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Abstract. This research aimed to determine the potential habitats of Vaccinium arctostaphylos 

as a rare species using the MaxEnt method. For this purpose, sampling was performed from the 

areas of V. arctostaphylos at eight habitats in Namin rangelands, Ardabil, Iran in 2020. Also, 

latitude and longitude as well as physiographic factors were recorded using GPS. Soil samples 

were collected from depth of 0-30 cm. Then, some physicochemical properties of soil such as 

pH, electrical conductivity, soil texture, lime, soluble potassium, magnesium, soluble sodium, 

particulate organic matter, absorbable phosphorus, soluble bicarbonate and clay, silt and sand 

percentage were measured in the laboratory. The MaxEnt model was used to determine the 

relationship between environmental factors and the distribution of V. arctostaphylos. The map 

of environmental factors affecting the distribution of the species was prepared using IDW 

geostatistical method in Arc-GISver.10.8 software. Kappa index was used to evaluate the 

conformity of the forecast map with the actual map. Results of the Jackknife efficiency index 

showed the variables of elevation, rainfall and temperature were the most important variables 

in the distribution of V. arctostaphylos, respectively. Results of response curves showed this 

species is likely to be present in the altitude range of 1500-1900 m. Also, the precipitation range 

in the presence habitats of species is 350-450 mm and the average annual temperature range is 

about 7-10 °C. Results showed that the accuracy of maximum entropy modeling with a Kappa 

index of 0.64 is acceptable and this model has good accuracy in predicting the presence of 

species with main habitat. Generally, results showed MaxEnt model could be used as a 

prediction tool to determine the distribution area of V. arctostaphylos. Moreover, the prepared 

forecast map can be used for better conservation of species and rangelands management and 

improvement of the regions and similar areas. 
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Introduction 
Nowadays, along with the development of 

statistical methods and GIS in plant 

ecology, mapping to predict the distribution 

of plant species or vegetation types has 

become essential. Modeling of plant species 

distribution was defined as predicting the 

potential distribution of a plant species 

based on the relationship between plant 

species presence points and influential 

environmental variables. Habitat prediction 

models help natural resource managers to 

identify threatening factors for plant 

population’s sustainability, determine 

essential factors in conservation planning, 

and study low cost and low time climate 

change scenarios. Also, they can determine 

optimal habitat of plant species, present 

new hypotheses in creating patterns of 

biodiversity, predict changes in future 

scenarios (including land-use change, 

management, etc.), and plan biological 

control for erosion and areas of 

conservation importance (Bagheri et al., 

2017). Since the presence of any plant is 

affected by environmental factors and inter-

species relations, one or more 

environmental factors have the most 

significant effect in the presence of a 

particular plant species if environmental 

factors affecting the distribution of any 

plant can be determined. Regarding 

environmental variables, species 

distribution prediction models can be 

obtained (Zare Chahouki, 2007; Robinson 

and Fordyce, 2017). Potential habitat 

prediction models can play an important 

role in proposing species adapted to 

different ecological conditions for the 

restoration and sustainable development of 

rangeland and forest ecosystems. 

So far, a wide range of statistical models 

based on machine learning have been 

introduced (Bedia et al., 2011). An essential 

aspect of the model is choosing the 

appropriate modeling method because a 

low-utility choice will lead to poor 

performance forecasting (Gaston and 

Garcia-Vinas, 2011). Most of the available 

information is related to the presence of 

species, and the absence data are less 

available; even if these data are available, 

their values are questionable (Anderson et 

al., 2003); Therefore, modeling methods 

that use only presence data are suitable tools 

to overcome this problem (Graham et al., 

2004; Zare Chahouki et al., 2018; Esfanjani 

et al., 2021; Esfanjani et al., 2019). The 

MaxEnt model is a multi-purpose method 

for predicting or inferring incomplete data 

and is considered as the only present 

method for modeling species distribution. 

Also, this model is more efficient than other 

types of models when the number of 

presence points is small (Phillips et al., 

2006). Due to the features such as the use of 

only presence data and high predictability 

and machine learning, this model was used 

to study the environmental factors affecting 

the distribution of rare species of V. 

arctostaphylos. Globally, relatively much 

research was done to model the distribution 

of species using the entropy method. In this 

regard, Zhang et al. (2019) in a suitable 

habitat study predicted Cinnamomum 

camphora L. using the MaxEnt model under 

maximum climate change in China and by 

examining eight environmental variables, 

they concluded that the MaxEnt model is 

reliable for the prediction of the eventual 

habitat of the species (AUC: 0.01) and 

global warming causes expanding the 

potentially suitable habitats of the species. 

Palashi et al. (2019) determined the 

potential habitat of different plant species, 

and using the MaxEnt method in rangelands 

of Jiroft -Kerman Province, they prepared 

the habitat map of Salsola rigida, which 

showed a high correlation between actual 

and predicted maps. Their results showed 

that the accuracy of the classification of the 

model for lime percentage and soil 

electrical conductivity is acceptable, and 

soil variables including organic matter, 

moisture, and texture had the most excellent 

effect on the distribution of habitats of the 

plant species. Esfanjani et al. (2019) 

compared maximum entropy and logistic 

regression in order to determine the 

potential habitats of Prangos pabularia 
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Lindl. in southern rangelands of Ardabil 

province, Iran and related the MaxEnt 

method indicated that factors such as 

phosphorus (P), rainfall, and elevation were 

the most influential factors on the 

distribution of the habitat of P. pabularia. 

Also, Ghafari et al. (2019) in the 

determination of the practical factors in the 

distribution of Festuca ovina using MaxEnt 

method in Moghan-Sabalan rangelands 

located in Ardabil province stated that 

variables of elevation, slope, patch size 

coefficient, potassium depth 15-30, and 

lime of depth 0-15 were the most critical 

factors affecting the distribution of F. ovina. 

Esfanjani et al. (2020) in a study aimed at 

developing the best prediction model for the 

distribution of Prangos uloptera DC. Using 

two methods of logistic regression and 

MaxEnt in the southern rangelands of 

Ardabil province showed that in the 

MaxEnt method, the amount of sand, 

nitrogen, silt, and potassium had the most 

significant effect on the distribution of this 

plant.  

Namin rangelands are one of the most 

important rangelands in Iran that are 

important from ecological aspects such as 

high forage quality, genetic and economic 

resources, forage production, livestock 

breeding and beekeeping. Vaccinium 

arctostaphylos L. from the Ericaceae 

family, which is commonly grown in the 

understory of Fagus trees in the forests of 

the north of Iran and the ecotone of these 

forests and grasslands, is one of the rare and 

valuable plants in terms of medicinal 

properties. It is a shrub plant or semi-shrubs 

up to 3 m tall with dark purple or spherical 

round fruits, and they are full of seeds. 

Vaccinium plant has one species in Iran and 

grows mainly in the heights of Gilan 

(ecotone ecosystems of forests and 

grasslands between Ardabil and Gilan), 

which are endangered due to the 

impossibility of reproduction in nature 

through seeds (Nikavar, 2004; Emad et al., 

2012; Hasanlou et al., 2019). Therefore, due 

to the existing research gap, insufficient 

knowledge about the ecological factors 

affecting the distribution of this rare and 

endangered species, this study aimed to 

determine the most critical environmental 

variables affecting the distribution of V. 

arctostaphylos using climate, soil, and 

topography factors and evaluation of habitat 

prediction ability using MaxEnt method in 

Namin region, Ardabil province, Iran. 

Understanding the environmental factors 

affecting the distribution of plants can be 

helpful in familiarity with the adaptation of 

native species, the preferential orientation 

of the species, and their use in rangeland 

improvement programs. 

 

Materials and Methods  

Study area 
The study area is located in the geographical 

range of 38˚10΄30˝ to 48˚34΄00˝ E longitude 

and 38˚27΄30˝ to 48˚42΄00˝ N latitude in 

Namin region of Ardabil province in 2020 

(Fig. 1). The average rainfall of the region 

using the information of the nearest station 

(Namin station with an altitude of 1345 m 

above sea level) is 378 mm, and the average 

temperature of the region is 8.9°C (average 

minimum 3.03 and average maximum 

14.7°C) (Teimourzadeh et al., 2015; Azimi 

Motem et al., 2011). The existence of 

different topographic conditions and high 

altitude differences and proximity to the 

Caspian Sea had provided suitable 

vegetation conditions for different species 

and for establishing different plant 

communities in this area of ecotone 

(Teimourzadeh et al., 2015; Dadjou et al., 

2018). 
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Fig. 1. Location of the study area in Namin region, Ardabil province of Iran 

 

Sampling Method 
In this study, after a field visit to the study 

area, eight habitats were selected according 

to the diverse topography of the area and the 

purpose of the study. Then, sampling was 

performed inside each habitat from the 

presence areas of the species (Fig. 2). Since 

this plant is a rare species, the location of 

the species was determined in each habitat, 

and in the next step, longitude and latitude 

information and physiographic factors were 

recorded using GPS, and soil samples from 

the presence areas of species were collected 

from a depth of 0-30 cm (active rooting 

depth) (Ghorbani et al., 2015). In the soil 

science laboratory of the University of 

Mohaghegh Ardabili, some physical and 

chemical properties of soil such as pH, 

electrical conductivity, soil texture, lime, 

soluble potassium, magnesium, soluble 

sodium, particulate organic matter, 

absorbable phosphorus, soluble 

bicarbonate, and the percentage of clay, silt 

and sand were measured using physical and 

chemical analysis methods (Table 1) (Jafari 

Haghighi, 2003). 

 

 
 Fig. 2. Pictures of V. arctostaphylos in the study area 
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Table 1. Topographic, climatic, plant and soil factors of V. arctostaphylos species distribution sites 

No. 
Location  

name 

Elevation 

(masl) 

Slope 

(%) 

Aspect 

 

Temp. 

(°C) 

Rainfall 

(mm/Y) 

Density 

(No./ha) 
pH 

EC 

μS/cm) 

Texture 

(%) 

Lime 

(%) 

1 Sooha 1733 23.17 -0.056 9.07 409.21 26 5.3 0.44 
Sandy 

loam 
4.39 

2 Aladizge 1394 10.49 0.68 10.74 341.63 2 5.4 0.34 Loam 4.24 

3 Sagezchi1 1795 27.29 -0.065 8.82 419.32 5 5.3 0.42 
Sandy 

loam 
5.02 

4 Sagezchi2 1725 31.85 0.41 9.08 408.92 45 5.5 0.45 
Sandy 

loam 
5.23 

5 Sagezchi3 1675 19.90 -0.045 9.34 398.55 13 5.5 0.38 
Sandy 

loam 
4.80 

6 Shoghaldare 1601 18.87 0.17 9.59 388.15 4 6.1 0.66 
Sandy 

loam 
4.97 

7 Hor 1627 26.48 0.24 9.45 394.10 3 6.8 0.91 
Loamy 

sand 
7.56 

8 Tifiye 1840 20.21 -0.09 8.39 436.84 2 6.5 0.66 
Sandy 

loam 
7.88 

 

In order to develop the model of spatial 

distribution of the species, a digital 

elevation model (DEM) map with a scale of 

1:25000 and maps related to soil 

characteristics was prepared using 

geostatistical methods and interpolation 

techniques in Arc GISver.10.8 software. In 

order to evaluate the interpolation methods, 

among geostatistical methods, Inverse 

Distance Weighting (IDW) method was 

selected, and two statistical parameters of 

mean absolute error (MAE) and root mean 

square error (RMSE) were used. Finally, by 

overlying the point maps of the sampling 

points and the maps of topographic, 

climatic, and soil factors, the environmental 

data were obtained using spatial statistics 

methods (Ghorbani et al., 2018). 

After completing the information, the 

MaxEnt method was used to model the 

potential habitat of the V. arctostaphylos 

species. Preparation of input layers for the 

MaxEnt model algorithm evaluates the 

probability of distribution of maximum 

values affected by constraints caused by 

environmental variables affecting the 

spatial distributions of the species. In this 

model, the probability of unknown 

distribution π̂ was calculated using species 

presence points (x1 to xn) and limited 

geographical space (set of pixels in the 

study area) (Phillips et al., 2006). The 

entropy π̂  was calculated as follows 

(Equation 1). 

Equation (1) 𝐻(π̂)=∑ π̂(X)lnx∈X π̂(x) 

Where: 

Ln: natural logarithm,  

X: the set of region pixels,  

x: species presence points 

To implement the MaxEnt method, we are 

faced with several input and output 

parameters. Inputs are information on the 

presence of species and environmental 

layers in ASCI format. The presence points 

of the studied species were prepared in 

Excel files in CSV format; then, the data of 

species present, and environmental layers 

were entered into MAXENT3.3.4 software. 

Therefore, for modeling using the MaxEnt 

model, all input maps of the model must be 

prepared in one frame and have the same 

reference ground and coordinate system. 

Also, to implement this method, 70% of the 

presence points were used randomly for 

educational data and the remaining 30% to 

evaluate the model results. Moreover, two 

options were used to construct response 

curves for environmental characteristics, 

and the Jackknife test was used to determine 

the influential variables (Phillips et al., 

2006). To determine the influential 

variables and the option related to the area 

under the curve, (AUC) was selected to 

evaluate the accuracy of the prediction 

model. Because model's output is a 
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continuous probabilistic map, the optimal 

presence threshold must be determined to 

determine the presence of the species in 

question (Phillips et al., 2004; Negga et al., 

2007). The Jackknife test was also used to 

evaluate the significance of each variable in 

the model preparation. Receiver Operating 

Characteristics (ROC) provides all possible 

threshold limits. The ROC curve describes 

the relationship between correctly predicted 

attendances (sensitivity) and the ratio of 

absences that are incorrectly predicted (1- 

specificity). After determining the optimal 

threshold by the method of equal sensitivity 

and specificity, the continuous prediction 

map becomes the presence and absence 

maps of the species. The area under the 

curve between 0.7 and 0.8 indicates a good 

model; between 0.8 and 0.9, it is a great 

model and more than 0.9, it indicates an 

excellent model prediction (Giovanelli et 

al., 2010). 

Eventually, the model output was the 

species habitat prediction map. The 

validation of the prediction map was done 

by comparing the plant ground map with the 

Kappa index. Kappa index was also used to 

assess the accommodation of the forecast 

map with the actual distribution map. The 

kappa index shows the degree of agreement 

between the values of observations and the 

values of predictions, and the error matrix is 

used to calculate it (Zare Chahouki et al., 

2013). The kappa index equation is in 

relation (2) (Latimer et al., 2006): 

 

Equation (2) K=
(𝑎+𝑏)−[(𝑎+𝑐)(𝑎+𝑏)+(𝑏+𝑑)(𝑐+𝑑)]/ 𝑛

𝑛−[(𝑎+𝑐)(𝑎+𝑏)+(𝑏+𝑑)(𝑐+𝑑)]/ 𝑛
 

Where: 

 (a) represents the values that exist both in 

reality and in the model, and the model 

records it as a presence,  

(b) values that are only seen in the model 

but not seen in the real world,  

(c) values that exist in reality, but it is not 

seen in the model,  

(d) values that do not exist in the model or 

in reality and the model records it as an 

absence.  
 

Results 
The accuracy of interpolation methods was 

investigated for all environmental variables 

using the intersection method. The results 

showed that the actual values and predicted 

values for most soil variables were more 

consistent with the inverse distance 

weighting (IDW) method. When the Mean 

Absolute Error (MAE) and Mean Bias Error 

low or close to zero, it means that a suitable 

method has been used to show the reality 

(Khosravi and Abbasi, 2014). Table 2 shows 

the best interpolation method (IDW). 
 
Table 2. Cross-validation results for interpolation of soil properties entered into the MaxEnt model 

Soil properties Simple kriging  Ordinary kriging  IDW 

 MAE RMSE  MAE RMSE  MAE RMSE 

pH 0.066 0.31  0.00006 0.23  -0.000036 0.24 

EC -0.008 0.23  0.0031 0.26  0.000097 0.31 

Lime (%) 0.0058 1.43  -0.017 1.38  0.00064 1.72 

Mg (ppm) -1.136 16.61  -0.886 19.65  -0.0066 23.99 

K (mg/kg) -3.404 129.06  -3.338 102.28  -0.046 143.97 

Na (ppm) -0.0157 9.46  0.132 12.55  0.0175 13.82 

P (mg/kg) -0.096 3.21  -0.089 3.59  -0.00032 4.28 

OC (%) 0.60 7.18  -0.13 7.97  0.00076 9.24 

Hco3- (meq/1) -0.016 5.22  -0.029 6.22  0.0021 7.83 

Soil Texture (%) 0.79- 41.55  0.94 38.74  0.021 40.47 

Clay 0.21- 4.56  -0.07 4.24  -0.0039 4.52 

Silt 3.29 10.69  -0.82 12.52  -0.0022 18.72 

Sand 0.19 12.88  -0.083 14.49  0.0061 18.35 

 

The sensitivity of the MaxEnt model has 

been shown in Fig. 3, using the ROC curve 

in the study area. The area under the curve 

is equal to the probability of distinguishing 
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between the presence and absence points, 

which varies from 0.5 to 1; values above 0.5 

are significant. The MaxEnt method 

produces two ROC curves based on 

learning and test data. As shown in the 

figure, the area under the curve (AUC) for 

learning data is about 0.987 and for test 

data, it is about 0.981 in the study area. 

According to the area classification under 

the curve of Sweet (1988), the model 

indicates a good prediction against the area 

under the curve with a value of 0.5, which 

means that the prediction is random. 

 

 
Fig. 3. Sensitivity analysis of the MaxEnt model using the area under the curve in the study area 

 

Locations of presence and absence of V. 

arctostaphylos were predicted using the 

distributional pattern of affective 

environmental variables. Fig. 4 shows the 

habitat prediction map for the species in the 

study area using the MaxEnt model. The 

output of the entropy model is a continuous 

probable map in which an optimal presence 

threshold value must be set to confirm the 

presence or absence of target species. After 

determining the optimal threshold using the 

test of sensitivity and specificity, the 

continuous prediction map became the 

presence and absence of map (0 and 1); so 

that points larger than the threshold are 

considered as presence and areas lower than 

it are the absence. 
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Fig. 4. The predicted distribution for V. arctostaphylos habitat from the MaxEnt model  

 

In the Jackknife method, an environmental 

variable is removed from the model, and the 

model continues using other variables; also, 

the model is executed separately with the 

excluded variable. In this way, the 

contribution of each environmental variable 

in the whole model (including all variables) 

is calculated (Hosseini et al., 2013). The 

results of the Jackknife method to determine 

the importance of variables in the 

geographical distribution of V. 

arctostaphylos showed that the variables of 

elevation, rainfall, and temperature had the 

most excellent effect on the distribution of 

the species, respectively. Among the soil 

properties, the effects of the variables of 

clay percentage, organic matter percentage, 

sodium, magnesium, geographical aspect, 

pH, phosphorus, and slope are in the 

following priorities. Therefore, the 

mentioned variables have the most helpful 

information, and other environmental 

variables have more negligible effect when 

they are executed separately in Jackknife 

operation. In Fig. 5, the vertical axis of the 

environmental variables and the horizontal 

axis show the effect and importance of the 

variables in three modes (no variable, only 

with the variable and with all variables) in 

obtaining the prediction model. Response 

curves represent the relationships between 

environmental variables and the distribution 

of suitable habitats for plants and can 

provide helpful information about the 

environmental thresholds required for the 

distribution of the plants.  
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Fig. 5. Jackknife results of the importance of environmental variables for V. arctostaphylos 

 

The response curve shows the relationship 

between environmental variables and the 

suitable habitat of V. arctostaphylos. In this 

study, using the MaxEnt model, the 

response curve was prepared for the most 

critical environmental variables 

(determined in the Jackknife method). Fig. 

6 shows the most essential response curves 

of V. arctostaphylos to environmental 

variables in the study area. The results of 

response curves show that the probability of 

the presence of V. arctostaphylos increases 

in the elevation range of 1500-1900 meters 

above sea level. In addition, the probability 

of the presence of V. arctostaphylos 

enhances in 350-450 mm of the 

precipitation range and about 7-10°C of 

annual temperature in the studied habitats. 

Based on the response curves of soil 

variables including the percentage of clay, 

the percentage of organic matter, and 

sodium, we find that the model 

distinguishes irregularities in 

environmental variables.  

Given that equilibrium and stability in 

the plant community mean maximum 

entropy, low accuracy in the input data can 

be very effective in separating communities 

by the MaxEnt method. The accuracy of the 

MaxEnt model and the degree of 

accommodation between the forecast map 

and the actual species distribution map was 

calculated using the cross-validation 

method. In the study area, the kappa index 

value was 0.64, which is a good accuracy 

for the forecasting model. 
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Fig. 6. Response curves of the most effective predictors for V. arctostaphylos  
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Discussion 
Each plant correlates with some climatic, 

topographic, and soil characteristics 

according to the properties of the habitat, 

ecological needs, and environmental stress 

tolerance range. Therefore, identifying the 

main factors affecting the presence and 

absence of plant species and study of each 

species in plant communities can avoid 

spending much expense. In this study, the 

factors affecting the presence of V. 

arctostaphylos were studied. The results on 

sensitivity of the MaxEnt model in the study 

area showed that the area under the curve 

(AUC) for learning data was 0.987 and for 

the test data, it was 0.982, which according 

to Hoffman et al. (2008) theory, is a good 

predictor of the model against the area 

under the curve with a value of 0.5. It means 

that prediction is random. Based on the 

jackknife operation results, the variables of 

elevation, rainfall, and temperature had the 

most significant effect on the distribution of 

the studied species, which is consistent with 

the results of studies of Hasanlou et al. 

(2019) on the genus Vaccinium. Moreover, 

among the soil properties, the effect of 

variables of clay percent, organic matter 

percentage, sodium, magnesium, 

geographical aspect, pH, phosphorus, and 

slope were ranked in the following 

priorities. According to the study of Zarabi 

et al. (2017) in modeling the suitability of 

wild pistacia (Pistacia vera) habitat in 

Sarakhs forests region of Khorasan Razavi, 

Iran, climatic factors (temperature and 

rainfall) and elevation are the most 

important factors affecting the habitat 

distribution. Ma and Sun (2018) used the 

MaxEnt model to predict the distribution of 

Stipa purpurea on the Tibetan Plateau, 

which performs well to understand the 

environmental relationships of species, and 

after examining 11 environmental 

variables, they concluded that rainfall, 

elevation, and temperature are important 

factors for growth and distribution this 

plant. In their study, it was found that 

temperature is an important climatic factor 

for plant growth in arid and semi-arid 

regions. Ghaffari et al. (2016) in 

determining the factors affecting the 

distribution of Festuca ovina by the MaxEnt 

method in Moghan-Sabalan rangelands of 

Ardabil province reported that the elevation 

is one of the most important factors 

affecting the presence of the F. ovina. In 

addition, Esfanjani et al. (2019) stated that 

the variables of elevation, rainfall, and soil 

phosphorus were the most important factors 

affecting the distribution of the Prangos 

pabularia in the southern rangelands of 

Ardabil province.  

According to the results of the present 

study, V. arctostaphylos prefers acidic soils 

with medium to heavy texture and the 

percentage of clay and silt particles in the 

soil was effective in the distribution of V. 

arctostaphylos species. According to 

various studies, the genus Vaccinium is 

acidophilic plant and is found in soils rich 

in organic matter, and an acidic pH 

(Hasanlou et al., 2019; Ostrolucka et al., 

2004). Soil particle size distribution affects 

the process of erosion, temperature, 

porosity, and other soil properties and 

therefore plays a vital role in plant growth 

(Diaz-Zorita & Groveand, 2007). Molaei et 

al. (2015) in their studies reported a 

significant relationship between Artemisia 

aucheri, organic matter, and soil pH. 

Khalasi Ahvazi et al. (2015) expressed that 

results of the MaxEnt modeling showing the 

variables of clay, gravel, first depth 

available moisture and first and second 

depth lime were the most important factors 

affecting the distribution of A. aucheri 

species. In addition, Zare Chahouki et al. 

(2018) related the most important 

influential variables in the habitat 

preference of Stipa barbata which were 

elevation, phosphorus, silt, potassium, 

organic matter and slope, respectively; the 

results of the present study are consistent 

with their results.  

Based on the results of the response curve, 

V. arctostaphylos is likely to be present in 

the elevation range of 1500-1900 m above 

sea level. Also, the precipitation range in 

the presence of V. arctostaphylos species is 
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350-450 mm, and the average annual 

temperature range is about 7-10°C. The 

main reason for these irregular changes is in 

the low accuracy of the soil maps because 

the distances between the samples and the 

intermediation of the soil maps have not 

been observed. According to the study of 

Hasanlou et al. (2019), V. arctostaphylos 

grows in cold climates of mountainous 

areas with an elevation range of 1100 to 

1900 m above sea level. The validation of 

the prediction map was done by comparing 

the plant ground map with the Kappa index. 

Based on the accuracy of the MaxEnt 

model, it was calculated using the cross-

validation method, which in the study area 

was 0.64, and it indicates a good agreement 

of the predictive model. Based on the Kappa 

coefficient, we can say that this model was 

a success for V. arctostaphylos habitat, and 

locations of distribution of this species were 

predicted with reasonable accuracy. 

According to Ma and Sun (2018), 

Promnikorn et al. (2019), Esfanjani et al. 

(2019), and Borna et al. (2020), MaxEnt 

modeling can reasonably predict the 

distribution of the studied species. Models 

such as MaxEnt, ENFA, and other models 

based on sampling process to estimate the 

probability of presence should be 

considered as important options for some 

species distribution models in rangelands 

(Khalasi Ahwazi et al., 2015).  

In general, this study showed that the 

MaxEnt method could provide a good 

prediction model for the habitat of the V. 

arctostaphylos species, which has unique 

habitat conditions. Understanding the 

environmental characteristics of the habitat 

of each plant species has an influential role 

in suggesting species adaptable with 

environmental conditions in similar areas. 

Therefore, by focusing on these 

characteristics in future research and using 

the MaxEnt method, the success of 

utilization projects and vegetation 

sustainable protection can be increased and 

save cost and time. So, the results of this 

study can be used to improve and restore the 

habitat of V. arctostaphylos and areas with 

similar conditions, especially the Namin 

rangelands, for management and planning 

purposes in order to protect the habitat of 

the rare species. In general, the results 

showed that MaxEnt model could be used 

as a prediction tool to determine the 

location of V. arctostaphylos species. In 

addition, the prepared forecast map can be 

used for better conservation of this species 

and rangelands management and 

improvement of the regions and areas with 

similar conditions. 
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 Vaccinium) قاتقره دارویی تعیین عوامل تأثیرگذار در انتشار گونه

arctostaphylos L. )مطالعه موردی: مراتع شهرستانروش آنتروپی حداکثر  با( 

 (اردبیل -نمین
 

 هو معصومه عباسی خالکی د، لیلا خلاصی اهوازیجاردوان قربانی، بسرکله عزیزی، مینا الف*مهدی معمری
 moameri@uma.ac.ir دانشیار گروه علوم گیاهی و گیاهان داروئی، دانشگاه محقق اردبیلی، اردبیل، ایران *)نویسنده مسئول(، پست الکترونیک: الف
 ، اردبیل، ایرانآموخته کارشناسی ارشد مدیریت مرتع، گروه مرتع و آبخیزداری، دانشگاه محقق اردبیلیدانش ب
 اردبیل، ایران ،مرتع و آبخیزداری، دانشگاه محقق اردبیلیگروه استاد  ج
 ایراندکتری علوم مرتع، اداره منابع طبیعی و آبخیزداری، خوزستان،  د
 ایرانپسادکتری علوم مرتع، گروه مرتع و آبخیزداری، دانشگاه محقق اردبیلی، پژوهشگر  ه

 

 Vaccinium) قاتقره بینی رویشگاه بالقوه گونه نادرپیش سازیهدف مدلاین مطالعه با چکیده. 

arctostaphylos L. اکولوژیک پتانسیل گونه مورد مطالعه  آشیان( با استفاده از روش آنتروپی حداکثر و تعیین

قات برداری از مناطق حضور گونه قرهنمونه، 9911در مراتع نمین اردبیل در سال  انجام شد. برای این منظور

، اطلاعات طول و عرض جغرافیایی و عوامل فیزیوگرافی گونه چنینهم رویشگاه در فصل رویش انجام شد. 8در 

 3-93های خاک از عمق و نمونه ثبت شد GPSبا استفاده از  مراتع منطقه نمیناز  مورد نظر در هر رویشگاه

هدایت  قابلیت ،pHقبیل از برخی از خصوصیات فیزیکی و شیمیایی خاک سپس  .آوری شدندمتری جمعسانتی

 ،جذب، فسفر قابلایذره ، ماده آلیمحلول، منیزیم، سدیم محلولالکتریکی، بافت خاک، آهک، پتاسیم 

در گام بعد برای تعیین ارتباط  .یری شدندگاندازه کربنات محلول و درصد رس، سیلت و شن در آزمایشگاهبی

ر بنقشه عوامل محیطی مؤثر قات از مدل آنتروپی حداکثر استفاده شد. بین عوامل محیطی و پراکنش گونه قره

 تهیه شد. نقش ver10.8Arc GISافزار نرمدر محیط  IDWپراکنش گونه مورد نظر با استفاده از روش آمار مکانی 

یج حاصل نتا .گردید بررسی پاسخ هایمنحنی و نایفجک روش از استفاده با گونه پراکنش بر مؤثر عوامل محیطی

یرهای غمت ینترمهم ترتیب متغیرهای ارتفاع، بارندگی و درجه حرارتیف نشان داد که بهناجک شاخص کارائی از

های پاسخ در منطقه نشان داد که این گونه در دامنه ارتفاعی قات معرفی شدند. نتایج منحنیقره توزیع در موثر

 903-003قات متر از سطح دریا احتمال حضور دارد. همچنین، دامنه بارندگی حضور گونه قره 9133-9033

های مورد مطالعه است. گراد در رویشگاهدرجه سانتی 7-93متر و دامنه دمای متوسط سالانه در حدود میلی

 حتص بینی با نقشه واقعی از شاخص کاپا استفاده شد. بر این اساسبرای ارزیابی میزان تطابق نقشه پیش

دارای دقت قابل قبول بوده و این مدل،  ،40/3 یشاخص کاپابا مقدار سازی آنتروپی حداکثر مدل به مربوط

ر طور کلی نتایج نشان داد که مدل آنتروپی حداکثبه. باشدمی واقعی بینی حضور گونه با رویشگاهخوب در پیش

بینی قات استفاده شود. همچنین، نقشه پیشقرهموقیعت گونه تعیین برای بینی پیشعنوان یک ابزار تواند بهمی

 ست. استفاده اشده برای حفاظت بهتر و مدیریت و اصلاح مراتع منطقه و مناطق دارای شرایط مشابه قابل تهیه
 

 قاتسازی، پراکنش رویشگاه، آنتروپی حداکثر، گونه قرهمدل های کلیدی:واژه


