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Abstract

The Mangrove forest is globally important for the productivity of the coastal environment and
is a good nursery site for aquatic organisms. The objective of the present paper was to create
thematic maps of the wetland ecosystem and to analyse its changes, while making Remote
Sensing and GIS techniques contributions to the Mullipallam region. Remotely sensed
satellite data were used to detect changes in the mangrove cover for a period of 16 years
(1991-2007). We found that an area of about 165.4 ha of dense mangrove degraded from
1999 to 2007 due to anthropogenic and shoreline erosion but sparse mangroves area
significantly increased during this period due conservation and restoration activities. A
Morphodynamics study (1929-2007) found that the migration of the River Cauvery tributaries
in the wetland system had shifted towards the eastern side of the creek and the confluence of
River Koraiyar had migrated towards the N-NNE direction. We observed that in recent
decades mangrove forest have swiftly degraded because of intensified human activities.
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Introduction

Mangroves are a small evergreen important habitat usually found in the inter-tidal zones
of tropical and subtropical coasts. These plants known to play an important role in the
protecting embankment against tide, to remove pollutants and they are good habitats and they
also support feeding, breeding, spawning, hatching and nursing of aquatic organisms [1-4].
Globally, the mangroves are destroyed by natural phenomena (cyclones, tidal waves, coastal
erosion, hyper salinity, eustatic sea level changes) and anthropogenic factors [5-7]. The
anthropogenic responses to climate change have the potential to exacerbate the adverse effects
of climate changes on mangrove ecosystems [8]. Mangrove destruction can also release large
quantities of stored carbon and exacerbate global warming and other climate change causes [9,
10].

: Corresponding author: laksbdu@gmail.com, Phone No: +91-431-2331667 Ext: 213


https://core.ac.uk/display/26872797?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

K. PONNAMBALAM et al.

In India, mangroves spreads decreased from 6740 to 4460 sq. km [11]. However, human
induced stresses, including agricultural runoff, aquaculture, saltpan, solid waste disposal,
aforestation, oil spill, urbanization and changes in the hydrological patterns, have threatened the
survival of mangroves. These repercussions have subsequently drawn considerable attention to
the conservation and management of this unique estuarine ecosystem [12].

Mapping and monitoring of the mangrove forest decline has become an urgent need for
many countries [13-20]. Remote sensing is used as a tool for monitoring the changes, especially
in mangrove forests, because the hilly or swampy terrain is inaccessible and vast. It provides
relatively accurate information regarding the status of the vegetation in the forest and is cost-
effective and time saving. The Geographic Information System (GIS) and remote sensing tools
are extensively used to understand the changes in mangrove areas and the recordings are used
for planning and management [21]. Previous studies indicate that remote sensing has an
advantage over traditional field investigation methods in monitoring wide-spread mangroves
[22-24]. A number of satellite sensors were used to identify mangrove forests in various studies
undertaken, including Landsat TM and ETM [25], IRS LISS-III [26-28] and Quick Bird [29].

The aim of the present study was to evaluate the changes in the mangroves, and in
associated land areas, the shoreline and wetland morphology in the Mullipallam creek system in
the south eastern coast of India.

Study area

The Mullipallam creek is a semi enclosed coastal wetland surrounded by mangrove
swamps and intertidal land situated on the southeastern coast of India, approximately 400 km
south of Chennai. The study area spreads over 10'18' to 1022’ N latitude and 7928' to 7936’ E
longitude and is a medium tropical transition climate, characterized by a monthly average
temperature of over 27 C. The extensive mangrove habitat is estimated to be about 1,500 ha

[30], and the creek is used for fishing and it serves as a nursery ground for marine fish and
shrimps. The creek receives freshwater from five tributaries of the Cauvery River, such as the
River Paminiyar, Kilathangiyar, Korayar and Marakkakorayar and the Kandankurichanar
channel (Fig. 1).
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Fig. 1. Study area location map
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The creek receives fresh water mostly during the north eastern monsoon season, from
October to November [27, 28] but fresh water input into the creek is limited to the northeastern
monsoon period [31]. The developmental activities around the Mullipallam creek area are very
scanty, and the commercial activities include salt pans, aquaculture ponds, agricultural works
etc. The multifarious uses and values of the Muthupet mangroves was reduced over a period of
time due to direct and indirect natural and man-made activities [30].

Materials and methods

The remote sensing geo cover data set was downloaded from the global land cover
facility (GLCF) (http://glcf.umd.edu), which is available free of cost. Geo cover is a collection
of Landsat data that provides cloud free images collected for three years 1978, 1991 and 1999.
Likewise, a P6 LISS III 2007 satellite image was also obtained from the National Remote
Sensing Centre (NRSC). The baseline information was obtained from the Survey of India (SOI)
topo-sheets. The monitoring of morphology and shoreline changes was based on the
information from sources like the third military map (1930), the Survey of India map (1970),
Landsat data 1991, 1999 and the LISS III 2007 image. The wetland features (i.e., mangroves,
rivers, mudflat/tidal flat, aquaculture, saltpan) were mapped using Landsat and LISS III satellite
imageries for the year of 1991, 1999 and 2007. Based on those images, the creek changes were
analyzed and the accuracy of information was field tested by an intensive ground truth survey.

The multi-temporal satellite data in the present large scale study poses a number of
challenges, which include geometric correction error, noise erasing from atmospheric effect, the
errors due to changing in illumination geometer and instrument errors [32]. These errors were
rectified through image pre-processing techniques, which included radiometric correction and
geometric rectification. Subsequently, after the rectification process, the FCC (False Color
Composite) was generated and enhanced through the histogram equalization method to
distinguish the land use and land cover features. The image processing of the satellite data was
carried out using ERDAS 8.1 image software. The supervised and unsupervised signature
extraction techniques were used to classify the images in the present study. The supervised
classification was carried out by using the maximum likelihood method by adopting different
land use classes in the study area and further analysis was performed in the GIS (Arc GIS 9.1)
software environment.

Result and discussion

Mangroves status

A broad classification of different types of vegetation and land use patterns was done and
10 different classes were identified. The land use features like dense mangroves, sparse
mangroves, creek, river, mudflat/tidal flat, saltpan, aquaculture, waterlogged area, and other
vegetation, such as the Prosopis categories, were identified from the satellite imagery. Analysis
shows that the major land use in this area was aquaculture and saltpans. Land-use maps (Figures
2.b and c) show large areas of aquaculture farms and saltpans in the northern part of the study
area that were previously crop lands, plantations and mud flat areas.

The study area occupies about 12, 900 ha in the deltaic region of the Cauvery River,
which includes the Muthupet mangrove forest, agricultural land and large areas of mud flats.
The satellite data (1991) indicate that dense mangrove occupy only 1,025.2 ha (7.9%) and mud
/tidal flat, water bodies cover the rest of the area (Table 1). There was a significant increase in
the dense mangrove class from 1991 to 1999, and a slight decrease from 1999 to 2007 (Fig. 3).
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Table 1. Land-use / Land cover changes during 1991-1999 & 1999-2007
in the Muthupet mangroves, South eastern coast of India

Classes 1991 In% 1999 Area In% 2007 In% % change % change

Area (in ha) Area (1991- (1999-

(in ha) (in ha) 1999) 2007)
Dense Mangroves 1025.2 7.9 1153.3 8.9 987.9 7.6 1.0 -1.3
Sparse Mangroves 819.0 6.3 717.5 5.5 908.8 7.0 -0.8 1.5
Saltpan - - - - 361.0 2.8 0.0 2.8
Aquaculture - - 211.0 1.6 989.3 7.6 1.6 6.0
Mud/Tidal flat 6545.0 50.7 5848.8 452 5603.2 432 -5.5 2.0
Creek 1965.5 15.2 1984.3 153 1845.3 14.2 0.1 -1.1
River 178.2 1.4 141.6 1.1 140.3 1.1 -0.3 0.0
Water logged area 276.5 2.1 354.0 2.7 331.5 2.6 0.6 -0.1
Other vegetation 337.6 2.6 1044.5 8.1 883.8 6.8 5.5 -1.3
Upland (Plantation, 17528 136 14861 115 9219 7.1 2.1 44
Cropland)

The total area of the dense mangrove forest increased to about 128.1 ha during the
1991 to 1999 period and decreased to about 165.4 ha during the 1999 to 2007 period, due to
newly built aquaculture farms and shoreline erosion (Figure.5d). Earlier studies, based on the
multispectral data, indicated that nearly 1514 ha of mangrove forest was present during 1988
[33]. Likewise, studies on wetland mapping along the Cauvery delta indicated that the
mangrove area that was about 32 sq.km in 1976 was subsequently reduced to 19 sq.km in 1989
[34].

1999

Legend

- Dense mangrove - River

= Sparse mangrove Waterlogged area
- Aquaculture Other vegetation

- Mud / Tidal flat - Cropland & Plantaion
B Creek

Fig. 2. Land-use Land cover map 1991-2007 from the
Muthupet mangrove system, Southeast coast of India
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The total area occupied with mud/tidal flat was about 6545 ha in 1991 and subsequently
it was reduced to 5848.8 ha in 1999. However, the increase in newly built aquaculture areas
increased drastically from 211 ha (1999) to 989.3 ha (2007) (Fig. 2b and c; Table 1). The land
areas that were converted to aquaculture farms were mostly cropland, mud flat and sparse
mangrove classes. These changes occurred due to the population growth and the increase in
socio-economic necessities that induced pressure on the coastal land use / land cover. The areas
under dense mangroves decreased to about 165.4 ha, because of the problems caused by
aquaculture, agriculture runoff, the limitation of freshwater input and to shoreline changes. A
similar inference was also found in an earlier study made by Krithika et al. [35]. They revealed
that a variety of anthropogenic inputs, including aquaculture (shrimp-farming effluent), and
more diffuse and seasonal agricultural run-off affected the Muthupet mangrove environment.
The creek size was reduced to about 139 ha between 1999 and 2007, as shown in Figure 2 (b
and c). This happened due to siltation, high suspended sediment load and the sediment dynamic
patterns of the wetland. The area covered by Sparse mangrove was estimated to 819 ha (6.3% of
the total study area) in 1991, 717.5 ha (5.5%) in 1999 and 908.8 ha (7.0%) in 2007. There was a
significant increase in sparse mangrove areas due to the restoration activity of the mangrove
forest and a significant degradation of dense mangrove areas occurred due to human activities.
However, restoration activities played a key role in establishing the overall spread of the
mangrove cover.
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Fig. 3. Percentage of land use and land cover changes 1991- 2007

Morphology and shoreline changes

The morphodynamics of coastal systems consist of the nature and time-varying behavior
of coastal landforms and the mechanisms that control the behavior within specific temporal and
spatial scales. A morphodynamic analysis of the shoreline helps in understanding the evolution
of new features in response to seasonal and episodic events that cause changes in wave
direction, the sediment transport alongshore, bathymetry and shoreline orientation etc.

The information from toposheets and satellite data were used to assess the morphology
and shoreline changes in the creek environment. The results revealed serious morphological and
shoreline changes in the creek between the years 1929 and 2007, due to accretion/erosion, as
shown in Figure 4 (a to e). The accretion occurred due to the fine sediments from the runoff in
the Cauvery river tributaries and the high turbidity and sediment distribution pattern of the
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adjoining sea (Palk Strait). It lead to a significant decrease in size of the creek between 1929
and 2007. Moreover, the thick vegetation pattern and the height of the mangroves along the
shoreline influenced the sediment accretion [36]. Similarly, earlier studies on coastal sediment
distribution in the Palk Strait region during the arid period, indicated that there is not enough
force to drain the suspended sediment particulate (SSP) matter from the creek. Hence, the creek
is highly turbid during arid period (125-586 mg'") [27]. Because, during the arid period, the
height of the mangroves and the vegetation pattern of the Mullipallam creek reduce the wind
speed, only the subsequent monsoon currents helps in transporting the SSP to the Palk Strait. It
was established that the accretion area was in the eastern part of the creek (Fig. 4).

w0 ol Lo b o B
1 1 | | il fal W wur war e o ww
1 1 1 1

a - :
2 £ N Lwn b = N wir
3 z z
z E i ) i
b g i E \
= i ] !EL
192930 i i i
w
Mubipablass {0 “’.-"
Mulipallam crrek - e
b 1w 10
Palk Strait
1w i iy ¥y M o e v v waw ™
L 1 1 L L L L L
< z Y 4 ; = E n
i L i H
4\’ {"G ; ,‘ w d \k 5 i ‘ e
% o g g £
i - H : Fe z £
", £ 3 £
1991 H g"w . £ 2007 f r“% : i
= Ml i
Mallipalam creek L Miipaiiyg, g Mallipshiam creek L e
e b
- Fai s

s

b e

Fig. 4. Morphology changes of the Mullipallam creek 1929-2007

Further shifts in the confluence of the River Cauvery tributaries were identified by a
comparison of maps (1929-07; Figure 4). The earlier studies made by Selvaraj et al. [33]
revealed similar facts. They suggested that the confluence point of River Koraiyar had migrated
towards the north and that the shift was significant (about 900 m). Likewise, the Rivers
Kilaittangiyar and Marakkakoraiyar had also changed their path and migrated towards the east.
In Mullipallam creek the River Valavanar totally shifted and fully migrated towards the east and
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it had joined in Seruthalaikadu creek, due to the changes and the sedimentological process in
the creek morphology.

The accretion of the coast line along the Palk Strait is noticed on both the sides of the
Mullipalam creek from 1929 to 1999 and it also supports the mangrove growth along the
shoreline region (Figure.5a to ¢). A comparison between the images of 1999 and 2007 indicates
a decrease in the mangrove vegetation along the shoreline, due to coastal erosion. In addition,
the elongation and enlargement of the eastern part of the creek mouth had migrated to the west
and southwest. However, the western part of the creek mouth also enlarged to the east, resulting
in a reduction of the mouth size of the Mullipallam creek. Earlier studies, by Selvam et al. [28]
indicated that the Mullipallam creek was about 2.5 Km wide and approximately 2 to 2.5 m deep
in 1983. However, due to various processes (accretion/erosional), the mouth is currently just 1
Km wide and less than 1 m deep, due to silt deposits from the sea side (Palk Strait). Because the
deposition of fine sediment was continuous, but the mouth of the creek was open throughout the
year. The sedimentological studies inside the creek area had similar results, indicating the
dominance of silt and clay [31].
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Fig. 5. Shoreline changes map

Conclusions

Based on the results of the study of wetland uses and morphological changes, in the
Mullipallam creek system the following observations were made:

e The Muthupet mangroves, creek morphology and shoreline have undergone drastic
changes within a short period of approximately 80 years, caused both by natural and by
anthropogenic activities.

e  The Muthupet mangrove dense forest area decreased to 165.4 ha (1.3% of the total area),
due to increase in aquaculture farm lands, saltpan and coastal erosion.

e The River Cauvery tributaries migrated in from creek region and shifted towards the
eastern side. The River Valavanar got totally disconnected from the Mullipallam creek,
due to a sedimentation process and a new creek formation occurred in the western part.
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The present study indicates that systematic conservation strategies and restoration
activity are urgently needed, in order to preserve the mangrove community and that periodical
monitoring of coastal region using temporal satellite data should be performed in order to
support the decision makers.
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