
10.30906/1026-2296-2018-25-3-195-206
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A species distribution model has been developed for one of the most well-studied varanid lizards — Varanus

griseus caspius. The model was developed based on several hundred documented localities of the lizard and a

number of abiotic variables using statistical and GIS-based approaches. The results of evaluation using the model

demonstrated the appropriate spatial accuracy of the model. What is more important, the analysis of key variables

as revealed by the model and its comparison to the published information on the biology of the Desert Monitor

demonstrated the value of the species distribution model as a tool for providing additional and reliable information

on certain aspects of species biology. Known data on V. griseus confirms the validity of the selection of key vari-

ables by statistical modeling of living species in suitable habitat conditions. The method of Species Distribution

Modeling may be of use when studying poorly-known species, as it is able to draw the researcher’s attention to

certain environmental factors previously unknown or unavailable for direct observation. The map of potential dis-

tribution of the Desert Monitor and the list of key abiotic variables are discussed in detail, emphasizing the impact

of temperature and moisture on different stages of the lizard’s annual cycle. The particular impact of some key

variables remains questionable. This problem may be explained in two ways. First, the species distribution model

is quite imperfect as it deals with a limited set of variables which does not include biotic factors such as food avail-

ability; the pattern of vegetation; the presence of competing species; the existence of natural barriers; and others.

Another explanation is more speculative and sophisticated as it assumes a lack of knowledge concerning certain

aspects of the organism’s life-cycle and the complex nature of the interaction of abiotic factors. However, the

value of Species Distribution Modeling should not be underestimated, as the modeling procedure is unaffected by

the “human factor” and the subjectivity of an individual researcher.
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INTRODUCTION

Varanus griseus (Daudin, 1803) is widely distributed

in North Africa, India, South-Western Asia and Central

Asia. Three subspecies of Varanus griseus have been

identified: Varanus g. koniecznyi Mertens, 1942, V. g. gri-

seus (Daudin, 1803) and V. g. caspius (Eichwald, 1831)

(Mertens, 1954; Bennett, 1995; Sindaco and Jeremèenko,

2008). V. g. caspius, the Central Asian subspecies, inhab-

its the area from the eastern coast of the Caspian Sea,

through the Central Asian deserts and Northern Iran to

Western and Southern Afghanistan and Western Pakistan

(Leviton and Anderson, 1970; Bennett, 1995; Zarydny,

1915).

The numbers of V. griseus decreased in the twentieth

century due to intensive hunting at the beginning of the

century, when monitors’ pelts were taken in tremendous

number (Paraskiv, 1956). Later, when hunting was

stopped, the reclamation of agricultural land became very

intensive and triggered a further decrease in lizard num-

bers. Recently, the Desert Monitor has disappeared from

the Fergana Valley; and its numbers have decreased in the

Kopet-Dag Mountain foothills and the Harsha Steppe. In

Uzbekistan, the area of land suitable for the Desert Moni-

tor has reduced by up to 40% in the second half of the

twentieth century (Bondarenko, 1989; Tsellarius et al.,

1991).

Recent studies devoted to Desert Monitor distribu-

tion have revealed many uncertainties about the actual

distribution of the species, especially in the northern por-

tion of its area (Nuridzhanov et al., 2016). The territory

1026-2296�2018�2503-0195 © 2018 Folium Publishing Company

Russian Journal of Herpetology Vol. 25, No. 3, 2018, pp. 195 – 206

1
JSC “National Center for Space Research and Technology,” Almaty,

Kazakhstan; d$malakhov 73@mail.ru

2
Institute of Zoology, Almaty, Kazakhstan



inhabited by the Desert Monitor comprises huge areas

where access is extremely difficult and a direct field sur-

vey is thus very hard to carry out. Ecological niche mod-

eling (ENM), in the form of the Species Distribution

Model (SDM) in this case, is one of the cost-effective and

reliable tools for estimating recent and, most importantly,

potential areas of habitation for the species.

ENM (SDM) has been the focus of recent scientific

studies which have shown its promise (Franklin, 2012;

Khafagi et al., 2012; Graham and Hijmans, 2006; Rax-

worthy et al., 2007). The modeling itself involves the de-

termination by a number of algorithms of the biotic and

abiotic variables that depict the life cycle of a species and

its spatial distribution. It should be noted that the model-

ing procedure involves the measuring of probabilities;

and the result of the modeling procedure represents the

probable rather than the actual area of the distribution of

the species.

The ecological niche, in general terms, is a complex

of environmental variables, delimiting the species’ exis-

tence. Joseph Grinnell was apparently the first to intro-

duce the concept of the ecological niche in 1914

(Pocheville, 2015). The term “ecological niche” usually

encompasses the relationships of many species, all func-

tioning within the common food chain. Having its own

niche in the biogeocenosis, the species competes with

other species of the given natural community for food,

space and other life conditions. For the purposes of our

study, we accept the theory of George Hutchinson

(1957), who formalized the niche concept as an attribute

of the species rather than the environment. Hutchinson’s

niche exists in a space (n-dimensional hypercube) occu-

pied by biotic and abiotic environmental variables, some

of which represent the limits of species viability (Hutch-

inson, 1957). It is possible to distinguish: 1) a spatial

niche related to the peculiarities of species distribution;

2) a functional (trophic) niche, related to food sources;

the metabolic and growth ratios; the co-influence of a

given species on others etc.; 3) a multidimensional niche

in n-dimensional hyperspace, where “n” represents the

number of all variables and relationships, allowing suc-

cessful species reproduction. Using Hutchinson’s formal

definition of the ecological niche, it is possible to de-

scribe and quantitatively estimate all types of ecological

niche, although with differing degrees of accuracy

(Hutchinson, 1957).

GIS-based ENM�SDM is a rapidly developing area

of research that has many different approaches and types

of focus (Rushton et al., 2004). Recently, the GIS-based

ENM�SDM approach was applied to very different

groups of living organisms. Aguilar and Lado (2012) de-

veloped an ENM for protists. Recently, for example,

studies have been published covering the ENM of fungi

(Malakhov et al., 2017) and plant species (Babar et al,

2012); insects (Beaumont et al., 2005; Ayala et al., 2009;

Sanchez et al., 2015); herps (Malakhov and Dujsebayeva,

2014; Litvinchuk et al., 2013, 2014; Skorinov et al.,

2014; Tarkhnishvili et al., 2009; Groff et al., 2013; Ray et

al., 2002; Doronin, 2012; Escoriza et al., 2011; Tupikov

and Ukrainskiy, 2016; Tytar and Nekrasova, 2016;

Ananjeva and Golynskiy, 2013, etc.); birds (Peterson and

Robins, 2003; Parra et al., 2004); mammals (Rood et al.,

2010; Kayijamahe, 2008, etc.); and even cryptozoologi-

cal objects (Lozier et al., 2009). GIS-based ENM model-

ling is actively used not for species distribution modeling

only. This approach functions as a reliable tool for studies

of past and future climatic scenarios (Waltari et al., 2007;

Dujsebaeva et al., 2014).

The main goals of the current paper are to develop

the SDM of the Desert Monitor and to evaluate the use-

fulness of the SDM approach in the understanding of spe-

cies biology based on a very well-studied subject —

V. griseus caspius.

MATERIAL AND METHODS

Following an initial taxonomical review of the most

southerly populations of V. griseus (Böhme et al., 2015),

we used only data on the distribution of this lizard in

Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan, and

Uzbekistan) to develop the current model. A total of 526

ground localities were obtained from own and published

observations on the distribution of the Desert Monitor,

along with catalogue data from museums (the Zoological

Institute RAS, St. Petersburg, Russia; Samarkand State

University, Uzbekistan; and the Institute of Plant and An-

imal Gene Pool, Tashkent, Uzbekistan). Lizard records

were registered with a GPS receiver in decimal degrees.

The Desert Monitor is a highly mobile animal, capable of

travelling up to 10 kilometers from its burrow in a single

day (Tsellarius et al., 1991; Brushko, 1995). For this rea-

son, we used approximate coordinates in some cases (es-

pecially for previously published information).

The following climatic data sets were applied to de-

velop the species SDM: WorldClim (monthly tempera-

tures and precipitation); BioClim (a set of variables de-

rived from WorldClim and meteorological stations)

(http:��www.worldclim.org); Global Potential Evapo-

Transpiration (http:��www.cgiar-csi.org�data�global-

aridity-and-pet-database); Digital Elevation Model and

its derivatives (exposition, slope, curvature etc.). Input

data and model development were performed in the ESRI

ArcGIS 10.1 environment. A detailed description of cli-

matic variables is available on-line and was published in

scientific papers (Beaumont et al., 2005; O’Donnel and
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Ignizio, 2012; Hijmans et al., 2005; Booth et al., 2014;

Kriticos et al., 2012). ENM�SDM was based on the

method previously described in detail by Malakhov et al.

(2017) and Dujsebayeva and Malakhov (2017).

RESULTS AND DISCUSSION

The correspondence of the model to the actual distri-

bution of the monitor will be discussed in detail else-

where. In general, the SDM pattern of the habitat of V.

griseus caspius as revealed by the current model corre-

sponds to the previously outlined species area (Sindaco

and Jeremèenko, 2008). The most suitable habitats are lo-

cated in Southern Kazakhstan (the Eastern Kyzilkum

Desert); Eastern Uzbekistan with the Fergana Valley,

Tajikistan; Northern and Eastern Iran; the foothill areas

of Pakistan and Afghanistan and part of Northern India

(Fig. 1). As shown by the model, the northern boundary

of the suitable habitats for the Desert Monitor corre-

sponds to the border between the North Kyzylkum and

East Kyzylkum climatic regions (Puzirjeva, 1975). These

regions differ in precipitation modes and the duration of

the warm season. The East Kyzylkum region has its pre-

cipitation minimum in the summer and its precipitation

maximum in the early spring. The summer is 1.5 – 2

months longer in the East Kyzylkum region, whereas the

summer in North-Kyzylkum is shorter and its annual pre-

cipitation trend has a more uniform distribution. It is pos-

sible to hypothesize that the North Kyzylkum region is

not favorable to egg incubation and the survival of juve-

niles’ survival.

V. griseus is the northernmost species of the genus

Varanus and its distribution area is the largest among the

monitor lizards. V. griseus is mainly a desert species but it

also inhabits semi-arid and non-arid areas. It inhabits

some of the most hostile regions of the Earth, experienc-

ing blistering heat in the summer and extreme cold in the

winter (Bennet, 1995). Its typical habitats are the sand

dunes, clay steppes, riverbeds and savannah plains up to
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Fig. 1. Species distribution model of Varanus griseus caspius in Central Asia. Black dots depict known localities of V. griseus used to develop the

model.



altitudes of 1300 m a.s.l. V. griseus is distributed over an

array of climatic zones: from dry-subtropical to dry ter-

restrial. Besides the climate, the main factor limiting its

distribution seems to be the availability of sandy or light

soils in which it can burrow (Stanner, 2004). According

to Kovda (1973), the precipitation over most of the

Desert Monitor area has a prominent winter maximum

and remains relatively low in the summer. Temperature is

an important factor, which not only delimits the comfort

zone for a single animal but also regulates the entire

life-cycle. Reproductive activity is regulated, among

other factors, by temperature as well, since the increasing

temperature stimulates testicular activity (Auffenberg et

al., 1990).

Evapotranspiration in the spring, summer and au-

tumn months is apparently related to the total humidity of

the environment, which in turn depends upon the com-

plex interaction of soil and air water content. RHAM (rel-

ative air humidity in the morning), RHPM (relative air

humidity afternoon) and Mean Humidity outline the par-

ticular case of moisture-balance representation. The air

humidity of the winter months may be related to moisten-

ing of uppermost soil layer, which, as is discussed below,

is one of the most important factors in soil warming dur-

ing the cold season of the year. In the warm season, the

air humidity is also reflected in the soil moisture content

as well. Soil moisture in the warm season regulates vege-

tation growth and is a factor in the soil-atmosphere en-

ergy flux. Solar radiation in the summer season acts as a

regulator of the diurnal activity of the Desert Monitor

and, at the same time, affects vegetation growth along-

side warm-season precipitation. Precipitation in Decem-

ber may be related to the capacity of the snow cover to

prevent the freezing of the topmost soil layer. Diurnal and

annual temperature ranges point to a temperate continen-

tal climate. Other variables are related to air temperature;

and the impact of temperature will be discussed below

(Table 1).

In in the south of Central Asia, the Desert Monitor

emerges from its winter shelters in March (Uzbekistan

and Turkmenistan; Bogdanov, 1960; Atayev, 1985); and

in mid-April to early May in Kazakhstan (Brushko,

1995). It can be assumed that, in Central Asia, mating

takes place in the period from May to June. Females with

eggs have been documented in late May to June

(Bogdanov, 1960). Incubation lasts about 120 days

(July – September), which is an unusually short period

for such a big varanid. The juveniles hatch in autumn and

usually stay in their shelters until mid-April or early May

of the following year, rarely appearing on the surface dur-

ing September to October of the current year (Tsellarius

et al., 1991; Atayev, 1985). The hatchlings have a snout-

vent length (SVL) of around 11 – 18 cm. In the first

autumn, the juvenile SVL reaches 25 cm. The SVL of a

mature specimen (about 40 cm) can be attained before

the third hibernation. Hibernation shelters are located at

depth of 65 – 200 cm, i.e., within a stable soil-tempera-

ture environment. The animal emerges in the spring,

from mid-April to early May, and starts actively feeding

about a month later. Peak activity is during the period

May to June and the activity pattern is very uniform

across several climatic zones (Stanner, 2004).

Based on the above, the annual activity of the Desert

Monitor can be divided into four stages (Tsellarius and

Menshikov, 1994):

1. Winter hibernation (October – March);

2. Establishing period (April – beginning of June);

3. Mating (about 10 days);

4. Private period: mostly hunting (from end of June

until the hibernation).

Temperature effects

Body temperature range may vary among different

varanid species, being slightly higher in desert Australian

animals (Pianka, 1994), or lower in some arboreal forms

(Varanus tristis — Thompson et al., 1998), but it does not

exceed the natural physiological thresholds of the en-

zymes denaturation (Okafor, 2010). The study of two

sympatric monitor lizards — the terrestrial V. bengalensis

and the aquatic V. salvator — with radio-tracking, dem-

onstrated the similar energetic requirements of two spe-

cies, having different ecological adaptations (Wykrama-

nayake, 1995). Active body temperature in ectotherms is

physiologically based and has low seasonal changeability

(Tsellarius and Tsellarius, 1997).

The range of body temperature in V. g. caspius varies

from 5 to 42°C (Bennet, 1995; Tsellarius et al., 1991) —

lower or higher body temperature usually causes death.

The mean body temperature of an active specimen varies

from 36 to 38°C (Tsellarius et al., 1991; Tsellarius and

Tsellarius, 1997; Ibrahim, 2000). The soil temperature

during incubation varies from 25.5 to 32.5°C. Soil tem-

perature in October falls beneath the optimal incubation

range; and it has been hypothesized that embryos are not

able to develop fully in some years at the northern border

of the species’ area (Tsellarius and Cherlin, 1994). Hiber-

nating usually starts in September (Tsellarius et al.,

1991). The mean active-body temperature is one of the

most important regulating factors for V. griseus. The

mean hibernating temperature is 15.8 ± 1.2°C and ranges

from 15 to 30.5°C (Ibrahim, 2000; Tsellarius et al.,

1991). Below 20°C, the Desert Monitor becomes inac-

tive. The body temperature in hibernation lies between

16°C and 18°C.
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TABLE 1. Key Abiotic Variables, Defining the Habitat Suitability of V. griseus caspius

Variable Range Impact

January evapotranspiration, mm 17 – 32 Shelter microclimate

February evapotranspiration, mm 26 – 42 Shelter microclimate

March evapotranspiration, mm 62 – 79 Shelter microclimate

April evapotranspiration, mm 112 – 124 Relative environmental humidity

May evapotranspiration, mm 165 – 180 Relative environmental humidity

June evapotranspiration, mm 198 – 214 Relative environmental humidity

July evapotranspiration, mm 209 – 224 Relative environmental humidity

September evapotranspiration, mm 124 – 147 Relative environmental humidity

October evapotranspiration, mm 71 – 95 Shelter microclimate

Profile curvature* 0.00008 – 0.00007 Mesorelief

April mean temperature, °C 14.7 – 17.1 End of hibernation condition

May mean temperature, °C 20.5 – 22.7 Feeding, growth

July mean temperature, °C 27.7 – 30.0 Feeding, growth, egg incubation

August mean temperature, °C 25.7 – 27.8 Feeding, growth, egg incubation

September mean temperature, °C 20.2 – 22.7 Feeding, growth, egg incubation

January max temperature, °C 1.5 – 8.2 Hibernation

February max temperature, °C 4.6 – 10.3 Hibernation

March max temperature, °C 12.1 – 16.3 Hibernation

April max temperature, °C 21.2 – 23.6 End of hibernation condition

July max temperature, °C 35.5 – 37.6 Feeding, growth, egg incubation

September max temperature, °C 28.2 – 31.3 Feeding, growth, egg incubation

November max temperature, °C 11.0 – 16.6 Hibernation

December max temperature, °C 4.3 – 10.5 Hibernation

February min temperature, °C (–4.8) – (–2.0) Hibernation

April min temperature, °C 8.4 – 10.7 End of hibernation condition

May min temperature, °C 13.3 – 15.6 Feeding, growth, mating

August min temperature, °C 17.5 – 20.1 Feeding, growth, egg incubation

October min temperature, °C 4.8 – 8.4 Start of hibernation

December precipitation, mm 19 – 42 Shelter microclimate

February RHAM, % 74 – 84 Thermoregulation?

June RHAM, % 34 – 43 Thermoregulation?

September RHAM, % 39 – 47 Thermoregulation?

January RHPM, % 55 – 62 Shelter microclimate?

February RHPM, % 52 – 58 Shelter microclimate?

September RHPM, % 24 – 30 Thermoregulation?

October RHPM, % 32 – 39 Thermoregulation?

May solar radiation, W�m
2 229 – 246 Thermoregulation

June solar radiation, W�m
2 267 – 300 Thermoregulation

August solar radiation, W�m
2 242 – 273 Thermoregulation

November solar radiation, W�m
2 77 – 271 Shelter microclimate

Diurnal temperature range, °C 12.1 – 14.0 Degree of climate continentality

Max temperature of warmest month, °C 35.5 – 37.6 Thermoregulation

Annual temperature range, °C 38.9 – 43.3 Degree of climate continentality

Mean temperature of most humid quarter, °C 6.3 – 11.7 Shelter microclimate

Mean temperature of most dry quarter, °C 24.6 – 27.7 Thermoregulation, feeding

Mean temperature of most warm quarter, °C 26.4 – 28.4 Thermoregulation, feeding

Mean temperature of most cold quarter, °C (–0.9) – 4.4 Shelter microclimate

Precipitation of driest week, mm 0 – 2 Humidity, insect and rodent feeding

Precipitation of driest quarter, mm 0 – 9 Humidity, insect and rodent feeding

Precipitation of warmest week, mm 1 – 12 Humidity, insect and rodent feeding

solar radiation of driest quarter, W�m
2 243 – 271 Thermoregulation

Lowest weekly humidity index 0.04 – 0.07 Humidity, insect and rodent feeding

Mean humidity of driest quarter 0.04 – 0.9 Humidity, insect and rodent feeding

Mean humidity of warmest quarter 0.08 – 0.11 Humidity, insect and rodent feeding

* Profile curvature describes the relief convexity. Negative values indicate that the surface is upwardly convex. Positive values indicate a concave sur-

face. A value of zero corresponds to a linear surface. In the current model, the range of the profile curvature describes slightly concave to linear sur-

face.



As with other reptiles, the Desert Monitor is a poiki-

lothermic (exothermic) animal. It uses mainly behavioral

methods in order to undertake thermoregulation. Behav-

ioral thermoregulation assumes basking in the morning,

avoidance of the overheated substrate and winter hiber-

nation in deep burrows. The Central Asian Desert Moni-

tor prefers dense, turfed sands with sparse shrubs within a

developed mesorelief (Tsellarius et al., 1991). The

“mesorelief” condition fits well with the ridge, ridge-

hilly and barchans-hilly sands representing the most

usual landscapes within the area inhabited by the Desert

Monitor (Tsellarius and Tsellarius, 1997). However, the

animal may be found in different substrates (Bon-

darenko, 1989; Tsellarius et al., 1991; Brushko, 1995).

Some specimens were documented among large calcare-

ous rocks at the edge of cultivated areas and even in

gravel plains (Ilgaz et al., 2008; Nuridzhanov et al.,

2016). 280 of 513 known localities of V. griseus used in

the current study fall within the range of Sandy Desert ac-

cording to the map of Petrov (1973).

Bearing in mind this brief summary of the environ-

mental peculiarities of the Desert Monitor, it is now pos-

sible to discuss the importance of the statistically signifi-

cant key abiotic factors as probable indicators of other,

poorly-understood, aspects of the biology of the species.

The section below demonstrates the close relationship of

key factors as revealed by the model (and the trustworthi-

ness of the abiotic datasets used for development of the

model) to specific requirements and preferences of the

studied species.

Body temperature, as the main physiological index of

the Desert Monitor, depends on two factors — air and

soil temperature (Tsellarius and Tsellarius, 1997). From

the climatic dataset used in the current study, it is only

possible to acquire air temperatures, which give no direct

evidence about the lizard’s body temperature. However,

as was demonstrated by Tsellarius and Tsellarius (1997),

the body temperature of the Desert Monitor is clearly a

function of air and soil temperature and can be estimated

as half the difference of the air and soil temperatures plus

the air temperature. A strong positive correlation between

the air temperature (used in the current model) and soil

temperature has been repeatedly demonstrated in many

studies (Ahmad and Rasul, 2008; Islam et al., 2015;

Zheng et al., 1993). The soil temperature may be derived

from the air temperature by simple calculation following

the method of Ahmad and Rasul (2008) and Islam et al.

(2015).

Based on these methods and using the monthly mean

temperature for April, May, July, August and September,

we attempted to estimate the monitor’s body temperature

in the “key” months listed in Table 1. The results of indi-

rect body-temperature calculations are given in Table 2.

Soil temperature was calculated using different al-

though still simple linear equations (Ahmad and Rasul,

2008; Islam et al., 2015). The applicability of the equa-

tions used and the accuracy of the soil-temperature calcu-

lations lies outside the scope of this paper. However, even

very approximate results from estimates of body temper-

ature for the Desert Monitor reveal a good concordance

of the estimated and actual temperatures, in spite of the

estimated temperatures appearing to be somewhat lower

than measured in the field. An overview of estimated

body temperatures show that April is still too cold for the

lizard to be actively roaming and hunting. In May, its

body temperature is just slightly higher than the tempera-

ture threshold of 20°C, when the animal becomes active.

In summer, the estimated monitor body temperature is

close to the optimal values; and in September the esti-

mated body temperature falls almost to the hibernation

threshold of 20°C. Applying the equations developed by

Islam et al. (2015) for soil temperature at a depth of

30 cm, we estimated soil-temperature ranges as 4.1 –

5.75°C for February and 6.3 – 9.4°C for the coldest quar-

ter. The wintering shelters of the Desert Monitor are lo-

cated at least twice as deep (60 – 200 cm), where the
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TABLE 2. Estimated Monitor Body Temperature as a Function of Air and Soil Temperatures

Month Air temperature range Calculated soil temperature range
Estimated Varanus

body temperature range

April 14.7 – 17.1 17.9 – 20.77 (Ahmad and Rasul, 2008) 16.3 – 18.9

17.06 – 19.22 (Islam et al., 2015) 15.88 – 18.2

May 20.5 – 22.7 24.7 – 27.5 (Ahmad and Rasul, 2008) 22.6 – 25

22.28 – 24.26 (Islam et al., 2015) 20.4 – 24.26

July 27.7 – 30 31.5 – 34.6 (Ahmad and Rasul, 2008) 29.6 – 32.3

28.76 – 30.83 (Islam et al., 2015) 28.23 – 30.4

August 25.7 – 27.8 28.8 – 31.6 (Ahmad and Rasul, 2008) 28.2 – 29.7

26.96 – 28.85 (Islam et al., 2015) 26.33 – 28.3

September 20.2 – 22.7 21.4 – 24.5 (Ahmad and Rasul, 2008) 20.8 – 23.6

22.01 – 24.26 (Islam et al., 2015) 21.105 – 23.48



thermal inertia of the soil provides relative stability of

temperatures throughout the year (Petrov, 1973). Thus,

our rough approximation of the Desert Monitor’s body

temperature, derived from estimation of the soil tempera-

ture at the surface and at 20 cm depth during the “key”

months, confirms the model data and the reliable model

operational mode as a whole.

Precipitation, humidity and the impact

of other variables

Other factors, which trigger the stages of the life-cy-

cle, are photoperiod and precipitation (Auffenberg et al.,

1998). Temperature appears to be most important, since it

defines both the individual reactions of a single animal

and the changes in the stages of the life-cycle. Population

density and species distribution can also be affected by

environmental parameters like seasonal and behavioral

parameters. Furthermore, energy-related factors such as

dietary shift and mode of life (i.e., arboreality, terrestrial-

ity, aquatic) may also influence the magnitude and dy-

namics of varanid populations (Arida, 2008). V. griseus is

more plentiful in more humid zones (~6 per 1 km2) than

in arid zones (~2 per 1 km2) in the Sahara Desert (Vernet,

1982, cited after Ilgaz et al., 2008). In Uzbekistan, the

density of the Desert Monitor is relatively higher within

the foothill valleys (0.37 spec�ha) than in the open sandy

soils and ridge sands (0.08 spec�ha) (Bondarenko, 1989).

Some key variable ranges, such as precipitation in the

warmest week, precipitation in the driest quarter and the

relative air humidity of certain months and quarters, rep-

resent, obviously, the optimal ranges or lower limits for

both V. griseus wellbeing and vegetation growth. The

correlation of air and soil temperatures to the soil mois-

ture was shown for different climatic conditions and soil

depths and found to be strong (Jin and Mullens, 2014;

Pinheiro et al., 2000; Wang et al., 2016). However, we do

not have enough field data (measured soil moisture) to

provide a reliable estimation of soil moisture values in

the areas of V. griseus distribution as we did with soil and

body temperatures.

It is obvious that neither a single variable nor a full

set of variables can be discussed without understanding

of the close and multiple relationships and cross-regula-

tions of variables to each other and to the animal.
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Figure 2 represents an extremely simplified scheme of

the interaction of abiotic variables and their summary im-

pact on the annual cycle of the Desert Monitor.

Additional data on soil types and properties, acquired

from https:��daac.ornl.gov, allowed an analysis of the

frequency distribution of the documented locations of V.

griseus within a selected dataset. We used the following

soil datasets to perform the analysis: “soil type” (follow-

ing FAO (1961 – 1965) and Zobler (1986) classifica-

tions); “soil density”; and “sand content at 30 cm soil

depth.” The distribution of the known V. griseus localities

within soil types revealed the following percentages

(Table 3).

Yermosols, comprising as much as 54% of all soil

types where the Desert Monitor was documented, are

desert grey to brown-colored soils with significant calcic

and gypsic sub horizons. Xerosol (24%) is another type

of desert grey-colored soils, related to yermosol, charac-

terized by prominent clayish horizon beneath the surface.

All soil types mentioned are characterized by low humus

concentration and reduced biological activity (Kovda,

1973).

Percentile analysis of soil-density preferences for the

Desert Monitor reveal that the species is to be found

mostly in moderately dense soils (1.48 – 1.65 g�cm3).

A percentile analysis of the sand content in the upper

30 cm of the soil horizon revealed a wide range (38.8 –

85.2%) of sand content in the soil. Comparing soil den-

sity, sand content and soil types, it is obvious that the

Desert Monitor prefers fixed soils with no open sands;

and this analysis confirms the previously published data

on the distribution of the animal in the wild.

Climatic zonation was analyzed as a separate part of

the study, as the georeferenced grids of climatic zonation

were not included in the initial dataset prior to modeling.

Table 4 demonstrates the distribution of the Desert Moni-

tor within ecological regions and the Köppen-Geiger

classification of climates (source data https:��daac.

ornl.gov).

Most of records for the Desert Monitor (89%) are as-

sociated with Desert and Steppe-Desert environment. Re-

garding the updated Köppen-Geiger classification (see

Kottek et al., 2006), most of the Monitor records resem-

ble zones of BSk and Dsa (75%). A significant part of the

records falls within the BWk zone of Köppen-Geiger,

which in general corresponds to Takla-Makan conditions,

where the Monitor has never been documented. The

Takla-Makan Desert and a part of Azerbajan territory

were classified according to SDM as moderately suitable

for the Desert Monitor. However, there are no reports of

the presence of the Desert Monitor in these territories.

The Takla-Makan Desert is one of the biggest sandy

deserts in the world. It represents an accumulation type of

desert with predominantly aeolic sands up to 300 meters

thick (Petrov, 1973) and high dunes with almost no vege-

tation. Only peripheral areas may have some vegetated or

clayish parcels altering the sandy dunes. The Takla-Ma-

kan Desert is characterized as extra-arid territory (Petrov,

1973), with less than 50 mm of precipitation annually. In

contrast, the Central Asian Deserts correspond to a tem-

perate continental climate according to Petrov (1973), or

the BSK and Dsa zones described by Koppen-Geiger.

The Kyzylkum Desert is composed of Neogene sand-

stones, clays and conglomerates. The destruction of

bedrocks resulted in plains, covered with pebble or sand.

The lack of vegetation and loose sands of the Takla-Ma-

kan explains very well the absence of the Monitor in the

area. However, “nihil est ab omni parte beatum”; and

moderate suitability in the areas of Takla-Makan and

Azerbajan would, probably, provide the explanation for

the inconsistency in the recent model, arising from an in-
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TABLE 3. The distribution of Desert Monitor within soil types

Soil type Varanus griseus distribution, %

Calcic yermosol 28.84

Luvic xerosol 23.97

Gypsic yermosol 15.98

Luvic yermosol 9.35

Xantic ferrasol 7.79

Luvic phaeozem 6.04

TABLE 4. The Distribution of Desert Monitor within Climatic and Ecological Zones

Ecoregion

Varanus

griseus

distribu-

tion, %

Köppen – Geiger zone

Varanus

griseus

distribu-

tion, %

Desert of continental climate 58.6 BSk – Arid�Steppe�Cold 40.54

Extreme continental steppe-desert 15.4 Dsa – Cold�Dry Summer�Hot Summer 34.3

Desert-Steppe and Desert-Steppe-Desert of Continental climate 14.8 BWk – Arid�Desert�Cold 24.56

Open Woodlands of Continental Climate 6.62 Csa-Temperate�Dry Summer�Hot Summer 0.58

Shrub and Semi-Shrub Semi-deserts and Deserts of continental climate 3.7



complete set (see above) of input data. The current model

should be significantly improved by future research, tak-

ing into consideration biotic (food, competition, vegeta-

tion etc.,) and abiotic variables recently unavailable for

the analysis due to the impossibility of representing many

of the variables as georeferenced grids.

CONCLUSION

The Species Distribution Model, developed with

simple (our study) or complex, machine-learning statisti-

cal approaches, has a great advantage in allowing the key

variables to be distinguished from the entire set of input

abiotic variables. In the current paper, we have identified

a relationship between most of the key variables for

V. griseus, as revealed by SDM, and actual data on the

species biology, basing on the information on the biology

of this, relatively well-studied, species. However, some

variables remain questionable (see Table 1). Any ecto-

thermic species experiences environmental temperature

as one of the most serious limiting factors. Temperature

may affect the animal directly, providing the limitations

of animal viability are derived from physiological con-

straints. However, temperature influences and helps to

define other important environmental conditions, like

soil and air humidity, via complicated dependences, re-

quiring, in most cases, detailed study and additional ex-

periments within a certain area. Relative air humidity

has, obviously, no direct influence on an animal whose

skin is impermeable to water. The impact of relative air

humidity to V. griseus is apparently indirect and should

be related to the interrelationships between a variety of

abiotic variables, ranging from soil and air temperature,

soil moisture, to solar radiation and probably other vari-

ables, unaccounted for in the recent model. Moreover, all

variables studied may affect the lizard indirectly, influ-

encing the vegetation condition, the abundance and spe-

cies diversity of insects and small mammals, the pattern

of activity on the part of V. griseus, etc. The recent model

provides a good insight into the applicability of Species

Distribution Modeling for species ecology study and,

particularly, determining the impact of peculiar abiotic

variables on the life-cycle stages of the animal. Another

aspect of the SDM application is the ability of SDM to

delimit area where new finds of species are much more

probable. Species Distribution Modelling, being carried

out as an interdisciplinary approach, provides a better un-

derstanding of the relationships between the biotic and

abiotic components of the environment and the spe-

cies-specific influence of the variables. SDM may high-

light new questions and problems in terms of the biology

of the given species that otherwise may have remained

hidden; and, in general, leads to a better comprehension

of the global processes in the biosphere.
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