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An adequate understanding of the relationship between amphibians and their habitat has been 

among the main challenges in herpetology in recent decades, particularly given the role of global 

change in the rapid declines of this group worldwide. Using the Artificial Neural Networks ap-

proach (ANN), we examined the environmental factors determining the occurrence of amphibians 

in the aquatic ecosystems in Tensift region of Morocco. We applied this modeling technique to 14 

environmental factors and the presence of amphibian species collected from 40 sites. The results 

showed that the ANN is a useful approach to evaluate the effects of habitat factors on species oc-

currence. The model correctly classified all species with high performance. The best result was 

obtained for Bufo spinosus data, with a recognition percentage of 93.6% and a prediction perfor-

mance of 99.4%. Of all factors studied, altitude was key in explaining the species distribution and 

richness, followed by hydroperiod and conductivity, for almost all species. The importance of oth-

er factors varied according to species. Principal Component Analysis differentiated a community 

composed by three species of Bufonidae (Bufotes boulengeri, Sclerophrys mauritanica and Bar-

barophryne brongersmai) that are close to Hyla meridionalis, while Bufo spinosus, Discoglossus scovazzi 

and Pelophylax saharicus were influenced by other environmental factors. The results provide im-

portant new information that will support conservation decision making for the protection of am-

phibian populations and their habitats in the studied region. 

Key words:  community; environmental factors; habitat variables; occupancy; spatial distribution. 

The ways environmental conditions 

impact species strongly influences habitat 

use, spatial distribution and community 

composition (Schoener, 1989). A detailed 

understanding of these interactions is 

therefore an essential step to have an over-

view on the adaptations of species to their 

living environments, as well as the imple-

mentation of efficient conservation and 

protection programs for endangered spe-

cies. The impacts of environmental condi-

tions on habitat use and spatial distribu-

tion is particularly important for amphibi-

an fauna due to their complex life cycle 

(Wilbur, 1980), their dependence on wet-

lands for breeding and the spatial hetero-

geneity of the habitats they require for liv-

ing (Hartel et al., 2006). Previous studies 
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have revealed strong relationships be-

tween environmental parameters and rich-

ness and abundance of amphibian species 

across various ecoregions (Cogălniceanu 

et al., 2012; Oda et al., 2016; Escoriza ӕ Ben 

Hassine, 2017; Préau et al., 2018). The Arti-

ficial Neural Network (ANN) has not been 

previously used for this purpose in am-

phibians , even though this modeling tech-

nique is an efficient approach for complex 

non-linear data (Lek ӕ Guegan, 1999; 

Chang ӕ Chuang, 2013). ANN has been 

extensively employed in applied ecologi-

cal studies for groups other than amphibi-

ans, including: predicting phytoplankton 

production (Scardi, 1996), predicting fish 

species richness, density and biomass 

(Baran et al., 1996; Brosse et al., 1999), or 

predicting production / biomass ratio of 

animal populations (Brey et al., 1996). In 

the present study, we conduct an analysis 

of the relationships between amphibians 

and their microhabitats in the Tensift re-

gion, Morocco, using ANN which take 

into account the non-linearity of data. 

Most investigations of Moroccan am-

phibians have examined taxonomy and 

distribution (e.g. Bons ӕ Geniez, 1996; 

Schleich et al., 1996; Beukema et al., 2013), 

while some others  have studied habitat 

use, particularly in the northern region (El 

Hamoumi et al., 2007; El Hamoumi ӕ Him-

mi, 2010; Escoriza ӕ Ben Hassine, 2015, 

2017; Escoriza et al., 2016). In order to ex-

tend our knowledge on the interaction 

between amphibians and their habitats in 

Morocco, we focused our study on the 

Tensift region, which provided a high di-

versity of habitats from wetlands (High 

Atlas Mountains) to arid environments 

(Jbilets). This work is an important contri-

bution to the measurement of environ-

mental factor effects on amphibians in the 

region and therefore provides tools for 

better conservation actions. Our objectives 

were i) to describe the habitat of each spe-

cies using 14 environmental variables and 

the ANN approach, and ii) to identify the 

environmental variables that predict the 

presence of amphibian species in the 

aquatic habitats of the region.  

 Materials and Methods 

Study site and sampling 

This study was carried out in the 

Tensift watershed, located in central Mo-

rocco and covering an area of 20 450 km² 

(Fig. 1). The Tensift watershed is sur-

rounded by the crest of the High Atlas 

Mountains (with an altitude above 4000 

m) in the south and the Jbilet Mountains in 

the north. Water from these mountains 

flows west across the Haouz plain. The 

region includes a complex landscape and 

topography, including escarpments and 

floodplains. Rainfall varies from 800 mm 

in the mountain region to 190 mm in the 

plain. The arid and semi-arid character 

dominates throughout the region and the 

sub-humid character appears at an alti-

tude above 1500 m. The high elevation 

regions receive more annual precipitation 

than lowlands, the latter receiving water 

also from snow melting coming from the 

mountains. Tributaries originating from 

the Jbilets are characterized by short 

spates following rainstorms. The climate 

of the region is highly seasonal, with irreg-

ular precipitations and occasional pro-

longed droughts.  

From 2013 to 2015, we sampled 40 

aquatic sites spread across the studied re-
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gion (Fig. 1; Table 1). The habitats sur-

veyed included dayas (permanent / tempo-

rary ponds), streams, rivers, lakes and irri-

gation systems. All samples were collected 

during the breeding season (April to June) 

when the detectability of amphibians 

(adults and / or larvae) was highest 

(Schleich et al., 1996). We visited each site 

at least three times and surveyed amphibi-

ans using diurnal visual transects and ac-

tive search under stones along the entire 

shore. We also surveyed each site for one 

hour during the night at every visit 

(listening points). We registered the de-

tected species and assumed absent the spe-

cies that were not detected during these 

surveys. For each locality, the habitat was 

evaluated using 14 environmental varia-

bles, which were selected according to re-

gional landscape features and previously 

published works (Smith et al., 2007; 

Baӑkale ӕ Kaya, 2009; Cogălniceanu et 

al., 2012; Oda et al., 2016; Escoriza ӕ Ben 

Hassine, 2017; Préau et al., 2018). The rec-

orded variables were: altitude (ALT in me-

ters above sea level), conductivity (CON in 

µS · cm-1), which was used as a proxy for 

water salinity, water temperature (WT in °

C), air temperature (AT in °C), water col-

umn depth (DEP in cm), which was classi-

fied in three levels (less than 50 cm, 50-100 

cm and more than 100 cm), type of soil 

around the aquatic habitat at 300 m (TS, 

which was classified as clay, sandy or 

rocky), type of water body (WB, classified 

as river, lake, pond or irrigation system), 

hydroperiod (HYP, classified as perma-

nent, intermediate, rarely dry or ephemer-

al), nature of background (BAC, classified 

as sediment, pebble, sandy or rocky), type 

of water ecosystem (AQT, classified as 

running or stagnant water), type of vegeta-

tion at 300 m around the aquatic habitat 

(VEG, classified as arid steppe, shrubby or 

lawn), and presence or absence (binomial 

variables) of aquatic plants (AQP), algae 

Figure  1: Map of Marrakech-

Safi region showing the study 

sites. See Table 1 for additional 

information about the sites.  
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(ALG) and fishes (FIS).  Conductivity and 

water temperature were measured in situ 

with a multiparameter HI9829 (Hanna 

Instruments, Woonsocket, Rhode Island, 

USA). Air temperature was measured with 

a digital thermometer. The average water 

column depth was taken as the mean val-

ue of three suc-cessive measurements from 

ID  Site  Altitude (m)  Type of habitat  Species richness 

1  AitOurir  896  river, temporary  2 

2  Tidili  896  pond, temporary  3 

3  Amezmiz  980  pond, temporary  3 

4  AssifElma  926  pond, temporary  2 

5  Gheghaya  1082  river, permanent  3 

6  Adassil  1100  pond, temporary  2 

7  Ait Adel  843  lake, permanent  4 

8  Ouled Abbes  581  artificial pool, permanent  2 

9  Boulaaouane  1072  artificial pool, temporary  1 

10  Lalla Aziza  1072  pond, temporary  1 

11  O. Chichaoua  333  river, temporary  4 

12  Abaynou  461  pond, permanent  1 

13  Elgantour  398  pond, permanent  2 

14  Meskala  414  river, temporary  2 

15  Essaouira  4  lake, permanent  3 

16  Sidi Kaouki  11  pond, temporary  2 

17  Tidzy  14  river, temporary  2 

18  Oued Ksob  20  river, permanent  1 

19  Squala  4  artificial pool, permanent  1 

20  Tiganzi  1250  artificial pool, permanent  5 

21  Ijoukak  1042  river, permanent  3 

22  Igherman  1143  pond, temporary  1 

23  Imlil  1534  river, permanent  5 

24  Boukricha  540  river, temporary  2 

25  Jboub  517  artificial pool, permanent  3 

26  Jaaidate  623  artificial pool, temporary  2 

27  Marigha  920  river, temporary  1 

28  Oued Nʹfis  565  river, permanent  3 

29  Oukaimeden  2623  river, permanent  6 

30  Ourika  1071  river, permanent  3 

31  Sidi chiker  492  pond, temporary  4 

32  Takerkouste  602  lake, permanent  2 

33  Taounghast  1196  river, permanent  4 

34  Oumnaste  504  river, temporary  1 

35  Tigerdi  1677  pond, temporary  2 

36  Tighedouine  1068  river, permanent  2 

37  Tameslouht  570  pond, temporary  2 

38  AitHkim  581  river, permanent  1 

39  Chichaoua  333  pond, temporary  2 

40  Tiwly  602  river, temporary  2 

Table 1: List of sampled localities and their amphibian species richness.  
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the shore to the centre. The presence or 

absence of aquatic plants, algae and fish 

was determined visually by scanning the 

surface of the aquatic habitats. All varia-

bles related to habitat characteristics were 

sampled between 10:00 am and 12:00 pm.  

Modelling techniques 

We analyzed the collected data with 

a multilayer perceptron, which is a class of 

feed-forward ANN (Lek ӕ Guegan, 1999). 

The networks are composed of a series of 

interconnected nodes (neurons) which re-

ceive and process input signals and poten-

tially generate output signals (Structure of 

ANN is shown in Fig. 2). This technique 

can analyze large data sets and display 

relationships between the input parame-

ters and output terms, for both linear and 

non-linear relationships (Lek ӕ Guegan, 

1999). The neurons in each layer are fully 

interconnected by connection strengths, 

which express the relative importance of 

each input to a processing element (Lek ӕ 

Guegan, 1999).  

Using SPSS Statistics 20, we built net-

works with a single hidden layer of one 

individual neuron, an input layer of 14 

neurons corresponding to 14 environmen-

tal factors obtained from the 40 sites (560 

data), and an output layer of two neurons 

corresponding to presence and absence of 

species. For species richness classification, 

the architecture of the model was the 

Figure 2: Structure of the used Artificial Neural Network. Fourteen input neurons corresponding 

to 14 independent environmental variables (see text for description of abbreviations), one hidden 

layer neuron (H1) and two output neurons for estimating the presence / absence of the seven am-

phibian species, which were afterwards predicted. For species richness, the last layer connects to 

the output variables with one neuron for estimating the number of species. 
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same, except that the output layer was 

composed by a single neuron correspond-

ing to the number of species. We used the 

following procedures to process the data: 

(1) split the data into 70% for model train-

ing and 30% for testing; and (2) use the 

mean of 10 networks to evaluate the classi-

fication performances, accuracy measures 

and relative contribution of habitat varia-

bles. 

Performance of the ANN model 

To assess the classification capacity of 

ANN models, we considered the following 

accuracy measures: (i) sensitivity, defined 

as the proportion of presence correctly 

classified; (ii) specificity, defined as the 

proportion of absence correctly classified; 

(iii) over-prediction, defined as the propor-

tion of observed absence but predicted 

presence; (iv) under-prediction, defined as 

the proportion of observed presence but 

predicted absence; and (v) area under the 

curve (AUC) of the receiver operating 

characteristic. 

Importance of habitat variables 

We used Garson’s algorithm (Goh, 

1995) to determine the influence of the en-

vironmental variables. The mean was used 

to provide the relative contribution of each 

habitat variable (Thuiller, 2003; Segurado 

ӕ Araujo, 2004). We assumed a given vari-

able to be important if its contribution was 

greater than 7.14% (the mean value of a 

theoretical homogeneous distribution of all 

the variables; i.e., 100% of contribution / 14 

variables = 7.14%) (Brosse et al., 2001). 

Likewise, we used the mean of the 10 

ANN models to assess and visualize the 

distribution of all species in the environ-

mental space using a Principal Component 

Analysis (PCA). 

Results 

Amphibian species and diversity 

A total of seven species of amphibians, 

representing seven genera and four fami-

lies, were found in the Tensift region with 

high variability in their spatial distribu-

tion. All the inventoried species corre-

spond to amphibian taxa previously rec-

orded in the region. The family Bufonidae 

was represented by four species 

(Barbarophryne brongersmai, Bufo spinosus, 

Bufotes boulengeri and Sclerophrys mauritani-

ca), while the other families were repre-

sented each by one species (Alytidae: Dis-

coglossus scovazzi; Hylidae: Hyla meridional-

is and Ranidae: Pelophylax saharicus). 

Among the recorded species, B. spinosus 

was the rarest (only in 5% of sampled sites, 

N = 2), while P. saharicus was the most 

common one (95% of sites, N = 38). Scle-

rophrys mauritanica, a species that ap-

proaches water only during the breeding 

season, was documented in 55% of the 

sites. Bufotes boulengeri and H. meridionalis 

were identified in 11 and 12 sites, respec-

tively (i.e. 27.5% and 30% of sites), while 

D. scovazzi and B. brongersmai (two Moroc-

can endemic species) were present in 

17.5% and 10% of sites, respectively. 

The number of species per site ranged 

from 1 to 6 (mean ± standard deviation: 

2.43 ± 1.24). The majority of sites contained 

less than four species (82.5%), and only 

seven sites contained 4-6 species. Those 

sites with more than five species were lo-

cated in mountain areas. The site with the 

highest richness (six species) was the 

Oukaimeden station (2600 m).  
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Performance of the ANN Model 

Several iterations of the ANN analysis 

were necessary to guarantee the conver-

gence of estimated values toward the ex-

pected ones without obtaining an overfit 

(Gallant, 1993). With the training set of 

data, the performance fluctuated between 

69.2 and 83.3% for 1 to 500 iterations, 

whereas that of the testing set increased 

from 40% to 69% (up to 50 iterations). Af-

ter 50 iterations, the performance of the 

testing set fluctuated between 69 and 

83.3%. We stopped training of network of 

all species at 100 iterations in order to 

avoid overfitting. 

We averaged the accuracy measures of 

the 10 model repetitions (Table 2). All 

AUC values were higher than 0.75, with 

the best results being obtained for B. spi-

nosus (mean ± SD: 0.98 ± 0.34) and D. sco-

vazzi (0.95 ± 0.62). The sensitivity values, 

reflecting the ability of the models to dis-

criminate presences and absences, were 

greater than 70.8% for all species with a 

maximum classification of 100% obtained 

for B. spinosus and P. saharicus. This means 

that all observed presences were correctly 

classified. Likewise, the models returned a 

similarly high proportion of correctly clas-

sified absences for all species (specificity > 

85%) except for P. saharicus (61.7%). We 

also noted that sensitivity was higher than 

the specificity in S. mauritanica and P. sa-

haricus, while the opposite was true for 

less abundant species in the region. For the 

rarest species, B. spinosus, both accuracy 

measures were extremely high (100%). 

Over-prediction and under-prediction val-

ues were also high (Table 2) and positive 

and negative results had at least 81% 

chance of being correct (example of H. me-

ridionalis). 

The predictive power of the different 

models, determined from 10 training frac-

tions, was tested on 10 test fractions (Table 

3). Even though the operation was repeat-

ed 10 times with different observations, 

standard errors calculated for each species 

were low (less than 20%), showing again 

the stability of the network models. We 

obtained correct classifications for all spe-

cies and the performance percentages 

were high, both in the training and in the 

testing sets (Table 3). The best result was 

obtained for B. spinosus data, with a mean 

Table  2: Performance parameters (sensitivity, specificity, under-prediction, over-prediction and 

AUC) of the Artificial Neural Network models constructed using 14 input variables for each am-

phibian species. Values represent mean ± standard deviation of 10 replicates. 

Species  Sensitivity  Specificity 
Over‐

prediction 
Under‐

prediction 
AUC  

Hyla meridionalis  70.6 ± 16.5  91.9 ± 7.1  81.6 ± 15.4  88.6 ± 6.5  0.78 ± 0.60 

Discoglossus scovazzi  86.7 ± 21.9  98.1 ± 3.4  92.1 ± 13.3  96.7 ± 6.0  0.95 ± 0.62 

Barbarophryne brongersmai  78.3 ± 23.6  99.1 ± 2.7  95.0 ± 15.8  97.6 ± 2.9  0.81 ± 0.13 

Bufotes boulengeri  77.7 ±  14.7  94.5 ± 5.3  84.7 ± 14.2  92.3 ± 5.2  0.77 ± 0.50 

Sclerophrys mauritanica  92.1 ± 5.2  85.1 ± 8.5  88.1 ± 7.2  89.7 ± 6.7  0.87 ± 0.54 

Bufo spinosus  100.0 ± 0.0  100.0 ± 0.0  100.0 ± 0.0  100.0 ± 0.0  0.98 ± 0.34 

Pelophylax saharicus  100.0 ± 0.0  61.7 ± 27.2  96.5 ± 3.0  100.0 ± 0.0  0.75 ± 0.17 
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recognition percentage of 93.6% and a pre-

diction performance of 99.4%. The poorest 

result was obtained for B. boulengeri, with 

80.1% recognition percentage and 84.1% 

prediction performance. The values for the 

other species are comprised between 85.5 

and 95.5%, and between 82.0 and 92.3% for 

recognition percentage and prediction per-

formance, respectively. These results indi-

cated an excellent classification perfor-

mance of the ANN model. 

Importance of habitat variables 

According to the ANN model, amphib-

ian habitats in the region were defined by 

a complex combination of different habitat 

characteristics (Table 4). Species presence 

was influenced by a wide variety of envi-

ronmental parameters as the case of P. sa-

haricus and B. boulengeri. The contribution 

of the 14 variables ranged from 1.6 to 21% 

in the ANN models for the different spe-

cies (Table 4). The results emphasize the 

importance of five variables: altitude, con-

ductivity, hydroperiod, type of soil and 

vegetation. Altitude was the only habitat 

factor that affected the distribution 

patterns of all species. It was the most im-

portant factor predicting the presence of B. 

spinosus (explaining a 29% of the species 

presence) and D. scovazzi (21%). In fact, B. 

spinosus was rare and was found at high 

altitude sites like Imlil (1534 m) and 

Oukaimeden (2600 m), whereas D. scovazzi 

was detected in seven out of the eight 

sampled sites at an altitude above 850 m. 

According to the models, vegetation was 

the only other factor affecting the distribu-

tion of B. spinosus. The presence of D. sco-

vazzi was affected by water depth (> 50 

cm), type of soil (clay) and nature of back-

ground (sediment). Altitude was also a 

Input 

var. 

H.  

meridionalis 

D.  

scovazzi 

B.  

brongersmai 

B.  

boulengeri 

S.  

mauritanica 

B.  

spinosus 

P.  

saharicus 

Species 

richness 

ALT  13.637  21.006  9.621  8.109  9.104  29.010  8.683  25.662 

AT  7.197  6.098  9.742  6.461  15.787  6.550  5.544  6.334 

WT  6.776  4.751  5.947  7.195  6.497  5.616  8.066  7.643 

CON  9.081  5.262  10.460  7.818  11.433  6.120  10.437  8.746 

TS  7.212  8.813  4.867  9.987  6.719  4.848  9.143  6.646 

BAC  2.902  8.740  4.792  4.814  4.294  4.033  7.866  4.595 

AQT  3.888  1.595  6.571  5.870  5.905  4.337  6.486  3.629 

HYP  13.798  7.377  7.179  10.772  10.777  6.933  6.763  7.008 

WR  6.554  4.876  6.325  5.337  6.420  2.835  4.533  4.923 

DEP  3.825  12.309  7.916  6.384  5.198  5.421  7.802  5.396 

AQP  4.339  6.142  4.236  2.446  3.368  2.825  8.844  3.500 

FIS  6.529  4.841  6.394  8.957  4.702  5.391  4.501  5.063 

ALG  5.850  2.518  5.467  10.275  4.084  1.604  4.125  5.423 

VEG  8.411  5.672  10.485  5.574  5.712  14.478  7.206  5.433 

Table 4: Relative importance of the 14 input variables expressed as percentage of contribution to 

explain species presence and richness, obtained from Artificial Neural Networks and determined 

by Garson’s algorithm. The most important variables for each species are highlighted in bold 

characters. See text for description of variable abbreviations. 
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Figure 3: Distribution of the seven amphibian species and the 14 environmental variables relative 

to the first two axes (Principal Components, PC1 and PC2) of the Principal Component Analysis. 

For each species, we used the mean of the ten ANN models to assess the spatial distribution. See 

article text for definition of the environmental variables. 

determinant factor for the presence of H. 

meridionalis (13.6%), which was found in 

permanent or intermediate waters. The 

results showed that B. brongersmai distri-

bution was essentially affected by conduc-

tivity, with its presence localized in the 

arid steppe. The presence of S. mauritanica 

was related to air temperature, conductivi-

ty and hydroperiod. The last two species, 

B. boulengeri and P. saharicus, were de-

pendent on a variety of factors (seven and 

eight factors, respectively), with hydro-

period and conductivity as the most im-

portant ones, respectively.  

The results of the contribution of the 14 

environmental variables on the amphibian 

richness in the Tensift region showed that 

altitude, conductivity, water temperature 

and hydroperiod were the most influenc-

ing factors (49.05%). The greatest contribu-

tion (25.66%) was attributed to altitude. In 

fact, the specific richness follows an altitu-

dinal gradient with the highest number of 

species (six) found in the humid area of 

Oukaimeden at 2600 m. 
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The first and second axis of the PCA 

conducted to visualize the distribution of 

all species and to understand species com-

munities accounted for 45.6 and 21% of the 

total variation, respectively (Fig. 3). The 

first axis was positively correlated with 

altitude, vegetation, conductivity, hydro-

period and air temperature and negatively 

correlated with the rest of the variables. 

Overall, this axis described the transition 

from mountains to plains. Bufo spinosus 

showed a strong positive correlation with 

this axis, as it was found only in the hu-

mid mountain zones. The second axis was 

positively correlated with hydroperiod 

and negatively to aquatic plants and 

depth. Overall, the second axis described 

the transition from temporary to perma-

nent waters. Discoglossus scovazzi and P. 

saharicus showed a negative correlation 

with this axis, whereas species belonging 

to Bufonidae family were positively corre-

lated to this axis (mostly found in arid 

habitats). 

Discussion 

The Tensift region is an extensive and 

heterogeneous area with multiple environ-

mental factors that shape amphibian dis-

tribution. This study demonstrated that 

ANN can be used to predict the presence 

and absence of amphibian species in the 

Tensift region based on environmental 

characteristics of the habitats. The results 

agree with existing ecological data availa-

ble for the species found in the sampled 

sites. According to these results, the ANN 

may constitute an efficient tool to explain 

the presence of amphibians in the study 

region. 

Elevation has been found to be a highly 

influential factor for species distribution. 

A strong relationship between elevation 

and species richness was previously re-

ported in amphibians (Escoriza ӕ Ben 

Hassine, 2017) and in a variety of other 

taxa (McCain, 2005). It has been found 

that amphibian species diversity increases 

with elevation, as a result of complex con-

comitant changes in temperature and pre-

cipitation regime leading to less evapora-

tion and more persistent water bodies 

(Benítez et al., 2017). Altitudinal variability 

is associated with variation in climatic, 

biological and geographical conditions, 

which ultimately affect species richness 

(Rahbek, 1995; Whittaker et al., 2001). 

Other than elevation, the variables that 

characterized water bodies (e.g. conductiv-

ity and hydroperiod), were found to be the 

most influential for the presence of am-

phibians in the study sites. All species col-

onized environments with low conductivi-

ty, except P. saharicus and B. boulengeri, 

which were found in water with high con-

ductivity in coastal areas (Sidi Kaouki and 

Tidzy). Adults and larvae of B. boulengeri 

have been previously reported to be very 

tolerant to salinity (Schleich et al., 1996; El 

Hamoumi et al., 2007). In general, most 

amphibians are sensitive to salinity be-

cause their skin and egg membranes are 

highly permeable and have poor osmoreg-

ulatory ability (Wells, 2007).  

As expected, the presence of B. spinosus 

is strongly influenced by altitude (29% of 

contribution). This result is consistent with 

other reports of the ecology of this species 

in Morocco and North Africa (Bons ӕ Ge-

niez, 1996; Schleich et al., 1996; El Hamou-

mi ӕ Himmi, 2010; Escoriza ӕ Ben Hassine, 
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2017). In Morocco, the distribution range 

of B. spinosus is limited to the humid local-

ities on the Mediterranean and Atlantic 

coasts, remaining at mountain sites in the 

rest of the country  (Schleich et al., 1996). 

In North Africa, the species colonizes only 

the niches under cool and humid climates 

(Escoriza ӕ Ben Hassine, 2017) and reach-

es an altitude of 2750 m, which represents 

the highest elevation for amphibians in the 

region (Bons ӕ Geniez, 1996). Living at 

high elevations offers access to permanent 

water bodies, which is important for this 

species (Diaz-Paniagua, 1990; El Hamou-

mi et al., 2007).  

Altitude is also an important factor for 

the distribution of D. scovazzi and H. merid-

ionalis. Their frequent presence at high 

altitudes is likely linked to their preference 

for permanent or semi- permanent waters 

and to the presence of vegetation around 

water bodies, although a previous study 

found that D. scovazzi typically occurred in 

ephemeral pools (El Hamoumi et al., 2007). 

Our findings are more in line with the eco-

logical needs of species, like D. scovazzi, 

with large tadpoles that require longer 

hydroperiods to complete their develop-

ment (Kulkarni et al., 2011; Escoriza ӕ 

Ben Hassine, 2017). The distribution rang-

es of H. meridionalis and D. scovazzi in Mo-

rocco also indicate a preference for perma-

nent water (Bons ӕ Geniez, 1996; Schleich 

et al., 1996; Mediani et al., 2015), despite 

differences in the ecological requirements 

of adults (El Hamoumi et al., 2007). Pas-

teur ӕ Bons (1959) also noted the lack of a 

satisfactory explanation for the distribu-

tion of these two species. 

The presence of H. meridionalis at low 

elevation sites of Tensift region is very 

limited, due to the species preference for 

permanent waters and abundant vegeta-

tion, as reported by other authors 

(Schleich et al., 1996; Fernández-

Cardenete et al., 2000). Nevertheless, in 

contrast to its common name 

(Mediterranean tree frog), the presence of 

this species is not always linked to abun-

dant vegetation. In the southern marginal 

zone, as the Anti Atlas region, the species 

occurrs in arid areas near temporary 

streams characterized by little vegetation 

(Beukema et al., 2013).  

Barbarophryne brongersmai was found 

primarily in sites at low altitude and arid 

steppes, exclusively in temporary ponds. 

These results are in accordance with its 

ecological behavior. Barbarophryne brong-

ersmai is a small Moroccan endemic anu-

ran (body size about 5 cm) occurring par-

ticularly in the south of the High Atlas, in 

semi-arid to desert environments (Bons ӕ 

Geniez, 1996; Schleich et al., 1996). It is 

considered as the Moroccan amphibian 

species better adapted to aridity and tem-

porary aquatic habitat availability. A 

study of B. brongersmai skeletal structure 

pointed out unique features that might be 

due to the rapid larval development asso-

ciated with ephemeral ponds (Delfino et 

al., 2009). Other morphological traits, like 

flattening of vertebrae, horizontal develop-

ment in the sacral lateral apophysis and 

reduction of ridges in the vertebral neural 

arches, are thought to be adaptations that 

help this species to survive in small crevic-

es (Doglio et al., 2010). In the study area, 

which constitutes the northern limit of its 

distribution, B. brongersmai is limited to 

arid zones in the Haouz, Jbilets and Essa-

ouira regions.  
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Bufotes boulengeri and P. saharicus were 

found to tolerate a wide variety of envi-

ronmental parameters. These two species 

are habitat-generalists and breed in a 

broad range of aquatic habitats (Pasteur ӕ 

Bons, 1959; Bons ӕ Geniez, 1996; Schleich 

et al., 1996; El Hamoumi et al., 2007; El 

Hamoumi ӕ Himmi, 2010). Bufotes bouleng-

eri has been found primarily in temporary 

habitats, where it lives frequently in sym-

patry with S. mauritanica. It is resistant to 

drought (Schleich et al., 1996). The other 

opportunistic species, P. saharicus, has 

been found to be strictly aquatic in perma-

nent natural and man-made water bodies 

with a preference for water depths higher 

than 50 cm. It colonizes both stagnant and 

running water bodies. In the Tensift re-

gion, its distribution seems to be continu-

ous and almost homogeneous, with high 

abundance at high altitude. This finding 

agrees with what has been reported for the 

species in the north of Morocco. 

The toad, S. mauritanica, was common 

in our study sites and showed a continu-

ous distribution. The species inhabits al-

most all types of landscapes in the Medi-

terranean region, and is considered as the 

second most common amphibian in the 

Maghreb after P. saharicus (Schleich et al., 

1996). In our study, S. mauritanica occurred 

in most still or slow-moving water bodies 

with low conductivity. It is the only toad 

found in running waters, often at high 

densities (El Hamoumi et al., 2007). 

Our results revealed multiple commu-

nities of amphibians whose presence and 

absence are shaped by similar ecological 

factors. One of the main communities 

identified was composed of B. brongersmai, 

B. boulengeri and S. mauritanica. This group 

corresponds to the lentic-benthic type de-

scribed by Escoriza ӕ Ben Hassine (2017) 

on the basis of morphological characters of 

larvae. According to these authors, the 

occurrence of species with specific mor-

phological characteristics of larvae in the 

group was influenced by the aridity. In-

creased aridity is associated with unstable 

hydrological regimes, which possibly fa-

vours species with small benthic tadpoles, 

such as xeric Bufonidae. 

In conclusion, the ANN approach 

worked well for the analysis of the collect-

ed data and the results were in accordance 

with existing knowledge for the studies 

species. The ANN models allowed us the 

determination of the environmental factors 

that shape distribution of each species, 

with the altitude as the most important 

one. Conductivity and hydroperiod also 

influenced the presence of most studied 

species. However, the measured environ-

mental factors could not explain all varia-

tions in species presence and richness. 

Other factors that were not measured in 

this study, such as the size of the water 

bodies, as well as broader ecosystem 

health and pollution from agricultural 

chemicals, likely impact amphibian popu-

lations as well. These factors must be in-

cluded in future studies to better describe 

the habitat preferences of amphibian spe-

cies. 
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