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Abstract 

Study of the climate variability in the past and present, and correlating those with changes in the distribution range of critically 

endangered and vulnerable species has attracted considerable research interest. The genus Neurergus consists of five 

recognized species, of which N. crocatus, N. derjugini, N. kaiseri, and N. microspilotus are documented from Iran. In the 

present study, we modeled with MaxEnt the potential distribution areas and determined the suitable habitats in the past (mid-

Holocene [MH], and the Last Interglacial [LIG]) as well as the current distribution of the vulnerable Lorestan Mountain newt, 

N. kaiseri. Models of the species indicated good fit by the average high area under the curve (AUC) values (0.998 ± 0.001). 

The annual temperature range, topography, slope as well as annual precipitation made important contributions to current 

distribution N. kaiseri. We conclude that these variables form a natural barrier for species dispersal. The MH and the LGM 

models indicated a larger suitable area than the current distribution. The precipitation of coldest, driest and warmest quarter of 

the year as well as annual temperature range made important contributions to the mid-Holocene [MH], and the Last 

Interglacial [LIG]) distribution in N. kaiseri. 
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1. Introduction 

Climate change plays an important role on the species 

distributions of biota. The strategic response of species to 

persistent climate changes may be consistantly in situ at 

their tolerance limits, or changing ranges to regions where 

climate is within the species tolerance limits, and finally 

extinction [1, 2]. During the Last Interglacial period (LIG: 

150,000–120,000 years), temperature gradient increased in 

polar regions toward lower latitudes and caused sea-level to 

rise and reduction of ice sheets [3]. The glaciations were 

separated by interglacial periods [4], the climate warmed and 

forests returned to areas that once supported tundra 

vegetation [2], and climate of the last interglacial had a 

relatively stable warm period [5]. During the mid-Holocene 

(6 k), summer temperatures were warmer than at present in 

the high-latitudes of Northern Hemisphere [6], but northern 

Africa, Arabia, and southern Asia underwent conditions 

much wetter than at present, these conditions resulting in 

both African and Asian monsoons [7, 8]. 

Analyzing species distribution models can help to 

understand theoretical research [9] on ecological and 

evolutionary processes [1], also in conservation planning [10]. 

Species distribution models can be used to investigate the 

effect of climate changes on distributions and abundances of 

species [11], to determine biodiversity [12], and 

biogeographical patterns [13], and predicting potential 

distribution [14] and predicting potential distribution and 

habitat suitability for species [16]. MaxEnt is a general 

approach for characterizing probability distributions from 

small sample sizes [17, 18, 19]. MaxEnt estimates the 

probability distribution of maximum entropy (i.e. closest to 

uniform) based on environmental variables spread over the 

survey area [20, 21]. 

Amphibian populations have declined during past decades. 

In 1989, a small group of scientists, attending the First 

World Congress of Herpetology in Canterbury, England 

began voicing their concerns about the disappearing of frogs 

in the many regions of the world, which they had seen 

previously [22]. There are two main leading hypotheses 

thought to underlie amphibian declines: Class I including 

alien species, over-exploitation, and land use/land cover 

change; and Class II including global change (increased 

ultraviolet radiation and global warming), increased use of 

pesticides and other toxic chemicals as well as infectious 

diseases such as chytridiomycosis [23]. Climate change has 

played an important role in amphibian decline especially 

during the few past decades [24]; Amphibians have 

permeable and exposed skin, shell-less eggs, complex life 

histories (e.g. larvae of anurans and urodels need aquatic 

habitats and adults require both aquatic and terrestrial 

habitats) and are ectothermic which render them vulnerable 

to both aquatic and terrestrial changes in temperature and 

precipitation; Important aspects of amphibian biology such 

as growth, development, foraging and timing of hibernation 

and breeding are likely to be affected by climate [25]. 

Moreover, climate change can alter amphibian habitats 

including vegetation, soil, and hydrology. Climate change 

can influence food availability and overall predator-prey and 

competitive interactions which can alter community 

structure [24]; also climate change can alter pathogen-host 

dynamics and greatly influence how diseases are manifested 
[26]. 

The mountain newts of the genus Neurergus Cope, 1862, 

are in the family Salamandridae. This genus comprises four 

species geographically distributed in Iran, Iraq, and Turkey 
[27]. Species in this genus are N. crocatus Cope, 1862 in 
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northwestern Iran, north and northeastern Iraq, and 

southeastern Turkey; N. derjugini Nesterov, 1916 (formerly 

N. microspilotus) in the central and northern parts of the 

Zagros Mountains alongside the common borders of Iran 

and Iraq; N. kaiseri Schmidt, 1952 which is endemic to Iran 

and distributed in southwestern areas of Iran in Lorestan and 

Khuzestan Provinces; and finally N. strauchii Steindachner, 

1887 that is also known as Anatolian newt because it is 

endemic to  Turkey and is the only species in Neurergus 

with three recognized subspecies: N. s. strauchii, the 

nominal subspecies distributed in the western areas of the 

Lake Van; N. s. barani in Kubbe Mountains in Malatya 

Province; and recently discovered and described subspecies 

N. s. munzurensis in the vicinity of Tunceli in the northern 

areas of Murat River [28, 29]. 

The Lorestan Mountain newt, Neurergus kaiseri is the 

smallest species of Neurergus, considering its morphometric 

characteristics and special coloration pattern which make it 

easily distinguishable from other species of Neurergus [30].  

It is also the only species of Neurergus that reproduces in 

stagnant water bodies, whereas other species mainly breed 

in mountainous well-oxygenated rivers and streams [31]. For 

a long time this species was reported only from its type 

locality around Shahbazan region in Lorestan Province, but 

during recent years numerous new habitats for N. kaiseri 

have been reported in Khuzestan Province [32, 33, 34]. Due to 

this range extension and increased number of individuals, 

the conservation status of N. kaiseri according to the IUCN 

criteria has been changed from Critically Endangered [35] to 

Vulnerable [36].    

The general aim of this work is, (1) to identify potential 

areas of distribution of the Lorestan Mountain Newt, 

Neurergus kaiseri, during three periods of the past: Last 

Interglacial (LIG: ∼120,000–140,000 years BP) to mid-

Holocene (MH: ∼6,000 years BP), (2) to describe current 

(~1950-2000s) distribution, suitable habitat, and understand 

the biogeographical patterns of this Vulnerable newt. 

  

2. Materials and methods 

2.1 Study area and records  

Species occurrence records are from our fieldwork in 

Lorestan and Khuzestan Provinces (Fig. 1), and previously 

published records (60 records).  

  

2.2 Data set and Analysis  

We implemented Maximum Entropy modeling (MaxEnt, 

3.3.3e http://www.cs.princeton.edu/~schapire/MaxEnt) of 

species geographic distributions with default parameters of 

the data to test samples. We examined 19 bioclimatic 

variables and two topographical variables with grids 

approximately 1 km2 precision (30 s χ 30 s) for 

contemporary (~1950-2000), and 10 km2 precision (5 min χ 

5 min), also examined 19 bioclimatic variables in the past 

(LIG, and MH) in the related part of the world (Asia) [37, 38, 

39]; (see the Appendix). To identify the correlation ratios 

between variables and presence records, Openmodeller (V. 

1.0.7) [40], was used. Then we used SPPS IBM (version 19) 

for Pearson´s correlation coefficient [41]. We selected 

variables with a Pearson correlation lower than 0.75 to 

choose the variables that are ecologically important for 

species separation according to our observations and to 

describe habitat [42]. We conducted MaxEnt software with 

15 replicates of the analysis that yield the best model for the 

studied species. MaxEnt provides state distribution models 

by the receiver operating characteristic (ROC) plots, ROC 

curves plot true-positive rate against false-positive rate [21, 

43]. A value of the area under the curve (AUC) of 0.5–0.7 is 

taken to indicate that the result is a stochastic prediction [44, 

45] and values of 0.7–0.9 suggest useful models, the values 

more than 0.9 indicate high accuracy [46]. We used DIVA-

GIS 7.3.0.1 software for the mean predicted map and a 

logistic output of presence records with suitability ranging 

that show from zero (unsuitable habitat) to one (the best 

suitable habitat) [47].   

  

3. Results & Discussion 

The final models in the present study showed a good match 

and closely fitted the presence of the endangered Kaiser’s 

mountain newt, Neurergus kaiseri recorded in the study 

areas. Models obtained from the MaxEnt were run in 15 

replicates for the five periods that suggested by high AUC 

values (Fig. 2). The average test AUC for the replicate runs 

each period as follows: LIG (AUC = 0.998 ± 0.001); MH 

(AUC = 0.998 ± 0.001); present (AUC = 0.998 ± 0.001. The 

AUC values for all models were very good. Among 

contribution bioclimatic layers, Bio3, BIO7, Bio12, Bio13, 

BIO17, BIO18, BIO19, and slope most highly for model 

LIG, MH, and present periods. Relative contribution 

performance of each variable at the periods is presented in 

Table 1.  

A survey of past and present distribution patterns can play a 

significant role in understanding changing suitability of 

habitats and species conservation status. One of the most 

effective protection steps in Lorestan newt is to evaluate the 

suitability of potential areas [48]. Our results verify the 

known distribution of the Lorestan newt, based on current 

climatic conditions. The Neurergus kaiseri distribution 

model is able to show a set of topographically different 

areas that explain a reliable model of its actual and potential 

distribution. As well identifies locations inside adjacent 

provinces lacking records of occurrence for N. kaiseri with a 

high probability of occurrence. In the present study, after 

examining the Pearson correlation between all variables, 

eight variables were used for modeling. Precipitation of 

warmest quarter of the year variable parameter (Bio18) with 

63.5%, and precipitation of coldest quarter of the year 

variable (Bio19) parameter with 31.1% highly influence on 

LIG distribution model for N. kaiseri so that precipitation 

during fall and winter contributed to more than 94.6% of the 

model prediction, which may be explained by snow 

accumulation in the highlands that supports water discharge 

and longer hydroperiod in streams [49]. Combination of 

precipitation parameters with 96.8% (Driest [31.8], warmest 
[29.5], and coldest [35.5]) demonstrate high importance in MH 

distribution model for N. kaiseri. The agglomeration of 

snow may also prevent late spring water stress, especially in 

lower elevations where a warmer climate could exacerbate a 

reduction in hydroperiod [35]. Of combination bioclimatic 

variables (temperatures= 48.8%, precipitation= 26.3, and 

slope= 24.9) demonstrate high importance in current 

distribution model for N. kaiseri. The best annual mean 

temperature for suitability of habitat is 15-20 °C [48]. 

Temperature seasonality and temperature annual range, 

signify variation in summer temperature [49], and are most 

likely to contribute to warmer spring temperatures (2017 

Sharifi et al. 2017). The best annual precipitation for 

suitability of habitat is 400-450 mm [48], the warmer 

temperatures are associated with shorter hydroperiods in the 
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breeding streams, and during very warm summer the 

streams may dry up completely [35]. The Lorestan newt N. 

kaiseri is distributed in Lorestan and Khuzestan Provinces, 

with an elevational range of 385-1500 m asl (above sea 

level) in more fragmented geographical localities.  

From the last simulation models (120 and six thousand years 

ago) it is clear that in those times wider distribution ranges 

and areas that are now part of unsuitable habitat, at that 

time, due to better climatic and environmental conditions 

influenced by precipitation during the fall, winter and 

spring, would have been favorable habitat. Finally, studies 

of the effective bioclimatic variables in a species’ 

distribution over time provide heuristic methods for the 

management of important habitat by conservation 

assessments of current habitats and identification of habitats 

suitability. 

 

4. Tables and Figures 
 

Table 1: Relative contribution performance (in percentages) of each bioclimatic layer at the habitat suitability prediction model in the 

periods 
 

Variable Description of variables LIG MH Percent 

Bio3 Isothermality [(BIO2 / BIO7) × 100] - - 19.3 

Bio7 Temperature annual range (BIO5 - BIO6) 3.6 2.3 29.5 

Bio12 Annual precipitation - - 20.5 

Bio13 Precipitation of the wettest month - - 5.8 

Bio17 Precipitation of the driest quarter of the year - 31.8 - 

Bio18 Precipitation of the warmest quarter of the year 63.5 29.5 - 

Bio19 Precipitation of the coldest quarter of the year 31.1 35.5 - 

Slope Slope - - 24.9 

 

 
 

Fig 1: Alive adult specimen of the Lorestan newt Neurergus kaiseri (A), Habitats of the Lorestan newt Neurergus kaiseri Shevi waterfall 

(B), and Dej-e Mohammad Ali khan (C) in Lorestan and Khuzestan Provinces southwestern Iran. 
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Fig 2: Distribution map of the Lorestan newt Neurergus kaiseri in 

its habitats and much of their potential distribution pattern in the 

region during: A) currently (1950-2000), B) the mid-Holocene (6 

ka), C) the last interglacial (120 ka). 

 

5.   Conclusions 

According to results obtained based on this study, the 

Lorestan newt, N. kaiseri is a good indicator for assessing 

the effects of climatic changes on distribution range of the 

species over time. In summary, during recent years, changes 

have occurred in the IUCN conservation status of N. kaiseri, 

in which was endangered (EN) in 2004, critically 

endangered (CR) in 2006- 2009, and vulnerable (VU) in 

2016. The two reasons for the changes are the conservation 

status of the Lorestan newt, N. kaiseri: 1) range expansion 

from 10-200 km2 to 8000 km2; 2) increasing in the number 

of observed individuals from less than 1000 [33, 34] to 9000 

adults. Considering the distribution models of the Lorestan 

newt and its affinity with precipitation and temperature, also 

global warming due to decreasing suitability of habitat, 

we have to conserve and protect the remaining natural 

habitats of this newt and for a better estimation of the 

populations capture-recapture techniques should be 

employed. 
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