[ Downloaded from ifej.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61882/if€}.2025.575 |

Ecology of Iranian Forests, Vol. 13, Issue 2,2025 p: 91-101

Research Paper

The Application of Landscape Ecology in Monitoring Changes in the
Spatial Patterns of Mangrove Ecosystems
(Case Study: Qeshm Mangrove Forests)

Neda Bihamta Toosi!""', Alireza Soffianian?, and Sima Fakheran?

1- Assistant professor, Faculty of Natural Resources, Sari University of Agriculture and Natural Resources, Sari, Iran,
(Corresponding author: n.bihamta@sanru.ac.ir)
2- Professor, Department of Natural Resources, Isfahan University of Technology, Isfahan, Iran
3- Associate Professor, Department of Natural Resources, Isfahan University of Technology, Isfahan, Iran

Received: 17 February, 2025 Revised: 10 April, 2025 Accepted: 20 May, 2025

Extended Abstract

Background: Mangrove forests, one of the most important natural habitats, provide many
ecosystem services for humans and other living organisms. In recent years, climate change and
the development of human activities on the coasts have decreased the area of these forests. The
knowledge-based management of forest lands, as a solution to reduce the factors of destruction
and create a balance between development and the environment, requires a detailed assessment
of changes in the landscape structure in the form of spatial and temporal patterns. This research
aims to monitor changes in the spatial patterns of the mangrove forest ecosystem using the
landscape ecology approach and remote sensing techniques.

Methods: Landsat TM and OLI satellite images for the years 1985, 2002, 2016, and 2022 were
used to prepare land cover maps and assess the state of the mangrove forest ecosystem,
considering the changes and programs implemented for the protection and development of
human activities. The random forest method was used in the R software to generate land cover
maps with four layers: mangrove lands, mudflat areas, tidal lands, and water areas, after
preparing educational samples. After classification, the accuracy assessment of the generated
map was examined using data collected from field surveys and Google Earth imagery. These
maps are applied as base maps to identify and analyze spatial patterns at the class and landscape
levels. Using FRAGSTATS software, four measures of class area (CA), percentage of each
class (PLAND), spot density (PD) and nearest neighbor distance (ENN) at the class level and
four measures of spot number (NP), contiguity (CONTAG), fragmentation (SPLIT), and the
largest spot index (LPI) were used to analyze and monitor changes in spatial patterns in the
studied period.

Results: The accuracy assessment results indicated that the four maps obtained had an
acceptable accuracy ranging from 86 to 88 %. The class area metric (CA) results indicated that
the area of mangrove forests decreased from 1985 to 2002, increased from 2002 to 2016, and
then decreased again from 2016 to 2022. One of the primary reasons for the decline in
mangrove forests between 1985 and 2016 was mangrove wood harvest by villagers for charcoal
and fuel. Efforts to restore mangrove forests have been initiated since 2006, and in some
regions, seedlings have been manually planted over the past few years. As mangrove areas have
diminished, mudflats and tidal lands have increased in their place. The PLAND index results
indicated that the abundance of mangroves and mudflats increased while the number of water
bodies decreased between 1985 and 2012.

The PD index has increased for forest, swamp, and tidal lands. The increase in the density of
forest patches in this area is caused by new vegetation areas and fragmentation of parts near the
coast due to sedimentation and rising water levels. The ENN index has been decreasing for
mangrove forest lands and tidal lands, and increasing for swamp lands. The decrease in
Euclidean nearest neighbor distance (ENN) indicates the destruction of mangrove lands, less
dispersion of healthy mangrove lands, and uneven distribution of mangrove patches in the
coastal area. The analysis of landscape-level patch numbers indicated a decline in mangrove
patches from 1985 to 2002, largely due to their use as fuel and for livestock grazing. The
CONTAG metric showed an overall decreasing trend from 1985 to 2022, with a brief increase
occurring between 1982 and 2016. The largest spot index (LPI) decreased and the fragmentation
index (SPLIT) increased from 1985 to 2022.
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Conclusion: Coastal areas are home to vital ecosystems that provide numerous environmental,
economic, and social benefits. However, the rapid development of ports and human activities on
the Iranian coasts to achieve economic benefits, without considering conservation planning and
monitoring the state of coastal ecosystems, can pose a serious threat to the health of these
coastal ecosystems in the long term. One of the most important consequences of the destruction
of coastal ecosystems is the reduction of biodiversity. Based on the obtained results, it is evident
that, even though mangrove forest protection and development programs, such as seedling
planting, have been implemented since 2005, human activities in coastal areas have led to the
destruction and fragmentation of mangrove forest lands. Given the critical importance of these
forests, protection planning and management should be conducted with increased supervision
and precision to prevent further destruction of these coastal areas. The findings of this research
can aid in organizing and planning the protection of mangrove ecosystems in southern Iran.
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Figure 1. The Geographic Location of the study area (the right figure is the location of the study area in Iran, and the
left figure is the satellite imagery of the study area)
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Table 1. Descriptions of landscape metrics used in the study (Mc Garigal & Marks 1995)
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Table 2. The results of accuracy assessment for each land cover map (Overall Accuracy and Kappa Coefficient).
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0.82 87.4 (1985) \Y5¥
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Figure 2. The land cover maps derived from the Landsat imageries for the four-time steps 1985 (A), 2002 (B), 2016
(C), and 2022 (D).
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Table 3. The results of the metrics calculated at the class level for periods
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Figure 3. Graphs of the results of the calculated metrics at the landscape level, A) NP, B) CONTAG, C) SPLIT, and
D) LPI

95k (I plussST Candg Gl lp e pl 5>
oSl sladomin g ey Sloww (wlidpg 359, 5l
5 u‘).u;u 0D J..ob c.;l...s U»L.ul).g A5 eoliiwl u)&.o
ORI o pialS D50t 9)S0le pluswsST SIS (slagSl
a5 cilis (claaeliy AYAD Jlu 5l losgs alS
Sy S wslS sl 5 5Kl sl JSix
dY g Jb ply dswg (Jlo opl Lol S 15 aay
B 9P T U N P WU V-G | Y- P |
235 olBl g (8) pb e ly o3> claadli s
e o] e e Wlge S005 (ol
255 5 9,50l (Sl 55 laaaly I (S g0 9,50
2 S e sl Gl £95 SRl (IR il
) iasgS] ol 2Sdas A5 oo 9)50le piawsST LS L
5l ol gblie cblis Ao piumoss] class sty

5 55 d
ok 3 S olesa Re bt
Glod | g b olRisls ojlgan (0 (slaolSiiys,
0 O.{l .Mln)y 043 Qb?y ﬁL.: 9 OL...JI ‘_;l)g W;\
Jolos 51 slio loj IS L o)lgen ailawlio a5 ol Jls
9y g b e by glie Sl 5 (anb
K slepiunwsS] Cople cwl sad b Jp
bwl g cops Jelge (ialS car o Sl g
G byl Kejls Canj e g drwy g SOl
9 S oSl LB > o)y Sloww Sl Ol s
oly cpyirg cmoipw Slome ldassw 3l odlatwl .l Sloj
il g oloj (o 3D omeipw Sloww Cundg samnlio sy
3 80as g Hldle cp 3B bloyl 8L gly wlo
Cool (s sble olas il » clzwe gyl


http://dx.doi.org/10.61882/ifej.2025.575
http://ifej.sanru.ac.ir/article-1-575-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61882/if€}.2025.575 |

O Lages 5l Lo ple ¢ gl Liam 3 15

Ve 9550 (Slapiunss] S (sagSll s ik )3 ey Slows (wlidpgr 3,0,

I8 eolatwl 3y5e lpl s jd 5,5l clapiuawsST o)l Jels laadl ey s oLy slalBeb
S ablis g e sbshiasln gy Gl |y Gieek

References

Asadi, M., & Moghadam, E. (2019). Evaluation Changes and Quantification Mangrove Forests
in Khorkhouran Protected Area with Emphasis on Hydrodynamic Strait of Hormuz. Journal
of Environmental Science and Technology, 21(6), 213-226. [In Persian]

Baharlouii, M., Mafi Gholami, D., & Abbasi, M. (2019). Investigating Mangrove Fragmentation
Changes Using Landscape Metrics. The International Archives of tl%e Photogrammetry,
Remote Sensing and Spatial Information Sciences, 42, 159-162. [In Persian]

Bihamta Toosi, N., Safianian, A., & Fakheran, S. (2014). Analysis of Land Cover Changes in
the Central Part of Isfahan (Iran) Using Landscape Metrics. Iranian Journal of Applied
Ecology, 2(6), 77-88. [In Persian]

Bihamta Toosi, N., Safianian, A., Fakheran, S., & Pourmanafi, S. (2019). Incorporating CART
algorithm and i for mapping Mangrove using Landsat 8 imagery. Forest Research and
Development, 5(4), 557-569.

Bihamta Toosi, N., Soffianian, A. R., Fakheran, S., Pourmanafi, S., Ginzler, C., & T. Waser, L.
(2020). Land cover classification in mangrove ecosystems based on VHR satellite data and
machine learning an upscaling approach. Remote Sensing, 12(17), 2072-4292.

Bostrom, C., Pittman, S. J., Simenstad, C., & Kneib, R. T. (2011). Seascape ecology of coastal
tl)i901g3riic habitats: advances, gaps, and challenges. Marine Ecology Progress Series, 427,

-217.

Bozorgi, M., Moein, M., Nejadkoorki, F., & Toosi, N. B. (2020). Assessing the effect of water
scarcity on crop selection and spatial pattern of croplands in central Iran. Computers and
Electronics in Agriculture, 178, 105743. https://doi.org/10.1016/j.compag.2020.105743

Daneshmandparsa, R., Mirzaee, R., & Bihamta, N. (2018). Land cover change detection of
Chahar Mahal Bakhtiari province using landscape metrics (1994-2015). Iranian Journal of
Applied Ecology, 7, 17-28. https://doi.org/10.29252/ijae.7.2.17 [In Persian]

Darvish Sefat, A. A., Bagheri, M., Ghorbani, M., & Zahedi Amiri, G. (2018). Spatial forest
disturbance modeling using landscape metrics in Sarvelat protected area of Iran. Journal of
Forest and Wood Products, 71(1), 23-33. [In Persian]

Erfanifard, Y., Lotfi Nasirabad, M., & Sterenczak, K. (2022). Assessment of Iran’s mangrove
forest dynamics (1990-2020) using Landsat time series. Remote Sensing, 14(19), 2072-4292.

Giri, C. (2016). Observation and monitoring of mangrove forests using remote sensing:
Opportunities and challenges. Remote Sensing, 8(9), 2072-4292.

Goldgerg, L., Lagomasino, D., Thomas, N., & Fatoyinbo, T. (2020). Global declines in
human-driven mangrove loss. Global Change Biology, 26(10), 5844-5855.

Hu, L., Xu, N., Liang, J., Li, Z., Chen, L., & Zhao, F. (2020). Advancing the mapping of
mangrove forests at national-scale using Sentinel-1 and Sentinel-2 time-series data with
Google Earth Engine: A case study in China. Remote Sensing, 12(19), 3120

Lee, S. Y., Primavera, J. H., Dahdouh-Guebas, F., McKee, K., Bosire, J. O., Cannicci, S., Diele,
K., Fromard, F., Koedam, N., & Marchand, C. (2014). Ecological role and services of
tropical mangrove ecosystems: a reassessment. Global Ecology and Biogeography, 23(7),
726-743.

Mansouri, M., Badehian, Z., Maleknia, R., & Ghobadi, M. (2024). Assessment of forest
ecosystem vulnerability and prioritization of degradation factors of Dadabad region of
Khorramabad. Journal of Wood and Forest Science and Technology Since 31(1), 1-22. [In
Persian]

McGarigal, K., & Marks, B. J. (1995). Spatial pattern analysis program for quantifying
landscape structure. Gen. Tech. Rep. PNW-GTR-351. US Department of Agriculture, Forest
Service, Pacific Northwest Research Station, 10, 1-122.

Nababa, I. 1., Symeonakis, E., Koukoulas, S., Higginbottom, T. P., Cavan, G., & Marsden, S.
(2020). Land cover dynamics and mangrove degradation in the Niger Delta region. Remote
Sensing, 12(21), 3619

Nasiri, v., & Darvishsefat, A. A. (2019). Change Detection and Analysis of Land Use Land
Cover Changes Using Ecological Landscape Metrics (Case study: Arasbaran region, 1990-
2014). Journal of Wood and Forest Science and Technology Since 25(4), 1-18. [In Persian]

Pir Bavaghar, M., & Mahmoodi, M. (2023). Investigating Land Cover Changes using
Landscape Metrics (Case Study: Baneh Forests). Ecology of Iranian Forest, 11(22), 81-90.
[In Persian]

Soffianian, A. R., Toosi, N. B., Asgarian, A., Regnauld, H., Fakheran, S., & Waser, L. T.
(2023). Evaluating resampled and fused Sentinel-2 data and machine-learning algorithms for
12112angrove mapping in the northern coast of Qeshm island, Iran. Nature Conservation, 52, 1-


https://doi.org/10.29252/ijae.7.2.17
http://dx.doi.org/10.61882/ifej.2025.575
http://ifej.sanru.ac.ir/article-1-575-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61882/if€}.2025.575 |

O3B Lo 5 Gloli Lo ple ¢ sl Lian o |

Ve Vo /Y o)l [amdsee Jlo ol cla S uliips:

Tang, J., Li, Y., Cui, S., Xu, L., Ding, S., & Nie, W. (2020). Linking land-use change, landscape
patterns, and ecosystem services in a coastal watershed of southeastern China. Global
Ecology and Conservation, 23, 01177

Toosi, N. B., Soffianian, A. R., Fakheran, S., & Waser, L. T. (2022). Mapping disturbance in
mangrove ecosystems: Incorporating landscape metrics and PCA-based spatial analysis.
Ecological Indicators, 136, 108718. https://doi.org/10.1016/j.ecolind.2022.108718

Uuemaa, E., Mander, U., & Marja, R. (2013). Trends in the use of landscape spatial metrics as
landscape indicators: A review. Ecological Indicators, 28, 100-106.

Zahed, M. A., Ruhani, F., & Soraya Mohajeri. (2010). An overview of Iranian mangrove
ecosystem, northern part of the Persian Gulf and Oman Sea. Electronic Journal of
Environmental, Agricultural and Food Chemistry, 9(2), 411-417.


http://dx.doi.org/10.61882/ifej.2025.575
http://ifej.sanru.ac.ir/article-1-575-fa.html
http://www.tcpdf.org

