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Abstract

We present inferences from the findings of a study conducted between 2004 and 2006 in the Bhitarkanika
mangroves, which harbours one of India's oldest and largest mixed-species waterbird breeding colonies
Information pertaining to breeding biclogy, resource partitioning, food habits and impactg due to land use
changes around the breeding colony was gathered. The nest counts in the colony, which spreads over an area of
less than 5 ha, during the study period were 13,704 nests on 3839 trees (2004), 11.249 nests on 3,237 trees (2005)
and 11,819 nests on 4,221 trees (2006). The breeding birds in this mixed-species colony were the Asian Openbill
Stork, Large Egret, Intermediate Egret, Little Egret, Cattle Egret. Grey Heron, Purple Heron, Black-crowned
Night Heron, Little Cormorant, Oriental Darter and Black-headed Ibis. The Asian Openbill Stork was the most
abundant species nesting in the heronry (66%), the least abundant being the Little Egret (0.8%). Five mangrove
species were used for nesting: Excoecaria agallocha, Heritiera fomes, Cynometra iripa, Hibiscus tiliaceus and
Tamarix troupii. We discuss the nest morphometry, egg morphometry, reproductive success, space use patterns
and prey preference of the birds nesting in the colony. Our surveys around Bhitarkanika National Park and inside
Bhitarkanika Wildlife Sanctuary revealed that more than 672 aquaculture farms dotted the periphery of the park
There was direct evidence of intake and release of saline water from and to the river/creek systems. This may
have an impact on the fish population, which is the major prey base for the nesting birds in the heronry. Food
abundance was found to be low adjoining the agquaculture farms therehy affecting the abundance of the forage
base for the breeding birds
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Introduction

Thirteen of the 26 species of colonial nesting waterbird in India breed in the Bhitarkanika mangrove ecosystem, which
has been identified as an Important Bird Area (IBA) of the country (Pandav 1996, Gopi & Pandav 2007a, Gopi 2010). The
Lesser Adjutant Stork Leptoptilos javanicus and Painted Stork Mycteria leucocephala form small single-species colonies
and nest separately (Gopi & Pandav 2007). However, 11 resident waterbird species nest in a multi-species nesting colony
(Pandav 1996, Gopi 2010), which has been identified as one of the largest congregations of breeding waterbirds in the
country and as one of the five largest heronries in India (Subramanya, 1996). It harbours around 30,000 birds every year
(Subramanya 1996, Chadha & Kar 1999), The breeding birds in this mixed species colony are the Asian Openbill stork
(Anastomus oscitans), Large Egret (Egretta alba), Intermediate Egret (Ardea intermedia), Little Egret (Egretta garzetta),
Cattle Egret (Bubulcus ibis), Grey Heron (Ardea cinerea), Purple Heron (Ardea purpurea), Black-crowned Night Heron
(Nycticorax nycticorax), Little Cormorant (Phalacrocorax niger), Darter (Anhinga melanogaster) and Black-headed Ibis
(Threskiornis melanocephalus).
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Heronries-in India.

Information on Indian heronries is available mainly from a few regional studies (Mahabal 1990, Nagulu & Ramana Rao
1983, Naik et al. 1991, Naik & Parasharya 1988], Parasharya & Naik 1990, Santharam & Menon 1991, Sharatchandra
1980, Singh & Sodhi 1986), several site-specific short-term and long-term studies (Chaudhari & Chakrabarti 1973, Datta
& Pal 1990, 1993, Gee 1960, Nagulu & Ramana Rao 1983, Neelakanatan 1949, Neginhal 1983, Paulraj 1984, Raghunatha
1993, Raghunatha et al. 1992, Sanjay 1993, Subramanya et al. 1991, Subramanya & Manju 1996, Urfi 1989c, 1992, 1993a,
1993Db, Vijayan 1991) and a number of site records (Abdulali 1962, Ali 1960, Baker 1935, Barnes 1886, 1891, Barooah 1991,
Bates & Lowther 1952, Badshah 1963, Betham 1904, Bingham 1876, Bhat et al. 1992, Bolster 1923, Chhaya 1980, Daniel
1980, Hume 1881, Jamgaonkar et al. 1994, Packard 1903, Urfi 1992, Uttaman 1990, Wilkinson 1961). Very few studies
have been carried out on the colonial waterbirds of Indian mangroves. Mukerjee (1959) studied the feeding habits of a
few waterbirds in the mangrove forests of the Sunderbans. Prasad (1992) provided a report about a large, inaccessible
heronry in the Krishna mangroves. Subramnaya (1996) conducted a nation-wide detailed assessment of the status,
distribution and conservation of Indian heronries.

Avifaunal research in Bhitarkanika.

Notes on the avifauna of Bhitarkanika mangroves occur at random in the literature, but an initial checklist of the birds of
Bhitarkanika was drawn up in the early 1990s by Dani and Kar (1992). A detailed list with 169 species was published by
Pandav (1996) Other studies include those of Nayak (2003a, 2003b), who described the ecology of the resident birds of the
heronry and reported the occurrence and seasonality of eight species of kingfisher. Ambastha (2005) reported the
occurrence of the Red-winged Crested Cuckoo in Bhitarkanika. The updated avifaunal checklist of Bhitarkanika
includes 263 birds (Gopi & Pandav 2007a). Gopi et al. (2006a) reported a large congregation of Indian Skimmers
(Rynchops albicollis) in Bhitarkanika Wildlife Sanctuary and suggested that this could be a key congregation site for
Skimmers. Gopi & Pandav (2006b) published a report of a White-bellied Sea-Eagle (Haliaeetus leucogaster) preying on a
salt-water crocodile (Crocodylus porosus) hatchling. Gopi & Pandav (2007b) studied the breeding biology of three stork
species, 1.e. the Lesser Adjutant Stork (Leptoptilos javanicus), Asian Openbill-Stork (Anastomus oscitans) and Painted
Stork (Mycteria leucocephala), in the Bhitarkanika mangroves. The nesting ecology of the colonial nesting waterbirds of
Bhitarkanika was studied from 2004 to 2007 (Gopi & Pandav 2007¢, Gopi 2010, Gopi & Pandav 2012). The occupancy and
food niche partitioning of the sympatric kingfishers were studied from January to May 2011 (Borah et al. 2012, Borah
2011).

The heronry in Bhitarkanika is located on an island covered with mangrove vegetation. Enhanced foraging due to the
presence of abundant foraging areas in and around the heronry in terms of wetlands and agricultural fields, decreased
predation due to the remoteness of the nesting site, may be the major factors in governing this large congregation of
waterbirds in this colony. Considering the paucity of ecological information available on this heronry, the present study
was undertaken to draw a conservation strategy.

Two critical conservation and managementissues were addressed :-

(1) The management planning and conservation of the colony are impeded by the paucity of reliable ecological
information.

(2) The current threat levels faced by the colony need to be assessed to understand the probable impacts on the
breeding birds.

This study was conducted with the objectives of :-
(1) Studying the biology of the breeding birds in the heronry.
(2) Studying the resource use pattern, in terms of both space and food.

(3) Determining the impacts of the land use changes around the Bhitarkanika protected area on the breeding colony.

Study Area

This study was conducted in the Bhitarkanika Conservation Area (BCA), Odisha, which encompasses three protected
areas, viz., Bhitarkanika National Park, Bhitarkanika Wildlife Sanctuary and Gahirmatha Marine Sanctuary. BCA (20°04'-
20°08' N, 86°45'-87°50' E) is located on the east coast of India and represents one of the finest remaining patches of
mangrove forests in India (Figure 1). The Bhitarkanika mangroves are located in the deltaic region of the Brahmani and
Baitarani rivers in Kendrapara District. BCA has an astounding diversity of mangroves and is rated second only to Papua
New Guinea in the number of mangrove species. Bhitarkanika Wildlife sanctuary is situated near the Dhamra port and a
former port, Chandabali, which is about 50 km from the city of Bhadrak. The general elevation is between 1.5 and 2 m asl,
and higher grounds extend to 3-4 m asl. The sanctuary is bounded by the rivers Dhamara (to the north), Maipura (to the
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south) and Brahmani (to the west) and the Bay of Bengal, in the east. The 35 km coastline from the mouth of the river
Maipura to Barunei forms the eastern boundary of the sanctuary. The annual rainfall ranges from 920 to 3000 mm. The
breeding colony is located inside Bhitarkanika Forest Block of the National Park. It is one of the oldest and largest mixed-
species waterbird colonies in India (Subramanya 1996).

Methodology
Field Methods

Field data were collected for 3 years, i.e. from 2004 to 2006, between May and January. Prior to the onset of the south-west
monsoon and the arrival of birds (probably during early June), daily visits were made to the colony. The entire colony was
gridded during this initial period into 17 blocks of size 50 m X 50 m each. Five trees were randomly selected in each of
these blocks and marked with paint and a cloth for ease of identification during subsequent visits in the season for
monitoring. The colony was visited on alternate days for monitoring. The visits were made during the cooler parts of the
day (0600 hours to 0800 hours) to avoid overheating of eggs for when they were marked and measured. The entire colony
was not disturbed for more than one hour during each monitoring session. Birds left the nests when observers were
within 2-6 m of a nest; however, they returned immediately once the observer moved away. Observers approached the
nest along one route and left by another to minimise the chances of predaters locating nests by watching the observers
and birds.

The selected trees were monitored, and variables such as tree species, girth at breast height (GBH), tree height, nesting
species, location of a nest in a tree (i.e., date on which nest materials were first placed in a marked tree by a nesting pair),
clutch initiation date (date of laying of first egg), egg laying dates, egg measurements and clutch size (total number of
eggs per nest) were recorded. Nest measurements (circumference and width) were made using a measuring tape
throughout the season to document changes at various nesting stages i.e. laying, incubating, hatchling and fledgling
stages. The materials (twigs, leaves, grass, etc.) used for building the nests were identified up to the species level and
recorded.

Once the nest building process started on a selected tree, each nest was marked using red paint and a small aluminium
tag (3" x 3") tied just below a branch supporting a nest. The tags were alphanumerically coded for easy identification of
the nests of different species. The monitoring of each nest was continued till the last chick fledged. We considered a
young bird to be successfully fledged when it was old enough to fly across an open space to trees away from the nest.
Hatching was determined to be successful in a nest even if a single egg hatched in it. The productivity was calculated as
the number of chicks that survived till the fledgelings dispersed from the nest.

Behavioural observations were made to record aggression towards conspecifics, copulation duration, incubation bout
duration and incubation interval time. Focal-animal sampling (Altmann 1974) was used to study the behaviour of the
breeding birds. Nesting birds were selected and observed for a maximum of 4 hours per sample. All observations of
duration less than 1 minute were discarded during analysis.

Annual nest counts were carried out to enumerate the total number of nests in the colony in the last week of August each
year, when most of eggs had hatched. A total count of the nesting trees inside the colony was obtained by visiting and
marking each tree. Parameters such as tree species, number of nests, nesting species, tree height, nest height and tree
GBH were recorded. The bird species of each nest was identified by observing the species guarding the nest. If both
parent birds were absent, the nest design and nest material were used as a clue to identify the species.

We used the number of items of prey consumed to determine the food habits of the nesting birds. We collected a total of
1422 regurgitated samples from the 11 species of birds and broadly classified these as insects, molluscs, fish, amphibians
and snakes, lizards and frogs etc. Regurgitated boluses from the nesting birds were collected by standing under a nest for
a while with a large cloth. The chicks regurgitated food when they were alarmed by predators or human beings. Two
views have been expressed to explain this behaviour. Regurgitation serves as an antipredatory device to lure predators
away by causing them to consume the regurgitated food instead of killing the nestlings (Kushlan 1978). Also, the
regurgitation makes nestlings more mobile so that they can easily escape from the predators (Owen 1955). The sizes of
the prey items consumed were measure to analyse the data for differences in the food habits of nesting species and
siblings in the same nest.

In order to determine the land use change impact on prey abundance, 272 1m x 1m quadrats were laid in the agricultural
fields to understand the impacts of aquaculture farms on the prey base of the nesting birds, particularly Asian Openbill
Storks. Fifty percent of the quadrats were laid within 50 m from the periphery of a farm, and 50% of the quadrats were laid
atleast 2 km from a farm. The number of apple snails (Pila globosa) encountered in each quadrat was counted, and the
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dry weight was measured later at the base camp to determine the biomass. Later, the prey items from all the sampling
points were averaged to obtain a mean value. The results were expressed as the number of prey items and the biomass
(dry weight) of the prey items in each quadrat.

Analytical Methods

The length (L) and breadth (B) of each egg were measured to the nearest 0.1 mm using a digital vernier caliper for
morphometric studies. Later, the volumes of the eggs were calculated using the formula V = 0.561 X L X B2 (Hoyt 1979).
To understand the association among nesting species in the heronry Pearson's Chi-square Statistic # P>0.05 (indicating
spatial independence of nests) was carried out. Differences between sampling points close to aquaculture farms and
those far away from aquaculture farms were analysed using a repeated measures of ANOVA after log.(x - 1)
transformations. All statistical analyses were carried out using the SPSS 8.0 statistical package. Unless indicated
otherwise, errors presented in the text are the standard deviation of mean (1 SD).

Results

Our study showed a strong relation between the nesting activity of the colonial nesting waterbirds and the south-west
monsoon. The nest enumeration carried out in the colony between 2004 and 2006 indicates that there were 13,704 nests
on 3839 trees in 2004, 11,249 nests on 3,237 nest trees in 2005 and 11,819 nests on 4,221 trees in 2006.

Five species of mangrove tree were used by the birds in the colony for nesting. These were Excoecaria agallocha,
Heritiera fomes, Cynometra iripa, Hibiscus tiliaceus and Tamarix troupii. The largest number of nests (79.6%) was
recorded on E. agallocha, followed by H. fomes (17.4%), C. iripa (2.2%) and H. tiliaceus (0.9%). Only two nests were found
on T troupii. E. agallocha was the most numerous species in the colony, and it occupied the central area. H. fomes was
the tallest and stoutest tree species in the colony. Asian Openbill Storks preferred to nest in E. agallocha trees. Continued
nesting of Openbills has damaged the top portions of the trees, resulting in stunted growth of E. agallocha in the heronry.
Thisin turn has given the heronry a saucer shape.

Eleven of the 26 colonially nesting waterbirds bred in the colony. The nesting species, in decreasing order of abundance,
in this colony are the Asian Openbill Stork, Large Egret, Little Cormorant, Intermediate Egret, Purple Heron, Night
Heron, Grey Heron, Black-headed Ibis, Oriental Darter, Cattle Egret and Little Egret. Asian Openbill Storks accounted for
nearly 66% of all the nests counted in the colony, and Little Egrets had the least number of nests (0.6%). Cattle Egrets
nested in 2004 and abandoned the colony in 2005 and 2006, the reason, however, could not be ascertained.

On examination of the materials used for building the nests, dry and green twigs of the following species were found: E.
agallocha, H. fomes, H. tiliaceus, T troupii, C. iripa, Salvadora persica, Salacia prinoides, Avivienia officianalis and
Ceriops decandra. In one instance (Oriental Darter), green leaves of Phoenix paludosa were found. There was a
significant increase in the amount of nest material and size as breeding progressed, i.e. from the laying stage to the
hatching and fledgling stages. Nest materials were added by both parents till the chicks fledged in all the species so that
there was enough space for the growing chicks in the nest.

The herons and egrets took 8-10 days to initiate a clutch, while the cormorant and Darter took 15-18 days to initiate a
clutch. Asian Openbill Storks displayed delayed clutch initiation (30 days after nest initiation) in 2004, and this late
initiation was presumably due to the delay in the onset of the monsoon that year. The clutch size varied between 2.5 eggs
and 6 eggs per clutch across all species. The largest mean clutch size was that of the Black-headed Ibis, followed by the
Oriental Darter and Night Heron. The Large Egret had the lowest clutch size, with a mean of less than 3 eggs per clutch.
Incubation started with the laying of the first egg. The Black-headed Ibis and Little Egret had the shortest mean
incubation durations (18 and 19 days, respectively), while the Oriental Darter and Asian Openbill Stork had the longest
mean incubation durations (28 and 26 days, respectively). The productivity, in terms of hatching and fledgling success,
was very low, less than 50% for most species, and only the Purple Heron and Darter had a comparatively high
reproductive success, with more than 50% of the eggs surviving till the fledgling stage.

The success rate was found to be independent of the hierarchical order (order of eggs laid) except in the case of the Purple
Heron and Oriental Darter. For both the species, the older egg/chick had greater probability of success. Analysis of the
relationship between clutch size and hatching success revealed nothing significant for all the birds, except the Oriental
Darter and Purple Heron, for which there was negative significance (lower success rate with greater clutch size). The
Black-headed Ibis displayed strong dissociation from the other colonial species, except the Large and Intermediate
egrets, and tended to nest in sub-colonies in the heronry. There was little evidence of the Grey Heron and Purple Heron
nesting together, and a similar trend was also seen between the Night Heron and Cattle Egret. The Darter was
dissociated from the Little Cormorant and Intermediate, Little and Cattle egrets.
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The Asian Openbill Stork, Little Cormorant, Black-headed Ibis, Little Egret and Cattle Egret showed a preference for
nesting on E. agallocha, whereas the Oriental Darter, Grey Heron, Purple Heron and Night Heron showed a preference for
H. fomes. The Black-headed Ibis, Little Cormorant, Darter, Intermediate Egret, Little Egret and Cattle Egret tended to
avoid nesting on H. tiliaceus in the colony. Analysis of the vertical alignment of the nests did not support the body mass-
nest height hypothesis, which postulates a direct positive correlation between body weight and nest height in colonial
waterbirds. There was a significant radial zonation of species in the heronry, with Asian Openbill Storks preferring to
nest in the central portion of the heronry (KW x2 = 8.54, P < 0.05), whereas Darter and Grey Heron nests were observed
more towards the periphery of the heronry (KW x2 = 6.40, P < 0.05). On the other hand, the nests of the Little Egret (KW 2
=11.11,P < 0.05), Purple Heron (KW ¢2 = 11.53, P < 0.05) and Night Heron (KW y2 = 10.61, P < 0.05) were found to have
clumped distributions, being restricted to certain blocks of the heronry.

Analysis of 1422 regurgitated samples collected from chicks of varying ages of all the species revealed that most species
prefer fish as the main prey (Table 1). However, >99% of the diet of Asian Openbill Storks was composed of Apple Snails
(Pila globosa). The Little Egret, Little Cormorant and Black-headed Ibis had significant proportions of prawns and
shrimps in their diet. On a couple of instances, Little Egret digits were found in samples regurgitated by Night Heron
chicks, suggesting that Night Herons may prey or scavenge on other birds nesting in the colony. Water snakes (Enhydris
enhydris, Dog-faced Water Snake (Cerberus rynchops) were preferred by the Purple Heron followed by the Night Heron,
Grey Heron and Little Cormorant. A few aquatic insects (mostly water beetle larvae) were found in the diets of the Black-
headed Ibis, Night Heron and Intermediate and Little egrets (Figure 2).

Discussion

The nesting activity in the colony coincided with the south-west monsoon in all the years monitored. The breeding
seasons of birds are generally known to be highly dependent on the monsoon as the improved availability of water
increases the food availability of the birds (Ali & Ripley 1968 and Thomson, 1950). All the storks, herons and egrets that
breed in India breed just after the monsoon (Ali 1996). Strong seasonal peaks in food resources may limit breeding to a
single season of the year and cause synchronized breeding of the population. Large colonies are formed to exploit the
abundant food resources (Emlen & Demong 1971).

There were significant changes in the nest profile at various stages. The Asian Openbill Stork, Grey Heron, Black-headed
Ibis, Large Egret, Little Cormorant, Intermediate Egret and Little Egret had a less than 50% success rate, and the Purple
Heron and Oriental darter had a more than 50% success rate. The Asian Openbill had a delayed clutch initiation date
compared to the other species in 2 years, probably because of the delay in the onset of the monsoon in both years (Gopi &
Pandav 2007). The Black-headed Ibis and Little Egret had the shortest incubation periods, and the Oriental Darter and
Asian Openbill had the longest incubation periods. The Night Heron and Large Egret had the smallest clutches, and the
White Ibis and Oriental Darter had the largest clutches. The success rate was independent of the hierarchical order,
except the Purple Heron and Oriental Darter, for which there was a significant relation between the hierarchical order
and hatching success. Slagsvold et al. (1984) postulated that birds laying relatively small last eggs demonstrate the
brood reduction strategy and those laying large last eggs fit the "nest failure" model. With the Oriental Darter and Purple
Heron, there was negative significance (the greater the clutch size, the lower the success rate), and for the other species,
no significant relation was found between the clutch size and hatching success. A significance difference was observed
between the growth rates of older and younger chicks, with older chicks showing a better growth rate compared with the
younger chicks.

It was observed that the Asian Openbill Stork, Large Egret, Intermediate Egret, Little Cormorant and Little Egret were
associated more frequently than they would be expected at random. There was a significant avoidance trend between
the Grey heron and Purple Heron and between the Oriental Darter and Asian Openbill Stork. Interestingly, the Black
headed Ibis was observed to nest away from most of the species within the heronry, forming sub-colonies on its own.
Frederick and Callopy (1989) found strong differences between the nesting chronologies of four species (Casmerodius
albus, Egretta tricolour, Egretta caerulea, Edocimus albus) in Florida. Maxwell and Kale (1977) and Jenni (1969) found
that nests of Egretta thula and Bulbulcus ibis were situated at an average nest height of 2.04-2.569 m. The findings of this
work support the notion that species that overlap temporally in breeding segregate vertically in nest placement within
the colony. Our analysis of the vertical alignment of the nests shows that though there was vertical alignment of nests,
there was no support for the body mass-nest height hypothesis, which postulates a direct positive correlation between
body weight and nest height in colonial waterbirds. Earlier studies by Anderson et al. (1979), suggested vertical
stratification partitions resources and thereby reduces competition among coexisting species. There was a significant
radial zonation of species in the heronry, with the Asian Openbill Storks preferring the central portion of the heronry and
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Oriental Darter and Grey heron nests being found more towards the periphery of the heronry. On the other hand, the nests
of the Little Egret, Purple Heron and Night Heron had a clumped distribution, being restricted to certain blocks of the
heronry. These patterns might have been responsible for reducing interspecific aggression and thereby enhancing
interspecific resource partitioning. Competition may be reduced through a strategy of fine-scale temporal and spatial
segregation in the use of habitats among species with similar feeding habits (Murray 1971, Hill & Lein 1989).

All the birds showed a strong preference for fish except the Asian Openbill, which fed exclusively (99.7%) on Apple
Snails. Crabs were strongly preferred by the White Ibis and Little Cormorant. The White Ibis had significant proportion of
prawns and shrimps in its diet. The Night Heron displayed evidence of preying/scavenging on birds (Little Egrets were
found in 17 regurgitated samples). Water snakes (Enhydris enhydris) were preferred by the Purple Heron, followed by the
Night Heron, Grey Heron and Little Cormorant. Insects (mostly water beetle larvae) were largely preferred by the White
Ibis, Little Cormorant, Intermediate Egret and Little Egret. Aquaculture farms are increasing over the past decade all
along the Indian coastal belt. Bhitarkanika is no exception, and our surveys around Bhitarkanika National Park and
inside Bhitarkanika Wildlife Sanctuary showed that there were more than 672 farms dotting the periphery of the park.
Direct evidence was found of intake and release of saline water from and to the river systems. These could have an impact
on the fish population, which is the major prey base for the nesting birds in the heronry. The food abundance was low in
the areas adjoining the aquaculture farms, thereby affecting the abundance of the forage base for Asian Openbill Storks.
Since the period of reproduction is a time of a high demand for energy (Drent & Dann 1980), the availability of suitable
foraging sites will directly influence the colony location, colony size and reproductive parameters. Future attempts to
manage this colony should consider paying attention to reducing the threats in the adjacent agricultural landscapes,
where the breeding birds forage during the nesting season.

Current Status (2014) of the Breeding Colony in Bhitarkanika:

Only two species now breed in this mixed-species colony as nine of the 10 species that breed in this colony have
shifted to a nearby location (Matuadia), less than 1 km away, in Bhitarkanika Forest Block, across Suajore Creek. As of
now, only the Asian Openbill storks and Intermediate egrets nest in this colony. A census carried out in August 2014
in this colony near Suajore Creek revealed a total of 13457 Asian Openbill Stork nests and 24 Intermediate egret
nests. A new colony has formed amidst the Excoecaria agallocha and Avicinea officanalis mangrove patches, where
a total of 10 species breed. A total of 6303 nests, with 1671 nests of Asian openbill storks, 1073 nests of Large egrets,
612 nests of Intermediate egrets, 170 nests of Little egrets, 536 nests of Purple heron, 290 nests of grey herons, 561
nests of Black crowned night herons, 290 nests of Oriental darter, 168 nests of Black headed Ibis and 932 nests of
Little cormorants were counted during the census carried outin August 2014 in the colony at the Matha Adia area.

Source: Bijay Kumar Das, Research Assistant, Bhitarkanika National Park

Table 1. Number of regurgitated boluses analysed

Species Number of regurgitated boluses
Asian Openbill Stork 468
Grey Heron 74
Intermediate Egret a5
Large Egret 223
Little Cormorant 227
Ecological and Little Egret i
Conservation
e o Black-crowned Night Heron e
m?teecrjtﬁg%crieegdinq i
Gonyn Oriental Darter 44
IC%:j:rena/ra“ﬁgn Area, Purple Heron 176
India
Black-headed Ibis 31

Total 1422
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Fig 1 : Map of Bhitarkanika Wildlife Sanctuary

Fig 2 : Diets of different breeding birds in the heronry
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