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Objective: Macro-environmental variables influence the distribution of species on a regional scale,
and bioclimatic variables are the most important among them. The mugger crocodile (Crocodylus
palustris), which is a keystone species and the only crocodile in Iran, needs freshwater habitats to
survive in regions with low precipitation. Also, every temperature fluctuation in the nest location
impacts the sex ratio of its offspring. Consequently, the continuity of survival of this cold-blooded
species is fundamentally influenced by climatic conditions rather than other ecological conditions on a
regional scale. Therefore, this study was conducted on habitat modeling of the mugger crocodile using
historical bioclimatic variables on a regional scale.

Methods: In the present study, habitat suitability modeling for the mugger crocodile was conducted
using maximum entropy modeling (MaxEnt) and bioclimatic variables extracted from the
KGCIlim_V1 climate model database. Bioclimatic variables were screened based on their correlation
and the variability of each dataset, as assessed through standard deviation (SD), ultimately leading to
the selection of seven from an initial dataset of twelve variables. Using species presence data as the
dependent and bioclimatic variables as independent variables, the MaxEnt model was executed with
15 repetitions to identify potentially suitable areas for the species at regional scale based on the
average results from the repetitions.

Results: The modeling results indicated that the highly suitable habitat areas were located near the
observation points of the species. This finding reflected a significant gain associated with a high area
under the curve (AUC) value of 0.938. The jackknife test identified the most effective climatic
variables, including PWM, PWMwint, and Tavg. According to the logarithmic response curves of this
species to rainfall bioclimatic variables, suitable habitat areas were predicted to be in regions with low
rainfall. By comparing the results with those of other studies, it was concluded that different scales of
biological, ecological, geographical, and human factors influence the species distribution. Therefore,
predicting species distribution across multiple spatial scales is essential for a more accurate valuation
of the relationships among these variables.

Conclusions: The findings of this study showed the necessity of integrated watershed management,
especially in upstream areas, to ensure the survival of mugger crocodile downstream. Accordingly, a
hierarchical modeling approach was recommended for future studies utilizing environmental variables
at different scales. This approach is based on modeling macro factors separately from local-scale
influences. In this context, micro and macro-scale studies are both important; however, their
integration may pose problems because of inconsistency in spatial resolution and the scale of their
effect on the species.
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Introduction

Habitat quantification is often the initial management step to protect species separated into distinct
subpopulations due to habitat fragmentation. The distribution of species on a regional scale is influenced
by macro factors, with climatic conditions being the most significant among these variables. Generally,
for effective species protection, suitable habitat areas of key species are studied, prioritizing those with
specialized needs, such as dependence on water and temperature-dependent sex determination in
offspring. Freshwater systems are vulnerable to direct and indirect impacts from disturbances occurring
in their watershed, all of which can lead to loss of biodiversity within aquatic systems. As a keystone
and umbrella species, the mugger crocodile requires freshwater for survival in regions characterized by
low precipitation. Additionally, temperature fluctuations in the nesting environment impact the sex ratio
of its offspring. Consequently, the life and survival of this species on a regional scale are primarily
influenced by climatic conditions. Therefore, the current study was conducted to model the habitat of
the mugger crocodile using historical climate data on a regional scale.

Method

Using historical climate data on a regional scale, the current study was conducted to model the habitat of
the mugger crocodile, which is recognized as the only crocodile species in Iran classified as vulnerable
by the IUCN. The watershed encompassing the Bahuklat River, with several tributaries, ponds, and
dams, forms the habitat of this species. Habitat suitability modeling was conducted using maximum
entropy modeling (MaxEnt) and bioclimatic variables extracted from the KGClim_V1 climate model
database. Screening of bioclimatic data was implemented based on their correlation and the variability
of each dataset, as assessed through standard deviation (SD), ultimately leading to the selection of seven
from an initial dataset of twelve variables. These data consisted of the following: annual mean
temperature (Tavg), temperature of the warmest month (TWM), annual precipitation (PTOT),
precipitation of the warmest half of the year (Psumm), precipitation of the driest month in the coldest
half of the year (PDMwint), precipitation of the wettest month (PWM), and precipitation of the wettest
month in the coldest half of the year (PWMwint).

The GPS records of species presence were used as the dependent variable, and bioclimatic variables as
independent variables in the MaxEnt model. The output of the modeling was a map showing potentially
suitable areas for the species on a regional scale, based on the average of results from repetitions of the
model.

To perform resampling, a cross-validation method was used with 15 replicates. In this method all data
are used to validate the model. The output format was Cloglog and the maximum sensitivity plus
specificity (MTSS) threshold was used to prepare Boolean suitability maps. Sensitivity analysis and
examination of the relative importance of each environmental variable were conducted using the
importance scores of each variable, the variable response curves for univariate models, and the jackknife
method to evaluate the variability of the area under the curve (AUC) after removing each variable. The
accuracy of the model was evaluated by analyzing the AUC of the receiver operating characteristic
(ROC). Additionally, for the sensitivity analysis and model validation, 70% of the presence points were
used as training data and 30% for testing data. The AUC of the model was then compared using these
two sets of data.

Results

The modeling results indicated that the highly suitable habitat areas were located near the observation
points of the species. This finding reflected a significant gain and, consequently, a high area under the
curve (AUC) value of 0.938. The jackknife test identified the most effective climatic variables,



43 Habitat Management of Mugger Crocodile ... (Malihe Erfanil & Abdolrassoul Salmanmahiny)

including precipitation of the wettest month (PWM), precipitation of the wettest month in the coldest
half-year (PWMwint), and the annual mean temperature (Tavg). According to the logarithmic response
curves of this species to rainfall bioclimatic variables, suitable habitat areas were predicted to be in the
regions with low rainfall, as expected. The optimal annual temperature for the mugger crocodile was
estimated at approximately 25 degrees Celsius. By comparing the results with those of the other studies,
it was concluded that different scales of biological, ecological, geographical, and human factors
influenced the species distribution. Therefore, predicting the species distribution across multiple spatial
scales was found to be essential for a more accurate valuation of the relationships among these
variables. Additionally, we observed that models with fewer input variables were more efficient in
showing species distribution rather than models with more inputs. This issue was more highlighted
when variables belonged to different scales and were integrated into a single model.

Conclusions

Wide areas of southern Baluchistan's watershed are climatically suitable for mugger crocodiles. The
suitable areas of the potential distribution of mugger crocodiles in the study area were found to be the
regions characterized by low precipitation and freshwater dependency, which indicates the need for
special management. Integrated watershed management is crucial, specifically in upstream areas, to
ensure the species' survival downstream. Additionally, due to the species' adaptability to various natural
and artificial habitats, artificial ponds and other constructed environments can support its life.

The low-lying and plain regions of the Pozak Protected Area, identified as suitable habitats for this
species based on the variables studied, are recommended for further investigation of local variables to
facilitate the introduction of the species in future research. For further studies, hierarchical modeling is
suggested when utilizing data at different scales. This approach separates variables in the aspect of their
initial scales, which usually manifests itself in different spatial resolutions, according to the scale of
their effect on the different species. Therefore, while both micro and macro-scale studies are necessary,
integration of them within one single model is not advisable.
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