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Abstract 

The southern crested newt, Triturus karelinii (Strauch, 1870), is a newt endemic to the Ponto-

Caspian region. We evaluate the potential distribution of this species and identify the most 

important environmental factors that determine the distribution of this species in Iran. Forty-four 

presence points and seven environmental variables were used to model the distribution range. 

Species distribution modeling was performed using the Maximum Entropy algorithm (MaxEnt). 

Precipitation of the warmest quarter, with 68.60% contribution, and altitude, with 13.70% 

contribution, were the most important factors determining the distribution of the species. 

According to our habitat suitability map, the Golestan, Mazandaran, Guilan, and Ardabil 

provinces are determined as possessing suitable habitat for the species, while the central and 

southern regions of Iran do not possess suitable habitats, associated with insufficient rainfall.  
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Introduction 

Global amphibian diversity includes 8,314 living species (the order Anura includes 7334 species, 

Caudata includes 766 species and Gymnophiona includes 214 species; Frost, 2021) and most of 

them are adapted to specific habitats, biomes, or climatic niches (Vitt & Caldwell, 2013). 

However, amphibian populations are declining worldwide, particularly during the last thirty 

years, mostly due to anthropogenic activity (Blaustein & Bancroft, 2007; Green et al., 2020). The 

Iranian amphibian community includes 14 frogs and toads (order Anura) and 7 newts and 

salamanders (order Caudata). In Iran, the order Caudata contains four genera (Paradactylodon, 

Neurergus, Triturus and Salamandra) (Hosseinian Yousefkhani et al., 2013; Safaei-Mahroo et 

al., 2015).  

The genus Triturus Rafinesque, 1815 occurs in Europe and adjacent Asia and comprises the 

marbled and crested newts (Wielstra et al., 2019). Triturus newts differ in relative body 

proportions and can be arranged from a stocky to a slender built (Arntzen et al., 2007). The 

marbled newt group includes T. marmoratus (Latreille, 1800) and T. pygmaeus (Wolterstorff, 

1905). The crested newt group includes T. anatolicus (Wielstra & Arntzen, 2016), T. carnifex 

(Laurenti, 1768), T. cristatus (Laurenti, 1768), T. dobrogicus (Kiritzescu, 1903), T. ivanbureschi 

(Arntzen & Wielstra, 2013), T. karelinii (Strauch, 1870) and T. macedonicus (Karaman, 1922).  

Triturus karelinii (the southern crested newt) is a relatively terrestrial newt and endemic to the 

Pontocaspian region, present in three allopatric regions: Crimea, Caucasus, and Caspian region 

(Wielstra et al., 2019; Wielstra & Arntzen, 2020). According to Safaei-Mahroo et al., 2015 the 

distribution of T. karelinii in Iran includes the Mazandaran, Guilan, East Azarbaijan, and West 

Azarbaijan Provinces. This species lives in mountain forests, forest steppes, and mountain steppe 

sites.  Habitat loss, deforestation, and water pollution appear to be the main factors that threaten 

this species and have caused the reduction and even extinction of some local populations in 

Crimea and the Caucasus (Bannikov et al., 1971; Baloutch & Kami, 1995).  

Species distribution models are used to predict the geographical range of species for which 

occurrence data are present and species distribution models can predict the importance of 

particular environmental variables determining a species’ distribution (Raxworthy et al., 2003; 

Anderson & Martınez-Meyer, 2004; Pearson, 2007; Miller et al., 2009; Moor et al., 2015). 

Among the many methods of species distribution modeling, the Maximum Entropy algorithm 

(MaxEnt, Phillips, 2017) is one of the most popular tools for predicting the distribution range of 

species based on presence-only records (Pearson, 2007; Elith et al., 2011; Marcer et al., 2013; 

García-Holgado et al., 2015; Phillips et al., 2017). We used MaxEnt to model the distribution of 

T. karelinii in Iran to predict the most suitable habitats and determine which environmental 

factors might restrict its distribution. 

Materials and methods  

Forty-four occurrence records were obtained from our fieldwork and available literature sources 

(Kami, 1997; Naderi et al., 2013) and all availab data resourcesle  in Global Biodiversity 

Information Facility “GBIF” (http://www.gbif.org), excluding obviously erroneous points  

(Appendix 1(. A total of 20 variables including 19 bioclimatic variables and one altitude data 

http://www.gbif.org/
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layer with a resolution (30 arcseconds (~1 km)) for the selected period (1950-2000) were 

employed in this study (Table 1). Bioclimatic variables were downloaded from the WorldClim 

database (http://www.worldclim.org/current) (Hijmans et al., 2005) and altitude was obtained 

from DIVA-GIS (http://www.diva-gis.org). The distribution records and environmental variables 

were processed in Openmodeller v. 1.5.0 to calculate the Pearson correlation coefficient. 

Variables with a correlation of less than 0.7 were selected (Rissler et al., 2006) to run the species 

distribution model and predict the potential distribution (Hosseinian Yousefkhani et al., 2013). 

The selected layers and distribution records were opened in MaxEnt 3.4.4 (Phillips et al., 2017). 

Ninety percent of the data were used as training samples and 10% as test samples to obtain the 

final model. The convergence threshold and a maximum number of iterations were 0.00001 and 

500. The model was run with 15 replicates with cross-validate replicate type. The area under the 

receiver operating characteristic (ROC) curve (AUC) is used for evaluating the model 

performance. An AUC value over 0.9 indicates that the model is very good and a value of 0.5 

refers to the model that is not better than the random model (Swets, 1988). 

Table 1. The variables used for ecological niche modeling of Triturus karelinii 

Annual mean temperature BIO1 

Mean diurnal range [mean of monthly (max temp–min  temp)] BIO2 

Isothermality (BIO2/BIO7) * (100) BIO3 

Temperature seasonality (standard deviation * 100) BIO4 

Max temperature of the warmest month BIO5 

Min temperature of the coldest month  BIO6 

Temperature annual range (BIO5–BIO6) BIO7 

Mean temperature of wettest quarter BIO8 

Mean temperature of driest quarter BIO9 

Mean temperature of warmest quarter BI010 

Mean temperature of coldest quarter BIO11 

Annual precipitation  BIO12 

Precipitation of wettest month BIO13 

Precipitation of driest month BIO14 

Precipitation seasonality (standard deviation/mean) BIO15 

Precipitation of wettest quarter BIO16 

Precipitation of driest quarter BIO17 

Precipitation of warmest quarter BIO18 

Precipitation of coldest quarter BIO19 

 Altitude 

 

Results 

Considering the species' habitat and the Pearson correlation coefficient, six environmental 

variables were selected (Table 2). The variables with Pearson correlation values <0.75 included 

altitude, BIO1 (Annual Mean Temperature), BIO 3 (Isothermality), BIO6 (Min temperature of 

the coldest month), BIO 9 (Mean temperature of the driest quarter), BIO 15 (Precipitation 

seasonality) and BIO 18 (Precipitation of warmest quarter). 
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Table 2. The selected variables with their percent contribution. 

Percent contribution Variable 

0.4572 BIO1: Annual mean temperature 

7.0038 BIO3: Isothermality (BIO2/BIO7) * (100) 

9.017 BIO6: Min temperature of the coldest month  

0.0056 BIO9: Mean temperature of driest quarter 

1.2005 BIO15: Precipitation seasonality (coefficient of variation) 

68.6065 BIO18: Precipitation of warmest quarter 

13.7094 Altitude 

 

The average AUC value for the model was 0.963 (Fig.1). According to the predictive map, the 

distribution of Triturus karelinii covers northern Iran and is limited to the Golestan, Mazandaran, 

Guilan, and Ardabil Provinces. The central and southern regions of Iran are unsuitable for 

Triturus karelinii (Fig. 2). 

 

Figure 1. The receiver operating characteristic (ROC) curve and AUC of Triturus karelinii in Iran. 
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Figure 2. Potential distribution of Triturus karelinii in Iran. Pink triangles signify available records used 

in this study. Colors and numbers present predicting of occurrence (Appendix 1).  

 

The percent contribution of variables showed that the variables bio 18 (precipitation of warmest 

quarter) and altitude have the greatest contribution to the species distribution model. The mean 

temperature of the driest quarter with 0.0056 contributions has the least effect on the model 

(Table 2). More than 100 mm of precipitation during the warmest quarter and an altitude below 

1500 meters predicted the most suitable habitats (Figs. 3 and 4). 

 

Figure 3. The response curves of Precipitation of warmest quarter (millimeter) 

javascript:;
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Figure 4. The response curves of Altitude (meter) 

 

 
Figure 5. Habitat of T. karelinii in Lahijan (Guilan province), Iran (by Pourhalajii, 2021) 

Discussion 

Predictive distribution maps provide useful information for identifying suitable areas when 

distribution data for a species are limited. These maps help assess the conservation status and set 

up large-scale geographic management plans for target species or communities (Benito et al., 

2013). Thus, species distribution models can be a key component in conservation plans for 

species, as it allows us to estimate and identify suitable habitat for the species based on abiotic 

factors (e.g. climate) (Nasrabadi et al., 2018). 
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We used the maximum entropy approach to model the distribution of a particular species, the 

southern crested newt Triturus karelinii because little has been done so far to identify the habitat 

preference, potential distribution, and important environmental factors for this species in Iran.   

The average AUC value for the model was 0.963, demonstrating very good performance. The 

habitat suitability map shows that the Golestan, Mazandaran, Guilan, and Ardabil Provinces 

contain habitat for the species, whereas the central region of Iran is unsuitable given low 

precipitation. Thus it seems that the distribution of T. karelinii is practically restricted to the area 

north of the Alborz Mountains in Iran (Fig. 2). Our results emphasize the predictive model of 

Wielstra and Arntzen (2020), which considers the southern area of the Caspian Sea and the north 

of the Elburz Mountains have suitable climate conditions for this taxon. 

Precipitation of the warmest quarter (Bio18), precipitation seasonality (Bio15), and altitude were 

the most important contributors to the habitat suitability of T. karelinii, when used 

independently, indicated by their high contribution (Table 2). Water availability is the most 

important variable that determines the distribution range of T. karelinii, more precisely the 

amount of moisture and rainfall in spring and summer which is the peak activity time. The 

suitable precipitation of the warmest quarter for T. karelinii was 100–300 mm, indicating that 

this species prefers a humid environment (Fig. 3). The predicted distribution and presence of this 

species decreases in altitude and the highest density is predicted in lowlands (Fig. 4), although 

we observed the species at an altitude of 2800 meters in Ardabil Province. Precipitation of the 

warmest quarter increases the vernation in the northern region of Iran and breeding populations 

of T. karellini are often found in water bodies in Hyrcanian forest and shrubs (Fig. 5). The 

protection of Hyrcanian forests in Iran and the biodiversity of its amphibians is an essential issue 

that should be given more attention. 
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