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Abstract 

Generally, investigating changes in mangrove shorelines is an important step to evaluate whether 

mangrove ecosystems are expanding or contracting. In this study, the rates of change of mangrove 

boundaries were investigated along the coasts of the Persian Gulf and the Oman Sea, over a 30-year 

period. Seaward edges of mangrove forests were extracted from Landsat images of the years 1986, 

2000 and 2016 and the Digital Shoreline Analysis System (DSAS) Software was used to implement 

the Linear Regression Rate (LRR) method to quantify the rates of boundary changes. On average, 

areas that experienced boundary expansion progressed by 2.55 m yr-1 and those that experienced 

contraction regressed by -0.38 m yr-1. The maximum rate of expansion was 25.91 m yr-1 and the 

maximum rate of contraction was -22.45 m yr-1. Mangroves located on the coasts of the Persian Gulf 

exhibited differential rates of progression and regression at their borders, with expansion rates 

increasing in an eastward direction toward the coasts of the Oman Sea. However, on the eastern coasts 

of the Oman Sea, mangroves are characterized by contraction and erosion. 
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1- Introduction 

Among the natural sub-systems located along the world’s shorelines, mangrove forests straddle both marine and 

terrestrial ecosystems and provide a diverse range of goods and services such as the provision of wood and marine 

products, prevention of damage caused by storms, provision of flood control, protection of coastlines, and control of 

coastal erosion, waste assimilation, recreation, and transportation required by coastal communities [1-5]. For thousands 

of years, these forests have played a major role in the economies of human societies, sustaining people’s livelihoods [6, 

7]. Despite the importance of these ecosystem services for meeting human needs, degradation and loss of these unique 

coastal habitats around the world have been intensified over the past three decades, so that more than 50% of the world's 

mangrove forests have already been destroyed and the trend is still continuing [8]. Loss of a wide range of goods and 

services provided by this ecosystem as well as enhanced risk to mangrove-dependent human communities are the direct 

results of the destruction and loss of mangrove ecosystems [9-12]. This calls for the development of effective planning 

and management strategies to conserve and restore mangrove ecosystems, which has become elevated to one of the main 

objectives for decision makers and managers of natural resources responsible for sustaining mangrove ecosystems. One 

way to achieve these goals is to first assess whether, and if so, how mangrove shorelines have changed over time. Such 

a dynamic change of coastal areas would be a powerful indicator for the degree of vulnerability and responsiveness of 

mangroves to stresses induced by climate change [13-15].  

Mangroves on the coast of the Persian Gulf and the Oman Sea are one of the most important remaining mangrove 

habitats in the Middle East and cover an area of approximately 427 km2 along the coasts of Iran, Saudi Arabia, Kuwait, 

UAE, Bahrain and Qatar [16, 17]. A significant part (~192 km2) of these mangroves is located on the coasts of Iran and, 

due to its high-value status for ecosystem services and functions, is an integral part of the global network of the Man and 

the Biosphere reserve system. In spite of their considerable importance at the international level, mangrove forests of 
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Iran are still subjected to ongoing natural and human destructive factors such as over-exploitation of mangrove branches, 

unplanned tourism, industrial and mining development, aquaculture development, introduction of non-native species 

(e.g., black rat), over-exploitation of aquatics, discharge of industrial and urban waste into forests, oil pollution, 

successive droughts, lack of rainfall, and reduction of water discharge and nutrient-feeding sediments [18, 19]. These 

stresses and disturbances have caused undesirable changes in the growth and development of mangroves and disruptions 

in coastal sediment dynamics, which can further increase the vulnerability of mangrove forests to other climatic and 

hydrological hazards [20-22]. Decreased area and regression of mangrove boundaries can result in a decreased adaptive 

capacity and an increased vulnerability to current and future natural and human stresses and disturbances [23]. These 

potentially adverse effects highlight the importance of evaluating changes in mangrove shorelines to better predict the 

future vulnerability of mangroves. Therefore, the aim of this study is report on changes in mangrove shorelines in the 

coastal areas of the Persian Gulf and the Oman Sea over a period of 30 years. 

1-1- Research History 

Satellite images and geographic information system (GIS) have been extensively used to monitor spatial and temporal 

changes over time of mangrove forests and other habitats [13, 14, 24-37]. In this regard, the Digital Shoreline Analysis 

System (DSAS) is one of the ArcMap tools that have been prepared for automatic or supervised measurements of 

changes in coastlines [38]. In the DSAS system, the user measures the boundary changes at different time periods using 

a defined coastal base-line and determines a set of transects from this line perpendicular to this base line toward the in-

shore and off-shore areas [39]. Due to the efficiency and accuracy of the software, this approach has been widely used 

to study changes of the world’s coastlines as well as the borders of mangrove forests (Table 1). 

Table 1. Examples of studies carried out using DSAS to evaluate the rate of change in coastlines and borders of mangrove 
forests around the world 

No. Study area Period References 

1 Barrio Islote, Arecibo, Puerto Rico 1950–2010 Thieler and Danforth [40] 

3 California coast, USA 1800s–2002 Hapke et al. [41] 

4 Mad Island Marsh Preserve, Texas, USA 1995–2005 Mangham and Williams [42] 

5 California coast, USA 1920–2002 Hapke and Reid [43] 

6 Accra, Ghana 1904–2002 Appeaning Addo et al. [44] 

7 Phan Thiet coastal area, Vietnam 1973–2002 Thao et al. [45] 

8 Sefton Coast, UK 1955–2005 Esteves et al. [46] 

9 California coast, USA   1800s–2001 Hapke et al. [47] 

11 Cedar Island, North Carolina, USA 1958–1998 Lisa et al. [48] 

12 New England and mid-Atlantic coasts, USA 1800s–2000s Hapke et al. [49] 

15 Sheltered coastlines in Neuse River estuary, USA 1958–1998 Cowart et al. [50] 

16 Sundarbans coastline, India and Bangladesh 1973–2010 Rahman et al. [51] 

17 Sele Plain coastline, Italy 1870–2009 Alberico et al. [52] 

18 Coastal Ramsar wetlands of Turkey, Turkey 1972–2009 Kuleli et al. [53] 

19 Coast between Kanyakumari and Tuticorin,  India 1999–2009 Sheik and Chandrasekar [54] 

20 Mangroves of Douala Estuary, Cameroon 1975–2007 Ellison and Zhou [23] 

21 Vedaranyam coast, Tamil Nadu, India 1930–2005 Natesan et al. [55] 

22 Kien Giang coast, Vietnam 2003–2009 Hai-Hoa et al. [56] 

23 Coast of Bangladesh 1989–2009 Sarwar and Woodroffe [57] 

24 Mangroves of Mui Ca Mau, Vietnam 1953–2011 Tran Thi et al. [58] 

25 Coastline around Denmark 1862–2005 Kabuth et al. [59] 

26 Niger delta, Africa 1986–2013 Kuenzer et al. [60] 

27 western Yukon coast, Canada 1951–2009 Konopczak et al. [61] 

Although various studies have measured the advance and retreat of the coastlines and mangrove boundaries around 

the world, no studies have been done on the status of mangroves on the coasts of the Persian Gulf and the Oman Sea to 

test whether they are progressing or regressing. Therefore, the present study reports the rate of progression (process of 

sedimentation) and regression (process of erosion) of mangrove forests on the coasts of Iran over a period of 30 years 

using Landsat images for the years 1986, 2000 and 2016 and the DSAS software. 
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2- Methods 

2-1- Study Area 

Our study area consists of mangrove forests located in the Hormozgan province on the northern coasts of the Persian 

Gulf and the Oman Sea. The size of the area is 10700 ha and is located in the jurisdiction of seven towns (i.e., Jask, 

Sirik, Minab, Bandar Abbas, Khamir, Qeshm and Bandar Lengeh). Natural mangrove forests in coastal areas of 

Hormozgan stretch from 25°34′13″N in Gabrig (Jask town) to 27°10′54″in Koulaghan (Bandar Abbas town) 

and 58°34′07″E in Himan (Jask town) to 55°22′06″E in Bandar Lenge town [18, 19]. These mangrove forests 

consist of two mangrove species, i.e., Harra (Avicennia marina) and Chandal (Rhizophora mucronata), that occupy the 

largest area of these forests in Iran. These mangroves are comprised of unmixed, irregular and uneven aged Avicennia 

associations and, in the Sirik habitat, Rhizophora mixed with Avicennia species [18]. These forests grow mainly on 

loamy surface soil consisting of clay-loam to loam-silt-clay sub-surface textures, with proportions of soil organic matter 

varying from 0.33% to 4.43%, an average of 1.2% and relatively higher proportions in the sub-surface soil than in the 

surface soil [19]. In this study, the rate of progression and regression of mangrove forests along the coasts was based on 

the sediment state (i.e., erosion or accretion) in coastal mangrove forest areas for which satellite images existed. Thus, 

mangrove forests were divided into 10 zones and the rate of change of mangrove forest boundaries was studied (Figure 

1). 

 

Figure 1. Geographic location of mangrove habitats on the northern coasts of the Persian Gulf and the Oman Sea 

2-2- Processing of Satellite Images 

The Landsat images of the years 1986, 2000 and 2016 were used to analyze the rate of progression and/or regression 

of mangrove forests over a period of 30 years. Images were selected for these years because they achieved a good spatial 

coverage during the period, avoiding potential skewness issues when running regression models [23, 62]. It should be 

noted that the limited availability of satellite images with higher resolution obliged us to choose Landsat images for this 

work. Since cloud cover reduces the image quality and causes errors in detecting the phenomena of interest in the images, 

we first examined a larger number of images in the Landsat satellite archives and used only images without cloud cover. 

To determine the mangrove boundaries as exactly as possible, we only used images taken at a time when the sea level 

was at low tide. Since determining the exact boundaries of mangrove forests is a critical step, images with very high 

geometric precision are required. Although Landsat C images are generally characterized by good geometric precision, 

to ensure maximum possible accuracy, a total of 250 ground control points with good spatial distribution throughout the 
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study area were recorded using GPS units. Landsat C images of 2016 were then georeferenced with the use of IDRISI 

software, resulting in a root mean square error lower than one pixel (RMS = 0.143). Finally, the corrected Landsat C 

images were then used for geometric correction of the Landsat TM images taken in 1986 and 2000. None of the RMS 

values of the Landsat TM images in any of the corrections was higher than 0.18. All images were geo-referenced to the 

UTMWGS-1984 Zone 40N projection and datum. 

Considering the resolution of the images available and following studies by Gilman and Ellison [14], Ellison and 

Zouh [23] and Tran Thi et al. [58], the closed-canopy edge of the boundary of the mangrove forests was considered as 

the off-shore (marine) boundary; single trees and seedlings located beyond this edge were excluded from the analysis 

of site boundaries. To ensure separation of mangroves from surrounding waters and upland areas when drawing the final 

boundaries for each site, we used the NDVI vegetation index that is considered one of the best and most widely used 

indices for quick and easy distinction of green vegetation from other land cover [63, 64]. After computing the NDVI, 

the off-shore (marine) borders of the mangroves were manually digitized using precise visual interpretation on a scale 

of 1: 10,000 and vetted with a team of experts familiar with these areas. Finally, the off-shore borders of the mangrove 

sites were identified in the images of 1986, 2000 and 2016 and overlayed on the Landsat images.  

2-3- Social Survey 

Social surveys were conducted that consisted of face to face interviews with families that live in the villages adjacent 

to the mangroves and with experts from the Department of Natural Resources of the province. Given that the purpose 

of the interview was to obtain the views on reasons that may explain potential changes in the mangrove ecosystem, only 

people with residence histories of more than 30 years in the area were interviewed. Accordingly, 25 people aged from 

50 to 65 years were interviewed and their views recorded.  

2-4- Calculating the Change Rate of Mangrove Boundaries Using DSAS 

The progression and regression rates of mangroves is based on the changes over time of the mangrove boundary 

position relative to a baseline position demarcated on 2701 transects that were 30 m apart and ran perpendicular to the 

boundary edges. The transects and the baselines were drawn manually using the DSAS software, taking into account the 

general layout of each site and boundary, and by using the mapped buffer for mangrove boundaries in the Landsat 

images of the year 2000 (see [23, 57]). The calculation of the rate of progression (sedimentation) or regression (erosion) 

can be done with various statistical methods including end point rate (EPR), average of rates (AOR), minimum 

description length (MDL), jackknifing (JK), linear regression rate (LRR), weighted least squares (WLS) least absolute 

deviation (LAD) and weighted least absolute deviation (WLAD) [40, 53, 54, 62, 65-69]. Among these methods, the 

LRR statistical method is most widely used and allows assessing changes in the coastlines and borders of ecosystems at 

different times (more than 2 periods) [57, 58] Using this method, we estimated the average rates of progression and 

regression of mangroves using the position of the border-lines relative to the baseline. Positive LRR values calculated 

by DSAS indicate a progression of the borders (sedimentation and expansion of mangroves) whereas negative LRR 

values indicate a regression of the borders (erosion and contraction of mangroves) over the 30-year period.  

3- Results 

Spatially explicit analyses of boundary changes of mangroves over time is a powerful tool that can help allocate 

limited resources through planning and implementation of conservation measures to vulnerable areas where mangroves 

are particularly threatened by natural and human-induced hazards [23, 70, 71]. The calculated LRR values of changes 

in boundaries varied among and within regions and revealed that some borders of the mangroves progressed toward the 

sea (sedimentation), while others regressed (erosion) and led to boundary contractions and loss of mangroves at the sea-

edge. A total of 1424 of 2701 transects (53%) with positive LRR values had boundaries that progressed toward the sea, 

while 1174 transects (43%) had negative LRR values and boundaries regressed inland (Table 2). Of the 31 studied sites 

in 10 zones, 11 sites (35%) exhibited an overall boundary contraction, with generally more transects showing regression 

than progression. Zone 1–Site 1 had the highest proportion of transects (86%) with boundary regression that changed 

on average by -1.06 ± 0.23 m yr-1, which represented the greatest regression or erosion rate among all sites. The mean 

rates of progression and regression in mangroves of the Hormozgan coasts (Persian Gulf and Oman Sea) were 2.55 and 

-0.38 m yr-1, respectively. Zone 1 that has a marginal length of approximately 71 km and extends from the Pohl coast to 

the Mehran River estuary, experienced contraction of boundaries on 707 of 1450 (49%) transects; 675 (47%) transects 

expanded their boundaries. Sites 1-3 and 5-6 had the most transects (53%) with boundary contraction, resulting in overall 

boundary contractions at each site (Table 2). In Zone 1, the greatest mean boundary expansion was 10.46 m yr -1 (Site 

14); the greatest mean boundary contraction was -6.35 m yr-1 (Site 7). The number of transects with boundary contraction 

gradually decreased and the number of transects with boundary expansion gradually increased from Site 1 to Site 15; 

similarly, a trend of increasing rates of sedimentation is seen to reverse from predominant erosion between Sites 1 and 

8 to sedimentation and positive average rates of boundary changes between Sites 10 and 15 (Table 2). Site 13 that has a 

marginal length of 4.26 km expanded boundaries on all transects and exhibited the highest expansion rate (5.9 ± 2.57 m 
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yr-1) among all sites of Zone 1. Similarly, Sites 12, 14 and 15, which resemble islands, expanded the boundaries of 

mangroves (Table 2 and Figure 2). 

Table 2. Rates of change of mangrove shorelines in ten zones across the study area. 

Zone Site 
Number of 

Transects 

Sign of LRR Mean of mangrove 

shoreline change 

(m yr−1) 

Maximum of mangrove 

shoreline change 

(m yr−1) 

Minimum of mangrove 

shoreline change 

(m yr−1) Positive Negative 

1 

1 174 18 149 -1.06±0.23 0.45 -4.15 

2 53 22 25 -0.33±0.11 0.98 -2.79 

3 102 34 55 -0.06±0.04 1.37 -1.31 

4 27 15 12 0.17±0.04 0.86 -0.9 

5 101 26 72 -0.5±0.11 0.92 -5.26 

6 86 22 60 -0.36±0.19 0.66 -1.54 

7 168 81 84 0.27±0.12 5.71 -6.35 

8 38 22 15 0.008±0.003 0.88 -1.2 

9 76 15 60 -0.3±0.04 0.87 -0.9 

10 41 31 10 1.48±1.08 4.32 -1.14 

11 58 37 17 0.65±0.48 8.48 -1.94 

12 133 95 38 0.61±0.17 3.61 -0.79 

13 67 67 - 5.9±2.57 9.87 0.89 

14 203 140 51 0.77±0.29 10.46 -1.55 

15 123 50 59 0.003±0.001 1.44 -1.61 

2  235 134 95 1.31±1.11 7.29 -2.39 

3 
1 33 19 14 0.29±0.10 2.24 -1.62 

2 125 114 10 7.86±4.47 25.91 -2.28 

4  82 77 3 6.48±4.95 18.67 -0.64 

5 

1 17 17 - 11.01±7.58 20.23 0.01 

2 41 39 2 9.75±7.46 22.21 -0.83 

3 81 35 39 40.4±0.22 17.43 -22.45 

6  48 25 15 0.28±0.14 3.41 -0.69 

7 

1 57 28 29 -0.42±0.20 4.76 -3.53 

2 77 56 19 0.59±0.32 10.48 -3.91 

3 93 42 45 0.05±0.02 3.14 -2.35 

4 83 48 35 0.59±0.23 4.97 -3.84 

8  47 18 29 -0.05±0.01 2.85 -2.46 

9 
1 77 38 38 -0.44±0.27 2.99 -9.27 

2 70 38 30 -0.12±0.10 3.86 -3.39 

10  85 21 64 -0.44±0.28 7.06 -5.76 

Moving eastward approaching the Mehran river estuary and located at Mardo Island, Zone 2 progressed toward the 

sea at an average rate of 1.31 ± 2.71 m yr-1; 134 of 235 transects (57%) expanded their boundaries with a maximum 

expansion rate of 7.29 m yr-1 (Table 2 and Figure 2). Zones 3 through 6, located in the estuaries of Kohneh-shahr, Minab 

and Nakhl-e-Ziarat, expanded their boundaries through sedimentation in the vast majority of transects. Zone 5–Sites 1 

and 2, with respective marginal lengths of 3.56 and 5.49 km, had the highest rates of boundary expansion or 

sedimentation (11.01 ± 7.58 m yr-1 and 9.75 ± 7.46 m yr-1, respectively) among all of the regions investigated in this 

study. Zone 5–Site 3, which has a marginal length of 1.25 km, showed the greatest boundary contraction (-22.45 m yr-

1) in this study; in contrast, Zone 3–Site 2, which has a marginal length of 1.8 km, showed the greatest boundary 

expansion (25.91 m yr-1) (Table 2 and Figure 2). Zone 7 with its four sites located in the vicinity of the Nakhleziarat and 

Kartan river estuaries and a total marginal length of 25.37 km, mostly (except for Site 1) expanded its boundaries by 

sedimentation and progressed toward the sea (Table 2 and Figure 3). The greatest boundary dynamics in Zone 7 were 

found in Site 2 that exhibited the greatest expansion (10.46 m yr-1) and the greatest contraction (-3.91 m yr-1).  
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Figure 2. Shorelines changes of mangroves in Khamir habitat during 30-year period 

Zone 8, located between the Roubahi estuary and adjacent to the port of Jask, had a marginal length of 2.82 km and 

exhibited minor average boundary contractions of -0.05 ± 0.01 m yr-1; even though the boundaries contracted on the 

majority of transects indicating the dominance of erosion processes, boundaries on individual transects expanded up to 

2.85 m yr-1 and contracted up to -2.46 m yr-1. Zones 9 and 10, which comprise the easternmost mangrove sites in Iran 

and are located at the estuary of the Shahre-Nu River and at the coast of the Kashani River, respectively, experienced 

overall boundary regression and erosion processes, despite receiving sediment inputs from these rivers. Whereas the 

numbers of transects with expanding and contracting boundaries were more even in Zone 9, 75% of transects in Zone 

10 showed contracting boundaries and dominance of erosion processes; the most severe contractions observed were -

9.27 m yr-1 in Zone 9 and -5.76 m yr-1 in Zone 10 (Table 2 and Figure 3). Changes in average boundary movements 

along the northern coasts of the Persian Gulf and the Oman Sea indicate an overall spatial trend that underscores the 

dynamic condition of these coastal areas. In general, the dynamics in Zone 1 were dominated by erosion in sites 1 to 9; 
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in contrast, sedimentation dominated in Zone 1 between Sites 10 and 15 and in Zones 2 to 6 Whereas Zone 7 was 

dominated by sedimentation processes, Zones 8 to 10 exhibited erosion of substrates and inland movement of the 

boundary (Table 2 and Figure 4). 

 

Figure 3. Shorelines changes of mangroves in Tiab habitat during 30-year period 

 

Figure 4. Mangrove boundary changes from the West to the East coasts of the Hormozgan province 
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4- Discussion 

Investigating the spatial changes of the boundaries of mangrove forests on the coasts of the Persian Gulf and Oman 

Sea over a period of 30 years clearly revealed that the coastal boundaries formed by mangrove ecosystems are not static 

over time, but are characterized by dynamic contractions and expansions that are highly variable in space. In this study, 

we did not find a systematic contraction of mangrove forests throughout the entire study area; rather, within a general 

gradient of increased contraction from west to east, different zones and sites within the study area exhibited differential 

rates of progression and regression of mangrove boundaries. In the areas where boundaries contracted, the average rate 

of contraction of Iranian mangrove forests of -0.38 m yr-1 (ranging between -0.05 m yr-1 in Zone 8 to -1.26 m yr-1 in 

Zone 1) are lower than what has been reported from other mangrove ecosystems around the world. Over a 32-year period 

(1975-2007), mangrove forests of the Douala Estuary in Cameroon had an average regression rate of -3 m yr-1 [23]. In 

American Samoa, an average erosion rate of -1.11 m yr-1 (ranging from -0.06 m yr-1 to -3.27 m yr-1) was documented 

for a 40-year period (1961-2001) [14] and mangrove forests of Mui Ca Mau, Vietnam regressed on average by -33.24 

m yr-1 (ranging from -0.06 m yr-1 to -38.31 m yr-1) over a 51-year period (1953-2011) [58]. The lower regression or 

erosion rates of mangrove forests in Iran may be a consequence of different sediment dynamics in our coastal 

environment as well as a multitude of other contributing factors that cause erosion, such as the construction and 

installation of structures in coastal areas, socio-economic issues, and specific climatic characteristics of the various 

regions of the world. In fact, studies have shown that many factors including changes in the distribution of sediments in 

coastal environments due to constructing infrastructures, over-exploitation of mangroves for fuel or grazing purposes, 

aquaculture development, contaminants and climate impacts such as rising sea levels are among the main factors 

implicated to cause contraction of mangrove forests in other parts of the world [14, 23, 56, 58]. In the mangrove forests 

of Iran, various factors such as grazing that are rampant in Zones 1, 8, 9 and 10, extraction of firewood and building 

materials, aquaculture development, construction of piers, marine transportation, movement of vessels in the mangrove 

areas, development of certain industries and mining around the mangroves, construction of dams and roads on rivers 

(Jagin dam), discharge of industrial and household waste from surrounding urban areas as well as oil pollution can play 

a major role in degradation and regression of these ecosystems [19, 20, 21].  

Interviews with local people and experts of the Provincial Department of Natural Resources indicated a wide-held 

opinion that excessive use of mangrove forests by local indigenous peoples such as cutting mangrove branches to feed 

livestock also contributes in the destruction of these sites. Further, the interviewees stated that price increases of oil and 

fuel materials following the implementation of the Iranian subsidy reform plan in 2012 precluded many of the low-

income households in villages surrounding the mangroves from meeting their fuel needs, which has led to increased 

cutting of mangrove branches. Undoubtedly, the uncontrolled exploitation of mangroves is a cause for significant 

decreases in the extent of mangrove forests and for erosion of substrates that may ultimately lead to increased 

vulnerability of these forests to other natural and human hazards.   

The greatest contraction of mangroves observed in Zone 1 (Strait of Hormoz) is likely due to intensive construction 

and industrial activities, boat traffic, fishing activities, discharge of oil materials and industrial and domestic wastes that 

are particularly concentrated in this zone. The contraction of mangroves located on the shores of Oman Sea (Zones 8 

and 10) is most likely due to the erosion of shallow and corroded marine facies that is prevalent especially at the mouth 

of the estuaries. Here, the Jagin River flows in basins adjacent to the Oman Sea through fast-erodible geological 

formations of the Makran formation. The Jagin River is one of the main rivers that drains the province and produces 

sedimentation in the sea. Tributaries of Jagin River that originate from the southern slopes of Makran and Bashargard 

mountains have a torrential flow regime that used to transport large volumes of sediments during rainfall events. The 

construction of Jagin dam on the Jagin River in 2008 significantly reduced the amount of sediment that enters the sea at 

the mouth of the river as evidenced by volumes of 5.2 million m3 of sediment retained annually by the dam. Undoubtedly, 

the construction of the dam has changed the sedimentary dynamics of coastal areas in downstream areas and is a 

contributing factor that explains the contraction of mangroves in this area. Decreased qualities and quantities of 

mangroves following large changes in volumes of water and sediment loads often follow the construction of dams that 

alter the flow path of rivers [23, 72, 73, 74], necessitating more detailed assessments of the impacts of the Jagin dam on 

contraction of mangroves in this area.  

Average expansion rates of mangrove boundaries of 2.55 m yr-1 in areas where progression was observed is in-

between but closer to the lower range reported for the Douala Estuary, Cameroon (0.79 m yr-1) [23] and Mui Ca Mau, 

Vietnam (40.65 m yr-1) [58]. The expansion in this study may be explained by the high rates of terrestrial soil erosion in 

the watersheds of the Hormozgan province that, according to studies by the Forests, Range and Watershed Management 

Organization of Iran show rates in excess of 20 tons ha-1 yr-1 and, in some watersheds located at the erodible formations 

of Makran subduction, 30 tons ha-1 yr-1. This high erosion volume is influenced by four main factors: a high-intensity 

shower rainfall regime, the presence of erodible geological formations particularly Makran marls and Mishan formations 

in the central and eastern parts of the province, the steep topography and slopes, and a low density of vegetation in the 

Hormozgan province [75]. On the coasts between the Minab estuary in the east and the Shour estuary in west of Bandar 

Abbas, surface flows of the Mehran, Minab, Shour, Kal, Hasan Langi, and Jalabi rivers erode shallow coastal beds and 



Emerging Science Journal | Vol. 3, No. 2 

   Page | 96 

fore-banks of central and eastern regions of the province, leading to the extension of coastal plains and increased 

sedimentation in mangrove beds of these coastal areas. This might explain the greater rates of progression of mangroves 

in Zones 1 and 6 and a major part in Zone 7 compared with other regions. The expansion of the boundaries in Zones 3 

through 6 is likely due to significant volumes of sediment loads that enter the estuaries of Kohneh-shahr, Minab and 

Nakhl-e-Ziarat from upstream basins. In addition to the significant role played by rivers, geological conditions between 

the axial extensions of folds relative to the coastline may also have contributed to increased amounts of sedimentation 

volumes in this region. Studies of aerial photographs and topographic maps show that fore-bank slope is an effective 

factor in high sedimentation in the central and eastern coasts [76]. 

5- Conclusion 

Analysis of spatial variability of mangrove boundaries of the northern coast of the Persian Gulf and the Oman Sea 

revealed an average rate of expansion of mangrove boundaries of 2.55 m yr-1 in areas characterized by progression and 

a contraction rate of boundaries of -0.38 m yr-1 in areas characterized by regression, with extreme values of 25.91 m yr-

1 expansion and -22.45 m yr-1 contraction. The overall trend of movement of mangrove boundaries revealed dynamic 

changes along coastal mangroves on the Central Coast (West of the Strait of Hormoz in the Persian Gulf) that represented 

differential levels of progression and regression of boundaries, with overall eastward increases in progression and 

sedimentation rates of mangroves. Ultimately, in the easternmost part of the Oman Sea, mangroves were characterized 

by erosion or regression. Mangroves in Iran are influenced by a range of natural and human factors that can affect the 

conditions, growth trends, and development of mangroves in the northern coast of the Persian Gulf and the Oman Sea. 

Further studies are needed to show the extent to which each of these factors may affect the changes the boundaries of 

the mangrove ecosystems in these areas.  

Our evaluation of the general trend in the average movement of mangrove boundaries along the coasts of the 

Hormozgan province indicated that the mangroves located at the coasts of the Persian Gulf exhibit spatially 

heterogeneous dynamics that include locally variable progression and/or regression of the boundaries. In general, the 

progression rate due to sedimentation in mangroves increases in an eastward direction (in the strait of Hormoz): on the 

eastern coasts of the Oman Sea, mangrove dynamics are mainly characterized by regression erosion processes. The 

results of this study clearly indicate that a spatially explicit analysis of mangrove boundaries using satellite images and 

GIS is a useful tool for monitoring and identifying the most vulnerable and erodible sites. Progression and regression 

rates of mangrove ecosystems located at the southern coasts of the Persian Gulf and the Oman Sea (along the coasts of 

Bahrain, Qatar, Kuwait, UAE, Oman and Saudi Arabia) could be estimated with the method used in this study to 

investigate whether a clearer trend in the direction of mangrove ecosystem expansion or contraction may be observed at 

a larger scale. 
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