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The area under study lies adjacent to Palk Bay and is 
a shadow zone. An attempt is made to understand  
the geomorphic evolution of the area, examine the 
changes that occurred to the shoreline in 33 years and 
analyse the impact of rise in sea level in the study 
area. Topographic maps, aerial photographs, local 
maps, SRTM, and other related information are col-
lected and digitized. Digital Shoreline Analysis System 
is used to calculate the rate of shoreline variation  
using end point rate method and to identify the differ-
ent types of coasts such as erosional, accretional and 
neutral. The elevation data available in SRTM data 
are used to calculate the impact of rise in sea level. 
From the study, we infer that the study area was once 
part of a larger river system and the alluvial plains 
are the remains of an abandoned delta. The different 
inundation diagrams for 1, 2, 5 and 8 m hypothetical 
rises in sea level are prepared and discussed. 
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STUDIES of coastal zones are important as they are dyna-
mic and amenable to changes due to changing terrestrial 
and marine processes, including human activities. Major 
changes have taken place during the past due to sea-level 
variations associated with climate change and these 
changes are due to the natural processes controlled by  
orbital configuration1. Hence, the modifications took 
place at a slow pace and the life existing at that time was 
able to adapt to the changing scenario and migrated to 
suitable ecosystems. Increasing temperatures around the 
globe as a consequence of global warming are expected 
to influence changes in sea levels2. So, with expected rise 
in sea level it is necessary to assess how the coastal zones 
will respond in the near future. To know the possible 
changes, it is important to know about the changes that 
have taken place along the coasts in the past in general 
and in the recent past in particular. 
 A coastal zone of 15 km width from Mimisal to Raja-
madam was selected for the study and the geomorphic 
features mapped using Landsat ETM+ FCC images. The 
coast is oriented in the NE–SW direction from Mimisal to 
Manamelkudi and this section is a drift-aligned coast3 

(Figure 1). However, the crest of the waves reaching the 
coast is not at steep angles and as a result, sediment 
movement is not high. The beach slope and grain charac-
teristics allow beaches to be described in terms of 
dissipative and reflective forms. Dissipative beaches  
develop under high wave conditions when there is an 
abundant supply of medium to fine sand4. Coarse sand 
beaches with a high degree of percolation have steeper 
gradients than fine-sand beaches, because they have less 
surface backwash and therefore less seaward movement 
of the grains5. The coast from Manamelkudi to Raja-
madam is an embayed coast. It is oriented NNW–SSW 
and curves to N–S; further north it is NE–SW.  
 The current study aims to work out the shoreline 
changes of the recent past and to project the impact of a 
rise in sea level and finally to trace the geomorphic evo-
lution of the coast under study. The study was undertaken 
using topographic maps (nos 58N/7, 58N/4 and 58N/8, 
58N/11 and 58N/15), satellite remote sensing data (Land-
sat MSS, TM and ETM + satellite data of 1978, 1991, 
1999 and 2006), aerial photos, SRTM data and other local 
maps and related information. Some relevant and neces-
sary details from these sources are extracted through  
on-screen digitization and analysed to understand the 
shoreline changes and to arrive at stages of geomorphic 
evolution of the coast under study. Finally, using a DEM 
generated from the SRTM data, impact of rise in sea level 
is projected. 
 The landsat IR band is used after edge-enhancement 
with Sobel operator (3  3 kernel matrix) to demarcate 
the shorelines from different sets of data. 
 The vector lines of shores are superposed and erosion 
and accretion areas are separated through polygon clip-
ping and their areal extents are obtained. 
 

 
 

Figure 1. Location map of the study area. 
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Figure 2. Geomorphic maps of the study area. 
 
 
 Shoreline changes are estimated using Digital Shore-
line Analysis System (DSAS v3.2), an extension of  
ArcGIS developed by the US Geological Survey, that en-
hances the normal functionality of ArcGIS software6. 
Rates of shoreline changes between 1978 and 2006 are 
worked out using 75 vector lines representing shorelines 
and also through an analysis of transects plotted at 100 m 
intervals across the shorelines. 
 The coastal landforms identified in the study area are 
beach, beach ridges, strandline–swale complexes, salt 
marsh, mudflats, floodplain, alluvial plain, deep alluvial 
plain, lakes and rivers (Figure 2). 
 In the study area beach is identified along Mimisal in 
the southern part of the area. Beach ridges are found near 
Pudupattinam in the northern part of the area. In the  
region between Nagapattinam and Adirampattinan, 18 
strandlines are identified. Dunes are poorly developed in 
the region. Salt marshes are found near Rajamadam, and 
all along the coast between Sitaramapattinam and the 
Ambuliar river micro-delta and also along the micro-delta 
of Thedakkiar river. Mud flats almost equivalent to salt 
flats are also present in the northern coastal part of the 
study area near Velivayal, where the Agniar river meets 
the sea. A floodplain/delta plain is well developed on  
either side of the Ambuliar, Vellar and Agniar rivers. The 
smaller streams, viz. Thedakkiar and Kattar rivers found 
between Vellar and Ambuliar rivers and between Ambu-
liar and Agniar rivers respectively, have smaller flood-
plains. These floodplains coalesce forming a continuous 

zone between the coastal landforms and the uplands 
above. 
 The entire area contains numerous lakes; they are more 
in the southern part of the area and are mainly found in 
flood- and alluvial-plains. Lakes in the area south of Vellar 
have shallow waters than in the area north of Vellar. The 
rivers flowing through the study area include Maharaja 
sambudram, Agniar, Kattar, Ambuliar, Thedakkiar and 
Vellar. Figure 3 shows a few geomorphic features on a 
larger scale and for a smaller part of the area of study. 
Extensive deltaic plains with numerous lakes with lobate 
form are seen. Satellite images suggest that one of the  
distributaries of Cauvery river was once flowing into this 
region.  
 The Vellar river flowing in the Manamelkudi has 
formed a semi-circular delta 3.5 km wide, projecting into 
the sea. The coast in this place contains strandlines ori-
ented in NE–SW direction in the southern side and  
NW–SE direction in the north. The convergence of these 
strandlines forms an angular projection pointing towards 
east.  
 Thus the coast has developed into an embayment from 
Manamelkudi to Rajamadam and extends further east-
ward up to Kodiyakkarai.  
 The coast from Manamelkudi to Atiramapattinam con-
tains many micro-deltas of which the delta of Ambuliar 
river is prominent. The delta constructed by the river and 
its channels is nearly 6 km wide and extends into the sea 
for more than 2.5 km. The entire coastal stretch from 
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Manamelkudi to Rajamadam is bordered by deltaic facies 
and deltaic plains further inland. North of the study area, 
the coast takes a turn to EW from Rajamadam to Kodi-
yakkarai. The characteristic geomorphic feature of the 
sector is the Muthupet wetlands also called the Vedaran-
yam wetlands. It was once a large lagoon 50 km long in 
the EW direction and 10 km wide separated from the sea 
by a sand bar. Several streams which were fed by the 
Cauvery river emptied into the lagoon, resulting in exten-
sive siltation. While water covers the entire lagoon during 
floods, during non-rainy days the geomorphic setting 
comprises the brackish-water lagoon and associated tidal 
flats and salt marshes. The lagoon supports a wide variety 
of mangrove species and is one of the major mangrove 
ecosystems in the east coast of India. The input of sedi-
ments from Valavanar river has raised the elevation of 
the central part of the lagoon separating it into two brack-
ish water bodies, the Mullipallam and Serthalaikadu  
lagoons. The Serthalaikadu lagoon is completely silted 
with very shallow water on the other hand, the Mullipal-
lam lagoon is deeper. The Koraiyar river which flows 
into the Mullipallam lagoon is building an inland delta, 
reducing the capacity of the lagoon by about 25%. The 
Mullipallam lagoon is expected to be converted into a salt 
marsh with lesser tidal influx, which might adversely  
affect the mangrove ecosystem.  
 In the eastern part, the strand plains swerve from EW 
to NNE–SSW direction. Bruckner7 dated the shell frag-
ments of Veneridae of Circe in the lagoonal loam up to 
8 m above high tidal level in Chettipulam. He obtained an 
age of 139 Ka, suggesting that the strandlines were 
formed during the Last Interglacial Minimum when the 
sea level was more than 10 m above present-day sea level. 
As the sea level lowered from this higher stand succes-
sive strand lines were formed. The sea level reached 
~120 m below present by ~21 Ka during the Last Glacial 
Maximum (LGM)8. The sea level progressively rose to 2–
3 m above the present level during the Mid-Holocene, 
and as a result the strand plain was submerged, eroded 
and few sand bars are now present as relics within the 
Muthupet lagoon9. This view is also supported by Bhatt 
and Bhonde10. 14C dating of the shells and wood samples 
in the coastal deposits by several workers has yielded 
ages ranging from LGM to 2000 BP (refs 7 and 11–13), 
supporting the dynamic nature of the shoreline in Tamil 
Nadu coast.  
 Based on the study of the sediments and palynological 
remains in Malai–Thai peninsula, Harton et al.14 also sug-
gested that the sea level was 22 m below present during 
9700–9250 BP and 4.87 m above the present during the 
Mid-Holocene (4850–4450 yr BP). 
 The floodplains recognized are more towards the pre-
sent-day rivers and could be seen all along the middle 
part of the area with extensive development close to  
Ambuliar and Thedakkiar rivers. The existing rivers dis-
sect the abandoned floodplain resulting in the formation 

of the second largest geomorphic unit. The floodplains 
are bordered on the east by a narrow zone of landforms of 
marine origin. Among these landforms, the strandline 
complex is the major unit found in the northern part of 
the area from Manamelkudi to the mouth of Ambuliar 
river and also as remnants in the area southeast of 
Manamelkudi. While the strandline extending from 
Manamelkudi is aligned in the NNE–SSW direction, the 
one southwest of Manamelkudi is aligned NE–SW parallel 
to the coast in the area. This suggests that the Mana-
melkudi projection is due to convergence of the above 
strandlines. The major strandline has a maximum width 
of 4 km near Manamelkudi and it becomes narrow further 
north.  
 

 

 
 
Figure 3. Map showing inundation due to seal-level rise of 8 and 5 m 
(a) and (b) 2 and 1 m. 
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Table 1. Extent of inundation of the area in the Palk Bay region 

Rise of sea-level (m) Inundated area (sq. km) 
 

1 4.85 
2 16.95 
5 89.69 
8 170.46 

 
 
 The formation of salt marshes is attributed to sub-
sidence of the micro-deltas and inundation by the sea. 
The salt marsh found near Rajamadam located in the 
northern part of the area differs from that in the south, as 
it is formed by a thin unmappable barrier bar. Deve-
lopment of the beach is insignificant and is observed in 
the southern part from Mimisal to Kottaipattinam, where 
the coast is aligned in the NE–SW direction and drift-
dominated, and in the embayed coast though the beach 
has formed, it is restricted in width. The lack of beach 
deposits is in part due to limited supply of sediments into 
the sea. Few dune ridges which are older, however, are 
found in the area and they are remains of landforms 
which have existed from the time when larger rivers were 
flowing in the area. 
 The coastal area south of Mimisal is endowed with a 
similar geomorphic set-up and the difference was noticed 
in the type of coast and its orientation. The area in the 
south is a drift-aligned coast with restricted growth of 
micro-deltas. The area north of Rajamadam, on the other 
hand, has gross difference in geomorphic set-up as it is 
dominated by lagoonal facies and extensive development 
of strandlines. It is possible that the Mid-Holocene 
(6000–5000 yr BP) transgressive phase when the sea level 
again rose to ~2 m above present level inundated the 
strandplains forming the lagoons. As the strandlines of 
Manamelkudi continue further north in the northern part 
of Muthupet lagoon, it can be inferred that the evolution 
of the strandlines in the entire region happened simulta-
neously due to a similar process.  
 The strandline–swale complex that runs sub-parallel to 
the coast is clearly seen in the satellite images. A sea-
level rise of 5 m inundates almost everything up to the 
strandline–swale complex. An 8 m sea-level rise which is 
believed to have happened during the Last Interglacial 
Minimum will inundate almost the whole study area 
(Figure 3 a). As strandlines are indicators of past shore-
lines, there is possibility that the Last Interglacial Mini-
mum created these strandlines. This inference points out 
that an effective sea-level rise of only 5 m was experi-
enced in this area. Thus the area must have experienced 
an uplift of 3 m during the Last Interglacial period.  
 A sea level rise of maximum 2 m is expected in the 
near future due to global warming caused by human  
activity (Table 1). A rise of 1 m in the sea level will  
affect the river mouths mostly in the northern part of the 
study area near Puduppattinam and Sembalppattinam. A 

rise of 2 m will affect the northern areas up to the strand-
line–swale complex and some areas in the southern part 
of the study area (Figure 3 b). 
 End point rate (EPR) calculation method is used to  
determine the rate of short-term shoreline variation in this 
stretch from Rajamadam to Mimisal. In this method,  
parallel transects are drawn at an interval of 100 m from 
each other perpendicular to the baseline. Dates are care-
fully given to these transects. The output table contains 
the EPR rates of the shoreline variations in the given 
range of years. These values are categorized to indicate 
erosional, neutral or accretional shorelines. The polylines 
where the values are less than –1 are considered as ero-
sional shorelines. Those areas whose values range in  
between –1 and 1 are considered as neutral shorelines. 
Areas having values above 1 are accretional shorelines. 
The EPR values of places between Rajamadam and 
Puduppattinam range from –1.94 to 1.72 m/yr. It shows 
that this stretch has erosional, neutral and accretional 
shorelines with dominance of erosion segment, followed 
by neutral and accretion segments restricted to a few 
100 m stretch. From Puduppattinam to Setubavachattram, 
the values range from –1.71 to 2.1 m/yr. Majority of this 
stretch is neutral. This is because the wave action is 
mostly normal to the shoreline, which results in equal 
erosion and accretion of sediments.  
 From Setubavachattram to Sembalppattinam, the EPR 
values range from –2.87 to 0.22 m/yr, which shows that 
the shoreline in this area is subjected to continuous ero-
sion. Some stretches lay neutral and there is no accretion 
taking place in this stretch. The stretch from Sembalppat-
tinam to Bandarpattinam stays more or less neutral. The 
shoreline adjacent to Ambulliar river experiences accre-
tion to the north and south of the river mouth. This may 
be because the sediment load carried by the river is being 
forced to the two sides by wave action in this area. Near 
Bandarpattinam, the shoreline turns erosional, and this 
may be due to the change in geography.  
 The shoreline near Thedakkiar river mouth is accre-
tional. The rest of the shoreline between Bandarpattinam 
and Katummavadi alters from erosional, neutral to accre-
tional. From Katummavadi till Sitaramanpattinam, except 
a small stretch which is neutral, the whole shoreline is 
erosional. Except the mouth of Vellar river which is  
accretional, the shoreline from Sitaramanpattinam to 
Manamelkudi is erosional. From Manamelkudi till  
Kottaipattinam, the shoreline is dominantly neutral with 
some parts being erosional. From Kottaipattinamm till 
Mimisal, even though a neutral shoreline was expected, 
the changes show that it is dominantly an erosional shore-
line. The shoreline within the study area can thus be said 
to be dominantly erosional or neutral with accretion con-
fined to places near river mouths (Figure 4). 
 From the study we can infer that this area was once 
part of a larger river system and the alluvial plains are the 
remains of an abandoned delta. A large expanse of the 
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Figure 4. The extracted shoreline for different years overlaid on satellite image. 
 
 
area is covered by alluvial plains and floodplains. The 
shoreline within the study area is dominantly erosional 
and neutral with accretion confined to places near river 

mouths. The geographic setting and the direction of wave 
action have a major influence on the shoreline. The 
strandline–swale complex that runs sub-parallel to the 
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coast is an indicator of palaeo shorelines. An 8 m sea-
level rise will inundate almost the whole study area, 
whereas a 5 m sea-level rise will inundate up to the 
strandline. The expected 2 m rise in sea level due to 
global warming will affect up to the strandlines in the 
northern region, whereas the southern region will be only 
marginally affected. 
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Several anuran species use multimodal signals to 
communicate in diverse social contexts. Our study  
describes acoustic and visual behaviours of the Small 
Torrent Frog (Micrixalus aff. saxicola), a diurnal frog 
endemic to the Western Ghats of India. During ago-
nistic interactions males display advertisement calls, 
foot-flagging and tapping (foot lifting) behaviours to 
signal the readiness to defend perching sites in peren-
nial streams. Results from a quantitative video analy-
sis of male–male interactions indicate that foot-
flagging displays were used as directional signals to-
ward the opponent male, but were less abundant than 
calls. The acoustic and visual signals were not func-
tionally linked. The call of Micrixalus aff. saxicola 
thereby did not act as an alert signal. Analysis of  
behavioural transitions revealed that kicking behav-
iours (physical attacks) significantly elicited kicks 
from interacting males. We suggest that foot-flagging 
displays ritualized from this frequently observed 
fighting technique to reduce physical attacks.  
 
Keywords: Anura, Micrixalidae, physical attack, small 
torrent frog, visual communication. 
 
ANURANS predominantly use acoustic signals for com-
munication and a long history of studies has provided 
comprehensive information about acoustic signal proper-
ties1,2. However, evidence is mounting that a growing 
number of anurans also use visual cues in various social 
contexts3–6. Signals or cues in more than one sensory  
modality (multimodal communication) could improve 
signal perception in complex environments7,8 and facili-
tate faster detection for receivers9. For instance, the 
bright vocal sac pulsating during calling was shown to act 
as an additional visual display enhancing signal localiza-
tion, detection and discrimination in dense choruses10–12. 
Foot-flagging, a conspicuous visual display performed 


