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ABSTARCT 

Amphibian diversity along elevation gradient in Nepal has rarely been studied. This is the first 

study in Mahakali River basin along elevation gradient for amphibian diversity. This study 

aimed to explore diversity, distribution pattern and body size variation of amphibians along 

elevation gradient, in Mahakali River basin. Time-constrained visual encounter survey was 

conducted for data collection. Different environmental variables were measured along each 

transects. Body size of individuals were measured on the field and released at the site of 

capture. A total of 17 species of amphibians belonging to six families and one order i.e., Anura 

were recorded and Dicroglossidae family was dominant among them. Shannon wiener diversity 

index of overall study area; H = 2.436 and evenness E = 0.672 was found. Study showed that 

amphibians were not uniformly distributed along elevation gradient. Linear regression model 

showed both species richness and species abundance was declined monotonically along 

elevation gradient. Similarly, diversity and mean abundance of different habitat was calculated. 

Highest species diversity was found in forest habitat. Influence of environmental variables on 

amphibian species distribution was examined; main factors responsible for amphibian species 

distribution were elevation, temperature and humidity. Body size of two families; Bufonidae 

and Dicroglossidae along elevation gradient increased with increasing elevation; followed 

Bergmann’s rule.  Body size of individuals belonging to Microhylidae was decreased with 

increasing elevation. That means all amphibians do not follow Bergmann’s rule. It is concluded 

that amphibians portrayed narrow distribution range along elevation gradient and with 

environmental variables such as temperature and elevation.   
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1.  INTRODUCTION 

1.1 Background 

Amphibians are the diverse group of vertebrates which comprises three orders; Anura (frogs and 

toads), Caecilians and Caudata (Salamanders and Newts) (Shah and Tiwari 2004). There are more 

than 7,664 species of amphibians in world (Frost 2017) and 54 species in Nepal (Shah and 

Tiwari 2004). 

Along latitudinal and elevational gradient, various kind of research have been done and their 

results shows that both animal and plant species are not uniformly distributed (Brhem et al.  2007, 

Dobremez 1976, Gemi et al. 2017, Koirala et al. 2019). Different environmental variables like 

climatic, biological, geographical and anthropogenic activities are responsible for species richness 

pattern along elevation gradient (Rahbek 1995, Khatiwada and Haugaasen 2015, Khatiwada et 

al. 2019). In community ecology, previous literatures revealed that the distribution, abundance, 

species composition and assemblages are strongly influenced by environmental gradients or 

contagious biotic processes such as predation, competition, dispersal and disease (Parris 2004, 

Hofer et al. 1999, Navas 2006, Fu et al. 2007, Chettri et al. 2010, McCain 2010, Hu et al. 2011). 

Himalayan region of Nepal is rich in biodiversity as it encompasses the highest elevational 

variations in the world with diverse climatic conditions from Tropical to Nival zone within a 

relatively short horizontal distance (Dobremez 1976). Moreover, physical and climatic 

heterogeneity of the mountain harbours the high biodiversity and endemism (Vetaas and 

Grytnes 2002). Elevational variability causes variation in environmental conditions on 

mountains and makes them ideal for exploring ecological and evolutionary adaptation of biota 

to environmental influences over short spatial distances (Korner 2007). The impact of elevation 

on species richness and composition has been assessed for a variety of taxa at various 

geographic locations (Rahbek 1995, Gemi et al. 2017). Patterns of species richness along 

elevational gradients generally follow three widely accepted trends: monotonic decline, mid-

elevation peak or increase with elevation (Rahbek 1995). 

A wide variety of amphibians relies on and occupies fresh water and other variety of ecosystems. 

Most of the amphibians are often aggregated nearby water resources because their life histories 

include an aquatic larval stage before metamorphosis into semi-aquatic adults (Duellman and 

Trueb 1994). Unlike amphibians, water resource is very important to reptiles in many ways, for 
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example, by providing primary habitat (e.g., crocodiles and turtles), for refuge, and for foraging 

ground (e.g., water snakes).  

Despite their ecological and economic importance amphibians are under pressure across local to 

global scales. They are facing serious threats under multiple disturbances; globally, many 

recently known extinct taxa come from amphibians (Baillie et al.  2004). Furthermore, a number 

of ecosystems are being fragmented and degraded by climate change (Araujo et al.  2006) and 

environmental pollution (Davidson 2004), resulted in a negative influence on species 

distribution and community composition of amphibians. Importantly, these changes in 

community structure (e.g. taxonomic diversity, species composition and functional traits) can 

strongly affect ecosystem functioning as amphibian species play key functional roles between 

fresh water and terrestrial ecosystem (Ernst et al.  2006, Whiles et al.  2006).  

Body size is a fundamental morphological trait, important in a physiological, ecological and 

social context it varies in different geographical regions and it is common to all group of 

vertebrates (Avise 2000, Schauble 2003). Large-scale systematic patterns of body size are a 

basic concern of evolutionary biology. By studying body size; it helps to researchers; to 

understand how life history of animals is being under evolutionary pattern, predator- prey 

interactions, extinction of species (Gouveia and Correia 2016, Gaeta et al. 2018, Cooper et al. 

2008, Lou et al.  2012). Morphological as well as physiological changes in amphibians like 

body size, growth rate, age structure, population characteristics and life span are their adaptive 

features. Similarly induced by surrounding environments and are influenced by elevation and 

latitude. Life history of both endotherms and ectotherms is dependent on environmental 

variables, elevation as geographical gradient creates variation in temperature and season length 

(Lio and Lu 2010). Body size of amphibians is also dependent on available food resources, 

competition, predation, habitat loss, fragmentation and anthropogenic activities (Tocher et al.  

1997, Johanna and Carla 2007).  Disease, pathogens also reduces the body size of amphibians 

as well (Lips 1999). Disturbed habitat leads to reduction in body size and undisturbed and 

healthy habitat leads to increase in body size of amphibians (Mazerolle 2001). 

Because of altitudinal variation within short geographical distance facilitation of gene flow 

from nearby habitats is possible. So, life-history comparisons across elevations can be more 

valuable (Stevens 1992). Rapport’s rule states that “there is a positive relationship between the 

latitudinal/altitudinal geographical range of an organism and latitude/elevation” (Stevens 1992, 

and Keil 2009). Rapport’s altitudinal rule was explained in terms of the differential ability of 
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species to attain large range sizes. Bergman rule is also supportive to this rule, species which 

inhabit cold habitat they tend to attain larger body size than warm habitat occupying species 

(Freckleton and Watkinson 2003).  

Various studies about amphibians body size variation along latitudinal gradient and altitudinal 

gradient have been done to find out whether this group of animal follows Bergmann’s rule or 

not and they concluded this rules is only applicable for endotherms (Birds and Mammals) and 

some other group of animal species like amphibians. However, this rules are debated by 

amphibian researchers (Hu et al.  2011, Adams and Church 2008, Ashton 2002, Mousseau 

1997). 

Information about amphibian species from Nepal is not documented well. Moreover study about 

diversity and body size variation along elevation gradient is necessary in far western region of 

Nepal. This type study will be helpful to document information about amphibians in whole Nepal. 

The sensitivity of amphibians to environmental change and their role in ecosystems suggest that 

they are a group in need of additional research and conservation attention. Amphibians play 

important roles in ecosystems functioning because of their different roles as prey and predators. 

Their occurrence in transition of aquatic and terrestrial system makes them ecologically 

interesting. Amphibians have high economic importance as they play key role in controlling crop 

pests. 

1.2 Rationale 

Amphibian species are not well studied in Nepal in comparison of large group of animals like 

birds and mammals (Schleich and Kastle 2002, Vetaas and Grytnes 2002) this group of animals 

are not focused in conservation priority. Biodiversity of Western Himalayan region of Nepal 

is not explored in new studies and some studies have poorly known and information is generally 

known from very old and outdated literature (Smith and Battersby 1953, Leviton et al. 1956, 

Nanhoe and Ouboter 1987, Mitchell and Zug 1995).  It is due to lack of detail information and 

less interests of researchers toward this small sized group of animals (Vitt et al.  2003). This 

study is expected to give detail information about the diversity and distribution pattern of 

amphibians along elevation gradients in Mahakali River basin far-western Nepal. 

Researchers have found that many amphibian species have been declined from high altitudinal 

habitats without human impact. However, the cause of declining is not clear. (Pliasu et al.   
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2010) this study covers the large elevation ranges i.e. 170 m to 4200 m asl and helps to add 

new information on literatures about amphibians of this area. 

1.4 Objectives 

1.4.1 General objective 

The general objective of this study was to explore the diversity and distribution pattern of 

amphibians along elevation gradient in Mahakali River basin, Far-Western Nepal. 

1.4.2 Specific objectives 

 To know diversity and distribution pattern of amphibians in Mahakali River basin, Far-

Western Nepal 

 To investigate amphibian body size variation along elevation gradient in Mahakali River 

basin, Far-Western Nepal 
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2. LITERATURE REVIEW 

2.1 Diversity and distribution pattern of amphibians 

Nepal supports a high unrecognized amphibian and reptile’s diversity (Schleich and Kastle 

2002). It harbors more than 54 species of amphibians and 134 reptiles (Shah and Tiwari 2004), 

but information about them is generally derived from relatively old studies (Smith and 

Battersby 1953, Nanhoe and Ouboter 1987, Mitchell and Zug 1995, Zug and Mitchell 1995). 

These records are primarily based on the species already discovered from neighboring 

countries like India and Tibet in China. However, these numbers are not based on detailed field 

studies of population densities within Nepal but are either from presence-only surveys or from 

anecdotal information. This further confirmed that Nepalese herpetofauna are poorly 

understood and many of them are incorrectly classified (Khatiwada 2015, Khatiwada et al. 

2019). In western Nepal, in the late 1970s, the French herpetologist A. Dubois made a 

significant contribution to the biology of Nepalese amphibians. He and other collaborators 

collected more than 15,000 amphibian specimens from Nepal (Dubois 1999) and described 

more than 10 new species (Dubois and Matsui 1983, Dubois 1984, 1987). In mean time, 

Nanhoe and Ouboter (1987) surveyed the amphibians and reptiles of Annapurna-Dhaulagiri 

region of western Nepal and compiled an updated checklist of herpetofauna based on both field 

observation and museum specimens. 

Along elevational gradient not enough studies have been done. Although studies showed that 

different patterns of species diversity, distribution pattern and species richness along 

elevational gradient (Rahbek 19950, Brehm et al. 2007). In Bhutan, Koirala et al. (2019) 

studied the species diversity and spatial distribution of amphibian fauna along the altitudinal 

gradients in Jigme Dorji National Park, western Bhutan; 16 species of amphibians were 

recorded by visual encounter survey. Diversity was declined with increasing elevation, 

similarly species diversity was higher in forest habitat than agro ecosystem. By using encounter 

survey and pitfall trap methods (Foerster and Conte 2018) recorded a total 33 species 

comprising nine families from 21 breeding sites in Brazil. The greatest alpha diversity was 

found in forest interior. In case of beta diversity all three habitat categories differ, which may 

be due to presence of exclusive species in each category requiring specific habitat and 

reproductive methods. Amphibian community structure showed monotonic decline of species 

richness with increasing elevation in Nepal (Khatiwada et al. 2017, Khatiwada and Haugaasen 

2015, Khatiwada et al. 2019). They have recorded 29 species of amphibians from eastern Nepal 
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and 17 species from central Nepal. Fifty one herpetofaunal species were recorded from Parsa 

Naional Park, Nepal (Bhattarai et al. 2018) Nepal. Among all 51 species three amphibians, two 

Gecko species, one Agamid, two Skinks, thirteen snakes, and one crocodile were new records 

to Parsa National Park.  

Wagh et al.  (2017) studied amphibian diversity in different habitats in Maharashtra, India. 

Amphibian diversity increased with increasing elevation in some places and mid domain effect 

was also observed (Naniwadekar and Vasudevan 2007) in Western Ghats, South India. Total 

of 11 species belonging to 4 families were recorded. Forty-four species of amphibians 

belonging to eight families and three orders reported in Sikkim from 1864 to 2015 (Subba et 

al. 2016). In United States (U.S.) climatic factors in northern slopes limits the distribution range 

of amphibians and climatic factors limits the distribution range of reptile species in southern 

slopes (Cunningham et al. 2015). Species richness decreased as elevation increased and 

distribution of species separated spatially between lowlands and highlands. Furthermore 

presence of water bodies has positive significant effect with amphibian richness and no relation 

with other environmental variables (Zancolli 2014). Ortiy Y. et al.  (2013) explored the spatial 

distribution patterns of amphibian species richness in Antioquia, Their result revealed that 

temperature has most significant effect on species richness and elevation range has least effect 

on species richness. Species richness and distribution pattern varied significantly along 

elevational gradient, but diversity of species remained same at each elevation band. Negative 

correlation between leaf litter level and number of amphibians was observed (Wiafe and Agyei 

2013). Malonza and Veith (2012) concluded that amphibian species richness increased with 

increased habitat disturbance from forests to streams and dams but decreased with increasing 

elevation in the Taita Hills, Kenya. Riparian zone had higher amphibian’s richness than non- 

riparian zones. Further River width has also significant effect on species richness (Ribeiro et 

al. 2012). Keller et al.  (2009) investigated the importance of environmental heterogeneity for 

species diversity and assemblage structure in Bornean stream frogs. The major finding was that 

different frog communities follow different assemblage rules in different habitat types. Canopy 

cover is most dominant environmental variable its positive effect (70%) was correlated with 

nesting. Biotic factors were less effective like hydro period, invertebrate predators and caudate 

biomass all accounted for 9-16% of the independent effects (Werneret et al. 2007).  
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2.3 Body size variation along altitudinal gradient 

Bergmann’s rule for amphibians is still controversial. Some regional amphibian species 

followed the Bergmann’s rule (Asthon 2002, Hu et al. 2011) whereas others did not (Laugen 

et al. 2005, Adams and Church 2008). Along elevation gradient in eastern Himalaya Nepal, 

amphibian species showed increasing pattern of body size with increasing elevation; followed 

Bergmann’s rule (Khatiwada et al. 2019). In Taiwan Sauter’s frog Rana sauteri did not 

followed Bergmann’s rule (Hsu et al. 2014). A positive correlation between body size and 

elevation was reported for Rana swinhoana (Lai et al. 2005), Rana chensinensis (Lu et al. 2006; 

Ma et al. 2009), Pleurodema thaul (Iturra-Cid et al. 2010), Hyla annectans chuanxiensis (Liao 

and Lu 2010), and Rana limnocharis (Liu et al. 2012), whereas a converse Bergmann cline was 

reported for Rana muscosa (Matthews and Miaud 2007), Nanorana parkeri and Rana 

nigromaculata (Liao et al. 2010). However, N. parkeri showed a steeper elevational decrease 

in female size, whereas no clear elevational relationship was detected for males (Zhang et al. 

2012). In this study, the different trends of body size in relation to elevations between the two 

sexes of R. sauteri suggested that the temperature gradient was not only the 

factor affecting the body size variation in amphibians (Cvetkovic et al. 2009). 

Lou et al. (2012) investigated altitudinal variation in age and body size in Yunnan pond frog 

(Pelophylax pleuraden) did not follow Bergmann’s rule. But in male average SVL was 

significantly different but not in females. Body size of females was significantly larger than 

males and latitudinal variation in body size of Rana chensinensis across different temperature 

environment do not follow Bergmann's rule (Chen et al.  2011). Olalla-Tarraga and Rodri-guez 

(2007) concluded that anurans follow a marked Bergmann’s rule pattern and urodeles are the 

opposite. Pliasu et al.  (2010) studied the body size variation in Rana temporaria populations 

inhabiting extreme environments between two populations of Finland and Retezat. No 

significant difference in SVL between Retezat National Park and Finland - Kilisjarvi 

populations but there was significant difference in mean body size indices between three 

stations of same population in Finland. Their result indicated that various environmental and 

factors are responsible for body size variation and long term study needs to be conducted for 

further clarification. 

Acevedo and Restrepo (2007) studied the contribution of habitat loss to changes in body size, 

allometry, and bilateral asymmetry in two Eleutherodactylus frogs from Puerto Rico. Result 

indicated that habitat destruction leads to decrease in body size of frogs. Body size was 
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decreased from forest, low level of disturbance to high level of disturbance. Schauble (2003) 

identified the potential factors responsible for geographically structured morphological 

variation within the widespread Australian frogs Limnodynastes tasmaniensis Günther and L. 

peronii Duméril and Bibron. Climate was an important explanation for SSD variation in L. 

peronii, while latitude was most important for L. tasmaniensis. 

Studying different literatures through different sources shows that there is lacking of 

information about amphibian’s in far western region of Nepal. Still there is lacking of 

information about amphibians diversity distributions. There is only one article; body size 

variation in amphibians along elevation gradient is studied in eastern Himalayan region of 

Nepal before this. In western part of Nepal this type of study is new and this gap will be helpful 

to gather information about amphibians of Mahakali River basin.  
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3. MATERIALS AND METHODS 

3.1 Study area 

This study was conducted in catchment of Mahakali River basin along elevation gradient. 

Study area covers four districts of Mahakali River basin such as Darchula, Baitadi, Dadeldhura 

and Kanchanpur located on the southern slope of the Himalayas in the Far-Western Province, 

Nepal (28.487198 to 29.683765º N and 81.166073 to 81.854328º E). The study also covers 

some parts of the Api Nampa Conservation Area. The western Nepal is characterized by rugged 

terrain and high seasonal climatic variability. The spatial change in climatic variation is 

strongly influenced by elevation gradient. Summer monsoonal rainfall from the Bengal Bay 

strongly affect the seasonal temperature and precipitation in this region (Bookhagen and 

Burbank 2010). The mean annual temperature varies between 7 °C and 26 °C, and precipitation 

mostly occurs (about 80%) during May to October (Vetaas 2000). Climatic factors also vary 

along the elevation gradient, with mean annual temperature declining linearly from 23.4°C to 

7°C with elevation. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. Map of Study Area 
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3.2 Materials  

Following materials were used on field for data collection:  

 GPS; Garmin Etrex 10 

 Field guide books (Schleich and Kastle 2002, Shah and Tiwari 2004) 

 Vernier calliper; DIN862 

 Torch light 

 Ethanol 70 % 

 Weighting instrument; TOP500 

 Preservation box 

 pH meter; PC60 

 Infrared thermometer; ST652 

 Conductivity meter; EC331 

 HTC-2 digital indoor/outdoor thermo-hygrometer temperature humidity meter tester 

3.3 Research design 

Preliminary survey was conducted in May 2018 in study area. The sampling sites were 

designed wherever possible. Information about geographical structure, dense forest, available 

resources during field survey were obtained from local people also.  Field research design was 

made using, Google Earth, searching information through other sources and field preliminary 

survey. Study area was designed to survey line transects (100× 4 m) on each 200 m elevation 

bands from 170 m of elevation to 4, 200 m of elevation in catchment area of Mahakali River 

basin.  

3.4 Methods 

3.4.1 Amphibians survey 

Surveys were conducted along marshes, temporary pools, seasonal streams and nearby forests, 

croplands, covering all lotic and lentic habitats. Field surveys were carried out during the 

monsoonal rainfall and breeding season of frogs. Nocturnal, time-constrained visual encounter 

surveys were conducted (Campbell and Christman 1982). Data were collected in August to 

September 2018 and June 2019. Amphibians were surveyed at night along transects (100 x 4 

meter) between 7:30 pm to 9:30 pm. Transects were searched by four people for 30 minutes 

using torches, walking at a slow pace. Three transects on each elevation bands were surveyed 

wherever possible, over streams, forests and croplands. Transects were placed at least 250m 

apart from the other. A total of 22 transects were having the presence of amphibians and above 
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2050 m asl no amphibians were recorded and transects above this elevation are not included in 

data analysis. 

 The number of species and individuals encountered in each transect were recorded. Specimens 

were identified in the field with the help of field guide books (Schleich and Kastle 2002, Shah 

and Tiwari 2004). The first individual of each species and specimens difficult to identify in the 

field were euthanized 70% ethanol and preserved) and deposited to Central Department of 

Zoology, Tribhuvan University, Kirtipur Kathmandu, Nepal. 

3.4.2 Environmental variables 

Table 2 Environmental variables and collection methods  

Parameters Variables Description 

Habitat variables Habitat types Forest, Stream, Cropland 

Canopy cover Habitat covered by tree (%) 

Distance to water 

resource 

Euclidean distance measured from 

sampling point to the nearest waterhole 

with the help of Google Earth Pro 

Topographic 

variables 

Elevation Elevation ( meter) above sea level 

measured by using GPS 

Climatic variables Temperature Substrate temperature and water 

temperature (1 meter inside from bank of 

water body) was measured by infrared 

thermometer. 

Humidity Humidity measured in each transect by 

using HTC-2 digital indoor/outdoor 

thermo-hygrometer temperature humidity 

meter tester 

 

Conductivity  Conductivity of water nearby water 

resource measured by conductivity meter 

Disturbance 

variables 

Distance to road Euclidean distance measured from 

sampling points to nearest road or track 

with the help of Google Earth Pro 
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Distance to human 

settlements 

Euclidean distance measured from 

sampling points to nearest human 

settlements with the help of Google Earth 

Pro 

 

3.4.3 Measurement of Body size 

To determine body size variation along elevation gradient, snout- vent lengths (SVL) of all 

adult individuals were measured following (Olalla-Tarraga and Rodriguez 2007) using a 

Vernier calliper with an accuracy of 0.1mm. All individuals were captured by hand at night 

using a flashlight. The sex of each individual was confirmed by direct observation of the 

secondary sexual characteristics (i.e., the vocal sacs in adult males and the ova in adult 

females). All species and individuals encountered in different habitats, forest, stream, and 

cropland were recorded separately.  

3.5 Data Analysis 

All the collected data were entered in a excel sheet and analysed by using following 

statistical tools.  

Shannon Weiner diversity index was used to calculate the species diversity of study area which 

is calculated as: 

H' = -Σ (ni /N) log (ni/N) 

Where, 

H = Index of species diversity 

Pi = the proportion of individuals in the ith species = ni N 

ni = Importance value for each species (number of individuals) 

N = Total importance value (Total number of individuals) 

Evenness index was calculated to determine distribution patterns of amphibian species; 

whether species were distributed evenly across elevation gradient. It was determined by the 

equation 

E= H'/ log S 
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Where, H' = Shannon-Wiener's diversity index. 

S= Species richness is the total number of species 

Abundance and diversity of species in three habitat types; cropland, forest and streams were 

determined by using PAST 3.25 (Hammer et al. 2001). 

Canonical correspondence analysis was done by using CANOCO 4.5 version to examine 

influence of environmental variables on amphibian distribution (terBraak 2009). Final result 

was presented in the form of biplot with Monte- Carlo permutation test by using 499 

permutations under reduced model to identify which variables have significant effect on 

amphibian species distribution in study area. For every ordination down weighting of rare 

species was done.  

Linear regression was used to analyze effect of elevation on species richness and effect of 

elevation on species abundance was analyzed by polynomial regression model in PAST 3.25 

(Hammer et al. 2001). Similarly, body size variation of amphibian species along elevation 

gradient was also analyzed by linear regression in MS –Excel. 
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4. RESULTS 

4.1. Diversity and distribution pattern of amphibians  

 A total of 17 species of amphibians belonging to six families and one order i.e. Anura were 

recorded from the study area. Dicroglossidae was dominant family; seven species were 

recorded from this; followed by Bufonifae and Microhylidae, and three species were recorded 

from both of them. Family Rhacophoridae has two species, family Megophryidae and Ranidae 

has one-one species respectively (Table 2). Species of Dicroglossidae were recorded from 

lower elevation to higher elevation (Figure 2). However turnover of species was observed along 

elevation gradient.  

 Table 2. Amphibian species recorded along an elevational gradient in Mahakali River basin. 

 

S.N. Family Name Species Name Species code 

1. Bufonidae 1. Duttaphrynus himalayanus 

2. Duttaphrynus melanostictus 

3. Duttaphrynus stomaticus 

1. Dut_him 

2. Dut_melo 

3. Dut_sto 

2. Dicroglossidae 4. Hoplobatrachus tigerinus 

5. Hoplobatrachus crassus 

6. Minervarya teraiensis 

7. Euphlyctis cyanophlyctis 

8. Sphaerotheca maskeyi 

9. Sphaerotheca braviceps 

10. Nanorana  liebigii 

4. Hop_tig 

5. Hop_cra 

6. Min_ter 

7. Eup_cya 

8.  Sph_mas 

9. Sph_bra 

10. Nan_lei 

3. Megophryidae 11. Megophrys parva 11. Mego_pr 

4. Microhylidae 12. Microhyla teraiensis 

13. Uperodon globulosus 

14. Uperodon systomus 

12. Mic_ter 

13. Up_glo 

14. Upe_sys 

5. Ranidae 15. Amolops marmoratus 15. Amo_mar 

6. Rhacophoridae 16. Polypedates taeniatus 

17. Polypedates maculatus 

16. Poly_tae 

17. Pol_mac 
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Shannon wiener diversity index and evenness for overall study area was found H = 2.436 and 

E = 0.672, respectively. Amphibians were not uniformly distributed along elevation gradient. 

Most of the species restricted in lower elevations. Only few species were recorded in higher 

elevations. Abundance of Hoplobatrachus tigerinus was the highest, followed by Euphlyctis 

cyanophlictis, Hoplobatrachus crassus, Duttaphrynus melonistictus, Duttaphrynus 

himalaynus. Uperodon systomus, Ploypedates taeniatus, Sphaerotheca braviceps had lowest 

abundance only one individuals was recorded from each of these three species. 

Diversity and mean abundance of amphibians in different habitat types; forest, cropland and 

stream was calculated. The highest species diversity was observed in forest habitat i.e. H = 

2.374. Diversity value of cropland and stream were H = 1.983 and H = 1.973 respectively. 

Evenness index value E = 0.7674 was found in forest, E = 0.7264 and E = 0.7988 were observed 

in cropland and stream respectively. Mean abundance of species was the highest in cropland 

habitat and followed by streams and forest habitat (Figure 3). 

 

 

Figure 2.  Number of amphibian species in different families 
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4.1.1 Species richness and abundance along elevation gradient 

There was a continued gradual declining trend of both species richness and species abundance 

from 170 m to 2050 m (Figure 4 and Figure 5). Linear regression analysis showed that species 

richness is declined with increasing elevation. Number of individuals were more in lower 

elevation and decreased with increasing elevation and slightly increased in higher elevations. 

(Figure 5). Ten species were recorded from the lowest elevation i.e. 170 m of elevation.  

Hoplobatrachus tigerinus and Hoplobatrachus crassus were dominant species of lower 

elevation. Eight species from 415 m elevation, seven species from 630 m elevation, six species 

from 980 m elevation, and four species from 1190 m elevation, Nanorana liebigii and 

Duttaphrynus himalayanus were dominant species of higher altitudinal regions. Three species 

from 1420 m elevation, two species from 1700 m elevation, and only one species Duttaphrynus 

himalayanus was recorded from 2050 m elevation. There was no presence of amphibian species 

above 2050 m elevation. 

Figure 3. Abundance (Mean ± SD) of species in three habitats at 95 % confidence interval 
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Figure 4. Linear regression model showing the effect of altitude on amphibian 

species richness in Mahakali River basin (y = -0.0028x + 6.028, R² = 0.65, P<0.01) 

 

Figure 5.  Polynomial regression model showing the effect of altitude on amphibian species 

abundance in Mahakali River basin. Equation: 7.751E-06x2-0.02393x+20.28R² = 0.72, p<0.01. 
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4.1.2. Influence of environmental variable on distribution pattern of 

amphibians 

Effect of environmental variable on amphibian distribution indicated that substrate temperature 

and water temperature have same significant effect on species distribution so only one of them 

is interpreted here Species code are in (Table 1). Environmental variables are given code as: 

Elev = Elevation, Sub_temp = Substrate temperature, Conduct = Conductivity of water, PH = 

PH of water, Can_cov = canopy cover) First two axes are displayed. The first axis accounts for 

38.5.9% and the second axis 21.3 % of the variability. Amolops marmoratus, Duttaphrynus 

himalaynus, Nanorana liebigii and  were recorded in the high elevation sampling sites and 

showed strong association with elevation, while Polypedates taeniatus, Hoplobatrachus 

crassus, Uperodon globulossus, Uperodon systomus, Hoplobatrachus tigerinus and 

Hoplobatrachus crassus showed a negative correlation with elevation (Figure 6). Duttaphrynus 

melanostictus and Euphlyctis cyanophlyctis were recorded in most of the elevation bands. 

Similarly, substrate temperature has reverse effect on distribution of amphibians because of 

while elevation increases substrate temperature decreases. In this way those species which are 

found in higher elevation bands they were recorded from those transects where is low substrate 

temperature and those species which were recorded from lower elevation, they were recorded 

from those transects where is high substrate temperature. Other variables like habitat type and 

disturbance variable were also analysed with species data in CANOCO but their effect on 

distribution of amphibians was not significant (P> 0.05) that’s why these results are not 

interpreted in the figure.  
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4.2 Body Size variation along elevation gradient 

Body size or snout-vent lengths (SVL) of all individuals from three families; Bufonidae, 

Dicroglossidae and Microhylidae were analysed by linear regression to test effect of elevation 

on body size of these frog species. In these families, individuals were collected from more than 

one elevation bands. Species and individuals from remaining three familes; Ranidae has only 

one species and recorded in only one elevation band. Megophryidae has one species and two 

individuals. Rhacophoridae has two species and only 3 individuals recorded from one elevation 

band only. So individuals of these families were not used to analyse body size variation along 

elevation gradients. Linear regression model showed that body size of individuals from two 

families; Bufonidae and Dicroglossidae were increased with increasing elevation (Figure 7, 

Figure 8). Individuals from lower elevation have larger body size than those individuals which 

were recorded from higher elevations. In this way, effect of elevation on body size was 

Figure 6. CCA ordination diagram (biplot) showing effect of different environmental variable on distribution 

of amphibians in Mahakali River basin.  MonteCarlo permutation test of significance of all canonical axes: 

Trace= 1.926, F= 1.606, P =0.004, with 499 permutations.  
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positively correlated as elevation increased body size reduced in both sexes followed 

Bergmann’s rule. 

 Body size or snout-vent lengths (SVL) of all individuals of Microhylidae did not showed 

positive correlation with elevation. Body size of individuals belonging this family was declined 

with increasing elevation (Figure 9). Effect of elevation on body size was negatively correlated 

as elevation increased body size reduced in both sexes. Body size of these frog species was 

larger in lower elevation bands and declined with increasing elevation. 
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Figure 7. Linear regression showing effect of elevation on body size of Bufonidae family in 

Mahakali River basin (y = 0.019x + 49.481 R² = 0.39, p<0.01). 
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Figure 9. Linear regression showing effect of elevation on body size of Microhylidae 

family in Mahakali River basin (y = -0.0925x + 81.902 R² = 0.78, p= 0.0317). 

 

Figure 8. Linear regression showing the effect of elevation on body size of 

Dicroglossidae family in Mahakali River basin (y = 0.0155x + 54.104, R² = 0.1327, 

p<0.01). 
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5. DISCUSSION 

 

This study was conducted in Mahakali River basin, far western Nepal. Study carried out with 

the objective of determining diversity and distribution pattern of amphibians along elevational 

gradient in Mahakali River basin. Body size variation of amphibians along elevation gradient 

has been assessed. The current study would therefore be a valuable addition to the literature. 

5.1 Diversity and distribution pattern of amphibians  

This study recorded 17 species of amphibians in Mahakali River basin. Species diversity was 

H= 2.436 and evenness, E= 0.672. The present study revealed a declining trend in amphibian 

species richness with increasing elevation. A similar trend was observed for amphibian 

assemblage in Jigme Dorji National Park, western Bhutan, Western Ghats, India, along 

elevation gradient in eastern Himalaya, and along elevation gradient in Chitwan Nepal.  

(Koirala et al. 2019, Naniwadekar and Vasudevan 2007, Khatiwada et al. 2019, Khatiwada and 

Haugaasen 2015). Many other studies related to amphibians have shown a monotonic decline 

of species richness along elevational gradients (Zancolli 2014, Fu et al. 2007, Malonza and 

Veith 2012). Species richness was observed higher in lower elevation ten species were recorded 

from lowest elevation band. This high species richness in lower region is because of high 

average temperature, productivity, annual precipitation; these are widely recognised as 

important factors for spatial distribution pattern of amphibians (Buckley and Zetz 2007). 

Euphlyctis cyanophyctis was recorded from most elevation bands. This species has larger 

distribution range than other species (Shah and Tiwari 2004, Bhattarai et al.  2017). Similar 

result was found in the altitudinal gradient in Chitwan (Khatiwada and Haugaasen 2015). 

Species turn-over was seen this study some species are restricted to lower elevation, 

Hoplobatrachus crassus, Hoplobatrachus tigerinus, Uperodon globulossus, Uperodon 

systomus, Polypedates taeniatus. This is because of adaptation of these species in terai region 

and some species are restricted to higher elevation, these species are adapted to cold climates, 

Nanorana liebigii, Duttaphrynus himalayanus, Amolops marmoratus (Mattea 2018, Malonza 

and Veith 2012).  

In this study, only few species were recorded from higher elevations and there is no any species 

recorded above 2050 m of elevation however survey was done up to 4200 m elevation. 

However similar type of study in eastern Himalaya showed that amphibian species are present 

up to 3400 m asl in Nepal.  There are lots of reasons for declining amphibian species globally, 
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because of climate change and other anthropogenic activities (Baillie et al.  2004). Moreover; a 

number of ecosystems are being fragmented and degraded by climate change (Araujo et al.  

2006) and environmental pollution (Davidson 2004). Similarly, other researchers have shown 

that without any known reason amphibian species are going to extinct from higher elevations 

globally (Pliasu et al.  2010). One additional information was obtained during field survey from 

field guide and other local persons around study sites; there was overexploitation of Nanorana 

liebigii in higher elevation. This species is being consumed by tourists and Yarsagumba 

(Ophiocordyceps sinensis) collectors during pre-monsoon season. These peoples come from 

outside of study area and local peoples are not involved in consumption of frogs. Information 

obtained from local guides; overcrowding on habitat, overconsumption of frogs, pollution and 

disturbing their nests before breeding season is one of the strong reasons behind absence of 

species in higher elevations in this study area. This is supported by many other researchers, 

their finding is that only high elevation is not the cause of declining species but human 

disturbances have negative impact on species composition and assemblages. (Cayuela et al.  

2006, Bell and Donnelly 2006). Some studies have shown that mid peak elevation occurs in 

amphibian research (Hu et al.  2011, Fu et al.  2006). There is less biodiversity in higher 

elevations due to less surface area (Korner 2007, Brown 2001) and therefore monotonic decline 

of species richness occurs in amphibian species in the higher elevations.  

Canonical correspondence analysis showed that elevation, Humidity, and substrate temperature 

cause strong effects on amphibian species distribution. This means that abiotic factors are more 

responsible for species distribution than biotic factors, such as canopy cover. In this study 

almost individuals were captured from open area. This is supported by the study of Khatiwada 

and Haugaasen (2015). There was not significant effect of canopy cover on amphibian’s 

distribution elevation was major factor for species distribution.  But in some studies, canopy 

cover and leaf litter level were the major factors for amphibian species distribution (Mattea 

2018). Similarly, Keller et al.  (2009) found not only environmental variables are responsible 

for amphibian distribution, cross- product of both environmental parameters and spatial 

parameters are associated with composition of anurans.  

Diversity and mean abundance of amphibians in different habitat types, forest, cropland and 

stream was calculated. Highest species diversity was observed in forest habitats i.e. 2.374. 

Diversity value of cropland and stream were 1.983 and 1.973 respectively. This result indicated 

that forest habitat is commonly used by both frogs which are found in cropland and tree frogs, 

other leaf litter frogs, Polypeadates maculatus, Polypedates taeniatus, Uperodon globulossus 
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and Uperodon systomus. Other studies are supportive to this result their finding is amphibian 

species diversity in forest habitat is higher than other habitats (Syamili and Nameer 2018, Ray 

1999). Their findings also support present result. Polypedatus maculatus and Uperodon 

taprobanicus were only present in the forests. In this study, abundance of amphibians was 

observed higher in cropland habitat than other habitats due to the higher probability of more 

number of prey in croplands.  

5.2 Body size variation along elevation gradient 

In this study, effect of elevation on body size; snout-vent length (SVL) of three families; 

Bufonidae, Dicroglossidae and Microhylidae were analyzed by linear regression model. SVL 

of all individuals from six families were measured however only these three families were used 

in analysis; because of individuals of other three families were not recorded from more than 

one elevation bands. Amolops marmoratus belonging to Ranidae family has only one species 

and was recorded from one elevation points i.e. 980 m asl. Family Megophridae has only two 

individuals and Family Rhacophoridae has also three individuals of two species from lower 

elevations. 

It is still controversial whether all amphibian species follow Bergmann’s rule or not (Adams 

and Church 2008). Present study result showed that body size of amphibian species belonging 

to Bufonidae and dicroglossidae families was increased with increasing elevation. Body size 

of both male and female frogs in lower elevations was smaller than those from higher 

elevations. Family Microhylidae did not followed Bergmann’s rule in present study. Body size 

of individuals belonging to this family was declined with increasing elevation. Similar type of 

study was conducted by (Khatiwada et al. 2019) and their result was also similar to present 

result as all individuals from all families followed the Bergmann’s rule except Microhylidae 

family. Some other researchers have also shown that some species of amphibians follow 

Bergmann’s rule. Similar type of study was conducted in altitudinal gradient in China and their 

result indicated that variation in body size of three Rana limnocharis populations inhibiting 

different elevations showed that individuals from higher elevations were larger than those from 

lower elevations. And same results are reported in earlier studies for Rana limnocharis from 

two relatively larger altitudinal gradient populations (Liao et al.  2011, Lu et al.  2006, Ma et 

al.  2009). Snout-vent length of frog species inhabiting cold habitat has larger than those which 

were from warmer habitat (Manjano and Bautista 2017). Some other studies have shown that 

amphibian species follow Bergmann’s rule but Urodeles have shown opposite of this (Olalla-

Tarraga and Rodriguez 2007).  
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In present study, family Microhylidae did not followed the Bergmann’s rule; similar results 

have shown by other researchers, their finding is that Bergmann’s rule is not valid for all taxa. 

Their study found that there was negative correlation between species of Microhylidae and 

elevation because of their narrow distribution range (Hu et al.  2011, Khatiwada et al. 2019). 

Some amphibian species has followed the Bergmann’s rule but it is not valid for anuran species 

that mean species specific trend is seen in case of body size variation with altitudinal gradient 

(Meiri and Dayan 2003, Mousseau 1997). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



26 

 

6. CONCLUSIONSION AND RECOMMENDATIONS 

6.1 Conclusion 

This study indicated that Mahakali River basin is moderately rich in amphibian diversity, which 

decreases along the elevation gradients. This is because lower elevation areas provides suitable 

habitats for amphibian species (i.e., more temperature, humidity and food). 

Diversity of amphibians and influence of environmental variables on their distribution pattern 

in Mahakali River basin was determined. Species richness along elevation gradient showed 

that declining of species richness with increasing elevation. Effect of environmental variables 

on species distribution was analysed by canonical correspondence analysis (CCA). Result of 

CCA showed that effect of elevation, substrate temperature, and humidity has strong effect on 

species distribution. Species turn-over was observed in the study area. Most of the species were 

recorded from lower elevation and only few species are restricted to the higher elevations. 

There was no record of amphibians above 2050 m asl. The reason behind this is predicted that 

overexploitation of Nanorana liebigii species by peoples before their breeding season. 

Disturbing the habitat and exploitation of nests before breeding may have created eradication 

of amphibian species from study area. And other unknown causes are there for loss of 

amphibian species from higher elevations this information was obtained from other literatures. 

Body size variation along elevation gradient was analysed by linear regression. Three families; 

Bufonidae, Dicroglossidae and Microhylidae were used for this analysis. Among them 

individuals from two families; Bufonidae and Dicroglossidae followed the Bergmann’s rule. 

Body size was increased with increasing elevation except family Microhylidae.  
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6.2 Recommendations 

Based on this research, following recommendation were made which will be useful for 

conservation and further study of amphibian species in Mahakali River basin.  

 There may be more than 17 species of amphibians in Mahakali River basin therefore 

further studies recommended. 

 Possible other reasons of no any species in higher elevation i.e. above 2050 m elevation 

need to be identified. 
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Photo 2: Uperodon globulossus 
Photo 1: Polypedates maculatus 

Photo 3: Duttaphrynus stomasticus Photo 4: Amolops marmoratus 
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Photo 5: Hoplobatracus tigerinus 

Photo 6: Minervarya teraiensis 

Photo 7: Duttaphrynus stomasticus 

Photo 8: Microhyla teraiensis 
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