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Abstract

Examining long-term changes in the integrity or fragmentation trends of mangroves due to climate change
can lead to a more precise understanding of structural changes in mangroves and their connection to the
impacts of climate change. This study investigates the changes in the integrity status of the Hara Biosphere
Reserve mangroves in Qeshm in response to variations in rainfall and drought over a 31-year period (1986-
2017). For this purpose, a 31-year time series of satellite images and rainfall data were used, and values for
the Number of Patches (NP) and Largest Patch Index (LPI) metrics, as well as SPI values, were prepared
over the period. The results of changes in the number of patches and the largest patch index of mangroves
during periods of wet years (before 1998) and drought years (after 1998) showed that with the increase in
SPI values (positive values) before 1998, the number of patches and the largest patch index decreased, while
in the period after 1998, with negative SPI values, the number of patches and the largest patch index
increased. In fact, the results indicated an increase in the extent of core areas and large vegetative patches
(increased structural integrity) of the reserve during the wet period and the reverse trend during the drought
period. Based on landscape ecology principles, the increase in the number of patches and the largest patch
index (due to the reduction in the total area of vegetation) in the period after 1998 indicates the degradation
of this habitat in recent years. The results of this study can be used to assess the vulnerability of these habitats
to the impacts of climate change.
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1. INTRODUCTION:

Analyzing changes in mangroves and examining their relationship with drought can provide valuable
information about the adverse effects of climate change on mangroves. Specifically, investigating long-term
changes in the integrity or fragmentation trends of mangroves in response to climatic changes can lead to a
more precise understanding of the structural changes in mangroves and their connection to climate change
impacts. The results can serve as a decision-support tool, playing a crucial role in developing climate change
adaptation programs for these habitats (Reddy et al., 2018). In fact, examining the relationship between
changes in mangrove integrity over time can play a significant role in identifying sensitive and vulnerable

Copyrights:

Copyright for this article is retained by the author(s), with publication rights
granted Journal of Marine Science and Technology. This is an open-access @ @

article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons. org/licenses/ by/4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

AY

Journal of Marine Science and Technology
Spring 2024, Vol. 23, No. 1



mailto:d.mafigholami@nres.sku.ac.ir
https://doi.org/10.22113/jmst.2022.223331.2359
http://creativecommons/
http://jmst.kmsu.ac.ir/

Journal of Marine Science and Technology

Spring 2024, Vol. 23, No.1, pp. 84-96.

habitats and enhancing the effectiveness and success of restoration programs, thereby increasing their
adaptability and resilience to multiple environmental hazards (Hauser et al., 2017). Therefore, the aim of this
study is to investigate changes in the integrity (fragmentation) status of the Hara Biosphere Reserve
mangroves in Qeshm in response to variations in rainfall and drought over a 31-year period (1986-2017).
For this purpose, a 31-year time series of satellite images and rainfall data were utilized.

2. MATERIALS AND METHODS

In this study, the relationship between drought occurrence and changes in mangrove integrity was
investigated by calculating annual SPI values. For this purpose, a 31-year dataset (1986 to 2017) of monthly
rainfall from the Khomir synoptic station, located near the Hara Biosphere Reserve, was used. After
performing geometric and radiometric corrections on the 3 1-year time series (1986-2017) of Landsat images,
the time series of mangrove extent maps for the Hara Biosphere Reserve was prepared. Then, the time series
of changes in the integrity or fragmentation of the Hara Biosphere Reserve mangroves was prepared using
two landscape metrics: The Number of Patches (NP) and the Largest Patch Index (LPI). These metrics are
the best indicators of changes in the degree of fragmentation of these ecosystems. Finally, the relationship
between changes in landscape metrics and the severity of drought over the 31-year period was analyzed, and
the changes in metric values before and after 1998 (the change point in drought occurrence trends in southern
Iran) were examined.

3. RESULTS

The results showed that from 1986 to 1998, the SPI values increased (positive SPI values indicating a wet
period), and then, over the 19-year period following 1998, the SPI values decreased and consistently
exhibited negative values (drought period). Analysis of the obtained results indicated that the values of the
NP and LPI metrics in the Hara Biosphere Reserve fluctuated over the 31-year period (1986-2017).
Specifically, the changes in the largest patch area in the Hara Biosphere Reserve showed an increase during
the pre-1998 period (wet period) and a gradual decrease thereafter until the end of the 31-year period. The
results demonstrated that the trend of changes in the LP over the 31-year period (1986-2017) was opposite
to the trend in the largest patch area. The LPI value gradually decreased from 1986 to 1998 (wet period) and
then increased until the end of the 31-year period (drought period). The NP decreased during the 12-year
period (1986-1998), with the number of patches in the reserve being 1281 in 1986 and 911 in 1998. As the
results show, the number of patches in the reserve increased during the period following 1998 (drought
period), reaching 1639 by the end of the 31-year period.

4. CONCLUSION

The study showed that between 1986 and 1998 (wet period), as the number of patches in the reserve
decreased, the area of the largest patch increased. This increase in the largest patch area, along with a decrease
in the number of patches, indicates an increase in the reserve's integrity through the expansion of core areas
and large vegetative patches in this habitat during the pre-1998 period (wet period). This increase in integrity
could have a significant impact on the distribution and higher diversity of animal species dependent on
mangroves (Li et al., 2013). Conversely, an increase in the number of patches, a decrease in the size of large
patches, and the presence of gaps between patches disrupt biological exchanges and biodiversity at the habitat
level, as well as reduce gene flow among subpopulations within the patches (Li et al., 2013). These changes
were observed in the mangroves of the reserve during the drought period after 1998.

The study by Mafi-Gholami et al. (2017) showed that the area of mangroves in the Hara Biosphere Reserve
decreased during the long-term drought period after 1998. The results of this study also indicated that
alongside an increase in the number of patches (increased fragmentation of large vegetative patches) during
the post-1998 period, the largest patch index in this habitat increased. Since the largest patch index is derived
from the ratio of the largest patch area to the total habitat area, the increase in the largest patch index results
from the decrease in the total habitat area during the long-term drought period post-1998. According to
landscape ecology principles, an increase in the number of patches along with a decrease in the size of large
patches and the total area of an ecosystem over time indicates degradation (Riitters et al., 2002). The decrease
in area and the increase in the number of patches in the Hara Biosphere Reserve also indicate the degradation
of this habitat during the recent long-term drought periods.
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Fig. 2- Variations of annual SPI values during the 31-year period (1986-2017) at Khmer synoptic

station.

q.

VP 5l cJgl o Lol cpgm g Comns 090 di)u}’)r}")‘;
g ole s 4ol Juad



9 M Fb SUSuis 989 9 ( Syl Olomdd b agarlge ;5 155 0,5 Comny 5 05 051585 (5lag JSilo (K )USG Ol i iy

S
Cowdd pglad jload gy dld oLy Al  Sxw Cono i —) Jous
Table 1- Validation results of classified maps from Landsat images
L Cu i SIS cds (o yd) 2ukis a)gy (o)) g8 B (G dub dullls CBd
0.87 92 90 81.8 1994
0.86 93.6 98.8 85 2007
0.83 92 98.8 81 2017
aao¥qr fam £ 200F.t ¥unE 200 ¥\ \av E 200¥FY' M E
- 1 'T; %
z
z z

YFoay Yo N
vs°ay' ¥a"N

YFoaN N
o' "N

VAAFY

) VA 2% = / > 7
y % p ’ oy
-); h' 3 ‘ oiias . = ; o

aew' E

-

T
aa’f.' v."E a°¥' Ww"E a°¥y' "E

1A 5 1AAT iloj alaio 93 3 1y Cormn 5 018 05083 5lg il (1o aSU) g,k Luw €l puads —F JS0i5

Fig. 3- Structural changes (spots) of the mangroves of the mangrove reserve in two time periods,
1986 and 1998.
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Fig. 4- Structural changes (spots) of the mangroves of the mangrove reserve in two periods of time,
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