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ABSTRACT 
The area of the mangrove forest in Qeshm Island was determined using satellite data and 
estimated changes in the spatial extent of the forest from the mid-1979s through 2010.  The data 
used in this study consisted of Landsat satellite images from Multispectral Scanner Landsat 
(MSS) (1976), Thematic Mapper (TM) (1989), Enhanced Thematic Mapper plus (ETM+) (2000, 
2005) sensors. The study area is Qeshm Island, which is the biggest and the most important 
island in Persian Gulf and located in south of Iran.  The aims if this study is demonstrate a 
simple and logical technique using GIS and RS to display and quantify mangrove forest change 
on different date. The results from this study could be providing draft information on mangrove 
changes in Qashm Island. 
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INTRODUCTION 

Mangroves are trees and shrubs that grow in 
saline coastal habitats in the tropics and 
subtropics – mainly between latitudes 25° N 
and 25° S. The saline conditions tolerated by 
various species range from brackish water, 
through pure seawater (30 to 40 ppt), to water 
of over twice the salinity of ocean seawater, 
where the salt becomes concentrated by 
evaporation (up to 90 ppt)(Florida Mangrove 
Website).Mangroves are found in about 117 
countries and territories around the world.1,2 
They are largely confined to regions between 
30◦ north and south of the equator. Notable 
extension beyond this area includes the 
subtropics and, in some cases, even warm 
temperate zones such as Bermuda (32° 20°_N) 
and Japan (31°_ 22°N) to the north, and New 
Zealand (38° _30°S) and Australia (38°_45° S) 
to the south.3 Mangroves form a characteristic 
saline woodland or shrubland habitat, called 
mangrove swamp, mangrove forest, mangrove 
or mangal.4 Mangroves protect coastal areas 
from  erosion,  storm  surge  (especially during  

hurricanes), and tsunamis.5,6 The mangrove's 
massive root system is efficient at dissipating 
wave energy.7 Likewise, they slow down tidal 
water enough that its sediment is deposited as 
the tide comes in, leaving all except fine 
particles when the tide ebbs. In this way, 
mangroves build their own environment.5 
Because of the uniqueness of mangrove 
ecosystems and the protection against erosion 
that they provide, they are often the object of 
conservation programs including national 
Biodiversity Action Plans.6A number of recent 
studies have examined the temporal changes in 
the spatial extent of Mangrove forest stands and 
the factors driving such changes in different parts 
of the world. For example, between 1986 and 
1995, 18,370 hectares of Mangrove vegetation 
were lost to large scale development of 
aquaculture farming in Mahajamba bay, 
Madagascar.8 Similarly, between 1975 and 1993, 
a total of 144,017 hectares of Mangroves  
vegetation were lost to intensive shrimp farming 
in Surat Thani, South.9 Furthermore, 22,400 
hectares of mangrove vegetation were lost to 
aquaculture farms and felling of the trees for fuel 
wood in Andama and Extent and Changes in the  *Author for correspondence 
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Mangrove ecosystem of the Niger Delta 251 
Nicobar island of India between 1987 and 
1997,10 while 1,455 hectares of Mangrove 
vegetation were lost to commercial harvesting 
and clearance for agricultural purposes between 
1990 and 2000 along the Tanzania coast.11,12 
There are more than 60 species of mangrove in 
the world the most important of their genera are 
Rhizophora, Avicennia, Bruguiera and 
Sonneratia. However, only two species of 
mangrove are found within Iranian mangrove 
forests, Avicennia marina (family 
Avicenniaceae) and Rhizophora macrunata 
(family Rhizophoraceae). Persian name of A. 
marina is Harra and for Rh. macrunata is 
Chondal.12,13 Avicennia marina is the dominant 
specie within Iranian mangrove forests, as Rh. 
macrunata is found only in the Sirik region.12,14 
macrunata trees occur in estuaries in the Sirik 
region in center part of the Tiyab region along 
the coasts of Garandhoo, Hookze, Badgard, 
Ganari, Ziyarat, Pachvar, Kartan, Sorgolom 
villages.14-16 In this research we attempt to assess 
the distribution and changes in forests in the 
Qheshm Island in an integrative method whose 
results can be used as a model for future planning  

in landscape management and protecting these 
habitats in Iran.  

MATERIAL  AND  METHODS 
Study area 
Iranian mangrove forest occur between the 
northern orbits 250 11`to 270 52`. These forests 
exist in the north part of the Persian Gulf and 
Oman Sea, along three coastal Provinces in the 
south of Iran. Those provinces from southwest to 
southeast are Bushehr, Hormuzgan and Sistan & 
Balouchestan respectively. The vastest mangrove 
forests are located in Providence of Hormozgan. 
Within the northwest estuaries of the Qeshm 
Island, in Khoor-e-Khooran and sandy islands 
opposite villages of Tabl and Laft to Gooran 
(Harra  Protected Area).Study area are located in 
quadrate with geographic coordinates; N 27° 1  ́
to N26° 32  ́of northern latitude and E55° 16 t́o 
E56°27´of eastern longitude. It is separated from 
Iran main land by the Clarence Strait or Khore 
Khouran. Island northwestern part ecosystem is a 
coastal marsh with marly sediments, including 
grooved tidal channels. Whereas the island 
southern coasts is an environment which faces to 
open sea. (Fig. 1) 
The Persian Gulf presents stressful environm- 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 1 : Study area of Qeshm Island, Iran 

ental conditions : extreme heat (>30 °C) in 
summer and cold (<10 °C) in winter.12,17,18  The 
average temperature in mangrove area is 
presented in Table 1. Annual rainfall is less than 

200 mm in Iranian mangrove forests. 
Evaporation is more than annual rainfall and 
there is no permanent fresh water input to the 
coastal zones. For example during years of 
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1982–1991, average annual rainfall in Iranian 
coastal zone along Persian Gulf was between 
209. 2 mm and 167. 1 mm. In 1992, rainfall in 
Tiyab estuaries was 321.2 mm and 244. 4 mm in 
Khamir estuaries.19 The salinity of Persian Gulf 
is also high: between 38 and 50 g/L in mangrove 

area. Petroleum hydrocarbons are detectable in 
nearly all parts of the region. It is believed that          
A. marina tolerance for temperature and salinity 
changes contributes to its being the dominant 
specie in Iranian mangrove forests and Persian 
Gulf. 

Table 1 : Temperature in Iranian mangrove forests 

S/N            Area Winter temperature 
(0C) 

Summer  temperature           
             (0C) 

1.  Nayband Bay 12 42 
2.  Qeshm Island 15 35 
3.  Kolahi and Tiyab estuaries 10 45 
4.  Govatr Bay 20 45 

In southern part of Iran, Hormozgan province has 
14 big and residential islands. Qeshm is the 
biggest island in the Persian Gulf. Northwestern 
part of this island ecosystem located a coastal 
marsh with marl sediments including grooved 
tidal channels. The vastest mangrove forests in 
the Persian Gulf and Oman sea coasts are located 
in the northwest of Qeshm Island. The main 
objectives of this research was to detect, identify 
and delineate the areas of mangrove forest in 
Qeshm island, define all changes happened to the 
mangrove forest during the last 28 years using 
the multi-temporal analysis and identify the 
degree of degradation in the mangrove forest. 
In terms of forestry and vegetation 
classification, mangroves belong to the broad 
class of closed evergreen tropical forest. 
Mangrove subtypes are identified according to 
the species composition, the structure of the 
stand and the ecological status (salinity of water 
and soils, climatic aridity, etc.) but neither the  
floristic composition nor structural properties 
nor environmental parameters are perceptible 
from space, which identify only the spectral and 
textural parameters of the top canopy. This 
explains the low statistical separability of dense 
mangrove subclasses in the VIS and NIR 
wavelengths of high-resolution satellite data. 
This relates to the canopy architecture and the 
textured nature of reflectance patterns in which 
variance within forest classes can be greater 
than between forest classes.20,21 Then, the 
easiest way to increase the spectral separability 
is to consider that the criteria of density of the 
cover are the starting point of any mangrove 
classification system. (Fig. 2) Many approaches 
have been suggested for satellite image 
processing.  None  of  them  is  yet fully convin- 

cing. They logically fall into four main groups : 
1. the visual interpretation 2. In the 
unsupervised classification, 3. Supervised 
classifications, 4. temporal series. We used 
supervised classifications, beside temporal 
series was used in this research. 
The data used in this study consisted of Landsat 
Multispectral Scanner (MSS)  Landsat satellite 
images from Thematic Mapper (TM) and 
Enhanced Thematic Mapper plus (ETM+) 
sensors; 1:25,000 topography map series of the 
Qeshm Island and ancillary data collected during 
a field trip to the region in Spring 2010. 
MSS,TM and ETM+ imagery for four  time 
periods (1977,1989 and 2001–2005) in Band 
Sequential (BSQ) format were acquired from the 
University of Maryland Global Land Cover 
Facility URL(http://glcf.umiacs.umd.edu/index. 
shtml) (Table 2). 
The images were preprocessed for geometric and 
radiometric correction and resampled to a spatial 
resolution of 28.5 m before we acquired them for 
this study. They were rectified, georeferenced to 
World Geodetic System 1984 (WGS 84) datum, 
and projected to the Universal Transverse 
Mercator (UTM, Zone 40) map projection 
system. After the acquisition of the images, 
bands 1 through 5 and 7 in each image scene 
were stacked together to form a single 
multispectral image dataset using the layer stack 
routine in Envie imagine (4) software. The 
mangroves were classified by a parallel-epiped 
classification, using blue, green, red, NIR and a 
ratio of NIR to red. The ratio of NIR to red was 
rescaled from the actual minimum (0·5) and 
maximum (4·26), to a new scale ranging from 0 
to 254. To determine the optimum number of,
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Fig. 2 :  Classical approach for mangroves mapping using remote sensing data (supervised 

classification) 
Table 2 : Inventory of the satellite data used for the study 

Image resolution Satellite Date acquired S/N 
30 MSS 1977/05/03 1 
30 TM 1989/05/21 2 
30 ETM 2001/06/11 3 
30    ETM  +  2005/04/05 4 

Classes for this study, different number of studies 
tried successively including 10, 20, 30, 40, 50 
and subsequently 60 classes. The resulting 
clusters from the 10 and 20 classes were unable 
to uniquely differentiate Mangroves from non-
Mangroves vegetation types. Also, the algorithm 
could not differentiate between cloud shadows 
and Mangrove vegetation. This informed the 
need to increase the classes to 30, 40, 50 and 
subsequently 60. The resulting clusters from 60 
classes were able to discriminate satisfactorily 
between Mangroves and other LU/LC classes. 
The misclassification of shadows for Mangrove 
was also eliminated. The other parameters 
specified during the unsupervised image 
clustering stage were the convergence value, 
maximum number of iterations and color 
scheme. The convergence value was set as 0.99 
for all the images processed. This implies that the 
algorithm will stop once 99% or more pixels 
maintain the same cluster between iterations. The 
maximum number of iterations was specified     
as  60,  allowing   the   algorithm   to   attain   the   

specified convergence level before terminating. 
The color scheme option was specified as 
approximately true color. This was to ensure that 
the output results could be effectively linked with 
the color scheme of the original image during the 
cluster labeling exercise. 

RESULTS  AND  DISCUSSION 
The classification results for the Mangrove 
vegetation category in the different segments of 
the study area are presented in Table 3. During 
the 28 year study period, the total spatial extent 
of Mangrove vegetation for the study segments 
changed from 51.32 kmଶto 93.9kmଶ .Qeshm 
Mangrove forests covering approximately 51.32 
kmଶ in 1977) (Fig. 3). The present study showed 
an increase of approximately 62 % (37.9 kmଶ) in 
the mangrove habitat since 1977 to 1989. In 
1989 mangrove covering around 82.91 kmଶ 
(Fig. 4).  The data in Table 3 shows that the 
areas of mangrove forest decreased 6.8 kmଶ 
(16.5 %) and reached to 76.13 kmଶ (Fig. 5)     
and  finally  since  2001  to  2005  the  Mangrove  

Acquisition of Image     

Radiometric and geometric corrections 

Corrected Image 

Color composite 

Selection of training areas for each land use 
class identified on the ground 

Accuracy assessment and field control 

Cartographic sketch 

Final cartographic product 
(paper or digital version) 

Classification I Classification II Classification III etc 
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vegetation Increased and reach to 93.9 . this 
change show increase 17.7  (23.4%) (Fig.6).  
Comparing the Mangrove cover change map 
1977-1989 with 1989-2001 and 2001-2005, it is 
obvious that the change in area of mangrove 
forest during 1977-1989 is more than others. 
(Fig. 7) Mangroves have shown steady increase 
in their areas during past three decades indicating 
improvement and healthy situation compare to 
other ecosystems. 
However, remotely sensed data is one of the 
best sources  of  information that can show the  

location of all areas that have been deforested or 
degraded or still healthy. More over Landsat data 
can be used to define the degree of degradation 
of the mangrove forest. GIS land use change 
detection analysis can be used to identify the 
changes that took place. Various climatic, 
environmental and human factors are involved in 
these changes. The climatic factors effective in 
mangrove growth include temperature and 
precipitation. the statistics in Synoptic Meteoro-
logical station of Bandar Abbas’ was used as a 
criterion for studying the changes in mangroves.  

Table 3 :  Qeshm mangrove change area and percentage since 1977 to 2005 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Distribution of Mangrove in Qeshm 1977    Fig.  4 : Distribution of Mangrove in Qeshm 1989 

 
 

 

 

 

 

 

 

Fig.  5 : Distribution of Mangrove in Qeshm 2001    Fig. 6 : Distribution of Mangrove in Qeshm 2005 

Changes in temperature  
Since 1880, the Earth has warmed 0.6-0.8° C 
and it is projected to warm 2-6° C by 2100 
mostly due to human activity.22 Man- groves are 
not expected to be adversely impacted by the 

projected increases in sea temperature.23 Most 
mangroves produce maximal shoot density 
when mean air temperature rises to 25°C and 
stop producing leaves when the mean air 
temperature drops below 15°C.24 

        Percentage    Image resolution     Satellite Date acquired S/N 
 51.32 MSS 1977/05/03 1. 

+%62 82.91 TM 1989/05/21 2. 
-%16.5 76.13 ETM 2001/06/11 3. 
+%23 93.9 ETM  2005/04/05 4. 
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                             Fig. 7 : Qeshm Mangrove change since 1977 to 2005 

At temperatures above 25°C, some species show 
a declining leaf formation rate.25 Temperatures 
above 35°C have led to thermal stress affecting 
mangrove root structures and establishment of 
mangrove seedlings. At leaf tem- peratures of 
38-40°C, almost no photosynthesis occurs.26  By 
studying Bandar Abbas’ annual mean 
temperature (Fig.  8) in the period 1975-1989 
(the highest rate of mangrove growth) and the 
period 1989-2000 (The highest decrease in 
mangroves), it is realized that the annual means 
of temperature in 1975-1989 is 26.6°C and 
26.8°C in 1989-2000 which yields a minor 
difference and has no major effect on mangrove 
growth.  
Obviously, temperatures above 35°C which lead 
to thermal stress should not be overlooked.      
The statistics concerning the temperatures above  

35°C is unavailable; hence, by investigating the 
mean number of the days with temperatures 
above 30°C in Bandar Abbas’ station, it become 
clear that the difference between the period 
1975-1989 (234 days) and the period 1989-2000 
(227 days) is not significant and even the mean 
number of days with temperatures above 30°C is 
more in the period 1975-1989 (Fig. 9).  
Precipitation 
Precipitation rates are predicted to increase by 
about 25 percent by 2050 in response to global 
warming. However, at regional scales, this 
increase will be unevenly distributed with either 
increases or decreases projected in different 
areas.27,22 Changes in precipitation patterns 
caused by climate change may have a profound 
effect on both the growth of mangroves and their 
areal extent. 23,28 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    Fig. 8 : Mean Annual Temperature of Bandar Abbas Station (1975-2000) 
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Fig. 9 : Mean number of days with temperatures above 30°C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 : Mean precipitation of Bandar Abbas Station (1957-2005) 

Decreased precipitation results in a decrease in 
mangrove productivity, growth, and seedling 
survival, and may change species composition 
favoring more salt tolerant species.29,30  
Decreased precipitation is also likely to result in 
a decrease in mangrove area, decrease in 
diversity, and projected loss of the landward zone 
to unvegetated hypersaline flats.28 Increased 
precipitation may also allow mangroves to 
migrate and outcompete saltmarsh 
vegetation.31,32 Mean precipitation in a 25-year 
period (1975-2000) in Bandar Abbas’ station is 
225 mm and in the period 1989-2000 is 
233.5mm (Fig. 10). The mean annual 
precipitation in the first period is less than the 

second period and the percentage of the years 
in which precipitation is lower than the mean 
annual in the period 1975-1989 (57%) is more 
than the period 1989-2000 (41%). This signals 
the fact that the changes in mangrove area 
extent in this time period is not a function of 
mean annual precipitation in the period under 
study. However, according to Fig. 9, the 
amount of precipitation in the years 1976, with 
494.7mm, 1979, with 464.4mm, and 1982, 
with 496.8mm is twice more than mean 
annual, whereas the amount of precipitation 
has not exceeded 400mm in the period 1989-
2000. This precipitation amount can probably 
have major effects on mangrove growth. 
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Further, the 1994 drought (with 33.7mm 
rainfall) was also likely to result in a decrease 
in mangrove area. 
Changes in sea level 
In the last century, eustatic sea level has risen 
10-20 cm primarily due to thermal expansion 
of the oceans and melting of glacial ice caused 
by global warming. Sea-level rise is the 
greatest climate change challenge that 
mangrove ecosystems will face.23 Mangroves 
can adapt to sea-level rise if it occurs slowly 
enough, if adequate expansion space exists, 
and if other environmental conditions are met. 
Sea level change during 1975-2008 in this 
region is very low and then this factor is not 
very important in mangrove changes. 

CONCLUSION 
Besides climatic and environmental factors, 
humans can have a major role to play in 
mangrove ecosystem. Over the past 4 years, 
implementing Mangrove Forests Development 
Plan in the southern provinces, by Forests and 
Rangelands Organization, and 7000 hectares of 
man-planted forests can be resulted in an 
increase in forests areas over the past decades in 
Iran. Also, anthropogenic threats to mangroves 
include the development and overexploitation of 
forest resources for producing livestock food, 
particularly in the 90s Drought in Qeshm Isand, 
conversion of forests into agriculture farmlands, 
forestry, salt extraction, diversion of freshwater 
for irrigation and tourism, establishment of 
shrimp aquaculture ponds which account for the 
continuous loss of mangrove forests. 

ACKNOWLEDGEMENT 
This plan was operationalized by the financial 
support of National Geology and Mineral 
Exploration survey of Iran and Marine 
Geology Management. We would like to 
express our appreciation to all colleagues who 
provided us with their valuable comments. 

REFERENCES 
1. WCMC ., Biodiversity data source book. 

Cambridge. World Conservation 
Monitoring Center, 265, (1994).  

2. Barbier E. and Mark C., Does economic 
development lead to Mangrove loss ?, A 
cross-country analysis. Contemp. Econ. 
Pol., 21(1), 418–432, (2003) 

3. Spadling M.,  Blasco F. and Field C., World 
Mangrove Atlas, Okinawa-Japan, 
International society for Mangrove 
ecosystem., (1997). 

4. Hogarth Peter. J., Holben B.N. and Fraser 
R., The Biology of Mangroves, Oxford 
University Press, Oxford. (1999). 

5. Mazda Y., Kobashi  D. and Okada S., 
Tidal-scale hydrodynamics within 
mangrove swamps, Wetl. Ecol. Manag., 
13(6), 647-655, (2005). 

6. Danielsen F., The Asian tsunami : A 
protective role for coastal vegetation, Sci., 
310(1), 643, (2005). 

7. Massel  S. R., Furukawa K. and Brinkman 
R. M., Surface wave propagation in 
mangrove forests, Fluid Dynam. Res., 
24(1), (4), 219–249, (1999). 

8. Rasolofoharinoro  M.,  Blasco F., Bellan 
M., Aizpuru M., Gauquelin T. and Denis J., 
Aremote sensing based methodology for 
Mangrove studies in Madagascar, Int. J. 
Rem. Sens., 19(1), 1873–1886, (1998). 

9. Sathirathai S., Economic valuation of 
Mangroves and role of local communities in 
the conservation of natural resources, Case 
study of  Surat Thani, South Thailand. 
Final report submitted to the economy and 
environment program for South East Asia, 
Singapore,  (1998). 

10. Kumar  R., Conservation and management 
of mangroves in India, with special 
reference to the state of Goa and the middle 
Andaman Islands, Unasylva., 51(1), 41–47, 
(2000). 

11. Wang  Y., Gregory B. N., Jarunee T., 
Micheal N., Amani T., James H., Lynne B. 
and Robert M. Vedast., Remote Sensing of 
Mangrove change along the Tanzania 
Coast, J. Mari. Geod., 26(1), 35–48, (2003). 

12. Khosravi M., Ecological studies plan of 
Iranian mangrove forests. Report of 
Mangrove forests identification phase, 
Department of the Environment, Tehran, 
Iran, (1992).  

13. DanehkarA., Marine sensitive areas of Iran, 
Environ. Sci. Quar. J., 24(1), 28–38, (1998) 

14. Danehkar  A., Mangroves forests zonation 
in Gaz and Harra international Wetlands, 
Environ. Sci. Quar. J., 34(2), 43–49, (2001) 

15. Danehkar A., Study on Sirik region 
mangroves, MS Thesis, Faculty of Natural 
Resources-Tarbiat Modares University, 
Noor, Iran ,174, (1994)  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development       Vol. 7 No. 2A, October-December 2012 

1060 
 

16. Danehkar A., Marine sensitive areas of Iran, 
Environ. Sci. Quar. J., 24(1), 28–38, (1998) 

17. Behrouzi Rad  B., The significance and 
characteristics of important international 
Wetlands on Kolahi and Tiyab estuaries, 
Environ. Sci. Quar. J., 25(1), 49–57, 
(1998). 

18. Zehzad H. and Majnounian  B., Harra 
Protected Area (Biosphere Reserves), 
Hormuzgan, Department of Environment 
and Shahid Beheshti University report, 
Tehran, Iran, (1997). 

19. Joekar Gh. and Razmjoo K., Review of 
important estuaries of Hormuzgan 
Province, Final report of project : Iranian 
Fisheries Res. and Training Organ., Oman 
Sea Fish. Res. Cent., Bandar Abbas, Iran., 
(1995). 

20. Hill R.A., Image segmentation for humid 
tropical forest classification in Landsat TM 
data, Inter. J. Rem. Sens., 20(2), 1039–
1044, (1999). 

21. Kay  R .J., Hick  P.T. and Houghton  H.J., 
Remote sensing of Kimberley rainforests. 
In: Kimberley Rainforests, Edited by N.I. 
McKenzie, R.B. Johnston & P.G. Kendrick. 
Surrey Beatty and Sons : Chipping Norton., 
41-51, (1991). 

22. Houghton J. Y., Ding D., Griggs M., 
Noguer P., Van der Linden X., Dai K. and 
Maskell C. Johnson., The Scientific Basis, 
Published for the Intergovernmental Panel 
on Climate Change, Cambridge University 
Press, Cambridge, United Kingdom and  
New York, NY, USA, 881, (2001). 

23. Field  C.D., Impacts of expected climate 
change on mangroves, Hydrobiol., 295(1-
3), 75-81, (1995). 

24. Hutchings P. and Saenger P.,  Ecology of 
mangroves,  University of Queensland 
Press, 388, (1987). 

25. Saenger P., Definition and perceptions of 
the mangrove resource : The biological 
view,  In : Davie  J.D.S., Hanley  J.R. and 
Russell  B.C.  (Ed.) Coastal Management in 
Northern Australia, NARU Mangrove 
Monographs., 2(1), 15-20, (1985). 

26. Clough B.F., Mangroves, In Control of 
Crop Productivity, Academic Press, 
Sydney, 253-268, (1984). 

27. Knutson  T. R. and Tuleya R. E., Increased 
hurricane in- tensities with CO2 -induced 
warming as simulated using the GFDL 
hurricane prediction system, Clim. Dyn., 
15(2), 503–519, (1999). 

28. Snedaker S.C., Mangroves and climate 
change in the Florida and Caribbean region, 
scenarios and hypotheses, Hydrobiologia., 
295(1), 43-49, (1995). 

29. Ellison J.C., How South Pacific mangroves 
may respond to predicted climate change 
and sea-level rise, 15(2), 289-301, (2000). 

30. Ellison J.C., Vulnerability of Fiji’s 
mangroves and associated coral reefs to 
climate change. Review for the World 
Wildlife Fund, Launceston, Australia, 
University of Tasmania, (2004) 

31. Harty C., Planning strategies for mangrove 
and salt marsh changes in Southeast 
Australia, Coast. Manag., 32(1), 405-415, 
(2004). 

32. Patil V., Singh A., Seema U. and Sawant 
B., Carbon sequestration in mangroves 
eco-systems, J. Environ. Res. Develop., 
7(1A), 576-583, (2012).  

 
 


