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Abstract

The distribution of plant species is influenced by
various factors, including climate, soil properties,
topography, land wuse, and overall biological
interactions. This study aimed to predict the
geographical distribution of "umbrella thorn acacia”,
commonly known as "Gebr" in Hormozgan, and
scientifically referred to as Vachellia tortilis (Forssk.)
Galasso & Banfi, while also identifying the
environmental factors that influence its distribution in
Hormozgan province. In Persian literature, the synonym
scientific name Acacia tortilis (Forssk.) Hayne is more
frequently used.
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To achieve this objective, data on vegetation and habitat
factors such as elevation, climate, geology, and soil
were gathered. Vegetation sampling was conducted
using a random-systematic approach along four
transects, each measuring between 1000 and 200
meters. A geographic information system was employed
to create a map of the environmental variables.
Subsequently, prediction maps for the species'
distribution were generated using the maximum entropy
modeling method, and the accuracy of these prediction
models was assessed using the AUC statistic. The
findings indicated that key climatic factors influencing
the distribution of the gabar species include total rainfall
during the warmest season, seasonal rainfall variability
(coefficient of variation), total rainfall in the driest
season, and average temperatures during both the driest
and warmest seasons. This study's results can inform
habitat management strategies, helping to identify
critical factors for the species in the face of habitat
destruction and guiding the development of
conservation plans tailored to its habitat requirements.

Extended Abstract

To effectively study and manage plant ecosystems, it is
essential to have a thorough understanding of their
components, their interrelationships, and the ecological
dynamics present in nature, which encompass factors
such as elevation, soil, climate, vegetation, and living
organisms. However, the complexity arising from the
numerous components and variables within plant
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ecosystems can hinder the assessment of these
relationships, leading to inefficiencies in time and
resources. To facilitate easier study with an acceptable
margin of error, it is possible to simplify the factors and
variables in broad studies, allowing for a clearer
understanding of the relationships between vegetation
and these elements, which can then be applied to
ecosystem management.

The increasing changes in plant ecosystem extents have
made spatial modeling of vegetation cover a common
practice among resource managers, who require
accurate maps detailing the distribution of various plant
species.

One such species is "umbrella thorn acacia", commonly
referred to as "Gebr" in Hormozgan province and
scientifically known as Vachellia tortilis (Forssk.)
Galasso & Banfi. In Persian scientific literature, it is
often cited as Acacia tortilis (Forssk.) Hayne. This
species, belonging to the Fabaceae family, thrives in hot
and arid regions, with a global distribution that spans
most African countries, the Arabian Peninsula, and Iran.
It is well-adapted to endure extreme heat and dry
periods lasting over eight months.

The objective of this study is to identify the key factors
influencing the distribution of Vachellia tortilis. By
understanding these factors, we can make informed
decisions regarding the management, restoration, and
expansion of this species' habitat.

Methods:

Habitat suitability modeling studies on plant species
have expanded over the past decade, and the stages and
methodology of this research have a rich literature.
Therefore, the steps of the present study were designed
and implemented using reliable sources. Existing
habitats were first identified through a field visit to the
area. Then the coordinates of the species' presence areas
were collected by GPS. In this study, the data of the
base time period (present) including the average of the
years 1990-1960 were considered. Digital elevation
model (DEM) layer and monthly temperature and
precipitation with a resolution of 30 arc-seconds in
microscale from www.worldclim.org (Worldclim)
database were used. Using DEM in GIS, slope and
aspect were created, and all environmental layers,
number of pixels, and system coordinates were used in
ArcGIS software. Habitat modeling using the entropy
method was applied. Entropy is a basic concept in
information theory. Entropy is a measure that shows us
what options play a role in the selection or occurrence
of an event; thus, a distribution with a higher entropy
includes more options. This method is a multi-purpose
method for predicting or inferring incomplete data. The
purpose of this method is to estimate the probability of
distribution of a species by finding the probability of
distribution that has maximum turbulence and
irregularity. To build the maximum entropy model, the
user needs to sample data on the species to be tested and
layers on environmental variables. This requires ENVI
or CSV format, and a path to save the model file and

51

files that contain additional model information must be
introduced into the software. Layers for the
environmental variables must be in ASCII format with a
file called "asc." Finished or prepared in Diva-GIS
format with "grd" and "gri" extensions.

In the entropy method, to determine the importance of
environmental variables, the Jackknife method is used.
The Jackknife method, as an evaluation method, has
acceptable accuracy. In this method, the model is
implemented once with all variables. They are excluded
from the analysis, and without being replaced by
another variable, the model is executed using the
remaining variables. In the third stage, the model is
again used separately, using only two groups of
variables as the most important variables. The variable
that, when left out, reduces the possibility of achieving
the appropriate model, and the variable that, when used
alone, plays the maximum role in achieving the model,
are evaluated using the statistical variable Curve
(Receiver Operating Characteristic curve). The area
under the curve (Area Under the ROC Curve) with a
score of 1 means a complete forecast without removing
any points of presence. AUC between 0.7 and 0.9
indicates an acceptable heart rate, and an AUC value of
more than 0.9 indicates good model prediction.

Results and Discussion:

The importance of each variable was determined using
the Jackknife test. The Jackknife test showed that the
most important factors are: total rainfall of the warmest
season of the year (B1018), seasonal changes of rainfall
(coefficient of variation) (BIO15), total rainfall of the
rainiest season of the year (BIO17), average temperature
of the driest season of the year (BI09), the average of
the hottest season of the year (BIO10), and other factors
are less important.

Conclusion:

In this study, the habitat suitability of Acacia tortilis
species was simulated using the Maxent method. Also,
the potential ecological niches of this species in
Hormozgan province were identified. According to the
observations, it seems that the southern and southeastern
parts have the highest habitat value compared to other
parts of Hormozgan province. Climatic factors may be
the most important factors controlling the regeneration
and expansion of this habitat. Determining the share of
each variable in the model helps researchers identify the
variables that have the greatest impact on the probability
of occurrence of the species, and this saves time and
money, allowing researchers to focus only on the
important variables. The analysis showed that the total
rainfall of the hottest season of the year (B1018), the
seasonal variation of rainfall (coefficient of variation)
(B1015), the total rainfall of the driest season of the
year (BIO17), the average temperature of the driest
season (BI09), and the average temperature of the
warmest season (BIO10) have an impact on the
distribution of Acacia tortilis. Numerous studies have
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stated that the most important climatic factors are
rainfall and temperature.

Considering the results of this study, one of the most
important challenges in similar studies is to obtain data
and information on soil variables with accuracy and
appropriate adaptation to the conditions of the study
areas of the country, which generally leads to the
neglect of including soil data in studies. The importance
of this data is especially evident when modeling the
suitability of several species that have habitat
interference. Investigating the trend of changes in the
geographical distribution of this species in climate
scenarios is one of the research proposals that is based
on the results of the present study. Among the most

important applications of the results of this study is the
need to pay attention to the need for irrigation for the
establishment of seedlings of the species Vachellia
tortilis in the early years of growth, because according
to the findings of this study, rainfall in the low and
warm seasons is the most effective limiting factor for
the habitat of "Gebr" ("umbrella thorn acacia"), which
most likely indicates the vulnerability of plant seedlings
in the early years of growth.
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