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Abstract

Mangrove forests in Iran begin from the easternrpast of the border in the Oman Sea ( Gwatre Bawg) continue to the

western parts of the Persian Gulf ending in Dafushehr Province). Mangrove ecosystems areas $ewsitive habitats that
are not only important in terms of purpose andegwtdn but also because of the function of the@placeable values which have
also been the focus of Biodiversity Convention. Blawe ecosystems are susceptible to environmettesses. Globally
mangrove forests are decreasing by 1 to 2 perecentadly. Mangroves in Iran which are preserved byiEbnmental Protection
Organization include 4 International Wetlands, Ja§idNational Park, 8 protected areas, and one B@spReserve. This study
attempts to assess the area, distribution and eksaingmangrove forests in the southern coastsaof During 37 year period
(1973-2010) using an integrative method of NorneliDifference Vegetation Index (NDVI) and LandsketSS, TM, and
ETM+). This Research could be used as a modelufioré Mangrove planning in landscape managemeinaim The results of

this study determined the changes in extent of meegforests in Iran and showing 66.1% increasenfi®73 to 2010.
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1- Introduction

Mangroves are found in tropical and subtropicahltid
areas. Areas where mangroves occur include estuanie
marine shorelines (Mildred, 1997). Mangroves prtec
coastal areas from erosion, storm surge (espedalting
hurricanes and tsunamigMazda, 2005). The mangroves'
massive root systems are efficient at dissipatinaven
energy (Massel ,1999)ikewise, mangroves slow down
tidal water to levels that are enough for sedimé¢atbe
deposited as the tide comes in, leaving all exdept
particles when the tide ebbs (Mazaa,al. ,1997). In this
way, mangroves build their own environment. Wavergn
is typically low in areas where mangroves gr@Baird,
2006) so their effect on erosion can only be meskorer
long periods of time (Massel, 1999heir capacity to limit
high-energy wave erosion is limited to events saglstorm
surges and tsunamis (Dahdouh-Guebaa).,2005).

Worldwide, the total area of mangrove ecosystems is
estimated as 15 million ha (Lacerda & Diop, 1993).
Mangrove cover in the Indo-Pacific region is ab&u®
million ha. African mangroves cover about 3.5 roifli
hectares and Latin American and Caribbean mangroves
represent approximately 18% (4.1 million hectamfs)he
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total area. As these represent, the largest maagroover

is located in the Indo-Pacific region as such arsgstem is
formed in large river deltas such as Ganges-Brahtnap
Irrawaddy, Mekong, and also protected coastal anéts
wide-ranging lands such as Madagascar, Kalimantan,
Indonesia, Papua New Guinea. The largest portion of
mangrove ecosystem lies in Bangladesh which iscestsd
with the Sundarbans ecosystem. According to the5198
estimate, the total area of the Bangladesh Sundsriza
said to cover about 401600 ha (Chaffey, Miller and
Sandom, 1985). High population pressure in coastds,
however, has led to the conversion of many mangaosas

to other uses, including infrastructure, aquacaeltuice
growing and salt production (FAO, 2003). Approxisgigt
35% of the total mangrove area has been lost dtinie¢ast
several decades of the twentieth century (in coemtior
which sufficient data exist, encompassing about dfathe
area of mangroves) (Millennium Ecosystem Assessment
2005). Likewise, the 2010 update of the World Mawer
Atlas (WMA) indicated that a fifth of the world'samgrove
ecosystems have been lost since 1980 (The Nature
Conservancy, 2010a).

An important part of the Iranian mangrove foresib (
Paleotropical origin), known as Harra forest invizn the
mainland and Qeshm Island were designated as Biosph
Reserve by UNESCO's Man and the Biosphere (MAB)
Program in 1972. As an important and critical hetbfor
aquatic organisms, this wetland was also internatip
recognized as Ramsar Site in early 1970s.
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In a study oflran’s Forests (Safari, 2005) which
included mangrove forests, satellte data and laeria
photography were used (Mirshojaet al, 1985). In
addition, aerial photography (scale of 1:20000) wsed in
surveying mangrove forests in Siri Island (Danehkar
2003), Khamir and Qeshm Island (Jafarbeglal, 2010;
Hajjarian, 2004), Tiab and Kolahi (Isini, 2006), $hehr
province (Rashvand, 2011), Naybandan (Ranjbar, 2007
and Gwatre Bay in Sistan and Baluchestan Province
(Danehkar, 2008). These studies were mainly locel a
examined the changes of mangrove forest cover sivent
periods of time.

Over the past decades, major steps have been taken
toward estimating the amount of vegetation covengis
Landsat sensor imagery (e.g. ETM+) (Haneeal, 2002).

As one of the main resources in collecting spatial
information for management and planning of land and
natural ecosystems, digital satellite data haven lggeatly
developed in Iran over the past decade (Darvishsefa
1997). Several studies have been carried out watkhto
develop forest cover maps using various satellitages
(Jensengt al, 1997;, Kairo, 2002; Mohamest al, 1992;
Pala ganas, 1992; Long and Skewes, 1994; Asc hbathe
al., 1995; Asch- bachest al, 1995; Vits and Tack, 1995;
Rasolofoharinoro et al, 1998; Ramsey, 1996;
Rasolofoharinoret al., 1998; Blascet al, 1998; Greeret

al., 1998; Dahdouh-Guebas al, 2000; Kaircet al, 2002;
Tong etal., 2004; Ko vacst al., 2005; and Jafar beglet

al.,, 2010). The Normalized Difference Vegetation
Index (NDVI) is an index that can be used to map an
identify vegetated canopies. The NDVI, which is a
combination of red and NIR reflectance measuremésts
one of the most widely.

Used vegetation indices in the world (. Huete, 1994
and has been used extensively as an indicatoeddtte of
vegetation over many spatial and temporal resaisio
Leprieur , 2000).This method however has never lused
to investigate mangrove distribution in Iran, whiéecouple
of studies have been used it in Bangladesh (MicEagth,
2006; Chandra Girt al, 2007), Taiwan (Tsai-Mingt al,
2009), Mexico (Arturcet al, 2010), and Alabama (John C.
Rodgerset al, 2009). This study attempted to assess the
distribution and changes in the area of foreststha
southern coasts of Iran using an integrative method
combining NDVI. The results could be used as a tfute
future planning in landscape management and plgnnin
Iran.

2- Study Area

Mangrove ecosystems in Iran are exclusively home to
two mangrove species, Avicennia marinaand
Rhizophora mucrontaNot being able to compete, the other
species are removed from the environment. Mangrove
forests in Iran are located in the coastal areamal
intertidal zone as discrete or connected small kande
communities. These forests are conceived as the¢emes
most mangrove forests in Southwest Asia. Mangrove
forests in Iran begin from the easternmost pathefborder
in the Oman Sea (Gwatre Bay) and continues to trstesn
parts of the Persian Gulf ending in Dayer (Bushehr
Province) by law under the jurisdiction of the Depeent
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of Environment including four Internationally Impant
Wetlands (Ramsar Sites), One marine National Ragkht
Protected Areas, and one Biosphere Reserve (Danehka
1998). Mangrove forest distribution in the southeoast of
Iran is shown in figures 1 to 3.
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3- Methodology

Most of the studies investigate the relationshipveen
the reflected energy in red and near infra-red bamdl the
extent of vegetation. In healthy plants the amooft
reflected energy in red band decreases by planwtgro
since the chlorophyll inside the leaves absorbs
electromagnetic spectrum in the photosynthesisgadOn
the other hand the amount of reflected energy ar idra-
red band, due to the mesophyll structure of thedea
increases (Alavipanah, 2006). Therefore, using an
appropriate vegetation index which is capable &nidy
the changes in plant canopies quantitatively setmise
necessary. Vegetation index are mathematical fomston
the basis of different bands are defined as senduch are
designed to assess the plants in satellite obsmmgat
NDVI is one of the most widely used vegetation aedi
and its utility in satellite assessment and moiitpiglobal
vegetation cover has been well demonstrated owepaist
two decades (Huete and Liu, 1994; le¢m@l, 2000).

p857 B p645
p857 + p645

NDVI =

The symbols £) which represent reflectance in red
band and that in infra-red band. This index rarfiges 1 to
-1. The higher the value of this index shows amease in
identification of Plant Cover (Allen, R., Bastiaaeset al.,
2002). In this study, various kinds of multi-temalor
satellite images, obtained from ETM, TM, and MSS
Landsat were used for the period 1975-2010 in otder
monitoring mangrove forests in the southern coafstsan.
Among the earliest observations were the imagesntdly
Landsat MSS sensor with 80 meters spatial resolutio
which were taken in 1973 and 1975. TM (1989) andET
(2000, 2010) satellite data were also used in shisly
whose results are presented in Tablel.

Table 1: Satellite data used in this research

Date of Satellite  Resolution  Number
Acquire Sensor (m) of Images
1975 MSS 80 9
1989 ™ 30 13
2000 and
2012 ETM 30 26

Geometric and radiometric corrections for all inmge
were performed by ERDAS software. Digital topogriaph
maps 1:25000 at 1:250000 blocks of Chabahar, Pibesh
Jask, Sirik, Minab, Bandar Abbas, Qeshm, Bandagkkn
Lar kangan, Khormoj, and Biram were used in order t
carry out geometric corrections in satellite imadesage
processing was carried out using ERDAS software for
calculating the NDVI index.

4 Discussions
After the satellite images were processed in differ
time periods, distribution and changes in the aofa
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mangrove forests were assessed (Table 2). Aslitagn in
Table 2, the biggest density of mangrove forestshie
studied time period was observed around Qeshmdsla
(Regions 4 and 5)( Fig. 12-15) .totally , growingrd in
the area of mangrove forests showed in period @19
2010.

In 1975, only 8 regions, out of 12 Study areas, had
mangrove cover and areas of Regions 6 and 8 wese le

than 1km?. In this year, Iran’s mangrove forests area was

66.58km?. Region 5 (northwestern part of Qeshm Island)
had the largest communities of forests in this et Tiab
and Kolahi estuaries had the smallest communities o
mangrove forests.

During 1975-1989 mangrove forests grew in an
increasing trend along the southern coasts of Ivdrile
only in Region 9 (Jask region) whose mangrove cover
decreased from 4.7@m? in 1975 to 3.28&m? in 1989 (fig.
8,9). In these periods of time, the area of mangrfovests
increased from 66.58m? to 92 km? showing a 28.75%
increase (25.4%m?). Mangrove forests can be found in
Region 2 and 3 (Dayer and Asalouyeh) which showed
maximum expansion of mangrove forest area durirgg th
period 1975-1989( Fig. 16,17). In these years, the
maximum increasing  mangrove cover was in the
northwestern part of Qeshm Island (fig. 12, 13)0a73%
km? increase, and the highest percentage was in R&gion
(Tiab, Kolahi, and Minbab), with a 93.13 percerdrgase.

In the year 2000 compared to 1989, the increasergit
in mangrove growth continued, this trend was slowd a
forest area extended only 3k31? (3.5%) and forest area
expanded to 94.7Bm? in 2000. This is due to a decline in
the area of mangrove forests in major habitats sagh
Qeshm Island, Khamir, and Gwatre. The increasiemgin
mangrove growth continued in Regions 2, 3, 6, 7ril 9
and the greatest increase (E&2) in the area of mangrove
cover was observed in Region 6, east of Bandar &bba
the vicinity of Kouleghan (Jalabi and Hassan-
Langi region) at the mouth of the Shoor River)wdwoer,
in most of the major habitats such as Qeshm lIsalnd,
Khamir, and Gwatre Bay, the area of the forestd h
decreased by 2.57, 0.7, and 24&? respectively. The
highest decrease in mangrove forest area had eccinr
Qeshm Island and the lowest decrease (fig. 143¢8Bhad
occurred in Gwatre Bay (fig. 6).

Compared to year 2000, in 2010, mangrove forests in
Nayband Bay (fig. 19) and Bandar Abbas showdihépl
trend and the mangrove forest had decreased by 0.04
km?and 2.28km? respectively. Other regions shows an
increasing trend in mangrove forest growth, reaghin
107.&km?, showing a 12.29km?/ (11.26%) increase,
compared to 2000. In Regions 11 and 12 (Chabahdr an
Pozm Bay) where there was no mangrove forests rbefo
2010), mangroves had started to grow. Results irthso
coast of Iran Compared to the early period (19%%®,area
of mangrove forests in 2010 showed a 37.8% (40143
increase.

Some of Study area Mangroves distribution changes i
the southern coast of Iran are illustrated withireBigures
5 to 20.
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Fig. 5. Distribution of Mangrove forest in Gwatrayb(1975)

Table 2: Mangrove area Changes in Studies areandguri
(1975-2010)

Mangrove  Mangrove Mangrove Mangrove
Study forestarea forestarea forestarea forestarea

Area in 1975 in 1989 in 2000 in 2010
Km? Km? Km? Km?

1 0.12 0.78 0.22 0.33

2 0 0.07 0.1 0.3

3 0 1.01 1.17 1.13

4 13.14 18.12 17.42 20.2

5 44,28 5503 5246 58.95

6 0.14 4.3 9.81 7.73

7 0.07 1.1 1.9 1.99

8 3.49 5.03 5.51 7.19

9 471 3.28 3.78 5.16

10 0.63 3.27 2.18 4.09 =
11 0 0 0 0.03 Oman Guif
12 0 0 0 0.06
Total 66.58 92 94.73 107.1 -

Fig. 9. Distribution of Mangrove forest in Jask sty (1989)
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Oman Gulf

Fig. 11. Distribution of Mangrove forest in Jasktary (2010) Fig. 12. Distribution of Mangrove forest in Jaskuzsy (2000)

Fig. 8. Distribution of Mangrove forest in Gwaay (2010) Fig. 13. Distribution of Mangrove forest in Studya 4 and 5, Qeshm and
Laft Estuary (1989)

Fig. 10. Distribution of Mangrove forest in Jasktary (1975) Fig. 15. Distribution of Mangrove forest in Studya 4 and 5, Qeshm and
Laft Estuary (2010)
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Fig. 17. Distribution of Mangrove forest in Studya 3, Nayband Bay
(1975)

- -- e i,
Fig. 14. Distribution of Mangrove forest in Studga 4 and 5, Qeshm and
Laft Estuary (1975)

Fig. 16. Distribution of Mangrove forest in Studya 4 and 5, Qeshm and
Laft Estuary (2000)
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Fig. 18. Distribution of Mangrove forest in Studya 3, Nayband Bay
(1989)

Fig. 19. Distril;ution of Mangrove forest in Studyear3, Nayband Bay
(2010)

5 Conclusions

The results of this study show the area of mangraveéhe
southern coast of Iran has been growing from 1872010,
except for some time periods. The trend analysigcates
that the mangrove area worldwide has in 2005 falten
about 15.2 million hectares, down from 18.8 million
hectares in 1980. The world has thus lost somen@i®n
hectares of mangroves over the last 25 years, @egtent

of the extent found in 1980(FAO, 2007) Thereforee t
necessity of an integrated monitoring of mangrowedts
area and changes is recognized. This study inegstighe
changes in the distribution and area of mangrovests in
the southern coasts of Iran during a 37 year peansidg
satellite images and NDVI model. The results resgdhat
most of the countries confronting the decline inngrave
forest areas, mangrove areas in Iran increased &®.76
km? in 1975 to 107.%m? in 2010. Mangrove growth has
increased by 36.7%. The highest decrease in maagrov
forests occurred in the period 1989-2000. In tleisquls we
saw downward trend in mangrove areas in some rggion
such as Qeshm Island, Khuran Strait, and Gwatre, Bay
which having the largest mangrove communities oa th
Iranian coast. Using Landsat satellite images am¥VIN
model proved efficient in determining mangrove fire
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changes. Such satellite data are quite approfdoatgense
vegetation canopy but fairly inefficient once usetth
newly-planted mangroves or with low density canspie
such as those found in the mouth of Mond Riverustizhr
province, which, due to the low-resolution imagiésyas
hard to identify the mangrove forest extent.

Fig. 20. Distribution of Mangrove forest in Studya 3, Nayband Bay
(2000)

Therefore, in order to obtain more accurate esémd
achieve the areas of these forests, need for leigbitrtion
satellite data such as lkonos and QuickbirdVarious
climatic, environmental and human factors may be
involved in explaining the changes in mangrove dhow
The climatic factors which contribute to mangrovevgh
include temperature and precipitation. Since mdsthe
changes in mangrove areas have occurred in the
Hormozgan province, the statistics in  Synoptic
Meteorological station of Bandar Abbas’ was usedaas
criterion for studying the changes in mangrovethis area.

5.1 Changesin temperature

Since 1880, the Earth has warmed 0.6-0.8° C aid it
projected to warm 2-6° C by 2100 mostly due to hama
activity (Houghton et al.,, 2001). Mangroves are not
expected to be adversely impacted by the projected
increases in sea temperature (Field, 1995). Most
mangroves produce maximal shoot density when migan a
temperature rises to 25°C and stop producing leawen
the mean air temperature drops below 15°C (Hutchargl
Saenger, 1987). At temperatures above 25°C, sopmesp
show a declining leaf formation rate (Saenger amdédy,
1985). Temperatures above 35°C have led to thestreds
affecting mangrove root structures and establishnoén
mangrove seedlings (UNESCO 1992). At leaf tempeeatu
of 38-40°C, almost no photosynthesis occurs (Clotgl.,
1982; Andrewset al, 1984). By studying Bandar Abbas’
annual mean temperaturgig. 21) in the period of 1975-
1989 (the highest rate of mangrove growth) andptréod
1989-2000 (the highest decrease in mangrove groitis)
found that the annual means of temperature in 1989
was 26.6°C and 26.8°C, respectively, in year 198302
which was yield a minor difference and probably Hex
major effect on mangrove growth.
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Obviously, temperatures above 35°C which lead to
thermal stress should not be overlooked. The #tatis
concerning the temperatures above 35°C is unavaijlab
hence, by investigating the mean number of the dats
temperatures above 30°C in Bandar Abbas’ statiowas
concluded that differences between the period 1989
(234 days) and the period 1989-2000 (227 days) weas
significant and even the mean number of days with
temperatures above 30°C was more in 1975-1BR9 22)

5.2 Precipitation

Precipitation rates are predicted to increase yugab
25% by 2050 in response to global warming. Howeser,
regional scales, this increase will be unevenlyritisted
with either increases or Decreases projected iferéifit
areas (Knutson and Tuleya 1999; Walsh and Ryan ;2000
Houghtonet al,, 2001).
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Fig. 22. Mean number of days with temperatures at88/C

Changes in precipitation patterns caused by climate
change may have a profound effect on both the ¢graft
mangroves and their areal extent (Field 1995; Swda
1995).

Decreased precipitation results in a decrease imgrose
productivity, growth, and seedling survival, and yma
change species composition favoring more salt daler
species (Ellison 2000, 2004). Decreased precipitats
also likely to result in a decrease in mangroveaare
decrease in diversity, and projected loss of tmevaard
zone to unvegetated hypersaline flats (Snedaker)1995
Increased precipitation may also allow mangroves to
migrate and outcompete saltmarsh vegetation (Harty,
2004).
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Bandar Abbas’ station was 225 mm and during 198820

it was 233.5mm (Fig. 23). The mean annual predipitan

the first period was less than the second periadl the

percentage of the years in which precipitation \ager

than the mean annual in the period 1975-1989 (5%&6)

more than the period 1989-2000 (41%). These data

reflected the fact that the changes in mangrova axrgéent

in this time period were not a function of mean wain

precipitation. However, according to Fig. 23, timeocaint of

precipitation in the years 1976 (494.7mm), 1979

(464.4mm), and 1982 (496.8mm) was twice more than t

mean annual precipitations, whereas the amount of

precipitation did not exceed 400mm in the perio@%9

2000. This level of precipitation had probably magéfects

on mangrove growth. Furthermore, the 1994 drougfth(

only 33.7mm rainfall) was also likely to have candited to

a decrease in mangrove area.

5.3 Changesin sea level

In the last century, sea level has risen 10-20 cm,
primarily due to thermal expansion of the oceansl an
melting of glacial ice caused by global warming (@th et
al., 2001). Sea-level rise is the greatest climatangk
challenge that mangrove ecosystems will face (Fi8i@b).
Mangroves can adapt to sea-level rise if it ocalosvly
enough (Ellison and Stoddart 1991), if adequateaesion
space exists, and if other environmental conditemesmet.
Sea level change during 1975-2010 in the studyoregi
within the study period was very low, thereforestfactor
was not considered to be very important in mangrove
changes.

5.4 Human factors

Besides climatic and environmental factors, human'’s
factors can have a major role in changes of marmgrov
ecosystems. Over the past four years, by implemgrsi
“Mangrove Forests Development Plan” in the southern
provinces of the country (Forests and Rangelands
Organization) and addition of 7000 ha of man-pldnte
forests an increase in mangrove forest areas wascted
over the past decades in Iran. However, anthropoge
threats to mangroves such as development
overexploitation of mangrove forests as food feedtock,
drought in Qeshm Island in 1993, conversion ofdtyénto

and

agriculture farmlands, salt extraction, diversionf o
freshwater for irrigation and tourism, establishineri
shrimp aquaculture ponds accounted for the maiofsdn
contributing to the loss of mangrove forests imlra
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