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ABSTRACT

The main objective of this study was to obtain base line information about the reptilian fauna of
the Awash National Park. The survey was conducted using active search, pit fall trapping, cover
sheet, and photographing methods from August, 2008 to June, 2009, covering both the dry and
wet seasons. Resource partitioning study was also carried out on two sympatric lizard species,
Tarentola annularis and Mabuya striata by filling the herpetological data sheet whenever one of
the two species was encountered. Temperature and relative humidity of the area were also
recorded every hour. During the survey, a total of 32 species belonging to three orders (Order
Squamata, Order Testudines and order Crocodylia) were recorded. The Order Squamata was the
most diverse containing 29 species belonging to two Suborders, Suborder Sauria and Suborder
Serpents. Suborder Sauria comprised 22 species belonging to12 genera and seven families, while
Suborder Serpents included seven species belonging to six genera and three families. The Order
Testudines comprised two species belonging to two genera and two families. Order Crocodylia
also consists of only one species belonging to a genus and a family. Out of the 32 species
recorded, 12 (37.5%) species were newly recorded. The diversity of reptiles varied among the
different habitat types. The rocky area habitat appeared to be a choice for most of the reptiles
encountered in the study period (34.21%), followed by the bushland habitat (19.74%). The most
preferred habitats of snakes encountered were rocky areas (42.31%), followed by sandy areas
(26.92%), while the most commonly used habitats of lizards were buildings and tents (54.92%),
followed by the rocky areas (24.59%) and bushlands (14.75%). Regarding resource partitioning,
the two sympatric lizard species were found to have a very high overlap in their spatial niche
dimension and moderate overlap in food niche dimension, which can be compensated by the
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lowest overlap in their temporal niche dimension. This ecological survey revealed that the Park
supports relatively a variety of reptile species in different habitat types, though it needs more
detailed surveys on both the taxonomic and geographic coverage of the reptilian fauna of the
area.

Key words: - Awash National Park, diversity, habitat association, niche breadth, niche overlap,
reptiles, resource partitioning, sympatry.
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1. INTRODUCTION

The biodiversity of Ethiopia deserves attention (Leykun Abune et al., 1991). The country has
diverse ecosystems ranging from humid forest and extensive wetlands in the west and southwest
to the desert of Afar depression in the northeast. The flora and fauna of the country are scattered
from the highest mountain peaks over 4500 meters above sea level to one of the lowest and
hottest places on earth in Dallol depression, 116 meters below sea level (Ethiopian Mapping
Authority, 1988). This has helped to contribute for the existence of various forms of life in
Ethiopia.

The country has long been recognized for its wealth of natural resources, endemic species, and
high biodiversity. It was a forested country, with about 40% of its total area covered by dense
forests and woodlands. In contrast, at present only about 2.7% is covered by forest. Currently the
deforestation rate is estimated between 100,000 and 200,000 hectares a year. Owing to this
accelerated loss, the distinctive natural collection of biodiversity will not remain intact for long
(Sentayehu Tedla and Martha Gebre, 1998 as cited in Fikerte Gebresenbet, 2008).

One of the first steps towards the national biodiversity strategy is to conduct survey in order to
find out what exists and to analyze its value and importance, and what is endangered (Australian
Biological Resource Study, 2001 as cited in Fikerte Gebre Senbet, 2008). On the basis of the
survey results, governments can set measurable targets for conservation and sustainable use.
National strategy programs need to be developed or adopted to meet this target. Biodiversity can
be measured with quantitative indices of diversity based on richness, the number of elements of
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biodiversity (usually number of species), evenness and their relative abundance (Magurran, 1988
as cited in Spawls et al., 2002). Signatory countries of the Convention of Biological Diversity
(CBD) are obligated to monitor biodiversity. The base line knowledge is also necessary for
monitoring and assessing land use patterns, pollution, global climate change, and the economic
value of natural resources.

Humankind is dependent on a diverse array of products obtained from wild species on genetic
diversity among wild relatives of domesticated species, and on the stability of natural
ecosystems. All of these dependencies necessitate the maintenance of biodiversity. Increasing
rates of extinction of species and the loss of knowledge of local species among indigenous people
have created an urgent need for scientific exploration to increase man’s knowledge of specieslevel biodiversity across all organisms (Spawls et al., 2002).

Ethiopia has recently recognized the economic value of its natural resources and instituted
conservation and protected area management programs. The priority of these programs is to
establish areas for conservation and protection of a range of species and habitats. In most cases,
the available environmental education in different schools, club or other environmental
concerned programs in the country mainly focus on issues like deforestation, soil erosion,
pollution and conservation of the larger mammals and birds.

Diverse species of reptiles occur in all types of habitats and many of them live very near to
human habitations. But, due to many superstitions, myths and false beliefs, people either avoid
them or want solely to kill them. In any case, there is little attempt to study reptiles or understand
their ecological significance or protect and conserve them.
2

Lizards are one of the major groups of reptiles, belonging to the order Squamata. They are
elongated and slender reptiles and use their limbs to anchor and movement. Lizards have about
300 living genera containing some 3000 species, which make them, by far, one of the most
abundant groups of modern reptiles (Webb et al., 1978). Because of their high abundance and
visibility, lizards are good candidates for the study of functional biodiversity.

Structural biodiversity is a complete survey of the species of these animals, which includes
species diversity, species richness, species composition and evenness. Functional biodiversity,
which is important for management plans is designed to keep species from becoming extinct, and
is concerned with investigation of the functions of the species in the ecosystem. One of these
functions is resource partitioning between the co-existing species.

Organisms make use of resource around them effectively. This use of resources leads to
competition. Examining the patterns of resource use in coexisting species helps to deduce the
minimal differences that are needed for smooth co-existence. Examination of patterns for species
that fail to co-exist can illuminate what aspects of resource use contribute to apparent competitive
exclusion. Such efforts are referred to variously as studies of niche partitioning (Morin, 1999).
Resource partitioning between two or more numbers of sympatric species always involves the
differential utilization of the existing niche components in that specific area. According to
Barbault et al. (1985), communities may not be organized by species interaction but rather
through the specific ecological needs of each species. Understanding the mechanisms, which
determine patterns of habitat use can greatly contribute to the ability and effort to manage natural
ecosystems (Cooke et al., 2002; Pyke et al., 2002 as cited in Langkilde and Shine, 2004).
3

Tarentola annularis and Mabuya striata are lizard species occurring sympatrically in the Awash
National Park. Given the fact that these two lizard species are abundant in the park and coexist in
the same habitat in most areas of the Park, investigation was carried out on different aspects of
niches that they partition.

This survey of the reptilian fauna of the Awash National Park was carried out on the structure and
function of these taxa as a first step towards the conservation of biodiversity of the area.
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2. LITERATURE REVIEW
2.1. Reptiles

Reptiles constitute an old group, although there is much debate about their ancestors and the date
of the first unequivocal reptilian ancestor. Ancient amphibians were widespread during the
Carboniferous Period (350 to 280 million years ago). Before the end of that Period, fossil reptiles
had appeared. There was a tremendous radiation of reptiles during the late Paleozoic and
Mesozoic Eras (250 to 65 million years ago) during which time dinosaur flourished. Around 65
million years ago there was a mass extinction of reptiles, and the dominant giant ones mostly
disappeared (Spawls et al., 2002).

Reptiles are one of the major groups of organisms living in different habitats. These organisms
are very diverse depending on the habitat where they exist. They are a group of organisms
belonging to the biological classification of the Class Reptilia. There are about 6,500 species of
reptiles, which are arranged in 900 genera with 48 families of four orders based on evolutionary
lineages since 200-300 million years (Branch, 1988). The orders are Order Crocodylia, Order
Testudines, Order Squamata, and Order Rhynchocephalia (Branch, 1988). The relationships of
the various living group is a matter of debate and dispute among taxonomists. Some authorities
call the order of shield reptiles “chelonian” and an old name for the order snakes is “ophidian”.
The most recent classification regards the squamata as an order with the snakes (Serpents),
lizards (Sauria) and worm lizards (Amphisbaenia) as three suborders (Spawls et al., 2002).
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The lizard fauna recognized in Ethiopia comprises 101 species (Largen and Spawls, 2006). Out
of these, 37 species are from the family Gekkonidae, 19 species are from the family Scincidae, 16
species are from the family Lacertidae, 15 species are from the family Agamidae, nine species are
from the family Chmaeleonidae, three species are from the family Cordylidae, and two species
are from the family Varanidae, of which no fewer than 40 species are occupants of the Somaliarid zone. Such taxa have their centres of distribution in the desert and semi-desert regions of
Somalia and eastern Ethiopia, although some may extend southwards into eastern Kenya (more
rarely NE Tanzania) and/or northwards through Eritrea into NE Sudan (occasionally even SE
Egypt). Three nominal Ethiopian endemics (Cordylus rivae, Hemidactylus jubensis and
Hemidactylus ophiolepis) have ecological characteristics which suggest that they may well
extend into the lowlands of neighboring territories and perhaps have their closest zoogeographic
affinities with the Somali-arid fauna (Largen and Spawls, 2006). According to Largen and
Rasmussen (1993), there are 87 named species of snakes occurring within or on the borders of
Ethiopia. A further 11 taxa are expected, but not yet proved, to be present in this country, on the
evidence of having been reliably recorded from localities close to the national boundaries (Largen
and Rasmussen, 1993).

2.1.1. The characteristics of living reptiles

Reptiles have a dry water proof skin, enabling them to stay active during dry times and areas,
which most amphibians cannot do. There are no venomous lizards in Africa and only about 44
(22%) of East African snakes are dangerously venomous. In hot areas reptiles get their heat from
the air, rocks and soil, which is why there are no nocturnal reptiles in cold countries or at high
altitude. In cooler regions, reptiles bask in the sun until they have reached a suitable temperature,
6

and then selectively move back and forth between sunshine and shade, keeping their body
temperature at a favored level. Thus, there are no large reptiles at high altitude, because it takes
too long to warm up. In very hot areas, black reptiles are rare, and lighter colored ones
predominate (Spawls et al., 2002).

Reptilian fertilization is internal. The eggs of reptiles, birds and mammals are distinguished by
the fact that at an early age, they are shelled with three special membranes, the amnion, chorion
and allantois. These three groups (reptiles, birds and mammals) of “higher” vertebrates are
collectively known as Amniota (Spawls et al., 2002).

There is no larval stage; unlike amphibians the hatchlings leaving the egg look just like their
parents. All crocodiles and chelonians lay eggs; a few snakes and lizards give live birth (vipers,
sand boas and certain high altitude species like the slug eaters, mole snake and some chameleons
and some skinks) by retaining the eggs in their bodies until close to hatching.

According to Mertens (1960), most reptiles have many enemies and for their successful survival
they are equipped with a wide range of structural and chemical anti-predator mechanisms. These
characters of the reptiles and their misconceptions, especially venoms of some snakes, have made
almost the entire group of organisms to be feared by humans. Due to this fact, the attention given
for these groups in research is not as wide as other organisms. This study will make many new
friends for these animals, which are only too often unfairly condemned.

Many reptiles have different benefits for human beings.

Skins of the lizards, snakes and

crocodiles are used rather extensively for the manufacture of different products. Tortoise shell is
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used for manufacturing of combs and ornaments of various kinds. Despite the harmful effect of
the snake venom, many products of high medical value have been extracted from it. Reptiles and
amphibians contribute to studies in genetics, embryology, developmental biology, ethology,
endocrinology and immunology.

Despite their uses and other right to exist just like other living organisms, many of these species
are persecuted by humans. This also has something to do with the different myth in different
countries (Mertens, 1960). In Ethiopia, the case appears to be the same. Even though there exists
a high diversity of reptiles in Ethiopia with about 200 known species, 23 endemic (Hillman,
1993a, b; Largen and Rasmussen, 1993; Spawls et al, 2002; Largen and Spawls, 2006). Reptiles
especially snakes, are not highly regarded in Ethiopia and elsewhere in Africa, and tend to be
killed whenever they are encountered.

The rapid increase of human population and its

consequence must inevitably be having a deleterious effect on these fragile animals (Largen and
Rasmussen, 1993). Awash National Park is one of the areas in Ethiopia where diverse types of
reptiles occur. But, no significant study was conducted on the reptiles in this area.

2.2. History of Herpetological Survey in Ethiopia

The first herpes collected and described from Ethiopia appears to have been those obtained
during the period 1839-1841, by a scientific mission under the command of Theophile Lefevre.
In subsequent years, many other travelers explored the country, primarily concerned with
surveying or big game hunting, some of them returned home with old scraps of herp material
(Largen, 2001).
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Vincenzo Ragazzi, who was for several years director of the Italian station at Let Marefia,
included amongst his substantial herpetological collections, amphibians that later became the
types of Paracassina obscura and Leptopelis ragazzii, obtained in 1885 and 1892, respectively.
During 1891-1893, Eugenio Ruspoli traveled extensively in eastern and southern Ethiopia; two
visits to the Ogaden Region, followed by a journey from Dolo to Lake Abaya. Meanwhile,
Vittorio Bttego was independently involved with exploration of much of the same region. In
1892-1893, he traveled from Berbera on the Somali Coast through the Ogaden region to conduct
a detailed investigation of the drainage systems of the Genale and Dawa Rivers, before returning
to Somalia through Dolo. By 1895, Bttego was again in Ethiopia ,journeying from Dolo to Lake
Abaya, the Omo River and Lake Rudolf (now Lake Turkana) before his unfortunate death in
1897 (Largen, 2001).

During 1894-1895, Arthur Donaldson Smith undertook the first of his two great expeditions to
Lake Rudolf. Starting from Berbera, his itinerary involved a survey of previously unexplored
areas in northern Bale Province and visits to Lakes Abaya, Chamo and Stephanie, before
expending southwards into Kenya (Largen, 2001). A German expedition during the years 18991901 led by Carlo von Erlanger and Oscar Neumann, engaged in zoological research in central
and southern Ethiopia. Their route was extended from the Somali coast at Zeila to Harar and then
onwards through the Northern foothills of the Arussi Mountains to Addis Ababa. From here, the
expedition moved southwards along the Rift Valley to Lake Chamo. The former journeyed
northeast into the Bale Mountains, but yet again missed the opportunity for rewarding exploration
at high altitude, before once more turning south and following the Genale River to Somalia.
Neumann worked his way westwards, by way of Kaffa Province, into the Sudan and eventually
back to Europe through Khartoum (Largen, 2001).
9

During 1901-1902, Edward Dagen collected a long route extended from Zeila, by way of Harar
and Lake Ziway to Addis Ababa, and from there northwards through Gojjam Province to Lake
Tana. The return journey more or less retraced the outward course, but terminated at Djibouti
(Largen, 2001).

Entomologist, Hugh Scott visited Ethiopia on several occasions in order to undertake ecological
research at high altitude. During 1926, he was accompanied by Joseph Omer-Cooper, a
Freshwater biologist; whose collections of 11 amphibian species included the endemic
Ptychadena cooperi. In 1926-1927, a major expedition on behalf of the Field Museum of Natural
History in Chicago explored a wide area in central and northern Ethiopia. The team included
Wilfred H. Osgood, who, though best known as a mammalogist, appears to have assumed
responsibility for the collection of amphibians and reptiles (Largen, 2001).

The missione Biologica nel please dei Borana in 1937 and the missione Sagan-Omo in 1939, both
led by Edoardo Zavattari, explored the Borana region from Dolo westwards to Lake Stephanie
and the Omo River. Their Collections are now housed in Milian at the Museo Civico di Storia
Naturale (Largen, 2001).

This flurry of activity was immediately followed by a remarkable gap in the advancement of
Ethiopian Herpetology, lasting for almost 30 years. The resurgence of interest dates from 1968,
when John Blashford-Snell led an expedition to explore the valley of the Great Abbai (Blue Nile)
River. Although composed mainly of British army personnel, the journey included Zoologists
Patrick Morris and Derek Yalden from England and Malcolm Largen, who was a member of the
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staff of the Biology Department, Addis Ababa University during 1966-1977. Largen, Morris and
Yalden made three further joint expeditions in Ethiopia during 1970-1971, 1971-1972 and 1975,
working primarily at elevations in the Bale Mountains, but including trips to the southwestern
forests, the Awash National Park and Sidamo Province.

In August 1986, the Harenna forest expedition, led by Jesse C. Hillman of the then Ethiopian
Wild life Conservation Organization, conducted a transect survey on the southern slopes of the
Bale Mountains. The resulting collections, now preserved in the Liverpool Museum, include the
type specimens of Balebreviceps hillmani, Ptychadena harenna and Ericabatrachus baleensis
(Largen, 2001). In terms of rewards obtained relative to time and effort invested, this expedition
must surely rank as one of the most successful ever undertaken in Ethiopia, and provides a very
clear indication of how much biological organisms still remain to be learned from this region of
Africa (Largen, 2001).

Herpetological work in Ethiopia became rather slow during the subsequent 20 years, with only
two publications dealing directly with distribution and taxonomy depending mainly on specimens
deposited in museums outside Ethiopia (Largen and Ramussen, 1993; Largen and Spawls, 2006).

Several publications dealing with the herpetofauna of adjacent countries often cover parts of
Ethiopia. There are some herpetological works done in Ethiopia, which in general added valuable
information about the herpetofauna of the area (Welech, 1982; Spawls et al., 2002).

Ongoing herpetological research, started during September-October 2006, by a joint expedition
from Addis Ababa University and British Natural History Museum to Bale Mountains and
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Southwestern region. Subsequently, there was a joint expedition from June- July 2008 by Basel
University from Switzerland and Addis Ababa University to Bale and Gouge Mountains. Several
amphibian and reptile specimens were collected and the work is still active. Fikirte Gebresenbet
(2008) studied the reptile community in Nechisar National Park. In this study a total of 34
species of reptiles were recorded, of these 11 species were new to the Park. Valuable information
on the ecology, particularly habitat selection and resource partitioning were added in this study.
Andnalem Tsige Missale (2008) studied the chromosomes of eight species of Ethiopian
amphibian species.

Assessment of the herpetofauna of Lake Tana sub-basin added more

information about the herpetofauna of this area (Saber, 2008). Roman Kassahun (2009)
investigated the amphibian abundance and diversity in relation to environmental change in Bale
Mountains National Park. Wondwosen Tito (2009) studied amphibian community in the AbijattaShalla Lakes and Awash National Parks as an indicator of Environmental health.

2.3. Resource Partitioning

According to Schoener (1965 as cited in Toft, 1985), the expression “resource partitioning “was
coined in the 1960s to mean, simply, how species differ in their use of resources. The term niche
differentiation (synonymous with niche segregation, niche separation and niche partitioning), as
it applies to the field of ecology, refers to the process by which natural selection drives
competing species into different patterns of resource use or different niches. This process allows
two species to partition certain resources so that one species does not out-compete the other as
dictated by the competitive exclusion principle; thus, coexistence is obtained through the
differentiation of their realized ecological niches.

Niche differentiation is a process, which

occurs through several different modes and on multiple temporal and spatial scales. In most
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cases, niche differentiation has created a relationship between two species where current
competition is limited or non-existent. Because of this, the presence of niche differentiation can
be methodologically difficult to prove or disprove. It is important to keep in mind that niche
differentiation and inter-specific competition cannot always be considered linked.

The Lotka-Volterra equation states that two competing species can coexist when intra-specific
(within species) competition is greater than inter-specific (between species) competition
(Armstrong and McGehee, 1980). Since niche differentiation concentrates competition withinspecies, due to a decrease in between-species competition, the Lotka-Volterra model predicts that
niche differentiation of any degree will result in coexistence. In reality, this still leaves the
question of how much differentiation is needed for coexistence (Hutchinson, 1959). A vague
answer to this question is that the more similar two species are, the more finely balanced the
suitability of their environment must be in order to allow coexistence. There are limits to the
amount of niche differentiation required for coexistence, and this can vary with the type of
resources, the nature of the environment, and the amount of variation both within and between
the species.

To answer questions about niche differentiation, it is necessary for ecologists to be able to detect,
measure, and quantify the niches of different coexisting and competing species. This is often
done through a combination of detailed studies, controlled experiments (to determine the strength
of competition), and mathematical models (Strong, 1982; Leibold, 1995). To understand the
mechanisms of niche differentiation and competition, much data must be gathered on how the
two species interact, how they use their resources, and the type of ecosystem in which they exist,
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among other factors. In addition, several mathematical models exist to quantify niche breadth,
niche overlap, competition and coexistence (Bastolla et al. 2005). However, regardless of the
methods used, niches and competition can be distinctly difficult to measure quantitatively, and
this makes detection and demonstration of niche differentiation difficult and complex.

Over time, two competing species can either coexist, through niche differentiation or other
means, or compete until one species becomes locally extinct.

2.3.1. Temporal partitioning

Temporal resource partitioning is when two species eliminate direct competition by utilizing the
same resource at different times. This can be on a daily scale (e.g. one species of spiny mouse
feeds on insects during the day while a second species of spiny mouse feeds on the same insects
at night, Kronfeld-Schor and Dayan, 1999) or on a longer, seasonal scale. An instance of the
latter would be reproductive asynchrony, or the division of resources by the separation of
breeding periods. An example of reproductive asynchrony would be two competing species of
frog offsetting their breeding periods. By doing this, the first species’ tadpoles will have
graduated to a different food resource by the time the tadpoles of the second species are hatching
(Lawler and Morin 1993).

2.3.2. Spatial partitioning

Spatial resource partitioning occurs when two competing species use the same resource by
occupying different areas or habitats within the range of occurrence of the resource. Spatial
partitioning can occur at small scales (microhabitat differentiation) or at large scales
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(geographical differentiation). Microhabitat differentiation occurs when two competing species
with overlapping home ranges partition a resource. Two examples would be different species of
fish feeding at different depths in a lake or different species of monkey feeding at different
heights in a tree. Geographical differentiation is when two competing species have nonoverlapping home ranges and thus partition resources. An example might be given with monkeys
again; two competing species of monkeys using the same species of fruit trees, but in different
areas of the forest (Wikipedia online http://en.wikipedia.org/wiki/niche_differentiation accessed
in April, 2009).

2.3.3. Morphological differentiation

Morphological differentiation or niche complementarity happens when two competing species
evolve differing morphologies to allow them to use a resource in different ways. A classic
example of this is a study detailing the link between bumble bee proboscis lengths and flower
corolla lengths (Pyke, 1982). In this study, the long-proboscis bee species would preferentially
feed on the long-corolla plants, the medium-proboscis bee species would feed on the mediumcorolla plants, and so on. By evolving different proboscis lengths, several competing bee species
are able to partition the available resources and coexist (Pyke, 1982).

2.3.4. Food niche partitioning

This type of resource partitioning deals with dividing up the food material in the locality.
Competing species can be feeding upon the same or different types of food items. If species are
feeding upon the same kind of food items, then their competition would be fierce and there
should be a mechanism to withstand the competition. For instance, if one of the species is active
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during the day time and the other at night and both feed upon the same food item, as long as the
food resource is not depleted, there will not be much problem.

Lizards can differ in the type of prey they consume, in their feeding strategy and/or in the size of
food they consume. According to Rouag et al. (2007), sympatric lizards are well known to
usually partition the spatial resources in a wide variety of habitats and climatic conditions.
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3. OBJECTIVES
3.1. General objective
 To study the reptilian fauna of the Awash National Park (ANP), Ethiopia.
3.2. Specific objectives
¾ To assess the species diversity, richness, evenness and composition of reptiles in Awash
National Park.
¾ To identity the habitat association of reptiles in the Awash National Park.
¾ To identify niche separation and mechanisms of co-existence between Tarentola
annularis and Mabuya striata lizard species at Amareti camp (Main Gate) of the Park.
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4. THE STUDY AREA
4.1. Location and topography

Awash National Park is one of the protected areas of Ethiopia located at the southern tip of Afar
Region. This park is 225 km east of Addis Ababa (and a few km west of Awash) with its
southern boundary along the Awash River, and covers at least 756 km2 of Acacia woodland and
grassland. The Addis Ababa - Dire Dawa highway passes through this park, separating the IllalaSala plains to the south from the Kudu Valley to the north. The Park lies between 08045’-09015’N
latitude and 390 40’-40010’ E longitude. Altitude ranges from 550 m above sea level at Awash
Gorge to 2007 m above sea level at Mt. Fentale. The Park is bordered by the western edge of
Sabober plains in the west, Addis - Djibouti highway and the Awash River in the south and
southeast and the Kesem River and Filwuha hot spring in the north (Figures 1 a and b).
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a
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b
Figures 1 a and b. Location maps of the study area
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4.2. Climate

The climate of the study area is under the influence of the Inter-Tropical Convergent zone (ITCZ)
that causes both temporal and spatial variations (Daniel Gemechu, 1977). The study area is
Semi-arid. Data collected at Metahara sugar cane Plantation show that the average rainfall is
475.62 mm (Figure 2). The mean annual rainfall in the area is in the range of 276-634 mm. The
least rainfall is in December and January. Awash National Park (ANP) is generally known for
scanty and erratic rainfall of high variation. The area is affected by frequent droughts.

The mean minimum and maximum annual temperature ranges from 13.120C-21.70C and 31.30C36.970C, respectively. The lowest monthly temperature occurs during December and the highest
temperature occurs during May.
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Figure 2. Climate data of Metahara Meteorological Station, southwest of Awash National Park
(1994-2003)

(Source: Ethiopian Meteorological Service Agency)
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4.3. Hydrology

The Awash River and its tributaries drain the area. The Park is located in the upper valley of the
Awash River basin catchments area. The Awash River starts from the highlands west of Addis
Ababa and traverses southwards to join Koka Dam reservoir; then flows to north and turns to
eastwards through the Rift Valley and finally terminates in Lake Abe. There are several
tributaries that join the Awash River, within the study area. However, during the dry season, most
of them dry-out before joining the river. The Kesem River, which is one of the biggest tributaries
of the Awash River in the study area, drains the northern part of the Park. The water from this
river is also used for irrigation by the communities around the Tadecha Melka and Awash Melka
plantation (Jacobs and Schloder, 1993).

Lake Beseka, which is the fastest growing lake in the area, has considerable influence on the
environment and people living in the Awash Valley. This lake is located west of the Awash
National Park along Addis Ababa - Djibouti highway, south of Fentale Mountain. It has increased
from 3.3 km2 in the early 1970s to 35 km2 in the early 1990s. The increase of the size of the lake
has resulted in loss of dry season grazing area of Kereyu pastoralists (Jacobs and Schloder,
1993). The hot-spring occurs along the northern border of the park. The hot-spring area is known
as Filwuha camp. It is one of the potential tourist attraction sites in the park.

4.4. Soils

The soils of the study area are grouped into three major types based on the parent materials from
which they were derived. However, one can find a mixture of several types in different locations
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starting with an extensive under layer of dense welded tuft, which has since then covered by
either a thin coating of fine, wind blown dust of lacustrine origin, thick layers of alluvial and
colluvial deposits, and denser layer of ash and volcanic debris (FAO, 1965).

Soils of volcanic origin: These soil types include regosols and andosols. They are soils derived
from basalt gravel of colluvial origin due to the eruptive nature of parent rocks. These soil types
are found in the base of Mount Fentale and throughout the Metahara area.

Ancient alluvial and colluvial soils: This comprises two soil types, solonchaks and histosols.
Solonchaks occurs on alluvial and colluvial slopes and are found in the marsh area of hot-spring.
Histosols are found in the Ilala-Sala plain and in the permanent swamps and in marshes.
Histosols are known to contain thick organic horizon.

Recent alluvial soil: This comprises fluvosol, which is developed from recent alluvial deposits,
found along the banks of Awash River and in irrigated farms.

4.5. Vegetation

Jacobs and Schloeder (1993) identified eight major vegetation types using spot satellite imagery
and through ground survey. These vegetation types are grassland, open grassland, low vegetation
cover, shrubland, bushland, woodland, dense tree canopy and wooded grassland.

Grassland/open grassland: A grassland area is a habitat where grasses are the dominant
vegetation cover but trees and bushes may also occur. However, their canopy cover may not
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exceed 2%. It occurs on alluvial soils and on the slopes of Mount Fentale. The dominant species
in this habitat are Chrysopogon plumulosus and Bothriocloa radicans in the lower elevation and
Hypharrenia hirta and Themeda trianddra at higher elevations. In open grassland no trees and
shrubs are seen and predominantly covered by grasses.

Low vegetation cover: This is a habitat where soils may not be suitable for vegetation growth or
this may be an area denuded by overexploitation.

Shrub grassland: Shrub grasslands are habitats with a stand of shrubs but not greater than six
meters in height. The canopy cover in such habitat is more than 20%.

Shrubland: The shrubland type occurs in areas where there is moderate to heavy grazing pressure.
The dominant shrubs include Acacia nubica, Acacia senegal, Acacia mellifera, Dichrostochys
cineri and Grewia spp.

Bushland/woodland: This type of vegetation is typically found on shallow alluvial and colluvial
soils. The dominant species are Acacia spp. and Balatines aegyptica. In the bushland, trees and
shrubs are common, but in the woodland trees up to 20 meters are common and have a canopy
cover of 20%.

Dense tree canopy: this includes gallery forest and, Acacia dense canopy. Such habitat occurs in
ancient watercourses, seasonal flooding areas, riverine woodland and in narrow valley areas.
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Wooded grassland: Wooded grasslands are habitats with grouped or scattered and conspicuous
trees, with canopy cover of less than 20%.

4.6. Fauna

The Awash National Park is known to contain several endangered and vulnerable mammalian
and avian species (CDC, 2002). The Park supports 85 species of mammals and 467 species of
birds (Hillman, 1993; Jacobs and Schloeder, 1993). ANP has also been designated as the second
Important Bird Area (IBA). According to IUCN (1996), ANP inhabits one critically endangered
and endemic

mammal subspecies of Ethiopia, Swayne’s hartebeest (Alcelaphus biselaphus

swaynei), five vulnerable species (Lesser horse-shoe bat, Rhinolophus hiposiderose minimus,
Trident leaf-nosed bat, Asellia patrizii, Spot-necked otter, Lutra macuricollis, lion, Panthera leo
and Soemmerring’s gazelle, Gazella soemmerringi). Beisa Oryx (Oryx beast), Lesser kudu
(Tragelaphus imberbis), Greater kudu (Tragelaphus strepsiceros) and Defassa waterbuck (Knobs
ellipsiprymnus) are listed as of low risk, but are conservation dependent. ANP is also surrounded
by other wildlife conservation areas, such as the wildlife reserves of Awash-west, Alideghe,
Gewani, Mill-Serdo, the controlled Hunting Areas of Awash-west, Afdem-Gewane, Eror and
Gota and farther northeast, Yangudirasa National Park (Hillman, 1993b).
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5. MATERIALS AND METHODS
5.1. Materials

•

Calipers: - Standard metric calipers to measure snout vent length (SVL) and tail length
(TL) of herpes in the field

•

Flash lamps

•

Plastic buckets for pitfalls

•

Pieces of metal sheets for cover sheet method

•

A stick to catch snakes

•

Plastic or cotton bags to keep captured reptiles

•

Bottles and jars, to store collected reptiles in formalin or ethanol

•

Standard Pentax SLR Camera

•

Gramin etrex GPS

•

Thermometer and hygrometer

•

Microscope
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5.2. The Study Animals

The two lizard species that were selected to carry out the ecological study (resource partitioning)
were Tarentola annularis Gray 1825 and Mabuya striata (W.Peters, 1844), which occur in
sympatry mainly around the Main Entrance Gate (Amareti Camp) of ANP.

According to Largen and Spawls (2006) and the field observation, T. annularis is a
conspicuously large gecko (sometimes exceeding 20 cm in length), usually easily recognized by
having four prominent spots arranged in the form of a square in the shoulder region (Figure 3).
Although most commonly found in rocky areas, the species survives in open country if there are
cracks in the earth or isolated boulders where it can hide. It can also live on buildings. It is
nocturnal and at night it may forage for insects around lamps. The natural distribution of this
White-spotted Wall Gecko includes Saharan and sub-Saharan Africa. It has been introduced to
several scattered Florida locations in Lee and Miami-Dade counties (Bartlett, 1999; Meshaka et
al., 2004; Schleich et al., 1996). T. annularis is also well distributed in Mauretania, eastwards to
Egypt, Sudan, Eritrea, Djibouti, eastern Ethiopia and northern Somalia. In Ethiopia, it is mainly
found in Harar, ANP and other eastern parts of the country (Largen and Spawls, 2006).

On the other hand, M. striata is a medium sized, rubost, and striped skink, which is very common
in suitable habitats, often seen in human habitats. The head and body are highly depressed. The
tail is just over half of the total length. Dorsal scales have three to seven keels, scales arranged in
33 to 42 rows at mid body (Figure 4). Recently a number of subspecies are being described .The
East African specimens belong to M. striata striata. Regarding the habitat and distribution of this
skink, it prefers coastal thicket, moist and dry savanna, semi-desert and urban areas. It is found
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from sea level to about 2300 m altitude, or even higher. It probably occurs throughout East Africa
below 2300 m, but records are sporadic in northeastern and eastern Kenya, and records are
lacking from northern Uganda and western and southern Tanzania. It is diurnal, but it tolerates
urbanization very well and is found on fences, in gardens and plantations, often seen in east
African towns. Its main enemies are birds of prey and snakes (Spawls et al., 2002). Generally, M.
striata is well distributed in the southeastern Sudan, Ethiopia and Somalia to northeastern regions
of South Africa. In Ethiopia, the species is widely distributed, for instance, in Wollegaa, SidamoBale, Harar, Allemaya, ANP, and other parts of the country (Largen and Spawls, 2006).

5.3. Methods

Six trips were made to the study site, four during the wet season and two during the dry seasons
(2008-2009) in order to carry out the reptile survey and ecological study.

5.3.1. Survey of Reptiles

Reptiles were surveyed using active search, pit fall trapping, cover sheet, and photographing
methods.

5.3.1.1 Active search

Every habitat was visited and accurately searched for reptiles in microhabitats potentially
occupied including a variety of shelters. This is because, reptiles can be found by overturning
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rocks, logs and other cover elements. Overturned rocks and logs were replaced in their original
position to avoid modification of their habitat.

Collected animals were identified and released immediately, but others are kept and preserved for
further research. Pictures of almost all the reptiles caught and observed were taken with a
standard Pentax SLR Camera.

5.3.1.2. Pit fall trapping method

Some reptile specimens were collected by inserting plastic buckets in the soil in the study area by
dropping some secretive species and sand swimming lizards. For the pitfall traps, medium sized
buckets were used and they were checked every 4 to 5 hours.

5.3.1.3. Cover sheet

A small metal sheet was used as an attractant to reptiles and it was checked three times a day, in
early mornings, at mid-days and in late afternoons.

5.3.1.3. Photographing and other methods

Crocodiles were easily identified at night because their eyes are highly reflective to the torch
beam and may be visible from considerable distance. Nocturnal lizards were also identified by
using a head lamp. Pictures of the crocodiles were taken early in the morning and late in the
afternoon at the hot spring in the Park and Awash River near the Head-Quarter.
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For all collected and pictured specimens, collection dates, location and coordinates by GPS, time
of the day and weather conditions were recorded. Notes on behavior and description of the
habitat were also recorded. Dead animals were preserved in 10% formalin. All the caught
specimens were injected with 10% formalin before being preserved. Identification of species was
carried out based on standard keys (Largen and Rasmussen, 1993; Spawl et al., 2002; Largen and
Spawls, 2006).

All habitat types in the Park were surveyed paying more attention to those preferred by reptiles.
The areas, which were considered as ideal places for reptiles were identified through
communicating with local people and then by visiting the areas.

A total of 350 km (average 10 km per day) with an average width of about 15 meters was
surveyed in all the selected areas. Some of the promising areas were repeatedly surveyed.

If snakes were encountered, a stick was placed on its head. The stick was carefully replaced by
fingers and then they were placed in a cotton sac.

5.3.2. Ecological Study

The selected site for the ecological study was around the main entrance gate (Amareti Camp) at a
latitude of 080 55’N and a longitude of 0400 02’E, in a 200 m by 300 m area (60,000 m2).
Resource partitioning study was carried out on T. annularis and M. striata.
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Herpetological data sheet (Appendix 1) was used to be filled, whenever one of the two species
were encountered (Appendix 1). When a lizard was observed during the search, the weather
condition (sunny, windy, cloudy or rainy), refugia site, height from the ground, and the habitat
types in which they were encountered were recorded. Temperature and relative humidity of the
area were also recorded every hour.

Specimens of both species (60 T. annularis and 40 M. striata) were collected and injected with
10% formalin, after being anesthetized by ethanol, in order to identify their stomach contents, at
later stage, to reveal the food. In addition to the food niche, temporal and spatial niches were also
taken into account. In the laboratory, the following measurements were taken for all specimens of
lizard:
•

SVL (snout-vent length):-measured as the length from the vent up-to the snout in mm

•

TL (tail length):-measured as the length from the vent up-to the tip of the tail in mm

•

HL (head length):-measured as the length from the anterior edge of the ear opening to the
tip of the snout in mm (Schoener,1968 as cited in Sadek,1992)

•

HW (head width):-measured as the horizontal line joining the angles of the jaws in mm

•

HD (head depth):-measured from the vertical plane whose upper edge is measured by the
posterior margin of the frontal bones in mm (Schoener,1969 as cited in Sadek,1992)

In addition, these lizards were dissected in order to reveal their stomach contents. Preys (mostly
insects) were identified and then the prey lengths (in mm), and prey volume (in ml) were
measured and the sex of the lizard was also recorded.
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5.4. Data analysis
5.4.1. Survey of Reptiles

The collected reptile species were identified by using Spawls et al. (2002), field guide book and
keys from Largen and Spawls (2006) for lizards, and Largen and Rasmussen (1993) for snakes.
Websites of IUCN (2007) and Spawls et al. (2002) were used to identify tortoises, terrapins and
crocodiles. Shannon-weaver Index (Shannon and Weaver, 1949) and Simpson’s index (Simpson,
1949) were used to compute the diversity of reptiles.
A. Simpson’s index: D = sum (P i 2), where
D= Simpson’s index
Pi= the proportion of individuals
B. Simpson's index of diversity: 1 – D
D= Simpson’s index
C. Shannon-Weaver Index:
H’ = -sum (P i ln [P i ])
ln= natural logarithm
Pi= the proportion of individuals
D. The evenness was calculated by using the formula:E = H’/ln(S) (natural log)
E= species evenness
H’= Shannon - Weaver Index
ln= natural logarithm
S= number of species
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Collections of the Addis Ababa University Zoological Museum were also referred for reptile
species collected from the ANP. The common english names of almost all the reptiles are also
referred from Spawls et al. (2002) and the common names in different Ethiopian languages that
are being used in the study area by the local ethnic groups were recorded for some. During the
survey, the sites where the reptiles were collected (observed) were mentioned using the specific
local name of the area and the coordinate readings from the GPS. Chi-square test was carried out,
using MINITAB statistical package for comparing the significance in habitat preferences of the
different reptiles.

5.4.2. Ecological Study

Data recorded by observation were further analyzed for activity patterns, microhabitats, refuge
sites, refuge behaviours and food item selections by both species. To estimate the time, food and
spatial niche breadth for each species, Simpson’s (1949) index of diversity was used.

B=

1
n

∑P
i =1

, where Pi is the proportional use of resource category i, and B is Niche Breadth.
2

i

This index renders values between one (when only one category is used) and n (when n
categories are used).

To estimate overlap in the above niches between the two species, the coefficient of symmetry of
overlapping (Pianka, 1986) was used. Hence, the niche overlap (similarity in resource use) was
estimated by using the formula:
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O jk =

∑P P
∑ P x∑ P
ij ik

2

ij

2

, Where P ij and P ik

are the proportional uses of a resource by species j

ik

and k.

This index renders values between 0 and 1 (between complete dissimilarity and complete
similarity in resources used, respectively), and was computed separately for the niche dimensions
of microhabitat, time and food. The identification of food items to order level was carried out
using keys from Elzinga (1978).
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6. RESULTS
6.1. Survey of reptiles

A total of 32 reptilian species were recorded from the area. Out of these 28 species were
encountered in the Park during the present study, while four species (Chamaeleo africanus,
Mabuya varia, Aparallactus lunulatus and Coluber taylori) were recorded from Addis Ababa
University Zoological and Natural History Museum (AAUZNHM)). Out of the 28 species
encountered, 12 (eight lizards species, one snake species, one leopard tortoise species, one
terrapin species and one crocodile species) were new records for the area (Table 1).

The recorded species are of three Orders (Order Squamata, Order Testudines and Order
Crocodylia). The Order Squamata was the most diverse with 29 species belonging to two
suborders. The first suborder, Sauria, comprised 22 species belonging to 12 genera and seven
families and the second suborder, Serpents, had seven species belonging to six genera and three
families. Order Testudines also comprised two species belonging to two genera and two families.
Order Crocodylia encompassed only a species belonging to one genus and a family. No endemic
species was recorded from the study area during the present study.

Table 1 is a list of reptile species observed in the area including the four species from the
museum. The 12 species marked with (*) are the new records for the area. The number of
encountered (28 species) and museum record (4 species) specimens and their percentage in
relation to the total number of individuals (538 individuals) are shown in bracket following each
species.
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Table 1. Number of species recorded from the study area

______________________________________________________________________________
Order/Family/Genus/Species

No. of encountered/recorded
specimens and Percentage

______________________________________________________________________________

A. Lizards

Order Squamata -S/order Sauria
Family Agamidae
Genus Agama Linnaeus 1758
1. Agama agama (Linnaeus 1758)*

(3, 0.557% )

2. Agama rueppelli (Vailant 1882)

(2, 0.371% )

3.Agama spinosa (Gray 1831)

(12, 2.230% )

Family Chamaeleonidae
Genus Chamaeleo Laurenti 1768
4.Chamaeleo africanus (Laurenti 1768)

(1, 0.185%)

Family Geckonidae
Genus Hemidactylus Oken 1817
5. Hemidactylus macropholis (Boulenger 1896)

(3, 0.557%)

6. Hemidactylus sinaitus (Boulenger 1885)*

(5, 0.929%)

7. Hemidactylus squamulatus (Tornier 1896)*

(3, 0.557%)

Genus Tarentola Gray 1825
8. Tarentola annullaris

(252, 46.840%)

Genus Pristurus Ruppell 1835
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9. Pristurus flavipunctatus (Ruppell 1835)*

(1, 0.185%)

Family Lacertidae
Genus Latastia Bedriaga 1884
10. Latastia Longicaudata (Reuss 1834)

(4, 0.743%)

11. Latastia dorai *

(6, 1.115%)

Genus Philochortus Matschie 1893
12. Philochortus phillipsii (Boulenger 1898)

(1, 0.185%)

Genus Lygosoma Hardwicke&Gray 1827
13. Lygosoma afrum (W.Peters 1854)*

(2, 0.371%)

Family Scincidae
Genus Chalcides Laurenti 1768
14. Chalcides ocellatus (Forsskal1775)

(2, 0.371%)

Genus Mabuya Fitzinger 1826
15. Mabuya Maculilabris (Gray 1845) *

(5, 0.929%)

16. Mabuya brevicollis (Wiegmmnn 1837)

(4, 0.743%)

17. Mabuya quiquetaeniata (Lichtenstein 1823)

(1, 0.185%)

18. Mabuya striata (W.Peters 1844)

(150, 27.881)

19. Mabuya varia (W.Peters 1867)

(1, 0.185%)

Family Cordylidae
Genus Gerrhosaurus Wiegmann 1828
20. Gerrhosaurus flavigularis (Wiegmann 1828)*

(1,

0.185%)

Family Varanidae
Genus Varanus Merrem 1820
21. Varanus albigularis (Daudin 1802)

(1, 0.185%)
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22. Varanus niloticus (Linnaeus1766)

(20, 3.717 %)

B. Snakes

Order Squamata- S/order Serpents
Family Boidae
Genus Eryx Daudin 1803
23. Eryx colubrinus (Linnaeus 1758)*

(2, 0.371%)

Genus Python Daudin 1803
24. Python sebae (Gmelin 1789)

(1,

0.185%)

(1,

0.185%)

Family Colubridae
Genus Aparallactus Smith 1849
25. Aparallactus lunulatus (Peters 1854)
Genus Coluber Linnaeus 1758
26. Coluber taylori (Parker 1949)

(1, 0.185%)

Genus Psammophis Boie1826
27. Psammophis Punctulatus (Dumeril & Bibron 1854)

(4, 0.743%)

28. Psammophis sibilans (Linnaeus 1758)

(1, 0.185%)

Family Viperidae
Genus Echis Merrem 1820
29. Echis pyramidum (Geoffroy 1827)

(12,

C. Crocodiles

Order Crocodylia
Family crocodylidae
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2.230%)

Genus Crocodylus
30. Crocodylus niloticus *

(24,

4.460%)

D. Tortoises and Terrapins

Order Testudines
Family Testudinidae
Genus Testudo
31. Testudo pardalis*

(8, 1.486%)

Family Pelomedusidae-African mud terrapins
Genus Pelomedusa Wagler, 1830
32. Pelomedusa subrufa Lacepede 1788*

(4, 0.743%)

One species from the order Crocodylia (24 individuals), two species from the order Testudines
(12 individuals) and 29 species of the order Squamata (502 individuals) were confirmed from the
study area during the present study. The Order Squamata is the highest in species richness and
diversity, followed by the Orders Testudines and Crocodylia, while its evenness is computed to
be lower than all the others. The Order Testudines appeared to have the highest evenness value
owing to the fact that it has only two species. Unfortunately the Order Crocodylia has the lowest
in species richness and diversity and also it has undefined species evenness (Table 2).
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Table 2. Diversity indices for encountered reptile orders in the area

Parameters

Snakes and lizards
(Squamata)

Tortoises and terrapins
(Testudines)

Crocodiles
(Crocodylia)

No. of species

29

2

1

Individuals

502

12

24

Simpson’s index (D)

0.34

0.56

1.00

0.66

0.44

0.00

1.47

0.64

0.00

0.44

0.92

UNDEFINED

Simpson's index of
Diversity (1-D)
Shannon-Wiener
Index (H’)
Evenness (E)

________________________________________________________________________

The relative abundance for order Squamata is 93.31 % (for Suborder Sauria 89.21% and for
Suborder Serpents 4.09 %), 2.23 % for Testudines and 4.46 % for Crocodylia.
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A. Lizards

1. Tarentola annullaris (White-spotted Wall Gecko)
This species was recorded during the present study from the Awash National Park widely
distributed in and around the Park. It occurs in all the Camp sites (Figure 3).

Figure 3. Tarentola annullaris (photo by Ashebir M. Feb., 2009)

2. Mabuya striata (Striped Skink)
This species can be found in all the Camp sites. It is well accessible for investigation (research) at
the Amareti Camp (0800 55’ N 0400 02’ E) (Figure 4).

Figure 4. Mabuya striata (photo by Ashebir M. Feb., 2009)
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3. Agama agama (Red Headed Rock Agama)
This species was recorded during the present study from the Awash National Park on the
southern slope of Mt. Fentale about two km from Lake Beseka to the north (080 56’ N 0390 52’E)
(Figure 5).

Figure 5. Agama agama (photo by Ashebir M. Feb., 2009)

4. Agama rueppelli (Ruppell’s Agama)

This species was recorded during the present study from the Awash National Park -Geda Camp
(080 58’N 0400 08’E) (Figure 6).

Figure 6. Agama rueppelli (photo by Ashebir M. Feb., 2009)
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5. Agama spinosa
This species was recorded during the present study from the Awash National Park- Head Quarter
(08050’N 040000’E). This area is rich in Agama spinosa especially around the Awash River Water
Fall and buildings (Figure 7).

Figure 7. Agama spinosa (photo by Ashebir M. April, 2009)

6. Chamaeleo africanus (Ethiopian Highland Chameleon)
This species was a record of Addis Ababa University Zoological Museum (AAUZM) from the
Awash National Park-Kudu Valley area.

7. Hemidactylus macropholis Boulenger’s Gecko)
This species was recorded during the present study from the Awash National Park-Filwuha
Camp-Hot spring and around the Head Quarter of the Park (09006’N 040000’E and 08050’N
040000’E, Respectively) (Figure 8).
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Figure 8. Hemidactylus macropholis (photo by Ashebir M. April, 2009)

8. Hemidactylus sinaitus
This species was recorded during the present study from the Awash National Park- Head quarter
and around the Head quarter (08050’N 040000’E) (Figure 9).

Figure 9. Hemidactylus sinaitus (photo by Ashebir M. April, 2009)
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9. Hemidactylus squamulatus (Nyika Gecko)
This species was recorded during the present study from the Awash National Park-On the way to
the Hot-Spring from the Amareti Camp and Northern slope of Mt. Fantalle (090 00’N 0400 04’ E
and 090 05’N 0390 54’ E, respectively) (Figure 10).

Figure 10. Hemidactylus squamulatus (photo by Samy A. Saber April, 2009)

10. Pristurus flavipunctatus
This species was recorded during the present study from the Awash National Park-Filwuha
Camp-Hot spring (09006’N 040000’E) (Figure 11)

Figure 11. Pristurus flavipunctatus (photo by Ashebir M. Sept., 2008)
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11. Latastia Longicaudata (Southern Long Tailed Lizard)
This species was recorded during the present study from the Awash National Park-Head quarter
and Geda Camps) (08050’N 040000’E and 080 58’N 0400 08’E respectively) (Figure 12).

Figure 12. Latastia Longicaudata (photo by Ashebir M. Feb., 2009)

12. Latastia dorai
This species was recorded during the present study from the Awash National Park-Sogido Camp
(080 55’ N 0390 55’ E) (Figure 13).

Figure 13. Latastia dorai (photo by Ashebir M. Feb., 2009)
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13. Philochortus phillipsii
This species was recorded during the present study from the Awash National Park-Amareti camp
(the main entrance gate) (0800 55’ N 0400 02’ E) (Figure 14).

Figure 14. Philochortus phillipsii (photo by Ashebir M. April, 2009)

14. Lygosoma afrum (Peter’s Writhing Skink)
This species was recorded during the present study from the Awash National Park- Geda Camp
(080 58’N 0400 08’E) (Figure 15).

Figure 15. Lygosoma afrum (photo by Ashebir M. Feb., 2009)
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15. Chalcides ocellatus (Ocellated-Skink)
This species was recorded during the present study from the Awash National Park- Geda Camp
(080 58’N 0400 08’E) (Figure 16).

Figure 16. Chalcides ocellatus (photo by Ashebir M. April 2009)

16. Mabuya Maculilabris (Speckle-lipped Skink)
This species was recorded during the present study from the Awash National Park- Geda Camp
and Amareti camp (the main entrance gate) (080 58’N 0400 08’E and 0800 55’ N 0400 02’ E,
respectively) (Figures 17 a and b).

a
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b
Figures 17. Juvenile (a) and (b) Mabuya Maculilabris (photo by Ashebir M. Feb., 2009)

17. Mabuya brevicollis
This species was recorded during the present study from the Awash National Park- Geda Camp
(080 58’N 0400 08’E) (Figure 18).

Figure 18. Mabuya brevicollis (photo by Samy A. Saber April, 2009)

49

18. Mabuya quinquetaeniata (Five-Lined Skink)
This species was recorded during the present study from the Awash National Park-Filwuha
Camp-Hot spring (09006’N 040000’E) (Figure 19).

Figure 19. Mabuya quinquetaeniata (photo by Ashebir M. Sept., 2008)

19. Mabuya varia (Variable Skink)
This species was a record of Addis Ababa University Zoological Museum (AAUZM) from
Awash National Park 1120m N slope of Mt. Fantalle.

20. Gerrhosaurus flavigularis (Wiegmann 1828) (Yellow—throated Plated lizard)
This species was recorded during the present study from the Awash National Park- Head quarter
(08050’N 040000’E).

21. Varanus albigularis (White-Throated Savanna Monitor)
This species was recorded during the present study from the Awash National Park- Head quarter
and around Amareti Camp especially in the Illala Sala Plains (Between 08050’N 040000’E and
0800 55’ N 0400 02’ E ).
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22. Varanus niloticus (Nile Monitor-Water Monitor)
This species was recorded during the present study from the Awash National Park- Head quarter,
especially around the water fall (08050’N 040000’E) (Figure 20).

Figure 20. Varanus niloticus (photo by Mat P. Oct. 2008)
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B. Serpents (Snakes)

The local name of all snakes in three Ethiopian languages spoken by the people living around the
study area is “Barille”in Afar, “Bofa” in Oromiffa and “Ebab” in Amhara

23. Eryx colubrinus (Sand Boa)
This species was a new record during the present study from the Amareti Camp and Head
Quarter around Awash Fall (08055’N 040003’E and 08050’N 040000’E, respectively) (Figure
21).

Figure 21. Eryx colubrinus (photo by Samy A. Saber April, 2009)

24. Python sebae (African Rock Python)
This species was recorded during the present study from the Awash National Park -Head Quarter
–around Awash Fall (08050’N 040000’E) (Figure 22).
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Figure 22. Python sebae (photo by Mulugeta Nega June, 2009)

25. Aparallactus lunulatus (Plumbeous Centipede-eater)
This species was a record of Addis Ababa University Zoological Museum (AAUZM) from the
Awash National Park-Head Quarter –around Awash Fall (08050’N 040000’E)

26. Coluber taylori (Whip snake)
This species was also a record of Addis Ababa University Zoological Museum (AAUZM) from
the Awash National Park -Illala Sala Plain at an elevation of 1000 m.
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27. Psammophis Punctulatus (Speckled Snake)
This species was recorded during the present study from the Awash National Park -Head Quarter
–around Awash Fall (08050’N 040000’E) (Figure 23).

Figure 23. Psammophis Punctulatus (photo by Ashebir M. Feb., 2009)

28. Psammophis sibilans
This species was recorded during the present study from the Awash National Park-Filwuha
Camp-Hot spring (09006’N 040000’E) (Figure 24).

Figure 24. Psammophis sibilans (photo by Ashebir M. Sept., 2008)
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29. Echis pyramidum (North-East African Carpet Viper/Saw-scaled Viper)

This species is widely distributed in the Park (Hot spring Camp, Amareti, Head quarter and Geda
Camps) (09006’N 040000’E, 080 55’ N 0400 02’ E, 08050’N 040000’E and 080 58’N 0400 08’E,
respectively) (Figure 25).

Figure 25. Echis pyramidum (photo by Ashebir M. Feb., 2009)

C.Crocodiles

30. Crocodylus niloticus (Nile crocodile)
This species was recorded during the present study from the Awash National Park-Head quarter
Awash River water fall areas and Hot spring area -Filhwuwa Camp) (08050’N 040000’E and
09006’N040000’E , respectively) (Figure 26).
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Figure 26. Crocodylus niloticus (photo by Mat P. Oct, 2008)

D. Tortoise and Terrapins

31. Testudo pardalis (Leopard Tortoise)
This species was recorded during the present study from the Awash National Park widely
distributed in the Park. Found in almost all the Camp sites. Specially, it frequently occurs well
found around the Head Quarter, Amareti Camp and Filwuha Camp (08050’N 040000’E, 0800 55’
N 0400 02’ E and 09006’N 040000’E respectively) (Figure 27).

Figure 27. Testudo pardalis (photo by Ashebir M. Sept., 2008)
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32. Pelomedusa subrufa (African Helmeted Terrapin) (Rufus Marsh-Terrapin)
This species was recorded during the present study from the Awash National Park -On the way to
the Hot-Spring from the Amareti Camp (090 00’N 0400 04’ E) (Figure 28).

Figure 28. Pelomedusa subrufa (photo by Samy A. Saber Oct., 2008)
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Habitat preference of each species is given in Table 3. Rocky areas were choices for most of the
reptiles encountered in the study period (34.21%), followed by the bushland habitat (19.74%).
The sandy areas were rich in lizards 13 (17.11%). The occurrence of reptiles in and around
aquatic environments and in grassland areas was low (2.63%) and (5.26%), respectively). Some
of the reptiles were encountered in more than one habitat type.

Table 3. The number of reptiles encountered in each habitat type

No. of reptile species in each order
Order
Habitat

Order

Squamata

Order

Testudines

Total (%)

Crocodylia

BL

14

1

0

15 (19.74%)

GL

3

1

0

4 (5.26%)

RA

26

0

0

26 (34.21%)

AE

0

1

1

2 (2.63%)

SA

13

0

0

13 (17.11%)

GWF

6

1

0

7 (.21%)

B&T

8

0

0

8 (10.52%)

Total

70

5

1

76 (100%)

________________________________________________________________________
(BL=Bushland, GL=Grassland, RA=Rocky Area, AE=Aquatic Environment, SA=Sand Area,
GWF=Ground water forest and B&T=Buildings and tents)
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The diversity of reptiles differed among the different habitat types (Table 4). rocky areas and the
sand areas are highly diversified with reptiles relative to other habitats. Simpson's index of
diversity for the rocky areas was 0.77 and its Shannon-Weaver index (H’) was 2.27, while for the
sandy areas the two indices were 0.90 and 2.34, respectively. In addition, the sandy areas have
the highest species evenness (0.91), followed by the ground water forest (0.81). However, the
buildings and tents areas micro-habitats were the least in species evenness (0.34), due to the
abundance of T. annularis in the areas.

Table 4. Diversity of reptilian species in each habitat types

Parameters

Diversity indices in different habitat types
RA

BL

SA

B&T

GWF

GL

AE

No. of species

26

15

13

8

7

4

3

Simpson’s index (D)

0.23

0.39

0.10

0.59

0.22

0.30

0.66

Simp’s.Div.index (1-D) 0.77

0.61

Shann.-W.ind. (H’)

2.27

1.53

Evenness (E)

0.69

0.57

0.90

2.34

0.91

0.41

0.78

0.70

0.34

0.71

1.58

0.71

0.61

0.81

0.51

0.56

0.34

______________________________________________________________________
(BL= Bushland, GL= Grassland, RA= Rocky Area, AE= Aquatic Environment, SA= Sand Area,
GWF= Ground water forest and BT= Building and tents)
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The most preferred habitats of snakes encountered were rocky areas (42.31%), followed by sandy
areas (26.92%) (Table 5).

However, the difference was not significant (x2=1.563, P-

value=0.458). The most commonly used habitats of lizards were buildings and tents (54.92%)
followed by the rocky areas (24.59%). The difference was highly significant (X2=51.678, Pvalue=0.000).

Table 5. Habitat preferences of lizards and snakes encountered in the study area
Habitat Type
Abundances in different habitat types
Lizards

Percent

Snakes

Percent

Rocky areas

120

24.59

11

42.31

Bushland

72

14.75

3

11.53

Sandy areas

16

3.27

7

26.92

Buildings and tents

268

54.92

1

3.84

Ground water forests

7

1.43

4

15.38

Grass land

5

1.02

0

0

Aquatic environment

0

0

0

0

Total

488

100

26

100
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6.2. Ecological Study

The mean snout vent length of 60 T. annularis was 73.80mm and the mean snout vent length of
40 M. striata was also 66.32mm.

M. striata is active almost the whole day, but most of the activities occurred from late morning to
late afternoon. The first active M. striata was observed at 08:00h. The number of active M.
striata increased until reaching a maximum during midday. After 15:30h, the number of these
lizards gradually decreased, ceasing before 17:30h. The first active individuals of T. annularis
were recorded between 19:00h and 19:30h, with peak of activities between 20:30h and 08:30h.
After 04:30h., individuals of T. annularis were rarely observed. Finally, the last T. annularis
observed was at 06:00h.

Figure 29 shows that as the amount of the ambient temperature

increases, the mean number of M. striata also increases and vice versa. On the other hand, the
mean number of T. annularis decreases with increase in temperature. The number of M. striata
decreases with increase in relative humidity, but T. annularis increases with increase in relative
humidity. M. striata had wider niche dimensions/breadths in both temperature and relative
humidity. Their activity patterns also varied in different seasons owing to temperature change and
relative humidity. The individual number of M. striata remained the same during dry and wet
seasons. However, the individual number of T. annularis shows decrease during the dry season..
In addition, large number of eggs (five in each) was found from the abdomen of T. annularis
during the dry season.
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Figure 29. Relative humidity and ambient temperature vs. the mean number of daily active M.

striata and T. annularis during the wet season (a and b) and dry season (c and d).
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The temporal niche breadth of T. annularis (Bij = 7.98)) was wider than that of M. striata (Bij =
8.66) and temporal niche overlap (Ojk) between them was only 0.01 (Table 6). M. striata had
wider niche breadths than T. annularis in microhabitat selection, temperature, and relative
humidity. However, T. annularis on its turn had a wider niche breadth in height from the ground.
The niche overlaps, however, appear to be very high, for microhabitat selection (0.96) and for
height from the ground (0.94). The food niche breadth of M. striata (Bij=3.57) was wider than
that of T. annularis (Bij=4.09) and the food niche overlap between the two species was moderate
(0.40) (Table 6)

Table 6. Temporal, food and spatial niche breadth (Bij) and overlap (Ojk) for T. annularis and M.

striata
Niche dimension

T. annularis

M. striata

Bij

Bij

Ojk

7.98

8.66

0.01

(1)

1.06

2.08

0.96

(2)

5.30

3.45

0.94

(3)

4.61

9.50

0.06

14.72

18.38

0.56

4.09

3.57

0.40

Temporal

Spati
al

(4)

Food
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(Spatial niche dimension (1), (2, (3) and (4) represent microhabitat selection, height from the
ground, temperature niche dimension, and relative humidity niche dimension, respectively. Bij
=Niche breadth, Ojk=niche overlap)
The microhabitats used mostly by T. annularis were building and tents both during the wet
season (99.24%) and dry season (94.34%), respectively. The habitats mostly used by M. striata
were also buildings during both wet (66.17%) and dry seasons (63.29%). In microhabitat
selection, the two lizard species were highly restricted to buildings and tents both during the dry
and wet seasons (Figure 30).

M. striata wet season
M. striata dry season
T. annularis wet season

Frequency in number

T. annularis dry season

Figure 30. Frequency of the two sympatric lizard species at different microhabitats.
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Figure 31 shows that T. annularis has a higher niche breadth than M. striata in height from the
ground. Hence, this species occurs in larger number than that of M. striata at all heights in both
the wet and dry seasons in the study area. It is also large in number both on the ground and at
elevated heights.

Height above ground M.striata dry season

Height above ground T. annularis wet season

Height above ground T. annularis dry season
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M. striata wet season

M. striata dry season

T. annularis wet season

Frequency in number

T. annularis dry season

Figure 31. Frequency of the two lizards at different heights in their microhabitats

The two sympatric species also differed by their refugia type (Table 7). T. annularis preferred
crevices during the dry (59.70%) and wet seasons (50.00%), while M. striata preferred burrows
during the wet season (51.66%) and holes during the dry season (43.79%).
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Table7. Frequency of lizard species with their preferred refugia type during the dry and wet

seasons.
Refugia Type

Frequency of observation (%)
M. striata

T. annularis

Wet Season

Dry Season

Wet Season

Dry Season

Crevices

5.00

7.29

59.70

50.00

Holes

41.66

43.79

2.98

5.00

Burrows

51.66

36.79

29.85

25.00

Vegetation

0.00

3.64

0.00

0.00

Under stone

0.00

7.29

7.46

20.00

Tree bark

1.67

1.45

0.00

0.00

Table 8 shows that the diet of both species was mainly comprised of insects. The most frequent
items in the diet of M. striata were Orthoptera (22.72%), followed by Coleoptera (9.09%). The
main food items of T. annularis consisted of Lepidoptera larvae (44.89%) followed by Diptera
larvae (10.20%) and Orthoptera (9.18%). In addition, there were pieces of stones, plant parts, and
Arachinida in T. annularis and only pieces of stone in M. striata.

Table 8. List of the prey items, frequency (%) and volume (%) from the stomachs of the two

lizard species.
Prey class

Prey types

Frequency(%) and Volume (%) of Preys
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M. striata

T. annularis

Frequency

Volume

Frequency

Volume

0.00

0.00

3.06

3.80

Pieces of stone

4.54

2.89

7.14

4.39

Plant parts

0.00

0.00

3.06

2.04

Dictyoptera

9.09

5.79

1.02

0.58

Isoptera

4.54

2.89

0.00

0.00

Diptera larvae

0.00

0.00

10.20

12.88

Orthoptera

22.72

20.28

9.18

9.07

Hymnoptera

0.00

0.00

1.02

2.34

Blatoda

0.00

0.00

2.04

1.46

Coleoptera

9.09

4.34

5.10

9.51

Lepidoptera larvae

4.54

5.79

44.89

32.21

Lepidoptera

0.00

0.00

1.02

4.09

45.45

5.79

12.24

17.56

Arachinida
(Spiders)

Insecta

Digested food

The two lizards differed in the size and volume of prey items. T. annularis consumed larger preys
than M.striata (Figure 32).
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T. annularis

Frequency in number

M.striata

Figure 32. Frequency (%) of lengths of prey items found in the stomachs of the two lizard
species

7. DISCUSSION
7.1. Survey of Reptiles
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In the present study, the number of encountered/recorded reptile species was 32, in an area of 756
km2, which is 0.04 species per km2. This figure is high compared to the total reptile fauna of the
country (about 200 species) (Hillman, 1993; Largen and Rasmussen, 1993; Spawls et al., 2002;
Largen and Spawls, 2006) with the area of 1,400,000 km2. This is about 0.000023 species of
reptile per km2. All the encountered snakes and lizards also occurred in different regions of
Ethiopia as indicated in Largen and Rasmussen (1993) and Largen and Spawls (2006).

Largen and Spawls (2006) recorded 16 species of lizards from the Awash National Park; only one
species (Hemidactylus ophiolepis) from this list was not confirmed during the present study. Out
of the 22 lizard species, two species were recorded from the Addis Ababa University Zoological
and Natural History Museum (AAUZNHM) (Chamaeleo africanus and Mabuya varia). Eight
lizard species were newly recorded (added) from the area during the present study. Largen and
Rasmussen (1993) recorded 13 snake species from the area. Out of these, seven species were
confirmed (two species from the AAUZNHM, Aparallactus lunulatus and Coluber taylori). One
Ophidian species was also newly recorded from the area during the present study, which is Sand
Boa (Eryx colubrinus). The Nile crocodile, leopard tortoise, and the African Helmeted Terrapin
were also newly recorded from the area, during the present study. The total number of newly
recorded species was 12, which is 37.5% of the total encountered species.

Order Crocodylia was the least in species richness and diversity and also it has undefined species
evenness. This is because in the evenness equation E=H’/lnS, lnS=0 for a species richness S= 1.
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Regarding habitat preference, the rocky area habitat appeared to be a choice for most of the
reptiles encountered in the study period (34.21%), followed by the bushland habitat (19.74%).
The sandy and rocky areas were more diversified than any other habitats in the Park. In addition,
the sandy areas have the highest species evenness (0.91) followed by the ground water forest
(0.81). However, the building and tent areas micro-habitat are the least in species evenness
(0.34), due to the abundance of T. annularis in the areas. The most preferred habitats of snakes
were rocky areas (42.31%) followed by sandy areas (26.92%), but no significant difference,
which indicates that there is less snake species evenness in the area. The most commonly used
habitats of lizards were buildings and tents (54.92%) followed by the rocky areas (24.59%). The
difference between the two habitat types was highly significant, which implies that there is less
lizard species evenness in the area.

Most of the reptile species encountered were in more than one habitat type indicating that there
might be regions that have favourable environmental conditions. To understand factors that affect
the distribution of these reptiles, it is necessary to examine the case of each species in detail to get
more information on their preference of different environmental factors as recommended by
Costa et al. (2008).

7.2. Ecological study
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Closely related sympatric species use similar resources and thus potentially compete for
resources and are expected to diverge on one of three niche axes (space, time or food) to coexist
(Pianka, 1973, 1986). If species were always packed as tightly together as they could be; then,
they would differ by the minimum (limiting) amount (Begon et al., 1996). These differences in
resource use may not necessarily indicate the occurrence of competition (Schoener, 1968; Pianka,
1973; Vitt, 1995; Vitt and Carvalho, 1995 as cited in Dias and Rocha, 2007). Differences in
resource utilization among sympatric species may simply reflect their specific ecological needs
rather than competitive pressures (Dias and Rocha, 2007).

According to the current study, the temporal niche breath of M. striata was slightly wider than
that of T. annularis. This may be due to the difference in the extent of activity period (Dias and
Rocha, 2007), but the temporal niche overlap between the two sympatric species was only 0.01,
which indicates that the two sympatric species share only few moments. The study also shows
that M. striata is completely diurnal, while T. annularis is almost completely nocturnal. Hence,
these two species have little/ no time to share. The individual number of M. striata remained the
same during dry and wet seasons, however, the individual number of T. annularis decreased
during the dry season. This might be due to the lowest relative humidity, the highest temperature,
and shortage of preys in the study area. In addition, large number of eggs (five in each) was
found from the abdomen of T. annularis during the dry season, which indicates that the breeding
season for this species is the dry season (March and May), which could make the number of
individuals increase during the wet season. Generally, the present study indicated that M. striata
is more favored to become active in both the two seasons, due to the highest niche breadth in
temperature and relative humidity.
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Many species of sympatric lizards share spatial resources, so that larger species use microhabitats
with more vegetation than smaller species (Pianka, 1986). On the contrary, the current study
shows that M. striata, smaller in size, has somewhat a higher niche breadth than T. annularis in
microhabitat selection. The microhabitats used mostly by T. annularis were building and tents
both during the wet season (99.24%) and dry season (94.34%). The habitats mostly used by M.
striata were also buildings during both wet (66.17%) and dry seasons (63.29%). In microhabitat
selection, the two lizard species were highly restricted to buildings and tents both during the dry
and wet seasons and share highly the microhabitats. M. striata was sometimes seen climbing
trees, but T. annularis was never observed on trees. However, they were sometimes observed in
rocky areas under stone.

On the other hand, T. annularis had a wider niche breadth than M. striata in height from the
ground. Hence, this study indicates that T. annularis is found in larger number than that of M.
striata at all heights during both the wet and dry seasons in the study area. It is also large in
number both on the ground and at higher heights. The niche overlaps, however, appear to be very
high, which was 0.96 for microhabitat selection and 0.94 for height from the ground showing that
they share both microhabitats and heights highly.

The two sympatric species also differed by their refuge type. T. annularis preferred crevices
(59.70%, and 50.00%) during the dry season and wet seasons, respectively, while M. striata
preferred burrows (51.66%) during the wet season and holes (43.79%) during the dry season.
The food niche breadth of T. annularis was more than that of M. striata and the food niche
overlap between the two species was moderate. However, the diet of both species was mainly
comprised of insects. According to Schoener (1974), high overlap along one dimension of the
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niche may be compensated by low overlaps along another. The current study also shows that the
very high spatial niche overlap was compensated by the very low temporal niche overlap and
moderate food niche overlap. It was observed that sympatric lizard species Psammordromus
algirus and Acanthodactylus erythrurus (Lacertidae), from the Parc National d’El Kala, northeastern Algeria, overlapped greatly in their spatial and food niches, but they differed greatly in
their temporal niche overlap and activity pattern, which let them to co-exist (Rouag, et al., 2007).

According to Simbotwe and Garber (1979), there exists no relationship between the size of
lizards (snout-vent length) and the size of prey items they utilized. However, Schoener (1968);
Lister (1976), Simon (1976) as cited in Simbotwe and Garber (1979) have stated that the mouth
gap is important in lizards because they swallow their whole prey. Moreover, Vitt and Zani
(1998) have found out that the lizards they studied differed in prey size and much of this variation
appeared to be the result of body size difference. The current study also indicates that, T.
annularis relatively consumed larger preys than M. striata. However, it also fed on smaller prey
items.

8. CONCLUSION AND RECOMMENDATION
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The present ecological survey revealed that ANP supports a variety of reptile species in different
habitat types. The rocky and sandy areas are highly diversified relative to other habitats. The Park
is specially rich in lizard species, even though specific conclusion might not be possible on the
trends of reptile species diversity, abundance and distribution in the study area in the absence of
systematic ecological inventory prior to the present study.

The two sympatric lizard species M. striata and T. annularis were able to co-exist by partitioning
their temporal niche highly and their food niche moderately, however, they overlap widely in
their spatial niche.

In many parts of Ethiopia, the main problems of conservation areas are associated with the local
people. Overgrazing by domestic animals, settlements of the pastoralists in the park, and burning
charcoal are the main and serious problems in the Park, destroying the relatively rich biodiversity
in the area. Currently, there is also a serious conflict between the Kereyu Oromo people and Afar
people on the use of the resources (grass) in the park. Hence, unless a serious measure is taken
by the Federal Government in collaboration with the local government, local people and the Park
officials the fate of the Park may not be sustainable.
In general, based on the results of the present study, the following recommendations are
suggested:
¾ Both structural and functional diversity of reptiles in the area should be investigated

further
¾ Future plan of the Park should include detailed surveys of reptiles with respect to both

taxonomic and geographic coverage, like large mammals and birds.
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¾ The government, universities, National Parks and other concerned bodies should

encourage researchers to fill the gap in herpetology of the country.
¾ People in the Park and the local community should be aware that there is no poisonous

lizard in Africa and not all snakes in the Park are venomous.
¾ The Park should get some articles/journals on conservation of biodiversity including

reptiles to increase the awareness of the staff and other admistration workers.
¾ The people that settled inside the Park area should be relocated to other sites outside of

the Park. However, this should be carried out in a well-coordinated manner by increasing
the awareness of the community and by providing long sustainable benefits.
¾ The present threats of the area have negative impact on the diversity and abundance of the

reptiles and on the biodiversity and ecosystem of the area in general. Therefore, it is
necessary to take appropriate conservation and administrative measures to mitigate the
expansion before large scale destruction occurs.
¾ More budget should be allocated from the federal government to allow the Park to be

more practically functional.
¾ During the recruitment process of staff, additional scouts and admistrative staffs should

be employed from among the local people. This helps to integrate the local people in
conservation activities and develop awareness and belongingness towards the natural
resources of the area.
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10. APPENDIX
Appendix 1. Herpetological field data sheet

Investigator:

Sheet No.:
Locality:
Time:
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Date:
Humidity:
Temp.:

NO SP SX AG AT ST RH WC HT VC H DV DR RT AS FS Remarks

NO. record number, SP:Species (M,L) ,SX:Sex (M or F), Ag:Juvenile/Adult, AT: Ambient
Temperature, ST: Substrate temperature, RH: Relative Humidity,WC:Weather condition (Sunny,
Cloudy, Rainy, Windy), HT: Habitat Type (Soil,Plant,Tree,Building,and Others),VC:Vegetation
Community, H: Height above the ground, DV: Distance from the first vegetation, DR: Distance
run to the refuge site, RT Refuge Type (Crevice, Hole, Burrow, Vegetation, Under stone ,and
Tree bark), AS: Activity Status (Foraging, Basking, Hiding, Mating, and Fighting, FS: Feeding
Strategy(Active search, Sit and wait, and Visual scanning)
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