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ABSTRACT

Mangrove forests of Qeshm Island could be considered as one of the most
important and sensitive ecosystems of the Persian Gulf. The Growth and
evolution of mangrove forests are affected by various factors such as pollution,
light penetration, depth, water flow, and water quality. Consequently, it is vital
to monitor the environmental changes of these mangrove forests. Hence, this
study was aimed to evaluate the effects of sea surface temperature and salinity
changes on vegetation level in the Khor-e-khoran protected area in two distinct
time periods (1986-1999 & 2001-2015). In order to achieve the desired
accuracy and details, various data sources were applied including recorded data
in the department of environment of Iran, satellite imagery, drawing profiles
and charts by standard models of ECMWF and Giovanni. The results of the
present study clarified that Sea Surface Temperature and Salinity increased by
about 0.2°C and 0.5 ppt respectively. Comparing the total areas of studied
mangrove forests indicated that the total area of Khor-e-khoran protected area
was decreased from about 6800 hectares in 2003 to 6350 hectares in 2015 which
was more than 1.5%. It was suggested sewages and wastewaters delivered from
shrimp farming pools as well as fuel and crude oil leakage caused salinity and
pollution anomalies in this region.

1. Introduction

Qeshm Island located on the eastern side of the Strait
of Hormuz which is one of the most important and
sensitive areas of the Persian Gulf, due to its unique
geographical, economical, geopolitical, environmental,
and ecological conditions. In order to achieve
sustainable land use, it is vital to consider the
conservation and restoration of regional ecosystems,
which should be the priority of the regional
environmental programs [1]. Therefore this area was
classified as an international sensitive area based on the
Ramsar Convention which was designated in 1971 [2].
In the 1992 IUCN’s agenda, governments have been
urging to identify and protect sensitive areas with the
priority of coral reef ecosystems, tropical wetlands,
mangroves, sea buckthorns, aquaculture spawn, and
regeneration areas. Therefore, the presence of
mangrove forests in the list of sensitive and protected
national and international areas is one of the most
important factors in the coastal areas of Qeshm Island
[3]. Determining the coastal protected areas, especially
the national parks in the northern coasts of the Persian
Gulf is not only an issue but also politically important
and gaining global credibility for the country, due to
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the presence of major biodiversity focal areas such as
coral rocks, mangroves, birds and aquatic species [4].
Sea surface temperature can affect the metabolism and
biological activities rate of aquatic organisms [5] and
thus affect the habitats [6]. Some of these species,
especially aquatic plants, flourish at higher
temperatures, while others prefer lower temperatures
[6]. The mangrove plant does not expand when the
annual average temperature is less than 19 °C and the
ecosystem is out of balance [7]. The photosynthesis
rate of most mangrove species decreases sharply when
the temperature is more than 35 °C. Temperature seems
to be important regulators for the survival or
destruction of mangrove habitats. Some adaptations of
mangrove ecosystems to prevent excessive dehydration
are sweating, thick leaves, small hairs on leaves,
adjustment of respiratory pores, and water conservation
in leaves [8].

There are various water-soluble salts which improve
salinity balance. Major ions in seawater (with a
practical salinity of 35 ppt) are chlorine, sodium,
magnesium, sulfate, calcium, potassium, bicarbonate,
and bromine[6].Salinity anomalies could be considered
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as one of the major disturbances of aquatic plants.
Generally, salinity anomaly leads to physiological
drought, nutritional imbalance, or a combination of all
of these factors. Due to the lack of oxygen in the
manure habitats, the vertical roots are efficient for gas
exchange and respiration in the sludge. The
concentration of salt in the stem of different mangroves
species is recorded from 0.5 ppt to 8 ppt, usually higher
values might be observed in Avicennia marina specie.
This relatively consistent value is much lower than the
salinity of the seawater [9].

According to the carried out studies, physicochemical
factors such as water temperature, salinity, penetration,
local flow, and contamination that play a decisive role
in identifying coastal-marine protected areas are highly
effective parameters in the reproduction and survival of
mangrove ecosystems species [10]. By comparing and
interpreting the aerial photos of two separate periods in
1985 and 1993, it was identified that the area of
Mangrove forests observed in the Qeshm region
(including Mangrove forests in the north and southeast)
was decreased from an approximate area of 8026
hectares to 8016 hectares [11].

Manson et al. (2003) applied two methods of spatial-
temporal analysis and variation detection to estimate
and report the variations in the distribution and
expansion of mangrove habitats in the Moreton Gulf
and southwest areas of Queensland over the past 25
years. Results indicated that about 3800 hectares have
been destroyed by natural losses and clearing
mangroves  because of urban development,
aquaculture, industrial and agricultural development
and only about 15,000 hectares of mangrove habitats
remained in this bay currently [12].

Coastal-marine protected areas, despite being more
sensitive, fragile, and rich are not old enough, and their
conservation and management have many failures due
to this negligence, today [3]. Therefore, the importance
of further investigation in the area of Khor-e-khoran
and filling of the existing gap highlights the necessity
for this research. Also, the scientific background shows
that the area of Mangrove forests in Khor-e-khoran has
been decreased over the last decades.

Since the physical factors such as sea surface
temperature and sea surface salinity are affected
directly or indirectly the resilience and rehabilitation of
Mangrove habitats of this region [13], this study was
aimed to investigate the changes of temperature and
salinity in two distinct periods and its relationship with
reducing the area of mangrove forests. Mangrove
forests in Iran are mainly composed of the Avicennia
marina species, moreover, the marshlands of
Rhizophora mucronata were observed around the
Qeshm Island, and the Khamir port. The mangrove tree
of Rhizophora mucronata, a dominant biotic species of
Qeshm Island, is a fundamental ecologic specie that
grows in tropical and subtropical waters and absorbs
large quantities of carbon dioxide, and its existence is
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a factor for the regulation of salinity in the area, also it
is considered as the habitat of many birds and rare
species [14]. The economic value of natural products
and ecosystem services generated by mangrove
ecosystems is significant. Mangrove forest provide
various economic and ecological services such as
protection against floods and shoreline recession as
well as maintenance of biodiversity [15].

2. Materials and Methods

2.1. Study area

The present investigation was accomplished in a
mangrove protected area which is located between the
north of Qeshm Island and Bandar Khamir (Khor-e-
khoran International Lagoon). The mangrove habitats
of this area could be considered as the most conserved
mangrove ecosystem of the Persian Gulf in terms of
quality. According to reports of the department of
environment of Iran, the area of Mangrove forests has
declined over recent decades [14]. The Mangrove
forests of Qeshm Island are located between the delta
of Mehran and Gavarzin rivers in the northern section
of the Qeshm Island (45' 26 ° to 27 ° N and 20' 55 ° to
51'55 ° E) (Figure 1).

Figurel: Geographical location of Khor-e-khoran
international lagoon

2.2. Temperature Data

The ECMWEF model was used to measure sea surface
temperature data. This model provides weather
forecasts for an average period of time. The main task
of this model is to generate numerical predictions as
well as, conduct scientific and technical researches to
improve the accuracy of forecasting and maintaining
the meteorology data archives. The sea surface
temperature data for over 30 years in two distinct
periods were applied for the present study (1968-1985
and 2001-2015). Totally, 24 data collection points were
considered and parameters were recorded in two
interval times periods per day (12:00 am and12:00 pm).
The data files were downloaded in net CDF format and
retrieved using Panoply software, and then the average
monthly sea surface temperature was calculated using
Excel software.
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2.3. Salinity Data

Regarding the collection of sea surface salinity data for
the statistical period, only there were continuous data
for 7 years available (2007 to 2014). Seasonal
variations were plotted for 3 years by the Giovanni
model, and the data used for the years 2007 to 2011,
was found in the reports of the Iran Fisheries Research
Institute and documentation available at the Library of
the Persian Gulf and The Oman Sea Ecological
Institute [16].

2.4. Variable Vegetation Changes Data

Changes in vegetation over the past 30 years
investigated by Landsat 4 and 5 satellite images (TM
sensors) from 1985 to 1986 and 1999 to 2000, Landsat
7 (ETM + sensor) from 2000 to 2014, and Landsat 8
(OLI Sensor) was been used for 2015. Khor-e-khoran
is located at the 160-41 scene of Landsat data [17].
Detection of variations and determining the most
appropriate indicator in a region depends on the applied
remote sensing technique to specify the spatial, and
temporal characteristics of the sensor system. Satellite
data from the OLI, ETM +, TM, and MSS sensors from
Landsat satellite was used to a large extent for
monitoring vegetation changes [18]. In this study, OLI,
ETM +, and TM images from the Landsat satellite were
used. The satellite images which were used for 2015,
2001, 1999, and 1986. In order to achieve the highest
possible efficiency in terms of identifying the changes
in vegetation over time, the input pictures were in the
same tidal conditions. Additionally, Khor-e-khoran
mangrove vegetation was also at the peak of
physiological potential. Some studies suggested that in
order to characterize land cover changes in tidal areas
with a desirable accuracy, the best time is winter season
and around March. Therefore, winter tide images were
prepared from the study area [17].

In this research, the normalized difference vegetation
index (NDVI) was applied. The NDV1 vegetation index

is a two-variable index that has been developed to
describe vegetation and can be used to differentiate
between near-infrared (which is strongly reflected by
plants) and red light (which is absorbed by plants), that
provides vegetation points. This index is widely used
based on spectral values in identifying vegetation [19,
20]. In order to reveal vegetation changes, two methods
of differentiation and comparison after classification
were used with a threshold of twice the mean deviation.
In the variation method, the depicted image of a date
decreased from the image shown on another date (the
second date from the first date). If the result of this
difference was not significant, it was indicated that
changes were neglectable. Negative values mean a
decrease and positive values mean an increase [21]. In
the comparison method after classification, a map of
the Khor-e-khoran mangrove forest area was required
at two-time intervals. After categorizing, images were
compared independently. For categorization, they were
first selected on each colored image in the forest class
and non-malleable. Then, the degree of separation
between classes and the appropriate selection of
samples with divergence criteria were examined.
Classification is performed using the maximum
probability algorithm [22].

3. Results

3.1. Sea Surface Temperature

The sea surface temperature data in the study area was
collected throughout 30 years-1985 to 2015-by the
ECMWF model. The results are presented in Table 1
and Table 2. Furthermore, changes in the sea surface
temperature are plotted in Figure 2. Results exhibited
an average increase in the sea surface temperature in
two studied periods (1986-1999 and 2001-2015) in
Khor-e-khoran, which was about 0.2 °C. These
variations had a short-term fluctuation and also in
recent years, there has been an increase in sea surface
temperature average.

Table 1: Mean sea surface temperature changes (°C) in Khor-e-khoran over the 1986-1999 period

Year / Month JLY AGU SEP NOV OCT DEC Annual Average
1985 3277 33.09 31.61 30.18 28.26 24.86 28.25
1986 3286 322 31.61 30.67 28.08 25.83 28.15
1987 32.66 3294 31.64 30.71 2795 24.48 27.95
1988 3208 319 313 3041 27.81 24.27 27.6
1989 3199 32.04 30.85 29.89 28.02 25.26 27.68
1990 32 3295 3219 3058 28.05 2558 27.73
1991 3217 3212 31.48 3056 27.98 24.19 27.75
1992 32.07 3261 31.82 29.83 27.61 2525 27.57
1993 319 321 313 3041 27.42 24.46 27.46
1994 31.81 3192 3192 30.09 27.28 2454 27.27
1995 3193 3222 3154 3061 2784 253 27.82
1996 3177 3207 31.81 3022 27.49 2458 275
1997 3178 31.87 31.7 3011 27.64 2482 27.19
1998 31.63 3158 31.13 30.18 27.14 24.67 27.21
1999 3222 32.07 31.82 3021 26.73 24.44 27.31
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Table 2: Mean sea surface temperature changes (°C) in Khor-e-khoran over the 2001-2015 period

Year /Month JLY AGU SEP NOV OCT DEC Annual Average
2001 32.01 32.68 31.02 29.95 2748 2449 27.68
2002 3139 3273 33.03 30.86 2755 28.46 28.05
2003 33.33 3367 3223 30.75 28.15 25 28.14
2004 3181 3284 3161 30.16 2851 2556 27.78
2005 3213 3266 31.76 3052 2535 2542 27.38
2006 3285 27.36 31.84 30.43 28.27 25.78 27.48
2007 3153 31.45 30.87 2952 2746 2493 27.2
2008 3146 32.34 32.06 29.88 28.05 25.03 27.24
2009 3243 33.07 3238 30.21 28.07 252 27.69
2010 3161 3234 31.86 30.02 2817 24091 27.84
2011 3181 3232 321 30.67 2753 2444 27.55
2012 32.71 3257 31.68 2957 2723 2456 27.72
2013 3216 3206 323 30.99 28.07 25.33 27.6
2014 3238 332 3216 3056 28.62 26.43 28.24
2015 32.57 33 3156 3056 28.65 25.92 28.73
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Figure 2: Mean sea surface temperature changes (°C) in Khor-
e-khoran for the last 30 years, ECMWF model.

3.2. Sea Surface Salinity

The seasonal variations in sea surface salinity between
2012 and 2015 were indicated by Giovanni model and
plotted in figure 3. This chart indicated the average sea
surface salinity values in Khor-e-khoran were
increased in winter, spring, and summer-during 3 years
while only there was a decrease in the mean salinity in
fall. The trend of Figure 3 and library documentation
indicated that the mean sea surface salinity increased
during the studied periods (Figure 4). Since our goal
was to investigate the effect of salinity changes on the
mangrove trees growth at a low depth. The study of the
trend of salinity changes in deep areas was not in line
with our objective and could be ignored.

International times series Sea Surface Salinity, Rain Corrected monthly 1deg. (Aquarius)
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Figure 3: Seasonal variations of sea surface salinity (ppt) in
Khor-e-khoran, the Giovanni model, during 2012-2015.
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Figure 4: sea surface salinity changes (ppt) in Khor-e-khoran
during 2007-2014.

3.3. Vegetation cover

Various methods applied to determine the variation of
vegetation cover of mangroves included (i) reduction
percentage of mangrove forest by comparison after
classification, (ii) reduction percentage of mangrove
forest by the variation, (iii) secondary area by
comparison after classification, (iv) secondary area by
the variation, (v) reduction rate by comparison after
classification, and (vi) reduction rate by the variation.
The average salinity, average temperature and initial
area of mangrove forest per hectares in mangrove
habitats of the Khor-e-Khoran area tabulated in table 3.
The results of the reduction percentage of mangrove
forests by comparison after classification and variation
indicated that the area of studied mangrove habitat
declined about 2.85 and 2.3%, respectively.
Additionally, based on the secondary area by
comparison after classification and variation results, it
was clarified that the area of studied mangrove habitat
is decreased about 2000m2. Moreover, the rates of
reduction were recorded about 194 and 151 hectares by
comparison after classification and rate of reduction by
variation, respectively. As well as, a relative increase
was recorded in average sea surface temperature (about
0.2 °C) whereas the initial area of mangrove forest
decreased about 1700 hectares during the studied
period. Accordingly, all studied methods shown similar
results. Results implied a significant decrease in the
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area of mangrove habitats in the Khor-e-khoran during
the last decades.

4. Discussion and Conclusions

This study was aimed to investigate the sea surface
temperature and sea surface salinity changes and its
impact on the area of mangrove forests in the Khor-e-
khoran region in the last 30 years. The results of
satellite and field data showed that the temperature and
salinity levels have increased during the studied period,
while the area of the mangrove forests has been
decreased. In other words, the highest rates of area
changes were recorded between 2001 to 2015 which
was coincided with the highest variations in sea surface
salinity and temperature. So it is suggested that salinity
and temperature growth affected the resistance and
resilience of mangrove ecosystems of the Khor-e-
khoran region against harsh environmental conditions
which led to a significant decrease in the area of the
studied mangrove habitats.

The observed changes in the mean sea surface
temperature in two distinct periods during the last 30
years (1989-1999 and 2001- 2015) indicated that the
mean temperature increased 0.2 °C and the average
salinity was increased by 0.5 ppt in the second
statistical period (2001-2015), compared to the first
period (1986-1999). Also in the second period, the
decreasing trend of mangrove forests was observed on
a larger scale. Therefore, it could be suggested that
temperature and salinity anomalies adversely affected
the growth of this biological species. As well as, other
regional anthropogenic sources of contamination and
hypersaline sewages such as wastewaters delivered
from industrial areas, petroleum and refinery centers,
shrimp farming pools, and fuel and crude oil leakage
could ultimately lead to out of balance changes in the
natural composition of seawater. The mentioned
increase in the sea surface salinity in the Khor-e-khoran
area, coincided with a growth in sea surface
temperature, indirectly.

Since the temperature and salinity changes are in full
interaction, it could not be determined which one has a
greater effect on the growth of mangrove forests. Based
on the findings of Sabzaghbaei et al. (2015) and
Tovisekani and Najafipour. (2016), comparing Landsat
satellite images in 2002 and 2014, and monitoring the
classification, mangrove forests have decreased by
11%. Which is consistent with the result of this
research [23, 24]. Also, Noor et al. (2015), in a paper
titled "Effects of siltation, temperature and salinity on
mangrove plants”, mentioned that fluctuations in
temperature and salt stress are two important factors in
the creation of different anatomical and physiological
characteristics in the mangrove trees of the region,
which indicates that the area of this ecosystem was
reduced [25]. Mangrove species in this region are
similar to those in the Qeshm Island. Therefore, it can
be concluded that salinity rise or change in its
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composition in the region’s water has a negative effect
on the reproduction and life cycle of mangrove forests
and may slow down their growth. Due to the similarity
of mangroves in the mentioned studies, this result is
also generalized to the mangrove forests of the Khor-e-
khoran area.

Additionally, the increase in unemployment and the
increase in poverty in the region and the local
population's economic dependence on these regions,
the difference in the price of fuel in Iran with
neighboring countries and its global price has led to an
increase in new economic activities for earning money,
such as smuggling of fuel. Discharging fuel in water,
sometimes in the vicinity of mangrove forests, can
damage the roots of mangrove and dehydrate them
[22]. The most important regional threats to these
forests in the studied area are the wastewater of shrimp
farming pools established in the vicinity of the
mangrove forests. These hypersaline flows could affect
the sea surface salinity of coastal ecosystems.
Additionally, the evacuation of fuel and oil in water
affected the quality of seawater in shallow ecosystems.
Subsequently, unsustainable anthropogenic coastal
activities causing biologic changes in the region and
ultimately the destruction of its environment [26]. A
similar study accomplished by Karimi et al. (2019)
reported that untreated wastewaters released from
shrimp farms of Say-e-khosh in Bandar-e-Lengeh,
located in the western part of the studied area, could be
considered as a dominant factor in the degradation of
mangrove forests in southern coasts of the Persian Gulf
[22]. Besides, harvesting mangrove leaves for
livestock, especially camels, during the dry seasons is
also a threat to mangrove forests [26].

It is suggested that in order to enrich the region
database; more attention will be required to
implementing point-to-point water monitoring projects
so more sustained programs in line with this issue can
be done. Since the rehabilitation of shrimp pools has
altered the salinity of the region and has a negative
impact on the biology of the area, it is recommended
that a proper solution must be adopted in relation to the
withdrawal or treatment of wastewaters delivered from
shrimp pools in this area. In order to prevent increasing
the sea surface temperature and sea surface salinity and
to improve the growth of mangrove forests in the target
area, managing and monitoring human activities in the
region, such as fuel smuggling, is a small, but effective
step which can be done.

8. References

[1] C. C. Jakovac et al., "Costs and carbon benefits of
mangrove conservation and restoration: a global
analysis," Ecological Economics, vol. 176, p. 106758,
2020.

[2] S. T. Hosseini and V. Chegini, "Seasonal Variation
of Physicochemical Parameters in the Coastal Water
around the Bushehr Peninsula,”" (in eng), Journal of



Sahar Ghanbarzad Dashti, Mehrnaz Farzingohar, Alireza Souri / Temperature and Salinity Effects in Sensitive Area of Qeshm Island: Mangrove Forests

Oceanography, Research vol. 5. Available in:
http://joc.inio.ac.ir/article-1-528-en.html, no. 17, pp.
125-143, 2014. [Online]. Available:
http://joc.inio.ac.ir/article-1-528-en.html.

[3] R. Mirza, M. Moeinaddini, S. Pourebrahim, and M.
A. Zahed, "Contamination, ecological risk and source
identification of metals by multivariate analysis in
surface sediments of the khouran Straits, the Persian
Gulf," Marine pollution bulletin, vol. 145, pp. 526-535,
20109.

[4] B. S. Kuchaksaraei, A. Danehkar, S. M. R. Fatemi,
S. A. Jozi, and E. Ramezani-Fard, "An investigation on
the human impact intensity on the selected ecoregions
of coastal areas of Hormozgan Province, Persian Gulf,
Strait of Hormuz, South of Iran,”” Environment,
Development Sustainability, pp. 1-17, 2020.

[5] R. G. Wetzel, Limnology: lake and
ecosystems. gulf professional publishing, 2001.
[6] EPA, "Water Quality Standards Handbook, Chapter
3:  Water Quality Criteria,” United States
Environmental Protection Agency (EPA).

[71 D. M. Alongi, "Mangrove forests: resilience,
protection from tsunamis, and responses to global
climate change," Estuarine, Coastal Shelf Science, vol.
76, no. 1, pp. 1-13, 2008.

[8] C. Orwa, A. Mutua, R. Kindt, A. Simons, and R. H.
Jamnadass, "Agroforestree database: a tree species
reference and selection guide version 4.0, World
Agroforestry (ICRAF).

[9] P. Drennan and N. Pammenter, "Physiology of salt
excretion in the mangrove Avicennia marina (Forsk.)
Vierh," New Phytologist, vol. 91, no. 4, pp. 597-606,
1982.

[10] N. B. Toosi, A. R. Soffianian, S. Fakheran, S.
Pourmanafi, C. Ginzler, and L. T. Waser, "Comparing
different classification algorithms for monitoring
mangrove cover changes in southern Iran,” Global
Ecology Conservation, vol. 19, p. e00662, 2019.

[11] A. Salehipour Milani and M. Jafar Beglu,
"Satellite based assessment of the area and changes in
the Mangrove ecosystem of the QESHM island, Iran,"
Journal of Environmental Research And Development,
vol. 7, pp. 1052-1060, 2012.

[12] F. Manson, N. Loneragan, and S. Phinn, "Spatial
and temporal variation in distribution of mangroves in
Moreton Bay, subtropical Australia: a comparison of
pattern metrics and change detection analyses based on
aerial photographs,” Estuarine, Coastal Shelf Science,
vol. 57, no. 4, pp. 653-666, 2003.

[13] R. Zarezadeh, P. Rezaee, R. Lak, M. Masoodi, and
M. Ghorbani, "Distribution and accumulation of heavy
metals in sediments of the northern part of mangrove in
Hara Biosphere Reserve, Qeshm Island (Persian

river

18

Gulf),” Soil and Water Research, vol. 12, no. 2, pp. 86-
95, 2017.

[14] M. A. Zahed, F. Rouhani, S. Mohajeri, F. Bateni,
and L. Mohajeri, "An overview of Iranian mangrove
ecosystems, northern part of the Persian Gulf and
Oman Sea," Acta Ecologica Sinica, vol. 30, no. 4, pp.
240-244, 2010.

[15] B. A. Polidoro et al., "The loss of species:
mangrove extinction risk and geographic areas of
global concern,” PloS one, vol. 5, no. 4, p. 10095,
2010.

[16] G. Akbarzadeh, "Evaluation of physicochemical
properties and their relationship with chlorophyll in
coastal waters of Hormozgan province,"” National
Institute of Fisheries Research, 2016.

[17] A. Kourosh Niya, J. Huang, H. Karimi, H.
Keshtkar, and B. Naimi, "Use of Intensity Analysis to
Characterize Land Use/Cover Change in the Biggest
Island of Persian Gulf, Qeshm Island, Iran,"
Sustainability, vol. 11, no. 16, p. 4396, 2019.

[18] T. D. Pham and K. Yoshino, "Mangrove mapping
and change detection using multi-temporal Landsat
imagery in Hai Phong city, Vietnam," International
symposium on cartography in internet and ubiquitous
environments, 2015, pp. 17-19.

[19] B. Govaerts and N. Verhulst, "The normalized
difference vegetation index (NDVI) Greenseeker (TM)
handheld sensor: toward the integrated evaluation of
crop management part A: concepts and case studies,"
ed: CIMMYT, 2010.

[20] N. Pettorelli et al., "The Normalized Difference
Vegetation Index (NDVI): unforeseen successes in
animal ecology," Climate research, vol. 46, no. 1, pp.
15-27, 2011.

[21] S. Shekhar and H. Xiong, Encyclopedia of GIS.
Springer Science & Business Media, 2007.

[22] M. Karimi and F. Darabinia, "The Effects of
Wastewater from Shrimp Farm in South Qeshm," 2019.
[23] G. R. Sabzghabaei, S. S. Dashti, M. B. Baleshti,
and K. Jafarzadeh, "Change Detection of
Khoor_e_khooran Harra Protected Area Using Remote
Sensing and GIS," Journal of Marine Biology vol. I. A.
U. Ahvaz — Summer 2015 —\VOL..26.

[24] H. Tovisekani and S. Najafipour, "Change
Detection of Khoor_e_khooran Harra Protected Area
Using Remote Sensing and GIS," Journal of Marine
Biology, vol. 7, no. 4, pp. 1-12, 2016.

[25] T. Noor, N. Batool, R. Mazhar, and N. llyas,
"Effects of siltation, temperature and salinity on
mangrove plants,” European Academic Research, vol.
2, no. 11, pp. 14172-14179, 2015.

[26] A. S. Milani, "Mangrove forests of the Persian
Gulf and the Gulf of Oman," Threats to Mangrove
Forests: Springer, 2018, pp. 53-7.



