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Abstract

Monitoring long-term trends in structural changes within mangrove ecosystems is essential for understanding their response to
climate change and devising effective adaptation strategies in coastal regions. This study examines changes in mangrove patchiness
within the Hara Biosphere Reserve (HBR) along the northern coasts of the Persian Gulf (PG) over a 31-year period (1986-2017),
focusing on variations in rainfall patterns and drought occurrences. Employing a 35-year time series of monthly Standardized
Precipitation Index (SPI) values alongside satellite imagery analysis, trends in both the number of patches (NP) and the Largest Patch
Index (LPI) were assessed at the mangrove stand level. The analysis reveals a significant correlation between structural changes in
mangroves and drought events. Pre-1998, characterized by wetter conditions, witnessed a decrease in both NP and LPI, indicating
patch expansion and habitat extension. Conversely, post-1998, during drought periods, both indices increased, indicating habitat
degradation due to heightened drought intensity. Pre-1998 structural changes in the HBR signify habitat expansion, with increased
patch extent and core areas reflecting enhanced structural integrity. However, post-1998, a concerning trend of habitat degradation
emerged, with increased NP and LPI attributed to intensified droughts. These findings highlight a transitional period marked by
favourable conditions for mangrove growth followed by habitat degradation linked to increased drought intensity. This underscores
the vulnerability of mangrove ecosystems to climate change impacts, particularly exacerbated droughts, necessitating urgent efforts
for conservation and management to preserve biodiversity and ecosystem services in coastal regions.

1. Introduction coasts of Iran has been identified as one of the most significant

stressors and disturbances affecting the vulnerability of Iranian

Due to the close relationship between mangrove swamp
conditions and rainfall occurrence, any changes in rainfall
patterns will significantly impact the growth and spatial
distribution of mangroves (Chan and Qin, 2017; Pirasteh et al.,
2020). According to conducted studies, reduced rainfall and the
occurrence of drought through increased evaporation and
salinity stress will result in decreased net primary production,
reduced growth and survival of seedlings, and changes in
interspecies competition within  mangrove ecosystems,
ultimately leading to undesirable structural changes and
increased vulnerability of mangroves to other human and
natural stresses. Therefore, analyzing the observed changes in
mangroves and examining their relationship with drought
occurrence can provide valuable insights into the adverse effects
of climate change on mangroves. Among these detrimental
natural and human factors, the occurrence of long-term droughts
and severe reduction in rainfall amounts along the southern

mangroves (Mafi-Gholami et al., 2021; Pirasteh et al., 2021;
Ghosh et al., 2022; Pirasteh et al., 2024). Despite the
importance of this issue, no study has been conducted in Iran
regarding the relationship between long-term droughts over past
decades and the changes in mangrove integrity (fragmentation).
Hence, the aim of this study is to investigate the observed
changes in the integrity status (fragmentation) of mangrove
reserves in the Hara Biosphere Reserve (HBR) in response to
changes in rainfall amounts and the occurrence of droughts over
a 31-year period (1986-2017). To achieve this, a 31-year time
series of satellite images and rainfall data were utilized.
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2. Material and Methods
2.1 Study Area

The HBR, spanning 85,686 hectares, is situated geographically
between 26° and 43' to 26° and 59' north latitude, and 55° and
32' to 55° and 48' east longitude, stretching from the coastal
lands of Bandar Khamir district to the coastal lands of Laft and
Tabl districts on Qeshm Island (Figure 1). Due to its
international significance, this area was designated as a Ramsar
Site in 1975 and joined the UNESCO Man and Biosphere
(MAB) Programme as the Hara Biosphere Reserve in 1976.
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Figure. 1. Geographic location of the HBR on the northern
coasts of the Persian Gulf.

2.2 A 31-Year Time Series (1986-2017) of SPI Values

Studies have shown that the survival and resilience of mangrove
ecosystems to cope with high salinity are dependent on the
amount of rainfall and the volume of freshwater input from
upstream catchment areas (Ellison, 2015). Furthermore, annual
fluctuations in rainfall and freshwater input to mangrove
environments lead to changes in mangrove ecosystems
(Dubayah et al., 2017). Therefore, this study investigates the
relationship between drought occurrence and changes in
mangrove coherence by calculating annual Standardized
Precipitation Index (SPI) values. To this end, monthly
precipitation data spanning 31 years (1986 to 2017) from the
synoptic station located near the Hara Biosphere Reserve was
utilized.

2.3 Mapping Fragmentation Changes
During a 31-year (1986-2017) Period

of Mangroves

Given the high geometric accuracy of Landsat 8 satellite
images, other images covering the 31-year period (1986-2017)
were also geometrically corrected in a similar manner.
Radiometric corrections of the images were performed using
ENVI software. This study employed the supervised maximum
likelihood classification method for image classification and
mangrove vegetation cover extraction (Huang et al., 2022). For
validation of the classification maps derived from the 2017
images, a total of 48 ground truth samples with dimensions of
30m*30m (900 square meters) were collected in 2017 from the
mangrove surface as well as from the boundaries of mangroves
facing the sea and land. Additionally, aerial photographs and
QuickBird images from 1993 and 2010 were utilized for the
validation of maps derived from images from other years in the
study period. This study used a stratified random sampling
method to validate the final maps, and user accuracy, producer
accuracy, overall accuracy, and kappa coefficient were
calculated for mangrove vegetation cover maps (Nguyen et al.,
2013). Two indices, namely the Number of Patches (NP) and
Largest Patch Index (LPI), which best represent changes in the

fragmentation of these ecosystems, were selected to investigate
temporal and spatial changes in the coherence of Hara
Biosphere Reserve mangroves in response to long-term drought
events. Finally, the trends of SPI values and NP and LPI indices
over the 31-year period were examined.

3. Results and Discussion

The analysis of drought trends revealed an increase in SPI
values from 1986 to 1998 (positive SPI values indicating wet
periods), followed by a continuous decrease in SPI values
during the 19-year period after 1998, indicating drought
conditions. Mapping of mangroves in the HBR over the 31-year
period (1986-2017) showed that during the 12-year period prior
to 1998 (wet period), various sections of the HBR experienced
advancement and expansion towards both inland and coastal
areas. Conversely, during the 19-year period after 1998 (drought
period), due to reduced rainfall, mangroves experienced retreat
and reduction in extent along coastal and inland margins
(Figures 2 and 3).
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Figure 2. The changes in the extent of the largest patch in the
HBR over the 12-year period (1986-1998).
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Figure 3. The changes in the extent of the largest patch in the
HBR over the 19-year period (1998-2017).

Changes in the extent of the largest patch in the HBR indicated
an increase in its extent during the period prior to 1998 (wet
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period), followed by a gradual decrease until the end of the 31-
year period (Figure 4).
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Figure 4. The changes in the extent of the largest patch in the
HBR over the 31-year period (1986-2017).

Results showed that the trend of changes in LPI over the 31-
year period (1986-2017) differed from the trend of changes in
the extent of the largest patch (Figures 5 and 6). Specifically,
LPI values decreased gradually from 1986 to 1998 (wet period)
and then increased until the end of the 31-year period (drought
period) (Figure 5). Additionally, the NP decreased during the
12-year period (1986-1998), with the NP of the reserve being
1281 and 911 in 1986 and 1998, respectively. However, the
number of mangrove patches increased during the period after
1998 (drought period), reaching 1639 by the end of the 31-year
period in 2017 (Figure 6).
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Figure 5. Comparison of the trends in changes in LPI and SPI in
the HBR over the 31-year period (1986-2017).
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Figure 6. Comparison of the trends in changes in NP and SP1 in
the HBR over the 31-year period (1986-2017).

4, Conclusion

The examination of patch numbers and the extent of the largest
patch in the HBR over the 31-year period (1986-2017) indicated
that during the years from 1986 to 1998 (wet period), despite a
decrease in the number of mangrove patches, there was an
increase in the extent of the largest patch. This increase in the
extent of the largest patch in the Hara Biosphere Reserve,
accompanied by a decrease in the NP and a decrease in the LPI
in this reserve, occurred before 1998. These structural changes
in the HBR before 1998 indicate an increase in the extent of
existing patches and, ultimately an expansion of mangrove
habitats during this period. Indeed, increased coherence in the
Hara mangrove stands significantly affects the distribution and
diversity of mangrove-associated fauna, and the increase in
patch numbers, reduction in the extent of large patches, and the
presence of gaps between mangrove patches disrupts biological
exchanges at the habitat level and reduces gene flow among
populations within patches. Therefore, higher rainfall amounts
and continuous wet periods before 1998 have led to increased
coherence in the HBR. According to landscape ecology
principles, an increase in patch numbers, along with a decrease
in the extent of large patches and the total extent of an
ecosystem over time, indicates degradation (Riitters et al.,
2002). The reduction in patch extent and increase in patch
numbers in the HBR also indicate the degradation of this habitat
during recent long-term drought periods. However, these results
are not unexpected, as other researchers worldwide have also
noted that any changes in rainfall amounts, surface water flows,
and drought occurrences can lead to undesirable changes in
nutrient levels, water salinity, and sediment inputs into
mangrove beds, resulting in reduced growth potential and
structural decline in mangroves (Ellison, 2015). Undoubtedly,
other environmental factors such as local geomorphological
characteristics, surface water hydrological dynamics, and
changes in coastal sediment deposition rates also affect changes
in mangroves within the HBR. Investigating the impact of each
of these factors on the occurrence of degradation in the Hara
Biosphere Reserve can be a focus of future studies.
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