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Assessing the risk to the amphibians of Iran from climate change
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Abstract. Climate change has directly impacted the world's animal communities in recent years, and many species have become
extinct. Amphibians are considered a vulnerable animal group and need more attention from conservation biologists. In this study,
the effects of climate change over the next 50 years on the amphibians of Iran have been assessed using the habitat suitability
modeling method. All the available points of 12 amphibian species known in Iran and climatic variables were used for ecological
niche modeling. The results indicated that expected climate conditions over the next 50 years would cause significant shifts in the
range and distribution of four species (Bufo eichwaldi, Euphlectys cyanophlyctis, Hyla orientalis, Pleophylax ridibundus) but will have no
discernable effects on the rest (Bufotes oblongus, Bufotes surdus, Hyla savignyi, Rana macrocnemis, Rana pseudodalmatina, Neurergus
derjujini, Neurergus kaiseri, and Salamandra inframaculata). To avoid population declines over the next 50 years, we advocate for

developing action plans for the four vulnerable species.
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Although global climate change is one of the major causes of
the amphibian population decline, there is still insufficient
attention to this phenomenon (Cox et al. 2022). In recent
years, many studies have focused on amphibian population
declines and linked them to changes in temperature and
moisture arising from global warming (Weygoldt 1989,
Pounds & Crump 1994, Pounds et al. 1999, Kiesecker et al.
2001). Climate change is happening fast in the 21st century,
and its effects on the Earth’s biota are already significant.
The surface temperature increases by 0.5 °C on average each
year, and extreme weather conditions have increased (1910-
1998) (Easterling et al. 2000). The changing climate is forcing
many species to migrate (Chen et al. 2011); however, this is
not possible for species with low dispersal ability such as
amphibians, because of natural or human barriers and their
narrow ecological and physiological tolerance (Blaustein et
al. 2010). These species will be exposed to the risk of
extinction in the coming years and decades (Malcolm et al.
2006, Schloss et al. 2012, Urban 2015).

Amphibians are the oldest class of terrestrial animals,
with more than 350 million years of evolution on the planet,
and climate change has greatly affected their populations
(Severinghaus & Brook 1999, Taylor 1999, Birks & Ammann
2000). In addition, agricultural activities, logging, urban
development, diseases, and pollution
important factors in the decline of amphibian populations
(Cox et al. 2022). Amphibian species mainly occur in forest
and wetland habitats, and the most threatened amphibian
species are found in forested and tropical areas (Cox et al.
2022). Amphibians are ectothermic, and their life histories
depend on specific environmental conditions that support
their complex life cycles, particularly
reproduction (Huey et al. 2012). Amphibian vulnerability to
climate change is related to many factors, including body
size, geographic barriers, water sources, reproductive
strategies, and weather regimes (Borges & Loyola 2020).
Endemic species are especially vulnerable as they have
restricted distribution ranges, strong adaptation to their
regions, and very narrow ecological niches (Foden et al.
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2013, Enriquez-Urzelai et al. 2019).

At present, there has not been a comprehensive effort to
evaluate the effect of climate change on the distribution of
amphibians in Iran. In this study, we assessed 12 species of
amphibians (both urodelans and anurans) that occur in Iran
and evaluated the effect of climate change on their
distribution range during the next 50 years.

Occurrence data

Occurrence records for 12 species were gathered through the
following resources: Global Biodiversity Information Facility
(GBIF: http:/ /www.gbif.org); Vertnet database
(http:/ /vertnet.org/ - Bloom 2016); and our direct fieldwork
in Iran during 2018-2022. Total number of records are 383,
comprising Bufo eichwaldi (21 records); Bufotes oblongus (16);
Bufotes surdus (21); Euphlyctis cyanophlyctis (24); Hyla
oreintalis (21); Hyla savigni (41); Pelophylax ridibundus (134);
Rana macrocnemis (29); Rana pseudodalmatina (36); Neurergus
derjugini  (18); Neurergus (17) and Salamandra
infraimmaculata (5). Localities for the occurrence records are
shown in Figure 1.
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Environmental variables

Nineteen bioclimate layers were downloaded from
WorldClim database (Fick & Hijmans 2017) with spatial 30
arc second resolution for the current period (1950-2010), and
the future period of 2020-2070 under four scenarios of the
recent IPCC report (IPCC, 2019) as follows: BIO1 (Annual
Mean Temperature); BIO2 (Mean Diurnal Range [Mean Of
Monthly (Max Temp - Min Temp)]); BIO3 (Isothermality);
BIO4 (Temperature Seasonality); BIO5 (Maximum
Temperature Month); BIO6 (Minimum
Temperature of Coldest Month); BIO7 (Temperature Annual
Range); BIO8 (Mean Temperature of Wettest Quarter); BIO9
(Mean Temperature of Driest Quarter); BIO10 (Mean
Temperature of Warmest Quarter); BIO11 (Mean
Temperature of Coldest Quarter); BIO12 (Annual
Precipitation); BIO13 (Precipitation of Wettest Month);
BIO14 (Precipitation of Driest Month); BIO15 (Precipitation

of Warmest



86

Seasonality); BIO16 (Precipitation of Wettest Quarter); BIO18
(Precipitation of Warmest Quarter); BIO19 (Precipitation of
coldest quarter). To eliminate the collinearity problem, we
calculated a correlation matrix using Pearson’s correlation
coefficient matrix by openModeller v.1.0.7 (De Souza Mufioz
et al. 2011) for each species separately based on their
occurrence records and then removed the variables that had
more than 75% correlation (Title & Bemmels 2018).

Ecological niche models (ENMs)

The models were built using MaxEnt 3.3.3e (Phillips et al.
2006), based on the maximum entropy method, and only
used presence records and environmental layers to predict
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habitat suitability (Phillips et al. 2017). The following setting
was adjusted for software: regularization multiplier = 1; max
number of background points=10000; cross validate
type=25% of all the data was set as a test, and the rest (75%)
were considered as training data; and the models were run
for 10 replicates. Model accuracy was evaluated by area
under the curve (AUC) with values ranging from 0.5
(random model) to 1 (the most accurate model) (Fielding &
Bell 1997). Ecological niche overlap between current and
future scenarios for each species was calculated using
ENMTools 1.3 (Warren et al. 2010), based on the indices
Schoener’s D and Hellinger “s-based I (Schoener & Gorman
1968).
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Figure 1. Distribution records of 12 amphibian species in Iran.

Among the evaluated taxa, 8 species (B. oblongus, B. surdus,
H. savignyi, R. macrocnemis, R. pseudodalmatina, N. derjujini,
N. kaiser, and S. inframaculata) showed higher niche overlap
between current and future suitability (above 60%) and the
other four species (B. eichwaldi, E. cyanophlyctis, H. orientalis
and P. ridibundus) were more affected by climate change and
had lower niche overlap (below 50%) (Fig. 2). All predicted
models showed high accuracy values (AUC > 0.9). Annual
precipitation (BIO12) was the variable with the highest
contribution to species distribution patterns (Table 1).
Annual precipitation, an important factor for the level of
humidity in the environment and the creation of water pools

in different regions of the country, can provide a suitable
environment for amphibian reproduction. Due to the
dependence of amphibians on local water pools for
spawning and reproduction, annual precipitation had the
greatest effect on the studied species. The change in
ecological niche overlap between the present and the next 50
years for the 12 species assessed does not indicate a decrease
in their suitable habitats. This is considered a warning
against their future survivance. The current study showed
that four amphibian species will undergo great changes in
the future (B. eichwaldi, E. cyanophlyctis, H. orientalis, and P.
ridibundus).
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Figure 2. Habitat suitability prediction of four species affected by current and four future climate
change scenarios. Red indicates the high suitability range, and green indicates that areas are
unsuitable for species' presence.
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Table 1. Variable contribution percent for each species separately in the current period modeling. The “-“symbol means the layer
was not used in the prediction maps. A “0” value means that the variable used in the prediction does not influence the species
distribution. Bold values refer to the highest contributed variable for each species.
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BIO 1 - 4.1 21.7 35.8 11.2 1.2 1.2 9.3 20.3 0 0.1 17.7
BIO 2 - - - 22 - 0 - - - - - 14
BIO 3 8.6 39 0.6 - 0.7 - 37.5 - - 14.5 6.6 43
BIO 4 - 36.9 7.8 1.6 43 - 16.6 30.7 2.8 44 - 9.1
BIO5 - - - - 1.2 - - - 1.2 0.6 - -
BIO 6 56.7 - - - - - - - - 39.7 24.9 -
BIO7 - - - - - - - - - - - 0.5
BIO 8 - - - - - - - - - - - 50.9
BIO 9 - - - - - - - - - - - -
BIO 10 33 - - - - - - - - - - -
BIO 11 - - - - - - - - - - - -
BIO 12 13.1 18.6 65.2 27 424 81.9 44.7 60 28.4 15.1 62.1 -
BIO 13 - - - - - - - - - 15.8 - -
BIO 14 2.7 14 - - - 115 - - - 1.7 - 32
BIO 15 - - 47 3.8 402 0 - - 47.2 8.2 6.3 12.8
BIO 16 - - - - - - - - - - - -
BIO 17 - - - 29.6 - 5.4 - - - - - -

BIO 18 15.6 - - - - - - - - - - -
BIO 19 - - - - - - - - - - - -
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Iran is known as a special zoogeographic area in Southwest
Asia. Its location where the Palaearctic, Ethiopian, and
Oriental realms overlap results in a significant variety of
amphibians despite its location in the world’s dry belt.
Meanwhile, anurans have a higher diversity than urodelans
and can cope better with the future effects of climate change
on their wild habitats (Allentoft & O’Brien 2010). In the
current study that assessed 12 species of caudate and anuran
amphibians in Iran, we see significant changes in the
distribution range in four species of anurans, three of which
are frogs, and the other is a toad. Changes in the range and
distribution of the other eight amphibian species in Iran
(three salamanders and five frogs and toads) are not
significant.

However, the likely changes could be very important for

species that are listed as Endangered or Critically
Endangered, such as  Paradactylodon  gorganensis,
Paradactylodon  persicus, ~ Neurergus — microspilotus, —and

Neurergus kaiseri (Safaei-Mahroo et al. 2015). Several recent
studies have been conducted on climate change and its effect
on some amphibians in Iran, all of which have urged the
preparation of a conservation action plan as a priority
(Hosseinian Yousefkhani et al. 2016, Najibzadeh et al. 2017a,
b, Sharifi et al. 2017, Amiri et al. 2021, Hejazi et al. 2021,
Heydari et al. 2021, Pourhallaji et al. 2021, Vaissi 2021,
Hosseinian Yousefkhani et al. 2022). The conservation status
of many Iranian amphibian species is unknown. Very few
are included on the IUCN Red List of Threatened Species,
and those that are listed have not been updated for more
than 15 years.

During the past years (2010-2015), captive breeding of
the endangered Kurdistan salamander (N. microspilotus) was
implemented in Iran. This resulted in restoring part of its
population in the west of Iran, but this activity was
subsequently stopped, and the population status of this
species declined (Sharifi & Vaissi 2014). More recently, a
captive breeding project was commenced for the Gorgani
salamander (Paradactylodon gorganensis), which may be able
to restore some populations of this species in northern Iran.

Living organisms are not unaffected by the changes of
the abiotic factors in the environment and exhibit different
responses to them (Bintanja et al. 2013, Radchuk et al. 2019,
Titley et al. 2021). Many species can adapt readily to the
changes, reducing their risk of decline and extinction in the
coming years. However, some, such as amphibians, cannot
adapt easily due to their specific habitat requirements and
reproductive behavior (Li et al. 2013, Kafash et al. 2018,
Enriquez-Urzelai et al. 2019).

Amphibians are the oldest land-dwelling creatures that
have been able to make a transition from water to land;
however, they are still highly dependent on water (Romer
1958). Amphibians lack amniotic membranes and, therefore,
depend on the water environment to reproduce and develop
eggs and embryos (Vitt & Caldwell 2013). This has caused
most to settle near moist or wet environments and take
advantage of nearby water bodies. The selection of specific
microhabitats for some restricted-range amphibians has
increased their vulnerability to changes in environmental
(Bolochio et al. 2020). Despite these
characteristics, some amphibians are widely distributed and
have diverse morphology and genetics, e.g., B. variabilis and

conditions
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P. ridibundus.

Our results show that four amphibian species will be
affected by climate change, and then BIO15, 6, 12, and 8 are
the most effective abiotic variables on their distribution
range for Bufo eichwaldi, E. cyanophlyctis, H. orientalis, and P.
ridibundus, respectively. These amphibians urgently need
conservation consideration for the future. Evaluating
conservation programs for threatened species highlights that
recovery is more likely to be achieved if actions are taken
before a species' status reaches a point where its survival
cannot be assured in the wild, and ex-situ intervention is
needed to prevent extinction (Hosseinian Yousefkhani 2021).
In general, in situ actions are also less resource-intensive
than ex situ actions in the long term.
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