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Article Info ABSTRACT
Article type: Background and Obijectives: Surface fires in Iran's natural landscapes are
Full Length Research Paper  predominantly driven by anthropogenic activities, often deliberately set,
and commonly occur either preceding the rainy season or amidst periods of
Article history: iqtense heat. Thes_e fires are 'p'rinqipally co_nducted to diminish ground-lgvel
Received: 06.18.2024 b!omass and modify Ia_lnd utilization practices. The reaction to surface fires
Revised: 08.02.2024 dlverge_zs among various ecosystems. This §tgdy contributes to .the
Accepted: 08.03.2024 ecological resistance and resilience of four distinct plant communities-
encompassing shrublands and forests-positioned across an elevation
spectrum. Moreover, the study elucidates the impact of grazing-induced

Keywords: stress on the fire response within these communities, offering valuable
Ecological resilience, insights into the intricate interplay between human activities, ecological
ECO'QQ'CZ’“ resistance, dynamics, and fire behavior in these environments.

razing,

Semi-arid ecosystems,

Vegetation dynamics Materials and Methods: This study, conducted from 2009 to 2022 in the

eastern foothills of the Little Ararat Mountains, focused on four plant
communities - Calligonum crinitum, Rhamnus pallasii, Prunus lycioides,
and Juniperus excelsa - distributed along an elevation gradient ranging
from 800 to 1900 m. Each plant community was divided into grazed and
protected areas, within which one or two fire events had occurred.
Ecological resistance and resilience were quantified by comparing
vegetation cover before and after fire events, as well as the rate of recovery
in subsequent years. A general linear model assessed the effects of
community type, disturbances (fire and grazing), and fire frequency, while
Principal Component Analysis (PCA) examined relationships between
vegetation cover, resistance, resilience, and precipitation.

Results: The Calligonum community demonstrated the lowest ecological
resistance but the highest resilience compared to the other communities.
Elevation variations resulted in distinct gradients in both resistance and
resilience indices. Notably, the Juniperus community exhibited a
significant decline in resistance after an initial elevation-related increase.
The protective status of the land did not notably impact differences in
ecological resistance across communities. However, protection played a
pivotal role in resilience, with protected areas generally displaying higher
resilience levels than unprotected ones, except in the Rhamnus community.
Fire frequency effects on resistance and resilience varied among
communities: resistance decreased after the second fire in the Juniperus
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and Prunus communities, while other communities showed no significant
changes. Regarding resilience, a marked decline was observed in the
Rhamnus and Prunus communities after the second fire, whereas the
Calligonum and Juniperus communities maintained consistent resilience
levels. Spatial distribution mapping of fire-affected samples revealed an
overall lack of ecological stability in the study area, with most samples-
excluding a few from the Prunus and, to some extent, Juniperus
communities-not fully recovering to their initial conditions. PCA results
highlighted a strong positive correlation between Calligonum samples and
the resilience index. Differentiation among the Juniperus and Rhamnus
communities was primarily driven by their associations with resistance and
cover vectors, respectively. Prunus community samples exhibited
characteristics intermediate between the cover and ecological resistance
vectors in the ordination space.

Conclusion: In enhancing the resilience of ecological communities,
practices like limiting or excluding grazing activities can typically enhance
stability. However, developing an effective surface fire management plan
necessitates an understanding of the diverse fire response dynamics
observed across distinct elevation and vegetation profiles. The Prunus
(wild almond) community emerged as a standout in terms of overall
sustainability, showcasing commendable levels of resistance and resilience.
This emphasizes its aptness for environments prone to fires. Nevertheless,
recurrent surface fires can markedly compromise both the resistance and
resilience of a community over time, underscoring the critical need for
meticulous and strategic fire management approaches.
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Figure 1. A. Satellite image of northwest Iran near Mako city and the Little Ararat Mount, showing the main
road (yellow line), villages (black dots), and centers of seven protected areas (white dots). Four communities
were identified: 1- Calligonum (North), 2- Rhamnus, 3- Prunus, and 4- Juniperus (South) (Google Earth).
B. Altitude variation in the area: the lowest is Soraya spring; the highest is Yarim-Ghayeh peak.
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Table 2. Surface fire incidents by fire numbers, in protected and unprotected areas.
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Figure 2. Fluctuations in annual rainfall in the four studied communities from 2009 to 2022.
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Table 3. Adjusted mean squares from variance analysis of resistance and ecological resilience values by
community, protection type, and fire frequency.
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Table 4. Comparing average resistance and ecological resilience values in four communities using Fisher

LSD test (P<0.05).
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Table 5. Comparison of average ecological resilience in four studied areas, grouped by protection level (NP = not
protected, P = protected) using Fisher LSD test. Different letters indicate significant differences at a 5% error.
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Figure 3. Changes in ecological resistance to surface fire in four communities, grouped by single (One) or
double (Two) fires. Different letters show significant differences at 95% confidence (Fisher LSD test).
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Figure 4. Changes in ecological resilience to surface fire in four communities, grouped by single (One) or
double (Two) fires. Different letters show significant differences at 95% confidence (Fisher LSD test).
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Figure 5. Surface fire point distribution across the four studied communities based on calculated ecological
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Figure 6. PCA biplot ordination of plant communities based on their response to ecological resistance,
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