
Rock agamas might serve as excellent model objects in studies of ecology, behavior, adaptive radiation and microevolution of squamate reptiles. This is due to several features of their
biology such as conspicuousness associated with a rather large size and a strict diurnality, a
high population density in many species and some others.
However, instead of comprehensively studying the mode of life of various rock agamas
or the interactions between co-occurring species, herpetologists seem to conﬁne themselves
to the nomenclature issues. This is often expressed in revisions of species and subspecies
names, which may drag on for decades. These purely formal procedures, which sometimes
resemble the setting out of cards in a game of patience, propagate synonyms and plunge
nomenclature into chaos (some examples will be given in the Introduction). Such exercises
based on museum collections add nothing new to our knowledge of rock agamas and their
biological speciﬁcity as compared to other squamate reptiles.
Serious studies dealing with the mode of life, autecology, population ecology and behavior
of rock agamas are virtually absent. Khisroon et al. (2012) remarked: ‘…no extensive studies
on the reptiles have ever been conducted in the district Chitral but as per baseline studies of
Chitral Gol National Park, 14 species of reptiles have so far been reported mainly based on
derived information’. There are ten species of rock agamas in that region and none of them has
been extensively studied in respect of ﬁeld biology. The same state of things is characteristic
of other regions and, unfortunately, applies to the cited study too. It is entitled ‘Systematics,
ecology and distribution of Caucasian Rock Agama, Paralaudakia caucasia in district Chitrak,
Khyber Pakhtunkhwa province, Pakistan’ (Khisroon et al., 2012), but actually the utterly scarce
ecological information in it is mostly derived from the faunistic reviews of 1960–1990s.
Lack of progress in behavioral ecology and ethology of rock agamas is ‘compensated for’
by attempts to substitute ﬁeld research with laboratory experiments. However, the results
obtained in the laboratory are often misleading and the hypothesis based on them, which are
supposed to reﬂect what happens in the nature, are far-fetched. Examples of such ‘theoretical’
speculations can be found below.
Working on the ﬁrst edition of this book, we managed to ﬁnd only one consistently systematic
and complex study of almost all life strategy aspects of rock agamas in the nature. This is the study
by Robert Waltner (1991) presenting comparative analysis of the biology of two populations of
the Kashmir Rock Agama occupying different altitudinal belts in the Western Himalaya.
Waltner worked in the ﬁeld for two years from April to December, that is, during the entire
period of the lizards’ activity. By marking numerous individuals from both local populations,
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he obtained detailed information on the demographic population structure, the sex ratio, the
survival rates of lizards from different age groups and the population renewal rates.
Waltner revealed differences in the growth dynamics of males and females, concluding
that individual pholidosis characters were constant throughout the lifetime of a lizard. He
carefully studied seasonal and daily activity of lizards from various sex and age groups as
well as the role of thermoregulation mechanisms in maintaining the species existence under
different climatic conditions at high and low altitudes.
Waltner studied all aspects of the reproductive phenology, the physiology of gonad maturation, noting differences in fertility of females of different age. He paid much attention to
the behavior of rock agamas, in particular, the individual variability and seasonal dynamics
of feeding behavior. His study contains valuable observations of the social behavior and the
description of both visual and olfactory communication signals.
In our opinion, the work by Waltner is a paragon of biological studies of squamate reptiles.
Anyone willing to make a substantial contribution to herpetology should follow the example
set out by this researcher.
Another study of rock agamas corresponding to the desirable standards of reptiles research
in the nature is that by Loman et al. (2013). It deals with the territorial behavior of the Hardun
Stellagama stellio cypriaca. Similarly to Waltner (1991), Loman et al. (2013) observed marked
lizards (altogether 74 individuals from various age-sex groups). The results obtained in that
study will be discussed in sections 1.8 and 12.3. Unfortunately, the work by Loman and colleagues spanned a short time, only two sessions (5 and 8 days) in the spring of one year.
Our study of the Caucasian Rock Agama followed the same principles as those having been realized in Waltner’s research (1991). Our work was started before Waltner’s study, carried out and
continued for a longer time (1975–1985). Its emphasis was also somewhat different from that in
Waltner’s study. We concentrated on the analysis of social behavior as a factor integrating the local population into a certain systemic entity. Our primary interest was to examine social structure
of deme in its continual transformations over successive years. Or, in other words, to understand
course of events as a process of changes in the behavior and social roles of older individuals, as
well as of annually arriving offspring being recruited in contingent of the local population.
To solve this task, we had to perform a detailed analysis of communication means. Their
description followed the principles developed during long-term studies of signal behavior in
birds (see, e.g., Panov, 1978/2009; Panov et al., 2010; Panov, 2015). The approach elaborated
for birds appeared to be works equally well in the case of signal behavior in lizards (Panov
and Zykova, 1997, 1999; Panov et al., 2004).
Our study also encompassed such ‘traditional’ topics as the analysis of individual, between
age and sex and geographical variation. It was based on the descriptions of 725 living lizards
and some data obtained from museum collections.
The pivotal place in our research belongs to ethology. We attempted to trace ontogenetic
trajectories of individuals, to understand the structure of communicative process and the role
of competition and behavioral isolation mechanisms in the areas where closely related species of rock agamas co-occur. To demonstrate a speciﬁty of our approach against the background of the current state of the reptile ethology, it seems useful to examine at ﬁrst what was
done to date in a ﬁeld of lizards communicative and social behavior.
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State of our knowledge of communicative behavior in lizards
Lizards have recently been attracting much attention in the context of sexual selection. The
very discussions of this topic would have been pointless without the comprehensive and valid
data on lizard behavior. Advocates of sexual selection constantly refer to the communicative
and social behavior in lizards in a way that makes the uninitiated believe that this issue is
thoroughly studied. In fact, this is not so. Therefore, many of the recent evolutionary generalizations are, in our opinion, at best unconvincing and often downright misleading.
Charles Carpenter, an eminent researcher of lizard behavior wrote thirty years ago1: ‘This
is an inventory of species for which a display-action-pattern graph or a similar graphical
representation or description has been noted in the literature. Some of these references are
marginal, but can lead the investigator to what little is known about the display-action-pattern
of a species.... It is quite evident that we have only begun to record these display-action-patterns which I feel certain are present in the great majority (if not all) of the species of lizards
in the Iguanidae, Agamidae, and Chameleonidae’ (Carpenter, 1986: 1).
The ﬁrst page of Carpenter’s review has a picture of a lizard performing characteristic
Push-Up and Head-Bob displays. Of all the elements of lizard behavior, these movements
are the most conspicuous and easy to observe. So, instead of dealing with the entire range of
lizard communicative behavior, ethologists often focus solely on this narrow topic.
Thus, a quarter of a century ago the state of our knowledge of lizard ethology was summarized as follows: ‘In fact, most of the research on the Push-Up display has focused on the
physical structure of the male lizard display in captivity. [ﬁve works published between 1971
and 1986 are cited] Differences among individual males in other aspects of the Push-Up display
and among females have not been studied. The little work that has been done previously on the
Push-Up display of S graciosus consists primarily of general descriptions of the Head-Bob pattern of adult male lizards [still more three studies are mentioned]. I was interested in studying
some of the other components of the Push-Up display as well as the Head-Bob pattern, as well
as looking at the behavior of both males and females in the ﬁeld’ (Martins, 1991: 404).
Thus, one can see that the so-called Push-Up and Head-Bob displays are considered as the
major component of signal behavior both in case of confrontations between males and interactions between males and females. In this way, troublesome and time-consuming ﬁeldwork
is avoided and the behavioral elements are observed in the comfort of the laboratories. Such
studies have been sprouting like mushrooms after a summer rain (see, e.g., Ord et al., 2002;
Ord, Evans, 2003; Peters and Evans, 2003; Peters and Ord, 2003; Van Dyk and Evans, 2008).
In a review of lizard behavior being published eleven years later, we ﬁnd: ‘Agamid and
iguanid lizards have an extraordinary diversity of visual signals. Social communication in these
animals is conducted primarily through discrete and sequentially predictable motor patterns
centered on a core display of push-ups and head-nods. These visual signals are important in
territorial acquisition/defence and mate selection. Signal complexity, or the repertoire of components used in displays, varies across species and can be quantiﬁed by the number of ‘modiﬁers’ accompanying a display. Modiﬁers may include: dewlap extensions/throat engorging, tail
1
A thorough critical analysis of these views is given in the book ‘Sexual Selection: Theory or Myth’ (Panov,
2014: section 4.2).
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movements, arm waving, crest raising, body compression/inﬂation, back arching, body raising/
tilting and changes in body color’ (Ord and Blumstein, 2002: 145–146; italics added).
In an introduction to a recent paper the authors say: ‘Despite a substantial literature devoted to the study of head bob displays, our understanding of the structure and function of
these signals has two major biases. First, most available studies have been descriptive in
scope, reporting just temporal patterning and unit composition of head bobs and/or the rate at
which they are produced. However, other aspects of head bob structure, such as the absolute
amplitude of head bob units, have been relatively neglected’ (Labra et al., 2007: 12). This
is, therefore, the rationale of the ‘comprehensive’ laboratory study of these movements in a
Liolaemus species from another family, Iguanidae.
This being so, we obviously cannot judge about the ways in which information exchange processes between individuals are integrated into the system of social behavior, which is a tool of
maintaining the social structure of the population. Signal behavior is usually not analysed as an intrinsically coordinated system: most available studies analyse visual signals and ignore all others
(Gillingham et al., 1995), with olfactory communication being analysed much more rarely (see
Madison, 1977; Graves and Halpern, 1991). Studies based on long-term systematic observation of
marked individuals in the nature are few and far between (see, e.g., Rogovin, 1991; Martins, 1991;
Waltner, 1991; Тselallarius and Menshikov, 1994; Panov and Zykova, 2003).
The state of things as deduced from systematic ﬁeld research data. Our data on signal behavior
of Trapelus sanguinolentus and several Laudakia species showed that the differences in the
communicative behavior repertoires of different species are systemic. Push-Ups are not a stable
component of the agonistic or precopulatory behavioral repertoires in any of these species. For
instance, in the Steppe Agama and Caucasian Rock Agama these repertoires differ not by the
‘complexity of modiﬁers’ of the push ups, as Ord and Blumenstein (2002) think, but by the fact
that they include, besides the push ups, various entirely different forms of behavior.
For instance, in the Caucasian Rock Agama the greeting ceremony is represented by a prolonged
body contact between the female and the male (these greetings are described in detail later in this
book). In the course of the ceremony the female crawls on the belly near the male, ‘freezes’ in a
ﬂat posture, wags the tail and rubs the sides of the head against the substratum. In the end of the
ceremony the partners often, though not always, perform coordinate circling while remain in close
contact and repeatedly crawl across each other (See, among others, videos # 15 and 16 on disk applied). These prolonged contacts never result in copulation2. Belly crawling is also observed in the
males of the Steppe Agama but in this case it is a component of agonistic behavior.
These actions are not discreet (at least because they often have common elements) but are
rather links of a continuum. Therefore, the very approach offered by Ord and Blumenstein
(2002) seems to be misleading. A procedure of a precise calculating the number of displays in
one or another species is unrealizable in principle (see Panov, 1983a: 17–19). So, an impression that there is any analytic accuracy in the ﬁgures presented is quite illusory.
We would like to emphasize that actual interactions between males have little if anything
to do with what can be observed by pairing them in a small space under laboratory condi2

These contacts are present in the repertoires of at least two more rock agama species, P. erythrogaster and S.
stellio, and possibly also in P. himalayana.
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tions3. Such experiments add nothing to our knowledge of what happens in the nature and
looks like a painstaking, hair-splitting examination of the virtual reality with use more and
more sophisticated quantitative means4.
In this book we have tried to show how real mutual relations among lizards in natural
populations differ dramatically from simpliﬁed schemes presented in just cited fragments
from the papers by Ord and Blumstein, 2002 and Labra et al., 2007.
The interdependence between the structure of the covers, coloration and behavior of lizards.
This topic is often discussed in the framework of sexual selection theory in respect of reptiles.
Coloration changes are observed not only in communicative contexts. They are an obvious
response to changes in the air temperature and the general physiological state of individuals.
Secondary sexual coloration characters are pronounced only in hot weather. For instance, in the
Short-toyed Rock Agama Stellagama stellio brachidactyla adults of both sexes have noticeable
orange sections around the eyes and the ear holes, contrasting with the dull yellowish-greyish
coloration of the upper part of the body. As the air warms up, the back and the head become
whitish-grey, while the yellowish-orange markings on the head, the spots on the back, and the
tail become bright orange. A male in a state of sexual motivation during contacts with a female
or aggressive interactions with an adversary acquires an entirely different coloration. The head,
the forelegs and the back become dark bluish-grey, almost black. Orange zones on the sides
of the head, an orange marking at base of the gular fold and orange diamond shaped spots on
the back stand out against this dark background. The hind legs and the tail also seem orange in
color. Indistinct off-white spots are sometimes seen on the throat along the edge of the lower
jaw.
The female of the Steppe Rock Agama only during egg-laying changes its usual dull greyish-brown coloration for a light-orange one with large reddish spots. It is unlikely that all
these features, as well as a whitish coloration characteristic of a steppe rock agama male during agonistic contest, can be revealed while working with alcohol-ﬁxed specimens. Our own
experience argues that, contrary to the opinion of Wiens (2000: 599, see below), museum
material is unsuitable for the productive analysis of the coloration characters.
3
An Autsralian species Amphibolurus muricatus, whose behavior is actively studied by Ord, Evans and coauthors,
belongs to the family Agamidae, as do the rock agama species. Therefore, it is unlikely to differ from them in
general organisation of social behavior, which remains unstudied in full accordance with the prevailing tendencies
in herpetological ethology.
4
Taking into account the lack of real knowledge about the behavior of Amphibolurus muricatus in the nature, the
laboratory studies on this species are very revealing. Here is an excerpt from an abstract of one of the papers.
«Here we show that the complex Push-Up display produced by male Jacky dragons (Amphibolurus muricatus)
is likely to have been shaped by an interaction between typical signalling conditions and the sensory properties
of receivers. We use novel techniques to deﬁne the structure of the signal and of a range of typical moving backgrounds in terms of direction, speed, acceleration and sweep area. Results allow us to estimate the relative conspicuousness of each motor pattern in the stereotyped sequence of which displays are composed. The introductory
tail-ﬂick sweeps a large region of the visual ﬁeld, is sustained for much longer than other components, and has
velocity characteristics that ensure it will not be ﬁltered in the same way as wind-blown vegetation. These ﬁndings
are consistent with the idea that the tail-ﬂick has an alerting function. Quantitative analyses of movement-based
signals can hence provide insights into sensory processes, which should facilitate identiﬁcation of the selective
forces responsible for structure». (Peters and Evans, 2003: 447). This is yet another example of a painstaking
‘jigsaw puzzle-solving’ in the terminology of Thomas Kuhn (1970).

Authors preface

13

The nature of theoretical generalizations on the evolution of signal behavior in lizards. Regrettably, such materials often serve as the basis of wide comparative evolutionary generalizations such as in the paper entitled ‘Size constraints and the evolution of display complexity:
why do large lizards have simple displays?’ (Ord and Blumstein, 2002). The authors write
‘...we use three complementary comparative analyses to investigate whether body size has
inﬂuenced macroevolutionary trends in display modiﬁer repertoire size for 110 species of
iguanian lizards. We found evidence that signal complexity, as measured by repertoire size,
is negatively associated with body size.’ In the authors’ opinion, the cause of such state of
things is, among others, that large lizards are usually herbivorous and, as a rule do not defend
their feeding areas5 (Ord and Blumstein, 2002).
However, the matter of this conclusion, deduced by means of complex formal manipulations, is less relevant to our topic than the question what were primary data they were based
on. They were taken from 136 publications encompassing different periods of the ethology
development and thus different in methodological approaches, the dominant principles of
behavior descriptions (see Panov, 2012) and technical possibilities of data recording (verbal
descriptions, ﬁlming, video recording). Twelve studies date back to 1935–1950, 26 to the
1960s, 45 to the 1970s, 25 to the 1980s and 26 to the 1990s. Interestingly, 28.8% of the papers published in the 1970s belong to the same author (T. Jennsen), and it is one of the rare
cases when the results are comparable. We know from my own sad experience6 how little
information can be extracted from cursory schematic descriptions of lizard behavior in the
nature (Carpenter referred to such paper as ‘marginal’). We quite conﬁdent that this kind of
the initial data is not to be trusted as a base for serious general conclusion concerning the
evolution of behavior.
An even simpler stance on similar problems was taken by Wiens, who wrote: ‘Data on
display morphology were obtained from alcohol-preserved museum specimens. The presence or absence of the throat and belly patches is generally a striking and obvious character,
and my observations on live, fresh-preserved, and older-preserved specimens of many species suggest that there are no signiﬁcant changes between living and preserved specimens’
(Wiens, 2000: 599).
Wiens also obtained the data on signal behavior from the literature but, in contrast to Ord
and Blumstein (2002), selected the material more carefully. Data on the studied species from
four genera were mostly taken from the studies by the same reliable author (Charles C. Carpenter) and those on the species of four other genera, from the works of just two researchers.
At the same time, such an approach, when the evolution of coloration characters as applied
to behavior is analysed solely on the basis of alcohol-preserved specimens, somewhat undermines my conﬁdence in the conclusions of these study (that the coloration and signal
behavior may evolve more or less independently) even though in general we tend to agree
with them.

5
6

Therefore, their repertoires should allegedly lack signals associated with the territorial behavior.

Searching various sources for the data on the behavior of Laudakia lizards for the book ‘the Rock Agamas of
Eurasia’ (Panov and Zykova, 2005), we usually found nothing.

Materials and methods

This monograph is based on a long-term research project on Caucasian rock agamas that
was run for more than a decade, in 1982–1995. Most data were collected in the course of
comparative study of two populations of this species: a natural one in Gobustan nature reserve (eastern Azerbaijan, isolated Mt. Beyuk-Dash 50 km south of Baku) and an artiﬁcially
formed one in Karadag mountains near the town of Krasnovodsk (today Turkmenbashi, western Turkmenistan). At the latter site, on 17 May 1985 we released into an abandoned quarry
13 adult males, 19 adult females, 13 two-year-olds and 25 yearlings (a total of 70 lizards),
displaced for some 160 km from the Greater Balkhan range. The release site lies 1.5–2 km
from the Krasnovodsk Рlateau which is known to be a part of the Caucasian Rock Agama’s
range (Ataev, 1985). The landscape and the climate of the release site were similar to the
xeric habitats of Caucasian rock agamas (e.g. in Gobustan); therefore, within three years a
thriving population with high numbers and density was formed here. Field research at this
site was conducted in the following periods: 24.IV – 6.V. 1986, 22 – 25.III and 30.IV – 18.V
1987, 26.IV – 17.V 1988, 5 – 10.IV and 28.04 – 23.V 1989, 15 – 25.V and 10 – 11.IX 1990
(a total of 103 days). Additional observations were made during visits to the site in autumns
1985–1989 and in springs 1993–1995.
In Gobustan locality, capture, marking and observations were performed at the permanent study plot in April 1987 and 1988, and additional captures were made in springs 1986
and 1989. Some additional data were obtained when working with two marked populations
in western Kopet Dag near in vicinity the of Kara-Kala urban settlement (Sunt-Khasardag
Nature Reserve). Study plot in the Parkhay gorge was visited in springs 1986 and 1989 and
autumns 1986–1990, and the plot at Kalaligez in autumns 1984–1987 (total study period of
25 days).
Agamas were also captured at a number of other sites in Turkmenistan: in the western part
of the country in Sumbar river valley near Sharlouk village (38°25’ N, 55° 38’ E), and at sites
60 km downstream and 17 km upstream; in the Tersakan river valley; on the western slopes
of the Kyurendag ridge (39°05’ N, 55°05’ E); on the slopes of the isolated Mt. Doiran; on the
northern slope of the Monjukly ridge (38°20’ N, 56°45’ E), in the Aydere river valley (38°24’
N, 56°45’ E), in the central Kopet Dag Mountains near the village Geok-Tepe and in the upper belt of Mt. Dushak (38° N, 56° E); in the ruins of New Nisa fortress near Ashkhabad; in
the western Kopet Dag on the slopes of the Kyzyl-Bair range (Darokhbeit spring near Makhmal outpost: 36°57’ N, 60°17’ E); and in the Greater Balkhan mountains.
At all sites we made complete counts of lizards and tried to captured all of them in the study
plots. The animals captured were measured following standard techniques by slide callipers,
some of them were weighted and photographed. Newly captured animals were individually
marked by clipping their toes. In the Krasnovodsk population the age of lizards captured in
their ﬁrst year of life was assessed following our original size-age scale (Zykova and Panov,
1991). For marked animals, age is given as the number of winters survived (yearlings, one
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winter; two-year-olds, two winters etc.). Thus, lizards captured in spring are slightly younger
than their nominal age: in May ‘yearlings’ are actually some 10 months old, ‘two-year-olds’,
1 year 10 months old, ‘three-year-olds’ 2 year 10 months old etc.
The lizards were individually marked by rhodamine or nail varnish before the release. All
encounters with marked animals were mapped. The ﬁeld camp was usually located within the
study plot and so the observations of marked lizards covered their whole activity period from
emerging from overnight shelters until returning to them in the end of the day. Systematic
observations of a sector of the settlement continued for several hours (usually for at least 3
hours; often during the whole period of diurnal activity) in 12x binoculars. All movements
and contacts of marked lizards were recorded in this zone.
In study plots where long-term individual marking was performed, a total of 281 encounters with 150 marked lizards were registered in subsequent years. Fieldwork continued altogether for 296 days, with the time of direct observations being ca. 1500 hours.
Behavioral acts and their successions were videotaped with the use of Sony CCD TR570E (Video
8) camera equipped with 12–70x magniﬁcation lens. The tapes were analysed at Comparative Ethology and Biocommunication Lab of the Institute for Ecology and Evolution of the Russian Academy
of Sciences. The tapes were digitised by video blaster Movie Vision. Digitised tapes were analysed
in the regime that allowed us to watch and save 10 frames per second. The recorded changes in postures were measured with the use of graphics software Aldus Photostyler version 2.
The variability of rock agamas was studied across all parts of the range available to us,
from eastern Azerbaijan to the eastern Kopet Dag. Most material on individual, sex and
age-related and geographic variation was obtained by measuring and describing captured
lizards (725 individuals). We also used museum specimens from the Zoological Museum of
the Moscow State University (ZMMU; 156 specimens), Zoological Institute of the Russian
Academy of Science (ZIN RAS; 170 specimens, all from Iran) and the Institute of Zoology
of the National Academy of Sciences, Ukraine (55 specimens).
Most captured lizards were photographed for subsequent analysis of their coloration and
some pholidosis characteristics. The degree of melanin pigmentation was estimated from
photographs by overlaying them with transparent plotting paper and counting the proportion
covered by black scales in the area equal to one-sixth of the body length (from the gular fold
to the tail base) in the median part of the back sideways of the vertebral band.
Coloration of the back was scored following the scale that we developed for the describing the background on the ﬂanks, the character of the black pattern, ocellated spots, and the
coloration of the vertebral band.
Background: uniform — 1; uniform with small black spots — 2; uniform with a branching
black pattern — 3; black — 4.
Pattern: small discrete — 0; small discrete in the median part of the upper side and large
discrete in its rostral part — 1; large discrete: branching pattern — 2; branching pattern on
the black background — 3.
Ocellated spots: (b) large — 1; small — 2; (b) low contrast — 1; high contrast — 2; (c)
rows are not apparent — 1; rows are apparent — 2; regular transversal rows — 3.
Vertebral band: (a) low contrast (both the band and the sides light) — 1; medium contrast — 2; high contrast — 3; low contrast (both the band and the sides dark) — 4; (b) black
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spots in the rostral part of vertebral band from least prominent (1) to most prominent (6);
(c) black spots in the caudal part of the vertebral band from least to most prominent (scores
from 1 to 6); (d) number of light marks crossing the vertebral band varying from 0 (min) to
7 (max). Brightness of each transversal mark estimated on a 5-score scale (1 — least bright;
5 — brightest).
For each lizard, individual mean of the brightness scores of transversal markings was
calculated, and, similarly to all other coloration characteristics, the population mean was obtained. Population differentiation was estimated from coloration data by discriminant analysis using Statgraph package.
The original data on the Redbelly Rock Agamas L. erythrogaster were obtained in Badkhyz
on 24–29.04.1990 and in the eastern Kopet Dag on 15.04–18.05.1993 and 23.04–16.05.1994.
Between March 22 and May 20 of 1996 we performed ﬁeld studies on the biology of two
forms of the S. stellio complex in two localities in Israel (central Negev and the border with
Lebanon). Some data on Turkestan agamas were collected in eastern Tajikistan in April 1988
and on Himalayan agamas, in the Alay valley (Daroot-Kargon site in western Kyrgyzstan)
on 19–20.06.2002.
In addition to the above-mentioned materials on the Caucasian Rock Agama, series of
specimens of the following species of rock agamas were also studied in the collections of
ZMMU and ZIN RAS: Laudakia nupta, L. melanura, P. microlepis, P. stoliczkana, P. himalayana and P. bochriensis
In conclusion, we would like to discuss a subject important for the whole scientiﬁc community, that of scientiﬁc ethics. The issue arose when we read a paper aiming at summarizing
all the research on rock agamas done before 2012 (Baig et al. 2012).
We were surprised not to ﬁnd in it any reference to our book published in Russian in
2005 (302 pp., 69 tables, 44 ﬁgures, 32 color plates). When we asked Philipp Wagner, the
second author of this paper7, how our book could have been overlooked, he answered that
he, not knowing Russian, could not deal with the Russian literature, which was selected by
N.B. Ananjeva, the third author. As it turns out, she also overlooked, absent-mindedly or
intentionally, an important paper of ours published in English. We sent a copy to Wagner and
received the following reply ‘Dear Evgeniy, I now has gone through your paper about the
stellio’s in Israel. Very interesting and I have really overlooked your paper. I am a bit irritated
as it is published in the Russian Journal and Natasha (Ananjeva — E.P., L.Z) is an editor. So
she must have been aware of this. Sorry that I have overlooked it’.
We found a similar omission in another paper published by Ananjeva in collaboration with
four Iranian herpetologists and a herpetologist from Pakistan (Hosseinian Yousefkhani et al.,
2013). Three our papers published in Russian and bearing directly on the topic of that work
(geographical distribution of the Caucasian Rock Agama) were also withheld by Ananjeva
from her colleagues.
These two episodes are unlikely to be unrelated. This kind of suppression of information
tarnishes the reputation of the Russian herpetology.

7

The ﬁrst author, the Pakistani herpetologist Khalid Baig, died in a road accident in 2006.
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Introduction
Eurasian rock agamas belong to the subfamily Agaminae (family Agamidae) common in the subtropics and the tropics of the Old World. The subfamily comprises 44 genera and some 310 species. Twenty-three genera are conﬁned to mainland Asia (two of them also occur in Europe and
three in Malaysia). The range of seven genera is restricted to the islands of south and south-east
Asia and the adjacent mainland areas (Sri Lanka, Philippines, Malaysia). Two genera occur both
in Asia and in Africa and two more occur only in Africa. Eight genera are found in Australia, with
two of them are also found in New Guinea. Therefore, one may assume that agamines originated
and further evolved in Asia, where 35 extant genera (nearly 80%) of this subfamily occur.
More than a half of these genera are ‘small’. Sixteen genera are monotypic, and 15 comprise
from two to seven species. Large genera are few. Only ﬁve genera number more than 20 species
each (37 species at most), while eight genera (18%) number 13–16 species. The genus Laudkia
s. l., to which Eurasian rock agamas are currently thought to belong, is probably one of the latter.
Views on the position of agamines in the subfamily Agamidae have often been revised in
the recent decades. Initially, all lizards of open Asian habitats with a ﬂattened head and body
and a superﬁcial position of the tympanic membrane were considered as belonging to the
genus Agama with ca. 90 species. In a late 20th century revision (Moody, 1980), Agama was
split into ﬁve smaller genera, including the genus Stellio with 24 African and Asian species.
It was later shown that the name Stellio Laurenti, 1768 was invalid and thus could not be
used for the designation of a new genus. Stellio as described by Laurenti in 1768 included
several species of geckos, monitors and 3–4 species whose position still remains unclear.
In particular, the type specimen cannot be attributed to any lizard species on the basis of its
description, except possibly Lacerta saxatilis (Henle, 1995).
Later still the genus Stellio sensu Moody (1980) was shown by biochemical methods to
be heterogeneous. Firstly, it comprises a group of species, presumably of African origin,
occurring in north-east Africa and the adjacent areas of the Arabian Peninsula; secondly, a
Palaearctic clade originating from Eurasia (Joger and Arano, 1987; Joger, 1991).
The species of the former group are currently united into the genus Acanthocercus Fitzinger,
1843. It was described based on the type specimen of Stellio cyanogaster. Acanthocercus is supposedly a sister taxon of the monotypic genus Pseudotrapelus; taken together, these two genera
are closest to the genus Trapelus, where the Steppe Agama T. sanguinolentus belongs (Joger,
1991). Representatives of these three genera are characterized by the blue chin coloration of the
breeding males (see, e.g., Catalogue of the lizards..., 1885 for information about the coloration of
atricollis and cyanogaster species now considered within the genus Acanthocercus).
The Palaearctic group, which is the focus of our study, was assigned the generic name
Laudakia Gray, 1845 (Leviton et al., 1992; Frost, 1992; see also Ananjeva, 1992). However, this taxonomic decision might not have been ideal8.
8
This name was initially used for the Kashmir Rock Agama, previously known as Agama tuberculata. However,
this species differs from the few caryologically studied Laudakia species in the number of chromosomes and its
hemipenis is morphologically different from that of the other Laudakia species (Böhme, 1988).
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As shown on the basis of the comparative analysis of the mitochondrial DNA (Macey et
al., 2000), the genus Laudakia might be paraphyletic. The group of six species including the
Caucasian Rock Agama Laudakia caucasia and another group, which includes the Hardun
Laudakia stellio and several Phrynocephalus species, appear to be sister groups (Fig. 1),
with yet another group, consisting of three species involved in the present analysis (L. nupta,
L. tuberculata and L. sacra), occupying the basal position.

FIG. 1.0. Phylogeny of rock agamas and related taxa based on comparative mtDNA analysis
(after Macey et al., 2000).
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However, in another study involving not only the mitochondrial DNA but also the nuclear gene RAG-1 rock agamas emerged as a monophyletic clade (Melville et al., 2009)9.
However, this study delimited the same three clusters as Macey et al. (2000) (Fig. 2). These
results seems plausible because species as different in respect of signal behavior10 as toad
agamas and the Hardun are unlikely to be closely related.

Taxonomic structure of the genus Laudakia senso. lato
So, two studies separated by a time gap of 11 years arrived at basically the same result. It
was now the turn of museum taxonomists to name each of the three phyla within the genus
Laudakia senso lato. The way in which this was done is a good example of an uncontrollable
multiplication of synonyms and a snowballing terminological chaos.
Two revisions of the genus Laudakia were published in 2012 almost simultaneously, with an
interval of 19 days (Hoser, 2012; Baig et al., 2012). Their results are shown in Table 1.
In general, the schemes of the genus’ division are similar in these two revisions. However, the analysis of the differences between them is enlightening. Strictly speaking, priority
should be given to the study by Hoser (2012), which was published almost three weeks before the other one. For the new monophyletic genus including L. stellio Hoser chose the name
Plocederma Blyth, 1854. Seventeen years previously this name had been applied to a cluster
of seven species including L. stellio (Henle, 1995)11. Baig and co-authors treated the matter
differently, coining the name Stellagama gen. n.
The composition of the second genus, which retains the name Laudakia in both revisions,
is quite different in them. Leaving aside the novelties in the subspecies classiﬁcation of some
species in the study by Baig et al. (2012), we would like to indicate that the number of names
in their list is more numerous. Hoser placed two of them, Laudakia papenfussi Zhao, 1998
and Laudakia wui Zhao, 1998, into another genus with a new name and designated a new
genus for Laudakia sacra (Smith, 1935)12.
To sum up, Baig and colleagues split the former genus Laudakia into three genera, while
Hoser split it into four. Hoser also erected a new subgenus for L. lehmanni (the Turkestan
Rock Agama), while Baig with colleagues consider it as an ordinary member of the third
group of species in the newly designated genus Paralaudakia.
It is difﬁcult to give preference to any of these two schemes. At ﬁrst glance, the viewpoint of
Baig and colleagues may seem more sound. Their study, contrary to that by Hoser, contains extensive descriptions of morphological characters of each species. At closer inspection, however, this
advantage turns out to be illusory. These descriptions are little more than raw materials. They are
9

The same opinion is adhered by Solovyeva et al. (2014). To note, the name Plocederma is seldom used by authors outside the ﬁeld of rock agamas classiﬁcation. For instance, the paper by Herrel et al. (1998) deals with the
feeding behavior of the species referred to as Plocederma stellio.
10
Rock agamas are characterized by the prevalence of push-ups, while in toad agamas these moyions are rudimentary
and signalling is mostly done by wagging the tail and curling its tip (see, e.g., video #57 and Panov et al., 2004).
11

The other six species (caucasia, erythrogaster, himalayana, lehmanni and nupta) are distributed between the
other two genera.

12

Reasons of such controversies... will be discussed below.
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not even formalized graphically (for instance, a tree-like structures) and thus cannot be compared
by the readers. The authors’ conclusions, as well as those by Hoser, are to be taken for granted.
We have to admit that it is impossible to say which of the two revisions is closer to the truth.
The reason behind this is partly that both of them are based on several dozens of characters, mostly
concerning pholidosis, which offer almost unlimited combinatory possibilities. The procedure of
making a diagnosis thus becomes alarmingly similar to playing patience. While a researcher classifying birds can rely, in addition to external morphological characters of species, also on their behavioral features13, a herpetologist has almost none such material at his disposal (see Author’s Preface).
The study by Hoser was published earlier than that by Baig and has a priority in this respect. However, it is unlikely to be accepted by the scientiﬁc community because of a purely
secondary matter. A ﬂagrant deﬁciency of Hoser’s classiﬁcation, in form, though not in content, are the names of taxa coined by this author — so cumbersome that it is difﬁcult to spell
them, not say about to pronounce14.
It is for this reason that we will be mostly using the scheme offered by Baig et al. (2012).
Though we are not at all sure that in case of disagreements these authors are right and Hoser
is wrong, the ﬁrst scheme has the advantage of being more concise.

Usual sources of disagreements in classiﬁcations of rock agamas
The fact that two contemporaneous studies arrived at considerably different results prompts
extreme caution as regards the conclusions based on the analysis of morphological characters
only and on the use of, mostly, alcohol-preserved museum specimens. The mistakes arising
from such an approach may be due to a number of factors, both objective and subjective.
Intraspeciﬁc geographical variability. The difﬁculties in setting species limits are mainly explained by pronounced intraspeciﬁc geographic variation which concerns nearly all
characteristics of external morphology that are used as diagnostic ones. As a result, even
slightly geographically isolated local populations may be noticeably differentiated morphologically. This is equally typical of widely distributed species (such as the Hardun
S. stellio and Caucasian Rock Agama P. caucasia) and of those with narrow ranges. For
instance, in the Pakistan Rock Agama L. pakistanica, whose range is believed to comprise
the area of the upper and the middle Indus basin, four groups of populations are identiﬁed
along the 400 km section of the valley, with three of them considered as well-deﬁned subspecies (Baig and Böhme, 1996).
For instance, in one of recent papers on agama’s taxonomy one may read: ‘Nothing is known
about the vertical distribution pattern between L. tuberculata and L. dayana in Kashmir. Future
studies proving allopatric distributions of these two species may identify them as two distinct
populations of the same species only, but at the moment both are recognized as full species because of distinct morphological characters.’ (Baig et al., 2012: 243; italics added).
13

An instance of successful use of ethological characters for solving taxonomic ambiguities is given in section 12.3.

14
The name Adelinkimberleyea has been given by Hoser in honour of his daughter (a herpetologist), Adelyn
Kimberley Hoser; the name Jackyindigoea, in honour of his other daughter, Jacky Indigo Hoser, who is also a
herpetologist.
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Table 1.
Two views on the taxonomic structure of Laudakia senso lato
Hoser, 2012 30 June 2012
Plocederma Blyth, 1854

Baig et al., 2012 18 July 2012
Stellagama gen. n.

Plocederma stellio (Linnaeus, 1758)

Stellagama stellio (Linnaeus, 1758)

Type species: Lacerta stellio Linnaeus, 1758
Laudakia Gray, 1845

Type species: Lacerta stellio (Linnaeus, 1758)
Laudakia Gray, 1845

Laudakia agrorensis (Stolicza, 18720
Laudakia dayana (Stolicza, 1871)
Laudakia fusca (Blanford, 1876)
Laudakia melanura (Blyth, 1854)
Laudakia nupta (De Filippi, 1843)
Laudakia nuristanica (Anderson & Leviton, 1969).
Laudakia pakistanica (Baig, 1989)
Laudakia tuberculata (Gray, 1827)

Laudakia agrorensis (Stoliczka, 1872)
Laudakia dayana (Stoliczka, 1871)
Laudakia melanura melanura Blyth, 1854
Laudakia melanura nasiri Baig, 1999
Laudakia nupta fusca (Blanford, 1876)
Laudakia nupta nupta (De Flippi, 1843)
Laudakia nuristanica (Anderson & Leviton, 1969)
Laudakia pakistanica auffenbergi Baig & Böhme,
1996
Laudakia pakistanica khani Baig & Böhme, 1996
Laudakia pakistanica pakistanica (Baig, 1989)
Laudakia papenfussi Zhao, 1998
Laudakia sacra (Smith, 1935)
Laudakia tuberculata (Hardwicke & Gray, 1827)
Laudakia wui Zhao, 1998

Type species: Agama tuberculata Gray, 1827.

Adelynkimberleyea gen. n.

Type species: Agama tuberculata Hardwicke & Gray,
1827
Paralaudakia gen. n.

Adelynkimberleyea caucasia (Eichwald, 1831) (Type
species).
Adelynkimberleyea badakhshana (Anderson and
Leviton, 1969)
Adelynkimberleyea bochariensis (Nikolsky, 1897)
Adelynkimberleyea erythrogastra (Nikolsky, 1896)
Adelynkimberleyea himalayana (Steindachner, 1867)
Adelynkimberleyea lehmanni (Nikolsky, 1896)
Adelynkimberleyea microlepis (Blanford, 1874)
Adelynkimberleyea mucronata (Guibe 1957)1
Adelynkimberleyea papenfussi Zhao, 1998
Adelynkimberleyea stoliczkana (Blanford, 1875).
Adelynkimberleyea wui Zhao, 1998.

Paralaudakia caucasia (Eichwald, 1831)
1814
Paralaudakia (himalayana) badakshana (Anderson &
Leviton, 1969)
Paralaudakia (himalayana) bochariensis (Nikolsky,
1897)
Paralaudakia (himalayana) himalayana
(Steindachner, 1867)
Paralaudakia erythrogaster (Nikolsky, 1896)
Paralaudakia lehmanni (Nikolsky, 1896)
Paralaudakia microlepis (Blanford, 1874)
Paralaudakia stoliczkana altaica (Munkhbayar &
Shagdarsuren, 1970)
Type species: Adelynkimberleyea caucasia (Eichwald, Paralaudakia stoliczkana stoliczkana (Blanford,
1875)
1831)
Type species: Stellio caucasius Eichwald, 1831
Agamatajikistanensis subgen.n.
Agamatajikistanensis lehmanni (Nikolsky, 1896).

–

Type species: Stellio lehmanni (Nikolsky, 1896)
Jackyidigoea gen. n.
Jackyindigoea sacra Smith, 1935
Type species: Agama himalayana sacra (Smith, 1935)
1

Synonym of A. erythrogaster placed erroneously in the list.

–
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The dubious species L. dayana has given these authors a lot of trouble. Elsewhere they
write: ‘Baig (1992) studied several specimens from different localities, including type material of L.tuberculata, L. sacra, B. sykesii15 and L. dayana, and found several dissimilarities
among specimens from western mountain ranges. However, on the eastern side of their distribution, up to Sikkim, all material is more or less similar to L. tuberculata. The types of
B. sykesii are dissimilar. BMNH 1946. 8.28.16 from Ladakh belongs to L. dayana, whereas
BMNH 1946.8.28.60 (without locality) was identiﬁed as L. tuberculata. The types of L. dayana and few more specimens from the same locality are clearly distinct from L. tuberculata.
Therefore, as recognized by Baig (1992), L. dayana should be recognized on species level,
while B. sykesii can partly be identiﬁed as L. tuberculata and L. dayana.’ (Baig et al., 2012:
242; italics added).
Species descriptions based on a single specimen. The above-mentioned L. dayana was described on the basis of two specimens, one of which later turned out to belong to a species
which had been known earlier for 45 years.
The picture is typical. New species (L. tuberculata) of these lizards are often described
on the basis of a single specimen or a few specimens that remain solitary in museum collections for years to come. Sometimes the descriptions are based on juveniles and subadults,
whose characters cannot be used for conclusions about the size and the deﬁnitive pholidosis
of adults (e.g. in Tuniev et al., 1991). When analysing wet specimens kept in alcohol for a
long time, it is impossible to describe adequately even the standard, ‘everyday’ coloration, let
alone the breeding coloration of males, which in the ﬁeld may provide a wealth of information about unique characters of particular taxa (Panov and Zykova, 1997).
All this suggests that descriptions made on the basis of single specimens are likely to result in
gratuitous enlargement of species lists. These single specimens may well turn out to be aberrant
individuals of hybrid origin. We think that just such a mistake was made by Nikolsky (1897,
1915), who described a new subspecies of the Redbelly Agama Stellio erythrogaster pallida
based on an apparent hybrid L. caucasia x L. erythrogaster (see Zykova and Panov, 1990).
The list of erroneous descriptions of ‘new’ species can be continued. It includes species
names originally present in lists of Laudakia species but later synonymized or abolished.
Agamas initially described from Pakistan under the name of Stellio liratus were subsequently
considered as a subspecies of the Black Rock Agama L. melanura lirata (Anderson, 1999)
and presently are referred to as L. m. melanura (Baig et al., 2012). It is also unclear why the
so-called Stellio kirmanensis, described by Nikolsky (1897) from collections of Zarudny
from eastern Iran, was removed from the list. This name is not mentioned in the latest review
of lizards of Iran, even as a synonym (Anderson, 1999). Finally, the Tarim Rock Agama
(Zugmayer, 1909) was synonymised with L. stoliczkanus (Peters, 1971).
To the same category of dubious species as L. dayana the two new species lkikely belong.
These are Laudakia papenfussi и L. wui, simultaneously described by the same author (Zhao,
1998a, b) from two mutually distant sites in Tibet. The latest review refers to the former in
the following way: ‘The description of the species is based on the holotype, the only available voucher of the taxon’ and ‘Distribution: Only known from the type locality (Mayang
15

Barycephalus sykesii Günther, 1860. Proc. zool. Soc. London, 1860: 150; pl. 25, ﬁg. A.
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River Valley between Mayang Village and Diya Village, Zanda County, Xizang Autonomous
Region, China at 3300 m a.s.l.)’ (Baig et al., 2012: 250).
L. wui is given a similarly short commentary: ‘The description of the species is based on
the type material16, the only available vouchers of this taxon. Distribution: Only known from
the type locality (Yi’ong, Bomi County, Xizang Autonomous Region, China, at an elevation
of 2350 m a.s.l.)’ (Baig et al., 2012: 254; italics added).
Erroneous description of ‘new’ species based on specimens of a hybrid origin. Accidental hybrids
occurring in the areas where two or several species of rock agamas coexist is an additional challenge
for the inventory of Laudakia species. One such instance has already been mentioned above.
It has been shown that sporadic natural hybridisation may occur even in the case of well
differentiated species of rock agamas, such as the Caucasian RockAgama P. caucasia and the
Redbelly Agama P. erythrogaster (Zykova and Panov, 1990, 1993; Panov and Zykova, 1996).
Entire populations with novel combinations of morphological characters may emerge in
the hybrid zones, with some of the characters being not typical of any of the parental species. In the rare instances when such a hybrid population is described well enough, it can be
given a formal taxonomic status. In our opinion, this is the case of the ‘Madau population of
the Caucasian Rock Agama considered as such by the authors who studied it (Ananjeva and
Ataev, 1984) but then elevated to the rank of a new subspecies L. caucasia triannulata (Baig
et al., 2012). To note, these agamas were subsequently renamed by Baig (1992), who thought
that this population was a subspecies of the Small-scaled Rock Agama L. microlepis triannulata but we cannot agree with this (see section 12.2 for details).
Undue haste in describing new forms. The so-called Bukhara Rock Agama Stellio bochariensis
described by Nikolsky (1897) was re-described by Ananjeva et al. (1981) as Agama chernovi.
Both these description was based on specimens originating from the same locality (the Hissar
Range and adjacent areas). Ananjeva and co-authors did not compare their material with the detailed descriptions of the Bukhara Rock Agama by Nikolsky (1899a) and Bedriaga (1907) and
failed to mention that this species had been described previously17. The Bukhara Rock Agama
and ‘Chernov’s Agama’ share a typical character, which suggest that they are conspeciﬁc. It is
the uninterrupted row of strongly spicular scales going along the midline of the ﬂanks (compare
Fig. 1.4 с and position 1 in Plate VI, 1,2). Bedriaga (1907:124) emphasized that the spicules of
these scales are elastic (‘soft and ﬂexible’ as he put it). This characteristic of pholidosis sets the
Bukhara Rock Agama apart from the congeners as well as from the Himalayan Rock Agama
(contra Chernov, 1959). Golubev (1998) thought that the name Agama chernovi was invalid
and indicated that Stellio bochariensis and ‘Chernov’s Agama’ share the same characters.
Description of new taxa as an end in itself. It is common knowledge that a description of a
new form enhances the professional prestige of a scientist. The new form may be named after
a colleague as a sign of respect, while the name of the scientists who described it will forever
16
17

The number of specimens is, unfortunately, not indicated.

In a later publication (Ananjeva and Tuniev, 1994: 51) a viewpoint is given without any supporting evidence that
the specimen described by Nikolsky was a hybrid between ‘Chernov’s Agama’ and the Himalayan Rock Agama.
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remain in taxonomic lists. It will survive as a synonym even if the description turns out to
be invalid. For instance, in the list of synonyms of Laudakia bochariensis we ﬁnd Agama
chernovi18 Ananjeva, Peters and Rzepakovsky 1981.
The history of description of a new subspecies of the Hardun, Stellagama stellio salehi
(Lachmann et al., 2006; see also Werner, 2007), deserves mention in this respect. The study
was ﬁrst published by two scientists from the Department of Evolution, Systematics and
Ecology of the Hebrew University of Jerusalem under the supervision of Y.L. Werner, the
leading Israeli herpetologist, who was the third author of the paper.
This procedure, hardly suitable from the viewpoint of taxonomic methodology, is justiﬁed
by the so-called ‘Seligmann effect’, ‘the biometrical difference between original (whole)tailed and regenerated (or broken)-tailed individuals» (Lachman et al., 2006: 1261). This
idea was reﬂected in the title of the paper, ‘Subspeciation befogged by the Seligmann effect,
which sounds strange to say the least19.
This artiﬁcial manipulation of the samplings was supposed to make them more homogeneous. However, even such a crude interference with the primary material hardly helped.
The key place in the diagnosis of the new subspecies is occupied by the following difference of
its pholidosis from that of the Rock-toed Agama S. stellio brachydactyla: ‘While in L. s. brachydactyla the left and right transverse rows of juxtaposed enlarged scales are bridged medially
by the broad continuous vertebral band of fairly similar enlarged scales, in L. s. salehi the left
and right transverse rows of enlarged scales tend to be separated at the vertebral line by small
scales, especially in males’ (Lachman et al., 2006: 1272; italics added – E.P., L.Z).
In the authors’ opinion, this conclusion is supported by Fig. 5. We reproduce it here
with some important changes. In the original illustration the compared areas of the dorsal
pholidosis are given at a different scale, which at ﬁrst sight make them look quite distinct
(Fig. 1, positions А and B). However, this dissimilarity is much less pronounced when the
images are reduced to the same scale (A’, B’).
Even more importantly, it can be easily seen in the two photographs (positions C and
D) that the character presumably determining the pholidosis of the new subspecies (small
scales at the vertebral line) is present in two randomly selected L. stellio brachydactyla
individuals from the Negev Desert from a site lying 300 km to the north from the study site
in Lachman et al., 2006). Incidentally, these small scales are also seen in position B though
the authors seem to have chosen such an area of the Rock-toed Agama’s back where they
are more scarce.
This is a good example of undue haste resulting in an intensiﬁcation of information noise
in taxonomy of rock agamas. Six years after that study the ‘new subspecies’ Stellagama stellio salehi (Werner20, 2006) featured in a review of rock agamas taxonomy (Baig et al., 2012)
without any comments that might make the reader question the validity of this form.
18

The species is named after Sergei A. Chernov, a Soviet herpetologist (1903–1964).

19

This is an instance of an eclectic mixture of two essentially different approaches to the biological material. We
mean an unreasonable infusion of the causality factor as well as of the doubtful hypotheses of the ecological and
ethological characters into purely formal procedure of the statistic estimation of difference between two samples.

20

This is the 16th new taxon of amphibians and reptiles described by this author in the 15-years period from 1991
to 2006. One of these new names has been reduced to a synonym.
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FIG. 1.01. A, B — pholidosis of the vertebral band in two individuals of S. steillio as shown on Fig.
5 in Lachmann et al., 2006. A’, B’ — the same images presented in the comparable scales (lines below pictures). C, D — dorsal pholidosis in two randomly selected S. stellio brachydactyla individuals from the Negev Desert (small scales of the vertebral band are accentuated by dots).
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Modern state of the rock agamas systematics
The very procedure of delimiting subspecies, often subjective in principle in zoological systematics in general, is further aggravated in the case of rock agamas by a number of circumstances. Among them there are the use of multiple highly variable pholidosis characters for
comparative analysis, fragmentary nature of the data on geographical variability of these and
other morphological characters, lack of information on the coloration of live lizards and virtually absent data on behavior, hampering identiﬁcation of clusters of genealogically related
species within the genus Laudakia.
The same difﬁculties apply when one has to decide whether a given form is an independent species or a subspecies of a polytypic species. As a result, various authors attribute
the same form to different species. For instance, the Sacred Rock Agama was initially described as a subspecies of the Himalayan Rock Agama Agama (Laudakia) himalayana sacra (Smith, 1935). Fifty-ﬁve years later it was ascribed the species status. The newly erected
species is rather remote from the Himalayan Rock Agama, being closer to another cluster
of species (Ananjeva et al., 1990). Rock agamas from the Mongolian Altay were initially
described as a geographic race of Agama (Laudakia) himalayana by two authors but later
transferred by one of the original authors into another species, the Mongolian Rock Agama
L. stoliczkana (Monkhbayar and Shakhdarsuren, 1970; Monkhbayar, 1971; Peters, 1971).
Identiﬁcation of clusters of genealogically related species within the genus Laudakia senso
lato is equally problematic. As remarked by Ananjeva et al. (1990), congeners often share
to some degree most external morphological characters, which suggests their plesiomorphic
nature. These authors claim that no shared characters can be safely assumed to be synapomorphic. It is therefore impossible to suggest any plausible scenarios of the divergence and
the phylogenetic history of this group.
Recent comparative molecular research, including the above mentioned studies by Macey
et al., 2000 and Melville et al., 2009, clariﬁed the situation considerably but even so there
is still room for disagreement. While the former authors consider Laudakia senso lato as a
paraphyletic taxon, the latter insist that it is monophyletic.
However, it is often difﬁcult to give preference to a traditional morphological or, alternatively, molecular genetic approach. Recently Reeder and Wiens (1996) tried to solve the
conundrum by comparing the results for the same group of lizards based on (a) 155 morphological and behavioral characteristics, (b) 162 parameters of mtDNA structure and (c) the
combination of both approaches. The authors conclude that the phylogenetic tree based on
the combined approach (c) is closer to the results of the molecular analysis (b) than to those
of the morphological and behavioral one.
Quite unexpected results were obtained with the use of serological data (Joger, 1991).
The distances between L. bochariensis (referred to as L. chernovi), on the one hand, and
L. caucasia, L. lehmanni, L. himalayana and L. stellio, on the other hand, formed the following sequence: 1.6–4.0 – 6.9–15.2. It means that L. bochariensis and L. himalayana, whose
position within one group of species seemed certain, are more distant (according to this
analysis) than L. bochariensis and L. lehmanni21, which are not morphological close.
21

In the paper by Joger all species were regarded as belonging to the genus Laudakia.
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The recent taxonomic revision of rock agamas stimulated by the results of earlier comparative genetic studies and based on morphological data (Baig et al., 2012) provides a solid
foundation for further improvement of our understanding of divergence and phylogeny of
these lizards. However, this scheme is not a panacea, as indicated also by its disagreements
with the another one offered almost simultaneously by Hoser (2012) (Table 1).
To sum up, the revision by Baig et al. (2012) is a good starting point but can hardly be
considered as deﬁnitive. Noteworthy, three species of Asian rock agamas, whose reality, it
might seem, is not to be doubted (L. nuristanica, L. pakistanica and P. badakhshana)22 were
not scientiﬁcally described until the second half of the 20th century (1969–1989), while two
dubious forms (L. papenfussi and L. wui) appeared in the species list as late as 17 years ago
(in 1998). The number of species may increase also as a result of splitting some taxa currently
considered as polytypic species but very poorly studied at present.

22

Supposedly forming the ‘supraspecies’ (Baig et al., 2012)

Chapter 1.
General information
on Eurasian rock agamas
The genus Laudakia sensu lato comprises 19 or 20 species (according to Baig et al., 2012 and
Hoser, 2012, respectively). However, we will not mention L. dayana, L. papenfussi and L. wui so
as not to replicate potentially erroneous information. Our review is based on the materials on the
16 relatively well studied forms of the species status as understood by Hoser (2012) (Table 1.1).
Rock agamas are a young group in the evolutionary respect. Agamids appeared in Africa
and Eurasia ca. 190 Myr ago (Evans et al., 2002). Laudakia sensu lato began to diverge as
late as 24 Myr ago, with the age of the youngest sister species being estimated at ca. 18 Myr
(Fig. 1.1).

FIG. 1.1. Revision of the genus Laudakia s.l., based on comparative mtDNA. Node ages are shown
in Mya. After Melville et al., 2009 modiﬁed by Baig et al., 2012.

The distribution area of the genus Laudakia sensu lato embraces the central part of the AlpineHimalayan belt. This is a blanketed folded terrain formed during the Caenozoic. In the west the
distribution area of these lizards coincides with the mountain systems passing along the Adriatic
Sea across the Dinaric Alps and Hellenic mountains and the Crete crossing the Aegean Sea. Further to the east these mountain ranges continue into the Taurus in the south of Anatolia and the
Zagros mountains in the south-west of Iran. Two other branches of the mountain ranges are represented by the Greater Caucasus and the Pontic mountains of the north Anatolia transiting into the
Lesser Caucasus and Alborz Mountains in the north of Iran. Still further to the east the latter join
the Kopet Dag to form the Turkmenistan-Khorasan Mountain Range. The easternmost part of the
distribution area of rock agamas is conﬁned to the mountain systems of Altay in the north and the
Baluchistan chains of Pakistan and the Himalayas (Fig. 1.2, 12.12).
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FIG. 1.2. Range of rock agamas Laudakia s. l. After Rastegar-Pouyani and Nilson, 2002.
Table 1.1.
List of taxa of the species level within the genus Laudakia sensu lato
Genus

Scientiﬁc names

Stellagama

S. stellio (Linnaeus,
1758)

Laudakia1

L. agrorensis
(Stoliczka, 1872)
L. fusca (Blanford,
1876)2
L. melanura (Blyth,
1854)

Common names
Hardun, Hardim, Star
Lizard, Starred Agama,
Sling-tailed Agama,
Roughtail Rock Agama
Agror Agama

Number of
subspecies
5–6

Range
Eastern spurs of Balkhans,
islands of Aegean Sea,
Cyprus, Asia Minor, Near
East, northeastern Africa
Southern Hindu Kush,
western Himalayas
Hindu Kush

Yellow-headed Agama

–

Black Agama

2

L. nupta (De Filippi,
1843)

Large-scaled Rock
Agama

2

L. nuristanica
(Anderson et Leviton,
1969)
L. pakistanica (Baig,
1989)
L. sacra (Smith, 1935)
L. tuberculata
(Hardwicke et Gray,
1827)

Leviton’s Rock Agama

–

Southeastern and eastern
parts of the Iranian
Plateau
The Zagros Mountains,
southern parts of the
Iranian Plateau
Hindu Kush

Pakistan Rock Agama

2

Western Himalayas

Sacred Rock Agama
Kashmir Rock Agama

–

Southeastern Tibet
Hindu Kush and The
Himalayas (eastern
Afghanistan, northwestern
Pakistan, Kashmir, parts
of Uttar Pradesh, India,
southwestern Nepal.
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Table 1.1.
Paralaudakia

P. caucasia (Eichwald, Caucasian
Rock Agama
1831)

1 (2?)

Caucasus and South
Caucasus, Alborz, Kopet
Dag, Iranian Plateau
(mainly its northern parts)

P. erythrogaster
(Nikolsky, 1896)

Redbelly Rock Agama

1 (2?)

Eastern Kopet Dag,
northwestern Hindu Kush

P. badakhshana
(Anderson et Leviton,
1969) 3

Badakhshan Rock
Agama

–

Hindu Kush

P. bochariensis
(Nikolsky, 1897) 3

Bukhara Rock Agama

–

Kugitangtau, Pamiro-Alay

P. himalayana
(Steindachner, 1869) 3

Himalayan Rock
Agama

–

Kugitangtau, PamiroAlay, southwestern
Tien Shan, Hindu Kush,
western Himalayas

P. lehmanni (Nikolsky,
1896)

Turkestan Rock Agama

–

Kugitangtau, PamiroAlay, western Tien Shan

P. microlepis
(Blanford, 1894)

Small-scaled Rock
Agama

–

Iranian Plateau (mainly its
southern parts)

P. stoliczkana
(Blanford, 1875)

Mongolian Rock
Agama

2

Eastern Tien Shan,
Mongolian Altay, GobiAltay

Underlined are the names of species with restricted ranges of the relict type.
1
Forms dayana, papenfussi и wui regarded by us as doubtful are not mentioned.
2
Cheatsazan et al. (2008) suggest: ‘Based on the co-occurrence of these subspecies in Kuh-e-Bang
and morphological clues for their reproductive isolation at this site, they are recognised as full species.
But Baig et al. (2012) consider it as subspecies of L. nupta. They wrote: ‘Morphological differences
are clearly not distinct enough to recognize them as full species like Cheatsazan et al. (2008) did, but
the small differences recognized by Rastegar-Pouyani and Nilson (2002) could indicate an initiating
speciation’.
3
These three forms are treated by Baig et al., 2012 as belonging to the superspecies P. himalayana.

A relatively young evolutionary age of rock agamas is also indicated by the fact that the
distribution of most species is allopatric (Fig. 1.3) and the species themselves are usually
monotypic.
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FIG. 1.3. Tentative scheme of the rock agamas genera Stellagama, Paralaudakia and Laudakia s. str.
distribution. Original.
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1.1. Morphological features
1.1.1. General characteristic
Eurasian rock agamas are medium-sized lizards. The body mass of the mature males varies in
different species between 60–140 g and that of females, between 30–130 g. Smaller species are
few. General appearance and body proportions are rather uniform across all species (Fig. 1.4).
Rock agamas have ﬂat bodies and a triangular head, making up ca. 35% of the body length.
Legs are not long, forelegs make up some 50% of body length, while hind legs are longer:
66–76% in the males of different species and 64–70% in the females (Ananjeva et al., 1990).
The usual locomotion type is running and the main allure is fast trot. Rock agamas may run
very fast. The maximum speed of the Hardun, for instance, makes up 2.3–2.7 m/s, positively
correlating with the body mass and body temperature (Hertz et al., 1983; Van Damme and
Vanhooydonck, 2001).
Eurasian rock agamas are medium-sized lizards. Smaller species are few. General appearance and body proportions are rather uniform across all species (Fig. 1.4). The body mass of
the mature males varies in different species between 60–140 g and that of females, between
30–130 g. Rock agamas have ﬂat bodies and a triangular head, making up ca. 35% of the
body length. Legs are not long, forelegs make up some 50% of body length, while hind legs
are longer (66–76% in the males of different species and 64–70% body length in the females;
(Ananjeva et al., 1990). Leg thickness and toe length also vary between species.
Toes are comparatively long, with strong claws. In hind legs the fourth toe is much longer
than the others. Tail is somewhat ﬂattened at its base, towards the tip it has a round proﬁle.
In most species the tail is much longer than the body and the head taken together (1.3–2.5
times longer in different species). It is relatively short (<110% of the body with the head)
only in a few species. These proportions vary with age and sex and show geographic variation across all the species for which sufﬁcient morphological data are available (Table 1.2).
The cranium of rock agamas is ﬂat and the surface of frontal and parietal bones is nearly
smooth. Eurasian rock agamas differ from the closely related Trapelus and Phrynocephalus agamas by the details of maxillae and dental bones (Ananjeva, 1992). The nostrils, cut on the side
surface of the inﬂated naricorn, are invisible from above. Their openings may be round (S. stellio
subsp., L. nuristanica, L. melanura, L. agrorensis, L. tuberculata) or oval (L. sacra, P. himalayana, P. bochariensis), being elongated along the cranial-caudal axis (Ananjeva et al., 1990).
Some species have a parietal foramen in the occipital scutum. The eyes are covered with movable lids and the iris is round. The eye sockets are depressed and covered from above by a lateral
projection of the supraorbital tuber, so that the eyes are almost invisible from the above. The tympanum is located more or less superﬁcially. Behind tympanum on the sides skin's fold is of neck
a well-deﬁned. Its bulge is covered by large cone-shaped scales, with the spikes on them being
developed in varying degrees in different species. The skin of the lower part of the head forms the
so-called gular fold (Plate IX). When an animal is agitated, the skin of the ‘chin’ is lowered down
by a hyoid apparatus forming a small bulge the size of which varies in different species. At least in
one form [S. stellio brachydactyla] this bulge is shaped similarly to the typical gular sac of some
Trapelus species (in particular, the Steppe Agama T. sanguinolentus).
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FIG. 1.4. Variants of external morphology in some representatives of the genus Paralaudakia. a —
Himalayan Rock Agama P. himalayana, а1 — its head; b — Turkestan Rock Agama P. lehmanni;
c — Bukhara Agama P. bochariensis, c1 — its head; d — head of the Mongolian Rock Agama
L. stoliczkana. After Bedryaga, 1907.
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shortly after
hatching

–

2–7

–

3,3

1.9–3.6
(2.4)

–

–

35–65
(49)

46–66

63–70

–

57

–

Egg weight SVL (mm),
(g) shortly
after ﬁrst
after hatching
Molt

Table 1.2.

–

3–10

8,5

–

–

–

140

150

108

154

138

120

88

128

60

143

70

–

138

140

96

148

135

112

84

118

30

129

58

–

Weight (g) SVL max. Weight SVL max. Weight
juv after
(mm),
max. (g),
(mm),
max. (g),
ﬁrst winter males ad. males ad. females
females
ad.
ad.

Size of eggs and indivudials of different ages in some Laudakia s. l. species.
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FIG. 1.5. Scull (from above) and lower jaw of
the Caucasian Rock Agama P. саucasia. After
Orlova, 1981.

FIG. 1.6. Bifurcation of the tail distal
portion during its regeneration in Caucasian
Rock Agama. Bottom — radiograph of this
individual. After Ananjeva and Danov, 1991.
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The dental system is usually well differentiated. Usually two or three teeth are located
on premaxilla, while 12–15 (rarely up to 18)
triangular acrodont teeth are positioned on
maxilla and the dental bone. Each side of
both the maxilla and the mandible bears an
‘incisor’, a ‘fang’ and 12–15 broader ‘molars’, named by analogy with the heterodont
teeth of mammals (Ananjeva, 1992; Fig. 1.5).
Rock agamas chew hard food items by moving their jaws. A large agama can bite quite
hard. A lizard imprudently offered a ﬁnger,
holds on to it with an iron grip. The only way
to get rid of it is to stand completely still
for several minutes. The tongue is thick and
ﬂeshy, not bifurcated.
Skin receptors are goblet-shaped and submerged. The signal is perceived by a thin papilla (‘hair’) which goes from the body of the
skin receptor and protrudes through a microscopic opening in the scale. In all species studied the number of receptors per scale is usually greater on the dorsal side (up to 2–4 vs.
solitary receptors on ventral scales). However,
due to the larger number of small scales on the
ventral side the total number of receptors there
is1.2–1.9-fold greater than on the dorsal side
(Ananjeva et al., 2000). In P. caucasia and P.
lehmanii the highest density of skin receptors is
recorded on the jaws, up to 6–9 on each scale.
In P. erythrogaster the papillae of these receptors form structures similar to mammals’ eyelashes around the eyes (Ananjeva et al., 2000).
Skin receptors are very similar in the Himalayan Agama and the Bukhara Rock Agama, differing from those in all the other Eurasian rock
agamas studied (Ananjeva, 1992; Ananjeva et
al., 2000).
Old receptors are lost during each Molt, and
new ones develop. The function of skin receptors in rock agamas remains obscure. It is assumed that they are mechano- or thermoreceptors (Ananjeva, 1992; Ananjeva et al., 1991;
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Matveyeva and Ananjeva, 1995). However, they might also function as chemoreceptors
(Panov and Zykova, 1999).
A characteristic feature of rock agamas is their ability for tail autotomy (the break occur between the vertebrae) and regeneration of the lost tip, which may bifurcate (Fig. 1.6).
In some species (P. caucasia, P. stoliczkana, L. agrorensis, L. nupta L. tuberculata) up to
80% of individuals have autotomised tails. These species can regenerate their tails, but
this ability is most pronounced in some species of the ‘himalayana’ group (P. himalayana,
P. bochariensis), in which the regenerated portion may reach 90 mm. On the other hand,
in the Turkestan Rock Agamas P. lehmanni the regeneration ability is practically lacking
(Ananjeva, 1992).
The ﬂattened body, the spiky scales with caudally directed spikes and the ability for autotomy are considered as adaptations for using narrow cracks in rocky surfaces as shelters.
Indeed, a rock agama cannot be pulled from such a crack by the tail. In such situations these
reptiles invariably resort to autotomy, even though a quite signiﬁcant pulling force is often
necessary to break the caudal part of the spine.

1.1.2. Size and proportions
Rock agamas are typical K-strategists, which means, in particular, that they live for
a long time in the wild: deﬁnitely up to 7 years and up to 12–13 years according to some
data (Zykova and Panov, 1991). In Stellagama stellio SVL ranged between 90.05–133.14 mm
(mean: 109.58 ± 10.26) in males and 86.24–130.43 mm (mean: 105.83 ± 10.68) in females. The age ranged between 2–9 (mean: 5.34 ± 1.63) in females and 3–10 years
(mean: 5.72 ± 1.82) in males. No signiﬁcant difference in terms of age and SVL between
sexes was found in this species (Ergül et al., 2014).
Intersexual differences in body size were male-biased (SDI= – 0.03) but this relation was not
statistically signiﬁcant. A signiﬁcant difference between the lowland (below 800 m) and mountain
(above 800 m) populations was found in respect of SVL, with mountain individuals being larger
than the lowland. However, the age difference between lowland and mountain populations appears
to be not signiﬁcant. A signiﬁcant positive correlation was found between the age and SVL both in
males and females. Individuals reached maturity between 2 and 3 years (Ergül1 et al., 2014).
Rock agamas grow each year until their death. This explains the fact that the body size
varies broadly in each population. The length of the body with the head (SVL) of an adult
rock agama may exceed 300% of this value for a newly hatched individual from the same
population.
Actually, lizards younger than 1.5 years and those that have survived more than three
winters, can be considered as two different life forms. They have very different foraging and
spatial strategies, avoid predators differently and exhibit different social behavior. In different populations of the same species with the same starting body size of hatchlings, growth
rate may differ. Therefore, the body size of the lizards of maximum age in such populations
is also signiﬁcantly. It is these maximum size values rather than the means for samples of
males or females that should be considered as the characteristic features of a local population,
a geographic race or a species (Zykova and Panov, 1991).
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The varying growth rate, the ﬁxed maximum attainable size of adults and a similar size
of hatchlings are probably stable population-speciﬁc characteristics. In species with large and
small maximum size of adults egg size is very similar (Table 1.2). The same can be said of
lizards at early stages of post-hatching development. Unfortunately, the scarcity of the data on
early ontogenetic stages precludes statistical comparisons of the data summarised in Table 1.2.
The size of closely related species is sometimes comparable (P. himalayana – P. bochariensis – P. badakhshana). However, this is not always so (cf. data on P. himalayana and
P. stoliczkana). Therefore, the maximum size can hardly be used for verifying genealogical
relationships between species. There may be distinct differences in the general size even
when two forms exchange genes in the zone of parapatry, e.g. S. stellio braсhydactyla vs.
‘Near East rock agama’ S. stellio ssp. (Panov and Zykova, 1997). The degree of size variation
between species from the genera Laudakia, Paralaudakia and Stellagama can be assessed
using the data in Table 1.3. This table also gives the values of ratio ‘tail length / SVL’, which
may be used as a morphological character for taxonomic purposes.
Table 1.3.
Maximum size and proportion tail length/SVL in some rock agama species
Taxon
S. stellio brachydactyla
S. stellio subsp.
L. agrorensis
L. melanura

SVL max (mm)
Males
Females
148
141
120
112
92
90
142

Tail length: SVL
Males
Females
1.2
1.2
1.5
1.4
2.31
2.3–2.71

130
2.1 1.9

L. nupta nupta
L. nupta fusca
L. nuristanica
L. pakistanica
L. tuberculata
L. sacra
P. badakhshana
P. bochariensis
P. caucasia
‘triannulata’
P. erythrogaster
P. himalayana

P. lehmanni
P. microlepis
P. stoliczkana stoliczkana
P. stoliczkana altaica
1
2

151
162
131
150, 156
140
147
823
120
139–1744
159
150
853
108
–
143
133

148
140
932
124
138
130
803
95
135–1584
158
145
783
96
–
140
149
1441
1501

1.8–2.21
1.81
2.0
2.1–2.4
2.0
1.6
1.7
1.8–2.2
1.4
1.5
1.1
1.9–2.0
1.5
1.7–2.0
1.5
1.135

Both sexes pooled.
On examination of single specimens (eggs in oviducts).

1,9
2.1–2.3
1,9
1.5
1.7
1.3
1.5
1.0
1.6–1.7
1.4
1.4–1.6
1.4
–

1.61
1.4 –1.61

Sources
Panov and Zykova,1997
Panov and Zykova,1997
Boulenger, 1885
Anderson and Leviton, 1969
Minton, 1966
Anderson, 1999
Minton, 1966
Minton, 1966
Anderson and Leviton, 1969
Baig, Bohme, 1996
Waltner, 1991
Ananjeva et al., 1990
Anderson and Leviton, 1969
Ananjeva et al., 1981
Panov and Zykova,1995
Ananjeva and Ataev , 1984
Panov and Zykova,1996
Yakovleva, 1964
Ataev, 1985
Ananjeva et al., 1981
Ataev, 1985
Anderson, 1999
Ananjeva, 1997
Ananjeva, 1997
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Sex-related variation is apparent not only in the general size but also in the relative tail
length1. Males usually have longer tails than females; however, this may be true for some populations of a given species but not for the others (Panov and Zykova, 1995). The yearlings of the
Caucasian Rock Agama have longer tails than the adults (Panov and Zykova, 1995). The same
is true of the Kashmir Rock Agama L. tuberculata, in which the tail growth rate declines with
sexual maturity (in males to a lesser degree than in females). This difference is not statistically
signiﬁcant, however, so that the adult males and females have similar ‘tail : SVL’ ratio.
Interestingly, in this species tail grows faster at low altitudes as compared with high-altitude populations within the same region, so that the former have relatively longer tails.
Besides, toes are longer in low-altitude Kashmir Rock Agama populations, and in both low
and high-altitude populations the fourth hindleg toe is signiﬁcantly longer in males than in
females of the same age (Waltner, 1991).
The relative size and and shape of the head is also sex-biased: it is longer and higher in males.
Head : body ratio (expressed as percentage) in males and females varies in different populations of
S. stellio between 31–33 and 29–30, respectively; in P. caucasia, between 24–27 and 24–25; and in
four species of the so-called ‘himalayana’ group, between 26–28 and 25–26 (Daan, 1967; Ananjeva
et al., 1990; Panov and Zykova, 1995). In the Caucasian Rock Agama the relative growth rate of the
head decreases with age: in yearlings it makes up 27–30% body length (Panov and Zykova, 1995).
A faster growth of the head with increasing age in males as compared to females has
been reported in L. tuberculata (Waltner, 1991). Daan (1967) suggested that a similar pattern exists in S. stellio.
Species of rock agamas sometimes differ by the skull height, which is estimates as head
breadth : head height ratio. The difference is usually small (1.7–2.0 within the genus) and not
statistically signiﬁcant. P. erythrogaster, P. lehmanni and L. sacra are ‘high-headed’ species
(Ananjeva et al., 1990). However, this viewpoint needs to be clariﬁed. In one Caucasian rock
agama population the yearlings had signiﬁcantly higher heads than the adults. Adult males
tend to have higher values of this parameter than adult females.

1.1.3. Pholidosis
Scales signiﬁcantly differ in different parts of of the body. Their arrangement is in general
species-speciﬁc, even though most characters vary broadly within species. The most important species-speciﬁc character is the overall number of scales on the surface of an individual.
A proxy for this character is the number of elements on the line drawn around the middle part
of the body. The mean values vary between 87–92 in the Redbelly Rock Agama L. erythro1
A series of recent publications on sexual dimorphism in different species of rock agamas (Cheatsazan et al.,
2006, Cheatsazan et al., 2008, Heidari et al., 2010, Aghili et al., 2011) is beneath criticism. Sample sizes of males
and females are either too small (the minimum of 9–12 individuals) or, on the contrary, inﬂated by including the
individuals from younger age groups. The failure to reveal statistically signiﬁcant difference between the size
characters of males and females is apparently due to these drawbacks in two cases out of four.

3

Possibly on immature individuals.
For different populations (see Chapters 2 and 3).
5
On examination of a single specimen, tail may be broken (see Boulenger, 1885: 366).
4

max. 180

13–16

6–113

L. nupta fusca

120–130

L. melanura

8–12

15–18
(cover
most
parts of
the
dorsal
surface)

106–130

L. agrorensis

1+(3–
5)+1

5–7

3

Scales
number
across
vertebral
band

L. nupta nupta 75–106 (92)

116–147
(132, 137)2

97–127
(119)

S. stellio
brachydactyla

S. stellio
subsp.

2

Scales
around
midbody

1

Taxon

Strongly
mucronate

Slightly
keeled with
spines

Keeled
with strong
spines
Distinctly
keeled
Distinctly
keeled with
spines

Strongly
spined

4

Scales of
vertebral
band

+++

–

–

–

+

–

–

+

–
Sometimes

+++

+

1

Lateral
Posterior
extensions
edge of
vertebral of vertebral
band
band
scales are
jagged
vertically
5
6

–

–

–

++

++

++

7

Spiny
scales
on
ﬂanks

As in the
nominate form

Only little away
from pelvic, each
segment consists
of
3 whorls, but
occasionally
may be 4 in
terminal end

Segment s
inconsistent,
starts with
2–3 whorls
and gradually
changes into 5,
sometimes 6 in
terminal part

3

2(3)

2(1)

8

Whorls number
in
tail segment

Some features of pholidosis in rock agamas

13–22

18–28

28–33
(30 ± 2)
18–28
(21 ± 5)

12–13

12–14

9

Scales
number
around the
tail

?

12–18 (15
± 1)

12–15
(14 ± 1),

?

?

10 –14
(12 ± 2.1)

10

Upper
labials

?

12–17

13–14
(13 ±
1)

?

12–13
(13 ±
1.0)
?

11

Lower
labials

–

+

+

+

–

–

12

Nuchal
crest
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5–10
(6–7)

–
(7, 9)

98–112
(105)
125–150
(149–133)

167–208
(190)

80–118
(87–94)

P. bochariensis

‘triannulata’

P. erythrogaster

P. caucasia

7–16
10–12

7–8

Distinctly
enlarged,
almost
equal
in size,
strongly
keeled and
spined

Smooth to
distinctly
keeled with
spines in
different
populations
(character
is very
variable)

Smooth
to weakly
keeled
Keeled

6–8 3

112–132

P. badakshana

L. sacra

Slightly
keeled
Slightly
keeled

11–163
(12)
6–73

134–221
(171)
230–247
(240)

L. tuberculata

Keeled

4
Strongly
spined

8

146– 178
(154, 157,
171)

L. pakistanica

3
10–12

2
230–248

1
L. nuristanica

Sometimes

–

+++

–

+

+

–

–

–

+?

6
–

–

–

–

+

–

–

5
–

+++

2

3

24

+
only
at few
sectors

++

3

3

starts with 3,
but from mid of
the tail changes
into 4
4, but 3 on
ventral side
4, but 3 on
ventral side

8
4

+++

++

+

–

++

7
–

11–13

10
11–13
(12 ± 0.8)

24–29
(27 ± 2)

20–26
(23)

22–27
(25 ± 2)
18–21
(20),
in
Pakistan
25–30

26–32

13–15

12–15

10–16

9–11

10–13

28–46 (36
8–12
± 4)
(10 ± 1)
30–32
9–10
(31± 1.0) (10 ±0.4)

31–36

9
43–48
(46 ± 2)

13–15

2–15

10–16

9–11

10–13

9–10

8–12

11
10–12
(11 ±
1.0)
11–13

–

–

–

–

–

–

–

Rudimentary

12
–
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95–110

150–259
(180, 197,
202, 212)

119–188
(166, 180)

144–187
(164)

P. lehmanni

P. microlepis

P. stoliczkana
stoliczkana

P. stoliczkana
altaica

max. 22

14–15

7–11
(8, 9)

4–6
of
different
size

3
5–14

Keeled in
different
extent

Keeled in
different
extent

Smooth

Strongly
keeled;
vertical
series of
distinctly
enlarged
scales with
distinct
ridges and
spines
interrupted
by other
moderately
enlarged
scale

4
Smooth
to weakly
keeled

–

–

–

–

2

–

++

–

–

6
–

5
–

Extent of intensity.
In parentheses means are shown bold.
3
Reduction of scale size laterally (very gradual in L. melanura).
4
Extra scales (see 12.2.2 and Fig. 12.6)

1

2
max. 124

1
P. himalayana

+

+

–

++

7
–

4

3

2

3

8
3

30–46
(39 ± 6)

30–39
(35 ± 2)

26–33
(30 ± 2)

22–30
(26 ± 2)

9
26 –43
(35 ± 5)
in
Pakistan
25–30

11–16

12–15

12–16

10
10–12
26 –43
(35 ± 5)
in
Pakistan
8 –10
11–15

11–15

12–14

12–17

11–15

11
9 –11

–

–

–

–

12
–
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gaster and 238–242 (in females and males of the Sacred Rock Agama L. sacra, respectively).
The body size being equal, the larger these ﬁgures, the smaller are the scales. Thus, there are
large- and small-scaled species among rock agamas. Other examples of small-scaled species
are P. microlepis and L. nuristanica, which have on the average more than 200 scales around
the mid-body (Table 1.4).
The skin surface is covered with various elements. Apart from the scutes covering the upper head, at least seven scale types may be distinguished on the basis of their size and, often,
shape: smooth scales, gable scales with a more or less pronounced ridge, scales with a sharp
distal pin etc. It should be emphasized that small-scaled species have the least differentiated
skin surface (e.g. L. sacra; Ananjeva et al., 1990).
Rostral part and the upper head are covered by numerous slightly convex similarlyshaped scales (round and oval), which are smooth in most species. The scale size is smaller
on supraorbital tubers, around the eye socket and in the hindmost part of the nape. The largest scales are the oval smooth ones which run over the jaws in parallel lines. Towards the
back of the head longitudinal ridges develop larger scales, and those carrying the tympanum, pronounced pins. Scutes located on both sides along the longitudinal axis form more
or less regular symmetrical series. Several larger symmetrical scutes are located along the
medial lines (in particular, the intermaxillary scute covering the tip of the upper jaw, and
the interparietal scute, which in some species has a foramen over the parietal eye). Generally, the pattern of scutes on the upper head is species-speciﬁc. However, interspeciﬁc
variation in the pattern of homologous series is often small and tends to be quantitative.
For instance, the number of supralabial scutes in the lateral series varies within the genus
between 8 and 18, which is just a little broader than variation within species, e.g. 10–12 in
the Himalayan Agama P. himalayana, 10–16 in the Caucasian Rock Agama P. caucasia,
12–18 in the Large-scaled Agama L. nupta, considering than these species belong to different genera.
The pattern of ridges and pins on head scutes also varies between species2. This character is correlated with the pattern of scales on body and extremities. These scales are
variable, mainly in respect to their size. Along the spine the so-called vertebral band runs,
represented by several parallel rows (from 5–6 to 15–16 in different species) of relatively
large scales. These rows may consist of scales of roughly similar size, or may include
much smaller scales alongside with large ones (Plate V). The position of both may be quite
regular, as in several L. stellio subspecies (two rows of large scales in the fringe of spinal
stripe, and 3–5 rows of smaller scales in its central part), or large and small scales may be
interspersed, as in the Leviton’s Rock Agama L. nuristanica. In the latter species, like in
most others, the vertebral band is clearly visible among the smaller scales of sides of body.
However, in some species (L. sacra, L. tuberculata, P. badakhshana, to some extent also
in L. melanura) large scales of the spinal stripe very gradually decrease in size from its
centre towards periphery, lose ridges and pins and gradually become small lateral scales
(Fig. 1.3, Plate V).
2

In particular, in at least two species (L. nupta and L. melanura) ridge tips on scutes on the nape and the adjacent
parts of the neck are directed rostrally, not caudally, as in all other Laudakia species. This character is shared
by the aforementioned two species and Acanthocercus agamas, which inhabit Africa and the Arabian Peninsula
(Ananjeva et al., 1990).
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Lateral borders of the vertebral band may be
straight and almost parallel. However, in some
species large scales may intrude into smaller lateral ones as scallops (the Redbelly Rock Agama)
or long perpendicular rows (S. stellio complex;
Plates XXIX 3,4; XXX; XXXIV– XXXVI).
In some species the spinal scales are smooth,
while in others they bear ridges, the longitudinal ridge often ending with a sharp pin (Fig. 1.7
a–c). In several species (S. stellio brachydactyla, L. sacra, L. nupta, L. melanura, P. erythrogaster3) the rear edge of large spinal scales is
covered by vertical grooves, forming a kind of
FIG. 1.7. Variants of scales in vertebral band fringe.
(a–c) and pholidosis of ﬂanks (d) in Caucasian
Few of these pholidosis characteristics of
Rock Agama. After Panov and Zykova, 1995).
lateral stripe are stable within a species. Most
other features have a broad geographic variation. For instance, the following numbers of
large scale rows are recorded in the Himalayan Agama: 5–6 in Tajikistan, 8–10 in Pakistan
and 8–14 in India. In most studied populations of the Caucasian Rock Agamas the borders of
spinal stripe are smooth, but in Southern Caucasus and in Iranian Azerbaijan some individuals have convex scallops of large scales. The surface of the large spinal scales is also highly
variable in this species (Fig. 1.7 a–c). In some populations they are smooth or weakly ribbed,
and in some have ridges or numerous pins (Panov and Zykova, 1995a, b).
In species with a well deﬁned vertebral band, its scales are much larger (at least 3 and sometimes 10–15 times larger) than the small granular scales of the lateral body part. Among the
latter large spiny scales are located. They may be solitary, e.g. in L. nuristanica, or clustered
in groups containing up to ten scales (Fig. 1.7 d). The pattern of location of these clusters (in
one or several parallel stripes) varies between species. In some species, e.g. in L. microlepis,
they are completely absent, in others (P. himalayana) they are typical mainly or only of males.
In P. bochariensis these scales are oblong and cover the whole lateral part of the body (Fig. 1.2 c).
If lateral spiny scales are present, their longitudinal rows basically start from the similar
clusters on the bulge of the cervical fold. In large individuals of L. nupta fusca these structures
look like pins up to 10 mm high, on tops of which several spiny scales are located, sticking
out in different directions (Fig. 1.8 c; Plate VI, 6). This group of cervical spiny scales may be
considered as the ﬁrst element in the rostrocaudal row that extends backwards to the base of
the hind leg (Fig. 1.7 d). All other cervical scales are then the smallest surface elements. Rostrally and ventrally they grade into somewhat larger scales of the ventral side of head. These
latter scales are smooth in some species and more or less spiny in others (Fig. 1.9). Scales are
larger on the ventral side of body, being comparable to the large scales of the vertebral band
(in P. stoliczkana they are even larger). Ventral scales are positioned in regular perpendicular
rows. In most species they are smooth but there are some exceptions. For instance, popula3

Also in the African species Acanthocercus annectens (the Eritrean Rock Agama, see Ananjeva et al., 1990).
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tions of S. stellio brachydactyla from the Negev
Desert have ventral scales with ridges, whereas
the lizards of the same race from Sinai and Saudi Arabia have smooth ventral scales.
The largest scales occur on legs and tail. On
the legs the largest scales are found on thighs.
Large scales on extremities always have a ridge
with a pin pointing caudo-laterally, even in species with smooth scales on the body (for instance
in the Small-scaled Rock Agama L. microlepis).
However, in the latter species pins on scales are
really apparent only on the posterior surface of
legs. Judging from the few specimens we had
in our disposal, L. microlepis also have almost
smooth scales on the tail, while in most other
species they are notably ridged or spiny.
Unlike many other agamids, rock agamas have
tail scales organised in regular circles, hence the
name Ring-tailed Agamas. Usually every segment of tail has a certain species-speciﬁc number
of scale rows. The number of scales in each circle
usually varies between two and four. Apart from
the ‘main’ circles of large scales a closed or open
distal row of smaller ‘subsidiary’ scales is sometimes present, either in each caudal circle or just
in some of them. These subsidiary scales may be
a part of intraspeciﬁc variation, like in some Caucasian Rock Agama populations, or be a stable
speciﬁc or subspeciﬁc character (L. stoliczkana
altaica — 3 + 1 rows of scales in caudal circles; FIG.1.8. Tuberosity of scales on gular fold
L. tuberculata — 4 + 1). It should be mentioned, and rear surface of head in P. lehmanni (a),
however, that the number of caudal circles of P. himalayana (b) и L. nupta (c). In the latter
large scales may be show variation within species species spines are hypertrophied (specimens
(the ‘Near East stellion’ S. stellio subsp., short- from collection of ZIN RAS).
toed rock agama S. stellio brachydactyla). The
number of segments varies broadly even within
the same population (e.g. between 113–140 in P. stoliczkana).
In some species the segmentation of tail cover is very weak (L. tuberculata in the western Himalayas4), especially in the proximal part of tail (L. sacra), or even completely lacking (L. nuristanica). All these species are the ‘small-scaled’ ones. However, this relationships is equivocal. For
4

Based on the photos from Waltner (1991). At the same time, Anderson and Leviton (1969) report that L. tuberculata from Nepal have well-deﬁned caudal segments consisting of four main circles of scales and one open
subsidiary circle.
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instance, in the Small-scaled Agama L. microlepis
the ringed structure of tail is quite apparent: every
segment consists of two rows of large scales (in
some individuals another distal row of smaller
subsidiary scales is also present).
To sum up, squamation in rock agamas seems
to show the following tendency. The expression
of pins seems to increase with the size of the
scales, while the latter, in turn, is generally greater
FIG. 1.9. Scalation of the gular region in in larger individuals. Therefore, adult lizards usuCaucasian Rock Agama P. саucasia (a) and ally have more spiny skin than subadults, while
Hardun S. stellio (b). After Baran and Atatür, males are more ‘prickly’ than females5. For the
1998.
same reason, the body surface looks ‘smoother’
in small-scaled species (in particular in P. microlepis and L. sacra) than in large-scaled ones (e.g.
S. stellio brachydactyla and P. erythrogaster).
This might be seen as a typical case of allometry.
Some authors suggest that allometric growth is
accompanied by the development of the so-called
‘excessive structures’, whose functional signiﬁFIG. 1.10. The caudal scales with papillous
cance is often difﬁcult to explain (for a review see
structure and jagged margins in P. caucasia.
6
a–c: increasing size density of papillous Davitashvili, 1961) . We believe that such strucappendices toward the and of tail. After: tures include thorns which are most developed on
Ananjeva et al., 2000.
the largest scales in the largest individuals of rock
agamas (usually old males in species with a large
body size) (see e.g. Fig. 1.8 c).
Such features of the scales’ sculpture as the scalloped rear edge and the so-called papillae on
the dorsal surface of scales should probably be placed in the same category (Fig. 1.10). Both
structures are covered by a keratin layer, which may be rather thick (Ananjeva et al., 2000);
(Table 1.4). In most of them the papillae have also been reported (Smirnova, 2001). Both structures often do not just occur in the same species, but are typical of all the scales in certain parts
of skin (Fig. 1.11). Noteworthy, the co-occurrence of papillae and fringe is typical of largescaled species (P. erythrogaster, L. nupta) and is mainly conﬁned to the parts of body covered
by the largest scales. On body parts with smaller scales (ventral side of head, belly, feet), only
scalloped scale, or scales without fringe or papillae are found. It is also worth noting that in all
the species studied, including the small-scaled ones, these structures are more uniformly distributed across the skin of males which are generally larger and thus have larger scales. This is
the only plausible explanation of the sex-related dimorphism in this respect.
5
This is what Bedryaga (1907: 113) wrote on the subject, discussing the pholidosis in the Mongolian Rock
Agama: ‘specimens available to me which are 120–135 mm long have just a small convexity on the lateral scales
of neck; older individuals, up to 160 mm long, have conical bulges and starting from the length of 200 mm, neck
scales with true pins occur’.
6

Davitashvili himself did not support this hypothesis.
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Data presented in Fig. 1.11 suggest that development of papillae, both in the ontogeny and in
phylogeny, is preceded by the occurrence of the scalloped fringe along the scale edge. Characteristically, papillae are practically absent in juveniles (Djusebaeva et al., 1997).
One can suggest that the presence or absence of these structures may be used for taxonomical purposes. Interestingly, both types of structures do not occur in the Turkestan Rock Agama P. lehmanni
(Ananjeva et al., 2000). All the studied species of the ‘himalayana’ P. himalayana group seem to lack
papillae (not only the small ones, and P. bochariensis, but also the rather large P. stoliczkana) and
scales with a scalloped rear edge were not reported for them either (Smirnova, 2001).
Callous scales in the integument of the rock agamas are holocrine epidermal glands. Their
callous secretion is similar to the mesos-layer of the normal squamate epidermis both morphologically and histochemically. The secretion from the entire surface of callous scales is spread
over the substrate during lizard locomotion and is used as an agent of chemical communication
(Dujsebayeva, 2011). Callous scales look like thick scales covered by dense semi-opaque matter.
Callous scales are located in the central part of belly (abdominal callosity) and directly before the cloacal crack (anal interstices — Plate VI, 4). In some species both structures are found
in both males, which do not develop them before maturity, and females7 (usually only in some
females in the population). More often males have both types of callosities, while females have
just preanal interstices. However, males of some species can have anal interstices and lack
abdominal callosity (e.g. the Turkestan Rock Agama L. lehmanni — Plate VII, 5). Finally, in
a number of species females lack both types of these structures. Though these variations are
often assumed to be species-speciﬁc, all these variants can occur within a species, i.e. in the
Caucasian Rock Agama (Table 1.5, Panov and Zykova, 1995a, b).
In the populations where both sexes have abdominal callous glands, they are generally
much larger in males. For instance, in the eastern Kopet Dag population of the Redbelly
Rock Agama, the length of these structures varies in adult male between 13–26 mm (mean
20.2±3.9 mm) and the breadth between 3–14 mm (8.6±3.3 mm). In females the respective
values are 3–16 mm (11.2±5.0 mm) and 1.5–5.5 mm (3.2±1.5 mm). The largest males have
the largest glands, but generally the correlation between body size and the development of
holocrine glands is weak. This relationship is even weaker in females: while some large females may lack ventral glands, much smaller females may have them.
In all ﬁrst-year redbelly rock agamas with the body length of 61–63 mm no excretes of the
holocrine glands are found. The minimum size of the lizards in which the ventral callosity
was recorded was 90 and 91 mm in this population. At the same time, two subadult individuals with a body length of 90 mm (a female) and 97 mm, and many larger females (100 mm
and more) had no ventral callosities or just several callous scales on the ventral side.
The number of rows of callous scales at preanal position in males (3–7) is weakly related
to the size of ventral callous gland. The same can be said of females, which may lack these
structures altogether (Table 1.5). One could suggest that the development of callous glands
depends not only on the age, but also on the social status and the stage of the reproductive cycle. However, our observations of individually marked Caucasian and redbelly rock agamas
7

In some cases these formations in females are large, so that ventral callosity extends to lower thighs and nearly run
into the zone of anal interstices (see the photo of a female L. pakistanica [Baig and Böhme, 1991] in Plate VI, 4).
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altogether
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FIG. 1.11A. Structure of scales’ surface in different parts of integument in males of the six rock agama
species. Composed on data from Smirnova, 2001.

49

Chapter 1. General information on Eurasian rock agamas

Parts of skin
(females)
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Only jagged margins
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altogether

–
15
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FIG. 1.11B. Structure of scales’ surface in different parts of integument in females of the six rock
agama species. Composed on data from Smirnova, 2001.
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do not support this view. Therefore, variation in size of callous glands in similarly-sized individuals may be hypothetically explained by the different age of these lizards, considering that
the growth rate varies between individuals (Zykova and Panov, 1991; below, section 2.2).
The size of abdominal callous glands patch shows geographic variation within species
(Panov and Zykova, 1995; Baig and Böhme, 1996). For instance, in the Gobustan population of Caucasian rock agamas (eastern Azerbaijan) the mean size of this formation in large
males is 35.9×18.6 mm, and in a population from south-western Turkmenistan, 24.0×7.6 mm
(Fig. 1.12). A similar geographic variation is recorded in the shape of ventral callosity, which
may also be considerably different in different species. For example, in Caucasian rock agama males it looks like an ellipse, elongated to a varying degree, whereas in Near East rock
agama males the ventral callosity is a narrow strip, just 2–3 scales wide (Plate VII, 1, 2).
Therefore, the shape of ventral callosity is a diagnostic character.
Table 1.5.
Presence (percent) of callous glands in females of Laudakia species
Taxon

Abdominal callous glands

Precloacal callous glands

S. stellio subsp.1

absent

absent

S. stellio brachydactyla

absent

absent

?

absent

L. agrorensis

57.1 (7)2

100.0 (7)

L. melanura

no data3

S. stellio cypriaca

no data
4

L. nupta nupta

very rarely

very rarely

L. nupta fusca

no data

no data

L. nuristanica

absent

absent

L. sacra

absent

absent

L. tuberculata
NE India

absent

absent

Afghanistan

sometimes5

sometimes

P. badakshana

rarely6

present

P. bochariensis

?7

?7

P. caucasia

0.0–42.88

0.0 –100.08

P. himalayana

absent (4)

100.0 (4)

P. erythrogaster
Badkhys

50.0 (8)

no data

E Kopet Dag

52.6 (19)

52.6 (19)

absent

absent

present invariably
no

present invariably
sometimes9

P. lehmanni
P. microlepis
P. stoliczkana
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It is often assumed that the excretes of callous glands are used for territory mapping. Waltner
(1991) reports that Kashmir rock agamas in the breeding season emanate a strong smell, which
the author tentatively ascribes to these excretes. Their lack in yearlings indirectly supports this
hypothesis.
Summarising, it should be emphasised that a strong small-scale geographic variation of the
skin surface in rock agamas makes them a good model for studying population phenetics and
phenogeography and for the analysis of correlations between different parameters of pholidosis. Intraspeciﬁc variation of coloration of rock agamas can be used for the same purposes.

1.1.4. Coloration (Plates I–IV, VII, IX, XXI–XXIII, XXIX, XXXI, XXXIV–XXXVI)
Juvenile rock agamas, similarly to adult males
and females outside the breeding season, have
protective coloration: they are grey, brownish or sand-colored. The pattern on the dorsal
side is formed by the mosaic of lighter, darker
and black scales. The latter ones form undulating lines, closed or open rings. If whitish,
yellowish or light orange scales are located
in the centre of such ring, ocellated spots are
formed. Black scales or their clusters of variable form are scattered among the more or less
brownish ones which are responsible for the
background color. Some species have bluish
or blue scales on their dorsal side.
As the number of scales does nor vary considerably duringthe lifetime of an individual,
the scales in yearlings are much smaller than
in adult conspeciﬁc individuals. Because of
that, in yearlings the transitions between the
1

FIG. 1.12. Abdominal callous glands in
males of the Caucasian Rock Agama from
SW Turkmenistan (a) and E Azerbaijan (б). After
Panov and Zykova, 1995.

Species names for which representative samples
are available are underlined.
2
Percent of individuals bearing the character. In brackets parenthesis size.
3
Baig et al. (2012) passed the matter over in silence
4
After Baig et al. (2012), but sample size not indicated. The character is present a single female in
collection of ZIN RAS.
5
The same as in previous case. Both structures are present in single female in collection of Zoological Institute in Petersburg.
6
After Baig et al. (2012), but sample size not indicated.
7
The same as in comment 3.
8
In different populations (see 2.4.2)
9
As Baig et al. (2012) noted, in form Altayka ‘in females apparently absent but some females
weakly display callous glands at precloacal position’ (sample size not indicated).
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dark and the light parts of skin are smoother, less contrasting than in adults. The pattern remains
constant in each individual from hatching until death (Waltner, 1991; Panov and Zykova, 1995a,
b). Broad individual variation of coloration hampers its adequate description and comparisons
between different populations and species.
Coloration of the dorsal part of head is usually more uniform than in other body parts.
Within genus it varies between blackish or dark brown and different shades of light grey
(greenish, reddish etc.). In a few species dorsal side of head is bright yellow. Against the main
background, black scales can be seen, more or less numerous in different species.
In the large-scaled species light scales on back are always larger than dark ones. Therefore
the vertebral band, which consists of large scales, seems light against a darker background.
Extremities and tail often look striated because alternating rings of darker and lighter scales.
If light rings on legs are not closed, they look like elongated light spots against a darker background. In small-scaled species the dorsal side, legs and tail are much more uniformly colored.
Following the general rules of animal coloration, the ventral side of the head, the body, the
legs and the tail off the breeding season are much lighter than the dorsal side. The ventral side
is colored different shades of whitish, often with a weak orange tinge in juveniles and female.
The throat is mottled, which is most apparent in adult males. More or less pronounced spots
occur on the breast and may be present at the sides of the belly.
Rock agamas of almost all species studied can rapidly change their coloration in the periods of social activity. This is possible by redistribution of pigment cells located in the lower
Malpighian layer of epidermis, the upper keratinous layer of which forms the semi-transparent scaly cover. In some species the color changes only in some parts of body, while in other
species the whole body changes color from head to tail. The former variant is characteristic
of the Caucasian Rock Agama. In excited (e.g. when handled) males of this species the breast
and the sides of belly turn jet-black, while the dark parts of forelegs turn coal black. It enhances the contrast between the light throat, whose mottled pattern becomes more apparent,
and the black breast, which shows a regular pattern of white patches. Contrasting almost
white transversal stripes become apparent on the black forelegs.
A different pattern is typical of males of the Short-toed Rock Agamas (Stellagama stellio
brachydactyla). They are usually sand-colored, but the coloration changes drastically during
courtship. The dorsal part of the head and body become blackish with a bluish tinge. On the
blackish head, orange patches are visible in the area of eyes, which continue caudally and
join in the back of the head. Large contrasting orange diamond-shaped patches are located
on the dark dorsal side along the spine. An orange patch is visible in the hind part of the
blackened gular sac, which now beards a mottled pattern. Forelegs become blackish-blue or
light orange, while hind legs are yellowing with orange tinge. Tails becomes bright orange,
the normally well-visible striped pattern vanishing almost completely. To note, this ‘total’
change of coloration is very similar to the pattern observed within another phylum of agamids, in the Steppe Agama Trapelus sanguinolentus (Zykova and Panov, 1986).
Coloration changes serve at least two functions. The ﬁrst is thought to be associated with
communication, as in the above-described changes of coloration in the males. Their contrasting coloration is traditionally thought to be a signal addressed to females. However, a similar
color pattern may occur outside any social context during intensive basking. In this situation
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the coloration changes in Caucasian rock agamas males are similar to those described earlier.
Moreover, a partial male-like change of color may also occur during basking in the Caucasian
rock agama females. In the Short-toed Rock Agama, the parts that become black during contacts with females become light sand-colored during basking, and the broad fringe of the sides
of head (from the tip of nose to the nape), diamond-shaped patches on the dorsal side and tail
become orange. The females of this species acquire a similar coloration both during contacts
with males and during basking. In the latter case we probably deal with an enhanced reﬂective capacity of the covers (albedo) preventing overheating. The fact that desert lizards have a
lighter coloration in case of high solar radiation is well known and considered as an important
component of their thermoregulation (see, for instance, Hutchinson, Larimer, 1960).
However, not all rock agamas can probably change their color rapidly (e.g. when an individual of opposite sex appears). For instance, the males of the so-called Near East Rock
Agama (Stellagama stellio ssp.) retain their contrasting ‘breeding’ coloration all day long
during breeding season (Panov and Zykova, 1997). Thus, this lizards cannot resort to the
thermoregulation method used by closely related short-toed rock agama, which can change
color within minutes (Hertz and Nevo, 1981).
It is thought that the third function of coloration changes are correspondence to the substrate ensuring better protection from predators (see, for instance, Cowles, 1958). Though the
coloration of rock agamas has often been mentioned to reﬂect the color of the main substrate
in the area, in fact this is seldom the case. The only trustworthy example are the melanistic
agamas S. stellio picea living in the black lava ﬁelds of eastern Jordan (Daan, 1967; Werner,
1992; Disi et al., 1999; Disi, 2013). In most cases the lizards become similar to the substrate
by the time of the molt because their skin wears and small cracks in its scaly cover become
ﬁlled with microscopic substrate particles (Panov and Zykova, 1997). Reddish Turkestan
rock agamas living on red clay in southwestern Turkmenistan become greyish-brown when
one washed them well with water (Plate VII, 5).
Two rock agamas species, in which females, contrary to the general rule, are brighter
than males, deserve special mention. In the subspecies of the Hardun Stellagama stellio
picea males are jet black dorsally, whereas the dorsum of the females bears small round
orange spots8 arranged in irregular transverse rows. There are similar orange dots on
the head, limbs and tail. In addition, the juveniles of both sexes resemble females and
sometimes the orange component is even more prominent in them (Werner, 1992; photo
in: Disi, 2013).
The same is true of the Himalayan Agama, which belongs to another genus, Paralaudakia.
Its females can be easily distinguished from males by the presence of a red or bright orange
collar region (Plates IV, 2; VII, 5, 6). Similarly to the Black Agama, this female pattern is also
characteristic of juveniles.
Large individual and micropopulation variability of coloration hampers the use of these characters for taxonomic purposes, especially when working with small series stored in ethanol for many
years. Due to lack of long-term systematic observations of free-living rock agamas, we know next
8

Baig et al. (2012) call these markings ‘yellow’, which is not correсt. This means that they only dealt with alcoholpreserved materials, which do not give the right idea about the coloration of live lizards. See Introduction.
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Table 1.6.
Color patterns of sexually active males in some Rock Agama species
Taxon
S. stellio stellio

Head above
Orange

Gular region
Dark blue

Breast
Dark blue

S. stellio subsp.
northern Israel

Black with white upper labials that
look like unbroken white strips

Black with multiple small
reddish spots

Blackish

S. stellio brachydactyla

Blackish with bluish tinge. Orange
patches in the ocular area continue
caudally and join in the back of the
head

Blackish with mottled bluish
tinge. Large orange spot on
the gular fold

Blackish-blue

P. caucasia

From grey with greenish tinge to
pinkish buff in different populations

Whitish with thin
longitudinal
lines

Blackish-blue with
large yellow spots arranged
in transverse band

P. erythrogaster

Light greyish sandy, sometimes with
greenish tinge

P. himalayana

Dark bluish

Light yellow with broad
black lines forming pattern of
closed curves
Dark mottled bluish

Bluish black with
large yellow spots arranged
in transverse band
Bluish

P. lehmanni

Sandy grey

Dark blue with violet hue
and few large spots of white
or orange

Dark blue

P. microlepis

No data1
Light yellow. Sides of head dark blue Dark grey with yellow spots
with contrasting white vertical bars

P. stoliczkana
L. agrorensis
L. melanura
L. nupta nupta
L. nupta fusca

No data
Whole body bright medium blue, darker on the head, hind legs and tail lighter
Light blue
Bright blue with small
Dark blue speckled light
yellowish, buff or
orange dots
Yellow of varying intensity
Yellow of varying intensity
?

L. pakistanica

Black with scattered
light scales 2

Blackish-blue with
Large yellowish spots

L. tuberculata

Yellowish white or light grey

Blackish-blue with
irregular large light
spots* Light grey with
mottled black pattern

1

Dark blue with
white spots

Blackish with light
marmoreal pattern
?
Creamy with orange tinge
and large black or blue spots
(Waltner, 1991)

See footnote on page 56.
Male is slightly larger than female and bears a distinct patch of spinose scales on ﬂanks and orange
colored spinose scales behind ear opening (Khan et al. 2012).
2
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Table 1.6.
Dorsal side
Dark blue with ﬁve yellow vertebral bloches along
midline, and thin transverse rows of the same color
running outward from each of them.
Black with ﬁve vague yellowish vertebral bloches
along midline, and numerous light blue transverse
rows running across the whole back
Blackish with bluish tinge or medium blue. Five
large contrasting orange diamond-shaped bloches
along midline or the same number of narrow ellipses
intersecting anterior surface of back. Rump bright
orange
Yellowish brown of different darkness, vertebral
band usually more light. Yellow or orange ocelli and
transversely expanded light spots with black border
and black lines of it form a network
Greyish sandy, sometimes with greenish tinge,
blackish on ﬂanks, with irregular black rimmed light
grey or yellowish spots
Bluish-grey with light orange spots arranged in 7-8
transverse bands
Color olive yellow or olive grey with irregular black
scales

Forelegs
NOTE: all subspecies except
brachydactyla have no clear
transverse stripes across
upper arms
Black with few light blue
scales

Blackish-blue with light
orange transverse stripes

Hind legs
Blackish with
bluish tinge

Tail
Light orange

Black with
Black with thin light
numerous light blue brown cross bars
scales, often
arranged in clusters
Orange
Orange with vague
dark cross bars

Blackish-blue with rather
broad whitish transverse
stripes

As the background
color of back

As the background of
back with
vague dark rings

Dark of different shade
with rather broad whitish or
yellowish transverse stripes
Bluish with ﬁve or six light
orange transverse stripes
Dark blue with four or ﬁve
yellow transverse bands

As a background
color of back

Dull yellowish at base,
in distal parts with
broad blackish rings
Bluish without
contrasting markings
Orange yellow with
vague dark rings

As the background
color of back
As the background
color of back

Dark blue with small yellow or whitish spots
arranged in seven transverse rows

Dark blue with three distinct Dull yellowish with Light grey in proximal
white transverse bands
dark transverse bars part with indistinct
banded pattern, more
dark distally

Olive green

Dark blue without
light transverse bars

Dull bluish

Dull bluish. Looks as single colored although there
are dull light speckles and spots
Dull dark brown with light transverse strips

Dull bluish without
light transverse bars
As the background
color of back

Dull bluish

Grey evenly mottled white (by small dots)*

Blue without light transverse Dull bluish*
bars*

From dark asphalt grey to black with numerous
creamy or yellowish speck turn into orange on
ﬂanks (Waltner, 1991)

As background
color of back

Bright orange in
proximal half, dark
blue distally
Dull bluish
As the background
color of back,
darker distally
Light blue basally*
black in distal part
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to nothing about the ‘breeding’ coloration of males9. It certainly constitutes a serious setback to the
study of phylogenetic relationships within the genus Laudakia. The few data on their coloration
available are summarised in Table 1.6. The typical elements of breeding coloration are jet black
and various warm colors, from bright yellow and orange to reddish-orange in different species.

1.1.5. Molt
Skin of rock agamas, similarly to other squamate repliles, consists of the corium (skin proper) and
the two-layered epidermis. In the lower Malpighian layer chromatophores and basal bodies of
skin receptors are located. The outer layer is keratinous. The keratinous cover in rock agamas is
replaced after they emerge from hibernation. The replacement is not synchronised in the population, so that the Molt lasts for several months and overlaps broadly with breeding. Caucasian rock
agama juvenile may start to Molt as early as 20–30 days after hatching (Ataev, 1985). Yearlings
and subadult lizards of all ages may Molt during hibernation, in December – February.
The Molt seems to start from the extremities and the head. The last body part to replace
the skin is the back (Plate X, 1), with the Molt of tail sometimes delayed. By the time of Molt
the skin is much worn.

1.1.6. Karyotypes
Structure of karyotypes in all the seven species studied in this respect is very uniform. There
are usually 12 metacentric chromosomes. Apart from them, in one species (P. tuberculata) 22 microchromosomes are present, and in four (P. stellio, P. erythrogaster, P. lehmanni,
P. himalalayana, P. stoliczkana), 24 microchromosomes are present. 2N is therefore equal
to 34 and 36, respectively. The karyotype of P. caucasia is attributed either the ﬁrst or to the
second type by different authors. Intraspeciﬁc polymorphism cannot be ruled out, and neither
can mistakes in microchromosome counting. Sex chromosomes were not found (Sokolovsky,
1972/1974; Wu, 1987). These data suggest that rock agamas are a well-deﬁned group, clearly
different from other Eurasian agamids belonging to genera Trapelus (2N=46) and Phryno9

The publication ‘Sexual dimorphism and sexual dichromatism in the Smallscaled Rock Agama, Laudakia microlepis’ (Cheatsazan, Rabani, Mahjoorazad, 2013) illustrates this idea very well. All is says about sexual dichromatism is, in fact, this: ‘This analysis reveals that only two body regions, i.e. chest and ventral region, are dichromatic (p<0.01). To perceive the dichromatism pattern of the species, coloration variables were crosstabulated
against the sex and then the dependence of each variable and sex was tested. This analysis supports the results
of the Mann–Whitney test and shows a signiﬁcant correlation between gender, color of chest (Spearman’s rho=
–0.59, p<0.0001) and ventral region (Spearman’s rho= –0.68, p<0.0001)’. It is not said whether these lizards (26
males and 15 females of very different age, including immature ones with a body length of ca. 100 cm) were
studied live or ﬁxated. Further we read: ‘…all individuals, regardless of their color pattern and the color of the
dorsal regions of the head, body and anterior part of the tail, are conspicuously contrasting cream to straw while
they are displaying on rocks but nonetheless fade to an almost uniform greyish coloration when they try to hide
or during basking periods’. This is clearly not a result of systematic studies of ‘breeding’ coloration of males but
just some cursory incidental observations made when capturing these lizards.
The authors try to compensate for the lack of complete data with abstract speculation about the role of sexual
and natural selection in the evolution of signal behavior in ‘lizards in general’. They follow precocious hypotheses mushrooming in the laboratory of T.J. Ord (Sydney, Australua). We have mentioned the fruitlessness of this
approach in the Introduction. Its more extensive criticism can be found in: Panov E.N. 2014. Sexual Selection:
Theory or Myth. Field Zoology against an Armchair Knowledge (pp. 135-144).
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cephalus (2N=46–48). However, the karyotype of rock agamas is similar to that in the Indian
Spiny-tailed Lizard Uromastyx hardwickii, the only Uromastix species10 studied in this respect (2N=36: 10m + 2sm + 24 microchromosomes; Sokolovsky, 1972/1974).

1.2. Habitats and numbers
Most rock agamas inhabit areas with hot arid or sharply continental climate. Their favourite
landscapes are elevated rocky areas with shallow gorges or clay ravines, interspersed with
hills. Their slopes are covered by rocky outcrops and naked rocks (Plates XII–XIV, XV–
XVI, XXIV–XXVIII).

1.2.1. Terrain and substrate structure
The landscape ruggedness and the structure of substrate forming the vertical relief are critical environmental factors governing the distribution of rock agamas. Most species are typical
petrophiles. However, practically all rock agamas can exist not only in completely rocky
areas, but also in areas with some rocky outcrops, if earth or clay precipices and ravines with
sufﬁcient hollows in them are available.These lizards may even inhabit slightly rugged areas
with weathering products such as small standing rocks and rock fragments.
The walls of loess valleys of running or dry streams in the weakly hilly plains are optimal
habitats of rock agamas in the areas where pseudokarst occurs. Mass of the loess in such areas
is permeated by a network of micro-ravines and subterranean galleries formed by rainwater erosion. Some species may expand from mountainous areas to the adjacent foothills following the
irregularities of terrain (e.g. wadis), ﬁnally settling in rocks among the desert or other rugged
terrain. For instance, a local population of L. caucasia triannulata11 inhabits the walls of ravines
that cross the ﬁxed sand dunes 180–200 m a.s.l., located at least 100 km from the nearest mountains (Ataev, 1985; Plate XXXIII, 2,3; see also Ananjeva, 1997 on the habitats of Mongolian
rock agamas). In even terrain rock agamas may use rodent burrows as shelter, like it is known
for the Redbelly Rock Agama L. erythrogaster in some hilly areas of Badkhyz. However, these
habitats seem to be suboptimal for this species, whose density is much higher in rocky terrain.
At the same time, a typical petrophilous species may leave rocky areas with rugged terrain
unoccupied, if the rock is solid, does not yield to erosion and has few cracks and crevices.
Agamas are obviously short of shelters in such areas, and even if they occur there, their density is low.
In the areas where the population density in natural habitats is high, rock agamas eagerly settle in man-made structures, using chinks in stone walls (walls of sheep-folds, garden
walls) or hollow places under slate roofs. Synanthropic micropopulations are found even in
large cities, where rock agamas occur not only in wasteland in the suburbs and in city parks
but also in the city centre. For example, the Hardun S. stellio ssp. is common in Jerusalem
(Panov and Zykova, 1997).
10

The genus comprises 13 species.

11

Of hybrid origin (see 12.2.3).
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1.2.2. Temperature and the altitudinal range
The northern border of breeding distribution area of this genus lies south of the July isotherm
20°C. However, the limiting factor preventing rock agamas from dispersing north of 45–47° N
is probably not the summer temperature as such, but the level of solar radiation in the warm
period and also the temperatures in winter, when rock agamas are inactive. Most their range
lies between January isotherms 0°C in the north and 20°C in the south. The northern border
of the range extends beyond the January isotherm –10°C only in southwestern Mongolia,
where the Mongolian Rock Agam P. stoliczkana occurs.
These factors do much towards explaining the broad altitudinal distribution of rock agamas, from the foothills at several hundred metres a.s.l. to high mountains. The Kashmir
Rock Agama L. tuberculata occurs in the western Himalayas between the altitudes of 600–
700 m and 4,600 m a.s.l. (Waltner, 1991). In Pakistan Laudakia tuberculata, L.himalayana,
L. pakistanica and L. badakhshana were found 4,005, 4,082 m, 4,172 m, m and 4,240 m
a.s.l., respectively (Khan et al., 2012). The Turkestan Rock Agama P. lehmanni in Kugitang
is found from dry foothills (ca. 400 m a.s.l.) to 2600 m a.s.l., and in the Zeravshan range it
has been reported from 3370 m a.s.l. (Chernov, 1959). Different sources report varying altitudinal preference in this species: 500–1,200 m or 1,200–1,800 m a.s.l. (Yagdarov, 1974;
Rustamov et al., 1981; Khabibulov, 1990). It should be emphasized that these estimates
are rather subjective; objective data can only be obtained by surveying population numbers
and densities at different altitudes, which is far from being a trivial task (see below).
Such data were obtained only in one study carried out in the course of two years on Kashmir rock
agamas L. tuberculata in northwestern India (Waltner, 1991). Comparing the biology of this species
at 690 m and 2,165 m a.s.l. in the western Himalayas (altitude difference just below 1,500 m), the
author concluded that in the low-altitude study plot 120–307 individuals per ha occurred, and in the
high-altitude one, 112–171 individuals per ha. Therefore, the density was 1.7–2.3 times lower at the
high-altitude study plot. However, it does not necessarily mean that Kashmir rock agamas prefer
low-altitude habitats. Both populations were well-adapted to their local conditions, as shown by
certain differences in their maturation and breeding strategies and thermoregulatory behavior.
While rock agamas generally seem to be able to adapt to a broad range of altitudinal conditions, some species might be more closely associated with certain altitudes. For instance, the
altitudinal limits of the Sacred Rock Agama L. sacra in the Kunlun Mountains (southeastern
Tibet) are reported to be between 3,000 m and 4,000 m, those of the Mongolian Rock Agama in the Mongolian Altay, 1,200–2,400 m and those of Agror Agama L. agrorensis in the
western Himalayas, 600–1,200 m (Ananjeva et al., 1990, Baig and Böhme, 1996; Ananjeva,
1997). However, these ﬁgures may be very approximate as no systematic in-depth studies of
the altitudinal range of these species have been performed.
We are also sceptical about the hypothesis that the borders of altitudinal distribution of a species
may be governed by its competition with another rock agama species. For instance, competitive exclusion is thought to explain different altitudinal distribution of the Turkestan and Himalayan Rock
Agamas in the Kugitang Mountains and the Alay range (Bogdanov, 1959), and of the Turkestan and
Bukhara Rock Agamas in the Kugitang and Gissarsky ranges (Ananjeva and Tuniev, 1994). This
hypothesis is discussed in more detail below, in the section on relationships between the species.
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1.2.3. Vegetation
In most cases vegetation in the habitats of rock agamas is poor, of semi-desert or desert type,
with a small cover and insigniﬁcant participation of scrub and trees. All other things being
equal, with the decrease in the amount of avaliable grass the home ranges tend to become
larger, the population density decreasing correspondingly.
Plant food is an important if not the crucial component of the diet in almost all species considered here, and suitable habitats should provide a certain amount of green matter. Therefore, vegetation is an important factor governing the distribution of rock agamas.
On the contrary, the horizontal structure of vegetation appears to be unimportant. Different
populations of the same species may exploit with equal success the areas completely devoid
of trees and scrub and those with rugged forested terrain. Closed forest is obviously unsuitable for rock agamas, because they critically depend on the maximum use of direct solar
energy (see below, section 1.6). As shown by our observations of the Hardun L. stellio subsp.
in northern Israel, these lizards remain on large-fragmented rocky outcrops even when pine
plantations grow up on them (Plate XII, 2). However, they apparently avoid the sites with
denser forest, concentrating in more open areas, i.e. along the roads and on forest edge.
This example suggests that in other cases, too, forest may be a secondary component of habitat
which had been inhabited by rock agamas before it grew up. As long as the forest remains thin,
solitary trees may be used by agamas in the same way as all vertical structures to which these
lizards are well adapted. Trunks may be used for basking, while tree crowns give shelter from
heat on particularly hot days (video #52). By climbing trees, rock agamas quickly avoid potential
predators and gain access to additional food, i.e. leaves and fruit. This behavior is observed in all
rock agama species when either solitary trees or a thin forest occur in their home ranges. When
moving on tress, all species use the same standardised behavioral actions as when moving on
horizontal substrate: they climb well and can jump from branch to branch for up to 0.5 m.
Nevertheless, it is sometimes assumed that some rock agama species are more intimately
related to forest habitats than the others. A typical example are Turkestan rock agamas L. lehmanni, which are ‘...in most cases associated with the ‘dark forests’ of the Oriental Plane Platanus orientalis, the Wallnut Juglans regia and other species’ (Ananjeva and Tuniev, 1994: 44).
However, all the vital functions performed by lizards in the presence of trees can be easily
realised by other means in the original rock agama habitats, which most likely had been treeless. Presence or absence of trees can hardly explain the habitat preference of rock agamas.
The same species can successfully live in habitats completely devoid of trees and in mountain
forest landscapes, independently of tree species. For instance, Kashmir rock agamas in the
lower belt of the western Himalayas occupy thin patches of evergreen tropical forest with the
Sal Tree Shorea robusta, and in the higher level, mixed deciduous forest with the Bluejack
Oak Quercus incana and the Chir Pine Pinus roxburghii, severely thinned by logging and cattle grazing. Waltner (1991) remarked: ‘the apparent preference of A. tuberculata for a riparian habitat (Bhatnagar, 1967) at low altitude is due to the abundance of cracks and ﬁssures in
the exposed rocks bordering streams.’
Therefore, the evolutionary scenario suggested by Ananjeva and Tuniev (1994) that certain
rock agama species had hypothetical links with certain plant communities seems unlikely.
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FIG. 1.13. Location of male territories in mixed population of the Caucasian and redbelly rock
agamas in Darokhbeit spring valley (eastern Kopet Dag). а — territories occupied by family groups of
P. саucasia, b — by groups of P. erythrogaster, c — by mixed family groups. Figures — numbers of
individually marked males. After Panov and Zykova, 1996.
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We suggest that rock agamas preferred open rocky outcrops in the mountains throughout the
entire evolutionary history of this genus. This is a most typical intrazonal habitat which can
efﬁciently support a special petrophilic fauna, independently of plant communities currently
associated with these landscapes.

1.2.4. Numbers
Rock agamas seem to be among the few reptiles that are relatively easy to survey. In practice,
however, the survey procedure not so straightforward. Most reported data on numbers of
these lizards are based on transect counts. However, the analysis of data on repeated transect
counts at study plots where systematic capture and recapture was also performed showed that
as few as 10–75% and just 4% of one- and two-year olds were recorded during each count.
It should be emphasized that during transect counts we paid special attention to all the sites
known as home ranges of individually marked animals but even under such conditions failed
to obtain realistic estimates of agama numbers during a single survey12.
It means that reliable estimates of rock agama numbers can only be obtained by systematic surveys at study plots in different parts of day and under varying weather conditions.
However, the use this method presents certain difﬁculties for comparing data from different
habitats and estimates reported by different authors. Primary data need to be recalculated per
unit area, often per hectare. As rock agama spatial distribution is usually strongly clumped, it
is very easy to come up with overestimated ﬁgures (Fig. 1.13).
Table 1.7.
Results of L. tuberculata count performed within two study plots (after Waltner, 1991).
Month

Sex and age classes
Males

Females

Immatures

VI
IX
X
XI
XII

5
7
5
2
–

7
5
5
1
1

4
6
6
2
–

IV
V
VI
IX
X
XI
XII

2
7
7
10
10
9
3

3
8
9
9
10
6
3

2
4
4
8
9
9
3

Yearlings
Hatchlings
High mountain belt
9
–
8
3
8
8
5
22
2
18
Low mountain belt
2
–
6
–
5
9
4
10
3
6
–
7
2
5

Individuals
altogether

Individuals
per ha

25
29
32
32
21

134
171
171
171
112

9
25
34
41
38
31
16

67
187
255
307
285
232
120

This is well illustrated by the systematic counts of marked Kashmir rock agamas L. tuberculata performed by Waltner (1991) in different habitats in the western Himalayas
12

See for details sections 4.2 and 12.3.4.
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(Table 1.7). Similar results were obtained by us for Caucasian rock agamas in the western
Kopet Dag. We counted adult lizards of both sexes at the peak of the breeding season at study
plots of 250–6,000 m2 and recorded 5–34 individuals, which translates into 136–457 ind.·ha-1
in optimal habitats and 18 ind./ha-1 in the poorest habitats. These results broadly agree with
the data obtained by Waltner, who used a similar technique, but are considerably (sometimes
by an order of magnitude) higher than the data reported in the literature for the Caucasian
Rock Agama and other rock agama species (Table 1.8).
Table 1.8.
Estimates of rock agamas’ population density (individuals per ha) as a result of counts in
study plots (bold) and during line trnsect (others).
Taxon
S. stellio subsp.
S. stellio brachydactyla

P. lehmanni
P. erythrogaster
P. caucasia
P. himalayana
P. stoliczkana
P. boсhariensis

Maximum values

Minimum values
22.0

Source
Panov and Zykova, 1997

5.51

2.71

Panov and Zykova,1997

0.7
5.53

Shenbrot and Krasnov, 1997
Petrochenko, 1985; Ataev,1985
Panov and Zykova,1996

1.0–1.332
10.8
51.0
40.0
48.0
9.0 (25.64)

1.3
4.7
–

Ataev,1985
Yakovleva, 1964
Terbish, 1995 (in Ananjeva, 1997)
Khabibulov, 1989

1

Adults and yearlings
In different habitats
3
In mixed population of the Caucasian and redbelly rock agamas (adults and yearlings).
4
Calculated according to map an area plan in Khabibulov, 1989. Adults and yearlings.
2

1.3. Social organiSation and demographic structure
of rock agama populations
As mentioned above, any local population of rock agamas consists of lizards belonging to either of the two ‘life forms’. The ﬁrst of these life forms are large, mostly herbivorous adults,
which have more or less individual home ranges. The second life form is represented by
small yearlings, which spacious tend to be insectivorous and live within the home ranges of
adults, usually not venturing further than several metres from their permanent shelters. These
two categories of animals have sharply different diel and seasonal activity rhythms and different thermoregulatory behavior (see sections 1.6 and 1.7). Subadult individuals (2–3-yearolds) form an intermediate group, with their behavior being more similar to that of yearlings.
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1.3.1. Social organisation
Social organisation is studied in any detail in just a few species. Nevertheless, many anecdotal observations on other species suggest that the general framework of social relationships is
similar across rock agamas, with a few deviations in some species.
In short, this framework is as follows. Adult rock agamas are sedentary and live in family
groups, which include a mature male and one or several (up to four) mature females. This mating system is the simultaneous facultative polygyny (Panov, 1983). Males defend exclusive
territories, in which home ranges of adult females are located. These homes ranges may overlap
to a varying degree. Yearlings and subadults live sedentarily in small individual home ranges
located within the territory of a family group or in the neutral zones between such territories.
These juvenile lizards sometimes show territorial behavior towards other individuals of similar
age. Besides, lizards of any age and sex may sometimes defence temporary foraging territories.
In demes with a high population density, few males manage to gain a territory immediately
upon maturity, i.e. when three-year-old. The absence of vacant optimal plots forces young
adult males to occupy, for another year or two, an area unattractive for females; or they may
live as satellites at the periphery of family group territories. They carefully avoid contacts
with male territory owners, and therefore have no permanent watchposts at eminent points,
remain alert and inconspicuous and never change their dull everyday coloration for the bright
high-contrast one typical of sexually active territorial males. If a territorial male dies, the
outsider may inherit his territory with all the females.
Young females even before maturity actively establish a personal relationship with the
males in whose territory they spend the ﬁrst years of their life. The females join family group
when they reach maturity. In other words, females in a family group are united only by the
territory and cannot be called a harem in the strict sense. One of the females, usually the largest, has closer ties with the male territory owner and spends nights in their shared permanent
shelter. However, in the breeding season a territorial male may change its preferences, staying for a longer time with different females and spending the night in their shelters.
Each individual remains faithful to its home range throughout its life, which may exceed
10 years. It is not known whether the individual occupies the home range in the immediate
vicinity of the natal site, or after movements in the ﬁrst months of life. However, after the ﬁrst
winter an individual may remain in the close vicinity of this winter shelter for several years,
possibly until the end of its life. We showed this with certainty for Caucasian rock agamas.
This pattern is observed for Caucasian rock agamas, redbelly rock agamas and harduns, including
short-toed rock agamas. Quasimonogamous pairs, with basically the same pattern of social organisation, are assumed to be typical of the Bukhara Rock Agama and probably of L. agrorensis (Panov
and Zykova, 1993; Khabibulov 1993, 1989а; Baig and Böhme, 1991; Panov and Zykova, 1997).
There are indications that a similar system exists in Himalayan rock agamas (Plate XVII, 4–5).
A similar general pattern observed in Kashmir rock agamas, which have, however, a remarkable characteristic feature. In this species, males and females from several neighbouring
territories come in the end of the day to a communal roost. It can be attended by up 10 ten
individuals of different sex and age. In the morning, after emerging from the roost, the lizards
remain inactive for some time; then adult males become aggressive towards each other and

64

E.N. Panov L. Yu Zykova Rock Agamas of Eurasia

soon depart for their respective territories. Short aggressive interactions are also observed
when the lizards meet again at their traditional roosting sites before nightfall (Waltner, 1991).
Similar events may probably occur in some populations of other species, making an impression
of a peculiar communal type of social organisation. Arbel (1981) wrote that in short-toed rock
agamas S. stellio brachydactyla similar ‘community’ includes many individuals, both males and
females with only one male appears to be a dominant. Similar groups may have been mentioned
in passing by Baig and Böhme (1991) who wrote that L. pakistanica more often live in pairs than
in groups including a male-dominant and several females, and Zinner (1967) who observed an
unknown subspecies of harduns S. stellio in Lebanon. At the same time, we observed nothing of
this kind when studying social organisation in S. stellio subsp. and short-toed rock agamas in Israel. All our ﬁeld data are well explained within the framework of territorial organisation of demes
consisting of spatially separated family groups (Panov and Zykova, 1997).

1.3.2. Use of space by rock agamas
Within the local populations, rock agamas show a clumped spatial distribution, especially
in the areas with low density. Large areas, seemingly quite suitable for a given species, may
remain unoccupied. These empty areas separate local settlements (demes). We have shown
that the dispersal of individuals beyond the limits of such settlement is a very slow process
(Panov and Zykova, 1993). Immigration is also limited; therefore demes are partially isolated, which increases the rate of geographic intraspeciﬁc variation.
Home range area in each settlement varies strongly with habitat, and also with sex and age
of animals. Adult males occupy much larger territories in xerophytic habitats with a more or
less even terrain and with sparse grassy vegetation than in rugged terrain, wetter habitats and
habitats where scrub and trees are present. In Caucasian rock agamas the mean territory size
in the respective habitats was 140 m2 (limits 100–210 m2) and 94 (28–136) m2. Home ranges
of females and especially juveniles were much smaller (Panov and Zykova, 1993).
A similar pattern is observed in Kashmir rock agamas. The size of the territory of adult males
varied in different years between 86–111 m2 at low altitude and between 114–180 m2 at high
altitude, being on average 94 m2 and 140 m2 (curiously, these values are exactly the same as those
found by us in Caucasian rock agamas). The respective values for females are 106 and 77 m2, for
subadults 84 and 105 m2, for yearlings 81 and 42 m2 (Waltner, 1991). Bukhara elfkbnm agama
males hold territories with the area of 90–320 m2 (on average 207 m2), whereas home ranges of
females are 10–176 m2 (on average 67 m2), of juveniles 3–84 m2 (on average 19 m2).
Territories and home ranges are used to a varying degree. The watchposts (also used for basking) within the territory of an adult male are connected by a network of relatively permanent
paths. The areas along these paths are used quite regularly (but not necessarily on a daily basis);
the areas farther from the familiar routes are used occasionally or not at all. The males do not patrol the borders of their territories and very rarely conﬂict with the neighbours. The centre of activity may shift by several metres or even several tens of metres within a year or from year to year.
Sedentary individuals occasionally venture beyond the borders of their home range. Such
forays may explain the captures of individuals assumed to be stragglers. Such bukhara rock
agamas have been recaptured a year after marking 150 m and 400 m from the site of ﬁrst cap-
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ture (Khabibulov, 1989). This author encountered experimentally displaced agamas on the
next day on their way home. A Caucasian rock agama displaced not far from its home range,
so that it is directly visible from tops of large stones, returns homes immediately.

1.3.3. Sex and age structure of demes
Rock agamas are typical K-strategists (Panov and Zykova, 1995b), and the growth rate and
the turnover rate in local populations are relatively slow. Therefore, adults numerically predominate in rock agama settlements. The proportion of juveniles grows at the ﬁnal stage of
the breeding period (late summer) due to the emergence of many hatchlings. The proportion
of adults to yearlings falls back to the initial level by the end of the winter due to the high
mortality of hatchlings of this year in autumn and winter (Table 1.9). As shown in this table,
the age structure may change due to immigration, but this factor seems to be of limited importance, because rock agamas are very sedentary throughout their lives. Anyway, the proportion of subadults always remains low. In Kashmir rock agamas it is normally 12–24% of
the total numbers, in some months dropping to just 3–6% (Tables 1.7 and 1.9).
Table 1.9.
Dynamics of demographic contingent in settlement
of Kashmir rock agamas Laudakia tuberculata (after: Waltner, 1991)
Year
Month
Males
Females
Immatures
Yearlings
Hatchlings
Adults : Yearlings +
Hatchlings (%%)
Immatures
(%%)
1

VI
5
7
4
9
–

IX
5 (+2)1
4 (+1)
4 (+2)
7 (+1)
3

1973
X
4
5
6
8
8

XI
4
8 (+1)
1
5
22

V
4
7
1
5
–

1974
VI
4
7
1
5
–

VII
4
7
–
4
–

48.0:36.0
16.0

41.4:37.9
20.7

29.0:51.6
19.4

31.7:65.8
2.5

64.7:29.4
5.9

64.7:29.4
5.9

73.3:26.7
0.0

In parenthesis: individuals seen for the ﬁrst time

Subadults are especially uncommon in the demes close to the climacteric state. These are
local settlements in which all suitable habitats are divided between the family groups consisting of lizards of the oldest age groups. These groups are spatially evenly distributed, so that
no vacant plots are available. The reproductive success of the resident individuals is low, and
the lack of vacant plots does not allow young adults to settle. The settlement of Caucasian rock
agamas in eastern Azerbaijan (Gobustan site), studied in the springs of 1985–1988 may serve
as an example. Throughout the study period we captured only seven individuals hatched in
1985 (ca. 0.3 individuals per adult female), two lizards hatched in 1987 and none hatched in
1986. We cannot rule out the possibility that either no young were hatched that year or none
of the hatchings survived their ﬁrst winter (it is also possible that all juveniles emigrated).
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The proportion of subadults in 1987 was 11.5%. Next year, no such lizards were recorded at all,
and the proportion of yearlings (lizards that have survived one winter) was 8.3%, against 91.7%
of adults. In the Short-toed Rock Agama the proportion of adults to yearlings varied in the Negev in late March – early May between 81.8 : 18.2 and 84.2 : 5.8 (Panov and Zykova, 1997).
Sex ratio of adults seems to be close to 1:1. In Caucasian rock agamas sex ratio varies in different
populations (or even within the same population in different years) between 1 : 0.7–1: 1.6 (Panov
and Zykova, 1995b), in Kashmir rock agamas between 1 : 0.7–1 : 1.3 (Waltner, 1991). At the
same time, some authors suggest that males may outnumber females in other species. The reported ﬁgures are from 1.4 : 1 to 3 : 1 in the Turkestan Rock Agama P. lehmanni (Ataev, 1985;
Bogdanov et al., 1973; Yagdarov, 1974) and 2 : 1 in the Bukhara Rock Agama P. bochariensis
(Khabibulov, 1990). The latter author associated the male-biased sex ratio with the fact that
eggs in the studied species were incubated at low temperatures typical of high elevation. Given
that there is probably no chromosomal sex determination in agamas (though this remained to
be proved), low temperatures, according to the author’s hypothesis, may bias sex ration towards
more males. We, however, suggest that the most likely explanation for the biased sex ratio reported in these two rock agama species is the more inconspicuous behavior of females, which
leads to biased estimates. To note, in Kashmir rock agamas the sex ratio was almost equal at
low and at high elevations, at altitudes much lower than in the area where Bukhara rock agamas
were studied (2,165 m and 2,400–2,600 m a.s.l., respectively).

1.3.4. Population renewal rate
Rock agamas are very sedentary, live for a long time and thus have a relatively permanent
composition of the demes. Their composition changes mainly due to the recruitment of young
adult lizards replacing dying animals. Emigration and immigration seems to play little role.
The results of the long-term study of biology of Caucasian rock agamas suggest that the
highest mortality rate in this species is associated with the period between hatching and the
end of the ﬁrst winter. Out of 61 hatching-year individuals captured at two study plots in September – early October, i.e. in the second and third months upon hatching, just ﬁve (8.2%)
were recaptured next spring. All these lizards were found at one study plot where reencounter
rate was 25%. At the other plot we did not ﬁnd a single yearling of the 41 marked during the
previous autumn. These ﬁgures suggest that the mortality rate of juveniles may strongly vary
depending on local conditions or other circumstances.
After the ﬁrst winter the survival rate during the consequent 5–6 years is age-independent. Mortality rate varies between 0.28 in one-year-old lizards and 0.20 in ﬁve-year-old animals, with values
between 0.17–0.20 for two-, three- and four-year-olds. This pattern seems to remain unchanged until
at least 8 years of age, and only in older individuals (9–10 years old) is the survival rate strongly
reduced. According to our estimates, the greatest age of male Caucasian rock agamas is 12–14 years,
while in females it is 9–10 years (Zykova and Panov, 1991; Panov and Zykova, 1993).
Similar conclusions concerning the survival of rock agamas were made by Waltner (1991)
who worked with two marked populations of Kashmir rock agamas. According to his data,
the survival rate during the ﬁrst winter was 14.3% at high elevations and as low as 2.6% at
low altitude, where many juveniles die in ﬂoods during the monsoon period. The overall sur-
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vival rate at both study plots is, according to different estimates, 6.4–8.2%, which ﬁts very
closely our estimates for Caucasian rock agamas.
Similarly to this species, in Kashmir rock agamas the survival rate is much higher already
during their second year of life. The proportion of subadults that survive their second winter
is 22.2% at high elevations and 80.0% at low altitudes. The survival of adult lizards older
than 3 years was, conversely, higher in the former habitat (83.3%) than in the latter one
(56.3%). The author concluded that the survival rate increased with age. Unfortunately, the
study period was just two years, which did not allow the author to obtain any estimates of
the maximum lifespan of Kashmir rock agamas. It should be noted that in the second year
of study he found a considerable number of unmarked individuals at his plots (Table 1.10).
Even though Waltner himself (1991) did not suggest this directly, at least some of them could
have been immigrants. Alternatively, they may have escaped the capture of the previous year.
Table 1.10.
Relative numbers of L. tuberculata individuals marked on two study plots in 1973
and those observes as unmarked in 1974 (after Waltner, 1991)
Sex and age classes

Males ad
Females ad
Immatures
Yearlings
Hatchlings

Low mountain belt
Marked in previous
Unmarked
year
5 (62.5)
3 (37.5)
5 (41.6)
7 (58.4)
4 (57.1)
3 (42.9)
4 (40.0)
6 (60.0)
1 (50.0)
1 (50.0)

High mountain belt
Marked in previous
Unmarked
year
5 (83.3)
1 (16.7)
8 (88.9)
1 (11.1)
2 (100.0)
0 (0.0)
2 (11.8)
15 (88.2)
5 (100.0)
0 (0.0)

1.4. Seasonal and diel activity patterns
As all Laudakia species are poikilotherms, seasonal events in their populations are governed by
seasonal climatic conditions. Only several Eurasian rock agama species are conﬁned to tropical
areas (Arabian Peninsula, Hindustan), where the seasonality is weak (Fig. 1.14). Unfortunately,
there is absolutely no information concerning possible changes in the lifestyle of these tropical
inhabitants during winter period of lower temperatures. Much better studied in this respect are
some species that inhabit subtropics and mountain subequatorial areas with clear seasonality in
temperature, humidity etc. In these areas the active period during the warm part of the year is alternated with colder periods when most individual become torpid or at least less active.
Duration of the activity period depends on the latitude, elevation and winter severity in a
particular year. For instance, Bukhara rock agamas at high altitude in Kugitang (ca. 38°N) are
active for about six months per year (Khabibulov, 1990). In Caucasian rock agamas at the same
latitude (Turkmenistan, foothills of Kopet Dag) the period of mass activity may be as long as 8.5
months (from early March until mid November) in the years with early spring and mild autumn
but is reduced to seven months if spring is late and cold spells occur in late October. During the
inactive period, which usually lasts for four months (November – February), some individuals
emerge in warm sunny days and bask near their winter shelters. Along a 800-m line transect
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near Ashkhabad in November 66 basking
Caucasian rock agamas were recorded, 30
in December, 39 in January and just three
individuals in February. The proportion of
individuals that emerge from winter shelters
during the cold period is higher in micropopulations on southern slopes. It is assumed that
individuals that have the possibility to bask in
winter start breeding earlier in spring (Ataev,
1985: 117).
Kashmir rock agamas in the western
Himalayas cease their activity in late auFIG. 1.14. Yearly dynamics of daily temperature tumn – early winter, depending on elevaand precipitation in SW Iran. After Anderson, tion. The activity period is somewhat shorter
1963.
at high elevation (2,200 m a.s.l.) than in the
foothills (ca. 700 m a.s.l.; Waltner, 1991).
At high elevations, a sharp decline in the number of active individuals occurs as early as
September. Adult females, subadults and yearlings have never been encountered there in December, whereas at low elevation all these age classes have been recorded sometimes in this
season. Hatching-year lizards are not uncommon outside their winter shelters in both habitats
and even forage when their home ranges are directly in the sunlight. Interestingly, they are
even more common at high elevation in November and December than in the foothills.
Observations of Caucasian rock agamas and short-toed rock agamas show that the number
of individuals that emerge from hibernation increases very gradually, and the level of their
locomotory activity is relatively low. Initially, the lizards emerge from shelters just for a short
time and usually do not move far from them. Contrary to expectations, no peak of sexual
activity is recorded during this period. Copulation is very rarely observed in rock agamas.
Khabibulov (1990) reports that Bukhara rock agamas that cease hibernation in Kugitangtau
in the second half of April, copulate in the second half of May and lay eggs not until late June.
Among 135 females Caucasian rock agamas ready for egg laying, which were collected in
Turkmenistan during the whole spring and summer period, just three (2.2%) were recorded in
March when these lizards emerge from their winter shelters. The peak of egg laying occurs
in April (30.3% of females) and May (33.3%). Egg laying continues into June (27.4%), after
which is sharply declines (6.6% in July and 0,7% in August; Ataev, 1985). These ﬁgures demonstrate the extended breeding period of Caucasian rock agamas. The data for other species
show that this temporal extension is typical of all Laudakia species studied in this respect.
Naturally, it results in asynchronous hatching. Incubation period in Caucasian rock agamas
is reported to be 70–80 days (Ataev, 1985)13. Thus, eggs laid late, e.g. in late July, do not
hatch until mid October. The later an individual is hatched, the lower are its chances to increase the body mass and to fatten enough for winter survival. This is how Waltner (1991) ex13

Shorter incubation times are reported for other species: 60–70 days for Himalayan rock agamas P. himalayana,
40–50 days for Turkestan agamas P. lehmanni (Ataev, 1985). A ten-egg clutch laid by a female Kashmir rock
agama L. tuberculata in captivity, was successfully incubated under a 25 W incandescent bulb during 31 days
(Bhatnagar, 1968, from Waltner, 1991).
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plains differential winter foraging activity in hatching-year Kashmir rock agamas at low and
high elevations. At high elevation breeding is delayed as compared to foothills, and therefore
alpine juveniles have to catch up by foraging at every opportunity during warm days in the
beginning of winter. In late November – early December hatching-year lizards emerge to the
surface in the mornings two minutes after the vicinity of their shelter is lit by the sun, with
the air temperature being 15°C. When the sun goes down behind a mountain range, juvenile
rock agamas disappear just as quickly. On 28 November it happened at 16:07 with an air temperature of 13.5°C. Three minutes later all juveniles were in their shelters (Waltner, 1991:33).
Diel timing of activity depends on daily temperature dynamics, which is season-related. In
all species for which the data are available, during cool weather (in early spring and late autumn, and throughout the summer at high elevations) the activity rhythm has one peak in the
middle of the day. In arid foothills, when the days become hot, the rhythm becomes two-peaked
with a stronger peak in the morning (9–11 a.m.) and a weaker one in the afternoon (3–5 p.m.).
Around noon, during peak temperatures of air and substrate, lizards prefer to be inactive in the
shade or go into shelters. The two-peaked activity pattern is typical of low-elevation populations of Kashmir rock agamas between May and October. In November and December the
activity curve becomes single-peaked, with a maximum around noon and gradual decline during the subsequent 2–3 hours. A similar single-maximum pattern was found in high-elevation
populations of the same species during the whole observation period, i.e. in April – December
(Waltner, 1991). A similar pattern with a single peak was reported for the Bukhara rock Agama
at high elevations in Kugitangtau (Khabibulov, 1990, 1990b; Ananjeva, 1997: 67).
In the eastern Kopet Dag in the beginning of the activity season (mid April – mid May) Caucasian and redbelly rock agamas emerge from their nocturnal shelters between 7:00–13:00.
The time of emergence is governed by the soil temperature rather than the air temperature, which
could vary between 10°–24°C. Rock temperature is signiﬁcantly dependent on the weather on
the previous day. Emergence from nocturnal shelters is much delayed on windy days. When the
lizards are ready to start their activity, they emerge soon after the immediate vicinity of the shelter
gets direct sunlight. After emerging, the lizard remains prostrate near the entrance hole for a long
period (up to one hour), starting foraging only after that. On hot days, both species showed a
double-peaked activity pattern, with the increased activity between 8:00–11:00 and 16:00–18:00.
Social interactions may occur during any of these peaks. When the temperature is very high,
most rock agamas do not reemerge after their midday quiescence period, so that activity pattern
becomes single-peaked. The few individuals that do have the second activity peak, retire to their
nocturnal shelters at ca. 18:00–19:00, when air temperature is 20°C or higher. Before descending
into shelter, an agama may remain prostrate near the entrance for some time on a warm rock.
When the air temperature is high, some lizards may remain active until sunset. For example, on 18 April 2003 at 19:00 we observed an adult rough-tailed rock agama that foraged on
large ants, when air temperature was 27°C. In the western Kopet Dag on very warm nights,
when air temperature is ca. 30°C, some Caucasian rock agamas do not descend into their
shelters and spend the night on the surface.
Sharp declines of activity occur not only on rainy days and during strong short-term cold
spells, but also when daytime temperatures soar above 30°C (Panov and Zykova, 1996).
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1.5. Thermoregulation
As Eurasian rock agamas occur in the regions with strong seasonality, they should be capable
of remaining alive in a broad range of temperatures. For instance, in Turkmenistan within
the range of Caucasian rock agamas winter lows are at – 29°C, the mean July temperature is
32°C with highs above 40°C. Thus, rock agamas are eurythermic (Waltner, 1991). A number
of studies have shown that rock agamas can maintain their body temperature in the range
which is much narrower than the ambient temperature.

1.5.1. Body temperature of active lizards
All species of rock agamas for which sufﬁcient data are available have very similar mean
body temperatures which do not vary by more than 3°C (Table 1.10). It might seem unexpected, given the broad range of environmental conditions to which these lizards are exposed.
Indeed, the mean body temperature are nearly identical in short-toed rock agamas from the
arid rock desert in Negev and in the population of Kashmir rock agamas that inhabit edge
of humid tropical forest in the western Himalayas. Comparing the range of body temperatures of lizards and the range of ambient temperature, we obtain the following values: 7.2°
and 11.2° for short-toed rock agamas and 11.1° and 14.6° for the L. tuberculata population.
It means that active rock agamas can maintain their body temperature within the range by at
least 3.5–4° narrower than the range of air temperatures.
Maximum body temperatures in the species studied usually exceed the maximum air temperature, and sometimes that of the sunlit rocks (Table 1.11). It means that in the warm season
rock agamas rarely have to cope with hyperthermia and do not need any speciﬁc physiological
mechanisms, especially because high sublethal temperatures are much higher than the maximum ambient temperatures (Table 1.10). An increase in the body temperature to maximum
values, close to the maximum air or substrate temperatures, has apparently no ill effect on the
condition of these lizards that remain active as usual. In short-toed rock agamas the maximum
body temperature in the active state is 37.4°, which is much below temperatures that these
lizards start to avoid in the experiment (41.1 ± 0.2°) or under which they behave abnormally
(45.0 ± 0.3°; Hertz and Nevo, 1981). The maximum critical temperature for L. nupta observed
in the experiment with seven individuals varied between 43.8–46.8° (Anderson, 1963).
The main problem which rock agamas have to cope with in the active period (and certainly
during hibernation, see below) is low ambient temperatures. These heliothermic lizards show
various forms of thermoregulatory behavior aimed to maximize the use of solar energy. The
behavioral adaptations are described below, after the physiological results that they make it
possible to achieve.
How well rock agamas maintain their thermal homeostasis can be seen in Table 1.12.
The body temperature exceeds the ambient temperature more when air temperature is low.
The ambient temperature varies with elevation and season. In June, when the weather in the
Himalayas is hot and dry, body temperature excess over the ambient temperature is more than
2° greater in at high elevation than in the foothills. In both habitats the greatest difference
between body and air temperature is recorded in the monsoon season (15.9° in the alpine
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zone, 13.0° in the foothills) and especially in late autumn – early winter (18.8° and 14.2°,
respectively).
Table 1.11.
Body temperature (0С) in some rock agama species and its variation depending
of ambient environmental conditions
Species/subspecies/
population

Body temperature
mean

S. stellio ssp.

36.0±0.3
34.1± 0.6
32.9± 0.7

S. s. brachydactyla

34.4± 0.2

L. tuberculata

33.1± 0.3
34.6± 0.4

P. lehmanni

33.4± 4.6
–

P. bochariensis

1
2

–
–
–
33.2± 4.0

Region, season, climatic conditions

Range of
values
31.6–38.6 N Israel 170 m asl (early summer)
Ta 24.0–35.21; Ts 25.2 –38.62
24.4–38.6 N Israel 920 170 m asl (early summer)
Ta 22.8 –33.8; Ts 20.8–38.6
23.4–39.2 N Israel 1500 170 m asl ( early summer)
Ta 21.8–33.2; Ts 20.6–36.2
30.2–37.4 S Israel 530 m asl ( early summer)
Ta 23.6–34.8; Ts 23.8 –36.0
27.3–38.4 Western Himalayas 2215 m asl (IV–XII)
Ta 14.0–28.6
30.3–39.5 Western Himalayas 980 m asl (IV–XII)
Ta 15.1–34.5
–
Turkmenia, Kugitangtau, 600–1000 m asl
35.0–37.5 Uzbekistan, Nuratau Mountains (V)
35.0–39.0
35.0–37.5
35.2–38.8
21.0–38.0

Uzbekistan, Nuratau Mountains (VIII)
Uzbekistan, Gissar Range (VI)
Uzbekistan, Habduntog‘ (IX)
Turkmenia, Kugitangtau, 2600–2700 m asl

Source

Hertz and
Nevo, 1981

Hertz and
Nevo, 1981
Waltner, 1991

Khabibulov,
1990
Cherlin and
Chikin,
1991

Khabibulov,
1990

Ta — air temperature
Ts — temperature of substratum

The efﬁciency of thermoregulation, understood as the ability of organism to maintain body
temperatures in the narrowest possible limits notwithstanding broad variation of ambient temperature, may vary in closely related forms and even between populations of the same species (Hertz and Nevo, 1981). These authors showed that thermoregulation is more efﬁcient in
S. stellio brachydactyla (530 m a.s.l.) and in a lowland population of S. stellio subsp. (170 m a.s.l.)
than in two high-elevation populations of the latter form (920 m and 1,500 m a.s.l.; Fig. 1.15).
We suggest that this difference is due not to physiology, but to the fact that at high elevation the environment is more variable so that thermoregulatory mechanisms do not cope.
This hypothesis is supported by the data showing that the mean body temperature in all
rock agamas from high-altitude populations (P. bochariensis, high-elevation populations
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of L. tuberculata and S. stellio subsp.) is somewhat lower than that in lowland and foothill
populations (Table 1.11).
Table 1.12.
Difference between mean body temperature (Tb) and air temperature (Ta) of active L. tuberculata individuals (after Waltner, 1991)
Habitat

Season/Month

High mountain belt
(2215 m asl)

Tb–Ta
(mean ± SE)

Range of means Sample size
deviation
HOT, DRY

April
May
June

Low mountain belt
(680 m asl)

Comments

9.3 ± 1.3
6.6–12.8
9.7 ± 0.5
8.2 –13.6
8.5 ± 0.5
5.4–11.9
MONSOON
July
11.0 ± 0.5
8.5–14.7
September
11.1± 0.9
5.0–15.9
WARM, DRY
October
11.1
–
November
14.4 ± 0.7
10.0–19.4
18.8
HOT, DRY
April
2.0
1.3–2.7
June
6.3 ± 0,5
3.8–8.7
MONSOON
August
5.2 ± 0.9
3.3–7.5
September
6.4 ± 0.5
3.5–13.0
WARM, DRY-COLD WITH RAINS AND SNOW
November –
10.7 ± 11.2
8.2–12.0
December
14.2 ± 1.3
11.6–19.1

5
13
16
16
16
1
11
1

Yearling
Hatchlings
Yearling

2
11
4
14
3

Hatchlings

5

Adults

1.5.2. Body temperature of inactive rock agamas
In the warm season periods of inactivity occur at night and during cooler days, when the lizards
do not leave their shelters. The body temperature of Kashmir rock agamas L. tuberculata varies
between 18° and 27° in the alpine zone and between 19–33° in the foothills. In both cases the
highest values are borderlines ones, after reaching which the lizard is ready to become active
(Waltner, 1991). Similar values were reported for Turkestan rock agamas P. lehmanni during nocturnal rest in shelters: 18–25° in May and 25–31° in June (Cherlin and Chikin, 1991).
The lowest temperature recorded in this species at night was 14.2° (Rustamov et al., 1981).
Much less is known of temperature regimen in winter shelters and on body temperature in
hibernating agamas. During the relatively mild winter of 1971, in January the air temperature
occasionally dropped to – 4°C (Ataev, 1985). Under such conditions, body temperature of 18

Chapter 1. General information on Eurasian rock agamas

73

FIG. 1.15. Changes of body temperature during a day in lizards in three L. stellio brachydactyla
populations and three S. stellio subsp populations. After Hertz and Nevo, 1981.

immature Caucasian rock agamas, taken from a communal shelter, varied between 1.8–9.8°.
In 1972, January was consistently cold, with daytime air temperatures — 4 – –5°C, and
nocturnal temperatures dropping to –20°C. In that year, the body temperature of 24 juvenile
agamas in the communal shelter varied between –0.8 – +1.2°C, i.e. was not different from
the temperature in rock cracks (0.8–1.0°). When body temperature is 1–4°, the lizards are
immobile, when it reaches 5–8° they move slowly and at 9–11° they are even able to run.
As shown below, under severe conditions rock agamas use any opportunity to ‘charge’
from the sun. This behavior probably explains the observations reported by Ataev (1985). On
28 February 1962 he saw two adult Caucasian rock agamas that left their winter shelter when
the air temperature was 8° and another one that was sitting several metres from a heap of
snow at air temperature of +3°C. On sunny days in January, when the temperature on leeward
southern slopes at noon can reach 15–19°C, it is not uncommon to see rock agamas basking
near the entrances of their shelters. During an excursion on 23 January at 19°C as many as
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39 basking Caucasian rock agamas were encountered.
Some redbelly rock agamas L. erythrogaster emerge in the surface at 16°C, but mass activity does not start until the air warms up to 22–23°C in the daytime (Ataev, 1985).

1.5.3. Thermoregulatory behavior
Thermoregulatory strategy of rock agamas is basically very simple. During the night the lizard’s body cools down. In the morning the agama emerges from its nocturnal shelter immediately after it receives direct sunlight. An hour or slightly less is spent lying near the entrance
with its body pressed against the rock, getting solar energy and warmth from the rock, if it
is not too cold after the night. After warming up, the animal starts foraging. Between foraging bouts, the lizard is basking, and this is when its body temperatures may reach its peak.
In Turkestan rock agamas body temperature during such ‘voluntary hyperthermia’ may reach
38°C, even though the normal temperature range of active lizards is 35.0–37.5°C (Cherlin
and Chikin, 1991). When the midday heat starts, lizards keep their body high on erected forelegs during basking. The body may be oriented parallel to the sun rays, so that mainly head
and shoulders are exposed (photo on book cover). This posture allows the lizards to reach the
optimal temperature balance and may also be due to the need to conserve water. In the hottest
hours rock agamas withdraw to the shade of rock or a dense bush, sometimes climb on the
bush, or retire to the permanent or a temporary shelter. In the latter case the lizard may not go
deep inside the burrow, but remain near the entrance and keep the tip of its head in the sun.
On rainy, cool or windy days, rock agamas usually stay inside their permanent night shelters,
where they may remain for several days. In sunny weather with strong wind an agama may remain
on its doorstep for the whole day, with just the head protruding outside. On the other hand, during
consistently hot weather these lizards may not hide into their burrows for the night. Turkestan rock
agamas may spend night on tree branches or in dense bushes (Cherlin and Chikin, 1991).
These examples show how consistently rock agamas use any opportunity to accumulate
thermal energy, whether directly from the sun or from the warm substrate. At high elevations
during monsoon, Kashmir rock agamas are basking even when the sky is overcast, showing a
behavior not typical of their conspeciﬁcs from the warmer foothills (Waltner, 1991).
It should also be emphasized that the strategies of basking and foraging are very well correlated. Even though in November the body temperature of the lizards in foothill and alpine
populations of Kashmir rock agamas L. tuberculata are broadly similar, in the former habitat
those adult animals that are not yet hibernating sometimes forage in the middle of the day,
whereas in the latter the adults are basking during the whole day. Probably it is the efﬁcient
use of solar energy that allows Kashmir rock agamas living at high elevation to maintain their
body temperature at the same level as their low-altitude conspeciﬁcs (Waltner, 1991).
The problem of energy accumulation is most acute in late autumn and early winter for
hatching-year individuals, especially at high elevations where reproduction is delayed and
juveniles are under time stress to accumulate fuel before winter. These individuals are most
common and active in November and December in both Kashmir rock agama populations.
At high altitude they, unlike adults and subadults, actively forage all the time when their
range is under direct sunlight (see above). Even under such conditions juvenile rock agamas
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in November manage to maintain their body temperature 10.0–19.4° (on average 14.4±0.7°)
above the ambient temperature.
Juvenile redbelly rock agamas behave in a similar manner in November and December,
when adults do not leave their shelters at all. Hatching-year individuals emerged at 11:30 and
disappeared in gerbil burrows at 14:25. At air temperature of 17° body temperature of two
captured individuals was 28.5° and 29.5° (Ataev, 1985).

1.6. Diet and foraging behavior
All rock agamas for which sufﬁcient data are available are omnivorous. They forage on a
broad range of invertebrates and various plant matter, also consuming small vertebrates if
they can get them. In captivity these lizards do not refuse raw meat.

1.6.1. Diet
The diet of all species studied in this respect varies greatly depending on sex and age of the lizards as well as season and habitat. Undoubtedly, there is also individual variability of foraging
behavior and thus of diet composition within populations. The diet of the Kashmir Rock Agama
L. tuberculata (Waltner, 1991) is known in most detail: the contents of 221 stomachs was analysed
(Table 13). Plant matter made up 32.5–67.4% by volume in adult males, 35.6–54.0% in adult
females, 14.1–25.5% in immature individuals and 7.6–53.5% in juveniles. These ﬁgures suggest
that the proportion of plant food increases with age. However, juveniles may also consume quite
a lot of plant matter, as indicated by their diet at low elevation in the wet season. Vegetative parts
of plants predominated among this type of food in 11 out of 14 samples. Their mean volume per
stomach made up in different habitats and seasons 120–552 mm3 in adult males, 94–495 mm3 in
adult females, 41–114 mm3 in immature individuals and 0–100 mm3 in juveniles.
The importance of plant matter in the diet of Kashmir rock agamas is especially high
in November and December, when the density of invertebrates is low. It decreases during
the monsoon period, when terrestrial mollusca and myriapods become common and active
alongside with the insects. Ten insect orders are represented in diet of this species. By the
volume of their remains in the stomachs of adult and immature individuals, the ﬁrst place
is occupied by coleopterans and orthopterans, while in juveniles it is occupied by ants. Ants
may constitute up to 90% of the stomach content in juvenile lizards, which feed only on small
species of ants while adult rock agamas prefer large ones.
The diet of Kashmir rock agamas varies considerably depending on various factors even
within the population. The volume of food per 1 g of the body weight is the smallest in the
stomachs of adult males. They are followed by females and then by immature individuals, in
which the volume of food per 1 g of the body weight is the greatest. Data on juveniles are not
representative enough but it seems that this proportion in them is comparable with the ﬁgures
obtained for immature individuals or may be even higher.
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Table 1.13.
Importance (% of total volume) of various categories of food in the diet
of Laudakia tuberculata (after Waltner, 1991).
Sex and age Landscape
classes

Season

n

Vegetable objects

Animal food

“Leaves”1 “Flovers”1 “Fruits”1
Males

Females

Immatures

Yearlings

Insects

Other
invertebrates2

Low
Dry
mountain belt

8

19.0

44.1

-

28.8

4.1

Wet

7

15.5

25.4

2.8

52.8

3.5

High
Dry
mountain belt

14

38.5

6.4

11.1

41.5

2.6

Wet

12

21.4

5.9

5.2

59.6

7.8

Low
Dry
mountain belt

23

26.5

7.0

21.4

39.4

5.6

Wet

12

25.4

6.9

3.3

59.3

5.0

High
Dry
mountain belt

25

36.7

2.1

15.8

36.3

9.0

Wet

31

20.4

7.8

8.0

58.8

4.0

Low
Dry
mountain belt

8

17.7

1.5

6.3

66.9

7.6

Wet

14

8.5

1.9

3.7

83.1

2.8

High
Dry
mountain belt

12

18.4

0.7

5.1

53.4

22.6

Wet

42

10.8

1.4

8.4

75.6

3.8

Low
Wet
mountain belt

6

42.7

8.9

1.9

43.6

3.1

High
Dry
mountain belt

6

3.8

-

3.8

76.0

15.2

1

‘Leaves’ — vegetative parts of grasses, bushes and trees; Flowers include buds; Fruits include seeds
and berries.
2
Other invertebrates — spiders, myriapods, scorpions, mollusca.

It should be emphasized that the foraging time budget depends on thermoregulation needs.
For instance, in Kashmir rock agamas at high elevations food consumption decreases during
monsoon season. Low solar radiation makes lizards of all age-sex classes spend more time
basking (even if the sky is overcast) at the expense of the foraging activity. At low eleva-
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tions the air temperature during the monsoon period is rather high, and adult males and immature individuals may forage in the same way as during the dry season. An abrupt decrease
in foraging activity during the monsoon period was observed in females from low altitude
populations. This may be due to the fact that most females in these habitats have mature eggs
in oviducts during this time (Waltner, 1991: 31).
Waltner’s conclusions agree well with the results of some fragmentary observations of another species of rock agamas. Not only large species (such as L. nupta, L. melanura, P. lehmanni,
P. stoliczkana) but also small ones (P. himalayana, L. bochariensis) are to a great extent herbivorous (Smith, 1935; Minton, 1966; Rustamov et al., 1981; Ananjeva, 1997 and others). Young
shoots, leaves, ﬂowers and ripe fruit of mulberry, hawthorn, vine as well as seeds occupy a considerable place in the diet of the Turkestan Rock Agama. Plant food often makes up 15–20% of
the stomach volume content, sometimes exceeding 50%. Plants are likely to be not only food
but a source of water. In spring and autumn plant remains are found in stomachs in 31.3 and
50% of cases, respectively, while in the dry summer season, in 76.5% of cases. In the relatively
small Himalayan Rock Agama the frequency of green plants consumption makes up more than
84 (Ataev, 1985), while in the similarly-sized Bukhara Rock Agama plant remains were found
in 76% of the stomachs. In some Bukhara rock agamas the stomachs were ﬁlled only with plant
matter such as leaves, ﬂowers and fruit of ephemeral plants, trees and shrubs (Khabibulov, 1990)
Rock agamas demonstrate a low selectivity in respect to animal foods. For instance, the stomachs of the Turkestan Rock Agama were often found to contain ‘stinging’ hymenopterans (wasps
and bees), aposematically colored insects (some caterpillars) and some poisonous arthropods (spiders and scorpions). In Turkmenistan in the stomachs of this species coleopterans predominate
(77%, mostly tenebrionids), and in Uzbekistan, hymenopterans (71%) and orthopterans (69%).
In both countries ants are the most frequently found hymenopterans in the stomachs. In Uzbekistan
they also occupied the ﬁrst place by the number of consumed individuals (72%).
Some other species of rock agamas have also been shown to consume very diverse animal
food objects (Bogdanov, 1960; Ataev, 1985; Khabibulov, 1990а; Petrochenko, 1992; Düşen
and Öz, 2001). The latter author emphasized a very low selectivity towards food objects in
the Bukhara Rock Agama. Characteristically, rock agamas often feed on well-armed prey. In
particular, scorpions are present in the diet of L. nupta, L. tuberculata, L. caucasia. Stomachs
of the latter species were found to contain the remains of 37 large hornets (Ataev, 1985). The
length of the food object usually does not exceed 15–20 mm though the consumed acridoids
and small lizards may be as long as 45 mm.

1.6.2. Variability of food spectra
Differences in the food spectra of different age-sex groups similar to those described above
for the Kashmir Rock Agama were also found in other species of rock agamas. For instance,
according to Petrochenko (1992), plants play a more important role in the diet of adult Turkestan rock agamas in Uzbekistan. Plant remains were found only in 46% of the stomachs of
young lizards, where they made up 10–20 % of the stomach content, whereas in adults plant
remains were found, on the average, in 54% of the stomachs (69% in males and 40% in females), their volume sometimes exceeding 50%. The basis of the animal diet of lizards of all
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ages in the study area was represented by coleopterans and hymenopterans. A considerable
part of the diet of adults was made up by lepidopteran larvae, whereas young lizards fed more
often on orthopterans and hemipterans. Mobile and winged insects were more often found in
the diet of males than in that of females.
In the Turkestan Rock Agama seasonal changes in the diet were also described. In summer
and in autumn adult lizards, especially males, spend much time on trees and bushes, which is
reﬂected in their diet. It was suggested that individual experience of the lizards may considerably inﬂuence their diet. According to Petrochenko (1992), young Turkestan rock agamas are
less discriminating in the choice of food objects and less lucky in hunting. On the contrary,
Waltner (1991) thought that juveniles and immature individuals of Kashmir rock agamas are
more successful in hunting winged insects (lepidopterans and dipterans).

1.6.3. Foraging behavior
Rock agamas hunt mobile prey using two main strategies: sit-and-wait and active search on
hunting trails. According to our observations on Caucasian and redbelly rock agamas, sitand-wait strategy is more characteristic of females and young individuals, whose hunting
areas are relatively small and often conﬁned to the close vicinity of the nocturnal shelter and/
or watchposts and basking sites. The males patrolling their large territories feed on plants and
procure invertebrates at the same time (Plate X, 2).
A lizard on the watchpost keeps in sight an area with a radius of up to 10 m (video #39).
Having noticed an insect, it turns its head in such a way that the potential prey vision the line
of sight. The lizard sometimes performs several up-and-down movements by the forebody in
the process. Then it descends from the perch alternating the PU with short advances. Finally it
captures the prey in a plunge. When hunting ﬂying insects, rock agamas can jump to 15–20 cm.
The lizard chews the prey at the site where it was caught, swallows it and only after that returns
to the watchpost. Sometimes an agama would desert a watchpost to eat a ﬂower.
When foraging along a trail, the lizard alternates advances with long pauses during which it
looks for the prey. Noticing prey, the agama rushes towards it, jumping quite high if need be (videos ##7 and 38); if it misses, it may continue to chase the prey. If an agama catches a large insect,
it squeezes it with it jaws until it is completely immobilised. Foraging trails often pass though
areas with a developed grass stand. Two types of hunting behavior are similarly organised in the
Turkestan Rock Agama and the Bukhara Rock Agama (Bogdanov, 1965; Khabibulov, 1990).
Besides feeding on herbaceous plants on the ground, rock agamas often climb trees and
bushes, where in early spring they often feed on leaves, which they tear away from the
branches together with stalks, and later on fruit. While it is usually thought that this behavior
is most characteristic of the Turkestan Rock Agama (Ananjeva and Tuniev, 1994), it is in fact
common in many other species: S. stellio subsp., P. erythrogastra, P. caucasia, P. bochariensis. Caucasian rock agamas are excellent climbers. They easily move along bramble twigs,
its berries being one of their preferred foods in Turkmenistan in May.
A high degree of omnivory in rock agamas is indicated by the fact that they are sometimes seen
to destroy bird nests. Rustamov (1957) found a redbelly rock agama in the nest of the Eastern
Black Wheatear Oenanthe picata. One of the nestlings was already dead and the other was dying.
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The body and the wings of both were bruised, probably as a result of lizard bites. The remains of
an unidentiﬁed small bird were found in the stomach of the Caucasian Rock Agama (Khonyakina,
1965). Frequent instances of egg disappearance from the eastern black wheatears’ nests may possibly be due to the activities of rock agamas (Panov, 2005: 236). The Hardun S. stellio in Israel
was often shown to feed on bird eggs and nestlings. These lizards feed on the eggs of the European
bee-eater Merops apiaster penetrating into their nesting burrows down to a depth of 2.5 m. They
get the chicks from the nests of Passer domesticus sparrows built at a height of 2–6 m on Ficus
sycomorus and F. bengalуnsis trees (Kopan and Yom-Tov, 1982).
Rock agamas frequent various caverns in stony steep slopes and may catch small reptiles there. Their usual prey are small geckoes (in Turkmenistan, Gymnodactylus caspius and
G. fedtschenkoi — Plate XI, 5) and skinks (for instance, Eumeces schneideri). The representatives of both genera were found in the stomachs of the Caucasian Rock Agama and the
Turkestan Rock Agama, while skinks were found to be a part of the diet of the Kashmir rock
agamas. Other vertebrate prey of the Caucasian Rock Agama includes the Typhlops blind
snake. The stomach of a Causasian agama was found to contain the tail of a racerunner lizard
Eremias sp. Two instances of the Caucasian rock agamas eating conspeciﬁc juveniles were
reported. Large males of rock agamas commonly feed on small invertebrates (Ataev 1985;
Waltner, 1991; Petrochenko 1992). Disi (2013) gives a photograph of the Hardun eating a
young Ptyodactylus guttatus lizard starting with the head.
To sum up, the proportion of plant food increases with the increasing size of rock agamas in
the course of their ontogenesis. Taking into account the considerable energy requirements for
growth and thermoregulation in younger lizards, their predominant feeding on invertebrates,
which are rich in calories, pays off. On the contrary, adult lizards are unlikely to procure enough
large invertebrates to meet their energy requirements. At the same time, they are strong enough
to macerate considerable quantities of plant ﬁbre (Sokol, 1967). Ataev (1985: 112–114) noted
that in the Caucasian Rock Agama the intestine of younger individuals is much shorter than in
the adults and suggested that this is due to the fact that the latter are herbivorous to a greater
extent. Eating plants may also make up for the lack of water. Interestingly, in captivity Turkestan rock agamas readily drink water and eat almost no plant food (Petrochenko, 1992).

1.7. Reproduction
1.7.1. Sexual maturity
Rock agamas reach sexual maturity not before the end of the second year of life. It is at that
time that sexual dimorphism characters become distinct. The Caucasian and Redbelly Rock
Agamas are thought to become sexually mature in an age of 30–34 months, that is, after their
third winter. Some individuals of Turkestan rock agamas may become potentially capable of
reproduction in the middle of the summer following the second winter, that is, at an age of
24–25 months, but start to reproduce only in the following spring. The Himalayan rock Agamas matures earlier (at an age of 19–20 months, after the second winter) probably because it is
smaller (Said-Aliev, 1975). At the same time, Paralaudakia stoliczkana, which is quite large,
may also become sexually mature after the second winter (Ananjeva, 1997).
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It should be noted that in all these cases the age was assessed on the basis of the body size
of dissected lizards. However, growth rates are known to differ in different individuals and
so the body size allows only a crude assessment of the age (see Chapter 3). Therefore, it is
not always clear how we should interpret the instances of reproduction in individuals much
smaller than most reproducing members of the population. For instance, in different Kopet Dag
populations mature females of the Caucasian Rock Agama are normally at least 100–105 mm
long. However, some much smaller (92.0–97.5 mm) females captured in this regions had
well-developed ovaries in the follicles (Ataev, 1985).
It is unclear if such individuals reproduce unusually early or just have low growth rates.
Besides, it is unknown if the eggs of such small females reach the ﬁnal stage of development (Ananjeva, 1997). Waltner (1991) presumed that some follicles may resorb before the
ovulation even in females of an undoubtedly reproductive age. Functioning gonads are also
sometimes found in untypically small males, which by the size alone fall into the category
of immature individuals (see the data on Paralaudakia stoliczkana in: Ananjeva, 1997: 68).

1.7.2. Reproductive phenology
The reproduction period in rock agamas is determined by the weather and thus depends on
latitude and altitude. The earliest time of the start of reproduction was reported for L. nupta
in southern Iran. The female captured on March 13 in the southern Iran (31°57’N, 49°15’E)
had eggs with a diameter of up to 3.5 mm in the ovary. The average minimum and maximum
temperature in this region make up, respectively, 16.5° and 24° in February and 13° and 26°
in March (Anderson, 1963). In southern Baluchistan, which lies approximately at the same
latitude, these lizards are sexually active starting from late February–early March (Schmidt,
1955). The reproduction period in L. nupta is also the most prolonged: in the south-west of Iran
females with eggs in ovaries or in oviducts are found from mid March to mid October (Anderson, 1963). This is unsurprising, taking into account the fact that in the southern part of its distribution area, in southern Pakistan (ca. 25°N) L. nupta does not hibernate at all (Minton, 1966).
Reproduction periods in other species of rock agamas are similarly limited by the length
of the warm season. For instance, in Kashmir rock agamas at low altitudes in western Himalayas ovulating females may be found for eight months, from March to October, whereas at
high elevations in the same region (2,100–2,200 m.a.s.l.) the reproduction period shrinks to
two months, from mid May to mid July. At an altitude of ca. 2,500 m only single females ﬁnish reproduction in the last ten days of August (Waltner, 1991; Fig. 1.16). In Chitral Province
(northern Pakistan) at up to 4,330 m.a.s.l. the Caucasian rock agamas remain active from
mid May to October, and thus the multiple clutches chances are rare’ (Khisroon et al., 2012).
The reproductive season is also stretched in species from in the northern parts of the Laudakia distribution area. For instance, in Tadzhikistan Himalayan Rock Agama individuals with
functioning gonads can be found for 4 months, from May to August, whereas the females of
the same species in Kugitang (south-eastern Turkmenistan) lay eggs for ca. 2.5 months (SaidAliev, 1975; Ataev, 1985).
Sexually mature females normally lay only once in the season. However, some females
can probably do it twice during the summer if they start reproduction very early in spring.
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FIG. 1.16. States of the reproductive system in females of the Kashmir Rock Agamas L. tuberculata
in time of young hatching in high and lower mountain habitats. After Waltner, 1991.

trustworthy description of one such case in the Caucasian Rock Agama can be found in
Ataev (1985). Two females of this species captured in Turkmenistan in late April and mid
May had, in addition to eggs ready for laying, also corpora lutea in the ovaries.

1.7.3. Physiological changes during reproductive season
These processes were analysed in detail by Waltner (1991) in two populations of the Kashmir
Rock Agama. After agamas emerge from hibernation, intensive development of adipose bodies starts. In females they reach the maximum weight (1.3–3.4%, on the average 2.1% of the
body weight) by the beginning of the formation of follicles in the ovary, but degrade soon
as follicles develop. When adipose bodies reach ca. 6 mm in diameter, their weight usually
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makes up less than 1% of the weight of the female. Thus, a pronounced development of adipose bodies is an important prerequisite of successful reproduction of the female. Probably
because quick recovery of their volume after egg-laying is difﬁcult, the second reproductive
cycle of the female in the same season is unlikely,
Corpora lutea formed in the ovaries instead of follicles in the end of ovulation make it
possible to assess the potential and the actual contribution of a female into reproduction. The
comparison of average data on the number of corpora lutea in the ovaries and eggs in the
oviducts indicates that reproductive products in females are resorbed inconsiderably (Ataev,
1985). However, it should be taken into account that corpora lutea in rock agamas degrade
very fast, in a month (Waltner, 1991).
Contrary to the females, in the Kashmir rock agama males the weight of adipose bodies continues to grow until the second half of the reproduction season, when they reach, on the average, 1%
of the body weight (range of values from 0.2 to 1.8%). Thus, in males the size of adipose bodies
correlates with their reproductive status only weakly. The same applies to the size of the testes.
The best index of the reproductive status of the males turned out to be the state of sperm ducts,
which reach their maximum development in the period when the females prepare to ovulation.
According to Ataev (1985), the Caucasian Rock Agama males have the following dynamics
of changes in the size and the weight of testes. Their minimum development is in the end of summer, after mating season (in August their weight only slightly exceeds 100 mg). From October to
December the weight of testes gradually increases, making up on the average 565 mg in the
middle of hibernation. In January the weight of testes decreases a little (308 mg). The growth
resumes in February, reaching the maximum (720 mg) by the start of the spring activity.
Later in the reproduction season the weight of testes gradually decreases. The dynamics of
the adipose bodies’ development in the males of the Caucasian Rock Agama is similar to that
described by Waltner for the Kashmir Rock Agama.
Data on other species of rock agamas, though less complete, may indicate that the physiological changes described above are universal for this group of lizards. In particular, the
size of testes in Bukhara Rock Agama males increases somewhat in autumn (from 1.8–2.1%
of the body weight in early summer to 2.4–2.8% in September), when the males sometimes
even try to mate with the females (Khabibulov, 1990).
In the Caucasian Rock Agama in Iran two phases of spermatogenesis were described during hibernation (from mid October to late March). It is inactive from October to December and active from January to March. However, spermatogenesis during late hibernation
proceeds without spermiogenesis. This is evidenced by the fact that the ﬁrst and secondary
spermatocytes were produced but no spermatozoa in the lumena of the seminiferous tubules
were found (Rastegar-Pouyani, Torki, 2007).

1.7.4. Fecundity
Data on the fecundity of several best studied species of rock agamas are summarized in
Table 1.14. It can be seen that the maximum number of eggs before laying varies within a
genus from 6–7 in species of small lizards (the Himalayan and Bukhara Rock Agamas) up
to 17–25 in large stellios (the Turkestan Rock Agama). Based on Ataev’s opinion that the re-
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Table 1.14.
Quantity and size of sexual products in some rock agama females
Species

Sexual products

Number

Length
(mm)

Width
(мм)

Sources

L. nupta
L. tuberculata

Eggs in oviducts
Follicles
Eggs in oviducts
or corpus luteum
Clutch

10
5–13
( 8.9–9.9)*

19.1
–

–
–

Blanford, 1876
Waltner, 1991

4–6
7.2–11.7

P. erythrogaster

Eggs in oviducts
Eggs in oviducts
before oviposition
Eggs in oviducts

13 (6+7)

P. himalayana

Follicles

6 (3, 3)

9.1

3,0

3–5 (1–3+1–2)

7.3–16.2

3.5–9.0

2–7,
4–5 are more frequent
(3.5)
2–5,
3 are more frequent

16.0–22.0

10.0–12.0

Follicles

6–17 (3–9+3–8)

2.0–12.0

1.0–9.0

Eggs in oviducts
Clutch

7–25, ср. 14.4
(5–13 + 5–121)
22
–

14.2–31.0

9.1–16.0

15.0–19.0
18.5–21.0
(19.6)
–
20,0–24,0

9.0–12.0
12.0–14.0
(13.5)
–
14,0–18,0

P. bochariensis
P. caucasia

Eggs in oviducts
Clutch

P.. lehmanni

12

20.8–23.3,
–
(21.8)
–
–
19.0–26.0 11.0–15.0,
( 22.7)
(13.3)
19.0–25.0 9.0–14.0

Clutch (?)

4–24
4–11
5–6
10

P. himalayana

Follicles

6 (3, 3)

9.1

3,0

3–5 (1–3+1–2)
2–7,
4–5 are more frequent
(3.5)
2–5
3 are more frequent

7.3–16.2

3.5–9.0

16.0–22.0

10.0–12.0

P. bohariensis
1

Eggs in oviducts

Numbers in right and left ovaries/oviducts.
* Means are shown bold.

4–6

Ataev, 1985
Chernov, 1959

Ataev, 1985
Said-Aliev,1979

P. stoliczkana

Eggs in oviducts
Clutch

Khabibulov,1990
Ataev, 1985

Said-Aliev, 1979

Ataev,1985
Yagdarov,1974
Khabibulov,1990
Terbish, 1995
Peters, 1971
Zygmayer, 1909
(in Ananjeva,
1997)
Chernov, 1959

Ataev, 1985
Said-Aliev,1979

–

–

Khabibulov,1990
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FIG. 1.17. Dependence of the real and potential fecundity of L. tuberculata females on their size. After
Waltner, 1991.

sorption level of reproductive products in females is low, these ﬁgures probably give an only
slightly overestimated assessment of the clutch size. The maximum number of eggs in the
clutches made up 11 and 13 for the Turkestan Rock Agama and 12 for Kashmir rock agamas
(Kaluzhina, 1951; Waltner, 1991).
Fecundity varies broadly within a species. The most important factor determining clutch size is
the age and the size of the females. For instance, in the Caucasian Rock Agama the average number
of eggs about to be laid varies from 8.1 in females with a SVL of 101–110 mm to 12.5 in females
with a body length of 141–150 mm (Ataev, 1985). According to Waltner (1991), females of
Kashmir rock agamas in the ﬁrst reproductive season lay 5–9 eggs and in the third and the
following reproductive periods, from 9 to 15 eggs (Fig. 1.17). A similar tendency seems to be
characteristic of the Turkestan Rock Agama and in Paralaudakia stoliczkana (Ataev, 1985;
Ananjeva, 1997).
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Energy costs of egg production are probably quite considerable as indicated by a rapid
decrease in the weight of adipose bodies by the beginning of follicle maturation. The weight
of the clutch sometimes exceeds a quarter of the female body weight. Twelve eggs laid by
the female of the Turkestan Rock Agama weighed 19.6 g (27% of the body weight of the
mother). In the Caucasian Rock Agama the weight of eggs about to be laid varies from 13.0 g
in younger females (on the average 21.0% of the body weight) to 21.7 g in the largest females
(17.2%). In the Turkestan Rock Agama the total weight of eggs in the oviducts made up, on
the average, 25.3% of the female body weight (Ataev, 1985; Waltner, 1991).
Other factors inﬂuencing fecundity are local climatic features and the time of laying in
the course of the reproduction season. In Kashmir rock agamas the calculated clutch size
makes up on the average 9.9±0.5 eggs at low elevations and 8.9±0.4 at high elevations.
The tendency towards decreasing clutch size in suboptimal habitats with a shortened reproduction period is evident, but the differences are not statistically signiﬁcant (Waltner, 1991).
In the Caucasian Rock Agama the average number of eggs in oviducts decreases from 10.0
in April to 7.1 In July. Ataev (1985) explains these differences by the fact that in early spring
older females with a higher fecundity start reproduction ﬁrst, whereas young females begin
to reproduce later.
The duration of the incubation period has been established for a number of species with some
certainty. It makes up 40–50 days in the Turkestan Rock Agama, 60–70 days in the Himalayan
Rock Agama and 70–80 days in the Caucasian Rock Agama (Ataev, 1985). In Kashmir rock agamas the incubation lasts ca. 75 days under natural conditions. In captivity, however, a clutch of
10 eggs was successfully incubated during 31 days under a 25 W incandescent lamp lamp (Waltner,
1991). This author estimates the proportion of successfully incubated eggs in this species as 41–79%
at low elevations and 55–92% at high elevations. A higher clutch mortality at low elevations can be
explained by the hazardous impact of water torrents during monsoon period: the water washes the
soft soil at the banks of the streams, which are favourite sites for laying in these lizards.

1.7.5. Mating behavior
Our data on social behavior of the Caucasian Rock Agama indicate that copulation occurs
in this species rather rarely. Only two reliable cases of successful copulation were registered
during 1500 h of observations and in two more cases the females seemed to have prevented
the coitus. Besides these contacts between the individuals of different sex in family groups,
there was one instance of forced copulation involving a bachelor male and a female from a
neighbouring territory. The rarity of copulation in rock agamas is probably explained by the
fact that the sperm of rock agamas remained viable in the reproductive tracts of the female
for a long time (Kamalova, 1975)14.
In all the cases mating was not preceded by any stereotypic sequence of ritual displays.
When the male and the female from the same family group ﬁnd themselves close to each
other (for instance, at their common usual basking site) and become ready for mating at the
same time, the male just seizes its female partner by the back of the neck and holds it like
14
In the Common Side-Blotched Lizards Uta stansburiana the sperm remains viable in the reproductive tracts
of the female up for to 81 days (Quellar, 1966).
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this for several seconds. The male moves its tails under the tail of the female, their cloacae
touch, and that is that. After the copulation the lizards may stay near each other, during which
time separate acts, usually interpreted as fragments of signal behavior, can be observed (PU
crawling on the ground etc.; see section 1.9). These acts, however, do not form any regular
clearly structured sequence (Panov and Zykova, 1999).
According to Khabibulov (1990), in the Bukhara Rock Agama early in the reproduction period
sexual contacts are initiated by the males. A male chases the female and having reached it covers
it, clasping it by the legs and seizing it with its jaws by back of the neck. If female breaks free,
the male runs it down again and tries to mate. The copulation lasts for 3–5 seconds, after which
the female breaks free and runs off a little. The male runs after it and circles round it 2–3 times,
performing Push-Ups. The female, staying where it is, turns away from the male. The whole
interaction lasts up to 10 minutes. When the females reach the peak of sexual activity, they may
also initiate mating, running up to the partner and ‘nuzzling’ to it. After that the female runs off
for up to 20–30 m, with the male in chase. However, it should be noted that in other ‘stellio’
species (S. stellio ssp., Caucasian Rock Agama, Redbelly Rock Agama) such a behavior of the
female is almost never a prelude to the copulation and should rather be considered as a means
of maintaining stable personal connections between family group members of different sex
(Panov and Zykova, 1993, 1996, 1999). Khabibulov was also unsure if the courting behavior
by Bukhara rock agama female of ‘Chernov’s Agama’ resulted in copulation. Mating in the
Turkestan Rock Agama lasts for 8–9 minutes, being repeated 2–3 times a day in the same couple (Kaluzhina, 1951). After mating the male and the female depart to the same shelter. This
author does not give any further details however.

1.7.6. Female behavior during laying
We managed to ﬁnd only two description of egg laying in the literature. Waltner (1991) observed one such episode on July 17 at 3 p.m. in western Himalayas, the weather being partly
cloudy. A Kashmir rock agama female was laying eggs into a cavern in the wet ground mixed
with pebbles up to 10 cm in diameter. The slope chosen by the lizard was overgrown with
motley grass (vegetation cover ca. 50%). The laying site was situated outside the home range
of the female and differed from it. The burrow with an entrance hole (7 cm wide, 5 cm high
and 12 cm long) was not surrounded by any vegetation. During laying the female was sitting
with its legs wide apart near the entrance and with the tail base directly by the entrance hole;
the tail was turned to the side. The female laid eggs with an interval of 30 sec – 2 min. After
laying several eggs, it turned and pushed them into the burrow with a quick movement of the
snout. Having laid 12 eggs, the female buried the entrance with stones and earth. The burrow
entrance was thus excellently concealed; after a rain it was absolutely impossible to ﬁnd.
Kaluzhina (1951) described egg-laying by a Turkestan rock agama female in captivity as
follows. On July 13 the lizard laid 14 eggs in two hours and a half (from 13.00 to 15.25). All
this time it was sitting in a horizontal position, hind legs spread-eagled at a right angle to the
body, the end of the tail arched. Each time the cloaca opened, the egg left it after 1.5–2 s.
Then there was a break lasting from 3 to 45 min. Freshly laid eggs were wet and covered with
a parchment-like cover, which 10–12 min later became white and solid.
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According to our observations, the female of the Caucasian Rock Agama makes a burrow
for the eggs itself, working energetically in turns with both left and both right legs in a regular
and fast sequence. The chosen egg laying site is often situated outside the permanent area of
the lizard (Danov, pers. comm.).

1.8. Social behavior and communication
We consider social behavior and communication as mechanisms of sustaining and regulating the social structure of the deme. These categories of behavior serve two main tasks.
The ﬁrst task is regulation of life space use by different members of the local group. The second task is ensuring conditions for coordinated behavior of mating partners during reproduction. Both these tasks are interconnected to some degree, especially in species with a familygroup lifestyle. In particular, in many species of rock agamas the family group occupies a
territory protected mostly by the male. The presence of a single begetter opens possibilities
for the progressive development of long-term, stable and personalized relationships between
the male and the females living in its territory.

1.8.1. Territorial behavior
The available data suggest that the regulation of spatial relationships in rock agamas is not
as rigid as in strictly territorial agamids (such as the Steppe Agama Trapellus sanguinolentus — see Zykova and Panov, 1986; Loman et al., 2013). For instance, the Caucasian
Rock Agama, whose social behavior is studied in most detail, has almost no differentiated
repertoire of aggressive behavior as such. The lizards are distributed across the home range
mostly by means of mutual avoidance of adult males and adult females in case of mutual
visual contact. Chemical signalling may also play an important role. It is mediated by
olfactory markings left by the owner everywhere across the home range, especially at the
sites of its maximum activity (near the permanent shelter, at watchposts etc.).
Direct threat is an accessory, though highly effective, means of protecting the home range.
The lizard trots at a high speed towards the intruder. The opponent usually ﬂees, returning to its
own home range. Such conﬂicts rarely escalate into an open opposition, skirmishes or ﬁghts.
A high threshold of aggressive motivations is also observed in other species of rock agamas. For instance, according to Khabibulov (1989, 1989а), the Bukhara Agama males, which
have their own individual home ranges, do not patrol their borders and do not protect them.
This author did not observe natural aggressive interactions between individuals at the borders
of their home ranges. At the same time, in ﬁeld experiments the male tends to actively protect
the core area of its home range. Having noticed a lizard released by the experimentalist, the
owner rises on its forelegs, performs a series of Push-Ups, runs up to the intruder and bites
it by the hind legs or the tail base, after which it quickly returns to the original place. If the
intruder does not withdraw, the owner repeats the aggressive act. A fast decrease of the aggressive motivation is indicated by the fact that in the former case the attacking male lets the
observer approach by 1–1.5 m, and in the latter runs away when the distance is not less than
4 m. Aggressive reaction to an adult intruder is more pronounced than that to young individu-
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als: when young agamas are placed in the centre of the territory, the owner runs up to the
intruder and bites it slightly, the runs to the side and controls the retreat of the opponent. In
most cases, however, ‘intruding’ lizards of any sex or age try to leave the experimental side
by their own accord, regardless of the owner’s reaction. A half-hearted attempt to resist aggression was observed only once: the mistreated male tried to repel the attacker with a special
sideways movement of the croup. If the intruder does not move, the owner does not react to
his presence at all.
Waltner (1991) studied territorial behavior of male Kashmir rock agamas L. tuberculata,
planting a tethered male on the resident’s territory. Having approached the intruder, the home
range owner turned sideways straddling the hind legs and pressing the cloacal region to the
ground. Somewhat ﬂattening the body in the horizontal plans and lowering the gular sac, so
that black markings on the chin became well visible, the resident performs a series of PushUps and then approaches the intruder by short sideways jerks. The planted lizard ﬂattens
itself passively on the ground, making no attempts at resistance and sometimes allowing the
aggressor to mount. In such cases the owner of the territory typically reacts to the intruder by
a series of Push-Ups (which Waltner refers to as the challenge display).
Noteworthy, the males of Kashmir rock agamas L. tuberculata show indications of territorial behavior only during the day. At that time the male regularly patrols the borders
of its home range, which, however, partly overlaps with the home ranges of the neighbouring males. By the evening the mutual antagonism between the males fades away and
they congregate to spend the night in a communal shelter outside their individual territories together with other lizards of different sex and age15. After leaving the night retreat
the agamas from different home ranges remain for some time absolutely tolerant of each
other’s presence. Passing conﬂicts begin to occur only after the body temperature of the
lizards rises up to the full-scale activity level, and the males go each to its own territory
(Waltner, 1991).
We observed intense aggression of the male owner towards another male released
at the centre of its territory in the Short-toed Agama L. stellio brachydactyla. Having
noticed a precipitously approaching male owner, the intruder did not even try to defend
itself but ﬂed as fast as it could chased hotfoot by the territory’s owner (see also Loman
et al., 2013).
Territorial aggression is more characteristic of mature males than of adult females. As
home ranges of the females from the same family group may overlap considerably, occasions for mutual aggression should arise all the time. However, females are usually very
tolerant of each other’s presence. Passing conﬂicts are rare and unpredictable, except in
the cases when the female defends a temporary feeding territory, which are also rare. The
protection of foraging territories is probably more characteristic of hatching-year individuals at a certain time in autumn, when they are still quite numerous and concentrated near
the birth sites.

15

Such instances of ‘collectivism’ are characteristic of other species during hibernation.
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1.8.2. Socio-sexual relations
The available data on the biology of the Caucasian Rock Agama and the Redbelly Rock Agama
(Panov and Zykova, 1993; Smirnov and Vasil’ev, 1977) as well as indirect evidence on several
other species indicate that all rock agamas normally have long-term personalized relationships
between individuals of different sex belonging to the same monogamous or, more often, polygynous group. In the Caucasian Rock Agama such relationships between the male and the
female may continue, the circumstances being favourable, up to at least 5 years. Close contacts
between members of different sex in the same group are retained not only during the reproduction period but also during other seasons including, possibly, hibernation (two family group
members of different sex were once noted to emerge together from the communal winter shelter
in spring). However, Khabibulov (1989) thought that in the Bukhara Rock Agama the relationships between the members of a monogamous pair weaken considerably outside the period of
sexual activity, though partners still keep in the common home range.
In the most social species, in particular, the Caucasian Rock Agama, long-term agreement
in the behavior of the male and the females of its group is maintained with the help of two
important integrating factors. They are, ﬁrstly, co-ordinated night retreats of the male and the
female and, secondly, peculiar courtship of the male by the female.
It is quite common for at least two females of different age in the deme of the Caucasian
Rock Agama to share the night shelter with the male. Differences in the behavior of such
females in the end of the night retreat seem to indicate that the oldest of them has closer personal relations with the male. When the younger female emerges, it keeps somewhat apart
from the male and the older female, which remain close to each other (often in body contact;
videos ## 8, 34, 40) during the ‘warming up’ stage before the foraging activity. In this short
time period (20–40 min. depending on the air temperature) the older female often courts the
male (see Signalling repertoire below for details). If the younger female is also present at the
site of emergence from the night shelter, she may also court the male but only after the older
female moves a little away from the male (see section 9.3 for details).
Closer relations of the male with only one female of its family group may produce the
impression of monogamous (to be precise, quasimonogamous) relationships but in fact polygyny may also occur.
Though family group members of different sex are often seen to contact each other, the copulation
can be observed surprisingly rarely (see section 1.8). Waltner specially noted that he did not witness
a single instance of mating behavior in Kashmir rock agamas during two years of studies.

1.8.3. Communicative channels used in communication
The diversity and richness of the signalling repertoire in different animal groups is determined by the basic morpho-physiological characteristics of species. Contrary to birds and
mammals, reptiles have no feathers or fur, which limits considerably the possibilities of
changing the body contours often used as visual communicative signals in ‘warm-blooded’
animals. The short neck of the lizards greatly decreases the amplitude of head movements in
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relation to the body as compared to warm-blooded animals, which also limits the variation
of the silhouette. Forelimbs of lizards are much less mobile than those of birds. Lizards also
differ from mammals by the lack of facial gestures. The only organ with which the lizards can
perform movements of large amplitude is the tail.
Rock agamas have excellent eyesight, as indicated by the observations of these lizards
feeding on insects. In such cases the behavior of the agamas is reminiscent of that of birds
hunting from the perch. The lizard notices at ant at a distance of 3–5 m, runs precipitously
towards it and, having caught it, returns to the watchpost. The apparent long sight of these
lizards combined with their ability to ﬁne visual discrimination of objects (for instance, when
they look for animal and plant food) indicate that the optical communicative channel plays
an important role in their communication.
At the same time, a certain scarcity of the repertoire of actions which may a priori be
considered as performing optical communicative function suggests the importance of other
communicative channels, ﬁrst of all, olfactory and tactile. Various modalities are often used
simultaneously, so that a given signal may be polymodal (visual-olfactory, visual-tactile or
visual-olfactory-tactile). It cannot be ruled out that the acoustic component also plays a role
in the reception of socially important information, for instance, as a response to the rustling
noises made by agamas when they move in shelters and on the open ground. The observers,
at least, can hear these noises quite clearly.

1.8.4. Signalling repertoire
The above-mentioned courtship of the male by the female, described in detail in the Caucasian,
Redbelly and Short-toed Rock Agamas and L. brachydactyla, is just one structural link in the
signalling behavior used for communication in rock agamas. When describing the repertoire of
actions which may in some way be considered as socially important optical signals, we delimited
10 ‘elementary motor acts’ (EMA). Here we will mention the lowering of hyoid, touching the
substrate with the tongue, convulsive raising of forelegs, tail wagging, jaws rubbing against the
substrate, a single Push-Ups, a turn on the spot with the rubbing of the cloacal region against the
substrate (see Chapter 9 for a detailed analysis of the structure of signal behavior).
These EMA performed by lizards in various combinations are organized into motor constructions of the 2nd level of organisation. Some of them are the so-called nodding, bobbing
and Push-Ups, which often end with a ‘self-assertion’ posture. Other constructions of the 2nd
level of organisation are, in our opinion, the threat posture, the ﬂattened posture, slow pacing,
belly crawling, female crawling over the male.
Noteworthy, the existence of differentiated, stable and personalized social structure of the
deme in rock agamas is ensured not only by the display signals but also by numerous other
communication means generated by the everyday behavior of the lizards. In our opinion,
these ‘non-ritualized’ signals contribute considerably to sustaining the coordinated actions of
the deme members and the maintenance of the required social predictability and thus a certain stability of the existing social relationships. In principle, optical communication signals
may be generated by the body coloration as well as by the silhouette, both these characteristics being distinctly different in adult males and females.
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1.8.5. Signal behavior in socio-sexual interactions
Such constructions of the 2nd organisation level as the above-mentioned ‘belly crawling’
of the female on the substrate and over the male are the major component of quite complex
behavioral ensembles, such as the highly differentiated greeting ceremony performed by the
female. This ritual will be described in detail in Chapter 9 devoted to the signal behavior in
the Caucasian Rock Agama. Here we are outlying it in brief.
At the ﬁrst stage of this ceremony the female crawls near the male on her belly. The
crawling is composed of short sudden advances by means of convulsive motions of the legs
spread-eagled on the substrate. The female is moving around the male describing a trajectory
resembling irregular ﬁgures of eight in the plan view. Importantly, the female is sometimes
seen to perform similar actions in the absence of the male at the site just left by it, apparently
in response to the olfactory stimuli left by the male (video #17).
The second stage of the greeting ceremony is represented by numerous attempts of the female crawl under the male—under its tail base, under the belly or under the head. In between
these attempts the female mounts the male and crawls along his body.
The third stage, occurring only in some interactions of this kind, is represented by a series of
coordinated circling movements of the male and the female. During this time the partners not
only remain in close tactile contact but can also repeatedly crawl over each other (video #16).
This partner dance sometimes ends with the male attempting to seize the female by back of
the neck (as it does before the copulation). In the such cases the female runs away sideways
very fast. If the male tries to approach, the female disappears in the nearest shelter and the
male rarely follows it there. Usually, however, male is the ﬁrst to leave the interaction site,
thus interrupting the greeting ceremony of its own accord. The female often follows the partner trying to re-establish the body contact.
In the Caucasian Rock Agama the above interactions can be observed from early spring to
autumn until the start of hibernation. These interactions never result in copulation. All this
suggests that this type of behavior is a social mechanism of establishment and maintenance
of stable personal relationships between family group members of different sex.
The repertoire of signal actions of the male during greeting ceremonies is poorer. This
is due to the fact that the male is generally passive and most of the time does not move.
The circling dance of the partners is an exception. During this dance the movements of the
male do not differ, in general, from those of the female crawling on its belly. From time to
time the male performs Push-Ups, though they are, as a rule, not as intensive as when the
male is on the watchpost. These actions may occur at any stage of the interactions, from the
moment the partners ﬁnd each other to the ﬁnal courtship phase, when the male leaves the
site where it met the female. However, the Push-Ups of the male do not look like a necessary
standard structural component in the general scheme of the interactions (videos #14–16).
Greeting ceremony is a relatively rare event. It is probably for this reason that this form of
behavior is never described in the studies on most species of rock agamas. A cursory mention
of such behavior in the Bukhara Agama was made by Khabibulov (1989). According to our
observations on the Bukhara Rock Agama, the female courts the male almost in the same
way as in the Caucasian Rock Agama (Plates XVIII, XX, XXIII). At least, the ceremony in
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question looked very similar in the single instance when we observed it in S. s. brachydactyla. The only difference was that in the end of the ceremony the female put its four legs in
the male and tried to bite its neck and then rubbed its jaw against that of the male (Panov and
Zykova, 1997).

1.8.6. Species speciﬁcity of Push-Ups movement
The so-called ‘Push-Ups’ stand out among all the components of lizard behavior that apriori seem to be important communication signals. There is abundant literature on these
actions, mostly concerning iguanids (see, e.g., Hunsaker, 1962; Ferguson, 1971; Bells,
1986; Martins, 1991). Push-Ups are performed by lowering and raising the anterior body
part by bending and straitening the forelegs. The number of Push-Ups in a series may vary.
For instance, in Kashmir rock agamas it varies from 1 to 8, with series of 3–5 Push-Ups
being the most common.
Single Push-Up and their short series are in fact incomplete motor constructions varying
broadly by many of their parameters. On the contrary, prolonged complete series are highly
stereotypic and thus undoubtedly species-speciﬁc.
Differences between species concern all the parameters of temporal organization of such
sequences (number of elements, duration of raisings and lowerings of the anterior body
part as well as the duration of the pause between them). Besides, in the few rock agamas in
which these actions were described in detail, some species (P. erythrogaster, S. s. brachydactyla and S. stellio subsp.16 invariably reproduce such a stable construction once at a
time, whereas in P. caucasia several such constructions may follow each other without
pauses between them (Fig. 1.18 d, e). The Redbelly Rock Agama and the Caucasian Rock
Agama have only one variant of push-ups observed during all versions of social interactions, whereas in S. stellio ssp. and S. s. brachydactyla two different patterns can be seen
(compare, for instance, videos #37 and #42). The ﬁrst one is a homotypic series of similar
nods separated with pauses of the same duration. It has much in common with the standard
Push-Ups in the Kashmir Rock Agama L. tuberculata as well as the Steppe Agama Trapelus sanguinolentus (video #55). Waltner (1991) thought that Kashmir rock agamas have
four basic variants of Push-Ups, but in our opinion all of them are a modiﬁcations of the
same basic movement type (Fig. 1.18 k-n).
As shown in the ﬁgure, Push-Ups characteristic in P. erythrogaster and P. caucasia are
strikingly distinct (in spite of the fact that they are considered as closely related sister species). The differences between these two stereotype species-speciﬁc patterns of motor coordination can be seen in videos compiled in Folders I and 2, respectively (disk attsached).
Hopefully, with the accumulation of data on Push-Ups in other species of rock agamas the
comparative analysis of these movements would provide an insight into complex phylogenetic and systematic issues concerning this lizard group.
16

Stable differences in the temporal organization of Push-Ups in the latter two forms, which are also dissimilar
in a complex of external morphological characters (in particular, pholidosis and coloration), may be an important
argument in favour of the idea that they are independent species (see Panov and Zykova, 1997 and below, Section
12.3).
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FIG. 1.18. Stereotyps of push-ups in different rock agama species. a–j after Panov and Zykova,
1997; k–n after Waltner, 1991.

1.8.7. Functional aspects of communication in rock agamas
The few studies describing communication in agamids focus on the analysis of optical signals. This approach is based on the deeply rooted opinion that these reptiles, similarly to the
representatives of all other families of diurnal lizards, used mostly optical stimuli for social
interactions (Madison, 1976).
However, the role of chemical and tactile communication channels in the maintenance
of a stable social structure of rock agamas’ populations is also very important. A number of
signalling means, which seem purely optical at ﬁrst sight, are in fact polymodal, transmitting
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information of two (optical and chemical) or three (optical, chemical and tactile) modalities.
A chemical signal ﬁeld seems to be formed in a settlement of agamas, ensuring the maintenance of stable territorial structure and predictability of spatial relationships between the
family group members. At the same time, regular tactile contacts between individuals of different sex, which probably also include the exchange of chemical stimuli, serve for establishment and maintenance of personal relationships within a family group.
The above described greeting ceremonies, that is addressed by a female to a male, are an example
of complex polymodal tactile-olfactory signals. The presence of chemical communication elements
is indicated by a number of facts. For instance, in S. s. brachydactyla the courting female attempts to
raise the base of the male’s tail with its snout, thrusting the male’s cloaca with the tip of the nose. In
the Caucasian Rock Agama, in the end of the greeting ceremony or, sometimes, after the male has
left the females one or another partner touches the substratum with its tongue. To note, rock agamas
can faultlessly follow the trails of conspeciﬁc individuals.
Naturally, this overall picture calls for further research with the use of experimental methods
for identifying concrete mechanisms of chemical communication. A number of questions still
remain unanswered. In particular, we do not know the function of ‘Jaws Rubbing’ against the
substrate or the partner’s body surface. We observed this behavior in the Caucasian Rock Agama,
the Redbelly Rock Agama and the Himalayan Agama as well as in the Short-Tailed Rock Agama
and the ‘Middle East Stellion’. These actions (‘Jaws Rubbing’, ‘Chin Rubbing’, ‘Chin Wiping’)
have already been described in some iguanids (Berry, 1974; Burghardt, 1977; Simon et al., 1981)
and have always been considered as a hypothetical component of chemical communication. This
movement was thought to have the function of marking the substrate. However, no glandular
structures, which might be used for chemical marking, were found in the area of the jaws in agamids (Ananjeva et al.,1991).
Thus, we can suppose that Chin Rubbing in rock agamas is used not for marking but for
receiving chemical signals, possibly left by the secretions of the ventral and anal holocrine
glands. Tellingly, in two species of rock agamas (P. caucasia, P. lehmanni) the maximum
density of receptors (up to 7–9 per squama) was found in the area of the jaws (Ananjeva
et al., 1991). The function of these receptors remains obscure. Ananjeva et al. (1991) suggest that they ensure mechanical and, possibly, thermal reception, but in our opinion their
involvement into chemoreception cannot be ruled out. Meticulous studies are necessary to
test this idea.
Unfortunately, none of these issues are discussed in a recent review of chemical communication in reptiles (Houck, 2009). According to the author, ‘lizard species with the capacity for chemical communication typically have femoral glands (on the ventral thigh) that
produce lipid-protein secretions’. The mechanisms of reception of olfactory stimuli by the
vomeronasal organ are also considered. The only agamid mentioned is the Australian Amphibolurus ornatus, in which it was shown that supplementation of testosterone increased the
rate of femoral gland secretion, while castration eliminated this substance. According to the
author, ‘оther studies also concur that androgen is necessary for the development of lizard
femoral glands as secondary sex characteristics’. The study of chemical communication and
its mechanisms in rock agamas is an important as well as a fascinating task, which is, in
our opinion, relatively easy to solve in ﬁeld experiments. Unfortunately, this issue usually
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remains outside the scope of herpetological research (see Authors’ Preface for the discussion
of such tendencies)17.
Taking these facts into account, some researchers tended to doubt the communicative
function of Push-Ups. The idea seems to be self-evident for everyone who managed to observe behavior of rock agamas for a long time. The view is safely supported with our videorecordings that show that these movements are a standard constituent of the lizards' everyday
behavior (see records in the disc attached). What such actions may really be a mere side effect
of the cyclically increased general excitement of an individual and are performed quite spontaneously was shown by the quantitative analysis of temporal organization of tail curving
sequences in the Secret Toadhead Agama Phrynocephalus mystaceus (Panov et al., 2004).
Another hypothesis is that Push-Ups serving for sight accommodation when scanning the
surroundings by an individual (Noble and Bradley, 1933: 237–239, Torr and Shine, 1994;
Khabibulov, 1989а). This idea, however, is contradicted by the fact that complete Push-Ups
are highly stereotypic (though the accommodation function could be performed by single
Push-Ups not organized into prolonged complex ensembles). It should also be noted that we
never observed even single Push-Up in the Himalayan Agama either under natural conditions
or during prolonged keeping of two individuals in captivity.
In our opinion, the role of Push-Up movements in the communication process appears to be
of minor importance, in spite of the view popular among herpetologists dealing with behavior
of lizards. This their notion, we believe, is a consequence of the apparent fact that among all the
elements of lizard behavior these movements are the most conspicuous and easy to observe. So,
instead of dealing with the entire range of lizard communicative behavior, ethologists usually
focus mainly on this narrow topic (see for details the Author’s Preface).
We tend to think that, at best, Push-Ups in rock agamas, as in several other lizards, may be
considered rather as a broadcasting signal that is only rarely addressed personally to a particular
partner during interactions of one or another type. In some ways, they are much in common with
the ‘advertising song’ of birds and are also reproduced spontaneously as the total excitement level
increases. Thus, Push-Ups do not convey any deﬁnite information in the course of inter-individual
interactions. These conclusions are a result of the approach based on long-term ﬁeld studies of the
whole communication systems of the several species in the context of personalized relationships
between recognizable individuals, whose age and biographies are known.

1.9. Relationships between species and their place in biotic community
Rock agamas are one of the most characteristic components of the fauna of land vertebrates
of rugged arid and high-altitude landscapes of the Old World. In their favourite habitats
agamas, alongside with passerine birds, are an important component of the middle level of
17
Chemoreception ensured by touching the substrate with the tongue has been studied in the minute morphological and
physiological details in laboratory experiments but in the context of foraging rather than social behavior (Herrel et al., 1998).
The authors compared the frequency of this action in the Bell’s Dabb Lizard Uromastyx acanthinurus and in the Hardun
Stellagama stellio. They found that in the former it is much more frequent than in the latter. They explain it by the fact that
Uromastyx acanthinurus is a herbivorous lizard, which needs to tell apart edible and inedible plants; it does that relying mostly
on chemical stimuli, not optical ones. The authors consider the Hardun to be herbivorous, which is not correct (see section
1.6). In an earlier study (Herrel et al., 1995) these authors came to the conclusion that the study of tongue movements in the
Hardun improves our understanding of the accuracy of its orientation in chameleons hunting invertebrates.
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trophic chains, consumers of vegetation and diverse invertebrates. At average density levels
of single-species population of rock agamas, their biomass may vary from 800 to almost
12,000 grams per hectare depending on seasonal conditions (Waltner, 1991). According to the
calculations of Waltner, the biomass of Kashmir rock agamas is much higher in low altitude
landscapes, where it reaches the maximum in the end of the reproduction period (12,000 g/ha),
than in high altitude landscapes (ca. 6,000 g/ha). These ﬁgures, though not very informative
as such, may prove useful in comparative biocenotic research.

1.9.1. Spatial relationships between sympatric species of rock agamas
According to an established opinion, sympatry is relatively rare in Asian rock agamas. Species of this genus are thought to have mostly vicariant distribution, with semisympatry in
the narrow overlapping zones of the species’ distribution areas. According to Ananjeva and
Tuniev (1993), there are no regions where more than two species of rock agamas coexist.
This might have been a hasty conclusion, however, taking into account that the distribution
and the biology of the species in question are poorly studied. For instance, the north-eastern
Iran is part of the distribution areas of three species: P. caucasia, P. microlepis and P. erythrogaster (Anderson, 1999). In the contact zone of L. tuberculata and L. agrorensis in western
Himalayas, L. pakistanica auffenbergi might yet be found (see map in Baig and Böhme, 1996).
The few publications dealing with interactions between sympatric species of rock agamas highlight the differences in their distribution in semisympatric zones. The most complete review of this
topic can be found in the study by Ananjeva and Tuniev (1993), which summarizes the data on
the differences in the biotopic preferences of several pairs of semisympatric species (Table 1.15).
Table 1.15.
Difference in altitudinal distribution of the semisympatric rock agama species
(after Ananjeva, Tuniev, 1993; Baig et al., 2012).
Region
Tajikistan
Surkhu Range
Gissar Range (southern spope)
E Turkmenistan
Kugitangtau

Species and limits of their altitudinal distribution
P. bochariensis
P. lehmanni
900-1,400 m asl
800-1,000 m asl
2,700-2,800 m asl

P. caucasia
Afghanistan
2,400-2,745 m asl
Hindu Kush (southern spope)
Turkmenistan
800-1,500 m asl
eastern Kopet Dag (northern slope)
eastern Kopet Dag (southern slope) 960-2,575 m asl
P. badakhshana
Afghanistan
2,600-2,650 m asl
Hindu Kush (southern spope)
L. agrorensis
Pakistan and Kashmir
700 – 1,300 m asl
1

Ravines and terraces at foothills
500-900 m asl
800-1,200 (max. up to 2,600) m asl
P. erythrogaster
915- 2,440 m asl
600-900 m asl
800-1,600 m asl
L. erythrogaster
915- 2,440 m asl
L. tuberculata1
1,200 - 2,200 m asl

'Occasionally these two species are found in sympatry' (Baig et al., 2012: 241–242).
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As seen in the Table, in most cases altitude distribution zones of such species overlap or almost adjoin each other. Taking into account that these data are mostly based on the few captured
individuals rather than systematic quantitative surveys, the overlapping zones may easily turn
out to be larger than they are currently thought to be. However that may be, many populations
of semisympatric species of rock agamas closely coexist under symbiotopic conditions.
Exactly this has been shown for the Caucasian and the Redbelly Rock Agamas in the eastern Kopet Dag, where. according to earlier data (Ananjeva and Tuniev, 1993; Ataev, 1993),
the populations of these species are spatially separated in some degree. The full results of the
study of a mixed population of the Caucasian Rock Agama and the Redbelly Rock Agama
(Panov and Zykova, 1996) will be given later (section 12.1). Here we will brieﬂy discuss the
main conclusions of this research.
The distribution of lizards of these species in their symbiotopic zone on the northern slopes
of the eastern Kopet Dag complies on the while with the interspeciﬁc territoriality principle. As
territoriality within species of rock agamas may be not strong under condition of low population
density (see 1.9), it is unsurprising that territorial prohibitions between the males of different species living close to each other are in such cases even less expressed. Home ranges of the males
of the Caucasian Rock Agama and the Redbelly Rock Agama often overlap considerably. This is
possible inasmuch as the biotopic requirements of these species in the contact zone are almost the
same (see also Ataev, 1993). In other words, there are grounds for exploitation competition. Soft
forms of interferential competition, that is, a pronounced tendency towards mutual spatial exclusion of family groups of different species appear to serve as the mechanisms of its mitigation.
All this suggests that, contrary to the opinion of Ananjeva and Tuniev (1993), interspecies
competition can hardly be considered as a sufﬁcient cause of the spatial segregation of populations of different species of rock agamas in semisympatric zones.

1.9.2. Interspecies hybridization
The lack of strict spatial segregation in sympatric zones of different species of rock agamas
occupying the same habitats creates favourable conditions for interspeciﬁc hybridization. As
a rule, it proceeds in a random fashion, resulting in the emergence of individuals with intermediate characters, which are difﬁcult to identify. Quite a number of such individuals has
been described (Table 1.16).
In the cases when genealogically close forms (sharply differentiated subspecies like
megasubspecies or semispecies) are involved in parapatric contact, hybrid zones and, sooner
or later where, intermediate populations may be formed. The new emerging phenotype may
either combine the parental characters in particular combinations or be characterized by a
new set of morphological features.
One such commonality of hybrid origin is, presumably, represented by the populations
at the boundary of the distribution areas of the Caucasian Rock Agama L. caucasia and the
Small-Scaled Rock Agama L. microlepis in the south-western Turkmenistan. These populations inhabit loessial canyons of the Sumbar River valley and the valley of the Atrek River
in its middle reaches. A phenotypically similar isolate in Mashad Sands (ca. 50 km along
a straight line to the north of the Atrek River valley near the ancients beds of its tributar-
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ies which have become dry loessial ravines) probably also belongs to this commonality.
This isolate was described as a subspecies of the Caucasian Rock Agama Stellio caucasius
triannulatus (Ananjeva and Ataev, 1984) though Baig (1992) attributed these lizards to the
Small-Scaled Rock Agama Stellio microlepis. Arguments in favour of the hybrid origin of
the agamas from south-western Turkmenistan will be discussed in detail later (12.2; see also
Panov et al., 1987; Panov and Zykova, 1995).
Table 1.16.
Some rock agama specimens disagreements in identiﬁcation
of which might sugges their hybridogenous origin
First identiﬁcation

Author or collector

Species name after
re-identiﬁcation

Source

Agana caucasia mucronata

Guibe, 1957

L. (Agama) erythrogastra

Agama caucasica
(6 specimens)
Stellio caucasius

Heptner (1942)*

L. (Agama) erythrogastra

Ananjeva and
Orlova, 1979
Bogdanov, 1955

Schmidt, 1939
Reed, 1956
Reed and Marx, 1959
Weber, 1960

Laudakia nupta

Anderson, 1999

Stellio caucasius

Zarudny**

Stellio microlepis

Stellio caucasius
triannulatus
Agama erythrogastra
pallida
Agama nupta

Ananjeva and Ataev, 1984

Stellio microlepis

Baig, 1992

Nikolsky, 1915

Stellio erythrogaster

Guibe, 1957

Laudakia erythrogastra

Zykova and Panov,
1990
Anderson, 1999

* V.G. Heptner put the Redbelly Rock Agama on the list of herpetofauna of Badkhys (extreme
south-eastern Turkmenistan) twice: in 1945 and 1955. We did not found the species there, but some
Caucasian Rock Agama individuals were identiﬁes as hybrids between the two species.
** Specimen # 9253 in ZIN RAS (eastern Khorasan, 1.IV 1898)

Another example of secondary intergradation of two morphologically distinct forms
can be found in L. stellio complex. Presumably, the secondary contact zone of the Common Rock Agama (a so far unnamed subspecies, L. stellio ssp.) and the Short-toed Agama
(L. s. brachydactyla, which in our opinion should be elevated to the species rank) is located
in the central Israel. At any rate, the Jerusalem population is intermediate by a number of
characters (see Panov and Zykova, 1997 and also below, section 12.3). Noteworthy, the situation when secondary intergradation occurs at the juncture of the distribution areas of well-
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differentiated subspecies seems to be trivial. Intermediate populations were described from
the secondary contact zones of L. s. stoliczkana and L. s. altaica, L. pakistanica auffenbergi
and L. p. khani, as well as the Sumbar and the Kopet Dag Caucasian Rock Agamas (Munkhbayar, 1973; Panov and Zykova, 1995; Baig and Böhme, 1996).

1.9.3. Enemies and parasites
Rock agamas are prey to a number of carnivorous reptiles, birds of prey and mammals. Reliable reports of occasional or constant feeding on rock agamas concern the Desert Monitor
Varanus griseus, the Tartar Sand Boa Eryx tataricus, the Wadi Racer Coluber rhodorachis
and the Spotted Whip Snake C. ravergieri, the Indian Cobra Naja naja, the Levantine Viper
Vipera lebetina, the Central Asian Viper Ancistrodon halys, the Cinereous Vulture Aegypius
monachus, the Black Kite Milvus migrans, the Short-toed Snake Eagle Circaetus gallicus,
the Saker Falcon Falco cherrug, the Common Kestrel F. tinnunculus, the Raven Corvus
corax and the Fox V. vulpes (Ataev, 1985). Young individuals of the Caucasian Rock Agama
sometimes fall prey to large conspeciﬁc males (Ataev, 1985). According to our observations,
some individual of the Blue Rock Thrush Monticola solitarius specialize on catching agama
yearlings.
Captured agamas are often seen to have ticks attached to them. There were more ticks on
the males of the Large-scaled Rock Agama L. nupta in Iran than on the females. The ticks
were identiﬁed as Hyalomma sp., Haemaphysalis sp., Rhipicephalus sanguineus (Bahrami et
al., 2013). In a study of the Caucasian Rock Agama Paralaudakia caucasia in the mountains
of Turkmenistan, Haemaphysalis sulcata ticks were most numerous ﬁrstly around the neck
and secondly at the base of the forelimbs of these lizards (Balashov, 1998).
The posterior gut region of agamas is inhabited by nematodes. Three nematode species (Skrjabinodon pigmentatus, Spauligodon lacertae, Thelandros baylisi) were added to
the list of gut parasites of the Caucasian Rock Agama from Iran (Rezazaden et al., 2012).
In Turkey this agama hosted three nematode species (Foleyella candezei, Parapharyngodon
tyche, Thelandros baylisi) and the cestode Oochoristica tuberculata. Th. baylisi was noted in
these lizards in Iran (Yildirimhan et al., 2006). In Pakistan the Caucasian Rock Agama is also
parasitized by the nematode Abbreviata achari (Goldberg et al., 2003).
A new plasmodium species (Plasmodium caucasica sp. n.) has recently been found in the
red blood cells of the Caucasian Rock Agama from Azerbaijan. Lymphocytes of the Caucasian Rock Agama from western Pakistan were infected with another species of parasitic protozoa, Haemocystidium grahami sp. n.18 Both these species are transmitted by mosquitoes.
These ﬁndings considerably enhance the distribution areas of Plasmodium and Saurocytozoon in South Asia (Telford, 2013).
Six nematode species were found in Stellagama stellio in Turkey: Foleyella candezei,
Parapharyngodon kasauli, P. tyche, Thelandros taylori, Strongyluris calotis and a species
of the new genus of Ascaridoidea) (Yildirimhan et al., 2006). The same species of agamas in Palestine hosts two nematodes (Parapharyngodon bulbosus and, similarly to Turkey,
Strongyluris calotis), the cestode Oochoristica tuberculata and a ciliated protozoan Nyc18

These parasites were also found in other lizards, the skinks (Mabuya mabouya) and Tegu (Tupinambis teguixin).
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totherus hardwickii (Rayyan et al., 2013). In the north of the Sinai Peninsula the Hardun is
parasitised by the nematodes Spauligodon auziensis and Paraparyngodon bulbosus and the
cestode Oochoristica sp. Out of 45 lizards examined, 42 were infected, with the number of
the parasites ranging from 0 to 72. No signiﬁcant correlation between the host weight and the
intensity of infection was found (Ghobashy, 2006).
Endoparasitic fauna of the Large-scaled Rock Agama L. nupta in Pakistan is represented
by the following species: Paradistomoides orientale, Spinicauda hardwicki, Tachygonetria
paradentata, Thelandros baylisi19, Th. massae, Th. taylori20, Raillietiella hemidactyli (Goldberg et al., 2003). In Iran L. nupta nupta was shown to contain nematodes Parapharyngodon thulini sp. n., three Thelandros species (including Thelandros karkasensis sp. n.) and a
Thubunea species (Rahimian et al., 2014). An intestinal nematode, Abbreviata baltazardi,
previosuly reported from the Toad Headed Agama, Phryocephalus heliosopus (Zohair et al.,
2015) parasitizes the Large-scaled Rock Agama in Iraq.
Th. baylisi and Th. taylori also parasitize the Kashmir Rock Agama Laudakia tuberculata
(Goldberg et al., 2003). Six nematode species were found in the Himalayan Agama, including Thelandros himalayana, a nematode reported from Central Asia for the ﬁrst time (Rustamov et al., 1973; see also Yakovleva, 1964: 54).

19

This parasite also occurs in L. tuberculata, P. himalayana and P. lehmanni (Goldberg et al., 2003).

20

Also found in P. himalayana (Goldberg et al., 2003).

Chapter 2.
Caucasian rock agama
PARALAUDAKIA caucasia: distribution
and geographic variation
Synonyms:
Lacerta muricata Pallas, 1814
Lacerta stellio Pallas, 1814
Stellio caucasius Eichwald, 1831
(type specimens from Tiﬂis [now Tbilisi] and Baku, Southern Caucasus).
Stellio caucasicus De Filippi, 1865
Stellio persicus Anderson, 1872
Agama caucasica Boulenger, 1885
Agama microlepis Schmidt, 1939; Guibe, 1966
Agama caucasia Ananjeva, Orlova, 1979
Laudakia c. caucasica Leviton, et al., 1992

2.1. General outline
Caucasian rock agamas are rather large lizard, with a total length (with tail) up to 30 cm and
body mass up to 160 g. They have ﬂat bodies, strong legs with large claws and long tails
with a round cross-section but slightly ﬂattened at base. A ﬂat head with strong jaws has a
gular fold in its lower and hind parts, which in males grades frontally into a weakly deﬁned
gular sac. Males are on average larger and bulkier than females. The background skin color
varies between shades of grey, brown and olive with a weak spotty pattern on the dorsal side.
In the breeding season, males clearly differ from females by black color on breast and sides
of belly, contrasting with straw-colored or pinkish gular region. On the slate grey belly of
males a light grey patch of consolidated secret of abdominal callous glands is clearly visible
(Plates II, 3; VI, 3, 4; VIII, 3, 4; IX, 3; X, 3, 4; XXI; XXII; XXIX, 1).
The ﬂattened body of Caucasian rock agamas allows them to use narrow clefts and cracks in the
rocks or scours in dense soil as permanent or temporary shelters. It has been described that agamas
get into so narrow cracks that they got stuck there and perished, but such cases are extremely
rare. The ability to use shelters inaccessible for predators saves the agamas from overheating in
summer and from freezing in winter. In the got midday hours at summer even in the areas with a
high density of Caucasian rock agamas where a researcher knows all individual shelters, it may be
difﬁcult to persuade a visitor that Caucasian agamas live here and are rather common.
Locomotion of agamas is rather perfect: they run and crawl not just on horizontal and vertical
surfaces, but with the same speed and ease on the walls with negative angle. They easily
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climb trees and bushes and jump quite well. The commonest type of locomotion is running.
Agamas nearly never walk; even short distances they cover by running, be it when feeding,
patrolling their range, and certainly when chasing or escaping. The most commonly used gait
is quick trot. Agamas can run rather quickly so it may be difﬁcult even for a good human
runner to catch up with them; even more so because a chased agamas quickly disappears into
the ﬁrst shelter available. Agamas jump well and may jump vertically when feeding to get a
ﬂower or to capture an insect. Their jumps are rather precise, so that they rarely miss a target.
We have never seen an agama falling when jumping between the branches.
Crawling as a mode of locomotion is used by agamas probably only when they try to ﬁt
into narrow holes. This type of movement is used during pair interactions between males and
females. Elements of crawling, i.e. rubbing the belly, anal area or sides of head against the
substrate, most probably carry the communicative function.
One of the most characteristic movements of agamas is changing the position of the body
in respect to substrate: a standing or lying agama periodically raises its body by unbending its
forelegs to a varying degree. This behavior is typical not only of adult lizards but also of young
individuals. Females do it less often than males. These ‘bows’ may be a display, as with forelegs
completely unbent males make their contrasting throat most conspicuous. This exaggerated form
of this behavior is performed, as we assume, only by territorial males. These actions are mainly
spontaneous, both by territorial males and in other sex and age groups.
Caucasian rock agamas have very strong jaws, as we have many times experienced by our
own ﬁngers. To unclench their jaws, a signiﬁcant effort is needed. It allows Caucasian rock
agamas to consume large insects with strong chitinous exoskeleton, e.g. darkling beetles.

2.2. Geographic range
2.2.1. Geographic range of the species and history of its research
The general outline of the geographic range of Caucasian rock agamas is deﬁned as follows:
NE Turkey (Baran and Atatür, 1998)1, eastern part of Southern Caucasus, highlands of
Dagestan, mountains of southern Turkmenistan (Larger and Lesser Balkhan, Kyurendag,
Kopet Dag, southeastern part of the Karabil plateau), mountain ranges of northern and central
Iran, southernmost Tajikistan, Afghanistan, western Pakistan. The extent of the range along
the west-east axis is 2,300 km (Fig. 1.3 A, 2.1).
Western part of the range is known in greater detail and includes northern Turkey (Clark, Clark,
1973; Baran et al., 1989; Baran, Atatür, 1998), Georgia (Muskhelishvili, 1970), Armenia (Chernov,
1939;), Azerbaijan (Sobolevsky, 1929; Dzhafarov, 1948; Alekperov, 1957, 1978; Dzhafarova,
1982; Panov and Zykova, 1995) and Dagestan (Shibanov, 1935; Khonyakina, 1965; Roitberg et.
al., 2000). These studies and the results of numerous expeditions, starting with those performed in
the late 1700s by Pallas (1811) and in the former half of the 19th century by Eichwald (1841) made
it possible to deﬁne the western border of the Caucasian rock agama’s range rather precisely2.
1
In Turkey, S. stellio and P. caucasia are sharply separated both horizontally and vertically. The area of S. stellio
is deﬁned by the March isotherm of 8°C and the July and August isotherms of 24°C (Baran et al., 1989).
2
A recent record allowed moved it approximately 70 km northeast of the northernmost known locality (50 km S
of Kars) in Turkey (Ilgaz et al., 2005).
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FIG. 2.1. Range of the Caucasian Rock Agama Paraludakia caucasia. After Hosseinian Yousefkhani
et al., 2013.

Caucasian rock agama occurs throughout eastern part of Southern Caucasus, up to the
Surami and Ajaro-Akhaltsiksky Ranges in the west. In Georgia with lizard occurs on the
Iori hlighland. Its eastern part is the Shiraki area, i.e. Eldari, Pontishary ravine and LekisTskhali, the slopes of the Voshlovan depression. Further west the species’ range includes the
southern part of the plateau, i.e. the middle ﬂow of the Iori river, Tbilisi gorge, slopes of the
Lesser Caucasus and Kvernaki highland up to Gori town. In the Trialeti range Caucasian rock
agamas occur up to Kvemo-Boshuri village.
In Azerbaijan Caucasian rock agamas are common in the Talysh Mountains, which are
a western section of the Alborz Mountains in northern Iran. One of the spurs of the Talysh
which goes towards the south from Mt. Mara-yurt, meets another range that goes west from
the Mt. Kyzyurdy. Both these ranges form the edge of the large Diabar depression (local name
Kyzyurdy Zuvand), which borders on the north-eastern side with the main Talysh Range.
Zuvand is separated from the arid Iranian highlands by mountain ranges that do not constitute
an impenetrable barrier for Iranian forms of reptiles. Caucasian rock agamas occur in the
westernmost part of the Talysh Mountains. It is found in Nagorno-Karabakh and throughout
the mountains of Armenia. Settlements of this species have been found at the basis of
Mt.Ararat, in the mountainous part of Dagestan (Buynaksk pass, Kurtomkala Range, Kopchugay
area, at the ridges near Chiryurt), at Absheron peninsula and in Gobustan (Azerbaijdan).
The latter two area possibly support two isolated populations.
Further east Caucasian rock agamas occur in the Alborz, in the Khorasan province of Iran,
at the Krasnovodsk plateau, in the smaller mountain ranges of Turkmenistan (Greater and
Lesser Balkhan, Kyurendag) and in Kopet Dag Mountains. The Greater Balkhan is a massif
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ca. 130 km east of the Caspian Sea with an area of approx. 3500 km2. It is surrounded by
sandy deserts from the north, west and east; in the south it is separated by a 30-km sand and
rubble desert strip from the Lesser Balkhan, which, in its turn, is separated just by a narrow
depression (26 km wide) from the Kyurendag range in the south-east. The latter range joins
the spurs of Kopet Dag in the south-east. Caucasian rock agama populations in the Greater
and Lesser Balkhan and on Krasnovodsk plateau are typical isolates.
Kopet Dag Mountains, also known as Turkmen-Khorasan Mountains, consist of several
ranges which form a mountain system. In the south Kopet Dag is limited by the Atrek river;
in the east it stops at the Tejen river valley and grades into Paropamiz, which in the south is
linked to Hindu Kush (Varentsov, 1907).
The mountainous part of Turkmenistan is studied in most detail. Since the late 1800s, many
zoologists worked here (Varentsov, 1894; Deryugin, 1905–1906; Nikolsky, 1899; Schkaff, 1916;
Moritz, 1922, 1929; Laptev, 1934, 1945; Chernov, 1934; Andrushko et al, 1939; Heptner, 1945,
1949, 1955; Dhafarov, 1948, 1949; Dementiev, Turov, 1951; Kartashev, 1955; Kolesnikov, 1956;
Bogdanov, 1956, 1959, 1960, 1962, 1965; Ananjeva and Ataev, 1984; Ataev, 1985; Panov et al.,
1987). Ataev (1985: 89–90) summarised all records of Caucasian rock agamas in Turkmenistan.
Apart from the mountains of Kopet Dag, Caucasian rock agamas occur in the Atrek river
valley. They have been recorded there by Boettger in 1886 (Boettger, 1890) and by Moritz in
1921 (Moritz, 1929). In 1951 it was found near Tersakan by Kartashev (1955) and later by
Rustamov (1962). In the Meshat sands near Madau an isolated popualtion of the so-called
‚three-ringed Caucasian rock agama‘ was found (Ananjeva and Ataev, 1984). Caucasian rock
agamas also occur at the foothills north of Kopet Dag, where an isolated population was
found in the ruins of an ancient fortress New Nisa near Bagir village (Ataev, 1985).
Further east Caucasian rock agamas were found in the south-eastern part of the Karabil
plateau, in the Pelengoveli gorge (Rustamov, 1956) and in southernmost Tajikistan. Several
specimens collected in Pelengoveli are stored in the museum of the Institute of Zoology of
the National Academy of Sciences of Ukraine (Kiev). Two specimens collected in southern
Tajikistan has been described by Nikolsky as Agama reticulata. A full list of records in this
region, on the very border of Tajikistan with Afghanistan, is given by Saidov (2012).
Further east this species is known from the district of Chitral in northern Pakistan (Khisroon
et al., 2012). This is the eastern limit of the Caucasian rock agama’s range.
The question whether Caucasian rock agamas occur in Bathyz (south-eastern Turkmenistan)
remains controversial. In the 1940s it was found there by V.G. Heptner (1945) in the GyazGedyk range (near Akar-Cheshme) and in the Kyzyl-Djar gorge. However, the collected
specimens were later identiﬁed by Bogdanov (1955) as redbelly agamas. The specimens of
Caucasian rock agamas and redbelly agamas collected by the second Heptner expeditions are
not present in the collections. In 1990, a dead Caucasian rock agama was found in Kerlek
(5 km from the post Akar-Cheshme) in the nest of a long-legged buzzard Buteo ruﬁnus
(Simakin, pers. comm.). If Caucasian rock agamas do occur in Bathyz, their numbers are
very low. Even though the fauna of Badkhyz is similar of that of Kopet Dag, there is no direct
link between the mountains of Badkhyz and Kopet Dag.
From time to time novel records of Caucasian rock agamas become known. It concerns,
for instance, the population in the north-eastern spurs of the Koyundag range, which divides
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Turkmenistan and Iran (Gorelov and Lukarevsky, 1990; Ataev et al., 1991; Tuniev et al., 1991).
In this place Caucasian rock agamas occur together with redbelly agamas (see 11.1, 12.1).
The northern border of the species’ range goes across the mountains of Dagestan, along
the lesser ranges of Turkmenistan and the northern foothills of Kopet Dag. The southern
portion of the range has been much poorer known until recently. More information was
available for northern Iran and to a lesser extent to the central part of this country, where
Blanford (1876) pursued his studies. In the late 19th – early 20th centuries much information
on reptiles of Iran was obtained by the outstanding Russian zoologist Nikolay Zarudny who
performed several expeditions to eastern Persia and Khorasan (1886, 1892, 1896, 1898,
1900–1901, 1903–1904). His herpetological collections were studied by Prof. Nikolsky from
St. Petersburg (Zarudny, 1897, 1903, 1916; Nikolsky, 1897, 1899, 1905. 1911, 1915;
Zarudnoi, 1889–1890). The studies of Zarudny provided an imcomplete but rather distinct
pattern of Caucasian rock agama distribution in Iran. In most detail he surveyed the northeastern part of Iran, provinces Gilan and Khorasan.
According to Zarudny, Caucasian rock agamas are common in the highlands between Ahal
– Atek area and Quchan – Mashhad area (towns Fariman and Torbat-e Jam). Kuh-e-Kerat
range might be the southernmost part of the Caucasian rock agama’s range in Iran. Here and
further north it occurs in sympatry with a closely related species, P. microlepis (Anderson,
1999). However, in 1898 Zarudny found Caucasian rock agamas far in the south, in Persian
Baluchistan near Bampur (26° N). This is a southernmost record of this species. Mt. Berdu,
where a Caucasian rock agama specimen was collected, is located at the southern tip of the
range that connects Mashhad area and western Quchan area, and further to Alborz and Caucasus.
In the 20th century, studies in Iran were performed by E.N. Pavlovsky, I.S. Darevsky
(their collections are stored at the Zoological Institute of Russian Academy of Sciences,
St. Petersburg), R. Clark, E. Clark (Clark and Clark, 1966), S. Anderson (1963, 1974, 1999).
Of certain interest are reptile specimens from Iran in the museums of Munich (Schleich,
1977), Paris (Guibe, 1957; Brygoo, 1988), Harvard University, USA (Haas and Werner,
1969). The data of these authors provide additional records of Caucasian rock agamas within
the range drawn on the basis of materials of Zarudny. Recently an exhaustive pattern of this
species’ distribution in Iran was provided by Rastegar-Pouyani and Nilson (2002).
In Afghanistan Caucasian rock agamas occur in both northern and southern areas. It occurs
down to Paghman in the south (Clark et al., 1969; Anderson and Leviton, 1970; Anderson,
1974; Ananjeva, Ataev, 1984). South of the Kabul river a closely related species P. microlepis
Blanford, 1874 occurs (Blanford, 1876; Anderson, 1974; Bannikov et al., 1977).
Smith (1935) in his study of the fauna of British India mentioned that records of Caucasian
rock agamas were restricted to its western part, i.e. Waziristan and the border area between
Baluchistan and Afghanistan (modern-day Pakistan). In 1955, Caucasian rock agamas were
found in the same area by an expedition of Harvard University (Haas and Werner, 1969).
In the 1960s Minton (1966) reported this species from western Pakistan. This author found
Caucasian rock agamas to be especially abundant in the mountains between Kalat and Ziarat.
In the recent years, Caucasian rock agamas became the focus of the studies by several groups
of Iranian herpetologists. A result of this activity is the paper with the title ‘Environmental
suitability and distribution of the Caucasian Rock Agama in Western and Central Asia’
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FIG. 2.2. Range of the complex P. caucasia – P. microlepis. a — records of specimens specimens
identiﬁed as P. caucasia; b — the same, as P. microlepis. Based on data from Schleich, 1977; Ataev,
1985; Baig,1992 and specimens from collections of ZIN RAS and ZMMU.

(Hosseinian Yousefkhani et al., 2013). Novel results reported in this publication, as compared
to earlier reports (e.g. Rastegar-Pouyani and Nilson, 2002; Panov and Zykova, 2005), are
several new records of this species from western Pakistan (Fig. 2.1; 2.2, 3). The authors tried
to gave a theoretical tinge to their study; in particular, they write: ‘In this paper we provide
detailed data on the distribution of the Caucasian Rock Agama Paralaudakia caucasia,
and use species distribution models (MAXENT) to evaluate environmental suitability and
potential at a broad spatial scale’ (italics ours). They took climatic data from 160 sites with
records of this species and assumed that the most important predictors of habitat quality for
Caucasian rock agamas should be winter precipitation, summer precipitation, minimum and
maximum temperature, solar radiation, and index of primary vegetation productivity. After
sophisticated formal manipulations with these variables, the following conclusion was drawn:
‘The results conﬁrm the known distribution of Paralaudakia caucasia’ (p. 209, Discussion).
Obviously, what was fed into the model, was also received as its output.
In the map in this publication three levels of habitat quality (called ‘suitability’) –
low (< 0.27), medium (from 0.27 to 0.5) and high (> 0.5) are painted different colors.
Interestingly enough, low-quality habitat area includes the lower ﬂow of the Sumbar river
down to where its ﬂows in the Atrek. Our data (Panov et al., 1987, Panov and Zykova, 1995a,
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1995b) that remained not known to the authors3, show that a ﬂourishing populations with
high numbers and density occurs here.
Predictors included into this model did not include substrate. Climate in the latter area is
similar to that in the western Alborz, where Caucasian rock agamas have not been recorded.
The decisive difference is that in the loess canyons of the Atrek and Sumbar rivers the socalled pseudokarst provides a superabundance of shelters for the agamas.
This paper says nothing about the criteria of assigning suitability level to a habitat, apart
from the abiotic factors. Are these number estimates, fecundity of females or something else
which governs biological success of a population? It seems that if a specimen was known
from a given site, the local habitats were deemed suitable.

2.2.2. Hypothesis on the development of the current
Caucasian rock agama distribution range
Caucasian rock agama is a species belonging to Iran – Afghanistan faunistic complex. Its
distribution centre is most likely located in the mountains of north-western Iran or eastern
South Caucasus (Sobolevsky, 1929). Zarudny wrote that Khorasan section of Afghani – Turan
province is a ‘highland which is, as a shell, locked between the Turan lowlands and deserts
of central Persia and in the zoogeographic sense is a link between the Caucasus, Lesser
Caucasus and south Caspian section, on one side, and Hindu Kush and Parapamiz section, on
the other side... Greater and Lesser Balkhan, to some extent Krasnovodsk mountains and the
southern slopes of the Alborz are linked to this section’ (Zarudny, 1916).
From Iran these agamas may have colonised the Caucasus through the Talysh Range, which
is a direct continuation of the Alborz in northern Iran. Mountain faunal elements, the Caucasian
rock agama including, may have penetrated Central Asia along the Kopet Dag Range. This range
has since the upper Cretaceous was a chain of islands that have not been submerged for a long
time. It is not until the Oligocene that it turned into a contiguous mountain range (Laptev, 1940).
Heptner (1940) suggested that Khorasan faunal elements entered Turkmenistan through
three pathways. The westernmost one goes along the Kopet Dag and reaches the Greater
Balkhan. The second pathway goes to Bathyz along the Gyaz-Gyadyk range, which is an
eastern spur of the Karadag — a fragment of the Khorasan highlands east of the Tejen river.
Penetration of Caucasian rock agamas and other Iranian-Afghani elements far to the east
of Kopet Dag, to the Pelenoveli gorge and to southern Tajikistan, probably went through
Afghanistan in the Kushk – Kashan area. This circuitous route of species of western origin to
Central Asia Heptner treats as the third possible pathway.
It it not quite clear how Caucasian rock agamas got into the smaller ranges of Turkmenistan,
because clay desert which surrounds the Kopet Dag from the north is a serious barrier for
mountainous species. Most probably, agamas dispersed from the Kopet Dag along the
mudﬂow valleys. On the southern slopes of the Lesser Balkhan they are directed towards
the Kopet Dag. A similar pattern is observed in the area between the Lesser and the Greater
Balkhan. Mudﬂow valleys also existed between the Lesser Balkhan and the Kyurendag range
to the south of it.
3

See the ﬁnal paragraph of the Introduction.
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Another route of northward expansion of Caucasian rock agamas is also possible.
By the mid-Quaternary, after a number of transgressions of the Caspian Sea in the
Khvalynsk and post-Khvalynsk time, at the foothills of smaller ranges numerous terraces
and seawalls have been formed. The height of some of them reached 50–70 m above the
level of the Caspian Sea (Fedorov, 1957). It cannot be ruled out that dispersal of agamas
followed these features.
It should be noted that the landscapes where the lizards expanded, are rather young
ones: they are dated back to Pleistocene and Holocene. The isolated Caucasian rock agama
populations in the Lesser and Greater Balkhan may have formed ca. 30,000–40,000 years
before present. The expansion probably occurred gradually, from the Kyurendag through the
Lesser and Greater Balkhan to the Krasnovodsk plateau. As various populations of Caucasian
rock agamas differentiated rather long ago, the study of geographic variation across the large
range of this species is quite intriguing (see below, section 2.3).
The range of the Caucasian rock agama in its southern part touches (and most probably
overlaps with) the range of a closely related small-scaled rock agama, which some
authors treated as a subspecies of the former species (Blanford, 1876; Wettstein, 1953).
The relationships between these two forms are not quite clear and are of special interest
for a taxonomist and a student of evolution4. In the subsequent sections of this chapter
we shall consider the hypothesis of the possibility of large-scale hybridisation between
Caucasian and small-scaled rock agamas in zones of their secondary contact (see also
section 12.2).

2.3. Variation of characters
General size and proportions of adult agamas, some features of pholidosis and coloration,
i.e. nearly all external morphological characters, show geographic variation, even if to a
varying degree. Most characters show also within-population variation in respect to sex, age
and individual features. Therefore, before describing geographic variation of Caucasian rock
agamas, it is necessary to estimate the range of within-population variation and impact of age
and sex on external morphology.
Age-related variation is described in detail in Chapter 5, which deals with growth of rock
agamas. In the ﬁrst autumn SVL of rock agamas varies between 40–62 mm. Yearlings have
signiﬁcantly longer tails than adults. Tail length of yearlings exceeds their body length
at least 1.5-fold, which is signiﬁcantly (р < 0.01–0.001) different from two-year-old and
from mature lizards. Two-year-olds have somewhat shorter tails, and the difference by this
characters from adults in signiﬁcant in nearly all populations, except of the lizards from
the Greater Balkhan.
4

Rastegar-Pouyani and Nilson (2002: 98) write that ‘According to Anderson (1968), the range of P. caucasia does
not overlap with that of P. microlepis except in the mountains of the northeastern corner of the Iranian Plateau
where three large, rock-dwelling taxa of Laudakia occur very close together (P. caucasia, P. microlepis, and P.
erythrogastra). But with regard to Blandford’s record from Kushk-c-Zard (between Shiraz and Esfahan, southcentral Iran) (Blandford, 1874), we do not rule out a limited contact between the two taxa in the mountains around
Esfahan city’. However, these authors admit that ‘[t]he areas of probable intergradation with P. caucasia, if any,
have not been established’ (Ibid.: 101).
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Head length in yearlings is 27–30% SVL, which makes them signiﬁcantly (p < 0.001)
different from mature individuals. However, this difference was not found in the populations
from the Sumbar river valley. The general tendency is towards decreasing relative height of
head with increasing age. In two populations, for which we have data on age-related variation
of this character (the Greater Balkhan and Parkhay in the western Kopet Dag), head width :
height ratio is 1.72±0.02 and 1.75±0.02, respectively, whereas in adults it is 1.88±0.01 and
1.80±0.02. Age-related difference is highly signiﬁcant in the former population (t = 7.3;
р <0.001) and non-signiﬁcant in the latter one.
In most populations, with the exception of some areas of the western Kopet Dag, ﬁrstyear lizards have a coloration pattern basically different from mature individuals. Coloration
typical of ﬁrst-year animals is partially retained in second-year lizards and is not replaced by
the deﬁnitive pattern until the third year of life. This age-related variation is treated below in
conjunction with population variation.
Sex-related variation in coloration does not become apparent until maturity with is usually
reached in the third year. Within each age group, males are on average larger than females,
and have longer tails. Difference in the relative tail length between sexes is signiﬁcant in the
population of Gobustan (t = 2,3; р<0.01) and in the western Kopat Dag (Parkhay; t = 3.64;
p< 0.1). This difference is however not signiﬁcant in the populations of the lower Sumbar
valley and in the Greater Balkhan (see below). In all populations studied males have relatively
larger heads, whose length is 25–27% SVL, whereas in females this value is 24–25%
(difference highly signiﬁcant in all populations). Besides, males have signiﬁcantly broader
heads. For instance, in the Greater Balkhan population head width : height ratio in 5-year old
males is 1.22±0.02, and in the females of the same age 1.29±0.02. Head height also has a
tendency of be larger in males than in females (1.71–1.91 and 1.70–1.86, respectively, for six
different populations), but this difference never reaches signiﬁcance.
We found no clear sex-related dimorphism in pholidosis. One should however
mention the strong development of abdominal callous scalation and similar structures at
precloacal position in males, which lack or very weak development of them in females
in most populations (see below). Sexual dimorphism is apparent in the coloration of the
ventral side and not apparent on the dorsal side. When excited, in males breast, dark
bands on shoulders, sides of belly and pigmented patches on lower head become darker
more strongly than in females. However, this effect may also be rather pronounced in
older females.

2.4. Geographic variation
Geographically varying characeters are mainly size and proportions, in particular SVL,
relative length of tail and age-related head proportions.
As shown elsewhere (Zykova and Panov, 1991; Chapter 3), if sample size is limited, a
more adequate measure of population-speciﬁc values in constantly growing animals is not
mean, but maximum value. The largest Caucasian rock agamas occur in Iranian Kurdistan,
up to 168–174 mm (Table 2.1). Lizards from the western part of the range are generally
larger. In Iranian plateau the maximum recorded size of these rock agamas is 140.5 mm
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(n = 89; sex not given, Rastegar-Pouyani and Nilson, 2002). Hosseinian Yousefkhani et al.
(2014) report the maximum values of SVL for males from the western, central and eastern
Alborz of 138, 141 и 124 mm, respectively. However, these values are less than reliable. Table
1 in this publication contains seven blatant mistakes. For example, SVL values range from
106.35 to 138.60 and from 120.00 to 141.20, and their means are 1.25 ± 3.52 and 1.29 ± 2.18,
respectively. Values for the parameter ‘number of scales around midbody’ show the same
pattern: range 132.00–156.00, mean 1.46 ± 2.72; range 143.00–173.00, mean 1.51 ± 2.43,
etc. Moreover, the range of SVL values is strikingly different from the values obtained by us
from specimens collected from the same region5.
Table 2.1.
Maximum SVL (mm) in Caucasian Rock Agama
Region
E Azerbaijan
Gobustan
Iran
Kurdistan
W Turkmenistan
Meshat Sands1
Kyurendag1
Lesser Balkhan Range 1
Greater Balkhan Range
S Turkmenistan
Lower Sumbar River valley
Middle Sumbar River valley
Kara-Kala1
Parkhay
Kalaligez
Central Kopet Dag
E Kopet Dag
Darokhbeit spring valley
Pakistan
Chitral 2
W Pakistan 3

Males

Females

n
52

SVL
156

n
57

SVL
147

4

174

1

152

8
52
73
40

159
150
156
148

11
49
52
34

158
145
151
135

43

151

30

142

13
36
19
63
19

135
132
132
139
140

17
33
28
61
21

122
124
139
135
137

15
2

151
139

5
2

?
135

After: 1Ataev, 1985; 2 Khisroon et al., 2012; 3 Minton, 1966. Others — author’s data.

Small size is typical of Caucasian rock agamas from the western foothills of the Kopet
Dag. Further east the size of lizards increases again, even though it does not reach the
values reported from the Caucasus, north-western Iran and some sites of western and southwesternmost Turkmenistan. In Chitral province (Pakistan) the SVL of large specimens was
151 mm (sex not given; Khisroon et al., 2012).
5

An obvious drawback of this publication are small sample sizes: 11, 12, 10 and 16 specimens from four large
regions, which were compared. All this forces us to treat the authors’ conclusions with extreme caution.
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What concerns the microlepis form, Baig (1992) reports that it is a large lizard, without
giving any measurements. SVL of the largest male collected in Iran was 133 mm, and of the
largest female 149 mm (Anderson, 1999). Rastegar-Pouyani and Nilson (2002) report that
the maximum size of this species (sex not given) in the same region is 160 mm, with the mean
for both sexes pooled 136 mm.
Relative tail length makes it possible to distuinguish between two groups of Caucasian rock
agama populations: long-tailed ones, living in south-western Turkmenistan (lower Sumbar
vally, Meshat Sands and the western foothills of Kopet Dag), and short-tailed ones that
occur in eastern Azerbaijan, the Greater Balkhan and the central Kopet Dag). No signiﬁcant
variation is found within these two clusters, but the difference between them is highly
signiﬁcant (t = 10.6; p< 0.001). This character varies most broadly within the populations
of Gobustan and the lower Sumbar valley and is most stable in the Greater Balkhan
(Table 2.2). Sex-related variation by relative tail length was only apparent in Gobustan: the
males are there signiﬁcantly longer-tailed than females.
Table 2.2.
Variation in index ‘tail : SVL’ in different populations
of the Caucasian Rock Agama (means are shown bold)
Adults
Region

Impuberals

Males

Females

Immatures
(at the age 2)

Yearlings

E Azerbaijan
Gobustan

1.19–1.48
1.34±0.02 (19)

1.10–1.46
1.28±0.01
(37)

1.33–1.44
1.39±0.01 (6)

1.33–1.53
1.50±0.01(6)

W Turkmenistan
Greater Balkhan Range

1.28–1.44
1.36±0.01 (15)

1.25–1.41
1.33±0.01
(15)

1.28–1.55
1.38–1.57
1.37±0.01 (20) 1.50±0.01 (26)

S Turkmenistan
Lower Sumbar River valley

1.32–1.69
1.49±0.03 (16)

1.30–1.58
1.45±0.02
(16)

1.42–1.62
1.53±0.02 (12)

1.52–1.70
1.62±0.03 (5)

S Turkmenistan
Middle Sumbar River valley (Kalaligez)

1.37–1.55
1.48±0.02 (9)

1.33–1.64
1.48±0.03 (8)

1.41–1.63
1.57±0.03 (6);

1.51–1.84
1.65±0.01 (42)

Central Kopet Dag
vicinity of Geok-Tepe, Mt. Dushak

1.20–1.41
1.32±0.03 (7)

1.19–1.49
1.38±0.04 (7)

No data

No data

E Kopet Dag
Darokhbeit spring valley

1.32–1.64
1.31–1.53
1.45±0.02 (14) 1.41±0.02 (9);

1.57–1.74
1.64±0.04 (4)

1.92 (1)

Range of values of head height index (head breadth : height ratio) is similar in most
populations studied, but population means in some cases are signiﬁcantly different
(Table 2.3). Agamas with highest heads occur in the lower Sumbar and in the eastern Kopet
Dag, and the ﬂattest heads (index value 2.0) are found in lizards from southern Tajikistan
(Nikolsky, 1911). This character was an argument for the speciﬁc status of local rock agamas,
Agama reticulata Nik.
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Table 2.3.
Variation in index ‘head width: head height’
in different populations of the Caucasian Rock Agama
Region

E Azerbaijan
Gobustan
W Turkmenistan
Greater Balkhan Range
S Turkmenistan
Lower Sumbar River valley
Central Kopet Dag
vicinity of Geok-Tepe, Mt. Dushak
E Kopet Dag
Darokhbeit spring valley

Adults

Impuberals

Males

Females

1.68–2.00
1.80±0.04 (33)
1.81–2.08
1.91±0.02 (20)
1.64–1.80
1.71±0.02 (8)
1.75–2.00
1.86±0.02 (13)
1.73–2.00
1.83±0.02 (16)

1.62–1.93
1.78±0.02 (41)
1.75–2.09
1.86±0.02 (20)
1.63–1.82
1.70±0.05 (7)
1.69–1.92
1.82±0.02 (11)
1.62–1.93
1.80±0.02 (18)

Immatures
Yearlings
(at the age 2)
1.63–1.90
1.67–1.88
1.78 (3)
1.75(3)
1.62–1.86
1.58–2.00
1.77±0.02 (19) 1.72±0.02 (39)
–
–
–

–

1.70–1.90
1.83±0.05 (4)

1.93 (1)

2.4.1. Pholidosis
Geographic variation in this complex of characters occurs in the total number of scales,
features of their structure, and in some characteristics of the secondary surface structures:
abdominal callous scalation and similar structures at the precloacal position.

FIG. 2.3. Distribution of specimens with different number of scales around midbody within range
of the complex P. caucasia – P. microlepis. 1 — E Azerbaijan (Gobustan); 2 — lower Sumbar River
valley; 3 — Greater Balkhan; 4 — Kyurendag; 5 — western Kopet Dag; 6 — central Kopet Dag;
7 — eastern Kopet Dag.
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Number of scales around midbody — is a most important diagnostic character which is
used for taxonomic purposes, for instance, to distinguish between caucasia and microlepis
and to identify the form triannulata. Geographic variation of this character is shown in
Table 2.4 and in Fig. 2.3.
Table 2.4.
Number of scales around midbody in different populations of the Caucasian Rock Agama
Region
South Caucasus
Georgia,Armenia, Azerbaijan 1
E Azerbaijan (Gobustan)
Iran
Iranian Azerbaijan1
Iranian Kurdistan1
Iranian Plateau2
Easern Alborz1
Khorasan1
W Turkmenistan
Meshat sands1
Kyurendag
Greater Balkhan Range
S Turkmenistan
Lower Sumbar River valley
Middle Sumbar River valley
(Kalaligez)
Upper Sumbar River valley
(Aydere Gorge)1
Central Kopet Dag
Vicinity of Geok-Tepe
Mt. Dushak
Eastern Kopet Dag
Vicinity of Tedzhen and Dushak
Darokhbeit spring valley
Afghanistan, Iran, Pakistan
P. microlepis

Chitral

1

n

Range of variation

Means

25
6

116–157
125–140

134.3±2.1
129.7±2.4

9
4
89
6
5

120–145
150–175
123–179
160–2023
150–2153

130.0±2.6
161.3±5.2
160.04±3.7
182.4±6.0
172.0±11.9

12

167–2083

8
23

135–158
127–159

190.2±3.1 (males)
188.2±2.9 (females)
143.6±3.2
145.0±1.9

28
18

150–1942
120–170

169.6±2.1
149.3±3.5

16

140–174

154.4±2.6

10
7

120–150
115–148

149.3±3.5
132.9±4.7

11
34
6
?

126–146
115–144
190–240
150–212
117–255
190–239
150–170

131.9±1.9
127.3±1.2
212.2+7.23, 4
180.05
197.4 (males)5
202.8 (females)5
162.2 (males)6
166.2 (females)6
164 ±1.376

15
5

With use of museum specimens. Other data obtained by examination of living lizards.
After Rastegar-Pouyani and Nilson, 2002.
3
Such high values may be a result of microlepis individuals and caucasia x microlepis hybrids presence
in this region.
4
Our data (specimens from collection of the ZIN RAS).
5
After Khisroon, 1992.
6
After Khisroon et al., 2012.
2
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Pholidosis of vertebral band. The longitudinal stripe of large dorsal scales may be 5–7 ot
6–10 scales wide. The mean minimal values for different populations vary between 6.1–6.8,
the mean maximum values from 6.8 to 7.4. The largest value of the mean number of scales
(7.88±0.19) is reported for the population from Meshat sands (Ananjeva and Ataev, 1984).
However, this value is not signiﬁcantly different from the one reported by the same authors
for other populations. The analysis of our data did not show any statistically signiﬁcant
variation of this parameters, either. In the form microlepis the number of scales across the
vertebral band varies between 7 and 11 with the mean of 8.94± 0.38 (n = 5, difference from
the Madau rock agama signiﬁcant: t = 3.5, p<0.05).
The number of scales across the vertebral band varies in practically every individual. The
reasons for that are both the varying size of scales and the varying breadth of vertebral band.
This band, which normally has more of less parallel borders, may form lateral scallops. It
happens when along the borders of the vertebral band large light patches are located, which
jut out into the area of small lateral scales. Lateral parts of such patches have large scales
that form the jutting out scallops of the large-scaled vertebral band6. This phenotype in its
pronounced form is only found in the north-western part of the species' range, in the Southern
Caucasus and Iranian Azerbaijan (Plate XXI, 3). In particular, four out of ten specimens from
Armenia had clearly deﬁned scallops on the vertebral band.
Two extreme variants of structure of large scales of the vertebral band exits: (1) an
asymmetrical pyramid with a more or less rounded base, a levelled tip of which is strongly
biased towards the hind edge of the scale. Tip of the pyramid lies on the caudal end of a vaguely
expressed crest, which is located sagittally on the scale and disappears towards its cranial edge
(Fig 1.6 a and b, left); (2) the scale is angular rather than rounded, with a clearly deﬁned crest
which grades into a spike hanging above the caudal edge of the scale (Fig 1.6 a and b, right).
Scales of the former type may be similar to those of the latter type, if the tip of pyramid is
more or less pointed (Fig 1.6 a and b, middle). Skin of a singe individual may contain scales
with differently developed spikes, whereas strongly melanised (black) scales are always
more spiky than lighter ones.
Spiky scales are most typical of rock agamas from south-western Turkmenistan (Meshat
Sands, lower Sumbar valley). Well-developed crests are found in lizards from the eastern
Kopet Dag and some populations of the central Kopet Dag. All other populations studied
by us, including the rock agamas from eastern Azerbaijan (Gobustan), had scales without
strongly developed crests.
South-eastern part of Southern Caucasus (Lankaran and the Talysh), Iranian Azerbaijan and
the Alborz Mts. are probably a zone of intergradation between the smooth-scaled agamas of
the Caucasus and spiky-scaled lizards of south-western Caspian coast. Of nine specimens from
Lankaran, seven have scales with crests developed to a varying degree, whereas two have smooth
scales. In eight specimens from Iranian Azerbaijan, the ratio is 1:7, and in nine mature specimens
from the eastern Alborz, it is 4:5 (collection of the Zoological Institute, St. Petersburg).
Further east, in the lower and middle Sumbar valley, at the foothills of the western Kopet
Dag, another zone of gene ﬂow between spiky-scaled lower Sumbar rock agamas and smooth6
It shows the general pattern: non-pigmented skin parts, wherever they are located, are always covered by larger
scales than adjacent strongly pigmented zones.
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scaled Kopet Dag lizards is localised (section 12.2). Similar zone may occur in some areas
in northern Iran.
The form microlepis is characterised by smooth scales (collections of the Zoological
Institute, St. Petersburg), sometimes with weakly deﬁned crests (Baig, 1992) (Plate VI, 3).
Pholidosis of dorso-lateral surface. One of species-speciﬁc features of Caucasian rock
agamas, making it distinct from the form microlepis (см. Baig, 1992), are clusters of enlarged
scales located linearly on dorso-lateral part of the body, one row on each side. Below of these
clusters are located crests of similarly structured scales, which form a ﬁeld of spiky scales on
the ventral lateral surface, which feels like a grater (Fig. 1.7 d).
In spite of broad within-population variation in the complex of characters, it is still possible
to identify certain population-speciﬁc patterns. This character is most apparent in Caucasian
rock agamas from the Caucasus (in particular, in the isolated population of Gobustan) and
in some populations of central Kopet Dag (upper belt of Mt. Dushak near Ashkhabad),
where these structures are formed by large scales with well developed sharp spikes, pointed
caudo-laterally. Scoring estimates of this character, following a 5-scale grade, are for these
populations 2.8±0.29 and 3.5±0.46, respectively.
The same structures are least developed in the populations of the lower Sumbar valley
and adjacent foothills of the western Kopet Dag. Here many structures are strongly reduced,
and those retained carry weakly developed spikes, or no spikes at all. Spikiness score does
not exceed 1.1±0.06. Baig (1992) specially emphasized the weak development of these
structures in Madau rock agamas from Meshat Sands and their similarity in this respect to
the form microlepis. The latter form has smooth ﬂanks without enlarged spiky scales. Similar
individuals with relatively small scales on the dorso-lateral surfaces occur among specimens
that we observed in the lower Sumbar valley.
All other populations studied by us have intermediate scores: 1.6±0.65 in the central Kopet
Dag near Geok-Tepe and 1.8±0.18 in the Greater Balkhan. In Caucasian rock agamas from
the eastern Kopet Dag these structures are well developed, but formed by granulated scales
without any spikes.
Pholidosis of tail. We studied geographic variation in the number of scales around IX–X tail
rings (counting from the body), and frequency of occurrence of accessory scales, which may
form the third scale ring in this segment of tail (Panov et al., 1987; this topic will be further
elucidated in section 12.2.1 in conjunction with the hypothesis of hybrid origin of rock agamas
from Atrek and Sumber river valleys). The ﬁrst character sets apart the population from
Meshat Sands, where IX–X tail ring contains on average 22.85 scales, as opposed to 19.85
scales in other populations (Ananjeva and Ataev, 1984). This character apparently should be
correlated with the number of scales around midbody. Indeed, among the populations studied
by us the number of scales around tail is the highest in the lower Sumbar valley, which are
close to agamas from Meshat sands by the number of scales around midbody. However, the
difference of the Sumbar population by this character from the populations from the western
Kopet Dag, Greater Balkhan and Southern Caucasus (Gobustan) is small and statistically
insigniﬁcant (Panov et al., 1987).
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2.4.2. Development of abdominal callous scalation
and similar structures at precloacal position
According to our data, in seven out of 10 populations abdominal holocrine glands (callous
scalation) are only found in males. In three populations (lower Sumbar valley, the Greater
Balkhan, foothills of the eastern Kopet Dag in Darokhbeit) such glands, albeit smaller ones,
were also found in females: in six out of 14 in the ﬁrst area (42.8%), in 13 out of 56 (23.2%)
in the second one and in 9 out of 21 (42.8%) at the third site. It is worth noting that abdominal
callous scalation in females occurs commonly in P. microlepis, and it may be developed
as strongly as in males. Female microlepis, like males, normally have similar structures in
the area of anal interstice (Baig, 1992). These structures were found by us in all females,
without exception, in the aforementioned population in the eastern Kopet Dag. In all other
populations studied by us the females were invariably devoid of abdominal callous scalation
and similar structures at precloacal position.
Size and form of abdominal scalation in males vary geographically. In Caucasian rock
agamas from the Gobustan population its size is much larger than in conspeciﬁcs of the same
size classes from the populations of Turkmenistan (Table 2.5, Fig. 1.12).
Table 2.5.
Size of abdominal callous scalation in Caucasian rock agamas
SVL (mm)
106–115
116–125
126–135
136–145
146–155

Krasnovodsk
18.4 × 6.91 (10)
20.8 × 10.7 (25)
23.7 × 10.9 (19)
29.4 × 15.8 (5)
–

Gobustan
–
26.4 × 11.6 (5)
30.0 × 16.3 (3)
36.9 × 19.6 (10)
41.3 × 22.1 (12)

1
Mean length x mean width.
In parentheses sample size.

It is noteworthy that in large Caucasian rock agamas from loess canyons in the Sumbar
river valley (SW Turkmenistan) and in the form triannulata the area occupied by abdominal
scalation is smaller than in large individuals from Gobustan and in relatively small lizards from
Krasnovodsk (a population originating from individuals introduced from the Greater Balkhan).
Generally, in Caucasian rock agamas with SVL between 131 × 155 mm, the mean size of abdominal
scalation in Gobustan is 38.5±0.95 × 20.7±0.65 mm (n = 24, range 28–47 х 13–27 mm), in
Krasnovodsk 29.7±0.46 × 15.9±0.43 mm (n = 10, range 27–32 × 14–18 mm), in the Sumbar
valley 24.7±0.69 х 7.7±0.45 mm (n = 6, range 22–27 × 7–10 mm).
Within each population, the size of this formation is generally correlated with the overall
size of animals. However, this correlation does not hold when different populations are pooled.
For example, in the sample of males from Gobustan, whose SVL was on average 142.4±1.1 mm
(n = 69) the size of abdominal scalation was on average 35.9 × 18.6 mm. At the same time,
males from the lower Sumbar valley had very similar mean SVL (139.0±21 mm; n = 15), but
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the mean size of abdominal scalation was nearly one-half of their conspeciﬁcs: 24 × 7.6 mm.
Difference in SVL between these population was not signiﬁcant, but the size of abdominal
scalation differed signiﬁcantly (p<0.001; by length t = 8.75, by width t = 13.25). Furthermore,
in agamas from Gobustan the scalation was more rounded (length : width ratio on average
2.0±0.05), and in the Sumbar population it was more oblong (ratio 3.3±0.2; Fig. 1.12).
Similar to Gobustan males with their large abdominal scalations, both in absolute values
(up to 43–45 × 22–25 mm) and relatively to body size (ratio of body length to scalation
size 4.0), males from the western part of the range, especially from Iranian Kurdistan, have
large structures (up to 48–56 × 23–35 mm). Abdominal scalation is much less developed
in other studied populations, where body size to scalation ratio varies from 5.5±0.02 in
the Greater Balkhan (n = 24) to 6.1±0.64 in the central Kopet Dag (n = 12) and 8.0±1.0 at
some sites in western Kopet Dag (northern slope of the Monjukly range, n = 7). In these
areas the absolute size of abdominal scalation does not exceed 33–35 × 16–18 mm. The
smallest narrow scalations are found in the eastern Kopet Dag (Makhmal outpost). Their
size is 25–10 × 3–11 mm (on average 18.6 × 7.2 mm), body length : scalation ratio is 7.1,
roundedness index 2.8.
The form of abdominal scalation is an important diagnostic character in Laudakia rock agamas
(Baig, 1992). Therefore, gradual change of roundedness index of this formation from lower
Sumbar (3.3±0.2) through the western foothills of Kopet Dag (2.9±0.3 и 2.8±0.2 for two samples
of 7 and 15 males, respectively) to central Kopet Dag (2.2±0.1; n = 12) is noteworthy. Values
similar to the latter ﬁgure are known from the north-western part of the range, i.e. the Kyurendag
range (2.3±0.08; n = 13) and the Greater Balkhan (2.3±0.09; n = 24). Therefore, the oblong form
of abdominal scalation typical of the lower Sumbar valley is replaced by more the rounded form
to the east (central Kopet Dag), north (Kyurendag, Greater Balkhan) and west (north-western Iran,
Southern Caucasus), but is seem again in the eastern Kopat Dag (Darokhbeit). In P. microlepis the
size of abdominal scalation is 28–29 × 12–13 mm (2 specimens). The form is more rounded than
in Caucasian rock agamas from the Sumbar valley: roundedness index is 2.3±0.9. Very similar
size (28–30 × 11–13 мм) and form (2.4±0.10) is known for the abdominal scalation in the form
triannulata.

2.4.3. Coloration
Most geographic variation occurs in the coloration of the dorsal side. Color of head and the
pattern on its ventral side and on breast may also vary (Plates VII, 3, 4; XXI; XXII).
Yearling lizards have a generally regular pattern on the dorsal side (Plate XXIII). Along
the edges of the dorsal stripe black patches are located in two parallel rows, eight in each
row. More cranially, the patches are located symmetrically, but symmetry is distorted,
starting from the fourth pair. In most cases these patches are small and have irregular shape
(Fig. 2.4, d), but sometimes look like eyelike spots (Fig. 2.4, f). In the Greater Balkhan population
these dark spots are much larger, often are lumped pairwise (or even with the adjacent pairs)
and form a peculiar large-eyed pattern along the whole dorsal stripe (Fig. 2.4 a, d).
In ﬁrst-year lizards from the Kopet Dag populations from each black patch a chain of
eyelike spots with partially pigmented centres goes laterally, more or less perpendicular to
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FIG. 2.4. Juvenile coloration in the Caucasian Rock Agama and its transformation into deﬁnitive
pattern. a — an idealized scheme of yearling’s coloration (quite melanistic version characteristic of
some phenotypes in population of the Greater Balkhan); b — coloration of individual from the same
population at the age of two years; c — deﬁnitive coloration of the same individual; d — typical
coloration of yearlings from population of the Greater Balkhan; e — the same, from lower Sumbar
River valley; f — the same, from the central Kopet Dag.
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the dorsal stripe. Ideally there should be eight such perpendicular rows on each side. Between
them and parallel to them run the rows of eyelike spots with non-pigmented core, seven
on each side. As a result, the lizard looks transversely striated, even though the spots are
usually organised not strictly linearly (Fig. 2.4 f). First-year animals in all other populations
look similar, with the difference that eyelike spots with non-pigmented centres prevail in
all perpendicular rows. Apart from this difference between the populations, the background
color may vary in different populations, between dark grey (sometimes with a greenish tinge)
in Kopet Dag and shades of sandy brown in other areas (Fig. 2.4 d–f).
In the second year, dorsal stripe and cranial part of the body become lighter, but rims of
light spots in the middle and caudal parts of dorso-lateral surface become more strongly
pigmented (Fig. 2.4 a, b). As a result, rows of eyelike spots become more contrasting against
the sandy brown background.
In the third year, the initially closed rim of spots becomes partly broken, and partly lumps
with the rim of adjacent spots, giving rise to broken and branching pattern (Fig. 2.4 c).
The lizards attain the deﬁnitive coloration of a mature individual, with relatively weakly
developed melanistic coloration along the dorsal stripe and irregular pattern on the dorsolateral surface. Between the black lines of this pattern are located the zones with the initial
background color, typical of ﬁrst-year lizards, and lighter areas (whitish, yellowish or light
orange) localised in the position of light eyelike spots of ﬁrst-year animals. In the areas where
ﬁrst-years had large melanistic zones, numerous small clusters of black scales are found in the
deﬁnitive variant, which form a peculiar pattern of small dots and short direct or broken lines.
Unlike all other populations, Caucasian rock agamas from western Kopet Dag have
the deﬁnitive coloration of the same type like ﬁrst- and second-year animals. The parallel
geographic variation of juvenile and deﬁnitive pattern is largely explained by the fact that
each individual lizard has its own unique pattern, which is maintained since hatching until
death (the data on individually marked animals). Just the intensity of melanistic patterns on
the dorsal side varies with age (Fig. 2.4 a–c). It is worth emphasizing that in rock agamas
from western Kopet Dag, these variations are minimal.
When analysing geographic variation of the deﬁnitive coloration of dorsal side
(Plates XXI, XXII), it is convenient to treat the coloration of the dorso-lateral parts and
of the dorsal stripe as two different characters. Typical coloration of the back is shown in
Fig. 2.5. The generalised type of pattern is found in the populations from western Turkmenistan
(Fig. 2.5, 1–3) which have light background, brownish grey, greenish grey, sandy olive-green
or sandy. Among them, the darkest pigmentation is typical of the Greater Balkhan population
(Fig. 2.5, 1). Agamas from the lower Sumbar valley are much lighter (Fig. 2.5, 3). The lizards
from the Kyurendag range and adjacent areas (Fig. 2.5, 2) are intermediate between the two
aforementioned populations: they are very light with a strong development of melanistic
ornament in the cranial part of the dorsal side.
Rock agamas from the western (Fig. 2.5, 6) and central Kopet Dag (Fig. 2.5, 5) are very
different. They have a melanistic coloration with dark background (slate grey, brownish grey
or greenish grey), against which many individuals have contrasting rows of small whitish
spots with broad black rim. Light brownish sandy lizards from the north-eastern part of the
range (eastern Kopet Dag, Fig. 2.5, 7) have the background color similar to the agamas from
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FIG. 2.5. Patterns of back coloration of adults from different populations of the the Caucasian Rock Agama
P. caucasia. 1 — Greater Balkhan; 2 — Kyurendag; 3 — lower Sumbar River valley; 4 — E Azerbaijan;
5 — central Kopet Dag; 6 — western Kopet Dag; 7 — eastern Kopet Dag (Darokhbeit spring valley). In
either case two variants of pattern are given: the lightest on the left and the darkest on the right. 1–7 — based
on photos of live lizards, 8 — on photos of specimens from the collection of ZIN RAS.
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the Sumbar valley (cf. Fig. 2.5, 3), and the pattern similar to that of Kopet Dag populations
(cf. Fig. 2.5, 5, 6). The same is to some extent true of the agamas from southern Tajikistan
(Fig. 2.5, 8), which have the juvenile-type eyelike pattern most strongly developed. Rock
agamas from the Caucasus, particularly from the population of Gobustan (Fig. 2.5, 4), have
a relatively weakly pigmented and discrete dark pattern, the elements of which do not form
branching structures. In the wild these lizards look monotonously grey (males) or greyish
brown (females). Quantitative data on the presence of melanin in the skin of different
populations are given in Table 2.6.
Small-scaled agamas P. microlepis, as suggested by museum specimens and by photographs
published by Baig (1992), have monotonously light coloration with a very weak development
of melanins (small discrete pattern of dots and short thin lines) and with regular transverse
rows of small eyelike spots without clear black rim. The complete absence of melanised
scales in the dorsal stripe is worth noting. The general pattern of coloration is similar to ﬁrstyear Caucasian rock agamas from the Sumbar valley.
Dorsal stripe usually looks more uniform and lighter than other zones on the dorsal side,
and because of that it more or less contrasts with dorso-lateral parts. The degree of this
contrast varies geographically: with relatively weak pigmentation of dorso-lateral surfaces
the contrast with the light dorsal stripe is weak. This is typical of lightly colored rock agamas
from eastern Azerbaijan (Gobustan) and from the lower Sumbar valley, from Meshat sands,
the Kyurendag range and from the eastern Kopet Dag. The data of museum collections of the
Zoological Institute RAS and Moscow State University suggest that this holds valid also for
all populations of the form microlepis (see also Baig, 1992).
With increasing pigmentation of dorso-lateral parts the contrast between them and the
dorsal stripe becomes considerably stronger, which is typical of rock agamas from the
central Kopet Dag. However, some individuals with uniformly dark dorsal stripe may have a
relatively weak contrast also in these populations.
Contrast between the dorsal stripe and dorso-lateral surfaces depends not only on the
general color of the dorsal stripe but also of its pattern. This pattern is formed, ﬁrst, by
black scales that are either solitary or form spots and lines, and second, by light markings
that are actually the remains of the juvenile transveral pattern (a, b and c in Fig. 2.4).
Variegated pattern of the dorsal stripe in the deﬁnitive condition is most typical of the
Greater Balkhan population. Because of that, contrast between motley dorsal stripe and
equally motley dorso-lateral surface in many individuals is much weaker than in other
populations.
Variation in the pattern of the dorsal stripe between the populations of Caucasian rock agamas
reﬂects the degree to which the juvenile characters are retained in the deﬁnitive coloration.
The stronger is heterogeneity in coloration of the dorsal stripe, the more prevalent juvenile
characters are. Apart from the Greater Balkhan population, this phenomenon is typical (albeit
to a lesser degree) of rock agamas from central and especially western Kopet Dag.
Most populations are distinct by the coloration of the dorsal side, as suggested by the
results of discriminant analysis (Fig. 2.6). Only in the populations of Greater Balkhan and
eastern Kopet Dag (populations 1 and 7 in Fig. 2.6) the distribution of variation in the space
of two discriminant functions are completely identical. As shown in Table 2.7, the two ﬁrst
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discriminant functions describe 86.7% of variance. Discrimination at the signiﬁcance level
of p<0.00001 is possible with ﬁrst three discriminant functions.
Table 2.7.
Results of Discriminant Function Analysis of back color patterns
in P. caucasia populations of South Caucasus and Turkmenistan

Discriminant Eigenvalues
Relative
Pearson’s r Derivatives
functions
contribution
%

1
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5
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0.00000
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0.00075
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Coloration of head is usually the same as the main shade of the dorsal body side. It is grey
with an olive-green tinge in Caucasian rock agamas from the Kopet Dag and Greater Balkhan
and light sandy shade in the lizards from
lower Sumbar river valley and from
the eastern Kopet Dag. However, in the
population of Gobustan adult males have
straw-colored heads with apparent pinkishorange tinge, so that their head contrasts
with dull greyish brown color of the their
dorsal and dorsolateral surfaces.
The gular region in all populations
has the same light color as the upper side
of head. More or less pronounced dark
grey longitudinal stripes run against a
light background (Fig. 1.12 b). Unlike all
other Caucasian rock agama populations,
in P. microlepis this dark pattern is so
much developed that it actually forms
the background, on which oblong light
stops are located (Baig, 1992). Strength
FIG. 2.6. A graph of individuals on the discriminant
of pattern in the gular area varies broadly dimensions. Specimens from seven populations of the
in all populations.
Caucasian Rock Agama. 1 — eastern Azerbaijan (GoLight pattern against the bluish-black bustan); 2 — lower Sumbar River valley; 3 — Greater
Balkhan; 61, 62 — central Kopet Dag (vicinity of Geok
background of breast mainly occurs in Tepe and Mt.
Dushak); 7 — eastern Kopet Dag (Daadult males and in some old females. rokhbeit spring valley). Figures correspond to numAmong the populations studied this bers of populations on Fig. 2.3.
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pattern is most developed in the population of Gobustan, and least developed in the lizards
from south-western Turkmenistan. The populations of the Greater Balkhan and eastern
Kopet Dag are intermediate in this respect.
The results of studying clinal variation of populations in the presumed intergradation
zone caucasia x microlepis in south-western Turkmenistan (along the 80 km transect from
village Sherlouk to village Kara-Kala) are presented in detail in section 12.2. It is just worth
mentioning that Caucasian rock agamas from the south-western part of the studied area are
close to the Madau population (form triannulata), even if they are different by a number
of morphological characters. The populations of central Kopet Dag generally conﬁrm to
the diagnosis of what can be named a 'typical' P. caucasia, even though its characters are
somewhat shifted towards the ‘Madau rock agama’. Rather peculiar are the populations of
the eastern Kopet Dag.

2.5. Population structure of the complex
Paralaudakia caucasia – P. microlepis
Certain combinations of the aforementioned characters form a basis for diagnosing several
clearly shaped groups of populations within the limits of the complex in question. Leaving
aside most populations from the southern part of the range, for which we have just scarce
fragmentary data, one can deﬁnitely speak of the following eight groups of populations with
different combinations of biometrics and pholidosis and coloration characters.
1. Populations of ‘typical Caucasian rock agamas’ from the Southern Caucasus: large lizards with
weakly (or moderately) spiny scales on the dorsal stripe and with strongly developed spiny
scales on ﬂanks. Typical characters are a small number of scales (134.2 ± 2.1) around midbody,
poorly developed melanins on the dorsal side (Table 2.6) and a monotonous coloration of the
upper side with a dull pattern (Plates XI, 5; XXI, 3; XXII, 1 left).
2. caucasia populations from the western and central Kopet Dag: medium-sized agamas with
the pholidosis similar to that in their conspeciﬁcs from the Southern Caucasus. Typical
characters is similar to the aforementioned populations, but more variable number of scales
around midbody (115–160, on average 136.1±2.7), strong development of melanistic
coloration on the upper side and a strong contrast between black branching pattern and
whitish cores of eyelike spots (Plates XXI, 2; XXII, 7–9).
3. caucasia populations from eastern Kopet Dag, whose westernmost edge (Darokhbeit spring)
is located ca. 150 km east of the populations from the central Kopet Dag. These are mediumsized agamas. Their dorsal scales are medium spiky. Spikes of the lateral surfaces of the
body are not developed; the number of scales around midbody is small (126–146, on average
131.9 ± 1.9). Their color is strikingly different from the blackish agamas of the central Kopet
Dag, but similar to the specimens from the Sumbar river valley in the western Kopet Dag.
The color is light sandy, moderately contrasting pattern on the dorsal side retains the regular
juvenile elements (Plates XXI, 1; XXII, 10; XXIX, 1, 3 right); abdominal callous scalation
and anal interstices are present in females. Some biometric measurements also makes
them distinct from the Sumbar and central Kopet Dag populations (Tables 2.1–2.3, 12.2).
The Darokhbeit population is probably representative of the Caucasian rock agamas of
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the whole eastern Kopet Dag, because very similar specimens from the vicinity of Tejen
(50 km NE of Darokhbeit) are deposited at the Zoological Museum of Moscow State
University (№ 280-17/1-6). Possibly to the same group belong reticulata rock agamas
from more eastern areas, southern Karabil and Tajikistan, and populations of the whole
eastern part of the range, Pakistan including (Fig. 2.6).
4. microlepis populations from Iran, Afghanistan and western Pakistan (Baig, 1992):
large agamas with smooth scales on the dorsal stripe. No spiky scales on the lateral
surfaces. Of this group, a large number of scales around midbody is typical (up to 220;
other authors report ﬁgures 150–212 with a mean of 180; Ananjeva and Ataev, 1984;
Baig, 1992). Coloration is light, melanins are not developed, so no contrasting pattern
occurs on the upper side; females have abdominal callous scalation and anal interstices.
Apart from these groups, we identify several populations more, which in our opinion have
a hybrid origin (caucasia s. str. х microlepis).
5. Population of the lower Sumbar river valley: large lizards with spiky scales in the dorsal
stripe (a character typical of caucasia) and very weakly developed spikes on the lateral
body surfaces7. The number of scales around midbody is intermediate between the values
reported for caucasia and for microlepis (150–190, on average 171.3±2.2). The body
is light with a moderate development of melanistic coloration (Table 2.6; Plate XXII, 1
right, 2). Juvenile characters in the deﬁnitive pattern of the dorsal side are very weakly
developed, the abdominal callous scalation is oblong, a proportion of females have the
abdominal scalation.
6. The population of Meshat sands is very similar to the preceding one, but differs by the
large number of scales around midbody (167–208; on average 189) and probably by even
weaker developed spikes on the lateral parts (Baig, 1992).
7. Populations of low mountains of western Turkmenistan (Kyurendag range, possibly also
Karagez and Lesser Balkhan): medium-sized rock agamas with moderatelt spiky scales on
the dorsal stripe and ﬂanks. The number of scales around midbody varies between 135–158
(on average 143.6±3.2), coloration is similar to that of Sumbar and Meshat agamas (Plate
XXII, 4). Speciﬁc features of these populations are discussed in section 12.2.
8. Population of the Greater Balkhan range: larger than average lizards, with pholidosis similar to
the rock agamas from the central Kopet Dag (group 2). The general pattern of their dorsal and
lateral sides is somewhat similar to that of the Sumbar valley population, but distinctly darker
(Plate XXII, 5, 6). Coloration of juveniles is unique (Plate XXIII, 3), and also unique is the
dorsal stripe of adults. The number of scales around midbody is like in the preceding populations
(127–159; on average 145.0±1.9). Abdominal callous scalation occurs in some females.
We do not rule out the possibility that in the group 3 (populations of the eastern Kopet
Dag) an inﬂux of genes from more southern populations like microlepis or microlepis ×
caucasia is also present.

7
As the northern edge of P. microlepis range is located in northern Iran quite close to the range of this group of
populations, we treat it as a direct inﬂuence of the Small-scaled Rock Agama P. microlepis genes.
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2.6. A possible evolutionary history of the compex
PARALAUDAKIA caucasia – P. microlepis
Within the large range of P. caucasia s. str., which includes the mountain belt from the Pontic Mountains
in the west to the Hindu Kush in the east, one can expect a number of distinct geographic races in a
species with a limited dispersal potential (Panov and Zykova, 1995). Indeed, we ﬁnd a clear difference,
possibly reaching the subspeciﬁc status, between the population from the Caucasus with the adjacent
parts of western Asian uplands, on one side, and the Kopet Dag, on the other side (groups of populations
1 and 2, respectively). Populations of the group 3, whose current range covers the eastern Kopet Dag,
are sharply different. The latter ones may have formed their current phenotype when evolving in the
mountains of the Parapamiz, independently of the Kopet Dag populations. We cannot rule out speciﬁcity
of caucasia populations which inhabit other large mountain systems (Zagros, Alburtz and Hindu Kush).
However, the currently available data on these population are too scarce to make conclusions.
Anyway, certain facts, in particular the persistent geographic variation of the coloration
of ﬁrst-years, which parallels the variation in the deﬁnitive coloration, suggest that contrary
to the prevailing view, P. caucasia is a classic example of a polytypic species with several
distinct geographic races.
A special place among these sub-speciﬁc units within the accepted range of P. caucasia is
occupied by the aforementioned groups of populations 5–8. It is worth noting that populations
5 and 6 (i.e. those from the lower Sumbar valley and the Meshat sands) have been included by
Baig (1992) into the range of P. microlepis. However, we believe that the available facts better
agree with the view of the hybrid origin of these two populations. Both of them are isolated at
the northern edge of the large secondary contact zone between caucasia and microlepis, which,
as suggested by museum specimens, includes the northern areas of Iran, Afghanistan and western
Pakistan, from the eastern Alborz to the Hindu Kush (see section 12.2 for more details).
We suggest the hypothesis that isolated geographic location of populations 5 and 6
(loess canyon in Sumbar, ravines of Meshat ﬁxed sandy dunes surrounded by a clay plain)
made it possible for the peculiar hybrid phenotype, described by Ananjeva and Ataev
(1984) as Madau rock agama Stellio caucasius triannulatus and renamed by Baig (1992)
as Laudakia microlepis triannulata, to stabilise. This phenotype now retains its genetic
speciﬁcity only in the Meshat sands, because here gene ﬂow from other populations of
this complex has been ruled out since ca. 80–100 thousand years (Ataev, 1985).
What concerns the population of the middle Sumbar river valley, here a current limited
gene exchange with P. caucasia populations of the western Kopet Dag is apparent. Groups
of populations 7 (low mountains of western Turkmenistan: Karagez, Kyurendag etc.) and 8
(Greater Balkhan) are, in our opinion, derivates of the Sumbar population (group 5), which are
strongly inﬂuenced by genes of the typical Caucasian rock agamas of Kopet Dag. Northward
expansion from Sumbar river valley could go via the canyons of its northern tributaries, e.g.
Tersakan river. We agree with Ataev (1985) who argued for the possibility of expansion from
the Kyurendag ﬁrst to the Lesser Balkhan (26 km) and then to the Greater Balkhan (30 km).
This author tentatively dates this process as 30–40 thousand years before present. We suggest
that genome of all populations occurring in western Turkmenistan and smaller mountain ranges
of this country (e.g. the Greater Balkhan) includes microlepis genes to a lesser or greater extent.
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2.7. Caucasian rock agama as a polytypic species
The viewpoint that the Caucasian rock agama, contrary to the generally accepted view, is a
polytypic species, is supported by the analysis of mtDMA data (Macey et al., 1998). These
authors identify at least three clusters of populations within this species: 1) those that inhabit the
Caucasus (Armenia and Dagestan); 2) inhabiting southern Turkmenistan (a — in the western
Kopet Dag and Meshat sands and b — in the central Kopet Dag) and 3) located in the Greater
and Lesser Balkhan. Genetic distances
are well correlated with spatial distances
between these population groups (Fig. 2.7).
The evolutionary scenario suggested
by Macey et al. (1998) postulates that
P. caucasia and P. microlepis diverged in
the late Miocene, ca. 9 Myr years before
present. Divergence time of Caucasian
rock agama populations from the Caucasus
and mountains of Turkmenistan is then
set at 2–3 mln years BP (late Pliocene),
whereas the populations of the Greater
and Lesser Balkhan became isolated ca.
1–2 mln years BP. It should be stressed
that these estimates are heavily dependent
on the calibration of molecular clock.
For whatever reason, these authors
refrain from a clear answer to the question
whether subspecies should be identiﬁed
within the Caucasian rock agama species.
Rather reluctantly, they hint towards this Fig. 2.7. The single most parsimonious tree found
possibility: ‘L. caucasia is nonetheless a from a branch-and- bound search. The tree has a
phylogenetically fragmented taxon; our length of 549 steps and a consistency index of 0.865.
sinking of the subspecies does not imply Bootstrap values are presented above branches and
decay indices are shown in bold below branches. The
genetic homogeneity among populations’ form triannulata is boxed. After Macey et al., 1998,
(Macey et al., 1998: 127; italics added). modiﬁed.
It is worth noting that this paper does not
even mention the populations that occur
from eastern Turkmenistan through the vast areas of Afghanistan to western Pakistan.
The latest review on Laudakia rock agamas (Baig et al., 2012) does not discuss the morphological
differentiation of populations of this species8. As a result, the species diagnosis is misleading,
because it suggests a wrong pattern of uniformity of pholidosis and coloration across the range.
What information, valuable for further study of geographic variation in this model organism, can
be derived from this: ‘total number of scales around midbody 112–160 (138 ± 11.8)’?
8

Our aforementioned data on this topic are given no consideration, even though they have been published in 1995
and mentioned again in 2005.
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Equally superﬁcial are the data on other characters: e.g., the authors claim that 'callous
glands present in males at precloacal and large patch at abdominal position, not represented
in females' (Baig et al., 2012: 229). We have seen that it is not correct: these structures are
present in a signiﬁcant proportion (23.2–42.8%) of females in at least three different and
geographically distant populations.
Let us get back to the question on the possibility of treating the Caucasian rock agama
as a polytypic species. Are the morphological differences between the population from,
say, central and eastern Kopet Dag sufficient for a subspecific status? The difference
between them by some parameters are shown in Table 2.8. We can compare them with
variation which the authors considered sufficient for subspecific status e.g. on the
Pakistan Agama L. pakistanica (Baig et al., 2012: 248–249): ‘Laudakia pakistanica
auffenbergi. This form is very close to the nominate form in certain characteristics but
quite distinguished by being dull dark brown to grey in color with white transverse bands
across the body and having a fewer number of scales around the body total number of
scales around midbody 152’. (italics added). ‘Laudakia pakistanica khani. This form
is very close to the nominate form but having fewer scales around the body and a more
mosaic-like in coloration. Тotal number of scales around midbody 164’.
Table 2.8.
Comparisons of some characters of external morphology
in two groups of Caucasian rock agama populations
Character
Vertebral band
Flank pholidosis
Scales around midbody
Back coloration

Abdominal callous
glands

Central Kopet Dag
Scales weakly or moderately mucronated
Spinose scales present in large quantity
115–160 (136.1±2.7)
With maximal presence of melanins;
pronounced contrast between black
‘ramiﬁed’ pattern and whitish central parts
of ocelli
absent

Eastern Kopet Dag
Scales rather moderately mucronated
Spinose scales do not expressed
126–146 (131.9 ± 1.9)
Light, sandy, monotonous

present

We would like to draw a special attention to the ﬁgures. What does 152 and 164 scales around
midbody mean? Is this the number of scales in every single specimen, or is the comparison
made on the basis of a single specimen in each ‘subspecies’? This statistics cannot be accepted.
With an equal ease they included into their review a ‘new subspecies’ of the stellion
Stellagama stellio salehi, which has no characters whatsoever which would make it distinct
from brachydactyla, as shown by us in the Introduction. To make sure that this form is not
valid, the authors should have read the publication carefully, where it had been described.
They, however, accepted it, possibly to inﬂate the novelty of their review.
One can just wait until an experience herpetologists with a good taxonomic qualiﬁcation takes
the situation in their hands and assigns valid scientiﬁc subspeciﬁc names to all morphologically
distinct Caucasian rock agama populations. The authors of this book could not do that, because
it would mean an intrusion into the ﬁeld of taxonomic nomenclature, which is alien to us.

Chapter 3.
Caucasian Rock Agama: Growth and lifespan

In the previous chapter we widely used size parameters to separate different population
groups within the species range. As in most other reptiles, Caucasian rock agamas grow
during their whole life. It follows that observed discrepancy between various populations
of the species are not necessarily based on genetic difference . In principle, such differences
can reﬂect various age structure of those populations, which, in turn, may depend on their
mortality rates in the regions with different environmental conditions (such as climate and
weather patterns, the nature of shelters, the inﬂuence of predators etc.).
For instance, analyses of the bone cross-sections in Armenian agamas showed that
individuals inhabiting low-mountain areas (ca. 1,000 m a.s.l.) and those living at higher
altitudes (1,950 m a.s.l.) differ markedly in their size, as well as in duration of life. In the
foothills the lizards are larger than at higher altitudes. It is possible that growth rate at higher
altitudes can be slowed as compared with those living at foothills. The lizard lifespan in the
former group of local population is estimated as 6–7 years, while in the latter group it appears
to be 10–11 years (Ledentsov and Melkumyan, 1986).
The question which factors determine body size in different local populations of Caucasian
rock agamas appears to be of great importance bearing in mind that the taxonomy of this
group of lizards is still far from being sufﬁciently understood (see section 1.1).

3.1. The study of growth rates
in individually marked population of Caucasian rock agamas
Long-term monitoring of individually marked animals in a population is one of the most
effective methods for studying growth rates in different species and factors inﬂuencing the
process. This method allows assessing growth rates of numerous individuals and estimating
their lifespans (at least for some population), while its accuracy can possibly be compared
with that of skeletochronology (see Castanet, 1994; Smirina, 1974, 1989).
In May 1985, we captured 69 Caucasian rock agamas in Greater Balkhan range, and on the
next day they released into an abandoned quarry, 16 kilometers from the city of Krasnovodsk
(now Turkmenbashi). This place is situated within a small mountain massif Karadag, adjoining
Krasnovodsk plateau, i.e. within the range of the Caucasian Rock Agama (Ataev, 1985). We had
not found any Caucasian rock agamas in that place before. The quarry had been abandonded
since the late 1970es. It allowed us to perform a long-term study of an isolated population
consisting completely of individually marked lizards and their descendants born later in the
place of inrtroduction. During the next ﬁve ﬁeld seasons (1986–1990), we captured and counted
the lizards several times each season, and, also occasionally, in 1993, 1994 and 1995.
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In the same period (1985–1989), we investigated some natural populations of individually
marked Caucasian rock agamas in another part of Turkmenistan (two plots in Western Kopet
Dag) and in eastern Azerbaijan (Gobustan).
Among the lizards that laid the foundation of this introduced Krasnovodsk population,
24 agamas had been born in the previous year, i.e. at the time of introduction they were less
than one-year old. These individuals made the most valuable material to assess the growth
rate and to develop the scale of age / body size relationship .
Table 3.1 shows examples of annual SVL change in some individuals. One part of the
Table (A) shows the data on lizards whose year of birth was known precisely. The maximum
age to which we managed to follow six individuals was ca. 6 years. Among immatures (both
introduced in the quarry at the start of the experiment and born in the new site and captured
there later) there are animals that we suppose to have survived two winters (see Table 3.1 B).
Comparison of SVL of the animals of the same age from two samples (A and B) shows that
ﬁgures show no signiﬁcant difference. Growth of agamas from ‘group B’ was followed up to
their 7th year. The maximum size of Caucasian rock agamas in the Krasnovodsk population
in the age of 6–7 years never exceeded 137 mm.
Table 3.1.
Size (SVL, mm) of Caucasian rock agamas of different age in Krasnovodsk population
Number of winters
survived

I

II*

III

IV

V

VI

VII

А1
Mean
Range of variation
n

63.8±0.7
50–76
64

89.7±1.7
76–103
24

Mean
Range of variation
n

–
–
–

88.8±0.8
83–92
17

106.0±1.5
93–114
17
B
111.2±3.7
103–120
4

117.2±1.4
106–123
13

123.6±1.2
117–130
10

129.0±1.4
122–133
6

–
–
–

118.0±2.8
111–126
4

124.0±1.4
120–127
4

130
130
2

136.5
136–137
2

1
А — age is exactly known, B — age was calculated
* Individuals with SVL no more than 92 mm are considered as survived two winters, while larger
agamas might belong to the next age class (see Fig. 3.1).

3.2. Age and size
As seen from Table 3.1, size variability within Caucasian rock agamas of the same age is
quite signiﬁcant. If we consider these lizards in the age of one year, it seems to be explained
mainly by the duration of the hatching period. We encountered the ﬁrst newly-born agamas
in Central Kopet Dag on July 15 and the last ones on October 26. Thus, the hatching may
proceed in this population for as long as 90–100 days. The animals born in summer reach
considerably larger size by the winter than those born in autumn. During summer, at time of
hatching SVL varies from 38 to 46 mm (mean 43.3 mm), and their growth rate is very high,
especially just before the beginning of hibernation (Ataev, 1985). So, in October their SVL
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FIG. 3.1. SVL of individuals of known age. Roman numerals show number of winters survived by
individuals. Overlap zones are shaded.

reaches 40–62 mm (mean = 50.8±0.73 mm, our data from the vicinity of Kara-Kala village).
After the ﬁrst winter, in March-May of the next year, the SVL of yearlings is 50–76 mm.
The largest individuals have been caught in the end of May, i.e. the period of catching has a
certain impact on the results of ﬁeld measurements.
The initial body size of an individual may also affect its size when it becomes older, and
the growth rate slows down signiﬁcantly1. During the ﬁrst two years of their lives, agamas
1

Rand and Bock (1992), who studied the growth of iguanas Iguana iguana during ﬁve years, admit that variation in the size of adults result from difference in the growth rate at early age.
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grow very rapidly: their SVLs increase, on average, by 42% in the ﬁrst year and by 46% in the
second year (compared with that at the end of the ﬁrst year). In the next three years, growth
rate slows down to 23%, 14% and 6%, respectively. After reaching ﬁve years, Caucasian rock
agamas grow so slowly that an increase in their size can only be noticed by comparing the
sizes of the same animals at 2–3-year intervals. Moreover, measuring a living animal often
leads to an error exceeding the annual size decrement. Seasonal changes in body size may
also occur.
The most intensive growth of Caucasian rock agamas occurs in early spring. In 1987, the
lizards were captured several times over the entire spring period: 24–25 March (just after
hibernation), 1–2 May and 18 May. During March – mid April, agamas at the age of about
1.5 years (after two winters) increased by 9–14 mm, which makes about a half of their total
annual growth. Older agamas grew slower: a male at the age of about 4 years (116 mm
when measured for the ﬁrst time) had grown only by 4 mm, and a larger female (125 mm),
which was probably older — by 3 mm. Seasonal variations of growth rate are associated with
the vegetation period since plants make up the main proportion of the agamas’ food. The
abundance of edible plants in the area around Krasnovodsk peaks in early spring (MarchApril), and by mid May local vegetation starts to dry off.
Figure 3.1 illustrates size intervals for each age group in the population studied. The graph
clearly shows that one can identify the exact age only for animals no larger than 92 mm, that
survived one (the maximum SVL in spring 76 mm) or two winters (77–92 mm). Color pattern in
young immatures may help determine their age: the age of lizards with SVL less than 103 mm that
still retain their juvenile coloration can be assessed rather securely.
The size-age scale created by the authors opens a possibility to identify the age of agamas
with SVL ranging from 93 to 116 mm with precision up to 2 years (3 years for larger
individuals). With all its obvious limitations, this scale allows us to estimate a minimum or
maximum age of a given individual.
According to the literature data, the limit age for Caucasian rock agamas is 7–8 years
(Ataev, 1985). Among our lizards with exactly known years of birth, two individuals were
eight years. In 1995, a female (No. 101) was captured that had been born in 1985, i.e. it was
exactly ten years old.
By using our size-age scale, we estimated the minimum age of the largest individuals at
the time of their introduction and followed their growth henceforth. The calculations show
that adult lizards whose SVL exceeded 130 mm at the start of experiment were 8 to 13 years
old by 1989 (Table 3.2).
We also estimated differences in body sizes in males and females using marked agamas of
a known age (Table 3.3). The sex of each animal was identiﬁed when they became mature,
at SVL of 105–110 mm (very rarely of smaller lengths). Up to the age of 2 years males and
females are growing at almost equal rates. Within this period the difference in their average
size is practically negligible. Mature males at the age of nearly 3 years, are slightly larger (on
average) than similarly-aged females (but the differences are still insigniﬁcant); while older
males are signiﬁcantly larger than females of the same age.
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Table 3.2.
Increase of Caucasian rock agamas’ size (SVL, mm) of known age in Krasnovodsk population
Individuals

Number of winters survived
3

Males
19
34
36
56
31
3
18
Females
12
55
28
33
Maximal size of
agamas of the
given known age

112

4

5

6

7

8

9

10

11

12

13

–
–
–
–
–
–
–

113
119
–
–
–
–
–

–
–
126
–
–
–
–

–
–
129
131
139
–
–

134
126
130
128
134
–
–

140
126
138
130
135
138
–

–
129
133
139
135
–
–

–
–
139
138
+*
–
–

–
–
–
141
–
144
144

–
–
–
–
–
147
–

–
–
–
–
–
144
144

–
–
–
–
123

121
–
–
–
130

–
122
129
126
133

–
–
131
125
137

134
–
–
128

137
–
–
136

–
–
–
135

–
–
–
135

–
–
–
–

–
–
–
–

–
–
–
–

*Lizard died
Table 3.3.
Mean values of SVL in Caucasian rock agamas of known age in Krasnovodsk population
Parameters

Number of winters survived
I

II*

III

IV

V

VI

Males
Mean
Range of variation
n

60.4±2.1
50–67
7

86.8±1.6
79–97
11

Mean
Range of variation
n
Signiﬁcance of
difference between
males fnd females
(Student’s t-test)

61.7±2.9
52–79
9
NS

87.0±2.8
76–101
8
NS

108.2±3.1
92–121
9
females
103.2±1.9
97–110
6
NSs (t=1.3)

120.9±1.8
118–131
8

127.8±06
126–130
5

–
130

115.4±1.9
106–126
9
p<0.01
(t=2.1)

123.2±1.6
120–131
6
p<0.01
(t=2.7)

–
–

2

* Individuals with SVL no more than 92 mm are considered as having survived two winters, while
larger agamas might belong to the next age class

134

E.N. Panov L. Yu Zykova Rock Agamas of Eurasia

3.3. Interpopulation difference in Caucasian rock agama
body size and a possible impact of growth rate
We did not obtain sufﬁcient data to create a size-age scale for natural populations because we
did not know exactly the age of mature animals, while recaptures of agamas marked in their ﬁrst
year of life only happened on rare occasions. However, we do possess some data to compare
the natural populations with the above-described introduced population at Krasnovodsk. For
example, we caught (near Kara-Kala a settlement in Western Kopet Dag) two lizards just
before they went for hibernation. According to our previous measurements made with the same
individuals, with SVL of 105 and 106 mm, now they were a little older than two years. We
hypothesized that even if the sizes of these lizards increased by next spring, this increment
would be insigniﬁcant. In other words, they would remain in the same size class as the agamas
of the similar age group in the Krasnovodsk populations (see Table 3.1).
Data on annual growth of Caucasian rock agamas from the populations in Western
Kopet Dag practically did not differ from the data observed in the population of
Krasnovodsk, either. Young animals, with SVL up to 100 mm, were growing rapidly: the
average annual growth of the marked animals near Krasnovodsk was 15.6 ± 2.3 mm; near
Kara-Kala 14.5 ± 2.6 mm.
Study of the marked population of Caucasian rock agamas in Eastern Azerbaijan (Gobustan
nature reserve) showed, ﬁrst of all, that the local lizards are much larger than those in the
majority of Turkmenistan populations (the large form triannulatus from Meshat sands should
be considered separately). In Gobustan, ca. 90% of males and 56% of females had a SVL
exceeding 130 mm. Moreover, 10% of such large males had SVL more than 150 mm. By
contrast, in Western Kopet Dag only in one ﬁeld season (1989) males with body length more
than 130 mm were found (33% of all individuals), while females of such size have not not
been observed at all. As for the artiﬁcial population of Krasnovodsk, nearly 30% of all males
and 10% of all females belonged to this size group.
Unfortunately, we had no possibility to create a size-age scale for agamas living in
Gobustan because during the whole working period here (three ﬁeld seasons) we caught
only six young lizards, which survived one winter each. In this locality we only have data of
annual growth of marked animals.
In Gobustan, annual growth of lizards with SVL of 91–100 mm was 26.2±0.87 mm
(Table 3.4). Such animals are normally aged 2 years. In the artiﬁcial Krasnovodsk population,
the annual growth rate was 15.6±2.3 mm (t = 4,3, p < 0.005). Thus, at the age of up to
2–3 years, agamas from Gobustan appear to grow much faster than the individuals observed
at Krasnovodsk.
After the third winter, Gobustan agamas were also much larger than agamas of the same
age from Turkmenistan (see data in Tables 3.4 and 3.1). Moreover, in Gobustan agamas that
survived three winters are on average larger than the lizards from the Krasnovodsk population
after their fourth winter (however, this differences is not signiﬁcant: t = 0.78).The artiﬁcial
population near Krasnovodsk was characterized by a low population-density. Comparison
of these agamas and the lizards from natural populations in Western Kopet Dag has shown
that there are no differences in growth patterns between them. The minimum SVLs of the
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animals in these populations, whose sex could be identiﬁed, were almost the same. The males
in Krasnovodsk were 99 mm long, the females were 103 mm long; in Western Kopet Dag
they were 99 and 100 mm, respectively. The size ratio in the groups of 3-year-old animals is
also the same at both sites. We assume that all these populations do not differ in their genetic
constitution.
Table 3.4.
Growth of immature Caucasian rock agamas (E Azerbaijan, Gobustan)
Sex
Male
Male
Male
Male
Female
Mean

After ﬁrst winter
55
–
–
–
61
58

SVL
After second winter
–
94
91
93
91
92.2±0.8

After third winter
122
119
115
118
117
118.5±1.3

In the above-discussed artiﬁcial population at Krasnovodsk, as well as in the Greater Balkhan
Range from which this population originated (see 3.1), very large (up to 148 mm) individuals
can be occasionally found. It suggests that agamas in these populations have a potential to
grow quite large, but this potential is rarely realized, because only lizards older than 10 years
can become so large (Table 3.2). Only agamas from the populations found in loess canyons
in Sumbar and Atrek can be compared in body size with Gobustan agamas, their average
SVL being 135.3±1.7 mm in males and 126.1±2.04 mm in females. By their size, the latter
populations are very close to the above-mentioned triannulata form; unfortunately we have
no data on growth patterns for these animals. However, it should be noted that Ataev (1985)
divided triannulata into three age groups and considered the individuals with body lengths of
89–116 mm as ‘half-mature’. Again, in Western Kopet Dag and Greater Balkhan Range the
maximum size of such half-mature agamas is 100 mm, according both to Ataev (l.c.) and to
our original data. All the agamas of larger sizes found in these regions are always mature. It is
entirely possible, therefore, that the large body sizes observed in agamas similar to triannulata
are explained by an increased growth rate, as it is known for the Gobustan population.

3.4. Age-depended variability of body proportions
and callous glands
Along with the changes in body length, head size in Caucasian rock agama also changes with
age, both on absolute scale and relative to body length. Table 3.5 shows average head lengths
and widths in Caucasian rock agamas of known age. Head growth goes along with the increase
in body size, but in hatchlings the head is relatively larger than in older individuals. In the
former, the head accounts for 27–30% of body length, in the latter, for 23–26%. The length/
width head ratio does not change signiﬁcantly throughout lifetime, always being 1.4:1.0 to
1.2:1.0 (mean=1.3:1.0).
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Table 3.5.
Head size (mm) in Caucasian rock agamas of known age in Krasnovodsk population
Values

Number of winters survived
1

2

3

4

5

6

Mean

17.2±0.4

23.0±0.4

25.4±0.3

28.9±0.7

29.7±0.7

31.8±0.7

Range

14–19

20–26

23.5–28

26–34

27–34

30–35

18

25

18

12

9

6

Length

n

Width
Mean

13.5±0.3

17.8±0.4

20.0±0.3

23.0±0.6

23.8±0.9

24.3±0.9

Range

11–16

12–21

18.5–22

20–26

21–29

21–27

n

19

25

18

12

9

6

Repeated measurements of agamas with body length exceeding 130 mm (their exact age
not known) showed that the length and width of the head increases each year by ca. 1 mm
(in living lizards these measurements cannot be more precise). This provides further evidence
for constant growth in Caucasian rock agamas during their entire lifespan.
Mature Caucasian rock agamas males have well-marked keratinized scales of their preanal pores and an abdominal callous glands (for more detail see section 1.2.3). The number
of rows of the pre-anal pores increases with lizard’s age (therefore, with the increase in total
body size). Data from Table 3.6 demonstrate that in different populations individuals of the
same size groups have the same number of rows of pre-anal pores.
Table 3.6.
Mean number of callous glands rows at precloacal position
in different populations of Caucasian Rock Agama
SV
101–110
111–120
121–130
131–140
141–150
151–160

Krasnovodsk
3.0±0.4 (5)*
3.7±0.2 (13)
4.3±0.2 (21)
5.4±0.4 (8)
–
–

Number of rows
Kara-Kala
–
3.4±0.3 (5)
4.0±0.4 (5)
–
–
–

Gobustan
–
3.7±0.3 (3)
4.0± 0.4 (4)
5.4±0.2 (10)
6.0±0.2 (20)
6.7±0.3 (7)

* Sample size is given in parenthesis

A somewhat different pattern appears when the abdominal callous glands are analyzed.
They also increase with age, but in different populations its size varies so strongly that
this feature may constitute a population or even subspecies marker (see section 1.2.3 and
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Table 2.5). Gobustan agamas have the largest abdominal callous glands, while the smallest ones
have been found in the triannulata population. We believe that such differences, along with
different growth rate, support the idea of a strongly variable genotype pattern in Caucasian rock
agamas, indicating, perhaps, at least a subspecies level of interpopulation divergence.
Comparison of growth rates between lizards from an artiﬁcial population in Krasnovodsk
and a natural population in Gobustan showed that the maximum size of the animals depends
on their age, rather than is ‘programmed’ genetically. What appears actually genotypedependent is the growth patterns that different agamas demonstrate during the ﬁrst 3 years
of their life. Beyond this age, agamas’ growth will slow down signiﬁcantly, which make it
difﬁcult to conﬁdently place any animals with SVL exceeding 120 mm into a certain age
group.

3.5. Individual age and population dynamics
Our studies carried out in marked populations allow us to suggest that the maximum age of
Caucasian rock agamas is around 12–13 years. Life duration is among important factors that
determine the species’ demographic population structure. Longevity (if it occurs in nature)
can lead to the formation of a stable population. The number of animals in such populations
varies almost negligibly from year to year, mainly because some young females will afﬁliate
with the already existing families. We observed this phenomenon in the Gobustani population
(Panov and Zykova, !989). In the studied population (we consider it to be in a climax state), in
each male’s territory usually two or more females are present. It was shown that the majority
of the marked lizards remained in the study plot during all three years of our observations,
so that the population appeared to be stabile in this period. By contrast, in those populations
where the lizards’ lifespan seems to be shorter and vacant territories appear from time to time,
relatively small animals and monogamous families will prevail.
Importantly, the average size of individuals can vary in the same population from year
to year. For example, the artiﬁcial population at Krasnovodsk was in the making during the
period of our research. The lizards that became founders of that population were captured
randomly in different parts of the Greater Balkhan Range and were of different ages. As
young agamas born in the experimental site enter the population, its age structure shifted
toward younger ages, while the average size of the animals decreased. Later the population
began to stabilize and the average size of agamas started increasing again.
Small body sizes found in agamas from Western Kopet Dag are probably related to their
shorter lifespan. Regular yearly ﬂuctuations in their average sizes are, perhaps, due to the
high and strongly varying turnover rate in these populations (probably explained by a high
predation press or some other external inﬂuence).
Since average body size is often used for between-population comparisons (Ananjeva and
Ataev, 1984; Ataev, 1985), we ﬁnd it instructive to discuss in more detail some unexpected
problems behind the approach. Having compared all the results on average sizes of Caucasian
rock agamas measured by us in all years of research, we can summarize them as follows. In
the artiﬁcial Krasnovodsk population, the average size was 122.2 mm in males and 116.3 mm
in females, while in Western Kopet Dag it was 115.0 mm and 109.0 mm, respectively.
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The analysis of body size dynamics over time shows, however, that average body size
calculated for a single sample does not constitute adequate metric indicators for the whole
population, because it essentially depends on its demographic structure. A good example
(Table 3.7) is the dataset on average sizes of Caucasian rock agamas obtained in different
years from the natural populations studied in Gobustan, Western Kopet Dag and our artiﬁcial
populations near Krasnovodsk.
Thus, our analysis of body size dynamics in Caucasian rock agamas clearly shows that it can
equally well reﬂect either the genotypically determined population features, or demographic
processes operating in the same population. In this context, size features of any long-living
K-strategist reptile species should be very carefully used to study their geographical variation
without making it sure ﬁrst that such traits reﬂect genotypic, and not phenotypic, diversity.

Chapter 4.
Caucasian Rock Agama: Habitats and numbers

4.1. Habitats
The whole range of the Caucasian Rock Agama is conﬁned to the zone of mountain deserts
and semi-deserts with sparse grass cover which dries off early in the season. Basically, the
Caucasian Rock Agama is a petrophilous species found almost everywhere in mountains,
from the foothills up to altitudes of 2,500–4,000 m a.s.l., where these lizards do not avoid
also open high-mountain juniper forests.

4.1.1. Altitudinal distribution
In the extreme west of its range, near the eastern border of Anatolian Plateau, this species
occupies habitats at altitudes from 1,450 to 2,000 m a.s.l. Here ranges of the Caucasian Rock
Agama meets that of the Hardun, which is generally distributed westward and conﬁned to
lower altitudes. In Turkey, unlike the latter species, Caucasian rock agamas are restricted to
areas with much cooler climate (Baran et al., 1989).
In Georgia, Caucasian rock agama occurs in mountains up to 1400 m, although it is
not found in the forest zone of the Greater Caucasus Range (Muskhelishvili, 1970). In
the mountains Azerbaijan this species is distributed throughout all altitudinal zones from
the foothills to 1900 m a.s.l. (up to 2,500 m in some places); however, the preferred zone
lies between 1200 and 1900 m (Alekperov, 1978). In the residual hilly outcrops of East
Azerbaijan (e.g. in Gobustan) these lizards occur in large numbers on rocky walls and
in talus mounds at their bases at altitudes of about 300 m. In Dagestan, Caucasian rock
agamas frequent rather well-vegetated places, but prefer rocky and stony terrain where the
vegetation cover is scarce.
In Turkmenistan, the preferred habitats of Caucasian rock agamas are situated in the
lower and middle altitudinal zones from desertiﬁed hills at ca. 300 m a.s.l. up to 1,200 m. In
these landscapes Ataev (1985) encountered almost 90% of all the agamas (3433 individuals)
recorded during his long-term ﬁeld surveys. Only 10.7% of his records were made at higher
altitudes in the zone of open Juniperus turkestanica forests.
The above-mentioned desertiﬁed hillts (local Turkmen name adyrs) represent a local type
of foothill semideserts. Gentle slopes and ﬂat depressions between the clay hills are almost
deprived of any vegetation and dissected by wadis and occasional canyons with low but
very steep slopes. On the drops, cliffs, slopes, and at their foot, rocky outcrops protruding up
to 5 m are found. True talus mounds are not common in these landscapes, which represent
typical Steppe Agama Trapelus sanguinolenta habitats. However, on steeper slopes, near the
outcrops and in rather uncommon talus mounds, Caucasian rock agamas can be encountered
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as well. An example of such landscape is the region between the Kyzyl-Arvat and Kara-Kala
settlements in Western Kopet Dag (Panov and Zykova, 1983).
In the piedmont zone of the region where the Caucasian Rock Agama is a very common
species, low hilly semidesert elevations change gradually into typical mountain landscapes.
Here, at hilly slopes numerous stony outcrops appear in the form of detached bare rocky
walls structured by stony ledges. Vertical surface of lamellar sandstone and other mother
rocks are dissected with cracks and fractures.
In Northern Iran (Alburz), the species is distributed from the foothill plains at almost
sea level, up to bare slopes near the tree line at 3,600– 4,000 m a.s.l. (Anderson, 1999). In
the north-eastern part of Central Afghanistan, it is found ‘sporadically and unpredictably’,
mainly at the periphery of the mountain massif, within altitudes up to 3,100 m (Clark, 1990).
At the south-eastern border of the species range, in Hindukush, these lizards can be found
up to altitudes of 2,745–2,800 m (Minton, 1966; Levito and Anderson, 1970), and in Chitral,
according to most recent data (Khisroon et al., 2012), even up to 4,330 m a.s.l.

4.1.2. Vegetation
Vegetation of a piedmont zone of the Kopet Dag is examined as a characteristic example
of typical Caucasian rock agama habitat. Here, at altitudes of 400–700 m a.s.l., plant cover
is represented mainly by wormwood-geophytes communities dominated by Artemisia
ciniformes and A. turcomanica in association with grasses and sedges (such as Poa bulbosa
and Carex pachystylis). At altitudes between 600 and 800–900 m a.s.l., these communities
are gradually replaced by the wheatgrass (Agropyron) formation. This altitudinal zone is
characterized by the presence of xerophytic shrubs such as Jerusalem thorn (Paliurus spinachristi), frame (Celtis caucasica), pomegranate (Punica granatum), small-fruited cherry
(Cirasus microcarpa), ﬁgs-trees (Ficus carica), buckthorn (Rhamnus sintensii), cotoneaster
(Cotoneaster spp.), precieving almond (Amygdalus scoparia), and, rarely, pistachios (Pistacia
vera) (Fet, Kamakhina, 1982). These plant communities are typical of many sites in SuntKhasardag Nature Reserve, such as Parkhay, Kalaliges and Aidere valley, where we made a
signiﬁcant part of our ﬁeld research (Plates XV, 1, 2; XXIV, 1, 2; XXVI, 2; XXVII, 1).
Near the upper altitudinal limit of the Caucasian Rock Agama distribution in Kopet Dag,
in the juniper (Juniperus turkestanica) belt, vegetation is much richer. Although agamas here
prefer rocky surfaces and talus mounds on slopes devoid of woody vegetation, their shelters
are often hidden in the piles of stones among low and dense juniper thickets. These habitat
types are found, for instance, in the upper zone of the Dushak Mountain (topmost altitude is
2483 m a.s.l.) in Central Kopet Dag (Plate XXVII, 2).

4.1.3. Climatic conditions
Most Caucasian Rock Agama range is conﬁned to southern arid regions, where summer is
hot and winter is relatively mild. The maximum precipitation falls in winter and early spring.
July temperatures in the submoutain regions of Turkmenistan range from 16° to 32°C, while
ground surface can get as hot as 50°C. In January, temperatures vary between –8° and 8°C.
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The amount of annual precipitation ranges from 50 to 1000 mm, depending on altitude.
In the most arid part of the Caucasian Rock Agama range, in Iran and Afghanistan, with summer
temperatures exceeding 30°C, annual precipitation does not normally exceed 350 mm (242 mm
in Tehran, 247 mm in Mashhad, 317 mm in Kabul). In the foothills of South-Western
Turkmenistan, annual precipitation is only 200–250 mm. The whole region is characterized
by a very high level of solar radiation and strong diel variation in temperature.
In the Kopet Dag and the lesser ranges of Turkmenistan, in the Atrek and the Sumbar
River valleys, strong thunderstorms with heavy rains causing mud ﬂoods may occasionally
happen in summer. Winter is almost snowless, with no more than 6–15 days of snowfall and,
normally, without any soil freezing. The average height of snow cover recorded at Kara-Kala
settlement in Western Kopet Dag in 1979–1981 was only 0.4–3.7 cm, and snow usually
quickly evaporates.
In the western part of the range, climatic conditions are much milder. For example, in
different regions of the Caucasus annual precipitation varies between 500–2000 mm, mostly
in winter and spring. The climate in the South Caucasus is rather similar to that in TurkmenKhorasan region and Afghanistan.
At the eastern border of the species range, in Chitral (Northern Pakistan), the climate is,
conversely, distinctly continental. According to Khisroon et al. (2012), ‘It is hot in summer,
ranging from very hot in lowlands to warm in the uplands and cool in the higher elevations
Spring weather is unpredictable with frequent rain and snowfall. Autumn has mild and
pleasant temperature. The highest maximum temperature in July may reach 44.4°C, the
lowest minimum temperature in January is –11.7°C. From 2006–2010, the highest annual
maximum rainfall was recorded 672 mm and lowest minimum was 459.1 mm. The highest
maximum snowfall is 117.1 mm, and lowest minimum 56.9 mm. In this region, the agamas
remain active from mid May to October’.

4.1.4. The signiﬁcance of shelters
Bearing in mind strong ﬂuctuations in daily and seasonal temperatures in the most part of the
Caucasian Rock Agama range, shelters with more stable microclimate are essential for the
species survival. The agamas do not dig burrows themselves; they use as shelters cracks and
crevices in rocks, cavities between and under stones, scours in hard ground substrate. In the
mountains, these lizards prefer rock with deep (up to 2 m) cracks and numerous talus mound.
In Georgia, they can spend time of inactivity in the burrows made by rodents on sandy-clay
slopes (Muskhelishvili, 1970).
In summer, shelters are used not only for night roosting, but also during daytime to avoid
overheating when temperatures exceed 30°C, since temperature regime in their shelters is
not subject to such sharp changes. For example, in tortoise burrows with a wide opening,
the temperature varies by just 7°C during the day at a distance of only 40 cm from the
entrance (Sergeev, 1941). Winter temperature in the agamas shelters remains within the range
from – 1.0 to 8.8°C.
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4.1.5. Plasticity in habitat preferences
The most preferred habitats of Caucasian rock agamas are, undoubtedly, rock outcrops
and talus mounds composed of large boulders at the foot of stony slopes. In some parts of
West and Central Kopet Dag (the Aidere River valley, vicinity of Geok-Tepe settlement), in
Greater Balkhan Range and in Gobustan (Azerbaijan), population density of these lizards in
such habitats can be very high, especially if the area of the preferred habitats is limited. It is
possible to see on a rock wall up to ten agamas at a time, from the same observation point.
An important factor affecting the distribution of Caucasian rock agamas in such landscapes
is the features of the main bedrock, especially its resistance to weathering. Soft, easily
crumbling rocks like limestone and sandstone are the most favourable for agamas. In hard
rocks (such as conglomerates) there are too few cracks and ﬁssures suitable as shelters for these
lizards. Therefore, even in rugged landscapes with lots of hard rock outcrops, the density of
Caucasian rock agama populations is low (e.g. in the valley of the Sumbar River, near KaraKala settlement), or this species will be absent at all. Some data of the agama population density
found in different parts of the same small survey area are shown in Table 4.1.
Table 4.1.
Number and density in Caucasian Rock Agama settlements in different parts
of Sunt-Khasardag Nature Reserve (western Kopet Dag). After Panov and Zykova, modiﬁed
Habitat

Date

N individuals

Area
(m2)

Males

Females

Altogether

1750
The same

0.6
0.5

0.3
0.9

1.9
1.4

29

The same

0.7

1.0

1.7

9

14

306

1.6

2.9

4.6

3

9

12

250

0.8

2.4

3.2

May 1981
May 1981
May 1981

3
1
2

8
4
5

11
5
7

400
270
540

0.8
0.4
0.4

2.0
1.5
0.9

2.8
1.8
1.3

May 1981

2

4

6

600

0.3

0.7

1.0

Parkhay Gorge. Stone ﬁeld May 1982

9

15

24

6000

0.2

0.3

0.4

2 (3?)

2

4 (5?)

2100

0.1

0.1

0.2

Aidere Gorge. Boulders in
erosion pocket
The same
The same
Aidere Gorge. Rock wall
Aidere Gorge. Second
terrace, stony slope
Aidere Gorge. Rock wall
Aidere Gorge. Stony slope
Aidere Gorge. Talus
mound
Aidere Gorge. Grassy slope
with scattered boulders

Pit wall of the Sumbar
River valley with
conglomerate outcrops

Males

Females

Altogether

May1981
May 1982

11
9

23
15

34
24

October
1982
May 1981

12

17

5

May 1982

N individuals per 100 m2

May 1982
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Apart from typical mountain and foothill habitats, Caucasian rock agamas can be found in
some completely different environment where, at the ﬁrst glance, there are no suitable habitats
for this petrophilous species. Pallas (1811) mentioned agamas seen in the Mugan Steppe in
South-Eastern Azerbaijan (Nicholsky believed in his time that it was a steppe region adjacent
to the Talysh mountains). Vereschagin (1958) wrote that Caucasian rock agamas lived not
only on rocks but also on sandstone cliffs and in plain steppes with small projections of hard
sandstone and limestone. In Shiraki, Georgia, along the banks of the Iori River it inhabits
clay slopes and bluffs. In Azerbaijan, it was encountered in the cracks of small ground pits
in the vicinity of Pirekishkul village at the eastern outskirts of Gobustan and on the river
bank precipices close to Sumgait, near Nagdaly village. In the western part of the country
(Soyuqbulaq station), Caucasian rock agamas occur in a plain area close to forest edge; in
western Azerbaijan the species was observed on the pebbly banks of mountain Nakhchevan
River (Alekperov, 1978).
As we mentioned above, Caucasian rock agamas are found in small number in belt of
adyr landscape, where the latter grades into a typical foothill country with scattered stony
elevations. We found this species in a similar environment at the foothills of Kyurendag
Range (Western Kopet Dag) in shallow ravine-like watercourses with isolated rocky outcrops
and along the line separating the hill and the plain (Plate XXVII, 1). The number of lizards
there was generally low, but it became somewhat higher in areas with a large number of
scattered boulders.
A very peculiar habitat is occupied by Caucasian rock agamas on the plain in the Atrek
River valley and in the lower reaches of the Sumbar and Tersakan rivers in South-Western
Turkmenistan (Kartashev, 1955; Rustamov et al., 1962; Panov et al., 1987). We will dwell
upon some further detail concerning those ‘atypical’ habitats.
The agamas frequent here wall precipices of loess canyons and adjacent gullies (Plate
XXXIII, 1). In terms of geomorphology, these land features are characterized as pseudokarst. This region is dominated by easily washed-out loess loamy sediments. As a result of
the erosion, the loam cover gets ablated, uncovering the heavily mineralized Paleogene clays.
On the ravine slopes there, linear erosion prevails, resulting in a very peculiar landscape, with
ravine slopes furrowed by deep gullies connecting into a continuous network inside the rock
body. In some places these gullies are also connected with the pseudo-karst funnels. These
gullies and dips along the canyon brims and in the ravine walls reach are sometimes as high
as 30 m, so they provide excellent shelters for Caucasian rock agamas. At the bottom of the
ravines joining the canyons, naturally protected from the direct sunrays at least for some
hours every day, the moisture is higher thanks to a lower evaporation and a better supply of
ground waters. The area is characterized by the presence of rich riparian plant communities
(tugai) with lush grass cover, which persists in some years until mid-summer. In autumn the
plants start growing again; thus an observer can see here, even at that time of the year, some
islands of green vegetation (Plate XXXIII, 2).
In a still more unusual environment, Caucasian rock agamas dwell near Madau settlement
(South-Western Turkmenistan) at the altitude of ca. 200 m a.s.l. Here they were encountered
on the slopes of extensively branched sandy ravines cutting through ﬁxed sand dunes with
plant association dominated by bushes Calligonum sp., Salsola arbuscula, S. richteri and
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grasses Poa bulbosa and Carex spp. (see Ananjeva, Tuniev, 1993: 48 for more detail). The
subspecies P. caucasia triannulata was described exactly from this area (Ananjeva, Atayev,
1984); however, it has only minor morphological differences from the Caucasian rock agamas
found in loess canyons in the Sumbar River valley (see more details in section 12.2 and in
Panov et al., 1987)
In some foothill and mountain areas Caucasian rock agamas can be often seen in the
ruins of old fortresses, on wattle and daub walls, enclosures of sheep sheds and in various
abandoned buildings. Importantly, the population density of these lizards in such habitats is
high (Ataev, 1985). This author believes that these habitats are most attractive dwelling for
Caucasian rock agamas. Thus, fortress ruins may be considered as rocky islands in an ancient
cultural landscape. For example, in the ruins of the Old and New Nisa, near Ashgabat, the
density of Caucasian rock agamas was appeared to be the highest compared to all other
habitats of this species in Turkmenistan (Table 4.2, 4.3).
Table 4.2.
Frequency of occurrence of Caucasian rock agamas in different habitats (after Ataev, 1985)
Habitat

Transect length, km

Individuals observed

On average,
individuals
per 1 k m

Rocks and stony mountain slopes

491.5

1910

3.9

Abandoned man-made constructions
(ruins, wattle and daub houses)

31.6

1180

37.3

Sand ravines (Madau)

19.5

115

5.8

Intermontane depressions

106.7

117

1.1

Mountain steppe

44.5

45

1.0

Juniper (archa) forests

78.5

61

0.7

20

5

0.2

Piedmont hills

Although Caucasian rock agamas generally prefer areas with sparse plant cover, our
observations show that they do not avoid rocky landscapes with well-developed herb and
shrubby vegetation using them as feeding grounds (Plates X, 2; XIV, 1; XV, 2; XXIV, 1, 2).
In early summer, when grass cover fades in all sunny places, the agamas prefer to keep at
persisting greener patches. In autumn, from late September till October, the agamas living
in Kopet Dag and in the Caucasus have been found mainly in relatively humid areas where
plants can survive the hot summer or grow again later in the year.
The presence of grassy, as well as shrubby and woody vegetation in the habitats o Caucasian
Rock Agamas, which is mainly herbivorous (see Chapter 8), is essential for the species
survival. However, one can hardly to agree with the view that its distribution ‘is closely
associated with xerophytic forests and their derivatives’ (Ananjeva and Tuniev, 1994). The
above authors give a list a number of regions in Central Asia and in the Caucasus where
Caucasian rock agama may be found in landscapes with the presence of oak stands, pistachio
groves, and open forests of Turkmen juniper (l.c.: 44).
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Table 4.3.
Population number of Caucasian Rock Agama in Turkmenistan
(spring, summer, autumn 1963–1977). After Ataev, 1985.
Region

Census
route
(km)
Krasnovodsk Plateau
1.5
Greater Balkhan Range 60.5
Lesser Balkhan Range 475.0
Meshat sands
19.5
Kopet Dag
660.6
Ruins of Old Nisa 27.6
(foothills of central
Kopet Dag)
Pelengovely Canyon
7.0

Area (ha)

Individuals
observed

On average
per 1 km
per 1 ha

0.9
36.3
285.0
11.7
396.4
16.6

9
257
425
115
1951
1095

6.0
4.2
0.8
5.8
2.9
30.6

10.0
7.0
1.3
9.7
4.8
51.0

Individuals
altogether
(thousands)
9–10
500–600
46–47
8–10
11200
0.5–0.6

4.2

6

0.8

1.3

0.05–0.10

We are convinced, however, that it is not the presence of certain plant communities that
determines the past and present distribution of the species, but the highly rugged relief and
the speciﬁc structure of rocks, both of which provide the species with a lot of safe shelters.
Dezfoulian et al. (2012) described the habitat parameters for Caucasian rock agamas by
assessing conditions at 92 plots in an area of 9186 ha in the Sorkh-e-Hesar National Park
(Tehran province, Iran). Based on their data, ﬁve models were constructed to simulate
the combinations of environmental factors preferred by these lizards most of all. The
authors concluded as follows: ‘In all models, rocky coverage shows a positive impact
on the presence of the species with the highest coefﬁcient. In other word, the probability
of L. caucasia being present becomes greater with an increase of rocky coverage. This
positive effect of rocky coverage probably reﬂects a dependence of L. caucasia on rocky
shelters. Other parameters also have positive effects. Among them, plant richness and plant
coverage up to 25 cm have the smallest inﬂuence on the species presence, whereas soil
and vegetation constitute the second and third, respectively, priorities. Comparing all ﬁve
models, ground surface variables such as rocky coverage are found in all models but with
variable proportions, whereas the vegetation coverage occurs only in two models’ (italics,
except of scientiﬁc names, ours).

4.2. Numbers
The numbers of Caucasian rock agamas are highly variable within its geographical range,
depending on many factors such as altitude, slope exposure, vegetation cover etc. In the
same region, the number of the species in different habitats may differ by several times. In
addition, spatial distribution of Caucasian rock agamas is not uniform but clumped
The main survey method widely used by researchers, is linear transects. However, the
methodology of surveying lizards by this methods are not well developed (as it has been done
for birds, for example; see, e.g., Bibby et al., 2000), so linear transect surveys can hardly
deliver any reliable estimates even within a limited area (see section 1.3.4).
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Obtaining adequate quantitative data to reliable compare lizard numbers in the wild is
a very difﬁcult task, since Caucasian rock agamas show irregular activity patterns, both
seasonal and daily (see Chapter 7 for details). Even the position of the sun relative to certain
relief features can greatly affect the results. A good example is our counts made in a wadi in
the Sumbar River valley near Sharlock settlement (southwestern Turkmenistan). In this study,
the lizards sitting on the sunlit and the shaded sides of the canyon slopes were calculated
separately. The count was carried out on 23 September 1985 between 6 and 7 p.m. when the
air temperature was 32°C. Exactly 60 agamas were counted along a 2.5 km transect. Of these,
37 animals (61.1%) were found on the shadowed slope and 23 (38.4%) on the sunny side of
the canyon. In nearly the same places, on 9–10 June 1960, only 24 Caucasian rock agamas
were counted during the time period six times as long as in our observations (Rustamov et
al., 1962). The striking difference is evident; and we should add that in the hilly badlands
surrounding this part of the Sumbar valley, we have found no Caucasian agamas at all. Thus,
such surveys can only provide information on the number of the lizards in a certain habitat,
but they do not reveal the real distribution pattern of the species in the whole area (Table 4.1).
Much more reliable estimates can be obtained by total counts in sample plots, with regular
captures and the marking of the agamas living at the study site, as well as by recaptures of the
marked animals using Peterson’s formula for subsequent calculations.
It is important to note that in spring and summer agamas do not emerge on the surface daily,
even if weather is quite favorable for their maximum activity. In an introduced population of
Krasnovodsk, where all encounters with animals were recorded daily, we managed to witness
males during not more than 75% of days (excluding stormy days, when agamas usually do
not leave their shelters); females during 54% of days, two-year-old lizards during 54% of
days, yearlings — 25%. The minimum percentage of encounters for males was 17.8%, for
females 10.7%, for two- and one-year-old lizards 3.6%. During the day, we never recorded
more than 52% of agamas inhabiting a certain area.
Literature data on the numbers of Caucasian agama in the wild are very scarce. Most of
them are rough scores based on expert opinion (reported as ‘common’, ‘numerous’ etc). For
the western (Caucasian) part of the species range, the only available data is the results of our
absolute count made in Gobustan (Eastern Azerbaijan; see section 5.5.2 below). There, in a
0.65 ha observation plot, we used the method of total capture in May 1988 and marked a total
of 62 Caucasian agamas (57 adult individuals plus 5 at the age of 1.5 year): this amounted to
95.4 individuals per hectar.
Near Yerevan counts were made using capture-recapture method in an area of 3.7 km2;
calculations involved Lincoln index (N = n : n1 x n2, where n is the number of individuals
caught and marked at the ﬁrst capture, n1 is the total number recaptured ones, and n2 is the
number of recaptured and marked animals). As a result, 620 agamas were counted in spring,
427 in summer and 605 in autumn, which equals 1.68 individuals per hectare, respectively
(Danielian and Grigoryan, 1975).
A visual estimate made in Gekhardt (Armenia, ca. 40 km south-east of Yerevan), allowed
us to rate the species abundance as high, because the observer could always see at least three
lizards sitting on stones, rocks or old stone fences. The same can be said about the numbers
of Caucasian rock agamas observed in the suburbs of Makhachkala (Dagestan).
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In the mountains between Kizil-Arvat and Khoja-Kala (Turkmenistan) 43 agamas were
counted on 4 June 1960 from a car along a 41-km-long transect (Rustamov et al., 1962). In
Central Kopet Dagh (Kopet Dagh Nature Reserve) in May 1979, transect counts were carried
out at the altitudes of 500–800 m and 800–1,500 m within a 10 m wide survey stripe; a further
calculation per hectare resulted in the former area in 0.8 ind./ha (at the bottom of a gorge) and
0.9 ind./ha (on the gorge slope), while in the latter area the numbers in the same conditions
were 0.3 and 0.4 ind./ha, respectively (Makeyev et al., 1983).
In the lower mountain zone of Eastern Kopet Dagh (500–600 m a.s.l.) on the rock cheeks
in the valley of a temporary watercourse, we made total counts in an area of about 20 ha.
We recorded 13 males, 17 females and 5 immature individuals of Caucasian rock agama
(35 individuals in total), i.e. 1.75 ind./ha. The same year, we also caught in the same place
28 redbelly rock agamas (see section 12.1 below, and Panov and Zykova, 1996).
Thanks to long-term Ataev’s research (see Ataev, 1985) a large corpus of data on Caucasian
rock agama numbers in Turkmenistan is available. According to this author, it is the most
common lizard in the Lesser and Greater Balkhan Ranges, on Krasnovodsk plateau and in
Kopet Dag. The entire length of transect counts made by Ataev in these areas was 1251.1 km, and
3858 individuals were counted there in total (ca. 3 ind./km). However, the species distribution
in these regions is far from being uniform or even regular. Table 4.3 shows the data on the
lizard numbers obtained in different regions of Turkmenistan by transect counts. According
to the author (l.c.), the total number of the Caucasian Rock Agama in Turkmenistan can be
roughly estimated as 12 million individuals.
Caucasian rock agama was also called ‘numerous’ by Minton (1966) in the extreme southeastern part of its distribution area in western Pakistan. This is the only estimate available for
a vast territory encompassing the whole eastern half of the species’ range.

Chapter 5.
Caucasian Rock Agama:
Social organisation and demography

Integrated studied of marked populations performed in 1984–1990 allowed us to obtain extensive data on social organisation in Caucasian rock agama populations. These data make
it possible to estimate the dynamics of demographic processes in the settlements of these
lizards. As we studied several natural local populations in different parts of the species’ range
(Azerbaijan, two localities in Turkmenistan), and also an artiﬁcially created introduced population in the latter region, we were able to make useful comparisons. They allowed us to estimate the possible borders of variation of the population processes and the impact of different
ecological and ethological factors.

5.1. Spatial structure of rock agama populations
Within the borders of the local population rock agamas show a non-uniform spatial distribution, especially in the areas with low numbers. Some habitats which are quite suitable for
this species remain unoccupied. Thus, settlements (demes) of these lizards are separated by
unused areas.
The basis of the spatial structure of a deme is a network of mutually exclusive territories
owned by mature adult males. Mature females have either mutually exclusive or overlapping
home ranges, situated within territories of those males with which the given female is tied by
family bonds. An adult female, as a rule. does not leave the territory of her male. Therefore,
the territory of an adult breeding male, if there is female(s) living in it (which is not necessarily the case), is at the same time the territory of pair or a family group defended as a whole
by the breeding male alone.
Territory size varies in different areas and is governed to a large extent by the habitat, which
deﬁnes population numbers and density. In saturated habitats under high density all suitable
space is divided between mature males, so that neighbouring territories have common boundaries. Territory size in such saturated habitats depends on the terrain and on plant food abundance.
In the xerophytic habitats of Gobustan with not very rough terrain and absence of talus mounds, the
size of adult male territories varies from 100 to 210 m2 (on average 140.0 ± 15.8 m2; Fig. 5.1 A).
Here unoccupied areas suitable for Caucasian rock agamas are practically lacking. Across the
three years of study, we never recorded any movement of male territory borders.
In the areas with high population density, e.g. in the middle mountain belt in the valley
of the Aydere river (Turkmenistan, Sünt-Hasardag nature reserve, Plate XXIV, 2), where
climate is more humid and grassy and shrubby vegetation is richer and more diverse and the
substrate includes jumbles of fallen rocks and boulders, the size of territories was found to
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FIG. 5.1. Territorial structure of the Caucasian rock agamas’ settlements in different types of habitat
(А — Gobustan; B — Aidere River valley). 1 — borders of male territories; 2 — territorial males;
3 — satellite males; 4 — females.

range from 28 to 136 m2, on average 94.0 ± 16.3 m2 (Fig. 5.1 B; Panov and Zykova, 1985).
Here the high variability of territory size is related to the terrain: in rocky outcrops and talus mounds territories are smaller than in the meadow areas with isolated boulders. Territories of males in such habitats
are adjacent to each other. The natural borders between the territories are large meadows, to
which Caucasian rock agamas usually do not penetrate.
A detailed description of the living space personalization and territorial behavior among
individuals of different sex and age classes is given below, section 9.2.
Mature females occupy exclusive or overlapping home ranges that are localised within the
territory of the male with which they have a personal family bond. An adult female usually
does not leave the territory of her male. Therefore, a territory of an mature male, if one or
several females live within it, is at the same time the territory of the family group. This area
is defended only be the male. As the borders are often not very precise, a female sometimes
leaves the territory and gets in the zone of overlap of two or several neighbouring males. It
makes possible incidental sexual contacts between the female and a male from another family group. An example is the forced copulation between an unmated male and a female from
a neighbouring family group which entered his home range (Panov and Zykova, 1996: 115).
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Relatively broad movements in the vicinity of their home ranges are most characteristic of
the relatively young but already sexually mature 3–4-year-old females.
Home ranges of females normally overlap broadly, especially in the cases when the territory of the male within which they live, is sufﬁciently large. However, some older females
defend the immediate vicinity of their main shelter and watchpost from other females; in
some cases the same is true of their temporary feeding area.
A female moves beyond the territory of her male only when looking for a place to oviposit
(if suitable locations with soft soil are lacking within the territory) and when migrating towards
hibernation shelter. In the Krasnovodsk population we encountered females in late May – early
June in the pits and on the ditchbanks 100–300 m from their permanent ranges. One such unmarked female started to dig the holes on 25 May 1990 at the site where we had not recorded
she earlier. In the Aydere gorge females descend from the rocky plots of the second and third
terraces to the bottom of the gorge overgrown by walnut forest, where they oviposit (R.A. Danov, pers. comm.). In Armenia females have been reported to migrate towards wetter habitats for
oviposition (Danielian and Grigorian, 1975; Ananjeva and Danielian, 1987).
Spatial distribution of immature lizards 1–2 years of age is not strictly linked to the territories of mature males and/or family groups. Home ranges of immatures may be located either
within these territories or in the neutral zones.

5.2. Formation of territorial structure
We followed the formation of territorial structure during the gradual establishment of the
introduced population near Krasnovodsk (Fig. 5.2 A, B). In a rugged country we simultaneously released 13 adult male, so that the density of their settlement did not exceed the density
of natural rock agama populations. Males were released into deep holes and crevices which
seemed to us to be suitable for rock agamas as their permanent shelters.
Contrary to our expectations, the majority of the introduced males left the area where they
had been released, and moved for 60–500 m. Only three males remained in the vicinity of the
release site by the next spring. At that time the territory of only one male (#56) overlapped
with the release site. The closest points territories of two other males (##36 and 31) were 60
and 100 m from the release site, respectively.
In 1986, the year following introduction, adult male home ranges were large, 300–450 m,
which is twice as large as male territories in Gobustan and several times as large as in Aydere gorge. and had no common boundaries (Fig. 5.2, bottom). Since male rock agamas
do not patrol the borders of their territories (as, for example, male steppe agamas Trapelus
sanguinolenta do; Panov and Zykova, 1986), it is difﬁcult to locate precisely the boundary
between territories and, therefore, to estimate exactly the real territory size. The greatest
territory diameter was estimated in 1986 in the experimental plot as 140 m, with width of
neutral zones separating neighbouring territories as some 20–60 m. Three small, indistinctly
demarcated home ranges of three immature lizards (males ##30 and 61, and female #41, all
less than two years old) were situated in these neutral zones. Other immatures which were ca.
two-year-old, established their home ranges within the territories of mature males, as also did
four lizards born already in the place of introduction in preceding year.
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In 1988, the third year after introduction, most of the area that in 1987 was a neutral zone,
was shared among relatively young males of about four years of age (##30 and 61) and
three years of age (#115, born on the introduction site). Although these males apparently had
reached maturity, they seemed to be bachelors at that time. The three-year-old male #115 and
four-year-old female #74 were repeatedly seen in 1988 in a close proximity (10–15 m) to
each other, but we did not witness immediate contacts between them.
In 1989, the fourth year after introduction, slight changes in territorial structure were observed. There was a tendency toward clumping of territories towards each other, possibly because of the increasing density of lizards. Male #61 (about ﬁve years old) left his adolescent
bachelor home range and occupied the territory of the deceased male #31 and established a
bond with his former mate, a female of eight or nine years of age. The corpse of male #31
indicated that he had died between June 1988 and April 1989. A relatively young male #115
occupied the territory of ﬁve to six year old male #4a after the latter disappeared. Female #74
moved into the territory of 10- or 11-years-old male #3. In the same period, some distance
from the release site male #27 occupied the territory of the vanished male #18, and also
gained the latter’s four females.

5.2.1. Dynamics of space utilization within home range
In the warm season, each individual has at least one permanent shelter and one to several
observational posts (used also as basking sites), where it spends a considerable amount of
time, except when foraging. In individuals about one year of age or younger, the shelter and
basking site were the same or immediately adjacent. Usually the shelter was situated under
a boulder or rock on which the lizard basked. Foraging activities of juveniles and yearlings
take place within a radius of several metres of individual dens. Many subadults of both sexes
and some adult females behave in a similar way, although during foraging they often move
greater distances from the den, up to several tens of meters.
During the day, adult males range more widely. The several posts of a male are connected by
a network of relatively permanent pathways. The territory is utilized unevenly with some points
located along the pathways receiving regular use, while others, situated at some distance from
the pathways being visited only occasionally or not used at all during a given season.
This pattern of territorial use can result in changes in territorial boundaries. For example,
as Fig 5.2 shows, in 1988 the border of the territory of male #36 shifted by 30–40 m eastwards from its position in 1986. Such shifts are only possible in non-saturated habitats. In the
established rock agama settlements with dense population the borders between the adjacent
territories remain practically constant over the years. Moreover, if in the nascent Krasnovodsk
populations with its low density neighbouring males could visit the neutral zone between their
territories and even brieﬂy utilise the peripheral parts of the neighbour's territory, in denser
settlements, e.g. in Gobustan, the territories of adult resident males are strictly exclusive.
The above said does not hold in respect to male pretenders, or satellites. Their home ranges
may include the peripheral parts of territories of two or more adult resident males (e.g. Fig. 5.2,
home ranges of males ##30, 61 and 30). In saturated habitats home ranges of satellites are by
necessity situated within the territories of resident mates.
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FIG. 5.2.А Formation and dynamics of territorial structure in introduced population of Caucasian rock
agama near Krasnovodsk during successive ﬁve years. A, B — relief of the experimental plot from
above and in cross-section. 1 — dry watercourse; 2 — large outcrops and boulders; 3 — talus mounds;
4 — borders of territorial males’ ranges; 5 — the same, of satellite males; 6 — yearlings; 7 — lizards
at the age of f two years; 8 — adult males; 9 — adult females; 10 — place of collective overwintering.
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As winter approaches, rock agamas leave their summer home areas and migrate to communal hibernation shelters. The migrations begins when air temperatures are still relatively
high (25° С and above). Communal winter dens may be situated up to 500 m from an individual’s home area. On 23 March 1987, in the Krasnovodsk experimental plot, when only
a few agamas had returned to their summer areas from the communal hibernation shelter
(daily temperatures ranged from 2° С to 16.5° C), we found males ##21, 27, 36, 61, females
##22 and 58 (age from two to seven years) and subadult male #105 in that shelter. Summer
residences of these lizards are shown in Fig. 5.2, territories and home ranges of others were
located 100–500 m from the communal winter shelter.

5.2.2. Long-term dynamics of territory use by the male owner
Several examples show how differential use of their territories by males may depend on the
localisation of home ranges of mature females, and on the movements of subadult females,
not yet members of any family group.
History of territory borders of two neighbouring males, ## 56 and 36, was as follows.
Male #56 occupied the home range whose maximum area varied between 300–450 m2 in
different years. However, in the ﬁrst three seasons (1986–1988), he mainly remained in the
area with talus mounds and isolated large boulders adjacent to the territory of male #36, and
only sporadically visited the remaining part of his territory. It should be noted that during
those years, male #56 remained unmated and was clearly attracted by the part of his domain
that was adjacent to the territory of the mated male #36. The three-year-old female #41 that
lived in the territory of male #36, in 1987 repeatedly visited the home range of male #56, and
in subsequent years she probably joined the family group of the latter male. In that year we
observed a conﬂict between males #36 and #56, apparently triggered by the presence of that
female. In the subsequent year male #56 started to more often visit the part of this range that
was further from the territory of the male #36. However, the activity zone of male #56 did
not change until the next two years (1989 and 1990), when he became the head of a family
group which also included two young females. It is not impossible that the shift of the activity
centre was caused by the location of the home ranges of those females, that have grown up
by that time. In the same years the male started to more often make forays towards the north
to the border of the territory of male #3, which had been very rare until then.
What concerns male #36, in the ﬁrst two years his preferred watchpost was a large rock on
the sea terrace (Plate XXV, 2). He appeared there in the morning and spent there a considerable portion of the day. He mainly moved towards a heap of stones on the eastern edge of
this territory, where two females lived, an adult #55 and a juvenile #22. In 1988, when these
females disappeared, the centre of activity started to shift along the eastern border (where we
subsequently found a winter shelter), even though the rock on the sea terrace still remained
the most frequently visited observation post. In that year, male #36 more often used the part
of his territory adjacent to the range of male #56. In 1989 he nearly never used his old watchpost, and his favourite basking site became a boulder over the collective winter shelter of
the lizards belonging to that deme. Foraging area was also shifted towards the periphery of
the male #56 territory. The young female #41 ﬁrmly established herself in the family group,
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that also moved following the male #36 from the sea terrace to the wintering site, which was
also as a summer shelter by both of them. In 1990, male #36 and female #41 mainly used the
vicinity of the wintering site. The same area was used by the grown female #119.
A slightly different type of territory use was recorded in the old male #3 (‘Old Man’).
He was probably the oldest male in the introduced group, but we did not locate him until
three years after the release, in 1988. After that, we observed his behavior during three years.
His territory was considerably smaller than in the two aforementioned males. It was adjacent
to the territory of male #56, but no exact border between their ranges could be established.
Both males only rarely visited the peripheral parts of their ranges. Equally uncertain was the
border of the Old Man’s territory with the range of male #31 (and afterwards of male #61 who
replaced the deceased lizard). A large area on the bottom of the gorge both males visited only
sporadically, probably being attracted by the juvenile females living there. A more clear-cut
border along the rim of the ravine was only apparent from the north. This border separated
the Old Man’s territory and the range of the young male #6. The Old Man occasionally entered the neighbour’s territory, whereas male #6 did not violate the border.
The Old Man’s activity centre remained the same throughout the three years of observations. In 1988 his family group probably included two mature females. The pathways of
the Old Man mainly ran within the ranges of these females. In 1989 the situation became
more complicated, because two more 1.5-year-old females appeared. He started to visit
their ranges as well and thus increased his activity zone, even though its core with observation points remained the same. It is very likely that the expansion of the activity zone was
triggered by the presence of the females: we have repeatedly observed his runs directed towards the females, and not only to those belonging to his group. For instance, we recorded
an interaction of the Old Man with the female #161 which lived in the peripheral part of the
territory of the neighbouring male #61. In the subsequent year, she joined the family group
of the latter male and we no longer observed any attempts by the Old Man to approach her.
His zone of activity decreased again and was restricted to the home ranges of the females
from his family group.
Male #6 in the ﬁrst year when he gained a home range, as long as he remained unmated, used the whole territory rather uniformly. In the subsequent years he showed a
tendency towards a preferred zone of activity, which included the home range of a young
female #121.

5.3. Individual ontogenetic trajectories
A transition from the synchronous description of population structure to following the individual biographies makes it possible to estimate the behavioral heterogeneity of the population, and also to study the changing behavioral roles in different parts of the ontogenetic
trajectory, as well as the place of each individual and sex and age group in population dynamics. An ontogenetic trajectory is a sequence of changes in social status and of social roles of
an individual during its entire life (Wiley, I981). In rock agamas social behavior and social
status of individuals of both sexes appear to be similar during the ﬁrst two years of their lives.
But thereafter ontogenetic trajectories of males and females become progressively divergent.
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In Armenia newly born Caucasian rock agamas are reported to remain in the place of their
birth during their ﬁrst winter (Danielian and Grigorian, 1975; Ananjeva and Danielian, 1987).
We could not determine whether it is also true in Turkmenistan. Among the juveniles (n=61)
that were captured on the two plots in the western Kopet Dag at the end of September and the
beginning of October (i.e. at the age of two to three months), only ﬁve (8.2%) were observed
near the place of their ﬁrst capture (within a radius of 25 m) in the subsequent year. Proportion
of such recaptures in one of the two plots was as high as 25%, while in the other plot none of
the 41 juveniles caught during the preceding autumn was observed later on. Unfortunately, for
all juveniles captured during the ﬁrst months of their lives, it remains unknown whether they
remained near their birthplaces or if they dispersed by the time of capture (juvenile dispersal
just after hatching has been described for bronze anoles Anolis aeneus; Stamps, 1988).
After the ﬁrst winter, juvenile Caucasian rock agamas invariably appear either within the
territory of an adult dominant male, or in the neutral zone between such territories. Our data
suggest that in a sparse artiﬁcial population, where many areas remain vacant, both variants
are equally probable.
Individual marking did not allow us to ﬁnd out, whether ﬁrst calendar year rock agamas
can occupy a lifelong home range in the immediate vicinity of their natal site. Among the 61
recently hatched lizards that we captured at two sites in the western Kopet Dag in late September – early October (e.g. in their second and third months of life), just ﬁve (8.2%) were
recaptured within 25 of their ﬁrst encounter in the subsequent year. The proportion of just
re-encounters was 25% in one of these sites, Parkhay, whereas in Kalaligez we did not ﬁnd
any of the 41 marked juveniles. Unfortunately, it is not know whether these young individuals were marked close to their natal site, or they had already migrated a considerable distance.
Clearer results were obtained from recaptures of the ﬁrst-year lizards initially captured
soon alter their ﬁrst winter, in April and May. Of those lizards 64.5% (20 of 31) were observed regularly within a radius of 10–50 m from the place of their ﬁrst capture, in some
cases over a period of several years. First-year animals initially occupy small home ranges
of about 10 m in diameter both outside the territories of adult males (5 males and 5 females
in the Krasnovodsk population in 1985) and within such territories (4 males and 5 females).
When the home ranges of ﬁrst year lizards were immediately adjacent, their interactions appeared to be agonistic. In some cases a well deﬁned boundary was established between the
adjacent home ranges and both neighbours displayed pronounced territorial behavior toward
each other. In other cases, the home ranges overlapped and a stable rank order was formed so
that one lizard appeared to dominate the other in the overlap zone.
Generally, mature population members behave indifferently toward yearlings. However, in
the periods of high sexual activity adults may chase the yearlings for short distances.
After the ﬁrst winter, a juvenile rock agamas has a permanent shelter, as a rule a single
one, and remains in its direct vicinity. It moves along short radial pathways, where it is very
easy to spot. After the second winter, young rock agamas returned from communal den to
their original summer home area where they knew the topography of the area. Their foraging routes became longer and pioneering of novel feeding places and new temporary shelters
began. Apparent sex-related difference in the social behavior began to emerge only after their
third winter, at the age of more than 30 months.
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5.3.1. Ontogenetic trajectories of males
As already mentioned, male Caucasian rock agamas are strictly territorial. Conditions of
gaining territory differ between the populations and depend on the local population numbers,
habitat carrying capacity and probably to some extent on local traditions. The process of
gaining territory may be a lengthy one and takes different amount of time in different lizards.
Individual marking makes it possible to describe the ontogenetic trajectories of males and the
ways of gaining home ranges.
Our observations in the introduced population of Krasnovodsk made it possible to follow the
fate of eight young males during the ﬁrst 3–6 years of their lives. All of them spent 1–3 ﬁrst years
(on average 2.3 ± 0.2 years) within the territories of adult males. As long as the young males
matured, they shifted their home ranges towards the periphery of the territories of adults and
then into the neutral zones. However, the juveniles did not break contact with the territories
where they had grown up. In two cases, as already mentioned, the males managed to gain
the territory after its former owner disappeared. At the moment of gaining the vacated territory (with all females living within them) the young males (##27 and 61) were 5 years
old each.
The existence of vacant neutral zones allows young males that grew up within the territories of adult males, to leave their initial home range with attaining maturity and to establish a
territory in the vacant lands. At least three of the eight males that we followed (## 6, 37 and
115) went this way. Their age during gaining territory was 5, 4 and 4 years, respectively. Two
more males (## 190 and 100) by the end of study, when they were 4 and 5 years old, remained
satellites without own territories.
From these data it becomes apparent that most mature males are ready to gain the territory
owner status (without which no adequate sex contacts with females are possible) when they
are at least 5 years old (after their fourth winter). At this moment, two alternative strategies
are possible for a young male. One option is to set up an own territory in the no-man’s lands,
where normally not only other pretender males are absent, but often the mature females as
well. Another possibility is to inherit a territory that suddenly becomes vacant following the
death of its previous owner, with all the females of the family group. In the context of the
subsequent reproductive performance the second variant is clearly preferable, but due to the
high longevity of territorial males this strategy carries a high risk of strongly delaying territory ownership.
In saturated habitats the latter strategy becomes the only feasible one. Small size of the existing territories and lack of inhabitable neutral zones forces males that reach maturity to pig
it in the peripheral zones of other males’ territories. This pattern we observed in Gobustan,
where in the area divided between 14 resident males, three 3-year-old satellite males were
recorded. These satellites have no watchposts, when moving are shy and skulking, and when
a territory owner appears, they immediately retreat to the nearest temporary shelter. Without
the possibility of openly using the observation posts on eminences, as territorial males do,
and deprived of the contacts with females, satellite males never change their dull eclipse coloration for the contrasting coloration of a sexually active male. Probably, a satellite male that
for years fails to gain a territory, may attempt to ﬁnd a vacant area outside of his permanent
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range. In the same Gobustan population during the two years of study we encountered four
vagrant males, one time each, that looked like they were at least ﬁve years old. They behaved
as young satellite males, trying hard to be inconspicuous. However, these vagabonds sooner
or later invariably were harassed by the territory owner, after which try tried to escape to the
neighbouring territories, where again could not withstand the owner’s aggression.
After gaining a territory, a male stays there for life. Territorial males remained in their
home ranges throughout the period of our observations, which lasted for up to 6 years. For
example, male #3 that was released in 1985 into the study plot when aged at least 8 years, in
spring 1991 still owned his territory (A. Chegodaev, pers. comm.). The period of stay (during
5 years, since the beginning up to the end of our study) at their territories of eight adult males,
released in the experimental plot near Krasnovodsk, was 2–5 years (mean 4.4±0.4 years).
Since the moment of gaining a territory onwards a male becomes able to partcipate in reproduction. In this respect, the best perspectives are in a young male who inherits a territory
with all females living within it. In the Krasnovodsk population by the age of 5 years this
lucky opportunity has been used by just two males (##27 and 61) out of eight, whose fate was
followed in detail (see above).
Most males who set up a new territory have to wait until juvenile females living within that
area reach maturity, before they are able to start to reproduce (see section 5.3.3 for details).
Males continue to reproduce until the end of their lives. For example, in the Krasnovodsk
plot the male #3 in l989 at the age of ca. 12 years had a large territory that included ranges of
four adult females of different age and two immature females. In addition, in the same year
we observed interactions between that male and an immature female #121 in the border zone
between his territory and that of male #61.
If, on a given territory, only one female lives, in the case of her disappearance the territory
owner becomes a widower. However, he does not try to search for females outside his territory after that. In Gobustan such case of widowhood was observed in a 6-year-old male. In
1986 and 1987, a female lived within his territory, which whom he actively interacted. Judging from her size (SV = 131 mm), it was a rather old individual. In 1988, the male remained
in his territory, but the female was not encountered. A younger male, evidently, may also
become a widower.

5.3.2. Satellite males
The behavior of immature males is practically indistinguishable from the behavior of females.
Territorial males do not treat them as competitors and even try to interact with them as if they
were females. In the artiﬁcial population in Krasnovodsk and in the natural population of
Gobustan we observed interactions of territorial males with juveniles. In Gobustan a male that
had bonds with two females, visited a year-and-a-half-old lizard. During two weeks, the male
could be nearly daily seen near the shelter of that young rock agama. Sometimes we could
observe courtship behavior, with the initiative invariably belonging to the adult male. In the
subsequent year, we captured a rock agama in the periphery of the territory of that male and
found out that the last year’s ‘young female’ was actually a male. Unlike the previous year, that
individual was now very shy and apparently tried to avoid detection by the territory owner.
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In the population of Krasnovodsk a male who remained unmated after introduction, tried
to court a young 2.5-years-old rock agama, who did not reject contacts. From the behavior,
that individual seemed to be a female, but upon capture we failed to sex that lizard on external
morphology. In the subsequent year it appeared that it was a nearly mature male. He no longer
appeared in the territory of the resident male. Subadult, already sexually mature males who
manage to establish themselves in another male's territory, permanently remain in a small
patch in its periphery. The shape and size of their home range varies from year to year, but
not much. Actually they gain the status of unmated satellite males. They have no conspicuous
observations posts and they are rather difﬁcult to locate, even if the observer is aware of the
localisation of their shelters.
In the Krasnovodsk population where ranges of territorial males were rather large, the position
of satellite males were sufﬁciently favourable. They remained in the periphery of a territory,
which was rarely visited by the owner. Even though satellites are rather shy, sometimes they
could be seen moving for relatively long distances. In the saturated population of Gobustan
the situation for satellites was much more difﬁcult. They are so skulking there that we did not
always managed to capture them, even when the location of their shelters was known.
In the Krasnovodsk population male #6 who initially occupied a small patch between the
territories of males ## 3 and 56, in the ﬁfth year of his life shifted his activity centre and
occupied a vacant area near the opposite border of male #3 territory. However, he remained
unmated for two subsequent years, until two young females who lived in this range, reached
maturity. Thus, he did not manage to form a family group upntil the seventh year of his life.
As already mentioned, two other satellite males in the same population, ##27 and 61, waited
for the death of dominant territorial males and inherited their territories and females (in the
ﬁfth year of life each).
Under the low population pressure a satellite can gain a female, even if he lives in the
periphery of someone else's territory, if the activity centre of territory owner is shifted. In the
Krasnovodsk population a young male #30 settled in a border area between the territories
of males #36 and #56. In the ﬁrst three years we very rarely encountered him, once or twice
per ﬁeld season. In the fourth year, he started to behave more conspicuously and started to
interact with a subadult female. Sometimes in the same year we recorded another satellite of
the same age (# 37) in his activity zone. In 1990, male #30 was not observed, and his range
was occupied by male #37, who interacted with the former female of the disappeared male
#30. We continued to treat male #37 as a satellite, because he was very shy and rarely used
his watchpost, a small rock on the border between the territories of two males (## 36 and 56),
if these males were in the vicinity. He somewhat extended his range by annexing a formerly
vacant patch of a talus, but the overall area still did not exceed 100 m2, i.e. was much smaller
than in his neighbours. Male #37 utilised the whole area of his range, so that one could not
speak of the preferred activity zone.
Within the territory of male #56 another satellite (#100) lived, who occupied an area on
the border to the range of male #3 (Old Man). In the ﬁrst years, male #100 behaved as a
typical satellite and was only seen very rarely. In 1990, when he was ﬁve years old, he
continued to live within the territory of male #56, but his behavior changed. He obtained an
own watchpost high on the rock, eminent over the whole gorge, but outside of territories of
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other adult males. He was still unmated, which might explain his occasional forays into the
territory of male #56 to the ranges of his females.
In the periphery of the Old Man’s territory another satellite #124 pigged in. It was a mature
male 4–5 years of age, but he remained unmated until 1990.
The area inhabited by the Krasnovodsk population contained many vacant plots, so that
juvenile lizards could disperse nearly unopposed. However, many of them still remained
within the activity zones of mature territorial males. It seems that in the population there
are strong centripetal forces that hamper dispersal. Dispersing animals do not move for long
distances and settle in the adjacent areas, so that the settlement remained rather compact.
Seemingly, a male who would emigrate to a vacant area immediately after attaining maturity,
could found an own family group by making bond to females that move rather broadly during
their fourth, and sometimes during third year of life. It could be a way to form family groups
consisting of members of similar age. However, in reality young males wait for a long time
for the females that live close to their maximum activity zone to mature (as we have seen in
the case of male #6).
In Gobustan, where all inhabitable territories are divided between the males, we have seen
large mature males crossing the territories of residents. Individual marking allowed us to
follow these males. They behaved like young satellites, trying to remain undetected. It cannot
be ruled out that these were vagabonds prospecting for the vacant plots.

5.3.3. Ontogenetic trajectories of females
Female rock agamas are able to reproduce when ca. three years of age (Ataev, 1985). In order
to be a successful breeder by this age, a female should establish a stable bond with a male territory holder and obtain permanent shelters within his territory. There are two possible tactics
to solve this talk. One tactic is used by the females that already in the ﬁrst year of their life
settled in the home ranges within the territories of adult males. These females, when maturing, start to actively seek contacts with the territory owner and subsequently automatically
become the members of his family group. An example of this trajectory was the female #103
who was observed for the ﬁrst time in 1986 as a ﬁrst-year juvenile living in the territory of
male #56, where she remained at least until 1989 (Table 5.1 A).
Similar is the fate of older females (three, less commonly four years old), if she lived in the
core area of a male’s territory, where she automatically joins his family group. This sequence of
events occurred in the territory of male #56, which included the ranges of two young females.
The same is true of the females that settled in the territory of male #27, whose territory was not
directly adjacent to the territories of other males. All females hatched in his territory joined his
family group, which ﬁnally included four adult females and one of two-year-old (Table 5.1).
Another tactics is used by the females that had their juvenile home areas in the periphery
of adult males’ territories, within the home range of a non-territorial satellite male, or in a
neutral zones where sexually active males were totally absent. These females already after
their second winter start to move widely in attempts to establish a bond with a territory holding male. This process of selection of a male’s territory may take several years and involve
short stays in the areas of several males.
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Table 5.1.
Dynamics of family groups’ personal contingent in Krasnovodsk population
of Caucasian Rock Agama
Individuals
male # 36
females: # 55
# 22
# 41
# 119
(# 148)**
adult females altogether
male # 56
females: # 101
# 103
(# 110)
# 117
adult females altogether

1986
5+*
4–5**
2
2
–
–
1
6+
1
1
–
–
–

1987
6
–
3
3
–
–
2
7
2
2
–
–
–

Years
1988
7
–
–
4
1
–
1
8
3
3
1
–
2

1989
8
–
–
5
2
1
1
9
4
4
2
2
2

1990
9
–
–
6
3
2
2
10
5
–
–
?
1(+1?)

male # 6
females: # 121
# 154
(# 157)
adult females altogether
male # 30
male satellite N 37
females: # 116
(# 145)
adult females altogether
male # 18
male satellite # 27
females: # 43*
# 80
# 107
# 106
(# 144)
(# 158)
(# 159)
adult females altogether

3
–
–
–
–
2
–
–
–
–
7
–
–
–
–
–
–
–
–
–

4
–
–
–
–
3
–
–
–
–
8
–
4**
3
2
1
–
–
–
2

5
1
–
–
–
4
–
1
–
–
–
5
5
4
3
2
–
–
–
3

6
2
2–3
1
1?
5
5**
2
1
–
–
6
6
5
4
3
1
1
1
4

7
3
–
–
1
–
6
3
2
1
–
7
–
6
5
4
–
2
–
3

* Age of the individual
** Minimum possible age is indicated

For instance, female #114 was initially linked to the territory of male #3 and when slightly
less than two years old, regularly contacted that male. At the same time, we recorded forays
of that female beyond the territory of male #3 and her ‘courting’ the neighbouring male #61
(Fig. 5.2). However, that episode did not deﬁne the ﬁnal choice of the female #114: she remained in the family group of male #3.
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FIG. 5.3. Examples of longterm tenacity of individuals to the initially selected place. 1 — ﬁrst year of
life, 2 — second year, 3 — stage of sexual maturity.

On the other hand, female #117 that spent the ﬁrst year of her life within the territory of
the same male #3 (Fig. 5.2), in the subsequent year occupied a plot some 100 m from the
initial home range, in the periphery of territories of males ##56 and 61 (Fig. 5.2). She had
permanent shelters in both territories, but contacted only male #56 who was the permanent
object of her courtship. In the subsequent year she moved some 50 m and appeared in the
periphery of the home range of a satellite male #30. However, in that year we did not observe
any interactions of that female with any male.
Female #101 that originally frequented the territory of male #56, subsequently over a period
of 3 years (1988–1990) was resident of the neutral area visited at different times by two adult
territorial males (##56 and 36). Female #74 resided at the age of slightly less than 4 years in
the temporal home range of a three-year-old male #115, in subsequent year moved on to the
territory of male #3 who became a permanent target for her courtship displays. Finally, female
#41, who after her second winter spent most time in the periphery of the male #36 territory (but
occasionally visited the area of his neighbour #56), in the subsequent year ﬁnally settled in the
original area within the territory of male #36. These few cases show the possible patterns of
spatial and social behavior of females in the ﬁrst 3–4 years of their lives.
A most important mechanism that enables the initial setting up and further maintaining
personal bonds between the potential mates is the peculiar ritual of female courting a male. It
has already been mentioned in section 1.9 and is further discussed in section 9.3.
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After a female has established a bond with a territorial male, she leaves the territory of
her family group only for egg laying and to migrate to communal winter shelters. We did
not observe emigration or dispersal of females. Over the ﬁve year study of the Krasnovodsk
population the time of residence of adult females introduced in 1985 ranged from one to ﬁve
years (mean 2.5±0.6 years, n = 6).

5.4. Family groups
The mode of sexual relations in rock agama settlements may be deﬁned as territorial facultative polygyny (Panov, 1983: 149–150). As it is not unusual that just one female resides
within the territory of a male, the polygyny is facultative. Up to four females may establish bonds with a territorial male; in the natural Gobustan population the mean value was
1.73 females per territorial male. In the introduced Krasnovodsk population the average
number of females per male increased as population structure matured. Over the duration of our study, the average number of females within a family groups was 1.33 (1988),
1.86 (1989) and 2.43 (1990).
We call a family group a reproductive unit which consists of one territorial resident male
and all females, mature and immature ones, that have established bonds with that territory. It
is not a condition that all females inhabiting that territory have sexual contacts with its owner
in a particular season. The term family group is not quite precise since the reproductive unit
has no rigid integrative mechanisms. Each female enters such a unit independently from
other females. It seems that no personal or functional bonds exist between the female members. Only relations between the territorial male and each of the females are personalised.
Stability of such breeding units is determined primarily by the association of its
members to certain shelters and to the home range (or territory) as a whole. All this
seems to explain why females accept so readily a new mate after the disappearance of
the previous territory owner. In the Krasnovodsk population one female (#35) during
five years occupied a permanent shelter which she occasionally shared with male #31.
After his death, the same shelter was shared with male #61, who replaced the pervious
partner.
Table 5.1 presents the examples of the dynamics of family group composition in males
from the Krasnovodsk population with different ontogenetic trajectories. For instance, male
#36 established a bond with one adult female and two immature females (all from the initial
cohort of lizards simultaneously introduced into the study plot) immediately upon introduction. Subsequently, upon the deaths of these females, the replacement females were recruited
from those subsequently born in the settlement.
Only such females formed family groups of male #56, who occupied a territory in the
year of release, and of male #6 which was immature at the time of release and did not occupy a territory until the third year at the new place. In a similar way the pool of females
was formed in the area which overlapped with the peripheral zones of two old male territories (## 36 and 56, Fig. 5.2). Two satellite males, ## 30 and 37, competed for this area.
Finally, the case of the male #27 shows how a pool of females may be inherited by the new
owner after the death of the previous resident.
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As evident from the data presented in Table 5.1 and 5.2, development of the personal
composition of males and females in the same area are independent processes. Therefore,
the age composition of the members of a family group may vary broadly. When inheriting a
territory, a male may be much younger than some females inhabiting that area. For example,
a ﬁve-year-old male #61 inherited a territory and a female which was at least 9 years old.
However, the females inherited together with a territory, may also belong to juvenile age
groups. The proportion of juveniles recruited into the population, increases with increasing
age of the father.
Table 5.2.
Dynamics of family group composition in Caucasian Rock Agama in Gobustan
Individuals

Years
1986

1987

1988

male # 41
females: # 38
# 45
# 66
adult females altogether

+
+
+

+
+
+
+*
2

+
–
+
–
1

male # 42
female # 51
adult females altogether

+

+
+
1

+
–
–

male # 52
females: # 47
# 48
# 81
# 90
adult females altogether

+
+
–
+*
–
1

+
+
+
+
+**
3

male # 56
females: # 49
#50
adult females altogether

+
+
+
2

+
+
+
2

male # 63
females: # 64
# 65
adult females altogether

+
+
+
2

+
+
+
2

+
+
+
+*
–
2

+
+
+
+
+**
3

male # V
females: # 40
# 44
# 87
# 80
adult females altogether

* yearlings
** individuals of two years old

2

+
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It is noteworthy that a rapid replacement of the pool of females is only possible in the
populations with high fecundity and juvenile survival, as it was the case, for instance, in
the artiﬁcial population in Krasnovodsk. In that population dispersing males that occupied
previously vacant areas, could form families by making bonds with the similarly-aged dispersing females. For instance, in one pair the male (#62, hatching year 1984) was one year
junior of the female (#48, hatched in 1983). In another pair the partners, male #108 and
female #131, were both hatched in 1985. However, the male may also be much older than
the female, if he occupies a novel territory without females. Such case is illustrated by the
trajectory of male #6. His partners were the females that grew up within his range. These
examples show that age structure of a family group provides no information on its history.

5.5. Dynamics of numbers and sex and age structure
5.5.1. Sex ratio
Sex ratio among mature lizards does not signiﬁcantly differ from the equal one (Table 5.3,
Fig. 5.4). The male : female ratio in different years varied between 1 : 0.7–1 : 1.2. In just one
case (spring 1989, Parkhay gorge) the bias towards females was greater (1 : 1.6); however,
this bias could be due to sampling error during short-term trapping.

FIG. 5.4. Proportions of individuals of different sex and age in some populations of Caucasian rock
agama. А — introduced population near Krasnovodsk; B — Gobustan; C1 — Parkhay, spring; C2 —
Parkhay, autumn; D — Kalaligez.
1 — yearlings, 2 — individuals at the age of f two years, 3 — adult males, 4 — adult females.
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Ataev (1985) also reported that in Turkmenistan the sex ratio in Caucasian rock agamas
did not differ from the equal one. Khonyakina (1965) wrote that in Dagestan is was slightly
male-biased (1.2 : 1).
Table 5.3.
Sex ratio (males : females) in different populations of Caucasian rock agamas
Region
E Azerbaijan
Gobustan
W Turmenistan
Middle Sumbar River valley
Parkhay Gorge
spring
autumn
Kalaligez
autumn
Krasnovodsk
spring

Year
1985

1986

1987

1988

1989

1990

–

–

1:1.1 (31)

1:0.9 (33)

–

–

–
–

1:0.9 (21)
1:0.8 (18)

–
1:0.7 (19)

–
1:0.8 (16)

1:1.6 (13)
1:0.7 (10)

–
–

1:1.2 (11)

–

–

1:1 (30)

1:1 (40)

1:0.9 (47)

1:1 (12)
–

1:0.8 (20)

1:1.2 (41)

5.5.2. Dynamics of sex and age structure in natural populations
In rock agama populations three age groups are usually distinguished: juveniles up to one
year old, immatures (two- and three-year old subadult individuals) and adults, older than
three years (Ataev, 1985; Kamalova, 1969, 1972). Juvenile agamas show no sex dimorphism,
even dissection does not always allow correct sexing. Among subadults, sex dimorphism
develops by the end of the second year of life, dissection invariably allows correct sex identiﬁcation.
Studies in 1987–1988 in a permanent plot and short-term captures in 1986 and 1989 in
the natural population of Gobustan show a very stable population composition. Sex ratio is
close to the equal one. The number of territorial males did not change throughout the study
period, but in 1988, three satellite males (formerly young individuals) were recorded. In
1988, the number of females slightly increased and their composition changed: two females
have apparently died, because their males became singles. Two females grew up and joined
family groups of territorial males. Besides, in 1988 we recorded four females that had not
been detected in 1987.
Unlike the Krasnovodsk population which recruited young lizards (see below, section 5.5.3), rock agamas in the Gobustan population grew older, which probably resulted
in a decreased fecundity. Very few young individuals occurred in the Gobustan population
(Table 5.4): during the period of our study, we recorded just 5 rock agamas hatched in 1985
in our study plot. No lizards hatched in 1986 or 1987 were found at all. All immature individuals marked in spring 1986–1987 have been re-encountered, and they all remained in the
areas of their ﬁrst capture.
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Table 5.4.
Demographic composition of Gobustan population of Caucasian rock agamas (spring)
Year
1987
1988

Males
n
15
17

%
42.8
47.2

Females
n
%
16
45.7
16
44.5

Adults
n
%
31
88.5
33
91.7

Immatures
n
%
4
11.5
–
–

Yearlings
n
%
–
–
3
8.3

Σ
35
36

Two populations in the western Kopet Dag (Parkhay and Kalaligez gorges) we mainly
studied in autumn, in mid September – early October. Twice we managed to perform observations in Parkhay in spring (1986, 1989; Table 5.5). In spring, mature animals also make
up considerably more than one-half of the population. Sex ratio was close to being equal in
1986 (1.1 : 1), but in 1989 it was considerably female-biased (1 : 1.6). The proportion of
juvenile and immature lizards in spring was 10.0–27.8%. During the three years of study, the
number of ﬁrst calendar year lizards in Parkhay was not very high, but much greater than in
Gobustan.
Table 5.5.
Dynamics of demographic parameters in population of Caucasian rock agamas in Parkhay Gorge
Year
1986
1989

n
7
5

Males
%
35.0
27.8

Females
n
%
11
55.0
8
44.4

1987
1988
1989

11
9
6

39.3
40.9
19.4

8
7
4

28.6
31.8
12.9

Adults
n
%
18
90.0
13
72.2
Autumn
19
67.9
16
72.7
10
32.3

Σ

Immatures
n
%
1
5.0
1
5.6

Yearlings
n
%
1
5.0
4
22.2

20
18

3
–
13

6
6
8

28
22
31

10.7
–
41.9

21.4
27.3
25.8

In autumn, sex ratio was male-biased. Even though mature rock agamas in autumn 1987–
1988 comprised, like in spring, the majority of the recorded lizards, the number of unmarked
animals among them was high. In 1987–1989, unmarked lizards made up 33.3–50.2% of
females and 44.4–63.6% of males. One may assume that many of these unmarked animals
were migrating to their winter shelters. It so, autumn captures may be biased in respect to
sex and age.
In Kalaligez the study plot was located in a farm with a small number of beaten cobworks.
Rock agamas lived in the attics and under the roof. We started individual marking in 1985;
and in 1986 and 1987 captured a large number of unmarked lizards: 60% of males in both
years, 75% and 60% of females, respectively. It cannot be ruled out that here, like in Parkhay,
seasonal migrants have been involved.
The proportion of ﬁrst calendar year agamas during four subsequent years was rather high:
35.0%, 42.8%, 48.7% and 50.0%, respectively. Thirty individuals were marked in the ﬁrst
two years of study and 11 more in the third year. Noteworthy, just one individual has been
recaptured two years later, i.e. re-encounter rate was just 3.3%.
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In the natural populations the situation when mature individuals comprise more than onehalf of all lizards is probably normal, even though the proportion of juveniles may vary between populations and years1.

5.5.3. Dynamics of sex and age structure in the introduced population of Krasnovodsk
General demographic pattern. The population of Krasnovodsk is noteworthy, because we
studied it in the process of establishing. At the initial stage, its number and demographic
structure were much dependent on random parameters. At release, there were more adult
females than males (19 and 13, respectively); 54.3% of the introduced lizards were yearlings
(24 individuals, 34.3%) and lizards in their second year (14 animals, 20%).
Of the released lizards, many have been not recorded during the subsequent 5 years. We assume that these animals died. In the year following the release (in 1986), we recorded just 8 of
the 13 introduced males and 7 out of 19 females. Table 5.6 presents the data on the dynamics of
numbers and sex and age structure of in the subsequent years.
Table 5.6.
Dynamics of demographic parameters in Krasnovodsk population of Caucasian rock agamas
Year
1985
1986
1987
1988
1989
1990

Males
n
13
8
15
31
28
19

%
18.7
14.0
23.1
37.3
28.9
33.9

Females
n
%
19
27.0
7
12.3
13
20.0
23
27.7
21
21.6
21
37.5

n
32
15
28
54
49
40

Adults
%
45.7
26.3
43.1
65.0
50.5
71.4

Immatures
n
%
14
20.0
20
35.1
24
36.9
10
12.1
16
16.5
13
23.2

Yearlings
n
%
24
34.3
22
38.6
13
20.0
19
29.9
32
33.0
3
5.4

Σ
70
56
65
83
97
56

In 1986, the proportion of immatures was 73.7%. It is necessary to stress that in 1985, the
original colonizing cohort was composed primarily of immatures. It may have resulted from
a capture bias. However, in 1987 and 1988 the immature : adult ratio was nearly equal. Since
1988, adults were more common.
In 1988 and 1989, population numbers started to stabilise. The exception was 1990, when
we trapped relatively few animals due to the brief ﬁeld season. As a result, we may have underestimated the proportion of yearling rock agamas that have survived one winter.
During the formation of the new population, the cohort of mature animals recruited maturing juveniles. Table 5.7 presents the data on the development of numbers and composition of
mature rock agamas in the population of Krasnovodsk. Already in the third year of study, the
bulk of mature lizards was composed of the animals hatched at the site of release. The number of old agamas declined, resulting of the lower mean age of the population. The reason for
the high recruitment rate of young lizards was probably high fecundity and juvenile survival
rate in a favourable habitat with many vacancies.
1
It has been shown in Teius oculatus that age structure of a population varies between years due to the varying
hatching season and the resulting variation in the growth rate of juveniles (Martori and Acosta, 1994).
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Table 5.7.
Dynamics of demographic parameters in Krasnovodsk population of Caucasian rock agamas
Year

1985
1986
1987
1988
1989
1990

Introduced as adults
Males
n
%
13
100
8
100
8
53.3
6
19.4
5
17.8
4
21.0

Females
n
%
19
100
7
100
3
23.1
3
13.0
3
14.3
1
4.8

Introduced as immature
(juv + sbd)
Males
Females
n
%
n
%
?*
?
?
?
?
?
?
?
7
46.7 10 72.9
7
22.6
8
34.8
6
21.5
6
28.6
5
26.3
4
19.0

Σ

Born in place of release
Males
n
%
?
?
?
?
?
?
18 58.0
17 60.7
10 52.6

Females
n
%
?
?
?
?
?
?
12 52.2
12 57.1
16 76.2

Males
n
13
8
15
31
28
19

Females
n
19
7
13
23
21
21

*Not sexed.

Population growth rate. In highly arid habitats near Krasnovodsk, Caucasian rock agamas
most of the time in late summer and early autumn spend in their shelters. Due to that, we
failed to obtain reliable estimates of the number of ﬁrst calendar year individuals after hatching. Numbers of yearlings were estimated annually after the end of winter, i.e. when they
were already reduced by autumn and winter mortality. The results of these spring counts of
1986–1990 are shown in Fig. 5.4.
It may be assumed that broad variation in the numbers of surviving yearlings was due to
the annual variation in embryonic mortality and survival newly hatched lizards in their ﬁrst
autumn and winter. Unfortunately, we did not manage to obtain any estimates of these parameters.
Survival rate after the ﬁrst winter. A most comprehensive picture of the dynamics of
these processes in the ﬁrst 6 years of life is given by the data on the fate of rock agamas that
were released in the experimental plot as yearlings, after their ﬁrst winter (25 individuals,
Table 5.8).
Таблица 5.8.
Survival of Caucasian rock agama yearlings introduced to study plot near Krasnovodsk
Age (years)

Number of
individuals
survived to
given age

Part of cohort
survived to
given age

Part of cohort
Speciﬁc
perishing during mortality
given age

Speciﬁc survival
rate

x

fx

lx

dx

qx

px

1

25

1.000

0.280

0.280

0.720

2

18

0.720

0.120

0.167

0.833

3

15

0.600

0.120

0.200

0.800

4

12

0.480

0.080

0.167

0.833

5

10

0.400

0.080

0.200

0.800

6

8

0.320
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We assume that the lizards that have never been recaptured, died. After the ﬁrst winter,
annual survival rate in the subsequent six years was age-independent (Table 5.8). The annual
survival rate (px) in each age class was rather high and ranged from 0.72 to 0.83.
We have several case studies of survival of juveniles after their ﬁrst winter in the core area
of the artiﬁcial population, where observations were performed daily throughout the ﬁeld
season. Of the six rock agamas hatched in 1986, all were encountered in 1987 and 1988,
when they already reached maturity. In 1987, we marked just one yearling, which was recaptured in 1989 as an adult. Of the 11 lizards hatched in 1988, nine were recaptured in 1989
and seven in 1990.
It is difﬁcult to study sex-related survival rates, because we do not know the sex composition of released yearlings (we could not sex live yearlings). Of the initial 25 yearlings,
10 females and ﬁve males survived to sexual maturity (three years) and of this cohort, four
males (80%) and four females (40%) survived at least six years, to the end of the study.
We believe that high survival rate of lizards in the Krasnovodsk experimental plot during
the ﬁrst three years of life is indicative of this parameters in natural populations. We tested
this by comparing survival in a cohort of 20 juveniles, hatched in 1986, 1987, and I988, that
were ﬁrst captured in 1987, 1988 and 1989 as yearlings. Among these lizards, 15 (75%)
survived to two years and 13 (65%) to three years of age. Of those surviving for three years,
three were males and 10 were females, with sex ratio of adults close to 1:1.
Since the duration of this study was approximately half the life span of a rock agama, survival rate in animals older than six years is inferred from indirect evidence. We estimated the
age, based on standardized size criteria (Zykova and Panov, 1991) of adult lizards captured
for introduction into the Krasnovodsk experimental plot. Such age estimates are imprecise
at best, but the adults in this group ranged from three to 11 years with 78% being four to six
years old.
The subsequent fate of these animals are shown in Table 5.9. The highest mortality of
adults of both sexes, and especially of the females, was recorded in the year of release (unlike yearlings, cf. Table 5.8). Later on, survival rate of adult males remained constant and as
high as in the ﬁrst six years of life. Higher variation of the estimates obtained for females is
probably due to a smaller sample size.
Таблица 5.9.
Survival of Caucasian rock agamas introduced as adults (Krasnovodsk experimental population)
Years
Males
Females
Total

1985
13 (100)*
19 (100)
32 (100)

1986
8 (61.5)
6 (31.6)
14 (43.8)

1987
7 (87.5)
4 (66.7)
11 (78.6)

1988
6 (85.7)
3 (75.0)
9 (81.8)

1989
5 (83.3)
3 (100)
8 (88.9)

1990
4 (80.0)
1 (33.3)
5 (62.5)

* In parentheses the percentage of animals present in the preceding year.

To present these results more clearly, we combined the cohorts of four, ﬁve and six-yearold lizards and estimated survival rate during the subsequent four years to the age class of
9–11 years (Table 5.10).
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Table 5.10.
Survival of Caucasian rock agamas marked at the age of 4–6 years in Krasnovodsk population
Age
4–6
5–7
6 –8
7–9
8–10
9–11

fx
25
11
8
8
7
4

lx
1.000
0.440
0.320
0.320
0.280
0.160

dx
0.560
0.120
0.000
0.040
0.120

qx
0.560
0.273
0.000
0.125
0.428

px
0.440*
0.727
1.000
0.875
0.572

* Considerable loss took place in the year of introduction.
Symbols as in Table 5.8.

We conclude that at least until the age of eight years, the expected lifespan of Caucasian
rock agamas remains constant since the end of their ﬁrst hibernation until death of random
causes (e.g. burrow collapse, freezing in winter, predation. Our calculations suggest that survival rates starts to decline at the age of ca. 10 years. The maximum estimated age of males
was 12–14 years (n=4), and for females it was 9–10 years n =2).

5.6. Movement and dispersal
Rock agamas display a high level of home area ﬁdelity. Juveniles marked after their ﬁrst winter were found to remain within 50 m of that location up to two years or until sexually mature
(at two or three years of age). The data on recaptures of juveniles before their ﬁrst winter
suggest that home site ﬁdelity may extend from the age of three or four months until the end
of life. Four of six juveniles (66.7%) marked in October 1988 in the Parkhay gorge (western
Kopet Dag) were found in the same place the next spring. The maximum linear displacement
of immature lizards did not exceed 300 m. A juvenile male ﬁrst captured in October 1985
before his ﬁrst winter was recaptured in 1987, 200 m from the ﬁrst capture location. He was
recaptured in the spring of 1988 as a mature male with a territory 250 m from the previous
capture site and 100 m from the initial capture site 31 months earlier (Fig. 5.3, bottom right).
As the population increases, new areas will be pioneered, mainly by young dispersing lizards. Given the sedentary habits of these agamas we would expect such expansion to be relatively slow. Such expansion occurred in the introduced population in Krasnovodsk (Fig. 5.5).
From 1985 to 1990, the initial introduced population occupying an area of approximately 300 m2,
dispersed into the adjacent areas of approximately 25 ha. Of the seven subpopulations formed
during this period, two (Fig. 5.5, points 1 and 2) were founded by introduced mature adult lizards after the initial release. Two other subpopulations (Fig. 5.5, points 3 and 6) were founded
by lizards that were immature when introduced. Finally, three subpopulations were established
by the offspring of the original introduced lizards. In 1988 (the fourth year after introduction),
a total of 33 individuals (13 adult males, 14 mature females and 10 subadults) lived in these
seven subpopulations.
Apparently, characteristic features of rock agama social organisation and demography are
high stability of the breeding individuals' composition and low population turnover. This is a
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FIG. 5.5. Dispersion into new areas by introduced population near Krasnovodsk between 1985 and
1990. a — ﬂat areas unsuitable for rock agamas living; b — contours of elevations; c — creasts of
main ranges; d — area where lizards were introduced; e — main part of the introduced population
under regular observations; f — range of the settlement in 1990; g — demes founded by introduced
adults; h — the same, by introduced subadults; j — the same, by individuals born after introduction;
i — single occurrence of agamas.

consequence of sedentary way of life characteristic for males of all age classes, longevity of
these lizards, and the delayed onset of breeding.
The latter may be especially true of males. Although they are capable of reproducing already at the age of just under three years (after their third winter), most of them do not actually begin to breed until four or ﬁve years old. A male attains the status of a breeder only after
gaining a territory of his own. Therefore every maturing male faces obvious difﬁculties, since
a number of features of the species’ spatio-social organisation (high density coupled with
strong territoriality of males retaining control over territories until the death) lead to a deﬁcit
of vacancies which might he ﬁlled by young male prospective recruits. Temporary exclusion
of a proportion of mature (non-territorial) males from process of reproduction may, in principle, decrease the whole reproductive potential of the local population.
Apart from such social regulators of population growth, rapid increase of population size
is retarded also by the rather slow recruitment of new deme members. The breeding productivity of rock agamas is relatively high (from seven to ten eggs per mature female during the
breeding season; Ataev, 1985), but just a small proportion of newly hatched agamas survive
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the ﬁrst year. Our rough estimates based on the data collected in the Krasnovodsk population
and in the western Kopet Dag, suggest that 69.7–97.6% of rock agamas are eliminated before
their ﬁrst winter. Even if these ﬁgure, especially the latter value, is an overestimate, the analysis of demographic structure of all demes under study showed that mature individuals formed
the bulk of the population (see above). This is in good agreement with the general conclusion
on the low rate of population growth in Caucasian rock agamas. This is further supported by
the very slow expansion of the introduced population into new, previously unoccupied areas.
It is possible to conclude that the Caucasian Rock Agama is a good example of a lizard
practicing a typical K-strategy. It has to be expected, given the large body size and the ecology
of the species, in particular, its pronounced omnivory with prevalence in diet (by biomass) of
diverse plant objects (Chapter 8). It is noteworthy that in Caucasian rock agamas, like in many
other higher vertebrates (birds and mammals) practicing K-strategy, a considerable proportion
of mature males are excluded from reproduction by density-dependent social factors.

Chapter 6.
Caucasian Rock Agama:
Reproduction
Our understanding of reproduction in reptiles, and lizards in particular, is based on limited
and indirect data, mainly on the results of autopsy. Our approach, with each captured and
individually marked lizard being of a great importance for long-term observations, ruled out
sacriﬁcing individuals. Therefore, this chapter is, in essence, a review of literature sources,
among which the most exhaustive work on the Caucasian agama reproduction is a monograph
by Ataev (1985: Reptiles of Turkmenistan mountains).

6.1. Maturity
Caucasian agamas reach sexual maturity after the third winter, i.e. they are able to reproduce
at the age of 30 to 32 months after hatching (Ataev, 1985; Muskhelishvili, 1970; Chernov,
1939; and others). As a rule at this age their SVL will reach at least 100 mm, and sexual
dimorphism becomes clearly visible. In animals of smaller size, whose SVL < 100 mm
(sometimes up to 110 mm) long, sex can be reliably identiﬁed only by autopsy; however,
their gonads are poorly developed even during the ﬁrst breeding season (Shammakov, 1963).
It should be added that in different parts of the species’ range, the sizes of individuals
easily identiﬁed by sex may be different. Thus, in Dagestan the sexual maturity comes much
earlier, within 20 to 22 months after hatching (Khonyakina, 1965). In some populations found
in Eastern Georgia certain individuals can become mature with their body length as small as
80 mm (Muskhelishvili, 1970).
Even in different localities of the same region (for example, in the mountain regions
of Turkmenistan) the difference in size of lizards at the beginning of their ﬁrst breeding
season varies by as much as 20 mm (Ataev, 1985). At Maymely location, a female
with SVL of 97.5 mm (weight 42.7 g) was found to have six yellow bodies. In Western
Kopet Dag (between the village of Kara-Kala and the Chandyr river valley) a pregnant
92 mm long female was captured: it had four large follicles in her ovaries (Ataev, 1985).
In southwestern Turkmenistan breeding Caucasian agamas with SVL of 95–98 mm were
observed by Kamalova (1972).
According to our own data, the minimum SVL of mature agamas in Western Kopet
Dag was 100 mm for males, and 99 mm for females; in SE Azerbaijan (Gobustan), the
ﬁgures were 115 and 117 mm, respectively. The difference in the minimum SVL of mature
Caucasian agamas at the beginning of reproductive age can be essentially explained by the
general morphometric features of any given population (see Chapter 3). Table 6.1 contains a
summary available data on the minimum SVL of mature Caucasian agamas in different parts
of the range.
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Table 6.1
Minimum size of mature Caucasian rock agama females
Region
E Georgia
Dagestan
Azerbaijan (Gobustan)
SW Turkmenistan

SVL (mm)
80–110
107
115
95–98

Source
Muskheshvili, 1970
Khonyakina, 1965
Author’s data
Kamalova, 1972

Central Kopet Dag,
SW Kopet Dag,
Greater Balkhan Range
Lesser Balkhan Range, Meshat Sands
Lesser Balkhan Range,
Kyurendag

100– 105

Ataev, 1985

120–122
110–120

Ataev, 1985
Shammakov, 1963

6.2. Phenology of reproduction
There is a great dispersion in timing of the eggs and sperm development beginning. The
length of the period is mainly determined by climatic conditions in each certain region. In the
foothills and low-mountain areas the animals generally start to breed earlier than at higher
altitudes. For example, in Firyuza (700 m a.s.l.) the breeding starts in the beginning of March,
while in juniper forest belt of Mt. Dushak (Central Kopet Dag, 1800–2000 m a.s.l.) it does
not begins until the second 10-day period of April. The earliest breeding time (5–10 March)
has been recorded in some foothill populations living in Southern and Central Kopet Dag.
In Greater and Lesser Balkhan, as well as in Kyurendag and in Meshat Sands (Ataev, 1985),
Caucasian agamas start breeding a half-month later (20–30 March: see table 6.2).
Table 6.2.
Timing of Caucasian rock agama reproduction in Turkmenistan (after Ataev, 1985)
Region
Krasnovodsk Plateau
Greater Balkhan Range
Lesser Balkhan Range
Meshat Sands
NE Kopet Dag
Kyurendag
SW Kopet Dag, Sumbar river and
Chandyr river valleys
Central Kopet Dag
Khindivar, Germab
Central Kopet Dag
New Nisa
Central Kopet Dag
Dushak Mountain

Start

Termination
–
15 June
25 June
–
15 June

Duration
(days)
–
80
90
–
70–80

Embryonic period
(days)
–
–
80–90
–
70–80

15 March
20–25 March
25–30 March
20–25 March
20–25 March
5–10 March

25 July

120–130

70–80

10 March

10 August

140–150

75–80

10 March

15 July

120–125

70–80

Second 10-day
period April

–

60–70

–
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However, even within the same altitudinal zone, the timing of breeding varies, which
depends on local weather, slope exposition, age of animals and conditions during their last
overwintering. On southern slopes agamas may come out of shelters in warmer days during
winter; so that such individuals will be active earlier in spring. Hence, in different individuals
inhabiting the same area, gonads could mature asynchronously. For instance, two males caught
on the same day in the ruins of Old Nisa (foothills of Central Kopet Dag) had testes of different
size. The ﬁrst one, with SVL of 134 mm, had testes sized 16 x 8 mm (weight 1.0 g), while in the
other one (SVL 129 mm), they were 8.5 x 4 mm (0.3 g) (Ataev, 1985). In years with protracted
spring, gonads develop slowly, just as in other lizards species (Bogdanov, 1964).
The number of females participating in reproduction increases from March until June as
the younger females gradually enter the reproduction process. Smaller (younger) females
start to breed later than the older ones (Ataev, 1985; Bogdanov, 1964; Kamalova, 1979; Table
6.3). The latter author also noted that difference in the timing of reproduction may vary from
six to eight weeks depending on individual age of the lizards.
Table 6.3.
Proportion of Caucasian Rock Agama females (%), participating in reproduction (after Ataev, 1985)
SVL (mm)

n

March

April

May

June

100–115

63

–

25.4 (16)*

23.8 (15)

41.3 (26)

> 116

137

2.2
(3)

26.5 (35)

35.0 (48)

32.2 (44)

July

August

9.5
(6)
4.4
(6)

–
0.7
(1)

* Sample size

Table 6.3 shows that smaller agamas begin to breed in April, and the peak of their breeding
occurs in June. Larger lizards start to breed in March, and in June there is a tendency towards
a decline of their sexual activity. The breeding season come to the end generally in July.
In Georgia, the peak of sexual activity when mating lizards can be seen is restricted to May
(Muskhelishvili, 1970). In Azerbaijan, this period starts in May and continues throughout
June into the ﬁrst half of July (Alekperov, 1978). In Dagestan, the agamas mate in May in
the case of early spring, or with a peak of breeding in late May to early June if spring delays
(Khonyakina, 1965). In Turkmenistan, copulations can be observed during April and May
(Ataev, 1985; Kamalova, 1979). According to the former author, the pregnancy period in
Caucasian agamas does not last longer than 30–40 days.
Asynchronous mating activity leads to diversity in the timing of oviposition. In
Turkmenistan, the earliest reliably recorded oviposition date was April 27 (when a female
was caught that had laid eggs recently), and the latest one on August 10. The period of mass
oviposition in this region is conﬁned to May – June. In Turkmenistan, in May 60% of females
bear in ovaries large follicles or eggs ready to lay. In June, the number of females with welldeveloped eggs decreases to 37.5% (Ataev, 1985; Kamalova, 1979; Shammakov, 1963). In
Dagestan, the majority of females lay eggs in June, and only in the years with very early
spring it occurs in the end of May (Khonyakina, 1965).
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6.3. Dynamics of testes function
The gonads in males and females begin to function at different times: in February and March,
respectively. After overwintering, males wake up with already well-developed gonads, while
in females follicular development does not start until they have left their winter shelters.
In the western Iranian Plateau, spermatogenesis is inactive from October to December and
becomes active during late hibernation, in January to March, At that time spermatogenesis
occurred without spermiogenesis. Namely, the ﬁrst and secondary spermatocytes were
produced but lumena of the seminiferous tubules were without spermatozoa (RastegarPolyany and Torki, 2007).
Annual dynamics of testicles size in Caucasian rock agama males
Date

n

January
February
(end of month)
March

4
5
–
16
–
17

April
22.IV
May
(ﬁrst half)
2–8.V
19.V
(second half)
June
(early days)
5.VI
6.VI
(ﬁrst
10-day period)
14–15.VI
14–15.VI
21.VI
July
(end of month)
August
October
2.X
November
December
1

3
55
–
–
5
–
72
92
1
4
–
23
17
8
50
–
45
15
–
4
2
–
3

Length x Width
(mm)
13.12 х 7.87
10.7 х 5.6
12.0 х 8.0
13.5 х 7.9
12.8 х 8.6
11.4 х 6.94
–
14.7 х 8.4
11.23 х 6.29
–
14.0 х 8.0
13.6 х 8.0
–
9.94 х 5.17
10.4–9.6 х
6.4–6.21
13–12 х 7–81
10.8 х 6.7
13 х ?
13–15 х ?
3–9 х ?
8.3 х 4.8
6.5 х 3.44
3–4 х ?
7.18 х 3.53
10.26 х 5.06
–
13.0 х 6.6
12.5 х 7.5
–
10.66 х 9.33

Weight
(mg)
307.5
470.2
470–4501
720.6
510–6381
623.33
533–5291
–
553.77
625–5021
600
–
172–1861
506.35
–
–
–
–
–
–
–

Kopet Dag
Kopet Dag
Kara-Kala
Kopet Dag
Kara-Kala
Kopet Dag
Kara-Kala
Dagestan
Kopet Dag
Kara-Kala
Azerbaijan
Dagestan
Kara-Kala
Kopet Dag
Atrek River valley
Atrek River valley
Dagestan
W Kopet Dag
W Kopet Dag
W Kopet Dag
Dagestan

Ataev, 1985
Ataev, 1985
Kamalova, 1969, 1979
Ataev, 1985
Kamalova, 1969, 1979
Ataev, 1985
Kamalova, 1969
Khonyakina, 1965
Ataev, 1985
Kamalova, 1969
Alekperov, 1978
Khonyakina, 1965
Kamalova, 1969
Ataev, 1985
Rustamov et al., 1962
Rustamov et al., 1962
Khonyakina, 1965
Andrushko et al., 1939
Kolesnikov, 1956
Kolesnikov, 1956
Khonyakina,1965

161.87
–
105.83
340.0
230 –2301
–
550.0
190–200
564.33

Kopet Dag
W Kopet Dag
Kopet Dag
Kopet Dag
Kara-Kala
Dagestan
Kopet Dag
Kara-Kala
Kopet Dag

Ataev, 1985
Andrushko et al., 1939
Ataev, 1985
Ataev, 1985
Kamalova, 1969
Khonyakina,1965
Ataev,1985
Kamalova, 1969
Ataev, 1985

Left and right testicles
In eleven other males testicles were inactive
3
SVL males are 135 and 145 mm respectively
2

Region

Table 6.4.
Source
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The testes begin to function when their size is 10x7 mm and with weight at least 500 mg.
By mid-June to July, the gonads come to rest until the next season. Table 6.4 presents some
data on size and functional ability of the Caucasian agama testes during the year. It also
demonstrates that data provided by different authors do not agree, which may be explained
by the different onset of breeding season in the populations studied. Among other things,
there is a marked disagreement about the time when the testes come to rest (determined by
their size reduction to a minimum). For Turkmenistan, the data vary as follows: the second
half of May in SW Kopet Dag and the Greater Balkhan (Kamalova, 1979); from the third
10-day period of May to June (Shammakov, 1963); and even in July to August (Ataev, 1985).
In Georgia, the minimum weight of testes was recorded between 5–25 June (Muskhelishvili,
1970). Regardless of the above data, the maximum activity of testes in all parts of the species’
range falls on April.
An increase in size of testes is also observed in autumn. In Georgia, this process begins
in September (Muskhelishvili, 1970). Histological research has shown that seminiferous
epithelium in the males does become active in autumn, and spermatogenesis goes on through
all the normal stages: however, the spermatocytes never mature (Kamalova, 1979). It is
possible that this increase in the size of the testes and their resumed functional activity are
associated with predominance of sunny and warm days in autumn, which makes males more
active in general (Ataev, 1985).

6.4. Dynamics of females gonad development
The ﬁrst females with developed follicles have been caught in Turkmenistan on March 10.
In general, the beginning of follicular maturation occurs in late March to early April. There
are only few data on follicle sizes for this period, so we ﬁnd it useful to present here all the
available information published on this subject to date (Table 6.5).
The number of follicles in the ovaries of different females is variable; in general, a
direct correlation with the body size of certain individuals is easy to trace (Bogdanov,
1965а, b). There is also a direct correlation between the weight of gonads and that of
fat bodies. In larger (and, obviously, older, individuals) gonads begin to function earlier.
This phenomenon may possibly be explained by the lower growth rate in these lizards as
compared to smaller (younger) individuals. Therefore, since the energy costs of growth are
lower in larger individuals, they spend their fat stores mainly to provide gonad function
(Khonyakina, 1965).
Table 6.6 presents measurement of eggs in Caucasian agama oviducts taken in different
parts of the species’ range. The data suggest that egg sizes vary within very narrow limits. In
Turkmenistan, only animals from the SW Kopet Dag populations (Kyurendag, the the Atrek
river valley) were found to have slightly larger eggs.
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Table 6.5.
Follicle size in Caucasian rock agama females

Date

Female
SVL

Follicles N follicles
diameter in oviduct

Region

Source

March
10.III

–

?

(mid month)

–

3–4

117

3.4–8.7

(end of month)

–

8–9

22.IV

92

10

4

SW Kopet Dag (Kara-Kala;
Chandyr)

Shcherbak (in Ataev,
1985)

29.IV

97.5

10

6

Central Kopet Dag

Ataev, 1985

May

–

13–14

–

SW Kopet Dag; Greater Balkhan Kamalova, 1979
Range

June
(beginning of
month)

–

9.3 –12.6

5–8

SW Kopet Dag (Atrek River
valley)

Rustamov et al., 1962

86–96
125–146
146

1–1.5
2–10
<15

–
–
–

SW Kopet Dag (Kyurendag)

Kolesnikov, 1956

July
(end of month)

–

1–2

–

SW Kopet Dag (Kyzyl-Arvat)

Andrushko et al., 1939

March (22.III)

–

3.2–4.3

–

Dagestan

Khonyakina, 1965

June (12.VI)

–

9.5–13

–

Dagestan

Khonyakina. 1965

April
2.IV

12–14.VI

–

7
–

Kopet Dag (Firuza Gorge)

Ataev, 1985

Kopet Dag

Kamalova, 1979

SW Kopet Dag (Kara-Kala)

Kamalova, 1969

SW Kopet Dag; Greater Balkhan Kamalova, 1979
Range
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Table 6.6.
Egg size and clutch size in Caucasian rock agama
Region

Egg size (mm)
Range of variation
Mean
–

Azerbaijan
Nakhichivan
Talysh

~20

–

Azerbaijan
Dagestan
Turkmenistan

Greater Balkhan
Range
SW Kopet Dag
Kyzyl-Arvat
SW Kopet Dag
Atrek River valley
Kyurendag

–
24 x 16
19–26 x 12–16
20.6 x 13.4
15.0–26.0 х 11.0–15.5 22.8 х 13.7

Egg weight (g)
Range of
variation
–

Clutch size

13

Chernov, 1939

–

14

Sobolewsky, 1929

–
2.06–2.18
–

Alekperov, 1978
Khonyakina, 1965
Shammakov, 1963
Ataev, 1985

Andrushko et al.,
1939
Rustamov et al.,
1962
Kolesnikov, 1956

19–26 x 11–15
19.8–25.4 x 12.8–
13.2
23–25

22.7 x 13.3
22.4 x 13.2

1.60–2.15

–
9
2–7 + 3–6*
(max 13)
ср. 8.4
6–12

–

–

8–10

22.2–26.9 x 13.2–
18.6
21–32

–

–

5

–

–

4–11

Source

Kamalova, 1979

* In left and right oviducts

As shown below, the size of females and of their clutches is positively correlated. It is also
assumed that clutch size shows an inverse relationship to the size of eggs in it (Khonyakina,
1965). This tendency was indirectly conﬁrmed by a comparison of eggs found in two
females caught in Kyurendag (at Danata water spring) in June 12–14, 1953. One female
(SVL 130 mm) had seven eggs in the right oviduct and four in the left one, length of eggs
varied from 21 to 25 mm. The second female (SVL 120 mm) had four eggs (three in the right
oviduct, one in the left one); their length varied from 28 to 32 mm. These were the largest
ready-to-lay eggs ever measured in Caucasian agama (Kolesnikov, 1956).
Table 6.7.
Body weight and clutch mass in Caucasian Rock Agama (after Ataev, 1985)
Females’ SVL, mm

n

Mean body mass, g

Mean clutch mass, g

Clutch mass as a percentage
of body mass

101–110

9

60.9

13.0

21.0

111–120

28

66.5

15.1

22.3

121–130

25

80.1

17.8

22.2

131–140

7

95.3

19.9

20.8

141–150

4

125.5

21.7

17.2
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Some authors seem to have observed a certain variation in the ratio of the total clutch mass
to body mass of the respective females. The maximum ratio was found for of medium-size
individuals (Table 6.7). However, since an appropriate statistical analysis has never been
conducted, it is still possible that the differences are only due to insufﬁcient sampling for
some of the size classes.

6.5. Fertility
Clutch size depends on a number of factors such as female size (which, in turn, correlates
with her age), particular time within the breeding season, and, possibly, climatic and other
regional features. Nearly all authors note that the number of eggs laid is affected by the
female’s age. This age-depended effect was shown most clearly for Caucasian rock agamas
inhabiting Turkmenistan (Table 6.8).
Table 6.8.
Fecundity of Caucasian Rock Agama females of different age (after Ataev, 1985)
Female’s SVL (mm)

n

Eggs pooled

Mean clutch size

101–110

10

72

7.2

111–120

30

234

7.8

121–130

27

262

9.7

131–140

6

53

8.8

141–150

4

47

11.7

151–160

1

10

–

Since older and more fertile agamas start to breed earlier then younger ones, it is not
surprising that the average number of eggs in the clutch becomes smaller towards the
end of the reproductive season (Table 6.9). In April, the oviducts of females examined in
Turkmenistan contain 9.9 follicles an average, while by the beginning of summer this ﬁgure
decreases to 7.7 (Ataev, 1985).
Table 6.9.
Variation of clutch size in Caucasian rock agamas during season
of reproduction in Turkmenistan (after Ataev, 1985)
Month

N females

Eggs in oviducts prior to
oviposition

Mean clutch size

March

–

–

–

April

4

40

10.0

May

33

317

9.6

June

32

256

8.0

July

9

64

7.1
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Fertility of Caucasian agamas differs signiﬁcantly between different populations in
Turkmenistan. The maximum fecundity (estimated by the number of large follicles per
female) has been observed in the population of the Meshat Sands (12.4); the lowest ﬁgure
was found in lizards from the Greater Balkhan (7.7) (Table 6.10). Notably, the average size
of mature females in the former region is signiﬁcantly greater that in the latter area (Ataev,
1985: 88).
Table 6.10.
Fecundity of Caucasian Rock Agama females of different age in Turkmenistan (after Ataev, 1985)
Region
Meshat Sands
Lesser Balkhan Range
Kyurendag
Greater Balkhan Range
Central Kopet Dag
Ruins of Nisa
SW Kopet Dag

Mean SVL
139.5
133.2
128.1
118.7
118.7
118.0
113.5

Mean number of large follicles
12.4
9.6
9.6
7.7
8.4
9.1
10.4

It is assumed that adult females participate in reproduction every year and lay 30–35 eggs
during all their life. Normally there is only one clutch per season. However, two females
(with SVL 109 and 120 mm) caught in Turkmenistan on April 27 and May 15, respectively,
not only had mature eggs, but also contained yellow bodies in their ovaries (seven and six).
It follows that the ﬁrst clutches had been laid by these females not earlier than by the end of
March and mid April, respectively (Ataev, 1985: 106).

6.6. Laying behavior and incubation periods
Females Caucasian rock agamas normally lay their eggs in places with a soft ground,
sometimes well outside their feeding ranges. For example, at an experimental site near
Krasnovodsk, females walk for egg-laying down into deep (1.5–2 m) rock quarry pits.
They also were encountered at the foots of conglomerate cliffs where we had not seen them
before. Near our campsite, where all lizards were marked individually, we observed in early
June an unmarked female digging holes on a clay slope of a low cliff. In Armenia (near
Yerevan) in June and July, females travel even longer distances from their usual habitats
(up to 1,400–1,500 m) and back, to lay eggs closer to the river where the soil moisture is the
most suitable for the eggs (Danielian and Grigorian, 1975; Ananjeva and Danielian, 1987).
We observed the same phenomenon in the Aydere River valley.
In Afghanistan, a female have been seen to contend with another one over a place to lay
eggs, and to defend it afterwards (Model and Klochenhoff, 1972). According to some data,
females Caucasian rock agamas are capable of ﬁnding their clutch places after as many as
6 days, even if the eggs themselves had been removed from the hole (Orlova, 1981, with
reference to Langerwerf’s unpublished data). This behavioral capacity is linked to the ability
of these lizards to be guided by olfactory stimuli (Baig and Böhme, 1991).
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The embryonic development in Caucasian rock agama takes a total of 110–120 days,
starting from the ﬁrst day of pregnancy. This process includes a 30–40-day period of egg
development inside the oviducts and a 70–80-day period during which the embryos continue
to develop in the eggs laid in the environment. The ﬁrst hatchlings in Central Kopet Dag
were recorded on July 15, the last ones appeared on October 26, i.e. hatching time lasts up
to three months or even somewhat longer. The minimum SVL of hatchlings measured in
Turkmenistan was 38–46 mm (mean 43.3 mm); tail length 41–80 mm (mean 58.4 mm), with
body mass varying from 1.9 to 3.6 g (mean 2.4 g).

Chapter 7.
Caucasian rock agama:
seasonal and diel activity
Caucasian rock agamas live in sharply continental climate with dry summer and abundant solar
radiation, and with strong diel variation in air and surface temperatures. Climatic and weather
conditions shape certain features of seasonal and diel activity in this species. These lizards are
perfectly adapted to life during hot and dry summer and to survive relatively cold winters.

7.1. Seasonal activity
Caucasian rock agamas are only active during the warm season, from March till October. In
different parts of the range and in different years the season of activity may vary. After the beginning of cold weather (in most regions in early November) agamas start their hibernation,
which may last until early March. In Turkmenistan the onset of hibernation varies between
29 October – 18 November. Agamas may start to emerge from hibernation since the ﬁrst days
of March, but after prolonged cold winters they may not emerge until late March (Ataev, 1985).
After emerging, agamas return to their home ranges, where they remain from early April
throughout the warm period. Their activity peaks during the reproductive period, i.e. in spring
and early summer. During this period, even in areas with rather low density of Caucasian rock
agamas, several individuals can always be observed simultaneously. In early summer in some
habitats reproducing females may undertake movements: when searching for areas suitable
for egg-laying, they may leave their home ranges. The scope of these movements may vary.
They are clearly distinct from daily movements related to foraging or mate searching. Near
Krasnovodsk in late May – early June we have encountered females in the areas with softer
ground several tens of metres from their territories, i.e. in the home ranges of neighbours or
in neutral areas.
In late summer, in especially arid areas the activity of agamas declines, they occur less
frequently and probably enter an inactive state that can grade into hibernation (Moritz, 1929).
In this respect is it noteworthy that fat stores are the highest in June and sharply decline in
August (Ataev, 1985: 102). The data by Kamalova (1969) do not follow this pattern very
closely, but show a decline in fat stores in June as compared with March – May.
In some parts of the range in autumn (September – October), when the heat turns down
and autumn vegetation starts, a proportion of agamas become active again. However, even
in the same area the pattern may differ between habitats. For instance, in Gobustan (eastern Azerbaijan) in late September 1987 during moderately warm weather we encountered
just two agamas in the study plot where marked individuals had been studied in May the
same year. In the vicinity in wetter areas with some green vegetation we recorded 18 lizards
(17 adults and one immature lizard).

Chapter 7. Caucasian Rock Agama: Seasonal and diel activity

185

A similar pattern was observed in the population of Krasnovodsk: across all autumn months in
1985–1989, we recorded just two individuals (a yearling and a 1.5-year-old lizard). Adults have
never been seen in this season. By the beginning of June, vegetation growth in this area completely stops on the rocky slopes and in abandoned quarries, so that agamas may become inactive
already by that time. However, in mid September 1990 a different situation was observed. In the
core part of the study plot along the slopes of the ravine and on its bottom we found no agamas,
as usual. However, on the terrace open towards the Caspian Sea, in an area recently colonised by
the agamas, we recorded ﬁve males, two females, two immature agamas (1.5-year-olds) and two
yearlings in just two days. Probably in this area a humid sea wind alleviated the impact of high
air temperature (up to 43°C), or a recent downpour, highly unusual for the season, played a role.
Rather high level of autumn activity was also observed in agamas in other habitats, e.g.
at the foothills or at lower altitudes in the mountains of the western Kopet Dag with scrub
(bramble, dog rose, pomegranate, Jerusalem thorn). Here under moderately warm temperatures Caucasian rock agamas remain active in September and early October. However, even
in such optimal habitats the activity of these lizards is strongly inﬂuenced by the weather. For
instance, in the Parkhay gorge we recorded 30 lizards on 16–17 October 1989, but just six
individuals (two adults, three yearling and one young of the year) on 11–14 September and
on 17 September 1990 combined, when daytime temperature reached 46°C. On 15–16 September 1990, in the Chandyr river valley in a small gorge with lush scrubby vegetation and
patches of grass we captured 12 agamas. In the same region but at higher altitude, in Aydere
gorge (700 m a.s.l.), Caucasian rock agamas were invariably active in autumn.
Caucasian rock agamas usually start migrating towards their winter shelters in the ﬁrst half
of October, when daytime temperatures are still rather high (≥25°C). In Kalaligez (western
Kopet Dag) we observed such movements in the ﬁrst days of October 1986. Before that, we
had marked practically all agamas in our study plot around old buildings and on the slope of
the ravine. However, on 1–2 October we captured ﬁve unmarked animals on a pebble talus
which crossed the slope and formed a natural pathway. The lizards were apparently moving
towards a giant 6–8 m high boulder, on which at least 12 agamas could be seen already. Some
animals were in pairs.
In the upper part of the boulder ﬂat platforms were located with deep cracks. Near one of
the cracks ﬁve to seven lizards remained continuously. In this aggregation of adult Caucasian rock agamas of different age and sex we repeatedly observed typical greetig behavior
of females directed at males, indistinguishable from what can be seen in spring and summer
(section 9.3). It is important to emphasize that in spite of a high concentration of animals,
no aggressive interactions were recorded. Yearling lizards kept aloof in the lower part of the
boulder and from time to time descended to the ground in search for food.
In 1987, we did not see any agamas on that boulder in similar dates (7–8 October), but on
the pathway we captured three males in two days, all in the same place. On the slope some
15–20 m from the boulder we saw three more agamas. It is conceivable that these animals
were migrating towards their hibernation shelters; otherwise their presence in a small area is
difﬁcult to explain.
A similar pattern has been observed on 5–6 October 1986 in the lower Sumbar river valley.
On a steep slope of a ravine, intersected by deep cracks, we captured 35 agamas (11 males,
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12 females, 11 immatures and one yearling) in two days. We had worked in that area in
spring, but such a high concentration of Caucasian rock agamas within a limited area has only
been observed in autumn. We found a concentration of animals of different sex and age on
a narrow step near a deep crack where the lizards hid when an observer approached. During
the whole day we continuously captured new unmarked individuals, whose number seemed
to never decline. The goal of their movements could be either the bottom of the ravine, where
due to favourable microclimate patches of green vegetation were still present and insect
abundance was high, or traditional winter shelters. The whole pattern was very similar to the
aforementioned autumn migratory activity in the Kalaligez gorge.
Ataev (1985) reports that adult agamas start hibernation earlier then juveniles, because
lizards hatched in July and August need time to gain mass and fat necessary to survive winter.

7.2. Hibernation
This section is almost entirely based on the unique dataset collected by Ataev (1985) in Turkmenistan. Most probably agamas start to hibernate gradually. This process starts by decreasing the period of daytime activity, which completely ceases with cold weather. Ataev (l.c.)
believes that winter sleep of agamas, especially in the beginning of hibernation season, is not
very deep, so that if the weather is mild, the lizards may leave their shelters in winter. Between November and February, along a 30.5 km line transect near Nisa fortress in the vicinity
of Ashgabat, this author recorded 160 awake animals. They have been active between 11:20
and 17:10. In winter, the possibility of emergence is governed not only by air temperature
but also but the slope exposition and wind direction. The agamas emerge on sunny leeward
slopes, when air temperature is rather high. On 23 January 1963 as many as 39 basking
agamas were recorded in the ruins of Nisa fortress; air temperature was 19°C. However,
agamas may emerged under lower temperatures. On 28 February 1964 two adult lizards were
recorded outside their shelters when air temperature was 8°C. In the afternoon of the same
day another lizard was observed at air temperature of just 3°C. It was lying several metres
from a dense layer of snow. It cannot be ruled out that emerging at such low temperatures was
caused by increasing photoperiod and seasonal effects. During particularly severe winters
(e.g. during the cold season of 1968/69) the activity of agamas ceased completely, and they
did not emerge until warm weather established in spring.
Caucasian rock agamas hibernate in rock crevices, clefts, under boulders, under outer layers of rock. We found a dead agama in spring that tried to winter between the layers of rooﬁng
slate in an abandoned building. Crevices where agamas spend winter may be either horizontal or vertical ones. The lizards lie from 5 to 45 cm under the surface (on average 20.9 cm).
In the sandy area near Madau (SW Turkmenistan) Caucasian rock agamas hibernate in gerbil
burrows made in the sandy slopes of ravines.
Temperature in hibernation shelters varies between –1.0°C and 8.8°C, depending on ambient air temperature. Body temperature of Caucasian rock agamas varies between –0.8°C and
9.8°C (on average +1.9°C) and is not related to the position of the animal in respect to the
entrance. When body temperature is between 1–4°C, agamas are immobile, at 5–8°C they
can slowly move, and when body temperature exceeds 9–11°C, they can run.
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Animals that occupy similar shelters may have different body temperature, depending on
air temperature during winter. For instance, in January 1971 freezing temperatures did not
last long and the temperature did not drop below –4°C, whereas in January 1972 it was very
cold, with prolonged freezing temperatures and nights with –18°C – –20°C, and daytime
temperature of –4°C to –5°C. On 24 January 1971, in one crevice near Nisa fortress 18 juveniles with body temperature varying between 1.8°C and – 4.8°C (mean 3.5°C) were found.
In the same area in the next year, on 29 January 1972 body temperature in 24 lizards was
considerably lower, from –0.8°C to 1.2°C.
Caucasian rock agamas hibernate solitarily or in groups consisting of lizards of varying
sex and age. Distance between hibernating animals may be 3 to 5 cm and more. In 15 groups
found by Ataev, number of lizards varied between 2 and 10. Six more groups included a
larger number of animals (12, 18, 20, 24, 27 and 34). In nine cases solitary lizards were found
(5 juveniles and 4 adults).
Age composition of hibernating groups is unpredictable. Just several examples: 25 juveniles and two adults; ten juveniles and two adults, six juveniles and one adult. However,
juveniles and adults not infrequently hibernate separately. In ten cases hibernating groups
consisted only of juveniles (two to three agamas in one shelter), and in three cases the groups
only included adults (two to three individuals together). Khonyakina (1965) mentioned that
in Dagestan Caucasian rock agamas also hibernated in groups, sometimes up to several dozens together.
In the vicinity of Yerevan (Armenia) ﬁrst calendar year animals spend their ﬁrst winter
near their hatching sites separately from adults, and it is not until spring that they migrate to
the areas where adults hibernate. The reason for that could be that females in summer move
to more humid areas for egg laying, and then return to their permanent home ranges (Danielian and Grigorian, 1975; Ananjeva and Danielian, 1987).
Time of emerging from hibernation is also dependent on the meteorological conditions.
Agamas start to leave their shelters when freezing temperatures cease; usually it happens in
the ﬁrst days of March. The earliest date in Turkmenistan is, following Ataev, 8 March 1963,
the latest is 27 March 1972. In the foothills of the Caucasus, in Azerbaijan and Dagestan,
Caucasian rock agamas emerge in mid or late March (Alekperov, 1957; Khonyakina, 1965).
Thus, hibernation lasts for 120–130 days, i.e. some one-third of a year.
Our observations showed that after emerging, Caucasian rock agamas did not immediately
leave the wintering area, but waited until the stable sunny weather. A collective hibernation shelter
may be located 500 m or even 1 km away from the core activity area in the warm season. At our
long-term study plot in the vicinity of Krasnovodsk we found a group of seven marked animals
which were already rather active but still remained in their hibernation shelter on 23 March 1987,
when not all agamas had yet returned to their summer home ranges (daytime temperatures between 2°C and 16.5°C)). These animals were males ## 21, 36, 61, females ## 22 and 58 and the
subadult # 105 (age between 2 and 7 years). Summer home ranges of some of these animals are
shown in the Fig. 5.2, territories and home ranges of others were located within 100–500 m from
the hibernation shelter. Among this group was a pair, a male and a female, that permanently used
that crevice in a whole periods of activity in the preceding and subsequent years.
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The lizards has woken up and were rather active, but remained in their hibernation shelter. During the daytime they busked near the entrance to the crevice. We saw three animals
lying on each other: two adults and one subadult. Have warmed up, the lizards descended
to the ground, foraged and returned to the shelter. As reported by Khonyakina (1965) from
Dagestan, a group that had spent winter together remains coherent for some time, and then
disperses around the shelter more or less uniformly.

7.3. Diel activity
In spring and summer, agamas do not emerge on the surface daily even during this period
of maximum activity. As a case study, we present our observations in an introduced population of Krasnovodsk. Our ﬁeld camp was located directly in a settlement of Caucasian rock
agamas, and we used the part of that settlement that was situated directly around our tents as
the study plot. It allowed us to follow the marked lizards practically during the whole day.
Therefore the observers knew all possible locations of each individual. We daily recorded all
encounters with animals in the vicinity of our camp and in the areas surveyed in a particular
day. We managed to record males during not more than 75% of days (excluding stormy days,
when agamas usually do not leave their shelters); females during 54% of days, two-year-old
lizards during 54% of days, yearlings – 25%. The minimum percentage of encounters for
males was 17.8%, for females 10.7%, for two- and one-year-old lizards 3.6%. During the day,
we never recorded more than 52% of agamas inhabiting a certain area.
In the vicinity of our camp we followed the fate of three males and two females during
three years. It is worth noting that these animals get used to the presence of observers. One
of the males repeatedly entered our camp and allowed us to approach him by 2–3 m. The
remaining four lizards were not shy, either, which is rather important for interpretations of the
results of our observations. These animals did not avoid us even when we were rather close
to them, which makes our results rather reliable. The observations were performed in May
1988, 1989 and 1990 (Table 7.1).
Table 7.1.
Occurrence of marked Caucasian rock agamas
(percentage of days excluding those with gale-force wind)
Years
1988
1989
1990

N days
21
31
10

male N56
75.0
57.0
37.5

male N36
41.2
17.8
62.5

male N61
25.0
57.0
50.0

female N35
12.5
54.0
50.0

female N41
12.5
17.1
–

These data show that no lizard left its shelter daily. Females are as a rule less active than
males and more alert. After they emerge to the surface and warm up, they start to forage, but
when frightened, they quickly disappear into the nearest shelter. Males are more active: they
patrol their home range (and forage en route) and visit their females that occupy different
parts of the male’s home range. These movements make males more conspicuous as compared to females.
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In early spring, during relatively cool weather in early summer, and in autumn, the daytime
activity of agamas may be limited: we have repeatedly observed that when a lizard descends
into a shelter once, it does not re-emerge the same day. We closed the entrance by a net, but
the lizard was not captured until the next day. Conversely, in warm days in April – May, agamas that hid in the nearest crevice when we approached, re-emerged within 20–30 minutes,
or even earlier.
The temporal activity pattern depends on a multitude of factors, apparently including individual features. Some lizards were conspicuous for several days in a row, and then were not
observed during a day or two. Other individuals may make longer pauses in their activity,
so that they may remain in their shelters for 3–5 days. Such pauses are especially protracted
in autumn. In autumn 1985, an agama entered a shallow crevice where it could be observed
from outside, and remained there for at least four days, 26–29 September, after which our
observations were discontinued.
Like all other rock agamas, Caucasian rock agamas are strictly diurnal animals. Daily
activity of these lizards is directly linked to temperature and varies with spring and summer
season. Immediately after the end of hibernation, agamas may be active under relatively low
temperatures. In the vicinity of Krasnovodsk we started our observations on 22 March 1987,
when morning temperatures were as low as 2°C, and by the daytime it increased up to 5°C.
On that day, agamas did not leave their shelters. On the next day in the afternoon, after 14:00,
when air temperature was 14°C, we recorded an juvenile male and a subadult female in one
place and a group of three lizards on a rock nearby, close to the crevice where they had spent
winter. In spite of the relatively low temperature, the lizards were not only busking but also
foraged. On the next day, when air temperature was 16.5°C, we encountered already eight
agamas. Later in the season, in April, agamas usually do not emerge at such air temperatures.
The number of encounters invariably peaks on warm sunny days. For example, on
7 May 1988, when daytime air temperature was 20°C, were saw just three agamas near our
Krasnovodsk camp, and on the next day, when the temperature reached 27°C, we recorded
sven adult agamas of ten that inhabited that area. A similar pattern was also recorded in the
subsequent years.
Under relatively low air temperatures agamas need rather much time to warm up, and
after emerging to the surface a lizard may be busking sometimes for 1–2 hours. If nocturnal
temperatures are benign, an agama may start foraging immediately upon emergence. Such
behavior has been reported by Bogdanov (1965). However, most agamas after leaving their
nocturnal shelter remain on a sunlit surface for at least some time, and different individuals
may behave differently under identical conditions. For instance, on 15 May 1982 two adult
males emerged to the surface at ca. 9:30 when air temperature was 27°C (surface temperature
22°C). For some 30 minutes, both lizards were busking and lying almost without movement
on a sunlit rock. After 10:00, they jumped to the ground and started foraging. Several minutes
before that, a female emerged from a crevice not far from these males, ran ca. 1 m, and, after
bowing several times, laid down on a rock. She was lying for 54 minutes without movement.
During this time, her coloration has changed substantially: she got darker, the light spinal
stripe and dark lateral spots became apparent. It was not until 10:54 that she ran towards a
male. A short interaction followed: the female performed the greeting ritual, and then she
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descended to the ground and started foraging. This example shows that under the same conditions some individuals may take nearly twice as much time to warm up as others.
In the ﬁrst two spring months (March and April) agamas are mainly active in the middle
of the day. They do not appear on the sunny slopes until 10:00. Kamalova (1969) showed
that in March, Caucasian rock agamas start their activity since 10:00 when air temperature is
11–12°C (surface temperature 15–16°C). The peak of activity occurs between 12:00–15:00
during this season. Later in the day, the number of active animals gradually decreases (at
18:00, just one agama was recorded). The data on daily activity of Caucasian rock agamas in
spring and autumn is shown in Table 7.2.
Table 7.2.
Number of individuals observed in different seasons and in different time of day
(after Kamalova, 1969)
Time of day

March 1–10 (1967)

April 1–10 (1967)

8–9 a.m.
9–10 a.m.
10–11 a.m.
11–12
12–13
13–14
14–15
15–16
16–17
17–18
18–19

–
2
8
19
22*
51*
40
12
1
–
–

1
2
9
17
34
11
23
15
11
10
1

September 10–30
(1966)
–
–
–
5
6
6
8
–
–
–
–

November 1–5
(1966)
–
–
–
–
3
3
10
4
4
–
–

* Air temperature 15–17° С, temperature of substratum 22° С.

With seasonally increasing daytime temperatures, the activity of lizards shifts towards morning
and evening and because double-peaked. On the easterly slopes the agamas emerge from their
shelters immediately when the rocks get lit by the sun, i.e. between 7:30–8:00, whereas on the
slopes in the shade they do not emerge until 10:00. By 13:00–14:00, nearly all animals hide in
the shade or in their shelters and do not reappear until 16:00–17:00, when the heat wears down.
In hot days in May in the Parkhay gorge near Kara-Kala settlement, by midday when air
temperature has risen above 30°C, all agamas were in the shade under the protruding rocks
or in the crevices. They sometimes quickly ran into the sunlit areas, but immediately returned
to the shadow. In each home range, an agama could be seen. Sometimes the pair members remained close to each other, sometimes one of them (usually it was the female) was lying with
its head jutting out from the crevice, and the mate was in the vicinity in the shade of a rock.
In those days, even at 16:00 air temperature did not drop below 36°C, so that after the twohour morning activity period agamas either did not emerge at all, or not until 19:00, when air
temperature dropped to 28–30°C, and surface temperature to 32°C. In Gobustan, where deep
and relatively wide crevices, cracks and rocky ledges are abundant, the lizards hide there
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during the midday heat, so that they do not go deeply inside and remain visible. In such hot
days the agamas do not roost for the night until very late, so that they remain lying near the
entrances to their shelters after sunset. Similar behavior has been recorded in Caucasian rock
agamas near the Darokhbeit spring in the eastern Kopet Dag.
Near Krasnovodsk, suitable shelters are scarce, so that agamas hide during the day in crevices and under the rocks, where they are impossible to observe. After heat, they may appear
on the surface for a short period for foraging, but in the very hot day they are only active in
the morning.
Double-peaked activity pattern can also be observed in agamas in autumn during hot
weather. This pattern has been recorded in the lower Sumbar river valley, where in the hot
midday hours in late September, like in summer, the lizards remained in their shelters, with a
short activity period in the evening. Possibly, on such days some individuals spend their night
on the surface, near the entrance to their burrow.

Chapter 8.
Caucasian rock agama: Food

Caucasian rock agamas are omnivorous, as they feed on very different objects. The basis of
their diet is formed by plants and a wide variety of invertebrates. The diet is largely governed
by the composition of plants and animals in the area they inhabit.

8.1. Diet
The most complete data on the diet of Caucasian rock agamas have been obtained by Ataev
(1985) in Turkmenistan. This author analysed the contents of 1492 stomachs of agamas collected by him in different years and seasons. The remains of invertebrates occurred in 94.9%
of stomachs, plant material in 65.8%. Among invertebrates, coleopterans occurred most frequently, in 64.2% of cases. Within coleopterans, most common prey were ladybirds Coccinellidae (15.2%), darkling beetles Tenebrionidae (14.8%) and scarab beetles Scarabaeidae (13.2%),
somewhat less frequently occurred true weevils Curculionidae (7.9%) and ground beetles Carabidae (5.7%). In the second place after beetles are hymenopterans (42,1%), mainly represents
by Messor ants (36.5%); in the third are lepidopterans (18.4%), followed by true bugs Heteroptera (17%) and orthopterans (15.5%). Apart from insects, spiders are occasionally found in
agama stomachs. In isolated cases, scorpions, woodlice and solifuges are also recorded.
Small vertebrates probably do not play a major role in the diet of Caucasian rock agamas, but rather are consumed opportunistically. However, the remains of a rapid racerunner
Eremias velox tail have been found in agama stomachs twice. Tail autotomy apparently can
save these reptiles. In one agama stomach, a European blind snake Typhlops vermicularis
was found. In Dagestan the remains of songbirds were recorded from agama stomach (Khonyakina, 1965). In Gobustan (Azerbaijan) we found a large agama male that had just not
managed to swallow a heavily mutilated gecko (Plate XI, 5). Ataev (1985) reported several
instances of cannibalism: stomachs of two males (with SV of 121 and 126 cm, respectively)
contained the remains of juvenile Caucasian rock agamas.
In spite of this impressive list of animal prey, the basis of Caucasian rock agama diet is, in
our opinion, formed by plant food. We agree with Minton (1966) who suggested that lizards
with body mass between 40–140 g cannot survive on animal prey alone. Bogdanov (1965)
reports that buds, blossoms and fruits are common food of Caucasian rock agamas.

8.2. Diet variability
Small lizards with body mass of 5–35 g need energy-dense animal food. It is noteworthy that
in the sample by Ataev (1985) plant remains were present in the stomachs of 76.9% of adult
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males and 82.1% of adult females, but in mere 53.8% of immature agamas. Thus, there is an
age-related trend in the diet of Caucasian rock agamas. Our data suggest that the basis of diet
of juveniles is formed by insects, primarily ants, whereas adults mainly consume plant food.
The relative gut length, which is directly linked to feeding habits, differed with age. In
adults the gut exceeds SVL by the factor of 1.3–1.4 (in females and males, respectively),
whereas in juveniles this ratio varies between 0.9–1.2. Relatively shorter gut in juvenile agamas is probably related to their more limited use of plant food (Ataev, 1985).
Besides, diet of Caucasian rock agamas also varies with season. In spring, coleopterans
occur most often in animal prey, in midsummer they are replaced by hymenopterans, and in
autumn the frequency of hymenopterans declines, whereas other insect orders start to occur.
In spring and summer, during the period of active vegetation of plant, stomachs of agamas
may be ﬁlled exclusively by green mater – leaves, seeds and fruits of ephemeric plants and
scrubs and trees. In spring, the relative length of gut also increases, reaching 1.8 in males and
1.6 in females (Ataev, 1985).

8.3. Use of plant matter
The speciﬁc composition of plants taken by Caucasian rock agamas can only be determined by
direct observations, because by far not all plants that occur in a certain area are actually consumed by these lizards. The agamas prefer the generative organs of small gramineous plants,
poppy and shepherd’s purse ﬂowers, leaves of crucifers, thistle and almond, fresh green matter
and young sprouts of herbaceous plants. With the progress of season, when main edible plants
dry out, agamas may switch to the less preferred items. In autumn, we recorded the use of Caucasian hackberry (Celtis caucasica) and European dewberry (Rubus caesius) fruits, and also of
leaves of bushes, green grass and ﬂowers which re-appear after the arid period.
Near Krasnovodsk the preferred plant is prickly lettuce Lactuca serriola. During this period, the heads of adult agamas are covered with the brown layer of dried milk of these plants
(Plate XI, 3, 4). Heads of yearlings do not have this layer, and second-year lizards may have
some patches, but their heads are never completely covered with the dried milk, like it is
typical of adult animals. When prickly lettuce dries out, agamas switch to eating the young
Artemisia sproutes, which they do not consume until then.
In the eastern Kopet Dag, agamas forage on the ﬂowers of various Asteraceae plants, poppy
(Papaver sp.), irises (Iris sp.). The preferred food are milkvetch (Astragalus sp.) ﬂowers. Agamas
also feed on vegetative parts – milkvetch leaves, poppy sprouts and young Artemisia growth.
In Dagestan the plants mainly consumed by agamas are Zygophyllum, ﬂowers of goatsbeard (Tragopogon orientalis), groundsel (Senecio vulgaris), yarrow (Achillea millefolium),
sainfoins (Onobrychis sp.) and some other herbaceous plants (Khonyakina, 1965).
In spring, all members of a family group and juveniles forage within the home range of a
male. As prickly lettuce grows in the same areas for years, it makes an impression (possible
a false one) that agamas have a certain foraging range. They move slowly across it, like grazing animals. They eat ﬂowers and leaves of one plant and then move on to the next one. In
the area where prickly lettuce grows, during its vegetation only the territory owner and his
females occur. No intruders can be seen here.
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In the western Kopet Dag in Aydere gorge the owner of a territory on a slope with large
boulders and scarce grass cover has repeatedly foraged on a solitary almond (Amigdalus
communis) tree, not higher than 2.5 m. The male ate its leaves and slowly moved along the
branch. We have never seen any other agama individuals on that tree.
In autumn, when agamas switch to different plant food, they can go beyond their usual
home range. For instance, when dewberries (Rubus sp.) ripen, we have seen agamas foraging on the branches of this plant. In Parkhay gorge near the settlement of Kara-Kola in the
western Kopet Dag, agamas left their permanent home range to forage on dewberries and descended to a dry open space 25-30 m wide. Dewberry grew in the no-man’s land. The heads
of agamas were tainted by the dark violet dewberry juice. A similar situation was observed in
the Kalaligez gorge in the same area, where a ﬂat bottom of the gorge was occupied by a large
dewberry growth. Agamas were ‘grazing’ on it, slowly moving on the dense growth without
descending to the ground. They not only consumed berries, but leaves as well. In autumn we
observed agamas taking the fruits of Caucasian hackberry from the ground and eating them.

8.4. Other features of foraging behavior
Agamas usually catch insects within their home range and usually close to their primary
shelter. These lizards do not actively look for insects: they are mainly sit-and-wait hunters.
Often they sit near their shelter and wait for prey. When a moving insect appears, an agama
quickly moves and grabs it. Flying insects are captured in a jump. Sometimes these lizards
take insects as bycatch when they eat plant food.
When foraging on insects, an individual agama often aims at certain prey. Once we
could observe an agama’s behavior during the mass emergence of termites. Each time
when an insect descended to the ground, the lizard ran to it from its watching post, after
running for some 10 m caught it, and immediately returned. This behavior allows agamas
to capture even very mobile insects, like dung ﬂies. One female was preying upon them
for several hours, sitting on a stone ca. 5 m from a small heap of red fox faeces. That
particular individual actively evicted all other agamas (females and juveniles) from its
hunting grounds.
When population density is high, several adults may be hunting the same prey within
direct sight of each other. It happens, for instance, in the periods of high activity level of
foragers in large Cataglyphis desert ants. We have observed it on a large pebble slope and on
a ﬂat clay area at the foot of the slope. At least 10 adult agamas could be observed within ca.
20 m2. Each lizard was immobile until a running ant appeared within several metres from it.
Then the lizard rushed to the ant, captured prey and remained in the new place until the next
prey appeared. We observed no aggression of hunting lizards towards each other, but they all
respected individual distances of at least 3–4 m.
When staying within its permanent home range, an agama sometimes hunted foraging ants
without leaving its basking site. An adult male consumed 43 ants in 25 minutes on a hot day
in May. A ﬁrst-year agama in September was even more successful: it took 86 small Messor
ants in 22 minutes, remaining practically stationary some 5–10 cm from the ants’ path. The
lizard took practically every ant passing by.
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Foraging techniques are mainly dependent on prey type, but vision plays a most important
role in the process, even though the role of olfaction cannot be ruled out, either. We have an
impression that agamas detect edible plants by sight. We have never observed trial and error,
the choice was always unequivocal and correct.
We have many times observed agamas eating prickly lettuce (Plate X, 2). A lizard ﬁrst unhurriedly consumes lower leaves, its movements reminiscent of a bird’s pecks. When the lizard
needs to eat leaved located higher on the stem, or ﬂowers, it raises up and straightens forelegs,
than it can make a sharp uppward lunge, standing on hindlegs. Sometimes it has to jump to get
the uppermost ﬂower. The jump may be up to 25 cm. When feeding on Astragalus ﬂowers, an
agama climbs the bush and moves along the branches, methodically eating one ﬂower after
another. In one case, a juvenile agama took the bits of a green leaf when raising on its hindlegs.
Large leaves, berries and large insects (e.g. darkling beetles and cicadas) are chewed.

8.5. Foraging and activity rhythms
Diel rhythm of feeding practically coincides with activity rhythm. After emerging from nocturnal
shelters, agamas spend some time basking (section 7.3). After warming up, they immediately start
to forage, and no pattern can be found in the sequence of actions. We have observed a male that
was sitting on a stone managed to reach a nearest plant, from which he took leaves and ﬂowers.
Sometimes a lizard jumps from the stone on which it was warming up and immediately starts to
wait and catch insects (passive foraging). Or it can start grazing on plants (active foraging).
However, foraging behavior varies between sexes: for females foraging is the main type of
activity, whereas males divide their time between feeding and territory patrolling. In spring
during egg laying females need more food than males. It might be the reason why among foraging animals most are females. However, Khonyakina (1965) reported that foraging rate in
pregnant females is somewhat lower than in males. Agamas only foraging in warm weather.
In cold, rainy or windy days, when agamas emerge from their shelters, they do not move far
from them and do not forage even if inclement weather continues for several days. These
lizards apparently do not need to forage daily. The reason might be that in spring, during
vegetation of plants agamas consume a large amount of food during the day of activity, which
makes it possible to survive for a rather long period without food. During this period, agamas
of both sexes look ‘pregnant’, so ﬁlled with food their gut is.
Seasonal foraging pattern is strongly dependent on the local and annual climatic features.
In some areas during hot summer period rock agamas are believed to become inactive, which
may grade into winter hibernation (see section 7.1). During all this period the lizards do not
feed and survive on their fat stores which they gain in spring. Lipid stores also fuel the energy
demanding formation of reproductive products, which starts in early February in males and
one month later in females. In winter, episodic foraging acts may occur during short-term
emerging from the shelters, but winter foraging hardly plays any signiﬁcant energetic role.
In any case, agamas emerge from wintering emaciated. Ataev (1985: 116) calculated that yearlings lose on average 20% of their total body mass (1.4 g) and 78.6% of fat stores. After emerging
in spring, agamas rapidly gain mass. The ability to fast for long periods of time allows rock agamas to survive extreme conditions and makes them very robust against inclement environment.

Chapter 9.
Caucasian Rock Agama:
Social behavior and communication
The bulk of data on lizard signal behavior has been obtained under laboratory condition
(Martins, 1991), which does not permit adequate understanding of how processes of information exchange between particular individuals lead to establishment and maintenance of a
coordinated species-speciﬁc system of social organisation. The communication process has
not been analyzed as an intimately coordinated system, since the bulk of research conducted so far has dealt mainly with analysis of optical signaling, other channels of information
propagation being usually neglected. Thus, in only few publications a possible role of the
chemical communication has been examined (for a review see Madison, 1977). Long-term
studies based on following individually marked individuals under natural conditions occur as
an exception (e.g., Rogovin, 1991; Martins, 1991; Tsellarius and Menshikov, 1994).
Here, the structure of the so-called signal behavior has been analyzed in the context of personal interrelations among individually recognizable lizards, for many of which there was
information on their ages and ontogenetic trajectories (Panov and Zykova, 1995a).

9.1. Repertoire of movements that may be regarded
as carriers of visual information
According to the principles of description of communication behavior suggested earlier (Panov,
1978), three structural levels of its organisation are distinguished. These are the level of basic
(source) elementary motion actions (EMA), the level of simple combinations of EMA (postures
adopted by an animal in static position or in motion), and the level of more complex behavioral
constructions (sequences including repetition of the same posture or alternations of the different
postures and other units of the second level). It should be noted that units of the ﬁrst and of the
second levels can often be performed by an individual in the absence of apparent communication context (so called vacuum activity), while ensembles of the third level are observed in the
course of more or less co-ordinated interactions between the animals.
The entire list of observable, potential or real signalling means can be presented as follows.
Many examples of what described below may be found in video sequences on the disk attached.

9.1.1. EMA level 1
We recognize 10 elementary motor acts. While some (1.1, 1.5 and 1.8) form the basic patterns of the certain postures and movements, all of them also serve as additional elements and
can be considered ‘modiﬁers’ (Jenssen, 1979).
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1.1. Foreparts Raising. Single elevation (usually at the angle of up to 10–15°) of the
body forepart by straightening of the forelegs. This movement can be accompanied by slight
(up to the angle of 10°) elevation of the head (Head Raising, EMA 1.2). These performances
are often followed with lowering of the body forepart (Forepart Lowering, EMA 1.3).
The movements described are the standard component of everyday behavior. With combination 1.1 + 1.3 the lizard very often (although not always) punctuated its stopping pauses
between successive short runs, including cases when such runs end with prey capture. Such
actions were observed in individuals of all sex and age classes without exception, but occurs
much more readily in adult males. Numerous repetitions of construction 1.1 + 1.3 (sometimes + 1.2 as well) with variable amplitude of the foreparts elevation and lowering constitute
the unit of the second level, so-called Push-Up (see below, 2.1).
1.4. Gular Skin Extension. By lowering the hyoid the head contour changes due to appearance of small bulge at the base of the mandible (Fig. 9.1 а; Plate IX, 3).
1.5. Body Rotation. Rotation of the sitting lizard around the vertical axis with cloacal region
and belly pressed against the ground. The function of the action may be marking of the substratum
with the secretion of the abdominal holocrine glands. Therefore this performance can, in principle, be both the visual signal and the source of a relatively long-living chemical signal.
Sometimes this behavior is accompanied by brief convulsive movements of the hind legs
(1.6). The EMA 1.6 can be part of more complex locomotory structures of level II (such as
2.6, see below).
1.6. Foreleg Motion. Transient convulsive elevation of foreleg(s) during crawling with
belly tightly pressed against the substratum (2.5, see below). The movement looks like a rudiment of much more elaborated actions of forelegs waving described in Lacerta and Eremias
spp. (videos ## 59–61).
The EMA 1.6 can be part of more complex locomotory structures of level II (such as 2.6,
see below).
1.7. Hindleg Motion. Transient convulsive motions with hindlegs as a constituent of the
performance 1.5 and, possible, of some constructions of the second level (e.g. 2.6).
1.8. Jaws Rubbing. Rubbing with the side of the head against a substrate. The lizard
partly straightens the legs of the one side of the body, bents the legs of the other side and simultaneously rotates its head in such a way that the edge of the snout turns out to be pressed
against the ground (Fig. 9.1 d; Plate XIX, bottom; videos # 16, 17). In this position the animal
performs, with some effort, short moves forward, dragging the head along the substratum. In
the state of high excitement the lizard rubs in short sequence with one and at once with other
side of its snout. During the Greeting Ceremony performed by the female (see below, 2.7) she
rubs sometimes with her jaws against the male head (Fig. 9.1 c; video # 17). It is possible,
like in the case of action 1.5, the signal may be polymodal, combining visual and olfactory
(sometimes also tactile) cues.
1.9. Tongue Touching (Fig. 9.1 b). The action follows sometimes immediately after
Jaws Rubbing. Being in the ﬁrst place the act of the chemical information receipt, the performance can also, as a side effect, have a function of visual communication signal.
1.10. Tail Wagging. Wagging the tail in the horizontal plane. The action can be observed
as a component of everyday behavior of immature lizards during hunting (when the animal
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FIG. 9.1. Elements of signal and social behavior in Caucasian rock agamas. a — dewlap; b —
touching substrate with tongue; c — Chin Rubbing; d — Chin Rubbing by a female against head of a
male; e — self-advertisement posture in a male; f — a female (above) is courting a male. After Panov
and Zykova, 1999.

spots potential prey) as well as an element of the second level constructions in the social
contexts (see below, 2.5). See videos ## 6 and 17.
Apart from movements and postures, another source of communication signal may be the
coloration of a lizard that can change within very short time intervals. Shifts from the monotonous sandy-brown coloration of the cryptic type to more differentiated one (stressing contrast between light sandy-colored head and blackish breast, belly, and forelegs, see Fig. 9.1 e;
Plate VIII, 3, 4) are observed mainly in males, although they also can occur in older females.
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It should be stressed, however, that the appearance of contrast, ‘nuptial’ coloration
is stimulated rather by rising air temperature and, respectively, by the general level of
activity, than by short-term alterations of the social context. Therefore a bright male
coloration can be regarded as an invariant of ongoing communication process rather than
urgent signal bearing any special meaning in agonistic or sexual interactions. The same
is true of some other EMA as well as the behavioral structures comprising the second
level patterns.

9.1.2. The second level of motor constructions integration
2.1. Push-Up. Under this category we unite all actions including repeated combinations 1.1 + 1.3
which are named in literature as Bobbing, Nodding, Push-Ups etc. In Caucasian rock agamas, the
sequence can consist of different numbers of 1.1 + 1.3 pairs combinations and varies in respect of
amplitude of these motions, presence or absence EMA 1.2, 1.4, etc. In a sample of recorded PushUps, one can see a complete continuum of different patterns ranging from single ﬂeeting EMA 1.1
to a well-structured series of eight bows lasting up to 18.5 sec (Fig. 1.18 a–e).
At the same time, the most prolonged Push-Up performances show rather high degree
of stereotype. The whole such performance is most often observed in adult males. It ended
with lizard’s freezing in a semi-vertical ‘Upright Self-Assertion’ Posture, with forelegs being
maximum straightened (2.2, Fig. 9.l e, videos ## 1–3, 13).
Although push-ups can be observed in individuals of all ages, it is a standard component
of behavior mainly in mature males. An analysis of 17 samples of Push-Up series from nine
males from two populations showed that despite all the diversity of movements within each
of the series, they all share one species-speciﬁc feature: a slow lifting of the body forepart
with foreleg straightening, alternating with its sudden bending. The EMA 1.2 (head lifting) is rather regularly found in the series of Push-Ups only the in males from the Greater
Balkhan range.
Our comparison of Push-Up sequences in the same individuals has shown very little variability in their temporal characteristics. The duration of pauses between raising and lowering
of the body forepart varies somewhat wider than the duration of these movements themselves. The ‘up’ movement is usually by three to ﬁve times longer than the ‘down’ movement.
Temporal characteristics of push-ups vary between individuals stronger than the series performed by each individual.
A typical sequence of Push-Up movements in males is shown in Fig. 9.2, suggesting that
the series usually ends by complete straightening of the fore legs, after which the male will
freeze in a characteristic ‘self-assertive’ posture.
2.2. Upright Posture may be regarded as the most standard broadcast visual signal informing all other members of the deme about the signaller’s presence. While posturing, a
territorial male stays for many minutes, often for hours, at his observation post situated on
the protruded points such as a big boulder or a rock top, so that his silhouette is visible well
at a distance. As such observation posts are simultaneously the places of basking, the male
is present there generally in time of high insolation, under which conditions he displays the
coloration of the ‘nuptial’ type (Fig. 9.1 e).
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FIG. 9.2. Six successive phases within one act of complete Push-Up by a Caucasian rock agama
male. After Panov and Zykova, 1999.

Females during basking sessions stay at their own observation posts in a posture similar
to the self-assertion posture of males. However, a female can be distinguished from a male
easily, because of her noticeably smaller head. It is difﬁcult to say whether the contour of the
animal silhouette can be a cue in the sex discrimination at a considerable distance, although
ﬁeld observations force to believe that the ability for such discrimination is quite likely.
The additional cue for the discrimination may be, in principle, much more frequent using
Push-Up actions by the males staying at their observation posts.
2.3. Threat Posture was observed only in males. The lizard turns broadside toward his
rival roses high straightening all four legs and slightly lowering the head. In this position the
lizard is withdrawing very slowly. The behavior is very similar to that observed in the Steppe
Agama Trapelus sanguinolentus (Panov and Zykova, 1986). Since direct stationary confrontations between males occur very rarely in rock agamas, the display has only been seen twice
over all years of observations.
2.4. Flat Posture. The lizard lies ﬂat, with the belly and underside of the head and inner sides of all legs being pressed tightly to the ground. Sometimes in this position agama
perform short quick forward rush with no use of legs. The action is more characteristic for
females (video # 9, last scene). It is very likely that the performance is an initial phase of a
more complex motor construction, namely the Crawling on the Belly.
2.5. Slow Walking (Fig. 9.1 a). In contrast to swift walking which is a usual everyday
locomotion, this type of moving is typical for male inspecting the traces having been left on
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the ground by conspeciﬁcs. The same behavior is observed in males approaching a female
prior to male-female interactions, including copulation, as well as in the ﬁnal stage of mutual
Greeting Ceremony (see 2.7). Slow Walking is often accompanied by such EMA as Gular
Skin Extension (1.4) and Tongue Touching (1.9).
2.6. Crawling on the Belly. This action is mostly characteristic of females, especially
for immature and recently matured ones. It is performed during a peculiar Greeting Ceremony initiated by a female (see below). The same behavior can be performed by a female in the
absence of male, on the spot of his recent presence, apparently as a response to the chemical
cues left by him on the ground (video # 17). Crawling on the Belly is, in fact, a sequence of
short quick forward rushes (see above, 1.6, 1.7) performed by convulsive movements of the
broadly extended legs. The whole performance is accompanied, especially when signaller
is highly excited, by intensive Tail Wagging (1.10) and occasional Jaws Rubbing (1.8). The
trajectory of the crawling is a number of ellipses or circles that, because of periodical changes
of the crawling direction, constitute irregular ﬁgures-of-eight (the same video).
2.7. Crawling over the male (Plate XX). The performance is a complex tactile (and
possibly chemical) signal, very similar to Crawling on the Belly described earlier, the difference being that in the current case it involves direct Push-Up actions by the males staying at
their observation posts (videos ## 14–16).

9.1.3. The third level of the signal behavior integration
The majority of behavioral constructions of the second level of integration can be, in principle, performed by individual as isolated actions, independently from all other ‘signals’
described. However, in the course of social interactions it is a rule that different constructions
of the second level are united into ensembles of the third level, within which the order of transition between its parts (i.e. signals of 1st and 2nd levels of integration) is rather predictable.
For example, the behavior of a female during the Greeting Ceremony is a succession of the
following actions: Flat Posture (2.5), Crawling on the Belly (2.6), Crawling other the Mate
(2.7), with a sequence of Push-Ups (2.1) in the beginning or in the end. The whole interaction also includes a coordinated Circular Dance performed simultaneously by both partners
(video # 16). Such complex behavioral ensembles are more conveniently examined in detail
when the respective types of social interactions are be described and discussed.

9.1.4. The degeneracy of signal repertoire
In semiotics, a signal code is considered degenerated when it lacks a pairwise correspondence between the referent and the meaning. In respect to Caucasian rock agama communication, one can say that the same motions are used in a broad range of social contexts and
interactions. As we consider the above list of basic signals (ten allocated EMA and seven
combinations they make up on level 2nd), it looks obvious that the species’ communicative
repertoire is rather poor.
The relative scantiness of signalling means at the species disposal may indicate either a
primitive character of social interrelations in deme (if there is no necessity for many diverse
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signals), or a polyfunctional nature of the existing signals, each of them being capable to
transfer rich and diverse information in the course of several different types of interaction.
The observed facts of using the same ‘signal’ in different social contexts make the second
assumption more plausible. It should therefore be stressed that maintenance in the rock agama
demes of stable, highly personalized social structure is ensured, apart from specialised elaborated signals, also by numerous other communicative means generated by non-ritualized, everyday behavior. These by-products of the individuals’ everyday activity contribute considerably to the maintenance of coordinated behavior of deme members, predictability of social
events and eventually to the necessary stability of long-term social relationships.

9.2. Living space personalization and territorial behavior
Individual home range size in rock agamas varies greatly depending on sex and age of its
owners.
Territories occupied by adult males are the largest ones. On the other hand, the more diverse the landscape and the richer vegetation are, the smaller the individual home range area
is (Panov and Zykova, 1985, 1995a; see also Plates XXV, 2; XXVI, 2 and Fig. 5.1).
Thus, ranges of females are generally signiﬁcantly smaller than those of mature territorial
males, which makes it possible for several adult females belonging to the same family group
to co-habit within the territory of one male almost without an interference with each other. The
smallest home areas are hold by immatures, who spend most of their time within ca. 3–5 m
around the individual shelter.
Within each individual home range the permanently utilized central core area and episodically visited periphery can be distinguished. Peripheral parts of adjoining ranges usually
overlap, and in this transient zone agonistic interactions between the neighbors occur most
often. The larger size of the adjoining home areas is, other things being equal, the broader the
overlap zone is and the less distinctive are boundaries between neighboring ranges. Under
such conditions, the probability of encounters between neighbors and of subsequent confrontation is much less than in the case of small adjoining areas with narrow overlap zones.
At the same time, because of indistinct territorial borders in settlements with low population
density, individuals of either sex and any age sometimes make forays and thus can ﬁnd themselves even in the core part of the neighboring competitor’s home area.
All this suggests that the system of space allocation in rock agamas is not as rigid as in
strongly territorial agamid lizards (e.g. steppe agama Trapelus sangitinolentus; Zykova and
Panov, 1986). Accordingly, rock agamas practically lack a developed repertoire of threat and
defensive postures. Spatial distribution of individuals is maintained mainly by mutual avoidance in the case of visual contact and, very likely, by chemical signalling through olfactory
marks left by individuals all over their home areas, mainly in the places of permanent presence and maximal activity (around individual shelter, on observation and basking posts etc.).
Only as a subsidiary, although a very effective mean of the home area defence, open treat
is used. This is, usually, the impetuous running toward intruder, whose response is, as a rule,
immediate retreating and return to its own area. Escalation of aggression leading to open
confrontation, including short ﬁghting, occurs exceptionally rarely.
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This general pattern sketched above becomes more detailed when applied to the three
categories of individuals most clearly distinguished by their social behavior: adult territorial
males, adult females and immature individuals of the ﬁrst and second years of life.

9.2.1. Spatial relationships between mature males
In our ﬁeld protocols we have 24 records of a male present in the overlap zone between
neighboring territories, together with cases of alternative use of the same observation post
by two (in one instance by three) different males. In nine occasions, the males were in sight
of each other, but showed slight excitement only in four instances. In two cases, there were
feeble signs of antagonism (hesitant approach towards the competitor, threat running in his
direction). In still one instance the more active male chased the other one that escaped at
once. And ﬁnally, in three episodes both participants exhibited the signs of hostility.In one of
these latter occasions the more active male was slowly approaching his rival, simultaneously
performing Push-Up actions, while his opponent, adopting the Threat Posture, was slowly
withdrawing. In one more instance the male attempted to court a female of another male on
the shared border between their territories. The mate of that female attacked the rival; during
a very short ﬁght, one of the males was upturned on his back, but confrontation was not continued and both combatants returned at once, each into his domain. In the third occasion, the
male intruder assaulted the territory owner near the centre of the latter’s territory, seized him
by the nape with his jaws and attempted to copulate with him. The male assaulted managed
to get free and to bite the aggressor, after which both males adopted the Threat Postures (2.3)
and left the place of conﬂict, slowly retreating.
Frequency of territorial conﬂicts among males can be assessed using the data collected in a dense
agama settlement in Aydere Valley, Western Kopet Dag, where the mean male territory size was
94 h. Because of the small territory size, their owners were most of the time in mutual visual contact.
During the 15 h of observations in the period of the high social activity (8 May – 15 May 1981), the
behavior of a focal male was followed, whose range was contiguous with territories of three other
males. During the observation period, the focal animal once drove away from his territory a neighboring male that attempted to court the territory owner’s female (a short open confrontation).
Besides, in one instance the focal male supplanted the neighbor at the territory border, and four
times intruded himself into neighboring territories. In two of these occasions, he ignored timid attempts of the territory owner to force him off, and in the remaining two instances, returned home
after being approached by the owner. Summarizing, in that dense settlement the mean frequency
of territorial conﬂicts was approximately 0.4 events per male per hour.
In sparse settlements the situation is quite different. For example, in the experimental population near Krasnovodsk, where the mean home range size was 140 ±15.8 m2, with large neutral
zones between them, during the ten years of observations we have never witnessed any direct
territorial encounters between the males. In rock agamas the male does not patrol boundaries of
his territory as e.g. male steppe agamas Trapelus sangiuinolentus do (Zykova and Panov, 1986),
so that neighboring males can penetrate even into the core area of a territory when its owner
cannot spot the intruder. In such occasions it has been conﬁrmed by direct observations that an
olfactory ‘signal ﬁeld’ regulates the spatial relationships among males.
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When an intruder ﬁnds himself in the central zone of someone else’s territory, he very soon
detects numerous olfactory marks left by the territory owner. The intruder now moves slowly
with extended gular skin touching the ground from time to time with his tongue and then
performs several Jaws Rubbing movements. After such examination of the area, the intruding
male returns to his own territory. The signs of his presence can be then readily detected by the
violated territory owner after he visits the place of the previous intruder’s presence.
The obvious response of this kind was observed in one territory owner as many as two
hours after the intruder had retired (Krasnovodsk; 21 May 1989). The male # 56 appeared at
12:00 in the place that had been visited by his neighbor, the male # 61 at 10:00, started to examine immediately the ground with intensive Tongue Touching, after which he followed the
entire path of the male # 61 and got eventually to the observation post of the latter, situated
in the periphery of the male # 61 territory. It can be added that in the case of direct boundary
encounters the male, after eviction of the stranger, may examine with Tongue Touching the
tracks of the later. Detection of the signs of the another individuals’ (both males and females)
preceding presence, with subsequent following the track of such lizard’s movements, are
standard behaviors in Caucasian rock agamas in many other situations.

9.2.2. Spatial relations among females
Spatial relations among adult females are in many respects similar to those described above
for males. The main difference is that the core area (zone of maximum utilization) of an adult
female home range is smaller, usually being restricted to the nearest vicinity of her permanent
shelter. At the same time the female, like males do, leaves from time to time that central zone,
ﬁnding herself within the another female's home range. If the female owner of the given territory manages to spot here the strange female, she usually evicts the latter, harassing her with
fast-moving threat run. In the case of the female owner temporary absence, the strange female
can use freely the female owner’s observation post and even her habitual shelter(s). Systematic
monitoring of adult female # 1 which was ca. 4 years old in Makhmal locality during more
than one month (April 15 – May 17, 1994) showed that her movements took place mainly
within a radius of 10–15 m around her sleeping den. Only in three occasions the female was
observed outside this area, at the distances not exceeding 10–20 m from its boundaries. In two
out of these three occasions, the female # 1 was evicted from the central part of the home area
of another female # 3 (age ca. 5 years) which belonged to the same family group. However,
in the next year (1995), after disappearance of the male that had controlled this family group
previously, the female # 1 shifted her home area approximately 20 m aside.
Territorial antagonism is a norm in spatial interrelationships between females of the same
or similar age. Mature females usually behave more tolerantly towards smaller younger females (not older than ca. 2 years). An adult female and a young one belonging to the same
family group can often stay rather close to each other, at the distance of ca. 2 m, basking on
the same larger boulder. Although in such occasions the younger female is not guaranteed
against sudden non-provoked attacks from the older one, their relations generally seem to be
peaceful. The situation can serve an example of home range sharing by two or more females.
One to several (usually no more than three) yearlings can often be found within the same
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area, each of them being restricted in their movements to a rather small individual home area
in a particular sector of the common home range. These young lizards are periodically subjected to short pursuits by the male owner as well as by adult females.
Being generally indifferent to the presence of immature individuals, adult females are
chasing them constantly in some particular circumstances. Such behavior occurs in the places
of local high density of insects (for instance, ants or termites), where a female holds temporary individual feeding territory of several square meters. This small area is defended against
all other females and immatures that are threatened by fast-moving run by the female owner
towards the intruder. This only threat signal used by the females is preceded sometimes by
EMA 1.1 +1.3 or a more prolonged Push-Up performance.
As mentioned in Chapter 5, a female leaves territory of her male only for egg laying
(if suitable plots with soft ground are absent within the territory) and when migrating towards
a winter shelter (see page ##).

9.2.3. Spatial relations among juveniles
Social contacts between juveniles take place only in the situations of competition for
food. Territorial behavior of juveniles can be observed only in autumn, during ﬁrst months after hatching, when presence of several such individuals (probably siblings) is possible within
a more or less limited space.
In contrast to older agamas that are mostly herbivorous, juveniles subsist mainly on insects. In places favourable for hunting, each juvenile lizard establishes individual feeding
territory several meters in diameter, which is defended against all other lizards of the same
age. Boundaries of such feeding territories are protected very ﬁrmly, and intrusion of a neighboring competitor is followed immediately with threat run towards it, which is usually a sufﬁcient measure to evict a stranger. The cases were also described of almost complete overlap
of two juveniles' feeding areas. In such a case, a stable dominance relationship is established:
the high-ranking individual always try to drive away the competitor, forcing it to the periphery of the shared feeding area (Panov and Zykova, 1985).
In conclusion it must be said that spatial structure described is retained only in the warm
season. As an anticipation of the autumn falls of temperature, still in rather hot days of early
October, agamas begin to migrate toward the places of collective winter shelters. In such
dens individuals of both sexes and all ages are overwintering, so that in this time of year not
only any territorial antagonism but the very condition for maintaining individual distance
(including those among mature males) disappear completely.

9.3. Socio-sexual relations
and corresponding signal behavior
Long-standing personalised relations between individuals of different sex belonging to the
same monogamous or, more often, polygynous family group are characteristic of rock agamas. Close personal interrelationships between a male and female(s) are maintained not only
in the warm season but probably also during wintering (one case of joint presence of a male
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and a female from the same family group in common winter den was recorded). Long-term
coordination of male and female behavior is based on two important integrative factors.
These are, ﬁrst, their joint use of sleeping places and. second, the peculiar Greeting Ceremonies of female regularly courting her mate.

9.3.1. Joint roosting
During the period of maximum social and sexual activity (April – May), a male constantly
spends night in a shared den with his only female, if the family is monogamous, or with a
certain ‘favourite’ female out of several ones belonging to the polygynous group. In the latter
case, the favourite is, as a rule, the largest female with which the male has coexisted during
previous years (according to our data, up to ﬁve years). It cannot be excluded that in that
period the male can from time to time spend night in his own individual den or in the shelter
of his another female, as was observed in the case of a male P. erythrogaster who controlled
several P. caucasia females (Panov and Zykova, 1996). Not infrequently, the same cavity is
used for roosting by a male and two females, one of which is noticeably smaller than the other and apparently has still not attained maturity. It is unknown, however, how the lizards are
quartered within the cavity that may be rather large to allow females to avoid close contacts.
In the typical case of joint roosting, the behavior of mates on leaving the shelter in the
morning indicates the existence of close personal ties between them. A male and a female
leave the shelter more or less synchronously (even though not precisely simultaneously).
After that, both lizards remain for a rather long while (up to an hour or more) near entrance
basking. At that time they lie close to each other, often in direct bodily contact, so that any
aspiration for maintaining individual distance is obviously absent (Plate XVII, 3; video # 8).
In the case of sharing sleeping den by a male and two females, there are indications of
closer personal ties between the male and the older female. Leaving the den by the younger
female is less synchronized with that of the male, and she keeps the distance from two other
lizards. In the evening, with cessation of daytime activity, the male and older female sometimes get to sleeping place almost simultaneously.

9.3.2. Greeting ceremonies (GC)
During the daytime the behavior of the mates generally seems to be only partly coordinated.
The lizards leave the vicinity of their sleeping place, as a rule, asynchronously, after which they
forage independently from each other. However, the beginning of foraging activity is often preceded by a peculiar ceremony of courting the male by the female. When the younger female is
also present, she can court the male as well, but only if the older female is at the distance of at
least 4–5 m from the male. Otherwise, the attack by the older female at the younger one is possible. The same ceremonies can be observed then in the entire course of the day with sequential
participation of only some or all females living within the given male’s territory.
Since personal ties are maintained between sexes throughout the period of agamas activity,
such ceremonies can be observed from the early spring to the time of leaving for wintering.
The earliest date of GC observation was April 14, the latest GC was witnessed on October 4.
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A total of 58 episodes of GC with participation of conspeciﬁc mates have been described, plus
four occasions in which a P. caucasia female courted a P. erythrogaster male. During the day,
GCs are distributed rather evenly: 41% of all observations took place between 7:40 and 12:00,
26% from 12:00 to 15:00, and 33% between 15:00 and 18:15. In 36 cases of GC performance,
the whole social context was ascertained. Eight episodes occurred just after leaving the roosting
cavities, one – prior entering the sleeping den by a male and a female, and 27 in other situations. Among the latter ones, the following three categories are distinguished conventionally:
visits by the male of particular rendezvous places within the given female home range (16 occasions); visits by a female of a male in his observation post (three occasions); and more or less
occasional meetings between a female and a male during his routine exploitation of the family
group territory (eight cases). Below, schematic description of each type of interaction are given.
Speaking of rendezvous places, we mean the sites most habitually used by a given female
within her home range, namely tops of particular boulders, ledges of rocks etc., serving as
basking places and observation posts. Such sites can be situated both in vicinity of the female
permanent (sleeping) den and rather far away from it. These places are visited regularly by
the male during his movements within the territory, irrespectively of whether the female is
present or absent at the moment. When the male appears at the rendezvous place when the
female is present, she usually retreats and, if the male tries approach her, hides into nearest
crack or her den. If the male does not pursues the female, she after a short while approaches
him herself, and then GC may start.
When GC occurs at the male habitual observation post, the initiative of meeting comes
entirely from the female who, being in the state of readiness to contact, visits the male in
well known to her points of the territory (video # 13). Something like that takes place when
the female spots from the distance the male moving across his territory. The female begins
to watch the male’s movements, and when he has, subsequently, got on the top of the nearest
boulder to look around, approaches him and starts a GC performance (videos # 14–16). In
such a situation, the female’s behavior looks like the act of greeting addressed to the male
from his mate living in the respective part of his territory.
Minimum time interval between two GCs addressed by the same female to the given male
was 15 min (two occasions). The same was the interval between two GCs performed by different females towards the same male (one occasion). But in general, GCs are rare events in
the family group life, usually separated by several hours.

9.3.3. GCs and dynamics of female socio-sexual behavior
Females of different age may participate in GCs, including those ca. two years old that have not
attained maturity yet. The snout-vent length of the youngest one was 97 mm (Fig. 9.3, shown by
an arrow). Females performing GC may be, apparently, in quite different internal states. Sexual
motivation may be high (as probably in GC that took place just after copulation on May 18,
1982) or may be practically absent, which seems to be very likely in the cases of GCs occurring
shortly before the agamas leave for winter. The fact that in May in GCs are involved mainly
young females (2–3 years old) while the older females avoid, as a rule, any direct contacts with
males, allows us to assume that by that time older females are already fertilized, and therefore
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FIG. 9.3. SVL (mm) of partners participating in interactions of the type ‘female courting a male’. An
arrow shows a mixed pair (male of P. erythrogaster phenotype, female P. caucasia), in which four such
displays were observed in different days. After Panov and Zykova, 1999.

avoid socio-sexual interactions with males. However, in the Krasnovodsk population on May
25–27, 1994 we observed three GCs with participation of a female that was digging a burrow,
which behavior usually immediately precedes egg-laying. Thus, absence of an apparent correlation between the supposed level of sexual arousal and frequency of GC in different seasons
speaks in favour of the assumption that these interaction serve mainly as a mechanism of establishment and maintenance stable personal bonds between the male and the females belonging
to the same family group (Panov and Zykova, 1995a).
It can be supposed that a female will try to court regularly certain individual male by performing GC only after she had established her permanent home range (for details see Panov
and Zykova, 1995a and section 5.3.3). Prior to selecting the home range by the female GC
interactions are possible, in different time, between her and two or more different males. For
instance, in the Krasnovodsk population the female # 114 (SV 100 mm, age less than two
years) on May 6, 1989, courted the territorial male # 3 (age at least 10 years), and a week
later, on May 14, participated in a GC with a neighboring male # 61, 5 years of age. Direct
observations show that the ﬁrst GC interaction between male and female that had never met
before proceeds without any confrontation. For instance, a male captured outside the Krasnovodsk locality and released later (May 22, 1995) in our experimental plot was subjected,
within the ﬁrst half an hour after release, to courting by a very young female. During the
prolonged GC there was no any indications of even incipient male aggression.

9.3.4. Organisation of dyadic GC-type interactions
GCs are devoid of the strict stereotype, and each particular interaction is, in fact, unique
in respect of a number of parameters (duration of the whole ceremony and of its particular
phases, presence or absence of certain elements in behavior of one or both partners etc.). Duration of GC from the moment when partners come into direct bodily contact to the retreat of

Chapter 9. Caucasian Rock Agama: Social behavior and communication

209

one of them ranges between 30 seconds and 8 minutes. In prolonged interactions, the phases
of immediate physical contact (2.71, crawling by the female over the male) are separated by
pauses during which crawling by the female on the belly (2.6) is observed. Temporary retreat
of the female may also take place during which time she for a short while remains inactive in
posture of the upright-type or, more often, in the Flat Posture (2.2).
GC interaction can include from one to ﬁve phases of direct contact with a duration ranging from 30 seconds to 3 minutes, and with pauses between them lasting from 5 seconds
to 3.5 minutes. All GCs may be classiﬁed as incipient (only crawling by the female on the
ground next to the male is observed), unﬁnished (short, including one or two phases of direct
bodily contact between the partners) and complete ones, consisting of at least three or four
bouts of crawling by the female over the male (Plates XX, XXXII; videos ## 14–16).
The most striking component of some complete GCs is the more or less coordinated joint
performance, during which the male and the female move in Slow Walking fashion along the
circular trajectories and in the opposite directions (clockwise and counter-clockwise, respectively) in such a way that either lizard manages to crawl several times over its partner (video
# 16). It must be noted, however, that such a Circular Dance may be absent even in the most
prolonged GC consisting of four phases of bodily contact.
In those cases when Circular Dance is performed it usually follows the ﬁrst (less often the
second) phase of the direct contact. Sometimes at the end of the Circular Dance the male attempts to seize the female by the nape, as it occurs invariably prior to copulation, but in such
occasions she usually ﬂees avoiding the male very actively. If the male tries to approach her
again, the female runs away or hides into the nearest cavity.
Normally, however, the male is the ﬁrst to stop the interaction by retiring from the place
of meeting (Plate XX, bottom). The female follows the male attempting to resume bodily
contacts. After the male’s departure, she can perform Crawling on the Belly movements in
the place where the male has come to a standstill for the last time.
All this shows that in a GC the initiative comes from the female. Prior to GC, if a male
attempts to approach a female on his own initiative behaving hastily and persistently, the
female, as a rule, does not let him to come near. If, however, the male does not repeat his attempts to get closer and remains at his observation post or in a rendezvous place, the female
after a short while returns to him and starts GC.

9.3.5. Use of signalling means during GC
The central and most constant part of the GC is the complex 2.7 that we conventionally calls
‘Crawling of the Female over the Mate.’ This name does not, however, embrace all diversity of
the female movements and actions that constitute the entire performance. In those GCs where
the latter is represented in its full form, the female, having performed a series of Crawling on
the Belly actions next to the male, starts courtship with the numerous attempt to squeeze under
him. While doing so, the female moves around the male and tries to poke her head beneath him
from the different sides. Approaching the male from behind, she tries to squeeze under the base
of his tail so that her head turns out to be pressed incidentally against the male's cloacal region.
1

See list of actions in Section 9.1.
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On approaching from the side there may be successful or unsuccessful attempts to crawl under
the male belly and then between his forelegs or hindlegs. When the female moves from the
front she tries to squeeze her way under the male's head and breast and to climb then between
his legs. In intervals separating these actions that are performed with very high tempo and quite
emotionally, the female crawls onto the male and moves then over him in forward direction,
toward his head, or backwards, to the base of his tail.
Eventually, the female freezes lying on the male’s back, her head rested on the male's head (Fig.
9.1 c: Plate XX). Alternatively, the female leans on the male standing on her hindlegs and putting
her forelegs around his neck. In such positions partners can remain for a rather long time, up to
2 min and more. Sometimes the male starts to walk slowly, so that the female ‘rides’ a short distance on his back. In one occasion the male, having the female on his back, performed sudden
jump to the next boulder and so let involuntarily the female fall down. At the end of the given bout
of the described actions the partners often can be seen lying side by side in the Flat Postures (2.5).
One more component of female behavior during the bodily contacts described is Jaws
Rubbing that, however, is most often observed as a constituent of the Crawling on the Belly
action complex (2.6). While in the latter complex Jaws Rubbing is performed against the
ground, during Crawling over the Mate the female incidentally rubs with her jaws against
the head of the male (video # 16). This fact indicates again that actions of the female described may play a role of the polymodal tactile-olfactory signals. Tongue Touching against
the ground by the female after departure of the male has also been sometimes observed.
Alongside with complexes of the Crawling on the Belly, freezing in the Flat Posture, Tail
Wagging and Jaws Rubbing, different Push-Up movements (1.1 + 1.3, 2.1) also can be regarded as a part of the optical signal repertoire used by the female. It must be noted, however,
that these the latter actions occur without any regularity, rather as occasional events. Only
prior the few GC interactions as well as during the most prolonged pauses between the bouts
of bodily contacts, such actions can be sometimes performed by the female. Push-Up movements, at times with Gular Skin Extension, can be performed by the female staying at the
habitual rendezvous site without the male, or when another adult female appears within of
the former’s ﬁeld of vision.
The repertoire of the male signal means used in GCs looks much less diverse, since his role
is rather passive so that most of the time he remains almost motionless, with the exception of
his active participation in the Circular Dance. On this stage of GC the male movements are,
in essence, the same as those displaying by the female. Besides, the male performs from time
to time diverse nodding movements (1.1 + 1.3, 2.1) that are now rather sluggish.
These actions may take place at any stage of the GC, from the initial phase of visual detection the female by the male to the moment of the latter’s departure. It is signiﬁcant, however, that Push-Ups do not look as necessary, standard constituent of the entire scheme of
GC organisation. Some other male actions, such as occasional touching the ground with his
tongue and Jaws Rubbing are incidental as well. The single observed incident of Jaws Rubbing use by the male during GC took place during the ﬁrst meeting of an immature female
and an adult male captured in other locality and released there about an hour earlier. The participants have never met before. The interaction was very prolonged and emotional. It must
be stressed that GC never leads to copulation.
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9.3.6. Copulation
This type of interaction can be observed surprisingly rarely (see also Noble and Bradley,
1933: 50). Throughout the whole study period we managed to witness only two successful,
as we suppose, copulations, one forced one (a male and a female from the different family
groups were participants) and two ambiguous cases in which females could, possible, have
prevented coitus as such. According to all these observations, copulation are not usually preceded by any special ceremony. On ﬁnding himself in a close proximity to a female, the male
just seizes her with his jaws by the nape and holds her over several seconds during which
time he manages to insert his hemipenis into the female cloaca.
At the moment of the coitus the female lies on her one side so that her legs of the other side
have no support from the ground, which explains why the female being seized by a strange
male cannot get free. While straggling with the male she usually rolls upside down, but even
in this position the male continues to hold the female with the iron grip. In one instance of the
forced copulation, the female weighed 78.5 g was dragging the male weighed 81 g along the
smooth stony slope at an angle ca. 10° upwards, over the distance of 3–4 m, but still failed
to get free.
Only in one episode we observed a more or less differentiated signal behavior of the participants prior and after a successful copulation took place (May 18, 1982). Originally, both
lizards were staying for some time on the same boulder. The male was displaying Push-Ups
(2.1) and, while moving around, Tongue Touchings (1.9). He seized the female by her neck
after she had approached him closely. At that moment sandy coloration of his head changed
into light-orange one. Just after copulation, when the female got free, the male retreated
quickly and performed a series of Push-Ups (2.1). The female in response immediately acquired some features of the ‘male coloration’ (her breast and forelegs become blackish and
head lighter), displayed series of Push-Ups, quickly approached the male from behind and
lied onto him. During the subsequent several minutes, the female performed two bouts of
Crawling on the Belly (2.6) near the male with three Push-Ups being interspersed into the
sequence of behavior. The male then retired, accompanying his departure with several PushUps. The case described can be an example of the absence of stereotype and of free intermingling of different complexes of signal behavior.
That copulation is basically a spontaneous action, is evidenced by abovementioned episode of forced copulation of a male with a strange female as well as by one observed attempt
of copulation of a male with another male. In both cases the passive partners were seized by
the active ones after short, fast-moving pursuits, which excludes the ground for any preliminary ‘ritual ceremonies’ or pre-copulatory displays. It can be supposed that copulation are
normally carried out in the described very simple way (pursuit – catching – coitus). Probably,
just in such a way most of copulation are performed, with participation of personally familiar
members of the same family group.
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9.4. On the stereotype and species-specifity
of Push-Up actions
Most reliable data on structure of the Push-Ups were obtained in our experimental plot near
Krasnovodsk where agamas are descending from the population of the Greater Balkhan
Range (extreme northwest of the range of P. caucasia complex – see Panov and Zykova,
1995b). A complete sequence of one Push-Up (Figs. 1.18 and 9.2) includes overall 8 rises
of the body forepart, 7 lowering of it and ‘pauses’ between up-down motions, in 4 of which
the lizard remains in a lying (or almost lying) position and in 5 ones its body is held semivertically, at a more or less pronounced angle relative to the substrate. When the angle is
maximal, the lizard, in essence, is in the above-mentioned Upright Posture, the snout being
usually directed upward. Among EMA accompanying Push-Ups the Gular Skin Extension is
frequently, although not invariably, observed (Fig. 9.2).
Such complete Push-Up movement construction can be observed most often in males
when they stop after running (including prey catching) as well as during male staying in
his observation and basking post. In other words, a complete Push-Up occurs mainly in the
absence of a true social context, for example as reaction towards an appearance or presence
an observer. It seems that the male remaining for a long time on his post is performing such
actions periodically and, in general, spontaneously, in accordance with cyclical changes of
his motivational state (video # 13). Mainly in such situations, outside social interactions, the
series of repeating Push-Ups occur that include one complete construction plus one or two
ones being devoid of their ﬁrst three up-down motions. It must be added that in females and
immatures Push-Up are observed much more rarely and without any regularity.
An analysis of Push-Up sequences shows that the character of body foreparts trajectories
remained in the situations described practically the same in all six males, in which complete
Push-Ups were video recorded. Some small variations are present in the amplitudes of updown motions and in the duration of the particular fragments within the complete actions,
both within and between individuals (Panov and Zykova, 1999: Fig. 4 a–e). Thus, duration
of fragment l8 ranged within one male between 1.0 and 1.3 s (SD = 0.09, CV = 7.5 n = 8),
and within the whole sample from 0 9 to 1.8 s (SD = 0.18, CV=14.7, n = 20). For fragments
I6, l9, and l10 CV varied within the sample between 16.4 and 27.6. Duration of the ‘pauses’ varies more noticeably than that of up-down motions (e.g. in the case of fragment l7 CV = 50.7,
n = 16). Within the up-down movement the up-phase is, as a rule, 3–5-fold longer than the
down-phase. These up-down movements with slow rise of the body forepart being followed
by its very quick lowering are one of the most characteristic features of the Push-Up structure
in the Krasnovodsk population.
It was a surprising result that in the tense social contexts (prior to contacts between a male
and a female and in the course of interactions as such) the complete Push-Up constructions
are only rarely observed. Instead, in these situations the movements have an obviously unﬁnished, ‘truncated’ character (see videos ## 11, 14–16). Very often only from one to three
ﬁrst up-down motions are present, but the sequence can be interrupted also in any next phase
before ﬁnish. Bearing in mind that in situations under consideration the male is moving
around almost continuously, trying to keep the female in the ﬁeld of his vision and/or to ap-
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proach her, he obviously does not have enough time to perform prolonged Push-Up actions,
so that the latter are now and again interrupted with short runs changing the male’s positions
in space (video # 9).
Similar conclusion was reached by Hunsaker (1962) in his work on closely related species
of rough-scaled lizards of the genus Sceloporus (Iguanidae). The author suggests that only
those Push-Ups that are observed in the course of the everyday activity (e.g., just after catching and swallowing the prey by an individual) are species-speciﬁc characters, while during
courtship the males of all species perform Push-Ups of identical structure. An absence of
apparent direct relationship between social context and push-ups speciﬁcity is noted by some
authors (see e.g. Bells, 1986; Mashida and Arima, 1989).
All the above-mentioned casts doubt on the assumption of important communicative functions of Push-Ups, at least during the male-female interactions. It is signiﬁcantly in this
respect that in spite of apparent differences between Push-Ups of the rock agama and of a
semi-sympatric, closely related species P. erythrogaster (Fig. 1.18 f–h) in the zones of range
overlap several cases of mixed family groups were recorded, in which prolonged personal
bonds between non-conspeciﬁc males and females occurred (see Panov and Zykova, 1996).

9.5. General comments
Among the comparatively few studies dealing with the topic of communication in agamids,
most draw the main attention to optical signalling. The cause lies in the widely accepted belief that agamids, along with representatives of other diurnal lizard families, rely primarily on
visual releasers in their territorial and courtship interactions (Madison, 1977).
In contrast, our study has shown a very important role of two other channels of communication propagation and exchange, i.e. of chemical and tactile ones, for the maintenance of
a stable social structure in rock agama settlements. Moreover, a number of communication
signals that for the ﬁrst glance seem purely optical, in reality transmit information of two
(optical and chemical) or even three (those plus tactile) modalities. In agamas settlements, we
believe, the long-term olfactory ﬁeld is apparently formed, which ensures the social structure
stability as well as a highly predictable spatial relations among the members of the given
family group. At the same time, regular tactile contacts between the sexes, with the chemical
stimuli exchange, serve as a mechanism of the stable personal relations maintenance within
the family group.
Indeed, the whole picture demands further thorough investigations using experimental approaches for ascertaining the concrete mechanisms and carriers of chemical communication.
A number of questions remain unsolved. In particular, the true communication function of
Jaws Rubbing action remains to be revealed (see for details section 1.8.7).
As for optical signalling, the communicative functions of Push-Ups seems to underestimated in the current literature on lizards’ ethology. As shown in the case of Caucasian rock
agamas, the most prolonged and intricately structured Push-Up constructions occur in the
absence of social partners and are temporally correlated with the periods of increasing motor
activity (see also Panov an Zykova, 1986: 237–239; see videos ## 1–5, 7, 9, 10, 12)2.
2

On another possible function of Push-Ups see section 1.8.7.
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In our opinion, the role of Push-Up movements in the communication process appears to
be of minor importance, contrary to the view popular among herpetologists dealing with the
behavior of lizards (see Author’s Preface for detail). We are inclined to believe that Push-Ups
in Caucasian rock agamas, as well as in some other agamids studied by us (Paralaudakia
erythrogastra, Stellagama stellio, Trapelus sanguinolentus), may be regarded, at best, as
broadcasting communication signals of polyfunctional nature, analogous in many respects
to the advertising song in birds and performed, like the latter, in the state of the high general
arousal. At least in the species mentioned, Push-Up seem not to bear any speciﬁc information
during social interactions (i.e., they do not play the role of, say, ‘threat’ or ‘courtship’ signals), which is supported by the fact of their truncated character in such situation.
Thus, push-ups do not convey any deﬁnite information in the course of interindividual
interactions. These conclusions are a result of the approach based on long-term ﬁeld studies
of the whole communication systems of the several species in the context of personalized
relationships between recognizable individuals, whose age and biographies are known.

Chapter 10.
Caucasian rock agama: Injuries

Injured animals are common in all Caucasian rock agama populations. Theoretically, the
reasons for the widespread traumatism in this species may be collapse of their shelters in the
rocks, mutual aggression and predation. Injuries may result from the falling rocks, falling
from steep slopes of from being stuck in the crevices. Most common are tail injuries of
varying degree, from losing 2–5 caudal segments to completely lacking tail. Andrushko et al.
(1939) reported that 28% of agamas they recorded has tail injuries.
Across the years of our research, we handled 486 adult agamas, 129 ﬁrst-year animals and
79 subadults. The data on their injuries are reported in Table 10.1. In all sex and age groups,
tail injuries were most common, with one-half of all males having them. Among juvenile
agamas such injuries occur in isolated cases.
Table 10.1.
Proportion (per cent) of individuals with traumas of different types in populations
of Caucasian Rock Agama
Age, sex
Adult males
Adult females
Adults, sexes pooled
Immatures
Yearlings
Total

N indivividuals
241
243
486
79
129
694

Tail
120 (49.8)
74 (30.4)
194 (39.9)
15(19.0)
5 (3.9)
214 (30.8)

Traumatized individuals
Legs
30 (12.4)
8 (3.3)
38 (7.8)
3 (3.8)
–
41 (5.9)

Head
–
–
–
1 (1.3)
–
1 (0.1)

Second most common are injuries of extremities. Rather frequent are lizards with broken
claws, toes or even with completely missing legs. Injuries of other body parts, if they occur,
are probably mostly lethal. Over more than 10 years of ﬁeld research we have once captured
a hunchback agama with a back injury and one subadult lizard that had suffered a severe
contusion of the side of head, with ﬂattened skull and missing eye. However, that animal was
quite active.
Of Caucasian rock agamas, similarly to their congenerics, tail autotomy is typical. As
tail vertebrae in this species lack cartilagineous layer, the rupture occurs intervertebrally,
unlike many other lizards that have an intravertebral mechanism of autotomy. In the place of
rupture, a cartilagineous rod is formed that usually is calcinated. Autotomy is enabled by the
annulated structure of tail, with ruptures occurring between the segments (Ananjeva, 1985).
It is worth noting that even though Caucasian rock agamas are capable of autotomy, the tail
is ruptured only under a signiﬁcant strain.
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When the tip of the tail is ruptured, it does not regenerate. If a considerable distal portion
of tail is lost, the tail continued to grow, but never reaches the original length. Below of the
rupture place a knob is formed with small smooth scales, which differ by form and color
from the scales of the non-injured part of the tail, and lack annulated structure. With years
this knob grows, but not greatly. Its maximum length never exceeds 35 mm. When the tip of
tail is broken, no knob is formed.
We counted the proportion of injured animals in different size (and thus age) classes in
a Gobustan population. The result was obvious: among older animals, the percentage of
those with injured tail was greater. Tails has been broken in all males with SVL>150 mm.
Among females with SVL>130 mm, tails were broken in more than 60% of individuals.
Apparently, the probability to lose the tail at least partially increases incrementally. The
lowest occurrence of all injuries and tail injuries speciﬁcally was among ﬁrst-year lizards.
Caucasian rock agamas may also lose the tail more than once (among the marked animals in
the Krasnovodsk population just one such lizard was recorded).
Among the unusual cases, we shall mention just two. In Badkhyz, we captured a female
redbelly agama without tail (a development defect). From a distance, this lizard looked like
a frog. One male looked as if he had two tails. His cracked tailed continued to grow, and in
the place of crack a knob with small scales grew at the angle of 45°. The actual tail also has a
knob on the tip, the distal part of which had been lost. Both tails were ca. 5 cm long. Another
Caucasian rock agama with a similar injury has been captured in Kopet Dag by R.A. Danov
(Fig. 1.5).
Rock agamas with injured extremities are much more infrequent. Among 486 adults
just 38 had such injuries (Table 10.1). The most common type are missing toe phalanges,
less often complete toes are missing. It should be noted that such injuries are usually
multiple — lizards with just one injured toe are rare. Usually several toes are broken,
often in more than one foot. Males more often have injured extremities than females
(Table 10.1).
The proportion of agamas with injured legs varied between the years. For example, we
recorded none in 1989 and 1990. Conversely, during brief visits to our study plot near
Krasnovodsk in 1993 and 1994, 9 captured adults out of 45 (20%) had broken toes. One
animal missed 4 toes on the right foreleg and the remaining one was injured, missed two toes
on the right hindleg and three toes in the left one. Thus, nearly one-half of all toes (nine out
of 20) was missing and another one was injured.
Usually lizards injure their hindlegs. For instance, in Makhmal (eastern Kopet Dag) seven
out of nine agamas with injured legs had toes on hindlegs missing. In Krasnovodsk population
in 1993–94 of nine lizards with injuries, hindlegs were injuries in eight.
Injuries probably heal well and without complications, as indicated by the following
case. During capture, a second-year agama got entangled in the net and injured its thigh.
The wound was an open one. We cleansed it with an antiseptic, glued by BF-6 glue and
released the animal without much hope to ever reencounter it. However, 10 days later it was
recaptured. The wound was healed, but its location was well visible and could thus be used
as an individual mark. The last recapture of that individual occurred on the very same stone
10 years later, when it was nearly 11 years old.
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In 10 years of work, we thrice captured agamas with a leg completely missing. It
were a very old male (SVL 139 mm), a 3–4-year old male (SVL 125 mm) and a yearling
(SVL 84 mm). Leg injuries do not correlated with age and probably occur randomly.
If we assume that injuries may happen due to collapse of shelter walls and getting stuck
in narrow cracks, a higher percentage of injuries should occur in the habitats where substrate
structure is more prone to such events. When trying to analyse this putative relationship,
we compared the proportion of animals with tail injuries in two contrasting habitats, stony
areas of the Greater Balkhan and in loess canyons of the Sumbar river valley. One could
expect a higher proportion of injured animals in the former locality. A comparison of adult
lizards (both sexes pooled) indeed showed a trend towards greater percentage of animals
with injured tails in the Greater Balkhan: 19 out of 34 (55.9%) vs. 33 out of 68 (48.5%) in
the Sumbar valley. The difference was however not signiﬁcant (t-test, t = 0.57). This trend
was more pronounced in males, 71% vs. 51%, but the difference did not reach signiﬁcance,
either (t = 1.1).
In all habitats there are more injured males than females (Table 10.1). The reason is
probably higher mobility of males and increased occurrence of aggressive interactions. More
frequent autotomy of tails in males has also been reported for Lacertidae lizards (Barbadilo
et al., 1993).
It is worth noting that injuries of legs, even though they are not that frequent, may hamper
work in marked populations where animals are often marked by cutting toes (see also Hudson,
1996). That author studied injuries of extremities in terrestrial and arboreal Australian skinks
Niveoscincus and Pseudemoia. In some samples, the proportion of injured lizards was as high
as 34.3%. Missing toes were equally common in both sexes (unlike what we have seen in
Caucasian rock agamas) and increases in older animals. Such injuries are more common in
hindlegs, which is more likely explained by predation than by intraspeciﬁc aggression. Up to
six toes may be missing. Hudson (1996) concluded that this degree of traumatism can hardly
inhibit survival prospects. By extension, this author assumed that marking lizards by cutting
toes should be negatively inﬂuence the survival of marked animals.
Rock agamas with injured legs are not hampered in their ability to move rapidly and easily.
Missing fragments of tail seem not to inﬂuence the behavior of lizards, either. As shown in
experiments with brown anoles Anolis sagrei, amputation of a part of tail in males does not
impact their aggressive responses or territory size (Kaiser and Mushinsky, 1994). In that
species, missing tail does not inﬂuence social status. One may assume that the same is true
of the Caucasin rock agama.
In conclusion, one should mention a study by a group of Israeli herpetologists on tail
injuries in 23 species of Lacertidae lizards (Seligmann et al., 2003). The authors studied a
large set of collection specimens in a hope to show that the potential to lose tail is genetically
programmed in certain individuals, which are morphologically different from those that bear
a lower risk. The idea was that the main reason for tail injuries is predation. Scale morphology
from 20 different sites of body was compared between intact lizards and those with injured
tails. An array of most sophisticated statistical methods did not provide unequivocal results.
Nevertheless, the authors remained convinced that there exist some adaptations that
allow some individuals to avoid such injuries. This conviction is reﬂected in the title of
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the paper: ‘Avoiding injury and surviving injury: two coexisting evolutionary strategies in
lizards’ (italics ours). The idea of a Seligmann effect1 was suggested. We have shown in the
Introduction how inconsistently and unimpressively this approach has been subsequently
used in the systematics of rock agamas (section ‘Description of new taxa as an end in itself’).
This is a characteristic example of efforts, worthy of a better cause, spent by adaptationists
in their attempts to prove the a priori biological expediency of the events which are based on
obviously random events. The urge to provide apparently ‘novel’ results forces the scientists
to ignore the parsimony principle.

1

Named after the lead author of the paper.

Chapter 11.
Redbelly Rock Agama
Paralaudakia erythrogaster
Nikolsky, 1896
Synonyms:
Stellio erythrogaster Nikolsky, 1896 (type specimens from Qalandarabad
and Fariman, eastern Iran)
Stellio erythrogaster var. pallida Nikolsky, 1897 (Mashhad, Iran)
Agama erythrogastra Nikolsky, 1915
Agama erythrogastra pallida Nikolsky, 1915
Agama mucronata Guibe, 1957
Agama nupta Guibe, 1957
Laudakia erythrogastra Leviton et al., 1992
Stellio erythrogaster nurgeldievi Tuniev et al., 1991
Until recently, the Redbelly Rrock Agama has been believed to be a monotypic species. The
subspecies S. erythrogastra pallida, described by Nikolsky (1897, 1915) on the basis of a
single specimen collected by Zarudny in Khorasan (# 8761 in the collection of ZIN RAS) has
not been believed valid by any authority. That specimen is most probably a P. erythrogaster
x P. caucasia hybrid (see section 11.1 for more detail).
In 1991, Tuniev and co-workers described a novel subspecies Stellio erythrogaster
nurgeldievi from the eastern Kopet Dag. Unfortunately, among the seven specimens of
the type series there was no mature individual (maximum SVL of two individuals 108 and
111 mm, all other specimens are not older than one year). Therefore we believe that the
validity of this form remains doubtful. Mitochondrial DNA data suggest that divergence of
redbelly agamas from Badkhyz and eastern Kopet Dag is very low and clearly does not reach
subspeciﬁc level (Macey et al., 1998).
There is a viewpoint that Redbelly Rock Agama, together with six other species (Caucasian rock agama including) should be grouped in the genus Plocederma Blyth, 1854 (Henle,
1995). This suggestion, however, did not gain wide acceptance.

11.1. Range and habitats
The Redbelly Rock Agama have been ﬁrst described in 1896 by Nikolsky on the basis of
specimens collected in eastern Persia by Zarudny (1903), who mentioned that the range of
this lizard is a narrow belt jutting from the southeast to the northwest into the contiguous
range of Caucasian rock agamas. In these areas the ranges of these two species broadly overlap. Following Zarudny, redbelly rock agamas inhabit plains and slightly elevated hills between Mashhad and Torbat-e-Jam (including Fariman), whereas mountain countries to the
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northeast and the southwest are inhabited by Caucasian rock agamas. Further research has
shown that redbelly rock agama also occurs in southern Turkmenistan. This species has been
ﬁrst collected in the Central Asia by M.K. Laptev in Akar-Cheshme (Badkhyz) in April 1936
(Laptev, 1936; Rustamov, 1957). Later in was encountered between Kushk and Koshan rivers, in the Murghab river valley some 35–40 km upwards from Takhta-Bazar and 15 km from
Bashbeden, in Karabil between Takhta-Bazar and Tash-Kepri (Darevsky, 1977). In 1990, the
redbelly rock agama was recorded in the northeastern foothills of Kopet Dag, Darokhbeit
springs (Gorelov and Lukarevsky, 1990; Ataev et al., 1991; Tuniev et al., 1991).
In Badkhyz and Karabil redbelly agamas live at the altitudes of 700–800 m a.s.l. In the
core part of its range this species occurs higher, up to 2,440 m a.s.l. in the Paghman range in
Afghanistan (Anderson and Leviton, 1969). Typical habitats of redbelly agamas are believed
to be xerophytic hilly landscapes. Rustamov (1957) suggests that redbelly agamas, unlike
Caucasian rock agamas, prefer clay areas. This view is also supported by Laptev (1945) who
believed that this species in Badkhyz avoided stony habitats and preferred steep ravines in
the areas with loess and sandy soils. In the areas devoid of rocky outcrops, these lizards occur
near small isolated rocks and large boulders that are scattered along the walls of clay ravines,
2–20 m deep. They are common along gently sloping elevations where vegetation consists
of sparse pistachio stands with thin grassy layer of bluegrass and Artemisia, and also in the
wadis in the hilly landscapes (Bogdanov, 1956; Rustamov, 1957; Kurbanov, 1960).
Less frequently these lizards occur in the ﬂat areas with soft soil among gentle slopes
overgrown with pistachio. They use great gerbil Rhombomys opimus burrows as shelters
(Laptev, 1945; Bogdanov, 1962; Ataev, 1985). In Badkhyz nature reserve, redbelly agamas
inhabit such habitats with large gerbil colonies, in, for instance, the vicinity of Kepele watchpoint. By using great gerbil burrows, redbelly agamas can expand far into ﬂat areas. They
were found near the Soltanuyuk water well at least 100 km from the nearest rugged country
(Scherbina et al., 1964).
In Badkhyz, this species is common on the edges of villages (e.g. Morgunovka), where
redbelly agamas occur in the burnt out areas and in ﬁre cuts. Abandoned wells, holes in irrigation channels and building walls are used as shelters. During the periods of activity, lizards
visit pistachio trees and even telegraph poles.
The general impression is that redbelly agama is more a habitat generalist than Caucasian
rock agamas or Turkestan rock agamas (Kurbanov, 1960). This author reports that in Badkhyz redbelly agamas prefer rocky slopes and ravines (67.7% of encounters). Even though
we did not record these lizards in Badkhyz in genuine rocky ravines, in Kerlek and Zeekli
gorge they occurred in rocky outcrops and near isolated large boulders.
In the eastern Kopet Dag, redbelly agamas are common at the northeastern foothills of
the Koyundag range, which forms the border between Iran and Turkmenistan. This is a low
mountain range with elevations of 500–600 m a.s.l. (Plates XV, 2; XVI, 1; XXIV, 2; XXVIII,
2). Here, in a wadi running to the north, towards the foothills, a mixed redbelly and Caucasian rock agamas population occurs. A detailed description of these habitats is given below,
in section 12.1.1.
In the southern part of the valley a sparse population of redbelly agamas can be found
(Plate XXVIII, 2), and only this species has been recorded by us in the hills of the northern
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part of the wadi, where population density was comparatively low. In the central, predominantly rocky part of the valley, both rock agama species occurred in comparable numbers,
with 17 territories occupied by redbelly agama males and 15 by Caucasian rock agama males
(section 12.1; Fig. 1.13).
Depending on the landscape, redbelly agamas used as shelters crevices and cracks in the
rocks, hollows placed under the rock fragments or rodent burrows. In Karabil burrow depth
varied between 60–145 cm, on average 106 cm (Kurbanov, 1960). When in danger, the lizards may escape to the shelters belonging to other animals, e.g. to little owls Athene noctua
(Rustamov, 1957; Bogdanov, 1962; Kurbanov, 1960).
Redbelly agamas always inhabit areas with rather sparse vegetation. However, the presence of shade may be used by these lizards. For instance, in Darokhbeit (eastern Kopet Dag)
redbelly agamas whose home ranges include ﬁg trees, spend hot noon hours in their shade
or even on the branches. We have observed these lizards in thorny scrub also in Badkhyz
(Kerlek site), and not only at noon.

11.2. Some features of outer morphology
The Caucasian agama and redbelly rock agamas are taxonomically close, but distinct species.
Their pholidosis is generally similar (Baig, 1992), but redbelly agamas have clear spikes on
their scales throughout the body, with hypertrophied spikes in the back part of head and on
folded skin around the neck (Plate XXX, 1,2).
A.M. Nikolsky in the ﬁrst description wrote that large dorsal scales of similar size with a ridge
and a pin form 5–7 rows, and on the lateral parts of the body two rows or spiky scales are present.
Our analysis of specimens from the collections of the ZIN RAS, ZMMU and State University
and Institute of Zoology of Ukrainian Academy of Sciences, and of lizards captured by us in Badkhyz, showed the following. Redbelly agamas can be divided into two groups by the pholidosis of
the dorsal stripe, with intermediate variants. The ﬁrst type ﬁts perfectly the description given by
A.M. Nikolsky. Redbelly agamas of the second type have large scales covering most of the dorsal side, locally touching the lateral rows of spiky scales. In the latter case, the number of scales
across the dorsal stripe may reach 10–12. In redbelly agamas with that type of pholidosis, large
scales on the edge of the dorsal stripe form scallops that intrude the ﬁeld of small dorsal and lateral
scales (Plates XXIX, 3 left, 4 left; XXX, 1; Zykova and Panov, 1993).
Redbelly agamas of the ﬁrst type, with a well-deﬁned and relatively narrow stripe formed by
large dorsal scales (Plate XXIX, 4 right) are similar in this respect to Caucasian rock agamas,
whose large dorsal scales have longitudinal ridges with caudally facing pins. Such are the large
Caucasian rock agamas from the former Yelizavetpol governorate (Talysh mountains, Azerbaijan) (Nikolsky, 1915), as exempliﬁed by the specimen # 10247 from the collection of ZIN RAS.
Redbelly agamas have scales on the dorsal stripe larger than in Caucasian rock agamas,
and they have a strongly raised rear edge forming a kind of fringe that can disappear when
the scales are worn before molt.
Maximum SVL is 151–154 mm in adult males and 134–148 mm in adult females (Kurbanov, 1960; Ataev, 1985). Therefore, body size is similar to that in Caucasian rock agamas.
The difference between these species mainly concerns the form of head and the relative tail
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length. The ratio of head height to its maximum width is 1.6 in redbelly agamas, vs. 1.78–
1.91 in Caucasian rock agamas. This means that the head in this species is higher than in
Caucasian rock agamas. Redbelly agama is the most short-tailed species of all rock agamas:
tail length is practically equal to SVL (# 11.3). The tail is biannulated, autotomy is hampered.
Adult males have a ventral callosity and 5–6 pairs of anal interstices. Laptev (1945) reports
6–7 rows of scales in ‘pre-anal areas’ in males (Plate VII, 4 left). In adult females, anal interstices are hardly visible, they look like four rows of small scales.
Male Caucasian rock agamas in the breeding season are colored in different shades of
brown, from sandy yellowish to blackish in different populations, whereas male redbelly agamas look greenish in that season. The breeding coloration of these two species differs also by
the color of chin (Fig. 12.1). The skin of female redbelly agamas is devoid of greenish tinge
(Plates I, 5; VIII, 2; XXVIII; XXIX, 2, 3 right, 4; XXXII).
Redbelly agamas collected in Badkhyz (Akar-Cheshme) in 1936 differed from those collected by Zarudny in Khorasan (Iran) and described by Nikolsky. The agamas from AkarCheshme had two folds in the gular region: sulcus gularis and collare. The background color
of the ventral side (in particular, of chin which has a black pattern) is not orange, as in Iran,
but creamy yellowish. This is also true of the populations of the eastern Kopet Dag.

11.3. Variation
11.3.1. Geographic variation
The population of Khiveabad (eastern Kopet Dag, 50 km west of Darokhbeit) has been described as a distinct subspecies Stellio erythrogastra nurgeldievi (Tuniev et al., 1991) on the
basis of comparing it to redbelly agamas from Badkhyz. Unfortunately, the material on which
this description is based, is insufﬁcient (ﬁve immature individuals and two hardly mature lizards). However, our data on redbelly agamas from Darokhbeit, which probably belong to the
same morphological type as the sample from Khiveabad, considering the geographic proximity
of both sites, also suggest certain peculiar features in the populations of eastern Kopet Dag.
Comparison of our samples from Badkhyz (six adult males, nine adult females) and from
Darokhbeit (16 and 14 adult individuals, respectively) suggests that redbelly agamas from
the latter locality are smaller. The mean SVL of males with SVL>120 mm (mature animals
at least 3 years old) is in Darokhbeit 128.13 ± 1.40 mm (n = 16, range 120–140 mm), in
Badkhyz 142.00 ± 3.32 mm (n = 6, range 128–150 mm). For the females of the same size
and age group the respective ﬁgures are 124.64 ± 0.99 mm (n = 14; range 120–140 mm) and
135.00 ± 2.59 mm (n = 9; range 122–145 mm). For both males and females, the difference is
signiﬁcant at p<0.05 (λ-test, λ = 1.61 and 1.56, respectively).
Besides that, agamas from Darokhbeit show a tendency towards smaller number of large scales
across the dorsal stripe as compared with Badkhyz conspeciﬁcs, which is also mentioned by Tuniev
et al. (1991). The mean number of scales around midbody is 92.20 ± 0.99 (n = 40), which is signiﬁcantly more than in redbelly agamas from Badkhyz (87.11 ± 2.3; n = 9; t = 4.82; р < 0.001). In the
conspeciﬁcs from Iran and Afghanistan the mean number of scales around midbody is also smaller
than in the population of Darokhbeit (89.4±3.1; sample size not given; Baig, 1992).
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1.3.2. Aberrant specimens
The aforementioned variance in the characteristics of the dorsal stripe in redbelly agamas often
causes diversity of opinion during identiﬁcation of specimens. For instance, among eight redbelly agamas collected by Zarudny in Khorasan, specimen # 8761 (ZIN RAS) strongly deviates
from the type specimen and is reminiscent of a Caucasian rock agama by the pattern of the
dorsal stripe, by the form of large dorsal scales, by weakly expressed wisps of spiky scales in
the lateral parts, and by general proportions and coloration. Nikolsky (1897, 1915) noticed the
peculiarity of this specimen and described it as a distinct subspecies S. erythrogastra pallida.
Several specimens initially identiﬁed as Caucasian rock agamas were collected by the
expedition of Heptner (1945) in Badkhyz in the 1940s. In the future they were re-identiﬁed
by Bogdanov (1955) as redbelly agamas. Analysing the collections of Heptner (10 adult and
3 juvenile lizards), we found that one male and one female indeed have some Caucasian
rock agama characters. There were most apparent in the male that had a narrow (4–5 rows
of scales) dorsal stripe without scallops. Moreover, the form of scales on the dorsal stripe
was more like in a Caucasian rock agama than like in a redbelly agama. All other pholidosis
characteristics ﬁt the scale of variation typical of redbelly agamas.
Other cases of misidentiﬁcation are also known. Guibé (1957) described a new Caucasian rock agama subspecies Agama caucasica mucronata from Iran (the specimen collected
60 km from Mashhad on the way to Sarakhs). Later Clark et al. (1966) showed that it was a
misidentiﬁed redbelly agama. In 1955, the expedition of Museum of Comparative Zoology
of Harvard University collected in western Pakistan (Baluchistan, near the town of Kalat) a
lizard that in 1969 was identiﬁed as a Caucasian rock agama (Haas and Werner, 1969). These
authors emphasized the nearly complete similarity of this specimen with the agama collected
by Guibé. It is not improbable that the latter specimen had many characters of a Caucasian
rock agama, like the aforementioned S. e. pallida Nik.
We believe that the cause of all such misunderstandings may be the hybrid origin of the
disputed specimens (see e.g. Plate XXX, 2 right). We shall get back to this topic below, when
discussing the relationships in a mixed redbelly agama x Caucasian rock agama population
in the sympatry zone (section 12.1).

11.4. Population structure
11.4.1. Sex and age structure
Sex ratio in the Redbelly Rock Agama populations has been reported to be biased towards males,
1.6:1 (Kamalova, 1975; Ataev, 1985) or even 2.2:1 (Kurbanov, 1960). Our data from the eastern
Kopet Dag suggest that sex ratio varied between the years from 1.6:1 to the nearly equal one (1.2:1).
Kamalova (1975) and Ataev (1985) identify three age groups among redbelly rock agamas: juveniles (SVL 45–79 mm, sex is difﬁcult to identify even by dissection), subadults
(SVL 81.5–115.0, sexing by dissection easy, but these individuals do not reproduce) and adults.
We used for an approximate estimates of age structure of redbelly agama population the
scale developed by us for Caucasian rock agamas (Zykova and Panov, 1991). In the popula-
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tion of eastern Kopet Dag SVL of most redbelly agamas exceeded 120 mm, i.e. they were at
least 4 years old. This means that the population studied consisted in 1994 and 1995 mainly
of adults. In the ﬁrst year this group included 66.7% of females and 84.6% of males; in 1995,
57.1% and 89.0%, respectively. Very few animals with SVL 90–115 mm, i.e. 2–3-year-old,
were present in the population. Yearlings comprised 16.1% and 16.7%, respectively.
Table 11.1.
Annual increase in size (SVL, mm) of redbelly rock agamas
Individual
Males
#21
#31
#40
#56
Females
#30
#35
#5
#39
#58

Yearlings

Immatures

Adults

Increment

SVL
125
124
127
130

130
130
127
135

5
6
0*
5

123
123

40
39
20
8
0*

SVL
61
61

101
100
90

110
115
123

* Absence of increment is apparently a result of measurement error

Recaptures of marked redbelly agamas made it possible to show that animals with SV
90–100 mm are subadults that have survived two winters. They could be sexed by external
characters. With increasing age, growth rate declined (Table 11.1).

11.4.2. Territorial structure
Spatial structure of redbelly agama populations is similar to what we have seen in Caucasian
rock agamas. Suitable habitats are divided between adult males, both mated and unmated
ones (we considered a male unmated, if we never observed females within his home range).
Males occupy permanent home ranges that may to some extent overlap with home ranges of
neighbors (Zykova and Panov, 1992; Panov and Zykova, 1996). In Darokhbeit of six home
ranges of males who had conspeciﬁc neighbors, at least ﬁve overlapped with these neighbor
ranges more of less extensively. In the areas where rocky outcrops cover considerable area,
territory of a male can include several such outcrops and meadow areas between them. Territory borders in such habitats probably run across larger meadow areas, where we did not
record agamas. In the areas of contiguous rocks one should rather speak of a boundary area
visited by both neighbors.
Territory of a large male which was under continuous survey in Kerlek in Badkhyz, occupied
both slopes of a ravine. The portion of the ravine, limited by the territories of two neighbors of
that male and regularly visited by him, as ca. 40 m in length. Its area was probably smaller than
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the values reported for redbelly agamas from Badkhyz by Smirnov and Vasiliev (1977). They
report home range areas of 1370 m2 for a male, 160 m2 for a female and 75 m2 for subadults.
We observed forays of a redbelly agama male beyond his permanent home range. In one
case he covered ca. 30 m towards the watchpost of his neighbor, inspecting all crevices on
his way. This male repeatedly entered the grassy area that divided his territory from the home
range of another smaller male whom we considered to be unmated. No such activity has
been shown by either of his two neighbors. These observations allow us to assume a certain
inequality among territorial males.
Redbelly agamas do not patrol borders of their territories, like it is done by steppe agamas
(Zykova and Panov, 1986; Panov and Zykova, 1986). Each territorial male has at least one
watchpost that dominates his home range. This post is also used for basking, so that the male
spends here a considerable proportion of his time. Within his territory, the male uses several
more or less permanent paths, but not along the territory borders. During our observations,
the males were very active. They were on the move nearly all the time, explored their territories and foraged, mainly on plants.

11.4.3. Family groups
Each female which lives within a home range of a male, has an own shelter, in the vicinity
of which she can be relatively easily found. Within the range of a family group, apart from
immature lizards, satellite males can also live (about them in the Caucaian Rock Agama see
section 5.3.2) .
In Badkhyz, we observed a family group which consisted of a large male (SVL = 140 mm)
and four adult females (SVL 128, 134, 140 and 145 mm). Apart from these adult lizards, one
young male (SVL = 104 mm) and three yearlings lived in that territory. The juvenile male had
a small range on a rocky outcrop and only very rarely left that range. He was very shy, had
no watchpost. Smirnov and Vasiliev (1977) also recorded other individuals of the same sex
in the home range of a territorial male, whose mobility was very restricted.
Apart from territorial males, redbelly agama populations seem to include ﬂoaters (Panov and
Zykova, 1993, 1995а). For instance, in Darokhbeit we captured a male 200 m from the site where
he had regularly occurred in the preceding year, when he had no own territory but lived with a
family of Caucasian rock agamas within their range (section 12.1; Panov and Zykova, 1996). In
the second year of our studies we captured a large male which behaved as a territory owner in the
area which in the preceding year belonged to another male. The latter lizard now was very shy
and behaved as a satellite male. The female that in the preceding year was a member of his family,
remained in her range which now was used by both the old and the new male.
Like in Caucasian rock agamas, widowed or unmated males remain in their territories. Territorial
stability results in the situation when unmated males and those who have several females in their
family group often occupy neighboring territories. In the territory of a male two females lived, an
adult and a young one, but the unmated neighbor did not approach them, but tried to contact a subadult male, often approaching him by one metre. These contacts were far from being aggressive.
We could not obtain convincing data on natural inheritance of the territory by satellite
males in this species. However, this sequence of events seems likely, because it has been
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shown that when a territorial male is experimentally removed, the satellite occupies his position (Smirnov and Vasiliev, 1977).
Generally, the pattern of territory use and territorial relationships in redbelly agamas is
very similar to what we have seen in Caucasian rock agamas. During all observations in
Darokhbeit we only once recorded territorial aggression, when male # 31 tried to approach
a conspeciﬁc male in the overlap zone of their home ranges. These threatening acts did not
result in the urgent expulsion of the opponent, which has not vacated the encounter area until
some time later.
A family group may include one to four females. In a mixed population of Darokhbeit
population structure of both Caucasian rock agamas and redbelly agamas generally agreed to
what is known for the pure populations of both species (section 12.1). The link with territory
of females varies on the individual level. In the second year after marking we re-encountered
5 males and 8 females. All of them occupied their old territories, even though centres of
activity have been somewhat shifted. Table 11.2 shows the data on the composition of those
redbelly agama family groups for which we have sufﬁcient data.
Table 11.2.
Composition of conspeciﬁc family groups of redbelly rock agamas and mixed family
groups P. erythrogaster – P. caucasia
SVL (mm) and approximate age (years)1
Female that came into
SVL (mm) and age of other
agamas on given territory
Territorial male
Females living on given contact with territorial
male2
territory
Conspeciﬁc family groups of P. erythrogaster
# 55 (140 mm; 6+3)
♀ # 59 (122 mm; 5)
–
–
I4 (?; 5)
# 47 (136 mm; 7+)
♀ # 27 (130 mm; 6–6+)
♀# 44, joint roosting
–
♀ # 44 (124 mm; 5)
# 31 (124 mm; 5)
♀ # 33 (115 mm; 4)
♀ # 33, joint roosting (?) ♀ # 30 erythrogaster (61
mm, 1)
♀ # 37 caucasia
# 40 (127 mm; 5)
♀ # 39 (115 mm; 4)
♀ # 39 (contact ?)
♀ # 37 caucasia (5.V)
♀ # 9 (10.V, 13.V, 15 .V )
♀ # 43 caucasia (12. V)
# 15 (122 mm; 5)
♀ # 5 (90 mm; 2)
♀ # 5 (9. V)
# 32 (130 mm; 6–6+)
–
–
Mixed family groups
# 70 putative
♀ # 1 caucasia (118 mm; ♀ # 1, joint roosting
20.IV, 23.IV, 5 V
hybrid (133 mm; 6–6+) 3–4 года)
♀ # 3 caucasia ( ?; 4)
♀ # 45 caucasia (95 mm; ♀ # 45, joint roosting (?)
2)
♀ # 8 caucasia (95 mm; 2)
♀ # 14, joint roosting 6.V
# 72 caucasia (127; 5) 4 ♀# 14 erythrogaster
II caucasia (sex?) (?; 2)5
(125; 5)

# 41 (119 mm; 4)
# 65 (133 mm; 6–6+)

–
♀ # 9 (129 mm; 6–6+)

♀ # 37 caucasia
♀ # 43 caucasia
♂ # 12 caucasia
?
♀ # 34 erythrogaster (61 mm;
1)
♀ #50 erythrogaster (63 mm;
1)

II4 caucasia (sex?) (?; 2)
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Personalised relationships between redbelly agama females that inhabit the territory of the
same male are probably missing, but no confrontations have been observed, either. However,
females show aggression towards alien individuals of the same sex. We observed a large female chasing a smaller one, which found herself in the periphery of the territory of that family group. A similar behavior of a female has also been recorded towards a satellite male who
intruded the periphery of the area occupied by that female. Females usually avoid conﬂicts
with alien males.
These data suggest that redbelly agamas, just like Caucasian rock agamas, show a high
degree of philopatry. Territorial structure of their populations is stable, even if use of some
parts of the home range may vary. Territorial conservatism makes it possible to maintain the
stability of population structure and results in stable family groups, as shown by us for Caucasian rock agamas (Panov and Zykova, 1993, 1995).

11.5. Activity
Seasonal and diel activity patterns of redbelly agamas are very similar to what we have
described earlier for Caucasian rock agamas. Redbelly agamas emerge from hibernation in
early March (capture dates in Badkhyz March 10 1947 and March 11 1957). In spring, some
individuals leave their wintering shelters when air temperature reaches 16°C, but mass activity does not start until the temperature becomes 22–23°C and higher. In March and April the
activity of redbelly agamas is single-peaked. In mid May these lizards are active between
9:00–17:00, both in sunny weather and under overcast. The earliest encounter in May was
at 7:25, the latest one at 20:08. Foraging activity peaks in the morning. In the afternoon the
number of foraging animals is low, by it slightly increases towards the evening.
In summer, the overall level of activity is higher and shows both a morning and an evening
peak, even though the former peak is much stronger. The agamas emerge on the surface between 6:00–7:00, the maximum number of encounters occurs at 11:00. At 14:00–15:00, few
lizards are active, but at 16:00–17:00 the activity somewhat increases. In June, the earliest
encounter was at 6:05, the latest one at 20:45. In hot days redbelly agamas may be active until
20:00–21:00. Under overcast, they leave their shelters at air temperature of 16°C (Bogdanov,
1962). A similar diel pattern is observed in autumn (Kurbanov, 1960; Bogdanov, 1962, 1965;
Ataev, 1985).
The beginning of hibernation is early October, but some individuals can start hibernation
later in the season, but not later than early November (a specimen has been collected in Badkhyz on 29 October 1949, and Gorelov has observed an active redbelly agama on November
1
Age estimation of P. erythrogaster individuals was performed using a scale developed earlier for
P. caucasia.
In parentheses SVL and supposed age are shown.
2
We mean the Greeting Ceremony by a female toward a male.
3
Age in years.
4
In previous year in this territory occupied by male # 6 erythrogaster a mixed pair was present: male
# 8 erythrogaster (130 mm; 6–6+ ), female # 5 caucasia (137 mm; 6+).
5
Roman numbers indicate individuals that we could not capture and measure.
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29 1956). During the year, these lizards remain active for 230–240 days. Hibernation lasts for
120–130 days. Redbelly agamas spend their winter in crevices, cracks in rocks, in the hollow
areas within loess slopes and in rodent burrows. The bulk of the population probably winters
in the burrows. As shown by observations in Akar-Cheshme and Morgunovka, agamas lie in
winter rather deep (80–90 cm under the surface), which is facilitated by the burrow topography in the sandy soil (Ataev, 1985).
In winter during the mild days these agamas sometimes emerge to the sunny slopes. Individuals younger than one year sometimes remain awake on the surface in late autumn and
in winter. For instance, on November 27 1971 and December 11 1972 eight yearlings were
encountered in Akar-Cheshme in the great gerbil colony and in loess slopes near the village
of Morgunovka, when air temperatures were 17–27°C. They emerged from the shelters at ca.
11:30 and remained on the surface until 14:25 (Ataev, 1985).

11.6. Reproduction
Redbelly agamas become mature in the third year of life, i.e. 32–34 months after hatching
(Ataev, 1985). Mature individuals have SVL > 120 mm. In one- and two-year-old lizards
gonads remain dormant in the reproductive period. A proportion of agamas after the second
winter probably reach the adult size by July – August, but do not start reproduction until next
season (Ataev, 1985).
Bogdanov (1962) reported that the development of gonadal products starts in redbelly
agamas in late May. Kurbanov (1960) analysed 134 adult agamas captured during one year
in Badkhyz and found that gonads of both sexes signiﬁcantly increase their mass in the latter half of May. However, the mass of testicles starts to decline already in the end of May,
whereas the mass of ovaries continues to grow until 10 June. However, Laptev (1945) found
13 1.5–5 mm long eggs in a female’s ovaries already on April 20. Testicle length in one male
at the same time was 12 mm. In both males and females, even in similarly-sized individuals,
maturation of gonadal products may occur asynchronously; however, the general trend is
towards earlier start of reproduction in larger specimens (Rustamov, 1957).
Testicles develop earlier than ovaries, and males are ready for mating earlier than females.
Apart from histological analysis, it is conﬁrmed by direct observations of the animals’ behavior in spring and summer (Ataev, 1985). Differential rate of maturation of gonadal products
might be offset by the prolonged survival of sperm in the oviducts (Kamalova, 1975).
The earliest record of mating agamas was made on May 12 1954 near Morgunovka (Badkhyz). The testicles were 9–13 x 5–9 mm, female’s follicles were transparent or white,
2–3 mm long. The latest records of mating were on May 30 (Ataev, 1985). Egg laying occurs
in July and August. On July 5 1951, a female was collected in whose oviducts were found
13 well formed eggs with the size 19–25 x 9–14 mm (Bogdanov, 1962).
Lizards hatch in September – October. On October 10 1950 a juvenile agama was captured
with SVL 44 mm and tail length 57 mm (Bogdanov, 1962). In a ﬁrst-year lizard measured on December 111971, SVL and tail length were 45 mm and 59 mm, respectively; body mass was 3.3 g
(Ataev, 1985). Even though reproduction periods of redbelly and Caucasian rock agamas overlap
greatly, it is generally believed that the former species breeds somewhat later in the season.
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11.7. Diet
Redbelly agamas are polyphagous and extensively take both animal and plant food. In
spring, beetles and caterpillars are important food items, and in June the lizards take many
ants, beetles and orthopterans. The latter group is especially numerous in the stomachs of
agamas from Badkhyz (Kurbanov, 1960). Apart from insects, redbelly agamas in spring
consume much green plants, and the analysis of stomach contents shows that this is their
main food. Large redbelly agamas may also consume small vertebrates: in Badkhyz an adult
agama has been seen swallowing a juvenile gerbil (Ataev, 1985). A case is known when a
redbelly agama was found in an Eastern Black Wheatear Oenanthe picata nest with pulli.
One nestling was dead and another one nearly dead, and both had bruises on body and wings,
probably from the lizard bites (Rustamov, 1957). Apparently, diets of redbelly and Caucasian
rock agamas are very similar (section 12.1).
Redbelly agamas forage when their leave their shelters in winter. In November and December, stomachs of four hatching-year individuals contained true bugs, ants, orthopterans
and even plant fragments (Ataev, 1985).

11.8. Molt
Molt of juveniles and mature individuals occurs in May. Of 34 redbelly agamas inspected
during two years between 2–21 May, 20 (58.8%) had molted (Bogdanov, 1962).

Chapter 12.
Relationships between
closely related species
and parapatric hybridization
in genera Paralaudakia and Stellagama
The analysis of relationships between taxonomically close species makes it possible to estimate
the level of divergence reached in the process of speciation, and to understand the principles of
coexistence of such species in the secondary contact zones. Two topics are traditionally of special
interest for evolution students. First, how crucial resources (space, food, shelters) are partitioned
if ecological needs of the species studied are basically similar (the problem of coexistence).
Second, how selectivity during mating allows the species to maintain their genetic isolation and
morphological identity (the problem of isolation barriers). Still debatable remains the question of
the possibility of coupled morphological evolution of closely co-existing species, in particular due
to enhanced divergence following the character shifting principle (Panov, 1989, 1993).

12.1. Relationships of Caucasian rock agama
and redbelly agama in the sympatry zone
Already Zarudny (1903) pointed towards the possibility of sympatry of these species, when he
wrote that in eastern Persia the range of redbelly agamas overlaps with the range of Caucasian
rock agamas (section 10.1). However, until recently only indirect evidence was available for
the close co-existence of these two species in the overlap zone of their ranges in northern Iran,
Afghanistan and southeastern Turkmenistan (Zarudny, 1897, Anderson and Leviton, 1969;
Ataev, 1985; Zykova and Panov, 1990, 1993; Baig, 1992). In particular, even though several
authors (Heptner, 1945, 1955; data of Dementiev, Spangenberg and Rustamov in Bogdanov,
1955) mentioned the presence of Caucasian rock agamas in Badkhyz (where the other species
is quite common), no specimens supporting these claims are deposited in collections. It is
noteworthy that ﬁve specimens collected by V.G. Heptner in 1942 and identiﬁed as Caucasian
rock agamas, were later re-identiﬁed as redbelly agamas by Bogdanov (1955).
It is not until much later that the existence of a large sympatry zone of Caucasian rock
agamas and redbelly agamas has been documented in the northeastern foothills of the eastern
Kopet Dag, where the populations of these species occur in different habitats, closely adjacent
to each other (Gorelov and Lukarevsky, 1990; Ataev et al., 1991; Tuniev et al., 1991).
In 1993, based on the information kindly provided by Ch. Ataev and S. Shammakov, we made
an attempt to study the relationships between Caucasian rock agamas and redbelly agamas in
the eastern Kopet Dag, at the northeastern foothills of the Koyundag range, which forms the
state border between Iran and Turkmenistan. Our study site was located near the Darokhbeit
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Fig. 12.1. Caucasian rock agama (a) and redbelly rock agama (b) males in the state of sexual activity.
Note a more massive head and more spined integument in the second species. Drawing by E.N. Panov.

spring (southeast of the Dushak village, 36°55’ N, 60°10’ E). Both species appeared not to be
just sympatric here, but to share the same habitats (Fig. 12.1). In springs 1994, 1995 and 1996
we performed an integrated study of the mixed population that occurs in this area. At a plot of
ca. 18 ha we made an absolute count of agamas of both species. Most lizards were captured
and individually marked. We subsequently followed the movements of marked individuals and
recorded the pattern of relationships of these lizards with other conspeciﬁc and heterospeciﬁc
individuals. The total duration of observations was ca. 440 hours.

12.1.1. Habitats, distribution and numbers of the co-existing species
The study site is a hilly country with the mean altitudes ca. 500–600 m a.s.l. Both agama
species inhabit here a wadi running towards the north, to the foothill plain (Fig. 1.13). Upwards
the wadi runs across a wide valley, whose bottom gently grades into the dry slopes with talus
mounds. We called this area the southern section of the valley. Further downstream the wadi
cuts through the sandstone, and here bare rocks occur immediately adjacent to the spring bed.
These rocky outcrops occupy the largest area in the zone of maximum dip of the stream with
its underground streams (the Darokhbeit spring). They raise several tens of metres above
the stream and form narrow steep terraces, practically devoid of grassy vegetation. In the
crevices of the mother rock, large ﬁg trees and Astragalus bushes grow. This portion of the
valley we called the central one. After leaving the rocky ravine, the stream runs into a hilly
plateau, where on the grassy hill slopes small outcrops of coating conglomerates or isolated
large boulders occur (northern portion of the valley).
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In the southern part of the valley the mixed agama population appeared to be scarce,
and here we restricted out work to visual surveys and anecdotal observations. In two years,
we recorded 16 lizards, 11 of which (68.8%) were redbelly agamas. Only this species was
recorded on the hills of the northern section, where population density was comparatively
low. Unlike these two areas, in the central, mainly rocky part both species were present
in comparable numbers: 17 territories were occupied by redbelly agama males and 15 by
Caucasian rock agama males. However, the ratio of these species varied between the sectors
of that study plot. Therefore, we distinguished between three areas within the central part of
the valley, the southern (I), central (II) and northern (III) ones (Fig. 1.13).
In sectors I and III that were adjacent to the southern and northern parts of the valley,
respectively, which were inhabited exclusively or predominantly by redbelly agamas, that
species outnumbered Caucasian rock agamas. The ratio of territories occupied by the males
of the two species was 6:3 in sector I and 6:1 in sector III, biased towards redbelly agamas.
However, in the central area II, a reverse ratio was observed: ﬁve territories were occupied by
the redbellies and 11 by Caucasian rock agamas. Taking into account females and immature
individuals (three and three of the former species, 17 and 9 of the latter one), the ratio in
sector II was 11:37.
As shown in Fig. 1.13, both species occupies the same habitats in the study plot, with some
redbellies territories (e.g. male № 70) situated completely in the taluses, i.e. in the typical
Caucasian rock agama habitat.

12.1.2. Relationship to the main environmental conditions and resources
The environmental needs of both species in Darokhbeit are very similar. We shall brieﬂy
discuss their responses to the changes of temperature regimen, and features of foraging
behavior and shelter choice.
Activity of both agama species with changing ambient temperature shows similar patterns
of variation. Activity level drops not only during cold spells (27–29 April), but also when
daytime temperature rises above 30°C (Panov and Zykova, 1985). Both species emerge
from nocturnal shelters nearly simultaneously (which is especially apparent when observing
mixed family groups), and also synchronously go to shelters for the night. In different days,
emerging from the night may occur at different daytime (7:00–13:00 in sufﬁciently warm
days without strong wind). Time of emerging is governed by air and substrate temperature;
the latter parameter depends on the weather on the preceding day. The latter factor is more
important, whereas the range of air temperatures at which agamas may emerge, is rather broad,
from 10°C to 24°C. In hot days, the activity of both species is double-peaked, with maxima
between 8:00–11:00 and between 16:00–18:00. During very hot weather, a proportion of
lizards do not leave their shelters in the afternoon, so that the evening peak is not pronounced.
Those individuals that are active during this time, return to their shelters ca. 18:00–19:00,
when air temperature is at least 20°C.
We found no difference between both species in their use of long-term shelters. These are
mainly deep erosion crevices in sandstone monolith. In the southern and northern sections of
the valley redbelly agamas may also inhabit in mammal burrows.
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The basis of the diet of both species, at least in spring, is formed by plant food. The
spectrum of the foods is rather broad. Agamas regularly use the generative organs of different
herbaceous plants, including Asteraceae, Papaveraceae, Iridaceae etc. Milkvetch ﬂowers are
also a preferred food. These lizards also consume vegetative parts, e.g. milkvetch leaves,
poppy sprouts and young Artemisia plants. This list of plant matter taken by both species,
is far from being complete. As all these plants are common in Darokhbeit, either as herbs
(poppies, Artemisia), or as scrub (milkvetch), the preferred food for agamas is abundant. In
both species animal food is apparently just an addition to their diet.

12.1.3. Sex and age structure and social organisation in the populations in contact
In the mixed Darokhbeit population the structure of family groups of redbelly and Caucasian
rock agamas generally agrees with the pattern known for the pure populations of both species
(Chapters 5 and 10). Tables 11.2 and 12.1 present the data on the composition of family
groups for which we had sufﬁcient data.
In Darokhbeit, like in single-species populations, one to 3–4 females of varying age may
live within the territory of a resident male, whereas some males remain unmated. In 1994,
the mean number of females in family groups of Caucasian rock agamas in sector II was
1.87±0.40 (n = 8), which is close to the composition of family groups in pure populations
of this species: 1.73 in eastern Azerbaijan, 2.43 in the stabilized introduced population near
Krasnovodsk. In Darokhbeit the ratio of mature females (>3 years) and younger females was
2:1, which shows a larger reproductive potential of this population.
A similar situation was recorded in the redbelly agama demes in sectors I and III, where that
species is more common. The mean number of females in family groups is 1.20±0.37 (n = 5), with
the ratio of females just ready for ﬁrst reproduction and older ones equal to 2.0. For comparison,
in a pure thriving redbelly agama population in Badkhyz (Kerlek) the ratio of mature females
and territorial males is 2.6 (non-selective captures). This ﬁgure is an estimate (albeit possibly a
biased high one) of a typical size of a family group in this species. The ratio of mature females
(>3 years old) and those ready for ﬁrst reproduction is redbelly agamas in Kerlek is 1.5.
A very different pattern could be seen in redbelly agamas in sector II, where Caucasian rock
agamas outnumber the other species (Fig. 1.12). Here we found just two conspeciﬁc monogamous
family groups (in the territories of males ## 6 and 15). In one of these groups the female’s age
did not exceed two years, which makes it very unlikely that she was breeding (Ataev, 1985). Two
other redbelly agama males # 21 and # 32) in sector II remained unmated, and in the family group
of male # 70, which had a redbelly agama phenotype, only caucasia females were present. Sex
ratio among redbelly agamas in sector II was male-biased (5:3), which is an obvious anomaly and
could be one of the reasons for the existence of mixed family groups.
Relationships between individuals within family groups in both agama species, and in
mixed groups, followed the general pattern which could, however, vary somewhat. The
females in the group could sometimes spend much time together, keeping the distance
of one metre or slightly more. Most often it happened when the age of the females was
much different, so that the older female did not perceive the younger one as a competitor
(e.g. caucasia females ## 731 and 48, mated to the male # 73 – see Table 12.1).
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Table 12.1.
Composition of conspeciﬁc family groups of Caucasian rock agamas
a mixed P. erythrogaster – P. caucasia population
SVL (mm) and approximate age (years)1
Territorial male
# 4 (131 mm; 6)

# 22 (120 mm;)
# 18 (140 mm; 6+)
# 11 (127 mm)

# 7 (131 mm; 6)
# 73 (128 mm; 5)
# 57 (128 mm; 5 )

Females living on
given territory
# 38(128 mm; 5+)
# 2 (125 mm; 4–5)
# 41 (95 mm;2)
I 3 (?; 4)
II (?; 2)
# 13 (133 mm; 5+)
# 43 (114 mm; 4)
# 20 (128 mm; 5+)
# 16 (118 mm; 4)
I (?; 2)
II (?; 4)
III (?; 4–5)
# 731 (130 mm; 5+)
# 48 (103 mm; 3)
# 5 (90 mm; 2)

# 32 (130 mm; 5)

# 54 (123 mm; 5)
# 53 (110 mm; 3–4)

# 25 (130 mm; 6)

# 71 (110 mm; 3–4)

# 26 (130 mm; 6)

# 36 (130 mm; 6+)
# 37 (116 mm; 4)

Female that came in contact with
territorial male2

SVL (mm) and age of other
agamas on given territory

# 2 (24.IV) joint roosting?

# 34 (61 mm; 1)

II (6.V)

–

# 43 (12.V)

–

# 20 (21–22.IV)
I (10.V), joint roostig?

III , joint roostig

–

# 46 (48 mm; 2) sex?
?

?

# 5 (9.V)

–

# 54 (12.V), joint roostig
# 38 (from territory of ♂ # 4)
copulation
# 71 (27.IV; 5.V), joint roostig?

–

# 37 (5.V)

–
Home ranges of females
overlap three neighbouring
territories of ♂♂
erythrogaster (## 31, 40
and 41)

1

For method of ageing see Chapter 3.
We mean greeting ceremony by a female toward a male.
3
Roman numbers indicate individuals that we could not capture and measure.
2

12.1.4. Territorial relationships in the mixed agama populations
Males of both agama species remain in permanent home ranges, which may overlap with
the home ranges of neighbours to a varying degree. The general pattern of relationships
between neighbours is similar to what is observed in pure Caucasian rock agama populations.
Intrusions may remain without response from the territory owner, raise passive interests
(the owner reproduces the path of the intruder without attacking him) or result in agonistic
behavior (chasing and active eviction of the intruder, in very rare cases with a physical ﬁght).
Interspeciﬁc territoriality is generally similar to within-species interactions. In most
cases every male, either unmated or mated to one or several females, is an exclusive user
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of the core area of his home range, but allows presence of other males (conspeciﬁc and
heterospeciﬁc ones) in the periphery, and sometimes visits the peripheral zone of home ranges
of neighbours. Under such conditions, the same area may be consequently visited by several
neighbouring males. Apart from one special case of close co-existence of two heterospeciﬁc
males (see below), we observed 12 cases of brief intrusions of males into the core areas of
non-conspeciﬁc neighbour males (ﬁve intrusions of ﬁve different redbelly agama males into
the territories of Caucasian rock agamas and seven intrusions of two different Caucasian
rock agama males into redbelly agama territories). In three cases, the intruder visited a
preferred watchpost in the absence of the owner. In the cases when the owner spotted the
intruder, the latter lizard either behaved indifferently (one case — intrusion of redbelly
agama male # 15 into the home range of Caucasian rock agama male Caucasian rock agama
male # 57) or showed active aggression (three threatening approaches of three different
Caucasian males towards redbelly intruders and ﬁve intensive chases by the male # 70 with
the redbelly phenotype of intruding Caucasian rock agama males).
The behavior of the mentioned male # 70 represents one end of the continuum of territorial
behaviors, which varies in Darokhbeit redbelly agamas from consistent antagonism towards
intruders to the total indifference towards non-conspeciﬁc males. The home range of the
male # 70 was a true territory, as its owner invariably evicted his two neighbours (Caucasian
rock agama males ## 4 and 20), when spotted them in the periphery of his domain. The main
part of the male’s # 70 territory (area 0.1 ha) was located in a large rocky outcrop and was
easy to observe towards all directions. The problem for the owner was that when chasing the
intruders, male #70 often fall down from the vertical walls, which presented no difﬁculty
for the running away Caucasian rock agamas. Anyway, this was a clear case of interspeciﬁc
territoriality. It should be however mentioned that Caucasian rock agama male # 22 (and to
the lesser extent male # 4 of the same species) could remain within the male’s # 70 territory,
if they stayed beyond his ﬁeld of vision.
The other end of the behavioral continuum, i.e. total indifference, can be illustrated by
the behavior of redbelly agama male # 21 and Caucasian rock agama male # 11. We have
repeatedly (on 21 and 22 April, 9, 10, 13 and 15 May) seen male # 21 in the immediate
vicinity of the family group of the Caucasian rock agama male # 11, which included two adult
Caucasian females and one immature lizard (judging from its behavior, also a female). When
male # 11 was courted by one of his females, male # 21 (redbelly agama) could approach
them by ca. 1 m, but did not try to show any activity and caused by antagonism from other
lizards. Judging from the condition of his hemipenis, male # 21 was at the stage of active
spermogenesis; however, his interest to Caucasian females was limited to approaching them,
sometimes by 20 cm. In one case we observed how male # 11 repeated the path of male # 21
and touched the substrate by his tongue. However, we never performed any threatening or
aggressive actions towards the latter male.
Females generally remain within their home ranges within the territories of males, but
sometimes they can make forays beyond the male’s territory and enter the territories of
other males. Relatively broad movements of females in the vicinity of their range of most
typical of comparatively young individuals (3–4 years of age), which however already have
a pronounced sexual potency.
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12.1.5. Violation of the ethological isolation and the possibility of interbreeding
between Caucasian rock agamas and redbelly agamas

Fig. 12.2. Results of principal component analysis
(A) and cluster analysis of a sample from the mixed
Caucasian and redbelly rock agama population
(males). Figures — numbers of individually marked
lizards. The phenotype of male # 70 obviously
deviates from the typical P. erythrogaster. In
(B) the P. erythrogaster sample consists of three
clusters, one of them (C) represented by a single
male # 70 (shown by arrow). Sample of P. caucasia
consists of two clusters.

Discussing whether the mechanisms
of reproductive isolation are efﬁciently
functioning in this case, one can argue that
ethological barriers do not provide sufﬁcient
isolation. This is partly due to the fact that
relationships between the mates are to some
extent forced: a female establishes a permanent
home range in the ﬁrst year of her life, without
respect to the presence of a future mate (Panov
and Zykova, 1993; section 5.3.3). As a result,
when she reaches maturity, she may ﬁnd
herself in the territory (and a member of the
family group) of a non-conspeciﬁc male.
Even though the proportion of mixed
families in sector II was rather high (in
1994, two out of 13 for which we have
sufﬁcient data, i.e. 15.4%), the question
whether individuals of hybrid origin are
present in that population remains open.
Apparently, the absence of specimens
with clearly intermediate phenotypes
suggests the existence of efﬁcient factors
that hamper wide hybridization. This role
is probably played by the post-copulatory
barriers, the exact nature of which is
obscure (it might be failing fertilization,
embryonic mortality of hybrids etc.).
At the same time, we cannot rule out a
limited gene ﬂow between redbelly and
Caucasian rock agamas in the bottleneck
situations. We have mentioned the presence
of phenotypically intermediate specimens
and thus suggested the existence of mixed
populations with episodic hybridization events
(Zykova and Panov, 1990, 1993; Plate XXX).
The results presented here partly support
these predictions. The presence of hybrid
individuals in mixed populations is suggested
by the peculiar phenotype of the female # 44
(from the family group of the old erythrogaster
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male # 47), which showed some characters of
shape and pholidosis typical of caucasia. The
male # 70 with an erythrogaster phenotype is
also suspect (Plate XXXI), as he showed the
maximum recorded tail length, a relatively
ﬂat head and the maximum recorded number
of scales around midbody (102, with the
range in other erythrogaster males 82–96,
mean 89.7 ± 1.00). Moreover, that male
differed from all other redbelly males by his
well pronounced territorial behavior and high
locomotor activity.
Figs. 12.2 and 12.3 present the results
of analysis of our samples by principle
component analysis and by cluster
analysis. We analysed three parameters:
number of scales around midbody, tail : Fig. 12.3. Results of principal component analysis
SVL ratio and the ratio of head width to its of a sample from the mixed Caucasian and redbelly
height. We had to exclude the individuals rock agama population (females). Female # 44
with missing distal tail segments. One apparently deviates from the typical P. erythrogaster.
can see that male #7 0 and female # 44
signiﬁcantly deviate from the standard
redbelly agama phenotype.
The analysis of phenotypes of redbelly and Caucasian rock agama populations of
Darokhbeit shows a tendency towards their convergence by a number of characters. Even
though all caucasia specimens from the vicinity of Darokhbeit are rather similar, that
population considerably differed from the populations of central Kopet Dag that occur
some 150 km to the west. Darokhbeit agamas are also different from the conspeciﬁcs from
the central Kopet Dag and from the Sumbar valley by a number of structural characters
(Table 12.2). First, Caucasian rock agamas in Darokhbeit have the smallest mean number
of scales around midbody of all populations studied. Second, most females had functional
holocrine glands near anal interstices, which is a character typical of redbelly agamas and
recorded in Caucasian rock agamas only in Darokhbeit and Tejen1. These phenotypic features
of local Caucasian rock agamas could be a results of inﬂux of redbelly agama genes.
The redbelly agama sample looks less uniform, which can already be attributed to the
impact of Caucasian rock agama genes. In redbelly agamas of Darokhbeit this impact may
result in the tendencies towards 1) ﬂatter head and 2) smaller number of large scales across
the dorsal stripe (see also Tuniev et al., 1991 and our data on the single-species population
from Badkhyz and from Darokhbeit, section 10.2). Both species show in Darokhbeit similar
ranges of variation in general size, whereas in the adjacent regions single-species populations
have smaller (Caucasian rock agama in the central Kopet Dag) or larger size (redbelly agama
in Badkhyz).
1

A geographically close locality
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Table 12.2.
Morphological features of Caucasian rock agamas (age more than four yearsв)
inhabiting Eastern, Central and Western Kopet Dag
Character

SVL

Sex

Eastern Kopet Dag
Darokhbeit

Central Kopet
Dag
Geok-Tepe,
Germab

males*

129.00±1.32 (16)1

ns

females*

127.40±1.25 (10)

ns

132.25±1.66
(12)

Western
Kopet Dag,
Sumbar River
valley
p<
0.001

138.34±102
(32)

p< 0.05 131.74±1.5 (19)
p<0.01

1.49±0.03 (16)

males

1.41±0.02 (9)

p<0.05

125.40±1.72
(5)
1.32±0.03 (7)

females

1.45±0.02 (7)

p<0.05

1.35±0.04 (9)

p<0.05

1.45±0.02 (16)

Number of scales
around midbody

127.31±1.24 (39)

p<0.01

136.12±2.74
(17)

p<0.001

169.6±22.10
(28)

Extra scales in
integument of tail
(% individuals)
Scales’ tuberosity
at vertebral band
(scores)
Scales’ tuberosity
at ﬂanks (scores))
Callous scalation
in females (%
injdividuals)
abdominal
position

12.1 (33)

26.1 (23)

86.4 (81)

+

+

+++

+
+

+++
+++

+
+

45.0 (20)
90.0 (20)

0.0 (11)
0.0 (11)

42.8 (14)
0.0 (14)

Tail: SVL

precloacal position
1

Sample size
* mean SVL 120 mm and more.

Occurrence in very similar habitats is apparently recorded very locally in the sympatry zone
of these agama species. In the Turkmenistan part of the redbelly agama range, which extends
by 120 km from the east to the west, this species co-exists with Caucasian rock agamas only
in Darokhbeit and Harchingan (Ataev, 1993). Due to the very local occurrence of co-existence
areas, it would be premature to discuss the very possibility of character displacement, which
assumes a rapid divergence of species in a contact zone. Such processes can apparently occur
only in the populations of different species with high numbers in a large area. In the local mixed
population of Darokhbeit we found a convergence of characters, rather than a divergence.
Only detailed ﬁeld studies combined with DNA analysis will make it possible to ﬁnd
out whether all these events are a result of a weak gene ﬂow, going since long ago between
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the populations of Caucasian rock agamas and redbelly agamas in the eastern Kopet Dag.
Whatever the cause of phenotypic peculiarity of Caucasian rock agamas from Darokhbeit
is, it is probably morphologically representative of the eastern Kopet Dag populations, as
suggested by the similar specimens from Tejen (50 km NE of Darokhbeit) in the collection
of ZMMU (# 280: 17/1 – 6).

12.1.6. Lack of competitive exclusion
The reported data makes it possible to draw some conclusions on interspeciﬁc competition
between the studied rock agama species that occur in sympatry and in sembiotopy. As the
main resources (food and shelters) are superabundant, the exploitation competition between
Caucasian rock agamas and redbelly agamas in Darokhbeit is not an issue. The potential
competition, which may result from the apparently similar ecological needs of both species,
should be alleviated by interspeciﬁc territoriality, which may be regarded as a manifestation
of interference competition. However, both inter- and intraspeciﬁc territoriality in this
particular case allow considerable overlaps in home ranges. Each adult individual owns
exclusive rights to a rather spacious core zone of its range, where the main activity of the
given individual takes place.
It has been previously shown for Caucasian rock agamas (Panov and Zykova, 1993) that
in pure populations of these lizards male territoriality is one of the most important factors
limiting population growth and density. The same should be apparently true of a mixed
population of two species with similar spatial distributions of individuals under the conditions
of interspeciﬁc territoriality. This is an example of how mild interference competition prevents
exploitation competition by keeping a mixed population within the certain limits of numbers
and density.

12.2. Parapatric hybridization in the
P. caucasia – P. microlepis complex
in the western Kopet Dag
As mentioned in Chapter 2, Caucasian rock agamas in the southern part of their range
contact a closely related species, small-scaled rock agama P. microlepis, which some authors
treated as a subspecies of the former one (Blanford, 1876; Wettstein, 1953; Anderson, 1974;
Leviton et al., 1992; see also Ananjeva and Ataev, 1984: 9). Anderson (1999) showed that
ranges of Caucasian and small-scaled rock agamas partly overlap in northeastern Iran. We
suspect, however, that the zone of parapatric contact may cover the whole northern Iran
(Fig. 2.2). As there are good reasons to believe that populations of Paralaudakia caucasia
and P. microlepis, which we treat as well differentiated species, intergrade in the secondary
contact zones (Panov and Zykova, 1987, 1995), it would be interesting to consider them as
co-evolving taxa in the same superspecies complex.
We believe that phenotypic diversity of Paralaudakia caucasia populations is explained,
ﬁrst, by standard processes of divergent geographic formation within the range of each species

240

E.N. Panov L. Yu Zykova Rock Agamas of Eurasia

and second, by the emergence of hybrid caucasia х microlepis populations with subsequent
expansion to novel areas (section 12.2.5).
Gene ﬂow between Caucasian and small-scaled rock agamas is supported by some indirect
evidence, for instance by the gradual increase of the number of scales around midbody along
the axis from the northwest, from within the range of the former species, to the southeast,
into the range of the latter one (Panov and Zykova, 1995, 1995a; Fig. 2.3 and Table 2.4).
In the same publications we showed that the populations in the Sumbar valley and Meshat
sands have a combination of characters typical of both species. Moreover, similarity of the
latter population, described as Stellio caucasius triannulatus Ananjeva and Ataev, 1984, with
small-scaled rock agamas is such that Baig (1992) without hesitation treated it as belonging
to the latter species. As our data strongly suggest that rock agamas from Meshat and Sumbar
river belong to the same morphological type. The Sumbar population, following Baig, could
also be treated as belonging to the small-scaled rock agama. However, due to a number of
reasons, we refrain from doing this and treat the triannulata agamas from Meshat and lizards
from the Sumbar valley as a caucasia x microlepis hybrid population.
To test the hypothesis of microlepis genes introgression even further north, in the core
of Caucasian rock agama range, we analysed the pattern of geographic variation along the
transect from the locality where a caucasia x microlepis hybrid population occurs (Sumbar
river valley) to the areas inhabited by the nominotypical form of P. caucasia.
Agamas were captured in 1984–1994 at nine localities along the transect running along the
Sumbar river valley from the southwest to the northeast (Fig. 12.4). The data were collected at
the following sites: 1) loess canyon of the Sumbar rover 10 km SW of Sharlawuk village; 2)
the same canyon 24 km NE of site 1); 3) loess canyon of the Tersakan river, a northern tributary
of the Sumbar (15 km beeline distance from site 2); 4) Mt. Doiran (beeline distance 8 km from
the Tersakan valley and 5 km from the nearest agama habitats in the foothills of the Hasardag
ridge to the east); 5) rocky outcrops on the left bank of the Sumbar near the village of Kara-Kala
(ca. 25 km of the site 4); 6) northern slope of the Monjukly ridge (ca. 15 km of site 5); 7)
Parkhay area on the right bank of the Sumbar (ca. 10 km from site 6); 8) Kalaligez on the
right bank of the Sumbar, 21 km from site 7; 9) Aydere in the valley of the Aydere river, ca.
40 km from site 8. Apart from these sites, from which we obtained data on a total of 346 live
agamas, we described four individuals from the lower part of the Sumbar valley, ﬁve from
Idejik (near Kara-Kala) and two from the southern slopes of the Monjukly ridge, following the
same protocol. Besides, we used the data on the phenotypes of agamas captured at two sites in
the western foothills of the Kyurendag range near the town of Kazajik-Bereket (sites 10 and 11
in Fig. 12.4, 10 specimens) and in the Greater Balkhan Range (site 12, 213 specimens).
We studied the agama specimens from the regions of interest, deposited in the collections
of ZIN RAS, ZMMU and Institute of Zoology of the Ukrainian Academy of Sciences (a total
of 107 specimens). It is worth nothing that these collections lack specimens from sites 1–5,
7–8 and 10–11.
The analysis is mainly based on descriptions of live lizards trapped by non-biased methods.
At sites 1, 2, 7 and 8 the agamas were captured repeatedly in different years, which sometimes
allowed us to know the exact age of speciments (see also Zykova and Panov, 1991; Panov
and Zykova, 1993).
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Fig. 12.4. Schematic map of the study region. 1, 2 — lower Sumbar River valley; 3 — lower Tersakan
river valley; 4 — Mt. Doiran; 5 — area along the right bank of the Sumbar River near Kara-Kala
settlement; 6 — southern slope of Monjukly range; 7 — Parkhay; 8 — Kalaligez; 9 — Aydere Gorge;
10, 11 — foothills of the Kyurendag range; 12 — Greater Balkhan.
a — elevated areas; b — study sites; c — records of specimens identiﬁed as P. microlepis; d — range
of the form triannulata.

Phenotypes of the populations from the assume intergradation zone were compared with
the data from the genetically pure populations of the nominotypical subspecies (Gobustan,
the vicinity of Baku: 51 specimens).

12.2.1. Differentiation of populations by external morphology
As shown by the data presented in Chapter 2, in the studied region spatially disjunct
populations in a number of cases are quite different by the size of mature individuals, general
shape, pholidosis and coloration.
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SVL. The variation in size was estimated by body length with head (SV) (Table. 12.3). As
size of young individuals just reaching maturity (i.e. ca. 3 years of age) is indistinguishable
between different populations, the data on these individuals do not contribute to betweenpopulation comparisons. As described in Chapter 3, population-related variation in size may
be due to difference in growth rates and thus to the size of older age classes. Therefore we
did not include the data on individuals with SV<100 mm (i.e. those that have just reached
maturity) in Table 12.3.
Table 12.3.
Geographic variation of body size (SVL) in adult Caucasian rock agamas inhabiting areas
from the lower Sumbar River valley te Central Kopet Dag and the Greater Balkhan Range
Region

Males

Lower Sumbar River valley
Site 1 (1*)

Females

107–151
133.9±2.5 (25)

113–142
126.7±2.0 (19)

108–144
134.2±2.3 (13)

125.4+3.9
105–140 (11)

119, 128
123.5 (2)

115. 133
124.0 (2)

119–129
123.5±1.8 (4)

104–123
115.8±3.6 (4)

118–131
125.6±2.2 (5)

104–123
115.0±3.4 (4)

Monjukly Range, northern slope (6*)

110–131
120.6±3.5 (5)

106–125
113.8±2.5 (6)

Parkhay (7*)

102–132
119.5±1.7 (22)

104–124
112.0±1.2 (21)

Kalaligez (8*)

106–132
120.1±1.9 (14)

100–139
112.7±1.7 (26)

Upper Sumbar River valley
Aydere Gorge (9*)

128–134
131.2±1.4 (4)

126 (1)

116–139
131.1±1.9 (13)

101–131
117.3±3.4 (9)

113–148
132.4±2.7 (12)

106–131
120.9±1.7 (18)

Site 2(2*)
Mouth of Tersakan River (3*)
Mt. Doiran (4*)
Middle Sumbar River valley
Kara-Kala (5*)

Central Kopet Dag
Geok-Tepe, Mt. Dushak

Greater Balkhan Range (12*)

* Site numbers correspond to those those in Fig. 12.4
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As shown by Table 12.3, the greatest mean size is typical of the agamas from the loess
canyons of the lower ﬂow of Sumbar river (sites 1 and 2). Further east, in the western
foothills of the Kopet Dag (sites 3–8) the mean values are considerably lower, mainly
because of the absence of males with SVL>132 mm and females with SVL>125 mm.
Larger animals start to sometimes get captured in the samples from the eastern site 8
(Kalaligez) and become relatively common at site 9 (Aydere) and further east, in the central
Kopet Dag. In the latter two areas the mean values are considerably greater. The mean
body size of males with SVL>120 mm signiﬁcantly differs between the samples from the
site 7 (Parkhay) and the site 9 (Aydere), located just 55 further east: 125.5 and 131.3 mm,
respectively (t = 3.26; р < 0.001).
The conclusion that body size of agamas signiﬁcantly declines along the central part of the
transect, from the lower Sumbar river to the central Kopet Dag, is supported by the comparison
of these populations with those from western Turkmenistan, e.g. from the Greater Balkhan
range (site 12, Table 12.3). The size of agamas increases not only towards the southwest and
east of the areas where site 4–8 are located, but also towards the north. As a result, our data
show that the western foothills of the Kopet Dag are inhabited by the smallest rock agamas
of all those for which the data is available, from the whole range of this complex (see also
Panov et al., 1987; Panov and Zykova, 1995).
Body proportions. As shown earlier, two groups of populations can be distinguished within
the range of Caucasian rock agamas, differing by the relative tail length. Rock agamas from
the area covering the lower Sumbar valley, Meshat sands and the western foothills of the
Kopet Dag are the long-tailed ones. The values of this character vary between the samples,
but we failed to identify any trend within our transect. Our data show that at sites 1, 2, 4, 6, 7
and 8 this ratio is 1.47; 1.42; 1.46; 1.38; 1.45 and 1.48 (both sexes pooled).
Another important character is the ratio of head width to its height (head height index).
This parameter makes the population of the lower Sumbar valley is distinct (value 1.71). In
the populations of Parkhay, northern slope of the Monjukly range and in Aydere gorge the
values are 1.80, 1.80 and 1.76, respectively. The difference between the population of the
Sumbar valley vs. the populations of Parkhay and the Monjukly range is signiﬁcant, t = 2.0;
р<0.01. Even higher values are recorded in the central Kopet Dag (vicinity of the village
Geok Tepe and Mt. Dushak) — 1.84, but the difference between the Parkhay population and
the central Kopet Dag is not statistically signiﬁcant (t = 1.82).
Number of scales around midbody. This parameter shows a tendency towards declining
mean values along the transect from site 1 to site 9 (Table 12.4; Fig. 12.5). If the transect is
continued towards the west and includes the population of Meshat sands, and towards the
east to the central Kopet Dag, the tendency holds: the highest values of found in the former
area (mean 190.2±3.1, range 173–208; see also Ananjeva and Ataev, 1984) and the lowest
ones in the latter one (means at two sites 138.4 and 132.9, range 115–147).
Interestingly, the lowest values are recorded in the upper belt of Mt. Dushak in central
Kopet Dag, which is an isolated population with little if any gene ﬂow from the western
Kopet Dag.
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Table12.4.
Geographic variation of number of scales around midbody
Region

n

Lower Sumbar River valley
Site 1 (1*)
Mouth of Tersakan River (3*)

32

Mt. Doiran (4*)

8

3

Number of scales
around midbody
150–194
170.7±1.9
147–163
156.7±4.0
147–175
160.8±2.7

Middle Sumbar River valley
Kalaligez (8*)
Kara-Kala (5*)

32

Parkhay (7*)

29

Kalaligez (8*)

18

Monjukly Range, northern slope (6*)

11

Upper Sumbar River valley
Aydere Gorge (9*)
Central Kopet Dag

16

Geok-Tepe

10

Mt. Dushak

7

150–174
161.0±2.7
130–174
149.9±2.2
120–170
149.3±3.5
128–158
142.1±3.0
140–174
154.4±2.6
120–147
138.4±3.2
115–147
132.8±4.4:

* Site numbers correspond to those on Fig. 12.4

Pholidosis of the vertebral band and the lateral parts of the body. In most adult agamas
from sites 1 and in many from site 2 the scales on the dorsal stripe are polygonal and have
a well-developed edge, whose end forms a hook and hangs over the rear edge of the scale.
At site 8, dorsal scales are rather rounded with gentle edges and will much less developed
spikes. Generally the structure of scales in lizards from site 1 is similar to what is observed
in Meshat agamas of the triannulata form (Ananjeva and Ataev, 1984: 6 and Fig. III), from
sites 7 and 8 to the Caucasian rock agamas from the Greater Balkhan. Population from site 2
shows a large variation in dorsal scale pattern.
Nearly all populations surveyed along this transect have a weakly developed complex of spiky
scales on the border between the dorsal and the lateral surfaces. Scores along the 5-grade scale
(1 meaning the minimal spikiness, 5 — maximum spikiness) varied between 1.0 and 1.4 for the
populations from sites 1–9 (Table 12.5). Among the populations of the western Kopet Dag and
its southwestern foothills the maximum value was typical of the Mt. Doiran population (site 4),
which is an isolated agama settlement, which has little if any exchange with other populations.
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Fig. 12.5. Distribution of samples of agamas with different number of scales around midbody. Figures
correspond to numbers of localities as shown in Fig. 12.4 and Table 12.4. А — central Kopet Dag,
vicinity of Geok Tepe; B — central Kopet Dag, Mt. Dushak. «*» р < 0.05; «**» p < 0.01; «***» р <
0.001; NS — not significant.

The mean score of lateral spikiness is much increased in the central Kopet Dag. Here
in the foothills near the village of Geok Tepe the mean score is 1.65, and at the higher
altitude of Mt. Dushak, where a (semi-)isolated population of typical Caucasian rock
agamas lives, it is as high as 3.50. A relatively high value of this parameter (1.80) is
recorded from another isolated population (Greater Balkhan, site 12), located rather
far from the Sumbar valley agamas with their weakly developed spikes on the lateral
surface.
It should be emphasized that following Baig (1992), L. microlepis lack large spiky
scales on the sides, as can be seen in the few specimens deposited in the collection
of ZIN RAS. Anderson (1999) briefly mentioned that in this species, scale spikes are
lacking or weakly developed in the specimens from southern Khorasan, but are present
in the lizards from more northern locations (e.g. closer to the main Caucasian rock
agama range).
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Table 12.5.
Extent of scales’ tuberosity at ﬂanks (scores) and of melanin presence in back integuments
in Caucasian rock agamas inhabiting areas from the Lower Sumbar River valley to the Central Kopet Dag
Region
Lower Sumbar River valley
Site 1 (1*)
Site 2 (2*)
Mouth of Tersakan River (3*)
Mt. Doiran (4*)
Middle Sumbar River valley
Kara-Kala (5*)
Parkhay (7*)
Kalaligez (8*)
Monjukly Range, northern slope (6*)
Central Kopet Dag
Geok-Tepe
Mt. Dushak

Scales’ tuberosity (scores)

Black portions of skin
(per cent)

1.06±0.6 (16)1
1.06±0.6 (16)
1.0±0.0 (3)
1.40±0.2 (8)

24.8±1.2 (15)
30.5±2.2 (6)
–
30.9±2.0 (8)

1.0±0,0 (11)
1.12±0.04 (52)
1.08±0.1 (19)
1.0± 0.0 (13)

22.5±1.4 (11)
30.9±1.8 (34)
29.8±2.4 (17)
37.5±2.1 (10)

1.65±0.2 (17)
3.5 ±0.5 (6)

41.3±2.4 (17)
38.7±10.0 (4)

1

Sample size
* Sites numbers correspond to those on Fig. 12.4

Pholidosis of tail. A typical feature of the agamas from the loess canyon of the Sumbar
(sites 1 and 2) is the presence on tail of a large number of the so-called extra scales, that in
some individuals form open or (more rarely) closed ringed. In the latter case, a number of tail
segments have three rings of scales instead of the usually two (Fig. 12.6). The existence of a
limited gene ﬂow between the populations from sites 1 and 2, on one hand, and more easterly
populations of the western Kopet Dag, on the other hand, is supported by the gradual weakening
of this combination of characters when moving along the Sumbar valley towards the east

FIG. 12.6. Occurrence of extra scales (shaded) in proximal tail segments and formation from them
third rings in distal segments. Adult male from the lower Sumbar River valley, site 1 in Fig. 12.4.
Figures — serial number of the tail segments. After Panov et al., 1987.
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(Table 12.6). A genetic inﬂuence of the populations of the lower Sumbar valley signiﬁcantly
impacts the phenotype of agamas that live at least 40–60 km east of site 2. On the right bank of
the Sumbar near the village of Kara-Kala (site 5) open third rings in tail segments were found
in 7.1% of individuals, and on the northern slope of the Monjukly range this proportion is even
higher (15%). In Parkhay (site 7) open third rings were recorded in 5.1% of rock agamas. Some
20 km towards the east, in Kalaligez (site 8) just solitary lizards have open (1.8%) or closed
rings (1.8%), but the proportion of individuals with accessory scales remains high (42.2). When
moving further east, lizards with both closed and open third rings on tail disappear from the
samples. The proportion of individuals with accessory scales also declines; it is just 21.7% in
the central Kopet Dag (Mt. Dushak) and 12.1% in the eastern Kopet Dag.
Table 12.6.
Proportion of Caucasia Rock Agama individuals (%) with different features of tail integument
pholidosis
Region, locality

n

Extra scales
absent

<10 per
individual

Third whorls
>10 per not closed
individual

closed

Southern Caucasus

100

93.0

5.0

2.0

–

–

NW Iran
Iranian Azerbaijan

5

80.0

–

20.0

–

–

Iranian Kurdistan
Eastern Alborz

3
5

–
40.0

100.0
20.0

–
20.0

–
–

–
–

W Turkmenistan
Meshat Sands
Kyurendag Range
Greater Balkhan Range

27
25
90

–
56.0
73.3

14.8
16.0
24.4

–
16.0
2.3

7.4
8.0
–

77.8
4.0
–

81

13.6

16.0

32.1

21.0

17.3

57

57.8

26.4

14.0

1.8

1.8

15

46.7

20.0

20.0

13.3

–

Central Kopet Dag
Geok-Tepe, Germab

23

73.9

17.4

8.7

–

–

Eastern Kopet Dag
Tedjen, Dushak
Darokhbeit

11
25

90.9
92.0

–
8.0

9.1
–

–
–

–
–

Karabil Plateau
Pelengoveli Canyon

4

75.0

25.0

–

–

–

NW Iran
Khorasan

11

90.9

9.1

–

–

–

S Turkmenistan
Lower Sunbar River valley
Middle Sunbar River valley
Kalaligez
Upper Sunbar River valley
Aydere Gorge
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The latter ﬁgure is comparable with what we can see in the populations whose genetic link
to the rock agamas of the lower Sumbar can be ruled out. In Gobustan (eastern Azerbaijan)
the proportion of individuals with extra scales in tail is just 7.8%. These ﬁgures probably
reﬂect the background frequency of occurrence of the spontaneous mutation responsible
for this character in the populations of the Caucasian rock agama complex.
Another geographically variable parameter referring to the skin of tail is the mean number
of scales in tail segments. We found a weak trend towards a declining number of scales around
tail from site 1 towards site 9, even though the tendency was not statistically signiﬁcant
(Panov et al., 1987). This character is probably correlated with the aforementioned parameter
‘number of scales around midbody’.
Form of ventral callosity. As already mentioned, we found variation in the form of the
ventral callosity along this transect. It was oblong in rock agamas from the lower Sumbar
valley (length : width ratio on average 3.3±0.2) and became more rounded towards the
central Kopet Dag, where that form was similar to other populations of caucasia, e.g. those
from the southern Caucasus. The length : width ratio is 2.8±0.2 in Parkhay, 2.2±0.1 in the
central Kopet Dag (Geok Tepe village), 2.0±0.05 in the Southern Caucasus (Gobustan).
In the lower Sumbar populations ventral callosities are often present in females
(in 42.8% of cases), whereas in the eastern population they occur exclusively in males. The
only exception is the population of Darokhbeit (eastern Kopet Dag), where the proportion
of females with these formations is 45.0%, i.e. very close to the value at site 1 (Table 12.2).
Coloration of the dorsal side (Plates XXII, XXIII). We have already emphasized that rock agamas
from the lower Sumbar valley (sites 1 and 2) and from the Kopet Dag, western and especially
central, are clearly different by the general pattern of coloration (Fig. 12.7, Table 2.6). We analysed

Fig. 12.7. Typical coloration of agamas of central Kopet Dag (a), lower Sumbar River valley (d) and
two variants of color pattern in western Kopet Dag: intermediate between a and d (b) and deﬁ nitive
of the juvenile type (c).
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Fig. 12.8. Variation of coloration in discriminant dimensions. Specimens from nine Caucasian Rock Agama
populations. А — putative parental populations: lower Sumbar River valley (1, а); central Kopet Dag (2, b);
Greater Balkhan (12, j); B — putative hybrid populations: Tersakan River valley (3, c); Mt. Doiran (4, d); area
along the right bank of the Sumbar River near Kara-Kala settlement (5, e); southern slope of the Monjukly
range (6, f); Parkhay (7, g); Kalaligez (8, h). Figures correspond to numbers of localities as shown in Fig. 12.4

the similarity and differences between the populations along the transect from the lower Sumbar to
the central Kopet Dag and compared them with some other populations from Turkmenistan, using
16 coloration characters (see above; Panov and Zykova, 1995). Our results show that the populations
of lower Sumbar and the central Kopet Dag belong to two different totalities, whereas the populations
in between are more or less intermediate by coloration (Fig. 12.8). The populations of Mt. Doiran
(site 4), from the vicinity of Kara-Kala village (left bank of the Sumbar, site 5) and from the northern
slopes of Monjukly range (site 6) are similar by the coloration patterns and by their variation, and are
reminiscent of the lower Sumbar populations. Unlike them, the Parkhay population (site 7) is most
variable. The range of variation in this population is broader than the variation of rock agamas from
the lower Sumbar and the central Kopet Dag.
The data from Table 12.7 show that discrimination of the compared populations by coloration
is possible at the р < 0.001 level of signiﬁcance when using the ﬁrst four discriminant functions.
The ﬁrst two functions explain 75% of variance. It should be noted that the broad variation in
the Parkhay population is due to the mixed pattern of coloration in a proportion of individuals.
They show peculiar combination of patterns typical of the lower Sumbar and of the central Kopet
Dag, whereas other lizards show a juvenile-type coloration, most speciﬁc for this population
(Fig. 12.7). The same is true to variable extent for the populations from sites 4–6, 8 and 9.
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Table 12.7.
Values of discriminant functions used for estimating differentiation in nine
Caucasian rock agama populations from Turkmenistan by the coloration of their dorsal side
Discriminant
functions

1
2
3
4
5

Eigenvalues

2.71
0.75
0.37
0.34
0.19

Relative
weight %

58.83
16.33
8.01
7.41
4.11

Pearson’s r

0.85
0.66
0.52
0.50
0.40

Derived
functions

0
1
2
3
4

Test
λ

χ2

0.06
0.21
0.36
0.50
0.67

517.57
282.31
181.68
125.32
72.66

D.f

128
105
84
65
48

p

0.00000
0.00000
0.00000
0.00001
0.01232

12.2.2. Phenotypic peculiarity of hybrid populations
Multiple morphological difference between the rock agama populations from sites 1 and
2 vs. populations from sites 7 and 8 suggests that we deal here with a secondary intergradation
zone of the two signiﬁcantly divergent forms. Our hypothesis that small-scaled rock agamas
P. microlepis are involved into the hybridization process is critically supported by the features
of phenotype of the isolated population from the vicinity of Madau in the Meshat sands. As
already mentioned, Baig (1992) treated the triannulata form from Madau as a subspecies of
small-scaled, not Caucasian rock agama, and denoted it as L. microlepis triannulata.
Quantitative characters of tail pholidosis suggest that with all the similarity between
Madau rock agamas and populations from the middle Sumbar valley (sites 1 and 2), they
differ by the proportion of individuals with double rows of scales, with triple rows and with
extra scales. Another difference is in the distribution of triannulated segments along the tail.
Generally, they are usually concentrated in the distal part of the tail, but at a varying distance
from the tip (Fig. 12.6). Obviously, the closer to the tail base the most proximal triannulated
segments are, the more such segments are in the tail. Table 12.8 shows that in Madau most
individuals with triannulated tails have triple rows of scales, starting from segments VII–IX,
whereas at site 1 they are more distally located. At site 2, individuals with triannulated tails
are rare, and the distribution of these segments along the tail shows no clear pattern.
It is indicative that even in populations from sites 7 and 8, rather distant from site 1, the
phenotype of the latter population has an impact. Ca. 33% and 12% of the bearers of this
phenotype at sites 7 and 8, respectively, had >20 accessory scales (maximum values 55 and
57), whereas in P. caucasia populations from Gobustan and Greater Balkhan (which are
considered by us as nominotypical form) no individuals with the number of accessory scales
greater than 15–19 have been recorded (Panov et al., 1987). These latter populations are
isolates that cannot be linked by the gene ﬂow with the zone of intergradation in southwestern
Turkmenistan.

251

Chapter 12. Relationships between closely related species in genera Paralaudakia and Stellagama

Table 12.8.
Distribution of most proximal third whorls in tail segments
in different populations of Caucasian Rock Agama
Region
Meshat Sands

n1
27*

Lower Sumbar
12
River valley (site 1)
Lower Sumbar
6
River valley (site 2)
1

7
5

8
2

9
8

10
2

11
3

12
1

Tail segments
13 14 15 16
–
–
–
–

17
–

18
–

19
–

20
–

21
–

22
–

–

1

–

–

1

1

1

1

2

1

3

–

–

1

–

1

–

1

–

1

1

–

–

1

–

–

–

1

–

–

–

1

Number of individuals examined

As shown in Fig. 12.9 and Table 12.9, the pattern of tail pholidosis suggests that populations
from the lower Sumbar (sites 1 and 2) belong to the same group, distinct from Madau agamas
from Meshat sands. The Parkhay population (site 7) is not signiﬁcantly different from the
samples from the Greater Balkhan and Gobustan. The intermediate position of populations
from sites 4 and 5 (Mt. Doiran and left bank of the Sumbar near Kara-Kala) is generally
understandable (Fig. 12.1), but small sample size may have played a role.
Table 12.9.
Matrix of similarity index r (above diagonal) and identity criteria I (below diagonal)
Samples
Meshat Sands (MS)
Lower Sumbar River
valley (site 1*)
The same (site 2*)
Middle Sumbar River
valley Kara-Kala (5*)
Mt. Doiran (4*)
Parkhay Gorge (7*)
Kalaligez (8*)
Greater Balkhan Range
(GB)
E Azerbaijan (Gobustan GS)

MS
–
12.54

1
0.87
–

2
0.79
0.99

5
0.60
0.91

4
0.56
0.86

7
0.27
0.69

8
0.59
0.89

GB
0.22
0.63

GS
0.13
0.52

20.49
24.15

1.31
7.20

–
3.09

0.96
–

0.89
0.70

0.76
0.90

0.93
0.98

0.70
0.85

0.58
0.75

16.20
41.66
33.25
38.06

8.02
27.59
14.21
29.98

6.14
22.17
8.54
25.22

13.14
6.23
1.53
9.07

–
2.33
0.55
2.68

0.93
–
5.31
1.00

0.99
0.93
–
5.58

0.92
0.99
0.92
–

0.87
0.93
0.85
0.98

62.85

64.34

56.29

20.43

6.27

10.35

18.89

2.46

–

* Site numbers correspond to those on Fig 12.4.

Our hypothesis is that gene pool of the populations of the western foothills of the Kopet
Dag is a result of a limited gene exchange between the rock agamas phenotypically similar to
the triannulata form (and this to small-scaled rock agamas P. microlepis) and the populations
traditionally treated as caucasia s. str. Here we deal with the second stage of hybrid speciation,
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because triannulata rock agamas, together
with undoubtedly related rock agamas from
the lower Sumbar, are treated by us as a
product of an ancient hybridization between
microlepis and caucasia s. str. (Panov et al.,
1987; Panov and Zykova, 1995).
The possibility of emergence of novel
local populations as a result of expansion
to the suboptimal habitats previously free
from the agamas’ pohulations (see below,
section 12.2.3), and of limited gene exchange
between the spatially isolated populations
support the view that phenotypic variability
Fig. 12.9. Dendrogram of tail pholidosis similarity in the range of this complex of forms in
among six Caucasian Rock Agama populations: S1, western Turkmenistan is a resultant of a
S2 — lower Sumbar River valley (sites 1 and 2 in complex interactions of two competing
Fig. 12.4); KK — Kara-Kala (site 5); МS — Meshat processes: differentiation, driven by spatial
Sands (range of the form triannulata); GB — isolation (geographic speciation) and genetic
Greater Balkhan; GS — Gobustan (E Azerbaijan);
integration of populations. The phenotypic
DM — Mt. Doiran (site 4); PR — Parkhay (site 7);
variability of each local population is
KL — Kalaligez (site 8). Dendrogram composed
by simple connected method with use of similarity governed by the relative importance of each
tendency and the history of their interactions.
index (Zhivotovsky, 1982).
If we look at the processes of gene
exchange between the populations, its
most obvious consequence are the mosaic
phenotypes which combine the features of both parental forms. The populations from the
range of triannulata rock agamas and from the lower Sumbar valley carry the characters
typical of caucasia (e.g. presence of developed edges on the dorsal scales) and of microlepis
(weak development of spiky scales laterally). At the same time, hybridization also results in
obviously novel morphological characters. In this particular case, it is the frequent occurrence
of accessory scales on tail, which have a tendency of form third rings (a character of the speciﬁc
level in rock agamas, section 1.2). The available material shows that triannulated tails are not
typical of either P. caucasia or P. microlepis outside of the zone of their intergradation2.
Another interesting example of novel characters that develop in hybrid populations is found
in the western Kopet Dag. As shown above (Table 12.3), body size of individuals is here
clearly smaller than in both parental forms. At the same time, in some of such populations
(e.g. at sites 7 and 8) juvenile pattern of coloration is retained in the deﬁnitive condition
of mature individuals (cf. Plate XXII, 7–9 and Plate XXIII). Transversal striated juvenile
pattern is found here in the largest individuals, belonging to the oldest age groups. Individual
marking data suggest that such individuals may be 8–9 years old, i.e. close to the maximum
recorded longevity values for Caucasian rock agamas (Chapter 3).
2
One specimen in the collection of ZIN RAS, identiﬁed as L. microlepis, has a triannulated tail. This agama was
collected by N.A. Zarudny on 26 April 1898 г. near the village of Abaz, Zirkuh region, NE Iran.
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Even though juvenile-type coloration is not the sole variant of the deﬁnitive coloration
of rock agamas in the populations of western Kopet Dag, it is very common here. It is fair
to say that regular transversal striated pattern and similar variants prevail in the western
Kopet Dag. This is a situation very reminiscent of fetalisation, i.e. deceleration of somatic
development, in this case of growth. In this situation the deﬁnitive phenotype retains some
juvenile characters, for instance, coloration. It cannot be ruled out that these features of the
population result from the overlay of two initially independent genomes.

12.2.3. Population genetic structure of the caucasia-triannulata-microlepis
complex in southwestern Turkmenistan and the possible ways of its formation
We assume that all ‘Caucasian rock agama’ populations in southwestern Turkmenistan are a
product of ancient hybridization between caucasia s. str. and microlepis from Iran. This view
is supported by the certain similarity between the latter form and the Madau rock agama, to
which Ananjeva and Ataev (1984) hint. Blandford (1876) who ﬁrst described microlepis,
mentioned that coloration of that form is lighter and more monotonous than in Caucasian
rock agamas. This is conﬁrmed by the appearance of rock agamas from sites 1 and 2 (Plate
XXII, 1 right, 2) and in ﬁgures in Ananjeva and Ataev (1984) that show pattern of coloration
in Madau rock agamas.
The Madau form triannulata is currently isolated from any other rock agamas by large
expanses of desertiﬁed plains, which rule out direct contact between the populations or gene
exchange due to migration. However, gene exchange between the Madau rock agamas and
the related forms from the southwestern foothills of the Kopet Dag did take place in the past,
before the physical barrier in the form of sandy desert appeared.
One can realise when it could have happened from the palaeogeographic studies in Meshat
– Meshrian plain. This research has shown that the ancient delta of the Atrek river was formed
during the Khvalynsk transgression on the Caspian Sea, when its level was much higher than
presently, so that the coast was roughly at the sea level. Therefore, the Atrek delta was located
much further east and north than today (Fig. 12.10). It is believed to have been the case on the
upper Quaternary, ca. 10,000–4,000 years before present by different estimates.
We suggest that during that period, rock agamas of the basins of Atrek and Sumbar
formed a single population, which was open from the south to gene ﬂow from the range of
L. microlepis. That population apparently inhabited the deep loess canyons of the ancient beds
of the aforementioned rivers. These habitats were probably similar to the present landscapes in
the lower and middle ﬂow of the Sumbar3 (Plate XXXIII, 1, 2). When the level of the Caspian
Sea dropped, the Atrek delta moved southwards, and the sandy desert that swallowed the
ancient river-bed, cut the single ancestral population into two. The northern part, in Madau
area, became isolated and conserved genetic and phenotypic characteristics of the ancestral
population, in which the features of L. microlepis prevailed. During its autonomous existence,
largely as a result of the genetic drift, this isolate formed a peculiar triannulata phenotype.
The southern part of the ancestral population, located in the preserved canyons of the Atrek
3

It should be emphasized that in the valley of that river rock agamas only inhabit in the precipitous banks of the
river, but avoid the slopes of high clay hills, into which the plain of the ﬁrst terrace grades (Plate XXXIII, 3).
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Fig. 12.10. Misrian Plateau. Around Madau the ramiﬁed delta of the Atrek River is shown. Its branch
comes to end at 0 m a.s.l. After Lisitsyna, 1973.

and Sumbar rivers, continued to be a place of gene exchange between the parapatric Iranian
microlepis and Kopet Dag caucasia genetic systems. Hence the intermediate phenotype of
these populations formed in the recent several millenia. From the dates of the Khvalynsk
transgression, time since the beginning of isolation should not exceed 4,000 years (Lisitsyna,
1973; Geological structure of the USSR...; Reference book of a hydrogeologist).
This hypothesis makes it possible to suggest the explanation of the emergence of
triannulated segments of tail in rock agamas of southwestern Turkmenistan. In our
opinion, this character is nothing else as hypertrophy of the character ‘extra scales’.
It is known that after distant hybridization the offspring may show characters absent
from the parental species, but present in other species of the same genus (for birds see
e.g. Scherer, Hilsberg, 1982; for reptiles, Darevsky, 1967). This is observed in this
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case also: considering signiﬁcant morphological difference between P. caucasia s. str.
and P. microlepis, one cannot rule out the appearance of hybrid phenotypes with tail
pholidosis similar to the pattern present in P. himalayana, P. lehmanni, L. nupta and a
number of other species (Table 1.4), in which triannulated tails are a consistent speciesspeciﬁc feature. The hybridogenic nature of this character is indirectly suggested by its
instability, with nearly completely lacking characters in ca. 15% of individuals. A high
occurrence of this characters (up to 85%) in this form (unlike e.g. population at site 1)
may be explained by the genetic drift in a polymorphic population of hybrid origin,
which at some sites appeared to be completely isolated.
Currently the easternmost site where we found light rock agamas of the Madau type is
the loess canyon of the Ternakan river (site 3 in Fig. 12.1). At the adjacent site 4 (15 km,
Mt. Doiran) typical Caucasian rock agamas occur. We failed to ﬁnd any rock agamas along
the Sumbar valley between the mouth of the Tersakan and site 5. However, at site 5 the
occurrence of the character ‘extra scales in tail’ is signiﬁcantly higher (t=3.80; р<0.001)
than at site 7, which is only 9 km apart but is located on the opposite bank of the Sumbar
river. These data suggest that the gene ﬂow between the Madau-like populations (sites 1, 2
and 3) and petrophilous L. caucasius from the southwestern Kopet Dag may go through the
populations of the northern slopes of the Monjukly range.

12.2.4 Ecological conditions in the intergradation zone and factors that govern gene ﬂow
The aforementioned data clearly show that rock agama populations from sites 4–7
(possibly also from site 3, but the sample from that site is insufﬁcient) are to varying extent
intermediate by all parameters of pholidosis and coloration. One can therefore assume that
these populations have a hybrid origin, with parental populations being rock agamas from
the lower Sumbar valley (which are rather close to the Madau rock agama triannulata) and
Kopet Dag rock agamas, treated as Paralaudakia caucasia s. str.
It should be emphasized that the assumed parental forms (Caucasian and small-scaled
rock agamas) nowhere in the studied region directly contact, even though sympatry is quite
possible outside that region (Anderson, 1999: 76–77), in particular in Zagros, towards the
southwest of it (Rastegar-Pouyani and Nilson, 2002: Figs 3, 5). In our region rock agamas of
the two morphological types (‘triannulata’ and ‘caucasia’) occur in different habitats, which
are separated by areas largely unsuitable for rock agamas.
In the lower Sumbar valley rock agamas occur on precipitous banks of the loess canyon,
which reaches the height of up to 37 m, and in adjacent ravines. These geomorphological
conditions are known as pseudokarst. Numerous scours and depressions along the upper
rim of the canyon walls provide perfect shelter. This habitat seems to be the ancestral one,
still retained in the strongly modiﬁed condition in the ancient isolated range of Madau rock
agamas (the triannulata form). This form is restricted to the landscapes completely devoid
of the rocky substrate. It lives on the slopes of branchy sandy ravines which cut through
the dunes. These habitats have formed in the ancient river beds that have degraded with
desertiﬁcation (Ananjeva and Ataev, 1984; Ataev, 1985).
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Unlike the Sumbar rock agamas, the lizards from Kopet Dag are strongly petrophilous. Their
preferred habitats are rocky outcrops and taluses at the base of rocky walls. However, Kopet Dag
agamas sometimes display broad habitat use and settle in rough terrain, where steep walls of
ravines and gullies are formed of dry clay, sometimes with some gravel. However, the presence
of rocky outcrops, that apparently provide the lizards with safer shelters and suitable basking
sites, is a necessary component of the environment. In such suboptimal habitats we found rock
agamas in the western foothills of the Kyurendag range, which, as Ataev (1985) believes, has
been colonised secondarily. Here these lizards clearly prefer small rocks and isolated boulders
that scarcely occur on the large clay slopes and in dry ravines (Plate XXVII, 1).
This intermediate habitat (clay and rocks) allows survival of local rock agama populations
in the transition areas between the typical ranges of the Sumbar and the Kopet Dag agamas.
The prevailing landscape are the so-called adyrs, i.e. gentle loess hills practically completely
devoid of any vegetation. In such areas neither shelters for agamas are present (in other
habitats these lizards use holes in loess, clay or rocky slopes), nor food for these mainly
plant-eating animals.
The loess canyon of the Sumbar river gradually becomes more shallow when moving
upstream. Near the mouth of the right tributary of the Sumbar, the Tersaken river (site 3 in
Fig. 12.4), canyon depth is just 10 m, as opposed to nearly 40 m in the lower Sumbar. Our
data suggest that it results in much lower numbers of rock agamas. Between the mouth of the
Tersaken and Kara-Kala village the depth of the canyon does not exceed 5 m, and we have
found no rock agamas there. From Kara-Kala upstream, the riverbed lies just slightly below
the ﬁrst terrace of the valley. We found no rock agamas here along the river, but did record
them further towards the edge of the valley on the conglomerate outcrops. That population
(site 5) was most closely resembling the typical rock agamas of the lower Sumbar by a
number of morphological characteristics, even though it is currently certainly isolated from
the populations at sites 1–3.
Settlements closest to the population from site 5 on the left bank of the Submar are known
from site 6 (clay precipice with isolated rocky outcrops along the northern slopes of the
Monjukly range) and site 7 (rocky foothills of the southern slope of the Hasardag range,
Parkhay). These sites are located 15 and 7 km from site 5, respectively. All three populations
seem to be spatially isolated. Judging by a number of characteristics, the population from
site 6 is closer to the lower Sumbar populations, whereas the population from site 7 is more
similar to the Kopet Dag rock agamas. Both sites are separated from the population at site 5
by the adyrs that cannot be used by rock agamas.
It should be emphasized that a seemingly short distance of 7 km of adyr landscapes
appeared to be a serious ecological barrier for Caucasian rock agamas, as suggested by sharp
morphological difference between the populations from sites 5 and 7. We believe that this
is a result of this species being strongly philopatric (section 5.7), and thus having a slow
expansion rate and low intensity of migration. Emigration resulting in expansion into novel
areas is only possible at the juvenile stage and under a very high population density.
At the same time, our data suggest the existence of weak gene ﬂow that binds together all
the populations studied by us. This is conﬁrmed by the pronounced clinal variation along
the transect of such characters as the number of scales around midbody (Table 12.4) and the
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presence of extra scales on tail (Table 12.6). We believe that gene transfer occurs due to the
rare occasions of movement of individuals between the spatially isolated local populations
that are separated by suboptimal habitats that cannot be inhabited but can be crossed.
The effect of gene mixing probably becomes apparent only over long periods of time, so
that every local population can withstand alien inﬂuence for a protracted period, maintaining
its genetic and phenotypic peculiarity. Such case is, for instance, the population from site 4
(rocky cheeks and taluses of the isolated Mt. Doiran), equidistant from the nearest localities
with the lower Sumbar rock agamas in the Tersakan river valley and with Kopet Dag rock
agamas of the Hasardag range: 5–7 km. Mt. Doiran is separated from both these populations
by the gently hilly gravel desert with grass coverage not exceeding 5% (Lukarevsky, pers.
comm.), i.e. by habitats absolutely unsuitable for the permanent residence of rock agamas.
Even though the small sample from site 4 allows only preliminary conclusions, it seems
that this populations differs from the neighbouring ones by at least two characters: greater
development of spiky scales on the lateral surfaces and smaller number of extra scales on
tail (Tables 12.5 and 12.6). The generally intermediate morphology of that population makes
it possible to assume that it is an autochthonous settlement of caucasia-phenotype rock
agamas, which has for a long time experienced limited inﬂow of genes from the range of
‘lower Sumbar’ agamas.

12.2.5. Conclusion
The data presented above in section 12.2 make it possible to conclude that in the formation
of the current population structure of the Caucasian rock agama complex an important role
has belonged to the processes of reticulate evolution. Populations that gain a genotypic and
phenotypic peculiarity during spatial isolation, subsequently get into secondary contact at the
edges of their expanding ranges and form hybrid populations with novel synthetic characteristics.
These populations sooner or later genetically integrate with their neighbours. As a result, in the
range of this complex of forms evolves a network of unique population genetic structures that are
linked by differently biased more or less intense gene ﬂows. We believe that the population of
rock agamas from Meshat Sands that has been treated by Ananjeva and Ataev (1984) under the
name of Stellio caucasius triannulatus, and by Baig (1992) as a subspecies of the small-scaled
rock agama Laudakia microlepis triannulata, is a hybridogenic one (caucasia х microlepis).
In reality, these rock agamas are sufﬁciently and equally different from both P. caucasia
s. str. from the other parts of its range and from the small-scaled rock agamas, however,
sharing some characters of both taxa. The clinal variation of a number of characters along
the transect between the rock agamas of the lower Sumbar (which share common ancestry
with the triannulata population) and the central Kopet Dag, shown by us, conﬁrm the fact of
integration of these two population genetic systems in the western Kopet Dag.
A similar clinal variation of a number of pholidosis characters occurs from the lower
Sumbar valley and Meshat Sands towards the north. It suggests that the populations of the
northwestern foothills of the Turkmen-Khorasan mountain range (in particular the Kyurendag
and Greater Balkhan ranges) might be the derivates of hybrid caucasia х microlepis
populations of southwestern Turkmenistan that were subsequently inﬂuenced by the genes
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of typical Caucasian rock agamas from Kopet Dag. This gene ﬂow apparently still takes
place and links the rock agamas of the Kopet Dag main range and the low ranges of Karagez
and Kyurendag located at its west end. A certain proximity of the populations of the lower
Sumbar valley and the Greater Balkhan is also suggested by the discriminant analysis of their
coloration (Fig. 2.5).
Certain facts suggest that the populations of the eastern Kopet Dag, that have some peculiar
features, have been inﬂuenced by the microlepis genes. It is suggested by the coloration of the
rock agamas from the eastern Kopet Dag, which is rather similar to the agamas from Meshat
Sands and the lower Sumbar, by the presence of ventral callosities and anal interstices in
females and by some other facts.
Thus, classical phenetic methods used by us, have a sufﬁcient resolution for forwarding
realistic hypotheses on the history of development of the observed phenotypic diversity and
the current population structure of the complex. The ﬁnal veriﬁcation of these hypotheses
should be, however, done by molecular genetic methods.
However, molecular methods are sometimes difﬁcult to reconcile with the apparent morphological
evidence. For example, molecular data place the triannulata rock agamas much closer to Caucasian
rock agamas and even to redbelly agamas than to small-scaled rock agamas P. microlepis (Macey et
al., 1998; Fig. 2.7). It is difﬁcult to say whether sharp difference between mtDNA of P. caucasia and
P. microlepis should rule out the possibility of their hybridization4. A specimen intermediate between
these two species found by Anderson (1999) in southern Khorasan, within the range of small-scaled
rock agamas, is a clear evidence in support of this possibility.
It should be emphasized here that Caucasian rock agamas with their territorial conservatism,
pronounced philopatry and the resulting clear borders of local populations are a perfect model
for population genetic analysis.

12.3. Differentiation and interrelations
of two representatives of the Hardun
Stellagama stellio complex in Israel
Stellions inhabited the westernmost part of the range of the predominantly Asiatic genus
Laudakia s.l. Therefore S. stellio is the only species of the genus pioneering the Eastern
Mediterranean region. It is distributed from Peloponnesus, archipelagos of the Aegean Sea
and Cyprus in the west to northern Iraq in the east and Sinai and NE Egypt in the south
(Fig. 12.11). Within the stellion breeding range a geographical variability is notable and
no less than ﬁve subspecies are currently recognized (Daan, 1967). Four of them inhabit
peripheral parts of the stellion breeding range: Cyprus (cypriaca), eastern Jordan (picea),
southern Israel and Sinai (brachydactyla) and Northeastern Egypt (vulgaris), while the main
4
The very fact that in this study the comparisons between taxa and between populations are based on a single
specimen, forces us to treat its results with caution. This caution also has another, more important reason. The
results of phylogenetic studies on low-rank taxa (genera and species) are often contradictory, and these contradictions often cannot be resolved by using mtDNA markers. The high rate of mtDNA divergence (ﬁve to ten times
that of nuclear DNA) imposes limits on the time scale within which these markers can provide useful information
at the supraspeciﬁc level. Therefore, studies dealing with problems of evolution on a large time scale should preferably be performed using more conserved sequences of nuclear DNA (Bannikova, 2004).
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Fig. 12.11. Range of the S. stellio complex (after Daan, 1967, modiﬁed). Dotted line shows the
presumed northern border of the Middle East Stellion (MES)’ range. 1 — Qiryat Shmona; 2 —
Jerusalem; 3 — Mizpe Ramon.

part of the whole breeding area, according to Daan (1967), is occupied by the nominate
subspecies S. s. stellio.
More recent studied showed that stellion taxonomy contains several unresolved questions.
It is not quite clear why the subspecies S. s. stellio and S. s. daani have discontinuous
distribution. The former one occurs in ﬁve islands of the central Cyclades5, while its another
known population is found in central Turkey.
The form S. s. daani has a wide distribution range within Greece that includes a few
islands of the central Cyclades, the majority of the eastern Aegean islands and an introduced
population around Thessaloniki (Northern Greece). This subspecies presents a continuous
distribution along the coasts of western Turkey, even though the southeastern boundary of its
range has not been resolved yet (Spaneli and Lymberakis, 2014; Fig. 12.12).
Another study based on the mtDNA analysis showed that stellions from the Aegean islands
and western Turkey have a typical S. s. daani phenotype but carry the genes of this subspecies
and of S. s. stellio (Ozdemir et al., 2011).
At the same time, a comparative genetic analysis of the stellio rock agamas from the islands
of Mykonos and Delos and of lizards with a daani phenotype from on Paros and Naxos showed
a high degree of genetic differentiation and a variety of genomes within each population. The
5
An introduced population occurs on Paxi Islands (Ionian Sea). The same origin is assumed for the S. s. daani
population recently discovered in the eastern Crete (Spaneli and Lymberakis, 2014).
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Fig. 12.12. Discontinuous ranges of forms S. s. stellio и S. s. daani in the eastern Mediterranean. After
Spaneli and Lymberakis, 2014.

authors assume that S. s. stellio is an autochthon of the Cyclades, whereas S. s. daani have not
colonised the islands of Paros and Naxos until a later time (Brammah et al., 2010).
Interesting preliminary data on sympatry (and even symbiotopy) of forms brachydactyla
and picea, sharply different by coloration, have been reported from Jordan (Disi et al., 1999).
These authors write that ‘the dark form picea was more common towards the east and mostly
associated with the dry black lava desert, while the lighter and brighter form stellio was
abundant at higher altitudes of the Dayr al Kahf area’. Unfortunately, in spite of the intention
of the authors expressed in their publications, to study the relationships of these two forms
that tend to occur in different landscapes, it remains to be done (Disi et al., 2001; Disi, 2013).

12.3.1. Situation in the Middle East
The following is essential for our considerations. As emphasised by Daan (1967), within the
range of rock agamas treated as S. stellio stellio, geographic variation is also considerable.
So, as he wrote, the so-called ‘stellio’ might be subdivised in the future into at least three
subspecies localized, respectively, in Greece, Turkey, and Lebanon. Daan himself did not
venture to carry out this split because of scarcity of the collection materials as well as because
of difﬁculties in estimating coloration of museum specimens.
The assumption that the Middle East populations of the stellion may be a distinct taxon and may
not belong to the nominate stellio (initially described from Greece) was based on a comparative
analysis of coloration. As shown by Daan (1967), in that region the stellion has two quite distinct
coloration types (B and F in Daan’s terminology; see also Haas, 1951a). Type В is distributed also
further northwards and westwards over the greater part of the ‘stellio’ (in its currently accepted
limits) breeding range. Type F occurs within territories including southern Turkey, northern Iraq,
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Syria and Lebanon. This type F, according to Daan, is characterized by a uniformly dark (‘rustybrown’) background coloration of the head and body and by the presence of light spots on a dark
chin. Because of the existing assumption that F type individuals represent a melanistic ‘ecotype’
adapted to some speciﬁc habitat (like the melanistic picea inhabiting black lavas of eastern Jordan), Daan rejected the idea of describing these lizards as a new subspecies.
Our research carried out in 1996 in the extreme northeast of Israel next to its frontier
with Lebanon showed that the local rock agamas are very uniform in respect to their
morphological characters, including coloration. They in general correspond well to Daan’s
description of F type lizards if it is borne in mind that the description was made using museum
specimens, partly losing their natural coloration. Our data indicate beyond doubt that F type
agamas belong to a distinctly differentiated taxon, differing in coloration and in some other
morphological features from the stellions of Greece and southeastern Turkey (Clark and
Clark, 1973). Below, for convenience, we shall call these agamas, which by this time do not
have their own scientiﬁc name, the ‘Middle East Stellion’ (MES)6.
South of the extensive area of MES distribution the breeding range of a clearly differentiated
form brachydactyla is located (Haas, 1951 b). The boundary between the ranges of these two
forms is drawn quite conventionally along the northern edge of the Negev Desert. As Daan
(1967) has stressed, there is no deﬁnite evidence on whether these forms are isolated spatially
or come somewhere into secondary contact. Recent data of Federman and Werner (2007)
suggest that the border lies somewhat north of 31°N near Be’er Sheva, and in 1935–1978 it
shifted 15 km southwards.
The present study permits a detailed comparison of MES and brachydactyla in respect to
their external morphology, population ecology, and behavior. Besides, on the basis of data
collected, a possible existence of gene ﬂow between the taxa under consideration could be
discussed preliminarily.

12.3.2. Morphological features of the populations studied
Middle East Stellion
Population of Qiryat Shmona. This population is characterized by a relatively small size
of individuals. Snout-vent lengths are within the ranges of 108–120 mm (mode 117 mm)
and 105–112 mm (103 mm) for adult males and adult females, respectively. In respect
to this character the population under study fits well in the pattern of geographical
variations of stellions given by Daan (1967). According to him, along the transect
going around the eastern shore of the Mediterranean Sea from the Sporades archipelago
(Aegean Sea) in the west to Sinai in the southeast, size of agamas decreases when one
moves from the populations of southern Turkey (maximum length of males 130 mm)
to those of Syria (maximum 120 mm). As we move further southwards, the size of
agamas increase sharply again only in the Negev belonging to the breeding range of
brachydactyla (Daan, 1967: 112, and below).
In most specimens caught in this population the character of the back scalation is as
follows. The dorsal longitudinal belt of enlarged scales consists of two parallel rows
6

Near East Rock Agama (NRA) in: Panov and Zykova, 1997.
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of large scales with much smaller scales between them. There are also about 20 transversal
offshoots consisting of large scales which run centripetally to the ﬂanks (Plates XXXV, 1, 2;
XXXVI, 1). The parallel longitudinal rows include one file of large scales each, the
smaller scales between these rows are arranged in 2–4 longitudinal files. All enlarged
scales are characterized by strong spinosity. The number of scales around the mid-body
varies in most males within a range of 114–134 (mean 120.3), in females from 120
to 130 (mean 119.5). In respect to the latter character, MES differ significantly from
brachydactyla (see below and Table 12.10), but, unfortunately, cannot be compared to
stellions from Greece and Turkey for which the respective data are absent7.
Apart from their comparatively small size agamas of the Qiryat Shmona population
are characterized by a relatively long tail. The proportion tail length/snout-vent length
(t/SVL) is 1.33–1.66 (mean 1.49) in males and 1.33–1.53 (mean 1.39) in females (only
specimens with unimpaired tails were used). These figures also agree to Daan’s data for
agamas of Syria and Israel (1.34–1.40 for males, 1.41–1.47 for females and juveniles).
The longer tails of males of our sample may be due to the fact that they were measured
in live individuals. Some individuals (25% of the whole sample) have three scale rings
on segments of the distal part of the tail, not two as encountered in others.
Table 12.10.
Morphometrics of rock agamas populations in Qyriat Shmona, Jerusalem and Central Negev
Locality and
taxon

Qiryat Shmona
(MES)

Sex

SVL

Relative tail
length (T/SVL)

Relative head
height (width/
height)

Number of scales
around midbody

males
females

111.3±2.7 (12)
106.5±1.9 (4)

1.49±0.04 (8)
1.39±0.05 (4)

1.85±0.04 (12)
1.80±0.08 (4)

135±2.06 (11)
131±5.3 (4)

Jerusalem
(MES)

males
females

114.9±3.2 (8)
119, 125 (2)

1.47±0.03 (6)
134 (1)

1.89±0.04 (8)
–

132±3.1 (8)

Central Negev
brachydactyla

males
females

128.4±2.5 (11)
126.2±2.8 (20)

1.22±0.04 (4)
1.16±0.03 (14)

1.93±0.05 (11)
1.8±0.02 (20)

118.5±2.6 (10*)

t=4.66, p < 0.01
t=5.83, p <0.001

t=5.09, p <0.01
t=4.48, p <0.001

NS
NS

t=4.11, p <0.01
t=2.26, p <0.01

Significance
males
of difference
females
between 1 vs. 3

* Both sexes pooled.
7
Baig et al. (2012) reported the ﬁgures referring to the whole range of the stellio form [Greece, several islands of
the Cyclades, Turkey, Syria, Lebanon, Israel (excluding southern part) and western mountain regions in Jordan]:
122–190 (148.5 ± 15.6) scales around midbody. This information is apparently of little use.
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Coloration of agamas from Qiryat Shmona is apparently different from that described
in the nominate form from Greece and Turkey8. Certain similarity with the latter is
exhibited in our population by immatures only. They have a greyish-brown background
color of their upper parts and a more or less uniform yellowish-white coloration of
chin and belly. Along the middle of the back there is a row of five oval and oblong
spots. Their color is predominantly whitish or whitish-yellow to yellow, often tinged with
orange. A small sixth spot is found at the base of the tail. Spots from II to V have in their
central part a darker transverse strip. The tail is noticeably striped (Plate XXXVI, 2). This
juvenile type of coloration remains in general in adult females. With age they acquire
a general dark-brown background of the upper parts, against which five rather small,
yellow to yellowish-orange spots are distinguished. Light spots of different tones of
yellow contrasting with a more dark background are seen along the jaws, mostly on
the upper one. The tail is noticeably striped. The underparts prior to Molt are muddybrown because of soil particles inserting deeply into the skin. After Molt the belly
becomes light grey speckled with dark scales, the gular region is darker and bears rather
contrasting yellowish spots (Plate VII, 1, 2).
The background coloration of adult males varies from dark brown to coal black.
Belly and underside of hind legs are slightly lighter. Presence of brown tinge is due
to soil particles on the skin, so that this tone disappears after Molt. Light spots along
middle of back are noticeable in some males (as in females) and poorly distinguished in
others. Spots II–V have a tendency to split into two consecutive segments. Large scales
of dorsal stripe situated between these light spots are of bright blue color that often
stretches on large scales of transversal rows. Blue scales are also present often on the
front of the femora. Along jaws and in the gular region white spots stand contrastingly
out against a very dark background. Sometimes an orange spot in the caudal part of the
gular region is also present (Plate VII, 2). On the dark tail more light-brown stripes look
rather vague. In general, within-population variability does not exceed those in other
rock agamas species (Panov and Zykova, 1995a).
Population of Jerusalem. This population is believed to belong to the same taxon
‘S. s. subsp.’ as above population of Qyriat Shmona (Nevo, 1981; Werner, 1988). Indeed,
Jerusalem agamas have much in common with those from the NE Israel in respect
of size, proportion and general character of pholidosis (see Discussion). However,
coloration of males in the Jerusalem population differs in some respects from that of
agamas of Qyriat Shmona and shows some similarity with coloration of brachydactyla
(Table 12.11). These findings as well as possible causes of such similarity will be
discussed in the final section.

8

Judging from the color photo of a stellion published by Baran and Atatür (1998), Turkish stellions are generally similar to those we examined in northernmost Israel. The same can be said of the specimens collected by A.
Tyukaev in Antalya and kindly provided for photographing (Plate XXXIV).
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Table 12.11.
Main difference in coloration between MES and brachydactyla
(socially active males in the breeding season)
Parts of body

brachydactyla males (Central Negev)

MES males (Qyriat Shmona)

Top of head

black with contrasting white spots along
jaw’s edges, the spots being
amalgamated into broad white stripes
(Plates XXXV, XXXVI)

blackish with a blue tinge. An orange binding
is seen around side and back of the head.
Jaws look mainly unspotted
(Plates XXXV, XXXVI)

Gular region

black with distinct contrasting
white spots

blackish with marmorate
pattern and orange spot on gular fold

Chest

black, unspotted

black, unspotted

Back

black with vague middorsal spots and
transverse blue strips

blackish with blue tinge and large orange
rhomboid spots

Forelegs

black

blackish with blue tinge or yellowish grey

Hindlegs

black with blue scales

yellowish (sometimes with an orange tinge)

Tail

black with narrow light brown rings

orange, indistinctly striped

Rapid changes not observed
of coloration

usual

Short-Toed Rock Agama
Our samples were obtained in the ‘En ‘Avedat locality and in the neighbourhood of Mizpe
Ramon town in the Central Negev. From the MES described above the local lizards differ by
the size of the body which is much larger. The snout-vent length of adult males ranges from
119 to 148 mm (mean 128.4 mm). Importantly, the length of 6 (54.5%) males out of 11 was
≥130 mm. Adult females are 124–141 mm (mean 126.2 mm) long, in 58.8% of females the
snout-vent length was ≥130 mm.
In respect of the size and character of the back scalation our samples, in general, ﬁt well
the Daan’s description. However, the middorsal belt of large scales is, as a rule, not so broad
as shown on Fig. 6с in the paper of this author. This belt consists of 5–7 longitudinal rows of
large spinose scales that are only keeled in some individuals (Figs. 2d, e, 5e) and apparently
spiny in others (Fig. 5d). Those large scales lying more laterally belong not to the belt but to
the relatively short transversal rows. These transversal rows are quite noticeable due to which
the scalation of our brachydactila specimens somewhat resemble that of MES. Moreover,
some individuals have a middorsal belt of two longitudinal rows of large scales with smaller
scales between these rows, making the scalation very similar to that described above for
lizards from Qyriat Shmona (see Discussion). Such an arrangement of the middorsal belt
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scales is characteristic also of more northerly populations of the nominate form and presents
in form piceci inhabiting eastern Jordan (Daan, 1967). The number of scales around midbody in our samples (mean 118.5) is much smaller than that in agamas from Qyriat Shmona
and Jerusalem.
Agamas of our samples from the Negev have a much shorter tail as compared to our MES
specimens. The proportion tail length/snout-vent length varies from 1.15 to 1.29 (mean 1.22)
in males and from 0.9 to 1.27 (mean 1–16) in females. In this respect our data proves to
be quite different from Daan’s ﬁgures for brachydaclyla (1.49 for males, 1.45 for females)
although, unexpectedly, ﬁts rather closely his data for picea (1.08 and 1.19, respectively).
The nearest known area of picea distribution is situated ca. 200 km northeast of our study
site in the Negev.
Our sample did not include any lizards with tail segments with three scale rings, as it
occurred in populations of Qyriat Shmona and Jerusalem. Instead, among the 36 Negev
specimens 7 (19.4%) had proximal tail segments (range I–IX in different individuals)
consisting of one ring, not of two, as normal.
The general scheme of coloration can be outlined as follows. Against a relatively dark
background of the upperparts there are ﬁve lighter spots. One of them is situated on the neck
and appears comparatively small, oval and oblong. Spots II–V are large and have the shape of
transversal rhombi. Each tends to split into two consecutive fragments. The color of these spots
often extends laterally along those transversal rows of large scales running centrifugally from
the lateral ‘corners/ of the rhombi to the ﬂanks of the body. Individuals with such variant of
coloration appear rather transverse striped (Plates XXXV, 4, 5; XXXVI, 3, 4).
The background color and that of the dorsal spots depend on the age and sex of individuals
as well as on its current internal state. The same can be said in respect to the head, underparts
and tail coloration. In immatures the background is dull yellowish, the dorsal spots lighter
yellow with orange tinge, against the same background of the tail bears narrow dark rings.
The underparts are whitish with an indistinct marmorate pattern in a grey gular area. A
characteristic feature is a bright orange spot on the gular fold next to the chest. A similar type
of coloration occurs in adults of both sexes in the state of inactivity at comparatively low
air temperature (and, possibly, outside the breeding season). Moreover, in adults there are
conspicuous orange areas around the eyes (this color extends from there to the nostrils) and
ear oriﬁces and on the back of the head. As the temperature rises, the background color of the
upperparts becomes yellowish- or whitish-grey while the lighter areas of the head, back, and
tail changes to bright orange.
Adult males in the states of sexual and aggressive motivations quickly acquire another
variant of coloration. The background color of the head and body becomes dark bluish-grey,
almost black. Against this color the orange strip around the sides and back of the head and
the orange mid-dorsal spots stand out conspicuously. The marmorate pattern and orange spot
on the gular fold become more distinct against a very dark background of the chin. The
hindlegs (sometimes the forelegs also) are now yellowish, the tail is bright orange. During
sexual activity the female has a general light sandy color while the sides and back of the head,
the spot on the gular fold and the tail are bright orange. It can be noted that many different
combinations of ‘everyday’and ‘display’ coloration may be observed in males and females.
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It can be seen that the differences in coloration between socially active brachydactyla
males and males belonging to the MES population of Qyriat Shmona are truly striking. The
main distinctive features are summarized in Table 12.11.

12.3.3. Habitats and numbers
Middle East Stellion
In the vicinity of Qyriat Shmona the local MES population inhabits rock-strewn areas along the
western slopes of the Hula Valley. Lizards live here in a pine forest planted in 1947 (Plate XII, 2).
Large boulders 1–2 m in diameter are buried in dense grass vegetation that provides a rich food
supply for agamas and at the same time reduces the individual’s activity ﬁeld organized around
their permanent dens. Very likely, these two circumstances are responsible for the high population
density and the relatively small size of the territory. In the course of counts along a 1 km transect
along the forest road territories 13 males were mapped. The smaller number of observed females
(9 individuals) may be explained by their greater secretiveness. If we assume that the sex ratio
is actually equal, the population density would be ca. 24 adults per ha. In the habitat under
consideration agamas could be found frequently in pine crowns up to three meters from the ground.
According to Hertz and Nevo (1981), on the eastern slopes of the Hula Valley and Mt. Hermon
agamas are distributed from 170 m a.s.l. (in the rock-strewn grassy hills) to 1,550 m (rocky
grassland). The highest population density was registered near Lake Ram (920 m a.s.l.) in
orchards intensively shaded by fruit trees.
In Jerusalem agamas likely being MES are relatively numerous in the botanical gardens of Hebrew
University where they live in their permanent dens in artiﬁcial stone walls and under concrete slabs.
After leaving their dens in the mourning the lizards forage during the day in the dense vegetation
and hide from danger under drooping low limbs of broad-leaved and pine trees. At the same time,
Jerusalem agamas inhabit also waste grounds on the outskirts of the town where areas of dense grass
vegetation alternate with badlands. The ability of these agamas to be reconciled with such rather pure
habitats of semidesert nature may contribute to establishment of a secondary spatial contact between
MES and brachydactyla along the northern edge of the Negev desert.
Short-Toed Rock Agama
The populations of brachydactyla occupy in the central Negev all types of habitat with the
exception of the totally lifeless parts of the stony desert. In the ‘En ‘Avedat locality we
studied agamas within a plot situated on a hill slope with rock outcrops descending to an
open wadi. Along the dry course running in the middle of the wadi there was a narrow strip
of small Salsola semifrutex and scattered Tamarix bushes. The place was traversed by several
low artiﬁcial stone walls giving suitable temporary shelter for the moving agamas. After the
very dry winter of 1995–1996 grassy vegetation was almost completely absent. Here, within
an area of about 2 ha, we observed 9 adults and 2 yearlings, i.e. 5.5 individuals per ha. So the
population density in ‘En ‘Avedat is four to ﬁve times smaller than in Qyriat Shmona. In a
rather narrow stony wadi near the outskirts of Mizpe Ramon with vegetation of the same or
even poorer character, we encountered within an area of about 7 ha 16 adults and 3 yearlings,
i.e. the density in this locality was 2.7 individuals per ha.
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12.3.4. Population structure and social behavior
Middle East Stellion
In Qyriat Shmona the male can be seen day by day sitting on the same boulder or next to it.
At the base of several neighbouring boulders there is a permanent den of the male while the
tops of big stones are used by him as an observation post and place for basking. The males
move within a relatively small area of ca. 10–15 m in diameter. The distances separating
observation posts of 13 males varied from 15 to 135 m (mean 77.4 + 10.4 m, n = 12).
Each male stays invariably within his territory. Neither cases of intrusion of any male
into a neighbour’s territory nor antagonistic interactions between neighbouring males were
observed.
One female was present within each of three male territories and two females were found on
one territory. In the latter case all three individuals shared a common shelter, at least temporarily.
Females are much more secretive than males which may explain the strong male bias in the
sex ratio (13:9). Male-female interactions were observed twice only, both on May 13. In one
case the male performed a ‘courtship’ version of Push-Up display (see below) and then tried
to approach his female who did not permit him to do so. On another territory the male twice
shortly mounted the female just after she had come to his observation post. In response to
such male activity the female did not ﬂee and behaved non-aggressively. The observations
permits the assumption that stable personal bonds exist between the male and female(s)
occupying the same territory.
The rates of recruitment of youngsters and population turnover are, apparently, very low.
Among 16 adults, about three years old and older (mean 4.3 ± 0.2 for males and 3.5 ± 0.3 for
females) only three immatures were encountered. This result seems to be rather unexpected
considering the very favourable nature of the habitat.
The structure of agama settlements in the botanical gardens of Jerusalem does not differ
markedly, according to preliminary data, from that in Quiryat Shmona. Here also low
increment of population through recruitment of young animals is apparent. During 5 days
of intense observations there were only two sightings of lizards of one or two years of age.
Short-Toed Rock Agama
Within both experimental plots in the Negev Desert the demes under study were characterized
by a comparatively low density. The males have no permanent dens and observation posts,
and move widely within their individual home ranges. So the re-encounter probability for the
marked individuals is very low. Out of eight caught and marked males ﬁve were seen later, each
only once, and the other three were not seen again. Under such circumstances it is impossible to
estimate accurately the size of male home ranges. Indirect evidence suggests, however, that the
home area is, as a rule, no less than 100 m in diameter. In the course of an experiment in which
a male was placed into the home range of another male the latter behaved very aggressively
and expelled the newcomer from his territory without any resistance on the part of the stranger.
The females do not move so widely, and in an open landscape almost completely devoid of
grass vegetation. They can be seen from a long distance sitting on particular boulders which
are more or less permanently used by the given individual for basking. Out of 17 marked
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females, 10 were observed later two to ﬁve times (on an average 3.1 repeated sightings per
individual) and seven once each. The largest distance separating sightings of the same female
was 70 m.
Thus, in the course of one-day observations (of about seven hours) we encountered usually
no more than 37% of the individuals which had been marked here earlier. Only once during
the day as many as 73% of animals marked earlier within the plot were seen. The data
collected reﬂect, apparently, the real sex ratio among the adult members of the population
with obvious bias in favour of females (8:17, i.e. 2.1 females per male).
Tentatively, the age of the agamas captured varies from 4 to 6 years among males (4.8 ± 0.3
on an average) and from 3 to 6 years among females (5.1 ± 0.2). Apart from 25 mature
lizards ﬁve yearlings were seen within two experimental plots. Therefore, the proportion of
immatures representing recruits of the population is 16.6% which may be an indication of
low productivity of females and/or of poor survival of young lizards during the initial period
of their life.
During the work at the experimental plots no instances of joint presence of a male and female
in the common den or any other prolonged close contacts between sexes were observed. In three
cases when we could witness interaction between potential sex partners they had stayed prior
to the encounter at a considerable distance from each other after which the male approached
the female. In two of these cases the female did not object to the approach of the male or
readily participated in the interaction. In the third case the female hid in the nearest cavities,
although did not attempt to run away. These and some other observations show that there are
no permanent personal bonds between the male and the female(s) living within his home range.
However, there may be rare exceptions from this rule: in a visitors centre in Mizpe Ramon the
male and female shared a common shelter for at least several hours. The male made several
attempts to approach and mount the female who reacted to his actions rather willingly.
The absence in the most cases of close personal bonds between a male and female(s)
inhabiting the same home range is in contrast to the situation in some other rock agama
species, such as P. caicasia and P. erytrogaster (Panov and Zykova, 1995b, 1996), and,
probably, in the Middle East Stellion (see above).

12.3.5. Signal Behavior
Because of the low population density of Short-toed Rock Agama in the Negev determining
the rarity of social interactions, and of the secretiveness of Middle East Stellion females
in Qyriat Shmona, we could not collect data for a complete description of the territorial
and sexual behavior of these agamas. However, it was possible to ascertain that their signal
repertoire includes practically all elements described earlier for Paralaudakia species studied
in detail ethologically. These elements of signal behavior are as follows:
1. The Push-Pp motion is most frequently exhibited by males but is observed also in females
and immature lizards.
2. Rotating of the male relative to the vertical axis with rubbing of the belly against the
substratum. This action may have a function of territory marking with secretions of the
abdominal and preanal glands.
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3. Greeting Ceremony addressed by a female towards a male. It includes prolonged body
contact between the partners: the female crawls over the male in different directions and
also squeezes repeatedly under his head and base of his tail.
4. Snout-cloacal contacts between sexes in the course of the Greeting Ceremony.
5. Rubbing of the side of the female’s head against the substrate and against the head of the
male during the Greeting Ceremony.
The Push-Up motion is a quite usual component of male everyday behavior. It may occur
as a spontaneous movement and in this case is displayed by the lizard movement around its
home range or remaining at the observation and basking post. In such situations the ‘everyday’
version of Push-Up is performed, the quantitative characteristics of which are given below
(Table 12.12). It is very similar in both MES and Short-toed Rock Agamas.
By contrast to Caucasian and redbelly rock agamas, both forms show still another version
of Push-Ups which observed in the situations of highest level of excitement, mainly during
agonistic and socio-sexual contexts. It is a homotypic series of similar push-ups separated
with pauses of the same duration. Sometimes, it may however, be interpersed by the common
‘everyday’ Push-Ups, as shown in video # 39.
Table 12.12.
Comparison of structure of Push-Up motion in short-toed rock agama
and Middle East stellion (nature of variables is shown in Fig.12.13)
Variables

brachydactyla

MES

L1

1.3–2.5
2.1±0.7 (14)
1.5–2.5
1.9±0.2 (14)
1.8–3.2
2.2 0.1 (14)
1.7–2.5
2.1±0.1 (14)
0.9–1.7
1.1± 0.1 ( 14)
0.9–1.9
1.1±0.1 (14)
1.1– 1.7
1.3± 0.04
12.9–15.5
14.0±0.2 (13)
1–9
3.3±0.5 (13)
0.0

2.0–2.8
2.4±0.1 (18)
1.7–4.7
3.1±0.2 (22)
1.6–5.2
3.7± 0.2 (24)*
1.6–4.3
2.4±0.1 (24)
1.1– 3.0
2.3± 0.1 (24)*
1.2– 2.9
2.0±0.1 (16)*
1.3– 3.3
1.9± 0.1 (19)*
15.0–22.9
18.7±0.7 (14)*
2– 6
3.3 0.3 (15)
1–6
2.8±0.3 (24)

L2
L3
L4
L5
L6
L7
Overall length
N1
N2

* p < 0.001, Student’s t-test.
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We could observe only once the greeting ceremony in Short-toed Rock Agama on April
10. After the male reached the boulder situated about 3 m from the place of female disposal,
both animals laid still for ca. 20 min at a distance from each other. Then the female came
close to the male and for about 5 min crawled across him trying from time to time to push
herself under his head and tail. Once the female lifted the base of the male’s tail with her
snout and buried her nose in the cloacal region of the male. The latter rotated around the
place and licked three times the skin in the zone between his thigh and tail base. After that
both lizards started crawling jointly along a circle trajectory as described in Caucasian and
redbelly agamas (see 1.9.5 and 9.3). In the end of the encounter the female stepped with
four legs onto the male’s back, made an attempt to bite his neck and then rubbed the side of
her head against the head of the male. As it usually takes place in Paralaudakia species, the
interaction did not lead to copulation.
During the heterosexual interactions the roles of the male and female can change so that
the male lies on the female. Such behavior was observed in both Middle East Stellion and
Short-toed Rock Agamas. The encounters described may end after the male or female retires.
The most interesting result was ﬁnding an obvious difference in the performance of every
day Push-Up display by Short-toed and Middle East Stellion males (Fig. 12.13, Table 12.12).
In the former, the whole display lasts for ca. 14 s on average (four individuals, 14 observations)
and includes 1–6 quick push-ups plus three up-movements. After each movement the lizard

Fig. 12.13. Everyday version of Push-Up action in the Middle East Stellion (a), Short-toed Rock
Agama S. s. brachydactyla (b) and a remote species, the Caucasian Rock Agama P. caucasia (c,
given as a scale for comparison). For both forms head coloration and shape of gular sac are
shown schematically.
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maintains for 2–3 s the head and forepart of the body in an up-position on straightened
forelegs. In the Middle East Stellion between the ﬁrst and second ‘prolonged’ up-movement
several (usually ﬁve) short push-ups are performed (Fig. 12.13 j, i), and as a result the duration of one display increases up to 19 s on average (ﬁve individuals, 24 observations).

12.3.6. On the possibility of intergradation between the two representatives
of the S. stellio complex in the secondary contact zone
The data presented here suggest that Middle East Stellionand Short-toed Rock Agamas are
sharply differentiated forms, differing in their external morphology, ecological features, and
behavior. They belong to different biogeographical complexes (Mediterranean and IranoTuranian, respectively: see Werner, 1988) and, apparently, have diverged in conditions of
complete geographical isolation. The differences between the taxa undoubtedly exceed those
between typical subspecies. Therefore, in the absence of a gene ﬂow between them they
would be regarded as independent ‘good’ species.
So, the question is whether such gene ﬂow is absent or present. The results of preliminary
study of the Jerusalem population situated at a distance of ca. 170 km south of Qyriat Shmona
and ca. 110 km north of ‘En ‘Avedat make it possible to suggest the existence of a limited
gene ﬂow connecting lizard populations of the latter two localities. In respect of the number
of external morphological characters the population of Jerusalem did not differ signiﬁcantly
from that of Qyriat Shmona, although there is a slight tendency to a shift of most character
values towards those of brachydactyla (Table 12.10).
The argument in favour of the assumption that the gene ﬂow takes place through the
Jerusalem population is the coloration of the lizards in the latter locality. In contrast to the
black and brown-black agamas of Qyriat Shmona, lizards in Jerusalem have a background
color varying from dark-brown to sandy-grey (in the latter case as in brachydactyla) with
a complete absence of black variants. These differences in coloration between the lizards
of Qyriat Shmona and of Jerusalem are not determined by the ground color, since in both
localities they live on a light-grey rocky substrate. It should be added that in Jerusalem
agamas the intensity of light color pattern on the jaws and in the gular region is also
variable, and this pattern is never so contrasting and conspicuous as in the lizards of Qyriat
Shmona.
In this respect agamas of Jerusalem exhibit some similarity with brachydactyla in that the
mottled pattern on the jaws and chin is poorly expressed (Fig. 12.14). Only three males out of
eight caught in Jerusalem had a few blue scales on the back (one of them had scales also on
the thighs), while in Qyriat Shmona such scales were seen in a great number in all males and
even in some females. In respect of back scalation 8 out of 10 individuals from the Jerusalem
population did not differ from typical representatives of the Qyriat Shmona population. At
the same time, in two Jerusalem lizards the back scalation was partly similar to that in brachydactyla of Negev.
Signiﬁcantly, agamas with scalation of the latter type can be met much further northwards.
Two out of 12 males caught in Qyriat Shmona differed from the majority of local agamas in
that their vertebral band consisted of rather uniform large scales as in typical brachydactyla.
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Fig. 12.14. Head coloration in Middle East Stellions in Qiryat Shmona (a), Jerusalem (b, typical
version) and in Short-toed Rock Agama S. stellio brachydactyla in the Central Negev (c). A captured
lizard when held in hands invariably keeps its mouth open, which is never seen in Caucasian Rock
Agama. From the photographs by the authors.

Besides, in that locality two males, in contrast to all others, had an orange spot on the gular
fold, a character permanently present in brachydactyla individuals of both sexes and of all ages.
On the other hand, in some Negev brachydactyla individuals the middorsal scalation
is similar in many respects to that of most of the Qyriat Shmona and Jerusalem agamas.
Moreover, one specimen from Negev had a few blue scales on the back, a feature most
characteristic of the Middle East Stellion in Qyriat Shmona.
Indeed, it cannot be excluded that the presence in some individuals of one form of typical
characters of the other taxon is the result of parallelisms of variability of closely related
forms. Moreover, it is also quite possible that both these forms come into secondary spatial
contact in some regions situated along the northern border of the Negev Desert where limited
hybridization may take place. In such a situation strange genes from backcrosses will migrate
over generations from the contact zone into remote parts of contacting taxa breeding ranges.
The following facts may suggest that in the given case such a situation is possible. Firstly,
according to Nevo (1981), the genetic distance between the populations of ‘En ‘Avedat
(breeding range of brachydactyla) and of Jerusalem (area of MES) is obviously smaller
(0.006, after Nei, 1972) than that between the populations of Jerusalem and Dalton (30 km
south of Qyriat Shmona) within the breeding range of the Middle East Stellion (0.017). Secondly, there is an apparent step cline in the number of subdigital scales in the fourth toe along
north – south transect across the breeding ranges of the two forms (Werner, 1971). The mean
values gradually decrease from 24.7 near Sea of Galilee (not far away from Qyriat Shmona)
to 23.6 in Jerusalem, being minimal further south in the area of brachydactyla (22.6 near
Be’er Sheva and 19.8 in Sde Boker, not far from ‘En ‘Avedat).
Finally, the apparent gene ﬂow between the population of Middle East Stellion and that of
brachydactyla-type lizards takes place in another region situated north of Israel, in Lebanon.
According to Zinner (1967), lizards of our MES type (males are black with bright blue
pattern) inhabit eastern wooded slopes of the Mount Lebanon Range up to ca. 2,000 m a.s.l.
‘Agamas of the brachydactyla-type (‘brachydactylous’, grey to brown with orange spots)
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live in the stony ﬂat valley of Bekaa to the east of the latter area. As we move from Bekaa to
the west, to the mountain regions, the yellow colors tend to recede while the blue and green
coloration is most intensively developed, even among the females’ (Zinner, op. cit.).
It is necessary to supplement our results with the detailed materials on the stellion
populations from Israel (especially those inhabiting areas at the northern border of the Negev
Desert) and in other areas of the Eastern Mediterranean. However, the data already collected
and discussed indisputably show that the stellion population of northern Israel tentatively
named by us ‘Middle East Stellion’ represent a well differentiated form that should be regarded
at least a distinct subspecies quite different from the nominate Stellagama s. stellio. As for
the relations between the Middle East Stellion (as a part of S. stellio) and brachydactyla, the
differences between them are so dramatic that even with the existence of a slight gene ﬂow
the latter might be regarded as a semispecies with the formal status of a ‘taxonomic species9
Stellagama brachydactyla.

9

See Amadon and Short, 1976.
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I. Some representatives of Laudakia s.l.
1.Near East Stellion S. stellio subsp. (northern Israel). 2. Hardun S. stellio brachydactyla (Israel,
Negev) 3. The same. 4. Turkestan Rock Agama P. lehmanni (southern Kyrgyzstan). 5. Redbelly Rock
Agama P. erythrogaster (eastern Kopet Dag).

II. Some representatives of Laudakia s.l.
1. Redbelly Rock Agama P. erythrogaster, yearling (eastern Kopet Dag) 2. Redbelly Rock Agama,
subadult 3. Caucasian Rock Agama P. caucasia, adult female (Greater Balkhan) 4. Caucasian Rock
Agama, yearling (western Kopet Dag, Aidere gorge).

III. Himalayan Rock Agama P. himalayana (southern Kyrgyzstan). Top — adult male.

IV. Himalayan Rock Agama P. himalayana (southern Kyrgyzstan). Middle — adult female
(NW India, photos by C. van Orden, N. Paklina).

V. Back pholidosis in:
1. Turkestan Rock Agama P. lehmanni 2, 3. Large-scaled Rock Agama L. nupta 4. Small-scaled
Rock Agama P. microlepis. 5. Kashmir Rock Agama L. tuberculata 6. Mongolian Rock Agama
P. stoliczkana 7. Bukhara Rock Agama P. bochariensis. Specimens from collection of ZIN RAS.

VI. Pholidosis in different parts of integument.
1, 2 of ﬂanks in Bukhara Rock Agama P. bochariensis 3. Nuchal cres in Kashmir Rock Agama L.
tuberculata 4. Abdominal holocrine glands in female Pakistan Rock Agama L. pakistanica 5. Head of
Near East Stellion S. stellio subsp. 6. Jugular region in Large-scaled Rock Agama L. nupta. Specimens
from collection of ZIN RAS.

VII. Abdominal holocrine glands in:
1, 2 Near East Stellion (S. stellio subsp). males (northern Israel) 3. Caucasian Rock Agama
(P. caucasia) male (E Azerbaijan, Gobustan) 4. Redbelly Rock Agama (P. erythrogaster) male on
the left and Caucasian Rock Agama on the right (eastern Kopet Dag) 5. Absence of the structure in
Turkestan Rock Agama (P. lehmanni) males (SW Tajikistan, Babatag Range).

VIII. Coloration of individuals in the state of social activity.
1. Turkestan Near East Stellion (S. stellio subsp). males (northern Israel) 2, Redbelly Rock Agama
(P. erythrogaster) male 3, 4. Caucasian Rock Agama males (E Azerbaijan, Gobustan on the left, eastern
Kopet Dag on the right) 5, 6. Himalayan Rock Agama P. himalayana females (NW India, photos by
C. van Orden, N. Paklina) 7. Turkestan Rock Agama (P. lehmanni) males. Just captured on the left and
washed on the right.

IX. Displays by dewlap extension.
1. Near East Stellion S. stellio subsp. (northern Israel) 2. Hardun S. stellio brachydactyla (Israel,
Negev) 3. Caucasian Rock Agama (E Azerbaijan, Gobustan) 4. Putative male hybrid P. erythrogaster x
P. caucasia (eastern Kopet Dag).

X. 1. Caucasian Rock Agama in moult (Krasnovodsk population) 2. Caucasian Rock Agama foraging
on Latuca sprouts (the same locality).

XI. Elements of everyday behavior
1, 2 climbing on a vertical surface (Redbelly Rock Agama P. erythrogaster) 3, 4 — residue of the
brown Latuca juice on snouts of Caucasian rock agamas P. caucasia (Krasnovodsk population) 5 —
Caucasian rock agama male and his victim, a gecko (shown by red arrow (E Azerbaijan, Gobustan).

XII. Types of habitat of:
1 — Hardun S. stellio brachydactyla (Israel, Negev) 2 — Near East Stellion S. stellio subsp. (northern
Israel on the border with Lebanon).

XIII. Types of habitat of the Turkestan Rock Agama P. lehmanni
1 — SW Tajikistan, Babatag Range) 2 — S Kyrgyzstan. Red arrow shows the place of an adult
individual’s main shelter.

XIV. Types of habitat of the Caucasian Rock Agama
1 — Greater Balkhan 2 — central Kopet Dag.

XV. Types of habitat of the Caucasian Rock Agama
1 — western Kopet Dag (Parkhay) 2 — eastern Kopet Dag (Darokhbeit ) where the species cohabits
with the Redbelly Rock Agama P. erythrogaster.

XVI. Types of habitat of the Himalayan Rock Agama P. himalayana
1, 2 — S Kyrgyzstan, Alay Valley.

XVII. Bodily contact by male and female in:
1, 2 — redbelly rock agamas P. erythrogaster after leaving joint night shelter (female hybrid
P. erythrogaster x P. caucasia) ; 3 — the same, Caucasian rock agamas P. caucasia; 4, 5 — Himalayan
rock agamas.

XVIII. Dance interaction by redbelly rock agama male and female (eastern Kopet Dag, Darokhbeit ).

XIX. First phases of interaction in which male is courted by a female (in behind) in Caucasian rock
agamas. In positions 4 and 7 the female performs Chin Rubbing.

XX. Courting Caucasian rock agama male by a conspeciﬁc female (the smaller individual). Bottom —
male is leaving the place of interaction.

XXI. Geographic variation of coloration in the Caucasian Rock Agama.
1. Eastern Kopet Dag; 2. Western Kopet Dag; 3. E Azerbaijan, Gobustan.

XXII. Geographic variation of coloration in the Caucasian Rock Agama.
1. E Azerbaijan on the left, lower Sumbar River valley on the right; 2. Lower Sumbar River valley;
3, 10. Eastern Kopet Dag; 4. Kyurendag Range; 5, 6. Greater Balkhan; 7, 8. Western Kopet Dag;
9. Central Kopet Dag.

XXIII. Geographic variation of juvenile coloration in the Caucasian Rock Agama. 1. Lower Sumbar
River valley; 2. Kyurendag Range; 3. Greater Balkhan 4. Western Kopet Dag (Parkhay); 5. Eastern
Kopet Dag. On the right Redbelly Rock Agama P. erythrogaster yearling.

XXIV. Types of habitat of the Caucasian Rock Agama.
1 — E Azerbaijan (Gobustan); 2 — Western Kopet Dag (Aider gorge).

XXV. Types of habitat of the Caucasian Rock Agama.
Karadag elevation, shore of Krasnovodsk Bay of the Caspian Sea. Habitats of the introduced
Krasnovodsk population.

XXVI. Types of habitat of the Caucasian Rock Agama.
1 — Karadag elevation; 2 — Western Kopet Dag (Parkhay).

XXVII. Types of habitat of the Caucasian Rock Agama.
1 — Kyurendag Range; 2 — Dushak mountain.

XXVIII. Types of habitat of the Caucasian Rock Agama.
Eastern Kopet Dag (Darokhbeit ) where the species cohabits with the Redbelly Rock Agama
P. erythrogaster. Bottom — habitat preferred by redbelly rock agamas.

XXIX. Rock agamas from the zone of sympatry and symbiotopy of the Cauasian and Redbelly Rock
Agamas.
1. Cauasian rock agama male; 2. Redbelly rock agama female; 3. Cauasian rock agama male on the right,
redbelly rock agama male on the left; 4. Two types of the ventral band in the Redbelly Rock Agama.

XXX. Pholidosis of the putative hybrids P. erythrogaster x P. caucasia.
1. Typical redbelly rock agama (adult male); 2. Supposed male hybrid (Badkhys); 3–5. putative female
hybrid (# 44 from mixed population of Darokhbeit ). Individual was in pair with a typical redbelly
rock agama male.

XXXI. Putative male hybrid # 70 from mixed population of Darokhbeit.

XXXII. Dance interaction by putative male hybrid # 70 and Caucasian rock agama female (eastern
Kopet Dag, Darokhbeit).

XXXIII. Habitat of the Caucasian Rock Agama in lower Sumbar River valley.

XXXIV. Hardun S. stello stellio from S Turkey.
1, 2 — adults, 3 — yearling.

XXXV. Phenotypes of Harduns from Israel.
1, 2 — population of Qyriat Shemona; 3 — population of Jerusalem; 4, 5 — population of the Negev
Desert.

XXXVI. Phenotypes of Harduns from Israel.
1 — Near East stallion adult male; 2 — Near East stallion, subadult; 3, 4 — Short-toyed stellions,
adult males.

