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The Black Francolin (Francolinus francolinus bogdanovi) is a characteristic bird
species of the dry ecosystems of eastern Iran, whose persistence depends on the
availability and quality of natural and semi-natural habitats. This study aimed to
assess the spatial pattern of cumulative habitat risk for the Black Francolin and
examine differences among habitats in terms of exposure, consequence, and
recovery potential using the Habitat Risk Assessment (HRA) model. Seven
stressors were included: Atmospheric Aerosol Optical Depth (AOD), used as an
indicator of atmospheric aerosol and dust load; Land Surface Temperature
(LST); negative changes in the Normalized Difference Vegetation Index
(NDVI) between spring and summer; roads; cities; mines; and villages. Four
habitat classes were evaluated: agricultural land, rangeland, bare land, and
scattered woodland. Agricultural land, rangeland, and scattered woodland and
shrubland contained distinct hotspots of moderate to high cumulative risk. The
mean cumulative risk was 7.37, 3.63, 5.02, and 2.24 for agricultural land,
rangeland, scattered woodland and shrubland, and bare land, respectively.
Moderate to high-risk classes covered 78.5% of agricultural land, compared
with 23.4% of rangelands and 39.6% of scattered woodland and shrubland. The
highest cumulative risk value (11.65) was recorded in rangelands. Among the
stressors, AOD, LST, and changes in NDVI contributed more strongly to the
cumulative risk pattern. The results can provide a basis for prioritizing
conservation actions outside protected areas in eastern Sistan.
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EXTENDED ABSTRACT
Introduction

Land-use change, the expansion of human activities, and increasing climatic pressures are among
the major threats to biodiversity in dry and semi-arid ecosystems. In these environments, limited
water availability, high sensitivity of vegetation, and species’ dependence on small and fragmented
habitat patches mean that the simultaneous occurrence of multiple stressors can have substantial
consequences for species associated with these ecosystems. The Black Francolin (Francolinus
francolinus bogdanovi) is one of the characteristic bird species of the dry ecosystems of eastern Iran.
Under the arid conditions of Sistan, the species is particularly dependent on vegetated patches,
agricultural lands, and open habitats. The persistence and quality of these habitats are affected by a
combination of environmental and human pressures, including drought, changes in vegetation cover,
increasing temperatures, dust, settlement expansion, and human infrastructure.

Although previous studies in the region have mainly focused on the distribution and habitat
suitability of the Black Francolin and the factors influencing them, the combined and cumulative
effects of multiple stressors on different habitats have received less attention. In real landscapes,
habitats are generally exposed to several stressors simultaneously, and a high level of exposure to a
particular stressor does not necessarily result in the same consequences for all habitats. Habitat Risk
Assessment (HRA) can therefore provide a useful framework for distinguishing between exposure
and consequence and for examining differences in habitat sensitivity to multiple stressors. The present
study aimed to assess the spatial pattern of cumulative habitat risk for the Black Francolin in eastern
Sistan, compare habitats in terms of exposure and consequence, identify risk hotspots, and evaluate
habitat recovery potential.

Material and Methods

The study area was located in the eastern part of the Sistan Plain in the northern part of Sistan and
Baluchestan Province, southeastern Iran. Four major habitat classes were considered for habitat risk
assessment: agricultural lands, rangelands, bare lands, and scattered woodland and shrubland. Seven
stressors were selected to assess pressures affecting these habitats: Aerosol Optical Depth (AOD),
Land Surface Temperature (LST), negative changes in the normalized difference vegetation index
(NDVI) between spring and summer, roads, cities, mines, and villages. AOD was considered an
indicator of atmospheric aerosol and dust load, LST represented surface thermal conditions, and
changes in NDVI were used as an indicator of changes in vegetation condition. Roads, cities, mines,
and villages represented pressures associated with human activities and infrastructure.

Remote-sensing data used to derive the environmental stressors were obtained from MODIS
products, while spatial data representing human-related stressors were also collected and standardized.
Historical remote-sensing data covering the period from 2015 to 2025 were processed using Google
Earth Engine. Following the preparation of habitat and stressor layers, habitat risk assessment was
conducted using the HRA framework in the TerrSet environment. For each habitat—stressor
combination, exposure and consequence were determined, and the risks associated with individual
stressors were subsequently aggregated to obtain cumulative risk. The relative contribution of
individual stressors to each habitat was examined using exposure—consequence plots. Cumulative risk
maps were also generated for the different habitats as well as for the study area as a whole. Finally,
habitat recovery potential was assessed to examine spatial differences in the capacity of habitats to
recover under the existing pressures.

To examine the sensitivity of the results, two scenarios were developed by changing the scores of
manageable stressors by one point toward better or worse conditions compared with the baseline
scenario. The model was then run twice more, and the resulting continuous risk maps were classified
into three classes of low, moderate, and high risk using the equal interval method. The two scenarios
were then compared with the expert-based baseline scenario to evaluate the stability of the resulting
risk patterns.

Results and Discussion
The results showed that cumulative habitat risk for the Black Francolin was not uniformly
distributed across the study area but occurred in distinct and spatially concentrated patches. Moderate
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to high-risk hotspots were mainly observed in the northern, northeastern, and eastern parts of the
study area. Comparison of habitats within the exposure—consequence space showed that most habitats
experienced relatively high levels of exposure to multiple stressors, whereas cumulative consequences
differed among habitats. Thus, final risk was not determined solely by the level of exposure to
stressors; differences in habitat sensitivity and the potential consequences of stressors also played an
important role in determining overall risk.

Agricultural lands had the highest mean cumulative risk among the habitats examined, and higher-
risk hotspots in these areas were mainly associated with locations characterized by greater
concentrations of human activities and environmental changes. The simultaneous exposure of
agricultural lands to environmental stressors such as AOD, LST, and changes in NDVI, together with
human-related pressures such as roads and villages, highlights the multi-stressor nature of risk in this
habitat. This finding is particularly important from a conservation perspective because agricultural
lands and vegetated patches can provide important habitat for the Black Francolin under the dry
conditions of the region, while at the same time being exposed to multiple pressures. Rangelands and
scattered woodland and shrubland also contained distinct risk hotspots, although risk was spatially
heterogeneous within these habitats. Bare lands, on the other hand, showed relatively high cumulative
risk in some locations, without this necessarily indicating high habitat suitability for the Black
Francolin.

The quantitative results further supported these differences among habitats. The mean cumulative
risk was 7.37 in agricultural lands, 3.63 in rangelands, 5.02 in scattered woodland and shrubland, and
2.24 in bare lands. In agricultural lands, 78.5% of the area fell within the moderate- to high-risk
classes, compared with 23.4% of rangelands and 39.6% of scattered woodland and shrubland.
Although rangelands had a lower mean cumulative risk than agricultural lands, the highest cumulative
risk value (11.65) was recorded in this habitat, indicating the presence of localized high-risk areas.
These results highlight that mean risk alone does not fully describe the spatial distribution of risk
within a habitat.

The analysis of individual stressors further showed that their relative importance differed among
habitat types. Environmental stressors, including AOD, LST, and changes in NDVI, together with
pressures associated with roads, cities, mines, and villages, produced different combinations of
exposure and consequence across habitats. Consequently, reducing habitat risk for the Black
Francolin requires a multi-stressor management approach rather than focusing on a single pressure.
The assessment of recovery potential also revealed substantial spatial variation in the capacity of
habitats to recover. Therefore, management priorities should consider not only the magnitude of risk
but also habitat value and recovery potential.

Conclusion

The findings of this study demonstrate that habitat risk for the Black Francolin in eastern Sistan is
multi-factorial, spatially heterogeneous, and strongly dependent on location. A substantial proportion
of the habitats examined were exposed to multiple stressors, while differences in the consequences of
these pressures resulted in different levels of overall risk among habitats. Agricultural lands, which
constitute important habitats used by the Black Francolin under the dry conditions of the region, also
showed the highest mean cumulative risk. Therefore, effective conservation of the Black Francolin
requires simultaneous attention to maintaining habitats of importance to the species and reducing the
cumulative pressures acting upon them. Integrating cumulative risk maps with information on habitat
suitability and recovery potential can provide a useful basis for identifying areas requiring
management, pressure reduction, and habitat restoration. Given that important suitable habitats occur
in parts of eastern Sistan outside formally protected areas, effective conservation will require
management and restoration measures beyond protected areas, reduction of multiple pressures,
continuous monitoring of vegetation conditions, and participation of local communities in land
management.
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Fig.1. The study area in eastern Sistan and its geographical location in Iran
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Fig. 3. A: Spatial distribution of cumulative habitat risk based on cumulative exposure and consequence of
stressors; B: Spatial distribution of habitat recovery potential
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Fig. 4. Maps of habitat risk classes under the baseline scenario (A), Scenario 1 (B), and Scenario 2 (C), and
charts showing the distribution of risk-class areas (ha) across different habitats (D).
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