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SUMMARY

This study investigated the diurnal and seasonal activity

pattern of water monitor, Varanus salvator in Bhitarkanika

Wildlife Sanctuary, India. The study was conducted in an

intensive study area of 17 sq.km selected after a pre sampling

survey in the Sanctuary.

The methodology involved to record the activity pattern of

water monitor was monitoring of two permanent standard paths

every three hours on diurnal basis. Sightings of water monitors

were recorded while walking on the standard path. Behaviour of

water monitor was divided into four categories such as basking,

foraging, resting and non-foraging. Microhabitat of water

monitor was recorded on each sighting. Ambient and substrate

temperatures and ambient relative humidity were recorded along

with diurnal activity pattern of water monitors.

Results show a shift in diurnal activity pattern with

season. The activity pattern of water monitor was unimodal in

winter and uniform in summer. Basking was the major activity of

water monitor in winter, whereas all the activities were evenly

spread out in summer.

The lizards used different microhabitats for different

activities. Maximum lizards were recorded active at cooler
substrate temperatures (29°C).

The relation of ambient and substrate temperatures with

activity was curvilinear. At low ambient temperature basking was

prevalent. With increase in temperature other activities, such as

foraging and resting were recorded. At high ambient temperature

lizards selected cooler substrates.

Ambient temperature and ambient relative humidity varied



inversely. The activity was low at high levels of humidity

It is concluded that behavioural thermoregulation plays a

major role in water monitor’s activity. Depending on ambient

temperature water monitor selected different microhabitats and

thermoregulate, by behavioural means.
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CHAPTER 1: INTRODUCTION

1.0  INTRODUCTION

Investigations of the inter-relationships between climate,

habitat and. activity pattern are of crucial importance in

understanding the ecology and behaviour of many ectotherms; this

is especially true in diurnal lizards (Porter et al. 1973; Avery

1976; Porter and Tracy 1983). Observations on activity pattern

help in understanding the ecology, ecophysiology, and spatio­

temporal organisation of the behaviour of an organism. It can

also greatly contribute to our understanding of the adaptive

significance of circadian rhythms and other cycles in the

natural environment (Underwood 1990).

Being ectotherms, lizards tend to partition time and space

more often than homeotherms because of their physiology and

behaviour, which are closely linked to environmental conditions

(Schoener 1977). The physiological adaptations and behavioural

responses of lizards to ambient temperature vary considerably

among taxa and span a continuum from thermoconformers to

thermoregulators (Huey 1982). Thus the study of diel activity,

habitat and microhabitat utilization patterns, feeding

strategies and thermoregulatory behaviour of lizards helps in

understanding the relationship between their thermal physiology

and ecology.

The present study deals with the diurnal and seasonal

activity pattern in a population of water monitor ( Varanus

salvator} inhabiting the Bhitarkanika Wildlife Sanctuary,

Orissa. Apart from the Sunderbans in West Bengal, Bhitarkanika

holds a fairly good population of water monitors. Among the four

species of Indian,monitor lizards, the distribution of water
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monitor is patchy and the lizard is mainly restricted to the

threatened mangrove habitat. Also, the biology of this species

is poorly known in its Indian range. Reconnaissance in this

Wildlife Sanctuary revealed the presence of a fairly good

population of water monitor. Besides this, base line information

on the distribution and general ecology of the lizard in

Bhitarkanika Wildlife Sanctuary is also available (Biswas and

Kar 1981). Hence, water monitor was selected for the present

study.

Field work was conducted between November 1992 and April

1993 which comprised of two seasons namely winter (November -

January) and summer (February - April). However, data collected

during November 1992 was not included in the analysis.

1.1 REVIEW OF LITERATURE

1.1.1 Activity Pattern of Lizards:

The daily and seasonal activity pattern of reptiles are

influenced by thermal biology (Porter et al, 1973). Limits to

potential activity times are set by biophysical characteristics

(i.e. temperature, moisture) of the habitat and by biological

aspects of .a species such as range of body temperature that is

suitable for activity, thermoregulatory repertoire, species

specific patterns of heat and mass flux (Bartlet and Gates 1967;

Porter and Gates 1969; Tracy 1982). Time of activity may be

further limited by the influence of predators (McFarland 1976),

competitors (Schoener 1970, 1974, 1977; Regal 1971; Magnuson et

al. 1979) and by the availability of food or water (Naggy 1973;

Porter et al. 1973; Huey and Saltkin 1976; Magnuson and

Beitinger 1978).

In a study on the altitudinal ecology of Agama tuberculata
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Varanus niloticus in South Africa (Cowles 1930) and in Sudan

(Cloudsley-Thompson 1966) differ markedly. They also differ for

Varanus griseus in Iraq where it is active throughout the day in

winter and shows a bimodal pattern of daily activity in summer

(Corkill 1928). This species is inactive during cold winters in

Iran, Egypt, Algeria and Pakistan (Anderson 1963; Haggag et al.

1965; Minton 1966; Vernet 1977).

Difference in activity pattern between sexes have also been

observed in varanid lizards. Male lizards are known to be more

active than females (Auffenberg 1979; King and Green 1979;

Stanner and Mendelssohn 1987).

In regions where seasonal variation in environmental

temperature is meagre, species such as Varanus salvator (Khan

1969) and Varanus komodensis (Auffenberg 1970) remain active

throughout the year.

1.1.2 Water Monitor:

Water monitor is the second largest extant lizard species

in the world, with largest specimen measuring two and half

meters or more (Smith 1935; Daniel 1983). This large semi-

aquatic lizard is commonly found in close proximity to water and

it is a good swimmer (Smith 1932). Auffenberg (1981) states that

a major factor determining their distribution is availability of

aquatic habitat.

Water monitor is widely distributed in Southeast Asia viz.

India, Sri Lanka, Indochina, Southern China, and East Indian

Archipelago. In the Indian subcontinent, it is found in the

coastal areas of Orissa (in the delta of river Brahmani and

Baitarani); the Sunderbans of West Bengal and Bangladesh; Sri

Lanka and in many of the islands of Andaman and Nicobar Islands
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(Whitaker and Whitaker 1980). The available literature does not

indicate the presence of this species in rest of the Indian

coast and the distribution in general appears similar to that of

the salt water crocodile (Crocodilus porosus). However, water

monitor has also been reported from regions in India far from

the coast. The presence of this species in Northeastern states

(Assam and Meghalaya) has been reported by Anderson (1872),

Smith (1935), Auffenberg (1986) and Das (1989).

Despite its wide distribution, the information available on

its ecology is minimal particularly in view of the fact that

this species is considered to be endangered. Available

literature have largely provided information on the distribution

and taxonomy (Anderson 1872; Smith 1935; Whitaker and Whitaker

1980; Auffenberg 1986; Das 1989; Gaulke 1991 a); general ecology

(Auffenberg 1981, 1986); food habits (Gaulke 1991 b) ; nesting

habits (David 1970; Biswas and Acharjyo 1977; Biswas and Kar

1981); and growth rate and social behaviour in captivity

(Andrews and Gaulke 1990; Daltry 1991).

Carrion is reported to be one of the major components of

the diet of water monitor (Auffenberg 1988). Gaulke (1991 b) has

described water monitors.as active hunters, spending a large

part of the day searching for food. However, some of their raids

for food are very specific e.g on the eggs of sea turtle and

crocodiles (Choudhury and Bustard 1980; Deraniyagala 1931;

Whitaker and Whitaker 1980). Though the spectrum of food is

diverse, arthropods form a major bulk of the diet in Philippines

(Gaulke 1991b). Gaulke (1991b) has also shown a variation in the

diet of water monitors in different habitat types and attributed

these variations to human disturbance.
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Water monitor is reported to exhibit behavioural

thermoregulation (Wikramanayake and Green 1989). In Sri Lanka,

water monitors are mostly active in early morning and by early

afternoon they retreat into cooler microclimate in the shade

under bushes and on trees overhanging the river. Also, it has

been observed that the afternoon activities are mostly

restricted to aquatic environment, where the water presumably

has a cooling effect on body temperature and enables them to

regulate their body temperature and forage at the same time

(Wikramanayake and Green 1989).

1.2 OBJECTIVES

The two major objectives of the study were:

I. To record the activity pattern of water monitors on a

diurnal and seasonal basis.
II. To investigate the relationship of climatic variables

with the activity pattern of water monitors.

1.3 STUDY HYPOTHESES

In order to achieve the above mentioned objectives

following research hypotheses were tested:

I. The diurnal activity pattern should change with seasons.

II. The diurnal and seasonal activity pattern of water

monitor are influenced by environmental variables such as

ambient temperature and ambient humidity.

III. Different microhabitats are used for different

activities.

6



CHAPTER - 2 : STUDY AREA

The present study was conducted in Bhitarkanika Wildlife

Sanctuary, Orissa. This sanctuary is one of the few remaining

refugia for the endangered salt water crocodile and represents one

of the finest remaining patches of mangrove forest along the Indian

coast. The physical, floral and faunal features of the area is

given below.

2.1 PHYSICAL ENVIRONS :
2.1.1 Location:

Bhitarkanika Wildlife Sanctuary is located on the east coast
of India (20° 04’ to 20° 8’ N and 86? 45’ to 87° 50’ E) . The

sanctuary is situated near the former port, Chandbali, which is

about 50 Km from Bhadrak railway station in Balasore district,

Orissa. The sanctuary encompasses a stretch of 35 Km of sea coast.

2.1.2 Boundary:

The natural boundaries of the Sanctuary are the rivers and Bay

of Bengal. The sanctuary is bounded by rivers Dhamara to the north,

Maipura to the south, Brahmani to the west and the Bay of Bengal in

the east. The sanctuary is interspersed with numerous rivers,’

creeks and nullahs (Fig. 1).

2.1.3 Topography:

The total area of the sanctuary is 170 sq. km of which 115 sq.

km is with mangrove cover. The deltaic mangrove swamps are

subjected to regular tidal inundation and are extremely low lying.

Mean elevation above mean tide level is between 1.5 to 2 metres.

Higher ground extends to 3-4 metres.

2.1.4 Soil:

The study area is influenced by heavy alluvial silt brought

down by the rivers and deposited in deltaic areas due to regular 
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tidal inundation. The ecosystem is further influenced by the high

detrital content of the tidal material resulting from fallen

mangrove leaves. The soil is clayey loam with sand, overlaid by

rich humus layer. Some portions of the sanctuary lie on the higher

ground and therefore lack mangrove cover. The soil in this area is

predominantly sandy loam in nature.

2.1.5 Tidal cycle:

The mosaic of rivers, creeks, and nullahs are influenced twice

daily both by high and low tides at approximately six hourly

intervals. The maximum and minimum tide level varies according to

lunar cycle and is also subjected to seasonal variations.

2.1.6 Climate:

The average annual rainfall of Bhitarkanika Wildlife Sanctuary

is 1200 mm and the main monsoonal months are August and September.

The area is prone to severe cyclonic storms twice almost every year

during April to May and October to November and also, there are
Aoccasional tidal bores. In winter the temperature dips down to 10 C

minimum and in summer the maximum temperature reaches upto 40^C.

During the study period between November 1992 and April 1993, the
lowest temperature recorded was 13^C in January while highest

temperature recorded was 36’C in April (Fig. 2).

Due to the coastal environment, humidity is high throughout

the year, varying between 75 and 95% (Kar 1981). During the present

study the minimum humidity recorded was 35% in April while maximum

was recorded in January (95%).

2.2 BIOTIC FEATURES

2.2.1 Vegetation

The vegetation of Bhitarkanika can broadly be classified into

(i) mangrove formation and (ii) salt bush formation (Choudhry



1990). The salt bush formation is found along the littoral tract of

’Satvaya’ and ’Gahirmatha’ sea shore where the soil is sandy and is

not subjected to inundation.

Mangrove formation in the sanctuary can be classified into two

types: (1) vegetation of the outer estuarine bank and (2) the

vegetation of the inner estuarine bank (Banerjee and Rao 1990). The

outer estuarine bank vegetation is found in the river mouths of

Maipura and Dhamara. Plants in the outer estuarine region are
subjected to high salinity and wave action. Avicennia marina grows

upto 10 m height with compact crown is common and
characteristically forms a pioneer tree stand along the lower

intertidal zone. Sonneratia griffithii is found at low gradient mud

flats along the lower intertidal zone in mixed association with

Avicennia alba, Bruguiera parviflora, B.cylindrica and Aegialitis

rotundifolia. These species with increased water storage mechanism

in their leaves, tolerate the highly saline conditions and are

found more commonly along the central parts of the funnel shaped

estuarine bank.

The inner estuarine bank is strongly dissected by several

creeks, channels and their distributaries. The force of the sea

surf is broken due to the presence of several creeks and vegetation

is subjected to moderate salinity. These conditions make favourable

habitat for many mangrove species and the flora is rich and

diversified in this region. The dominant mangrove species in this

region are Avicennia officinalis, Sonneratia apetala, Excoecaria

agallocha, Heritiera fomes, Phoenix paludosa, Kandelia kandel,

Xylocarpus granatum, X. mollucensis, Rhizophora mucronata,

R.apppiculata, Aegiceras corniculatum, Merope angulata and Cerebra

manghas. A detailed account of the flora of Bhitarkanika is given
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in Banerjee and Rao (1990).

2.2.2 Fauna

Kar (1981), Dani and Kar (in press) provide information on the

fauna of Bhitarkanika Wildlife Sanctuary. Mangrove areas support a

range of inter-connected food web which directly sustain the

fisheries. Algae and detritus sustain shrimps and prawns which

provide a> food source for various fish species. Some of the

commercially important fishes that occur in the sanctuary are Hilsa

illisha, Mullet sp. , Lates calcar ifer, Mystus gulio and Anchovella

sp.

The sanctuary harbours one of the largest populations of the

endangered salt water crocodile (Crocodilus porosus) in India.

Besides the water monitor, two other species namely the common

( Varanus bengalensis) and the yellow ( V. flavescens) monitors are

also sympatric here (Biswas and Kar 1981). Other reptile species

sighted during the study period were king cobra (Ophiophagus

hannah), banded krait (Bungarus fasciatus), common krait ( Bungarus

caeruleus), python {Python molurus bivittatus), rat snake (Ptyas

mucosus), golden tree snake (Chrysopelia ornata), vine snake

{Ahaetulla nasutus) . The herpetofauna also includes the garden

lizard {Calotes versicolor) , Indian flap shell turtle {Lissemys

punctata) and snake skink {Riopa punctata).

Apart from the above mentioned lower vertebrates, 153 species

of birds and eleven species of mammals were seen during the study

period. The avifauna includes some of the rare and endangered

species such as goliath heron {Ardea goliath), lesser adjutant

stork (Leptoptilous javanicus) and whitebellied sea eagle

{Haliaeetus leucogaster) .

Bhitarkanika Wildlife Sanctuary is also the home for many
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mammals such as the striped hyena (Hyaena hyaena), leopard

(Panthera pardus), fishing cat (Felis viverrina), smooth Indian

otter (Lutra perspicillata) , spotted deer (Cervus axis) and sambar

(Cervus unicolor).

2.3 THE INTENSIVE STUDY AREA

The study was conducted in an approximately 17 sq. km area of

the sanctuary, here after referred as Intensive Study Area (ISA).

Some of the salient features of the ISA are given below.

2.3.1 Location
The intensive study area was located in the Bhitarkanika

island block of the sanctuary (Fig. 3). The ISA was surrounded by

Bhitarkanika river and Gokhani creek on its sides. The ISA was

interspersed with five major creeks and numerous small creeks.

2.3.2 Soil

Majority of the area has clayey loam soil, overlaid by rich

humus layer. Approximately 60 ha. of the ISA lie on the higher

ground and therefore has a soil consisting predominantly of sandy

loam.

2.3.3 Vegetation

The vegetation of the ISA resembles that of the vegetation in

the inner estuarine bank as described earlier (section 2.1.1). The

mangrove species occurring in this area form a two storey system,

mainly top storey and middle storey while the ground flora is poor.

Pure stands of Heritiera fomes, Excoecaria agallocha, Avicennia

officinalis, Ceriops tagal and Phoenix paludosa occur in the ISA.

Thorny bushes of Caesalpinia bonduc and C.crista occur in the

mangrove habitat. Small bushes of Pandanus fascicularis are also

patchily distributed in this habitat.

Sixty hectares of the ISA is covered by a sand bar and is free
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of tidal inundation. Elements of moist deciduous forest occur in

this non-mangrove area. Dominant plant species of this habitat are

Diospyrous embryopteris, Strichnos nauxvomica, Memicylon edule,

Micromilum integeremum, Maba buxifolia, Strebulus asper and

Baringtonia spp.
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Fig. 1 General features of Bhitarkanika Wildlife Sanctuary.
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Fig.2 Weekly fluctuation of temperature
during the study period
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Fig. 3 MAP OF INTENSIVE STUDY AREA WITH STANDARD PATH IN BOTH THE HABITAT TYPES



CHAPTER - 3 : METHODS
Numerous methods have been employed to study the activity

pattern of lizards. A few of them are radio tagging (Auffenberg

1988; King et al. 1989), transect count (Dryden and Wikramanayake
1991) and observing the lizards in simulated condition (Auffenberg

1981). The diel activity can be measured in indices like active or

inactive to the details of proportions of time spent in different

activities on seasonal as well as on a daily basis.

Temperature sensitive radio tagging of the varanids is proved

to be an effective method to investigate the relation between

diurnal activity and the various factors (Green and King 1978; King

1980; Stanner and Mendelssohn 1987; Auffenberg 1988; Wikramanayake

and Green 1989).

Field work for the present study was conducted from November

1992 to April 1993 and the following aspects were covered.

(I) The diurnal activity of water monitors in summer and winter.

(II) The diurnal and seasonal variations of climatic factors which

are to affect the activity of water monitors.

3.1 DIURNAL ACTIVITY OF WATER MONITORS

The methods employed to estimate diurnal activity of water

monitors are similar to the methods employed by Foa et al. (1992)

to study the activity pattern of a population of ruin lizards

(Podarcis sicula) in Italy.

3.1.1 Field methods
Activity of water monitors were recorded by scan sampling

(Altman 1974). This was achieved by walking on two standard paths,

one in the mangrove and the other in the non-mangrove habitat in

the ISA. The standard paths were not straight lines and were laid

in such a way so as to cover the maximum number of water bodies.
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This was because the distribution of water monitors was

concentrated around water bodies in the ISA. The total length of

the two standard paths were 2000 m and 1800 m in the mangrove and

non-mangrove habitat respectively.

The term ’active’ for this study is defined as all those

lizards whose presence could be visually detected within the study

area and these lizards were not in a burrow, tree hollow or in any

kind of retreating site. Active lizards included (I) moving lizards

(II) immobile lizards which were basking or resting. Activity of

the lizards are further classified into four categories such as

basking (monitors seeking heat in open areas or on hotter

substrates), foraging (actively searching for food or feeding),

resting (avoiding heat in shaded areas or on cooler substrates) and

non foraging which includes walking and swimming.

The term micro habitat in the present study is defined as the

lizard’s immediate physical environment. The classification of

micro habitat was based on soil, ground cover and water conditions.

Eight types of micro habitats were recorded during the study period

such as litter and sand, litter and water, water, sand and water,

mud, sand, grass and tree branch.

The day light hours were divided into four three hourly time

class intervals starting from 0600 to 1800 hours. The standard path

in each habitat type was walked twice or thrice in a fortnight

covering all time class intervals for sampling the diurnal activity

of water monitors.
The following information were recorded on sighting a lizard:

(I) Time of sighting.
(II) Activity of the lizard when sighted.

(Ill) Substrate temperature.
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(IV) Ambient temperature at Im from the ground level.

(V) Water temperature was measured whenever the lizard was found

near water bodies.

(VI) The microhabitat in which the lizard was sighted.

Attempts were made to examine potential and possible retreats,

such as ant or termite hills, tree hollows and burrows along the

paths. However, most observations are either of active lizards or

those which had emerged from the retreats but were resting or

basking because often the structure of the retreats precluded a

definite determination of the presence or absence of the lizards.

3.1.2 Analytical methods

Preliminary sampling was done in November 1992 and the samples

after 1st December 1992 were taken for detailed analyses. Each

month was divided into two halves (fortnights) described here after

as a period, hence the whole study span from 1st December 1992 to

April 1993 was divided into ten such periods. Periods between

December and January (four periods) was considered as winter

whereas, from February to April as summer (six periods).

All the observations were pooled on two hour time intervals

and frequency occurrence of lizards in different activity

categories were taken to describe the activity rhythm of water

monitors. Similarly the winter and summer observations were taken

separately to describe the seasonal activity rhythm.

Activity Index (Al) was calculated for each time class to

describe the diurnal and seasonal activity pattern as well as to

describe the trend in activity. The basic assumption involved here

while calculating Activity Index is that the frequency of

encountering of lizards on the standard paths is a function of the

actual activity level existing in the population.

18



The activity level for time class t can be measured as

Activity Index which is expressed as

Al = £.S/n = Sightings / sampling efforts

where, S is the total number of lizards sighted on a sample path in

a particular time class and n is the number of runs on a sample

path for that particular time class.

The Activity Index thus calculated for different time class

and periods were taken for further analyses to see the diurnal and

seasonal pattern of activity.

Preferred temperature zone of lizard’s activity was worked out

by clumping frequency occurrence of lizards with different activity

and with ambient and substrate temperature class. The ambient

temperature and humidity records at each hour, on the day of

sampling for activity pattern were taken for comparison with the

Activity Index of the corresponding time classes. Mean temperature

and humidity for each time class in 10 periods were calculated

there after. The mean temperature and humidity for particular time

class and period were correlated with activity index of that time

class and period.

3.2 STATISTICAL METHODS

Due to lack of knowledge about the sampling distribution non­

parametric statistics were used for the analysis. Siegel (1956) was

the main text for statistical analysis.

All tests were two tailed. A significant level of 0.05 has

been used through out.
Analysis was done manually as well as by computer statistical

package SPSS/PC+.
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CHAPTER 4: RESULTS
4.1 ACTIVITY RHYTHM

Basking activity dominated the first two time intervals (0600-

0800 and 0800-1000 hrs) of the day and was minimum during 1200-1400

hrs time class. Of all the foraging lizards a higher percentage of
these (25%) were observed in the 0600-0800 hrs. Except for 0800-

1000 hours, foraging in all other time classes was almost similar.

Maximum percentage of resting lizards (24.3%) was observed in 1400-

1600 hrs time class. Non-foraging activities were high after mid

day hours. Maximum non-foraging activities took place at 1200-1400

hrs time class (Table 1).

4.1.1 Activity Rhythm in Winter.

Basking was the major activity of water monitors in winter.
This activity was higher than other activities in all the time

classes of the day. Basking was more pronounced in morning (0600-

0800 and 0800-1000) and evening (1600-1800) hours. Most of the

foraging activities in winter were during mid day and afternoon

hours (1000-1200, 1200-1400 and 1400-1600) of the day. Very few

lizards were observed feeding during rest of the day. Maximum non

foraging lizards were recorded in 1200-1400 hrs followed by 1600-

1800 hrs. Barring 1000-1200 hrs, non foraging activities were low

in rest of the time classes. A notable feature in winter was the

absence of resting activity (Table 2).

4.1.2 Activity Rhythm in Summer.
Most of the activities were evenly spread through out the day

in summer when compared with winter (Table 3)• A high proportions

of lizards were found to be basking in 0600-0800 and 0800-1000 hrs

time classes. This activity was low for the rest of the time

classes. Higher proportions of lizards were seen foraging in almost 
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all time classes of the day. Maximum foraging was observed in 0600-

0800 hrs. Maximum resting activity occurred in the afternoon (1400-

1600) hours and was low during morning hours. Except 0600-0800 hrs

non foraging activities were higher in rest of the time classes.

Maximum non foraging activities were recorded during 1000-1200 hrs

time class.

4.2 MICROHABITAT AND ACTIVITY

All the observations were pooled and the percentage occurrence

of different activities were calculated for each microhabitat type

to comprehend the relationship between microhabitat and activity.

Higher percentage of basking lizards were seen in litter and sand

(50.5%), tree branch (17.16%), and sand (16.67%). Most of the

foraging of water monitors took place in microhabitats such as mud

(33.3%), litter and sand (25.6%) and water (18.8%). Higher

proportions of resting monitors were observed in microhabitats such

as mud (60.5%), litter and sand (21.9%), tree branch (7.7%) and

litter and water (7.7%). Maximum percentage of resting lizards were

recorded in mud. Non foraging activities were maximum in litter and

sand (30.5%) followed by litter and water (Table 4).

4.3 THE DIURNAL AND SEASONAL ACTIVITY PATTERN

A total of 663 lizards were encountered in both the habitat

types of the ISA during the study duration (Appendix-I and II).

Maximum number of lizards were recorded in period April—I, while

maximum of them were seen in time class 1200-1500 hours.

Activity level was highest in 1200—1500 hrs time class; Al =

4.72 + 0.58 (Table 5). Friedman two-way analysis of variance was

Performed to find out the difference in activity levels among the

time classes and periods. Significant difference in activity levels

among the time classes was observed (x r - 21.81-, P<0.05). The
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difference in activity levels among time classes in mangrove and
non mangrove habitat types were also tested and the results show
significant difference (Mangrove - x2r = 13.35, P<0.05; Non­
mangrove - x2r = 16.53, PC0.05).

The most active period for water monitors during the study was

April-I, Al = 5.54+1.33 (Table 5). Friedman two-way analysis of

variance showed a significant difference in activity level among
2the periods (x r = 18.31, P<0.05). The above test was also done 

separately for each of the habitat types. The test showed a

significant difference in activity levels among periods in the
mangrove habitat (x2r = 21.9, P<0.05). However, it was not

significant in the non mangrove habitat (x2r = 11.37, P>0.05).

4.4 ACTIVITY TREND

Mann-Whitney U test was done to find out the seasonal

difference in activity levels between the mangrove and non-mangrove

habitat types. The test does not show any significant difference in

winter and summer activity levels between the two habitat types (P

= 0.343 and P = 0.294 for winter and summer respectively). Hence,

all the observations in two habitat types are pooled to describe

the activity trend.
The diurnal activity pattern of water monitors and the

seasonality in it for the complete study period is given in Fig. 4.

The activity was unimodal in all periods of winter. In the early

period of study (Dec-I), the peak was at 0900-1200 hrs time class.

Activity peaks for the next three periods; Dec-II, Jan-I and Jan-II

was observed at 1200-1500, 0900-1200 and 1200-1500 hrs time classes

respectively. Except early part of summer (Feb-I), activity was

uniform in all periods. The activity peak in Feb-I was observed at

1200-1500 hrs time class. The typical summer activity trend with 
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distinct bimodal pattern as in case of many other reptiles, was not

observed in the present study,

4.5 CLIMATIC FACTORS AFFECTING ACTIVITY OF WATER MONITOR

Number of observations of lizards in a particular activity

category m different ambient and substrate temperature classes

were used to find out the preferred temperature zone.

Major activities (i.e. basking, foraging and resting) reached

the peak at different ambient temperature class. A shift in

activity was observed with change in temperature (Fig. 5). The
lizards were seen basking in higher number between 23 to 29® C

ambient temperature. Maximum number of basking lizards were
observed at 25® C. Number of foraging lizards increased with

increase in temperature. Most of the foraging lizards were seen
between 25 to 31® C temperature class with a peak at 31® C. Peak

resting was recorded at 29® C.

Basking lizards were seen in a wider range of substrate
temperature class (21-37® C; Fig. 6). Maximum number of basking

lizards were observed at substrate temperature 29-31® C. Higher

number of lizards were observed foraging between substrate
temperature 21-33® C and reached the maximum at 25-27® C (Fig. 3).

Narrow substrate temperature zone (27—31 C) was used for resting

by water monitors.
Ambient temperature, ambient relative humidity and activity

index at different time classes in both the seasons were plotted.

The peak of the temperature and activity levels were noted during

1200-1500 hrs time class in both winter and summer (Fig. 7a and b).

Ambient relative humidity showed inverse trend with ambient

temperature (Fig 7 and 8). Relative humidity was high in morning

(0600-0900) and evening (1500-1800) hours in winter as well as 
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summer. The lowest relative hum-; ri-; +numidity was recorded in 0900-1200 and
1200-1500 hrs time classes in ,m winter which shifted to 0900-1200 hrs
time class in summer (Fit? r « □ . x8 a and b). Most of the basking and
foraging activities took place in relative humidity between 40 and

65%. Resting was pronounced in high humidity range and most of them

were observed between relative humidity 60-80% (Fig. 9).
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table 1. Overall activity rhythm of water monitor from December
1992 to April 1993 in Bhitarkanika Wildlife Sanctuary

r
time class/%activity B F R NF N

>0600<=0800 50 25 8.4 16.6 24

>0800<=1000 48.9 8.8 14.6 27.7 137

>1000<=1200 27.3 24 5.8 42.9 154

>1200<=1400 22.9 21.1 11.4 44.6 166

>1400<=1600 25.7 16.2 24.3 33.8 148

>1600<=1800 26 11.1 18.5 44.4 27

B - Basking

F - foraging

R - Resting

NF - Non foraging

N - Total number of lizards seen
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TABLE 3. Activity rhythm of water monitor in summer (February 1993

to January i993) i„ Bhitarkanika Wildlife Sanctuary.

, in different time classesN ~ Total number of lizards s

TABLE 2. Activity rhythm of water igg2

time class/%activity B F R NF N

>0600<=0800 100 0 0 0 3

>0800<=1000 91 6 0 3 33

>1000<=1200 52 27.5 0 20.5 69

>1200<=1400 47.2 21.4 0 31.4 70

>1400<=1600 66 27.2 0 6.8 44

>1600<=1800 75 0 0 25 8

to April 1993) in Bhitarkanika Wildlife Sanctuary.

TIME CLASS/%ACTIVITY B F R NF N

>0600<=0800 42.9 28.6 9.5 19 21

>0800<=1000 35.6 9.6 19.2 35.6 104

>1000<=1200 7.06 21.18 10.6 61.16 85

>1200<=1400 5.2. 20.8 19.8 54.2 96

>1400<=1600 8.6 11.6 34.6 45.2 104

>1600<=1800 5.3 15.8 26.3 52.6 19

B - Basking R - Resting

~ Foraging NF - Non foraging



table 4 occurrence r>-p water monitors in different
1992 to April, 1993

ACT LS LW W SW MVD S GRS LOG N
B 50.5 1.47 0 0.98 4.4 16.67 8.82 17.16 204
F 25.6 13.7 18.8 3.4 33.3 0.9 4.3 0 117
R 21.9 7.7 0 1.1 60.5 0 1.1 7.7 91

1 NF 30.5 24.6 13.3 3.1X 17.2 7.0 3.5 0.8 256

ACT - Activity

LS - Litter and sand MUD - Mud

LW - Litter and water S - Sand

W - Water GRS - Grass

SW - Sand and water LOG - Tree branch

N - Total number of lizards seen

B - Basking F - Foraging R - Resting NF - Non foraging



TABLE 5. Overall Activity-

each time class and

1993 .

Index (Al = Z. s/n) of water monitor in

period during December 1992 and April

95% CI - 95% confidence interval

PERXTIME 06 - 09 09 - 12 12 - 15 15 - 18 MEAN

95% CI

dec I 1.25 6.75 5.5 1.75 3.18 + 2.66

dec II 1.0 4.25 6.5 1.25 3.25 + 2.57

JAN I 1.2 4.8 3.8 1.0 2.85 + 1.7

JAN II 1.17 2.5 3.83 2.0 2.38 + 1.09

FEB I 0.8 2.2 5.0 0.8
2.2 + 1.94 1

FEB II 2.0 3.4 3.8 1.6 2.7 + 1.04

MAR I 2.0 3.0 3.8 2.6 2.85 + 0.74

MAR II 2.3 4.33 5.0 3.0 3.66 + 1.19

APR I 6.17 6.83 5.5 3.67 5.54 ± 1.33

APR II 2.75 4.75 4.5 2.5 3.03 + 1.14

MEAN 2.06 + 4.28 ± 4.72 ± 2.08 +

95% CI 0.98 0.99 0.58 0.53

PER - Periods

TIME - Time classes



pER\TIME
MEAN

95% CI - 95% confidence intervalPER - Periods

6 • A

class and period in the

1993.

06 -09 09 - 12 12 . 15 15 _

- £s/n) of water monitor in each t.me

grove habitat from December 1992 to
April

95% CI
dec I ,0.5 4.0 4.5 1.5 2.63 + 1.90
DEC II 1.5 3.5 o • 5 1.0 3.13 + 2.45

JAN I 1.5 3.5 7.0 2.0 3.5 + 2.43

JAN II 0.67 1.67 3.0 1.33 1.67 + 0.96

FEB I 0.0 0.0 1.5 0.5 0.5 + 0.68

FEB II 1.0 2.0 4.5 1.5 2.25 + 1.52

MAR I 2.0 1.0 3.5 4.0 2.63 + 1.35

MAR II 4.0 4.0 5.33 4.33 4.42 + 0.68

APR I 4.33 8.0 4.33 4.67 5.33 + 1.74

APR II 2.5 6.5 3.5 1.5 3.5 + 2.11

MEAN 1.8 + 3.42 + 4.37 + 2.23 +

95% CI 0.9 1.5 1.01 0.94

TIME - Time classes



TABLE 7. Activity Index (Al =Es/n\ *
i&/n) ot vater monitor in each time

class and period in -i-u- non-mangrove habitat from December
1992 to April 1993.

95% CI - 95% confidence interval

PER\TIME 06 - 09 09 - 12 12 - 15 15 - 18 MEAN

95% CI

dec I oCM 9.5 6.5 2.0 5.0 + 3.61

DEC II 0.5 5.0 6.5 1.5 3.38 + 2.78

JAN I 1.0 5.67 1.67 1.33 2.42 + 2.14

JAN II 1.67 3.33 4.67 2.67 3.09 + 1.23

FEB I 1.33 3.67 7.33 1.0 3.33 + 2.86

FEB II 2.67 4.33 3.33 1.67 3.00 + 1.09

MAR I 2.0 4.33 4.00 1.67 3.33 + 1.74

MAR II 0.67 4.67 4.67 1.67 2.92 ± 2.02

APR I 8.0 5.67 6.67 2.67 5.75 + 2.21

APR II 3.0 3.0 5.5 3.5 3.75 + 1.18

MEAN 2.28 + 4.92 + 5.22 ± 1.97 ±

95% CI 1.33 1.14 1.06 0.47

PER - Period

TIME - Time classes



TABLE 8. Mean body and

previous studies. Tb

ambient temperature.

ajnbient temperatures of varanids
from

°r cl°acal temperature. Ta =
N = sample size.

SPECIES _________N Tb °C Ta °C
V. salvatoi^ 12 29.9 29.5

V, bengdlensis* 7 34.5 30.7
V. eremiud1

53 37.5 28.3
' V, caudalineatu^ 10 37.8 33.6

V. gouldii^ 67 37.5 30.0

V. gouldii^ 11 35.7 22.2
V. tristisi 57 31.8 28.5

| V. variid 1 35.5

7. komodensis* 28 32-40 28-32

a Data from Wikramanayake and Green (1989).

b Data from Pianka (1986).

c Data from King (1980).

d Data from Stebbins and Berwick (1968).

8 Data from Auffenberg (1981), rang® °f Ta’ Tb
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pig. 5 Operative environmental temperature class
for different activities in water monitor.



Fig- 6 Relationship between substrate temperature
and activities of water monitor during the study period .
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Fig. 9 Relationship between relative k ...
water monitor activitv ® humidity and

IV,ty dur'ng the study oeriod.
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CHAPTER - 5 . DISCUSSION
5.1 ACTIVITY RHYTHM

Results of the activi+vy rhythm support that the water monitor
exhibits behavioural thermoregulation (discussed in section 5.4).

The overall activity rhythm shows that lizards bask in the morning

and afternoon hours when the ambient temperature is low. At higher

ambient temperature lizards switch over to other activities. The

present study augments with the findings of Wikramanayake and Green

(1989) on behavioural thermoregulation in water monitor. Monitors

were observed foraging in the early morning hours when carrion was

available. This is supported by the fact that 80% lizards feeding 

were on carrion (n = 25) during 0600-0800 hrs time class. Water

monitors were observed scavenging even after sunset and early in

the morning, before sunrise. Feeding on carrion is sedentary

foraging (i.e. not active foraging). Therefore, it can be expected

in early morning or late evening hours since heating up of the body

is not required for this. Most of the resting and non foraging

monitors were observed during the warmer periods of the day as 

reported in V. gouldii (King 1980).
A difference in activity rhythm was observed between winter 

and summer. Basking was the major activity in winter, whereas other

activities were evenly spread in summer. In winter there was

decreased level of solar radiation and the temperature was low.

This resulted in an increased time spent in basking with less time 

activities.available for other
5.2 DIURNAL AND SEASONAL ACTIVITY PATTERN

The results of the statistical tests applied to find out the

. -4. nu + tern shows that there is seasonal shiftdifference in activity pattern sn
. thPre is significant variation in activityin diurnal activity and there
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water monitors.

However, this was not

This could be attributed to one of the physiological processes of
During the period April-I and April-II monitors

were sloughin0 their skin. In this period monitors were less mobile

and many of them were seen lying under thorny bushes. The number of 

habitat.
sionificant for the non-mangrove habitat.

levels within the 12 hrs time cXass T.
‘--tass. The variation m

levels of periods was
° leant for the mangrove

sightings during this period were higher in the mangrove habitat

because of the presence of thorny bushes such as Caesalpinia nuga

and Pandanus fascicular is. This higher number of sighting is

reflected in terms of a high Activity Index in the time class 0900-

1200 hrs of period April-I and II in the mangrove habitat when

compared to the same in the non-mangrove habitat (Table 6 and 7).

This might be the biological reason for getting a significant 

difference in activity level of periods in the mangrove habitat.

The observed trend of diurnal activity pattern of water

monitor differs in many respects from the results of earlier works 

on other varanids (V. gouldii, King 1980; V. komodensis, Auffenberg 

1981; V. giganteus, King et al. 1989). In the present case, water

monitors have unimodal pattern of activity in winter which becomes

uniform in summer. Whereas, the varanids studied by the above

mentioned

addition,
of bimodality. The results of

variation
findings of Auffenberg (1988)

of Gray’s monitor lizard ( V.

in the degree and timing

all these species also show considerable seasonal

workers revealed a bimodal pattern of activity. In 

this study partly agrees with the

that the overall activity patter

olivaceus) is essentially unimod

Pythons (Python molurus) m

unimodal activity pattern in

Bharatpur (Rajasthan) had a

which became uniform in spring
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and bimodal in summer (Bhatt

water monitor resembles the

is interesting to note that

1991). The summer activity pattern of

spring activity pattern of python. It

m semi-arid region such as Bharatpur 
spring is the only time when extremes of temperature are absent.

inereioxe, in a relatively less variable climate a uniform activity
pattern would be expected. Same is the case with water monitor.

Coastal habitat of water monitor experiences a less variable 

climate in summer permitting the monitors to be active throughout 

the day. Therefore, the role of temperature variability in 

governing the activity pattern of ectotherms becomes clear here.

5.3 MICROHABITAT AND ACTIVITY

Microhabitats play an important role in reptile’s biology. By

selecting appropriate microhabitat lizards maintain their body

temperature (Greenberg 1976), increase their foraging efficiency

and avoid predation (Pianka 1986). Studies on space and time

sharing by water and common monitors in Sri Lanka (Dryden and

Wikramanayake 1991) have shown that water monitor maintains its

constant body temperature by selecting cooler microhabitats. The

findings of the present study also show a similar result (Fig.10).
Maximum number of water monitors were seen at 29°C substrate

temperature.
Higher percentage of basking lizards were seen in

microhabitats such as litter and sand, and sand on exposed grounds

in the non-mangrove habitat. However, maximum number of basking
. . j , , _n tree branches in the mangrove habitat. Thelizards were recorded on tree

. ... - cvnosed ground produce heat at the soilsun’s rays striking the exposea K
, T-4-4-OV having good absorption capacity of heatsurface. Soil and litter having g
• nv as compared to other substrates such as mud.gets heated up quickly as

hohitats when ambient temperature is low,By basking in such microhabitats
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the lizard absorbs heat both from the subsist „ ,
ubstrate and from the solar

radiation and thus maintains its body temperature.

The substrate in the mangrove habitat is predominantly mud and

the canopy is dense. Substrate temperature of the exposed mudflats

in the mangrove habitat is usually less than the ambient

temperature (Pers. Obsv.). Consequently a lizard dorsally absorbing

heat from so,lar radiation would rapidly looqp if aaai u +. io-ymiy loose it again by ventral
conduction while basking on the mudflats. Desert dragon

(Amphibolurus inermis) was observed basking on tree branches to

minimise heat loss by ventral conduction when air and substrate

temperatures w’ere low (Heatwole 1970). Again, there might be

possible competition for basking sites on the mudflats by estuarine 

crocodile, which would result in predation on water monitor by the

crocodile (Pers. Obsv). In the dense canopied mangrove forest

little sunlight fall on the ground and the higher branches of the 

trees receive the sunlight first. This was the reason for sighting 

a higher number of basking lizards on tree branches in die mangroxe 

habitat.
Most of the food searches of water monitor takes place in

areas sheltering diverse fauna (Gaulke 1991 bl. In the present 

monitors

observed

crabs in

o. , , . , , r unitors were seen foraging in microhabitatsstudy higher number of monitors wei
, j on(4 water. The tidal mudflats of thesuch as mud, liter and sand, and

m , , , Hivprse spectrum of food for watermangrove swamp holds a diverse y
, j^nners. Water monitors weresuch as crustaceans and mudsk PP
 u QC <?cvlla serrata and fiddlerfeeding on crustaceans such a

the mangrove habitat.
hnbitats maximum number of lizards bask on

In the non-mangrove habit
their body gets heated up, the lizards

litter and sand. As soon a
, <?and. Monitors were seen preying on

start foraging on litter an
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30.5 +

26.5 +

volume of water

an easy prey for
water presumably has a regulating

of the lizard (Wikramanayake and

fish in pools in the non mangrove habitat s •
itat during summer months. Due

to higher rate of evaporationoperation m summer the
decreases in these ponds and theme fishes become
water monitors. Besides this,

effect on the body temperature

Green 1989). The corresponding ambient temperatures (X =

1.1 C, n 35) were higher than water temperature (X =

0.92°C) for the lizards observed in water. As the body temperature

in water monitor approximates water temperature (Wikramanayake and

Green 1989) , being in water would enable it to maintain active body

temperature.

Higher percentage of resting lizards were observed in

microhabitats such as mud, tree branches and liter and sand present

in close proximity to water. By selecting cooler microclimates

under bushes near water and on tree branches overhanging the

creeks, the lizards were shaded and were exposed to a cooling

breeze. Wikramanayake and Green (1989), found that water monitor in

southern Sri Lanka exploited the cooling effect of the wind to

maintain a lower body temperature. Hence, selection of such

microhabitats for resting in turn result in thermoregulation of the

lizard.

5.4 THE CLIMATIC FACTORS AFFECTING THE ACTIVITY OF WATER MONITOR

Looking at the relation of the activity with ambient

, u Ko noted that water monitors were activetemperature it should be notea
during certain temperature classes (Fig.5). The ambient

class 23-31°C was found most conducive and it can be

temperature

referred as

the operative environmental

relation between temperature

temperature class for activity. The

and activity (Fig.5) is curvilinear.

Such type of curvilinear rela between temperature and activity
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substrates with higher

which maximum resting

has been reported by many other workers f
kers for snakes (Semlitsch et

, 1981; Gibbons and Semlitsch 1987).

low ambient temperature. With

activities such as foraging and

of activities with substrate

al

Basking was prevalent at

increase in temperature other

resting dominated. The relationship

temperature showed an inversp uinverse trend when compared to ambient
temperature (Fig. 6). The lizards selected

temperatures for basking, Temperature at

lizards were observed was similar for both ambient and substrate.
Maximum number of foraging lizards were observed at a cooler
substrate temperature (Fig. 5 and 6).

Studies on lizard activity and temperature relations have

shown that one of the two strategies is used in their thermal

biology (1) maintaining similar average activity temperature

through behavioural means (Parker and Pianka 1975); (2) maintaining

similar diel activity patterns but tolerating temperature

differences (Heatwole 1970, Pianka 1970 b). Radiotelemetric study
on the thermal biology of water monitor has shown that it is

stenothermic and tends to thermoregulate by behavioural means

(Wikramanayake and Green 1989; Wikramanayake and Dryden, In Press).

It is obvious from the present study that water monitor selects

substrates with relatively higher temperature to activate it’s body

4- . a. i omhipnt temperature. The body temperature oftemperature at low ambient f
, rpnnrted to be the lowest among activewater monitor has been repo

i and Green 1989; Table 8). Higher bodyvaranids (Wikramanayake an
ronnrted for both larger (V. komodensis) and

temperatures have been r p

smaller (

monitor•

it’s semi

tz V.tristis) varanids than water
V, eremius, V» S

. c lower body temperature may be due toWater monitor has
aquatic habits. Water monitor feeds mostly on fish and

44



agile movements

could

lower

while

water

gCflven^e*

Obsv. ) •

fast and

Water also would serve as a heat

with higher body temperature.

crabs in the tidal mudflats, creeks and
and pools and is known to

frequently feeding
°n carrion (Gaulke 1991 b; Pers..

The food items Pecially the latter hardly require any
agility on the part of the monitor -p.• In foraging for the former,

are restricted to the aquatic environment.

sink and rapidly cool a lizard

This would necessitate frequent
shuttling between feeding grounds and basking sites, and this

be costly both in terms of time and energy. By maintaining a

body temperature water monitor exploits cooler substrates

foraging or resting, when ambient temperature is high. Thus

monitor utilizes the first of the above mentioned two strategies

and thermoregulates by behavioural means.

The trends in activity pattern observed can be explained on

the basis of temperature trends upto a certain extent. As would be

expected there was an increase in activity with increase in

temperature as in the periods in winter (Fig./ a). It should be

noted that increase in temperature does not increase the activity,

rather peak activity occurs only at the operative environmental

case

did not

more or

temperature class. The activity is more dependent on the occurrence

of operative environmental temperature class in time and space

Tv. rr-intPT most of the activities occurred(Grant and Dunham 1988). In winter mosu v
redresses favourable temperature wouldin mid-day. As the season progresses

, the day. But this was not theoccur earlier or latter in tne aay
., moan environmental temperaturethe present study. The mea

exceed the operative environment
i 4. was obtained in summer.less uniform activity trend

u 4 di tv and temperature vary inverselyIn general, relative humidity
q > The increase in RH would in part

with each other (Fig.7 an
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in acr.ivi<-« i~_ ,temperature drop. This

supports the view of
(1985). Humidity can

snakes (Heatwole 1976;
Lillywhite 1987). But Auffenberg (1988) does not suggest any

F

, d }.

evidence of relative humidity affecting the behaviour of V.
olivaceus. However, the variation of RH in the habitat of V.

!'
r

olivaceus (72-92%) is much less than the variation in RH in the
l
>

present study (35-95%). Low humidity and high temperature during

the noon hours might have forced water monitors to seek cooler

microclimates. This is supported by the fact that, higher number of

resting lizards were recorded in microhabitats with high humidity

(Fig. 9).

c ,ensate for the decrease i„

Heckrotte (1962) and shine

significantly affect the desiccation rate of

5.5 BEHAVIOURAL THERMOREGULATION PLAY A MAJOR ROLE IN WATER

MONITOR’S ACTIVITY

Varanid lizards have elicited considerable research in regard 

to thermoregulation (Johnson 1972; King 1977, 1980). Brattstrom 

(1968) has shown that heat retention in V. varius is controlled by 

a complex vasomotor shunting mechanism and is thus an important

function in the endothermy reported in free ranging varanids

(Stebbins and Barwick 1986; McNab and Auffenberg 1976). McNab and

Auffenberg (1976) have shown that large size is an important factor

for regulating

these for most

+ changes within varanids living inin ameliorating temperature cnang

. use substrates with relatively higher
temperature water monitor

pr in section 5.4, at low ambient
"this. As mentioned earl

+ .. rfh clearly the most important of
temperature, though cleariy

seems to be the best example ofspecies is behaviour. Water monitor

tropical habitats. Thus there are a number of mechanisms available

at least for the larger members of the family 
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temPeratUre’ At hlgher ambient temperature the lizards either rest

in cooler microhabitats or forage in water or ' in other cooler

substrate (e.g. mud) and thermoregulate simultaneously. Both the

mechanisms of maintaining a lower body temperature and behavioural

thermoregulation have helped water monitor to exploit it’s semi-

aquatic habitat in the best possible way.

5.6 ECOLOGICAL ROLE AND REASONS FOR CONSERVATION

One of the major ecological roles of water monitor in terms of 

its activity is its scavenging habit. In the dense mangrove forest

where the presence of other avian or mammalian scavengers are less,

water monitor is a crucial link in the food chain.

The abundance of water monitors in Bhitarkanika suggests that

this species is fairly common in the sanctuary. Water monitors in

Bhitarkanika are free of any kind of human exploitation. However,
their habitat is subjected to all types of anthropogenic

interference and exploitation. In fact it is surrounded by the Bay

of Bengal on one side and high human population on rest three

sides. Enhanced protection to its coastal habitat will ensure the

better survival of water monitor. If the fast depletion of its

habitat is not checked, water monitors will no longer survive
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APPENDIX - I, Number of water monitors encountered in each time
class and period in the mangrove habitat from December 1992 to

April 1993.

PER/ TIME C
D 1 CD 9-12 12-15 15-18 TOTAL {

Dec-I 1 8 9 3 21

Dec-II 3 7 13 2 25

Jan-I 3 7 14 4
28 I

Jan-II 2 5 9 4 20

Feb-I 0 0 3 1 4

Feb-II 2 4 9 3 18 1

Mar-I 4 2 7 8 21

1 Mar-II 12 12 16 13 53

H Apr-I 13 24 13 14 64

H Apr-II 5 13 7 3 28

I TOTAL 45 82 90 55



•••APPENDIX - II. Number of water monitors encountered in each time
class and period in the non-mangrove habitat from December

1992 to April 1993.
1 1 —-r
Il PER\ TIME 6-9 9-12 12-15 15-18 TOTAL

DEC-I 4 19 13 4 40

DEC-II 1 10 13 3 27

JAN-I 3 17 5 4 29

JAN-II 5 10 14 8 3 7

FEB-I 4 11 22 3 40

FEB-II 8 13 10 5 3 6

MAR-1 6 13 12 5 36

MAR-II 2 14 14 5 35

APR-1 24 17 20 8 69

APR-II 6 6 11 7 30

' TOTAL 63 130 134 52


