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Abstract. Climate change could affect lentic breeding amphibians directly by reducing their survival and fecundity, or indirectly by 
altering their habitats. Increase of temperature and thermal variation may affect breeding phenology, shift distribution patterns, and 
the possible spread of epidemics. We have provided a critical review on climate change and extreme weather events in Pakistan to 
discuss possible future scenarios for assisting with the survival of Pakistan’s amphibians. Amphibian species of Pakistan, such as 
Duttaphrynus himalayanus, Bufotes latastii, B. pseudoraddei, B. baturae, Scutiger occidentalis, Allopaa barmoachensis, A. hazarensis, and 
Nanorana vicina inhabiting the northern region of the country might experience the effects of warmer atmospheric temperatures, 
altered precipitation patterns, glacier melting, and flash floods while species found in the southwestern arid terrain, such as Bufotes 
surdus, B. zugmayeri, Duttaphrynus olivaceus, and Chrysopaa sternosignata are expected to suffer from drought and excessive heat. We 
suggest studying the impact of these changes in the climate to understand the response of amphibian species of Pakistan so that 
appropriate mitigation strategies, such as ditch draining in areas experiencing drought, could be devised. 
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Introduction 
 
Climate change is a phenomenon of long-term changes in 
the distribution of weather patterns. The current global 
warming trend is an output of human expansion of the 
greenhouse effect. The major consequences of climate change 
include a rise in global temperatures and sea levels, warming 
oceans, shrinking ice sheets, declining Arctic Sea ice, glacial 
retreat, ocean acidification, and decreased snow cover. 
Various anthropogenic activities, particularly the burning of 
fossil fuels, have contributed to ongoing climate change 
(IPCC 2007). The Earth’s average temperature has increased 
by 0.6 °C during the last century. A high rate of rise in 
atmospheric temperature was recorded from 1910 to 1945 
(Kerr 1995, Jones et al. 1999).  

The rising global temperatures can cause extinction of 
amphibian populations (Pounds et al. 1999) as well as other 
indirect negative effects their populations (Pounds & Crump 
1994, Beebee 1995). The indirect effects include changes in 
breeding, foraging, and overwintering habitats used by 
amphibians in different life-history stages (Willis et al. 1956, 
Viparina and Just 1995). Some populations might breed 
earlier in the year (Acharya & Chettri 2012, Terhivuo 1988, 
Beebee 1995, Donnelly and Crump 1998, Reading 1998, 
Blaustein et al. 2001, Gibbs and Breisch 2001, Tryjanowski et 
al. 2003, Bickford et al. 2010), with early spring-breeders 
responding more strongly to climate change than late-
breeding species (Gibbs & Breisch 2001, Todd et al.  2010) 
and earlier breeding which can result in a more deficient 
adult body condition (Reading & Clarke 1995). Other effects 
include shifts in distribution to higher elevations and higher 
latitude (Pounds et al. 1997, Schleich & Kastle 2002, 
Raxworthy et al. 2008), which can result in competition with 
species already in these locations (D’Amen & Bombi 2009); 
higher rates of mortality and abnormalities when embryos 
and larvae are exposed to higher temperatures and lower 
dissolved-oxygen concentrations (Brown 1967, Wassersug 
and Seibert 1975, Rome et al. 1992, Mills & Barnhart 1999, 

Eggert 2004) and the possibility of facilitating the spread of 
fungal diseases that have been correlated with declining 
amphibian populations and extinctions throughout the 
world (Lips 2016, Stuart et al. 2004, Scheele et al. 2019, 
Rosenblum et al. 2010, Pounds et al. 2006). 

Amphibians are amongst the least studied group of 
vertebrates in Pakistan and there is a dearth of information 
on the ecology and distribution of amphibians in the 
country. Likewise, data on the effects of climate change on 
amphibians is also lacking. We reviewed available published 
scientific literature on climate change and extreme weather 
events in Pakistan and discussed future scenarios for the 
amphibians of Pakistan under changing climates. 
 
 
Climate change in Pakistan 
 
The average annual atmospheric temperature has increased 
by approximately 2.90 °C in boreal Asia (Farooqi et al. 2005). 
The temperature in the Himalayas has been increasing 
relatively faster than the global average temperature (Xu et 
al. 2009). Average annual warming of Asia is projected to be 
3.0 °C and 5.0 °C higher by the year 2050 and 2080, 
respectively (IPCC 2007). Pakistan has also experienced 
changes in the climate pattern. Approximately a 0.5 °C 
increase in annual mean temperature has been recorded 
during the past five decades and with more frequent heat-
wave days per year. From 1901 to 2000, an increase of 0.57°C 
in mean atmospheric temperature was observed with a 
projected increase of 4°C per year by 2080 (Chaudhry et al. 
2009). The mean annual precipitation has also increased 
which have caused flashfloods in montane regions (ADB 
Report 2017). As a result, it is predicted that the increase in 
summer and winter temperatures will be higher for the 
northern regions of the country (Iqbal & Zahid 2014). These 
changes have had a direct impact on the ecosystem and the 
socio-economic environment of the area. Climate change 
during the past two decades has affected several species of 
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plants and animals in Pakistan. For example, about a dozen 
butterfly species have gone extinct in that time period 
(Saadat et al. 2016). 

In Balochistan Province, Pakistan, a severe drought was 
encountered in Dalbandin from 2000 to 2007. Barkhan faced 
extreme droughts from March to October 2000, 2004, 2009, 
2016, and 2017. Quetta experienced three extreme droughts 
in March and April of 2000, 2004, and 2008. Panjgur faced 
only one extreme drought in 1989. Six extreme drought 
events were observed at Khuzdar Station, mostly from May 
to October, in the years 1996, 2001, 2002, 2004, 2009, and 
2014. More moderate droughts were faced by Pasni in 1984, 
1985, 1989, 2000 to 2002, 2006 and 2016. Jiwani, which is the 
south-westernmost station, also observed moderate drought 
events for the years 1981, 1989, 2000, 2001, 2002, 2007, 2013, 
and 2016 (Naz et al. 2020). In Sindh, the two longest drought 
periods were reported from 1972-1974 and 2000-2002.The 
southern region of Sindh is more prone to severe droughts 
as compared to the northern region. The southern region of 
Sindh experienced droughts in 1969, 1974, 1987 and 2002 
(Adnan et al. 2015). 

Floods have been regularly creating havoc in Pakistan. In 
1976 major floods hit Punjab and Sindh provinces affecting 
an area of 81,920 square kilometers and incurring an 
economic loss of over 3 billion USD (Zaman et al. 2009, 
Manzoor et al 2013). Another devastating flood affected 0.84 
million ha. cropland area in all the provinces of Pakistan. In 
2012, both Punjab and Sindh faced the devastating impacts 
and this flood which destroyed over 0.47 million ha. of 
cropland area in these provinces (Manzoor et al.2013). The 
flood in 2013 affected the Balochistan, Punjab, and Sindh 
provinces with an affected crop area of 0.42 million ha. The 
flooding in 2014 only affected the Punjab region destroying 
about 0.94 million ha. of cropland (Rehman et al. 2015). 

An increase in heat the index of Pakistan has been 
observed from 1961 to 2007. The most affected cities of 
Punjab Province from these heatwaves were, Mianwali, 
Lahore, Sargodha, Toba Tek Singh, Chakwal, and 
Gujaranwala. In Sindh, the heatwaves have affected the 
cities of Khairpur, Jacobabad, Karachi, Rohri and Dadu. 
Likewise, areas of Panjgur, Barkhan and Nokundi from 
Balochistan have been suffering from heatwaves since 2008 
(Zaman et al. 2009).  

The glaciers in the Himalayas are the main source of the 
water supply in Pakistan. Due to the increase in ambient 
temperatures, the pattern of glacier melting has been 
significantly altered.  Scientists have identified 2420 lakes as 
Glacial Lake Outburst Flow (GLOFs) in Gilgit Baltistan due 
to the increasing rate of glacier melting. Among those, 52 
lakes have the potential to damage nearby villages (UNDP 
2008) and thereby affecting the amphibian habitats of the 
area. Five such GLOFs events have been reported so far. 
Formation of Attabad Lake in the Hunza Valley was also 
caused by a GLOFs event. Similarly, the Passu glacier 
flooding in 2007 also resulted in the loss of habitat. The 
ecosystems in northern Pakistan, such as those found in 
Gilgit-Baltistan, are losing biodiversity due to climate 
change. These fragile ecosystems are more prone to changes 
in the climate which are manifested in the form of melting 
snow and glaciers which in turn are causing more frequent 
floods (Manzoor et al.2013). As temperatures rise in the 

southern regions, species adapted to low climates would 
need to move further north to escape the excessive heat and 
drought (Abbass et al.2016).  

The Pakistan Meteorological Department has reported 
an increase in the mean annual temperature since 1951. An 
average increase of 0.6°C–1.0°C has been observed in the 
arid coastal plains, mountain regions, and hyper-arid plains 
of Pakistan. In central Pakistan, cloud cover was decreased 
by 3–5% with a consequent increase of 0.9°C in the average 
temperature (Zaman et al. 2009). A decrease of 10-15% in 
summer and winter rainfall of arid plains has been observed 
from 1951–2000 in arid plains and coastal areas. Overall, the 
trend is showing an increase in monsoon precipitation as 
well as the annual precipitation of the Great Himalayas and 
coastal areas. However, the Western Highlands, Suleiman, 
and Kirthar Ranges of Balochistan showed a decreasing 
pattern of precipitation during the monsoon period (Zaman 
et al. 2009). 
 
 
Climate change scenario for amphibians of Pakistan 
 
Pakistan is currently home to 21 amphibian species (Rais et 
al. 2021). Species such as Batura Glacier Toad (Bufotes 
baturae) (Figure 3, top left), Ladakh Toad (Bufotes latastii) 
(Figure 3, top right), Swat Green Toad (Bufotes pseudoraddei) 
(Figure 3, bottom left), Himalayan Toad (Duttaphrynus 
himalayanus) (Figure 4, top left), Hazara Torrent Frog (Allopaa 
hazarensis) (Figure 4, top right), Barmaoch Frog (Allopaa 
barmoachensis) (Figure 4, bottom left) and Murree Hills Frog 
(Nanorana vicina) (Figure 3, bottom right) are found at 
elevations of 1,200–8,611 m asl in the northern regions of the 
country (Figure 1-2, northern Punjab, Khyber Pakhtunkhwa 
[KPK] and Gilgit-Baltistan [GB]). The area encompasses 
ecozones such as permanent snow fields and cold deserts, 
alpine zones, dry temperate forests, moist temperate forests, 
and subtropical pine forests (Khan 2006, Khan et al. 2018), all 
of which are characterized by long winters with considerable 
snowfall and short, cool summers. Neither scientific study 
nor empirical data are available on the impact of climate 
change on amphibians of Pakistan except for those 
conducted by Saeed et al. (2021) which showed that endemic 
anurans associated with high altitude forested wetlands 
would likely experience decreased fitness and extinction 
risk. The tadpoles of Allopaa hazarensis and Nanoran vicina 
responded (under laboratory conditions) to higher 
temperatures (>26 ◦C) through faster metamorphosis, 
reduction in overall body size, more frequent developmental 
complications or deformities such as edema and tail kinks, 
reduced general fitness, and higher mortality (Saeed et al. 
2021). Some other species, such as the Iranian Toad (Bufotes 
surdus) (Figure 3, bottom right), the Baloch Green Toad 
(Bufotes zugmayeri), the Olive Toad (Duttaphrynus olivaceus) 
and the Karez Frog (Chrysopaa sternosignata) are associated 
with the arid terrain of the southwestern region of the 
country (Khan 2006). While species such as the Asian 
Common Toad or Black-spined Toad (Duttaphrynus 
melanostictus), the Indus Valley Toad (Duttaphrynus 
stomaticus), the Ant Frog (Microhyla nilphamariensis), 
Skittering Frog (Euphlyctis spp.), the Indus Valley Bull Frog 
(Hoplobatrachus tigerinus), Syhadra Frog (Minervarya spp.) and 
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the Burrowing Frog (Sphaerotheca pashchima) are better 
adapted to a wide range of environmental conditions, 

including degraded ones, and have a relatively wider 
distribution in Pakistan (Khan  2006).  

 
 

 
 

Figure 1. Map of Pakistan (1: Gliglit Baltistan, 2: Khyber Pakhtunkhwa, 3: Disputed Territory, 4: Punjab, 5: 
Baluchistan, 6: Sindh) showing major climatic zones (modified from Khan et al 2018) 

 
 

 
 

Figure 2. Distribution ranges of Duttaphrynus olivaceus (Do), Chrysopaa sternosignata (Cs), Bufotes zugmayeri (Bz), B. surdus 
(Bs), Nanorana vicina (Nv), Allopaa hazarensis (Ah), D. himalayanus (Dh), B. pseudoraddei (Bp) and B. latastii (Bl) in Pakistan 
(S: Sindh, P: Punjab, B: Baluchistan, KPK: Khyber Pakhtunkhwa, GB: Gilgit-Baltistan and DT: Disputed Territory) 
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Figure 3.  Batura Glacier Toad (Bufotes baturae) (top left) ©Dr. Spartak Litvinchuk; 
Ladakh Toad (Bufotes latastii) (top right) ©Dr. Spartak Litvinchuk; Swat Green Toad 
(Bufotes pseudoraddei) (bottom left) ©Spartak Litvinchuk; Iranian Toad (Bufotes 
surdus) (bottom right) ©Dr. Mehregan Ebrahimi 

 
 

 
 

Figure 4. Himalayan Toad (Duttaphrynus himalayanus) (top left) ©Dr. Harsimran 
Singh; Hazara Torrent Frog (Allopaa hazarensis) (top right) ©Dr. Muhammad Rais; 
Barmaoch Frog (Allopaa barmoachensis) (bottom left) ©Dr. Muhammad Sharif Khan; 
Murree Hills Frog (Nanorana vicina) (bottom right) ©Dr. Muhammad Rais. 

 
 
Data is lacking on the status of these amphibian species in 
Pakistan as well as the quantification of possible threats. No 
data, (except for Saeed et al. 2021) exist that could help 
correlate past and ongoing climate change patterns of 
amphibians in Pakistan. However, studies on other 
amphibian species from elsewhere are available. An increase 
in ambient temperature is also believed to promote the 
occurrence of pathogens. Approximately 80% of Harlequin 
Frogs (Atelopus spp.) disappeared following years in which 
temperatures increased dramatically (Pounds et al. 2006). An 
increase in night-time temperatures facilitated the spread of 
chytrid fungus into the geographical range of susceptible 
frogs resulting in the extinction of 90% of Harlequin Frog 
species. A rise in atmospheric temperature decreases the 
body condition index (BCI) in amphibians by lowering the 
energy reserve assimilation in spring-summer and 
increasing consumption of energy during mild winters 

(Reading 2007). Pithiyagoda et al. (2008) reported that 19 of 
the 103 frog species which went extinct in Sri Lanka were 
limited to high altitudes of 1,800 m. where the average 
yearly temperature rose by 1.3°C and the mean annual 
rainfall increased by ~20% from 1869 to 1995.  The predicted 
rise of 3°C temperature and the drop of the annual 
precipitation by up to 200 mm by the year 2020 along the 
urban-fringe region in Melbourne, Australia, would 
eventually cause water deficiency in ponds by the year 2030 
which may cause a reduction of 41% occupancy of the 
Spotted Marsh Frog (Limnodynastes tasmaniensis) (Wilson et 
al 2012). Cayuela et al. (2016) reported a 31% reduction in the 
population of Yellow-bellied Toads (Bombina variegata) 
during a severe drought in southeastern France. This decline 
is possibly the direct effect of drought on tadpole mortality 
due to the dehydration of breeding sites. During the 
drought, the rate of survival also decreased 12% in juveniles 
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and 10% in adult toads.  
In neighboring India, a number of amphibian species, 

including the Bush Frog, (Philautus kempiae) breeds earlier 
than usual in Sikkim, a northeastern state of India, due to the 
unusually early precipitation patterns. Tadpoles of the 
Common Asian Toad (Duttaphrynus himalayanus) and 
Cascade Frogs (Amolops spp.) were observed at low and 
middle elevations during early April and the Sikkim Paa 
Frog (Paa liebigii) initiated breeding activities in early April, 
three months earlier than the July–August dates recorded 
historically (Acharya & Chettri 2012). Additionally, some 
anuran species shifted their previous ranges to higher 
elevations. For example, the Snow Toad (Scutiger sikkimensis) 
was found at 4,600 m asl, 1,100 m higher than its historical 
elevational range, and Himalayan Toads (Duttaphrynus 
himalayanus) increased their distribution from 2,700 m to 
3,300 m asl (Schleich & Kastle 2002). Hence, based on 
available information on the climate change scenario in 
Pakistan and effects of climate change on amphibians of the 
world, we can assume that our amphibian species inhabiting 
the northern region of the country might experience similar 
effects of warmer atmospheric temperature, altered 
precipitation patterns, increased glacier melting, and flash-
floods, while amphibian species found in the southwestern 
arid terrain are expected to suffer from drought, extreme 
temperatures, and heat waves.  
 
 
Climate change mitigation for amphibians of Pakistan 
 
The National Climate Change Policy (GoP, 2012) stands out 
as a major guiding document. We believe implementing the 
measures suggested in the policy, such as empirical research 
on biodiversity, setting national biodiversity indicators, 
integration of biodiversity conservation with other sectors 
such as forestry, adopting efficient water conservation 
methods for local communities, construction of water 
storage sites, integrated watershed management, 
reforestation of catchments areas, improvement in weather 
forecast systems, and better coordination among various 
stakeholders and departments such as forestry, wildlife and 
city districts could lead to conserve the endemic species and 
their habitats. Some other measures which have widely been 
used to mitigate the impacts of drought, high temperature 
and precipitation patterns include ditch draining (Delft & 
Creemers, 2008) and the renovation of hydraulic networks, 
construction of small dams to store water to be into the 
habitat during dry periods and by restoring riparian forests 
to enhance vegetation cover to mitigate the effect of 
droughts (Cayuela et al. 2016). We, therefore, suggest 
carrying out detailed scientific studies on the ecology of 
amphibians, quantification of climate change threats and 
their responses to these threats in order to devise possible 
measures for their conservation and management. 
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