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Abstract

In recent decades, the decline in biodiversity has become a global crisis. This study aims to examine biodiversity and
identify the key factors influencing it. Since the INVEST habitat quality model was used to investigate biodiversity in
Jiroft County. Threats were weighted with the AHP model, determining their maximum impact along gradients, and the
habitat quality model was used to evaluate biodiversity. The maximum spatial influence of each threat was determined
along its respective gradient and integrated into the habitat quality model. In addition, vegetation characteristics,
including canopy cover, Simpson's diversity index, and Margalef's richness index, were measured across different
vegetation types. The AHP results indicated that livestock grazing and agricultural land use were the two most
significant threats to biodiversity in the semi-arid ecosystems of the region. Habitat quality values derived from the
INVEST model ranged from 0.03 to 0.69, revealing a highly heterogeneous spatial pattern of biodiversity across the
landscape. Among the vegetation types, the Astragalus gossypinus—Artemisia aucheri community exhibited the highest
habitat quality index (0.58 + 0.16), indicating greater biodiversity conservation potential. Structural Equation Modeling
(SEM) demonstrated that precipitation had the strongest direct positive effect on biodiversity (p < 0.001), followed by
vegetation canopy cover (p < 0.01), species diversity (p < 0.01), and elevation (p < 0.01). Furthermore, areas located at
higher elevations exhibited higher habitat quality and greater capacity to support biodiversity, whereas lowland areas
characterized by intensive human activities showed substantially lower habitat quality. These findings confirm the
effectiveness of the INVEST Habitat Quality model for quantifying and mapping biodiversity in the dry ecosystems of
Iran. Moreover, integrating the INVEST model with SEM provides a robust framework for identifying the key
ecological drivers of biodiversity and offers valuable scientific support for regional conservation planning, habitat
restoration, and sustainable ecosystem management in semi-arid landscapes.
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Extend Abstract

Introduction

Biodiversity is a critical and rapid indicator of ecosystem health (27), playing a vital role in maintaining
functioning especially in arid and semi-arid zones (39). It acts as a safeguard against disturbances (32).
Consequently, preserving biodiversity is crucial for sustaining ecosystems at their best and supporting human
needs (17). Mapping biodiversity, which aids managers in pinpointing important conservation and
restoration zones, can be challenging (16). The INVEST habitat quality model offers an effective, spatially
explicit approach for indirectly assessing biodiversity through habitat quality metrics. This model assumes
that higher-quality habitats meet species' needs—such as food, shelter, and reproduction—and thus support
greater species diversity and ecological interactions (1). It considers both the intensity and spatial distribution
of human threats—Ilike land-use change, agriculture, infrastructure, and resource exploitation—that degrade
habitats and threaten biodiversity (30). Semi-arid landscapes often experience simultaneous pressures from
overgrazing, agricultural expansion, and increasing demands for natural resources, resulting in habitat
degradation. Therefore, identifying the spatial distribution of habitat quality together with the ecological
processes controlling biodiversity is essential for developing effective conservation strategies. Although
several studies have applied habitat quality models, relatively few have integrated spatially explicit habitat
assessment with causal statistical approaches capable of distinguishing effects of environmental and human-
related variables. Yet, while the model quantifies habitat quality, understanding the main environmental and
human drivers of biodiversity remains crucial for effective management and conservation. This study
combines the INVEST habitat quality model with Structural Equation Modeling (SEM) to explore and
guantify the causal links among key biophysical, climatic, and anthropogenic factors affecting biodiversity.
SEM’s comprehensive framework enables analysis of both direct and indirect effects among variables,
capturing the complex interdependencies within ecosystems. The goal is to assess biodiversity and isolate the
primary factors influencing it.

Materials and Methods

The InVEST habitat quality model was used to quantify biodiversity in ecosystems in the Jiroft basin (Fig.
1). In this model, threats were identified and weighted using the Analytic Hierarchy Process (AHP). Threats
to biodiversity were identified through field visits and interviews with local experts. The AHP method was
used to determine the relative weights of threats (28). To investigate the nature and maximum impact of each
threat, the type and number of species bases were recorded from the source of destruction along ten-
kilometer transects every 500 meters, within four-square-meter plots. In each plot, the Simpson index (31)
was calculated. Then, two linear and exponential models were fitted to the data, and the best model was
selected from among the significant models according to the Akaike information criterion (3). After
recording the species within the plot, the percentage of canopy cover and the number of species bases were
estimated. Species richness and diversity indices (Table 1) were estimated using the number of species bases
in the plots. Common numerical indices of Margalef richness were used to estimate species richness.
Simpson indices have a greater ability to detect species diversity (19). Species diversity and richness indices
were calculated using PAST software. Using one-way analysis of variance and LSD mean comparison, plant
types were examined in terms of biodiversity and species diversity indices. The direct and indirect effects of
economic, social, governmental, and natural factors on biodiversity were evaluated using SEM. SEM is a
statistical technique combining regression and confirmatory factor analysis that has recently been used to
explore complex direct and indirect relationships between ecosystem components. Structural equation
modeling is one of the approaches that can be used to conduct multivariate and complex analysis.

Results and discussion

Using the AHP method, the relative importance of threats such as livestock grazing, agriculture, mining,
asphalt and dirt roads, and industrial plants were determined to be 1, 0.505, 0.235, 0.118, 0.059, and 0.059,
respectively (Fig. 2). Results indicated that overgrazing is the primary threat to biodiversity in this semi- arid
region (Tables 2 and 3). Excessive grazing diminishes vegetation cover, increases erosion, and ultimately
reduces the ecosystem' s ability to support diverse plant and animal species (21). The INVEST model
revealed that biodiversity conservation index values ranged from 0.03 to 0.69, showing uneven spatial
distribution across the study area (Fig. 3). Lower index values were mainly found in Rhazya stricta, which
faces intense human pressures and exists in low- rainfall zones — especially where livestock grazing exceeds
the land' s carrying capacity and extensive agriculture is prevalent. These findings align with prior studies
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highlighting biodiversity loss driven by land- use changes and human encroachment. One-way ANOVA
revealed significant differences among vegetation types in biodiversity, Simpson diversity, Margalef
richness, and canopy cover, with the Artemisia aucheri—Astragalus gossypinus vegetation type exhibiting the
highest biodiversity values (Table 4), suggesting that vegetation communities with greater canopy cover
provide more favorable conditions for species diversity and habitat quality. Structural equation modeling
(SEM) model illustrated the relationships between plant, environmental features, and biodiversity (Fig. 4).
Precipitation (p < 0.001) and elevation (p < 0.001) had the strongest direct and indirect impacts on
biodiversity (Table 5), emphasizing the influence of climate and topography in shaping biodiversity patterns
in arid and semi- arid zones. Pearson correlation analysis showed significant positive relationships between
biodiversity index and species diversity, elevation, precipitation, and canopy cover at the 99% confidence
level (Fig. 5). These positive links suggest that higher rainfall and varied topography create favorable
conditions for plant growth and species coexistence, leading to increased habitat quality and species richness,
crucial for biodiversity maintenance. The spatial outputs generated by the INVEST model enable managers to
locate areas requiring immediate protection, whereas SEM model identifies the key environmental drivers
that should be considered in management planning. Consequently, reducing grazing pressure and protecting
high-quality habitats located at higher elevations should be regarded as priority conservation actions. The
proposed framework can also be applied to other arid and semi-arid ecosystems facing similar environmental
challenges. By integrating spatial habitat assessment with causal modeling, decision-makers can better
understand the mechanisms governing biodiversity distribution and develop evidence-based strategies for
sustainable ecosystem management under increasing human pressure and climate change.

Keywords: Habitat quality, Simpson index, Analytic Hierarchy Process, Species diversity
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Fig 1. Map of land covers in the study area
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Fig 2. Relative weights of threats from grazing, agriculture, mining, highway, dirt road, and industrial plant
using the AHP method

Table 2. Model type used to describe threat decay and maximum impact range.

Threats Model Maximum distance (km)
Grazing Linear 4
Agriculture Exponential 3
Mining Linear 3
Road Exponential 2
Factory Exponential 1
Dirt road Linear 1
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Fig 3. Biodiversity index map of the study area

Table 3. Relative frequency of threats across low, medium, and high biodiversity index classes.

Biodiversity Index Class  Grazing Agriculture  Mining Asphalt Road Industrial Region Dirt Road
Low (0.03-0.22) 52 73 0 51 0 25
Medium (0.13-0.42) 34 19 85 44 100 69
High (0.43-0.69) 14 8 15 5 0 6
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Fig 4. Structural equation model illustrating how vegetation and environmental factors influence biodiversity.

Table 4. Results of the mean comparison across plant types for biodiversity, canopy cover, and indices like

Simpson and Margalef.

Plant types Biodiversity Simpson Margalef Canopy cover

(Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean + SD)
Amygdalus scoparia 0.23+0.12a 042+0.20¢c 042+0.35b 3B+1l4c
Artemisia aucheri — Stipa barbata 0.52+0.23d 0.73+045¢ 0.84+0.41d 56+10e
Artemisia aucheri — Astragalus gossypinus 0.58+0.16d 0.75+0.31e 0.85+0.39d 52+8e
Convolvulus argyracanthus 0.18+0.05a 0.24+0.17 a 0.32+0.17 a 25+19b
Rhazya stricta 0.19+0.13a 0.21+0.09 a 0.43+0.49b 18+13a
Tecomella undulata 0.32+0.12b 0.35+0.19b 0.47+0.32b 38+2lc
Pistacia atlantica — Astragalus gossypinus 0.46+0.14c 0.51+0.23d 0.54+0.34c 42+9d
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Table 5. Total, direct, and indirect impacts of vegetation and environmental features on biodiversity index.

Biodiversity (0-1)

Biodiversity (0-1)

Variable Pathway Standardized Beta coefficient
Elevation Direct 0.237**
Indirect through slope 0.015
Indirect through aspect 0.014
Indirect through Precipitation 0.024
Indirect through temperature 0.008
Indirect through canopy cover 0.005
Indirect through species diversity 0.010
Total 0.313***
Rainfall Direct 0.318***
Indirect through canopy cover 0.013
Indirect through species richness 0.026
Indirect through species diversity 0.008
Indirect through life form 0.014
Total 0.379***
Species diversity  Direct 0.239**
Canopy cover Direct 0.266**
Palatability Direct 0.053
Legume species  Direct 0.160*
Life form Direct 0.074
Plant height Direct 0.026
Aspect Direct 0.136*
Slope Direct -0.090
Temperature Direct -0.088
Species richness  Direct 0.118*
1 R2=() 524* _ 0.8 R220.635%%, .
M ®  caeer < 06
051 4 3§ s ; e
. N ‘E 0.4
0 - - - g 02
20 40 60 5
2 O T T 1
Canopy cover (%) m 0 200 400
Precipitation (mm)
0.8 - R2=0.512** g 1 R2:0.510**
0.6 3 s 4 =
. e
0.4 34 .o . R i %
o.(z) . (’ 4% 8
0 2000 4000

Elevation (m)
Fig 5. Correlation of biodiversity with elevation, rainfall, canopy cover, and Simpson index
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