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Further analysis revealed that the population of Greylag
Goose Anser anser also fluctuated in BWLS over the years. In TB,
the numbers of Bar-headed Goose, Brahminy Shelduck,
Northern Pintail and Gadwall decreased significantly
compared with figures of 1997 (Mookherjee et al. 1999). Red-
crested Pochard Rhodonessa rufina, 903 birds in 1997, was
altogether absent in TB in 2006. During 2006, members of
Laridae were altogether absent from all the study sites.
However, Brown-headed Gull Larus brunnicephalus was
reported from NB in 1991 and SJ in 1992, and Black-headed
Gull L. ridibundus were recorded from NB during 1991, 1994
and 1995 (Mookherjee et al. 1999).

From the present observations it can be concluded that all
these sites are important wintering grounds for a number of
waterbirds and wetland-associated species. However,
additional observations at these sites at other times of the year,
and over several years, are needed to provide a deeper insight
into their value for waterbirds.

Abbreviations

R= Resident; RM=Resident migrant; M=Trans-Himalayan
migrant, V=Vagrant.

BB=Bakreshwar Barrage; BWLS=Ballavpur Wildlife Sanctuary;
NB=Nalban Bheri; SB=Saheb Badh; SJ=Santragachi Jheel;
TB=Tilpara Barrage.
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We present some breeding notes for Lesser Adjutant-Stork Leptoptilos javanicus, Asian
Openbill-Stork Anastomus oscitans and Painted Storks Mycteria leucocephala in the
Bhitarkanika mangroves from August 2004 to December 2006. Observations on colony
size, nest biology, hatching success, and productivity are reported. All the stork species
nested amidst thick mangrove vegetation. Productivity was higher for Lesser Adjutant-
Storks, than for the other two species. We also discuss certain conservation issues related

to these storks in Bhitarkanika.

Introduction

Nine of the 19 species of storks found globally, occur in India
(Ali & Ripley 1987, del Hoyo et al. 1994). Of these, Lesser
Adjutant-Stork Leptoptilos javanicus, Asian Openbill-Stork
Anastomus oscitans, Painted Stork Mycteria leucocephala and
Black-necked Stork Ephippiorhynchus asiaticus inhabit
Bhitarkanika mangroves (Pandav 1997). These species nest

colonially, displaying spatio-temporal clumping of nests, with
colonies sometimes comprising thousands of nests and holding
multiple species of birds including other storks, herons and
egrets (Ali & Ripley 1987, Burger 1981, Krebs 1987). A few long
term and detailed studies on these aspects include the work of
Singh et al. (1986) on the biology of Cattle Egret in Punjab and,
the observations of Kahl (1970, 1971) on the breeding biology of
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Painted Stork and Asian Openbill-Stork in Bharatpur. Desai et
al. (1978) and Urfi (1993) studied the reproductive patterns of
Painted Stork in Delhi Zoo. Mukhopadhyay (1980) described
the breeding biology of Asian Openbill-Stork in southern West
Bengal. Parasharya (1990) studied in detail the breeding biology
of some Ciconiiformes in selected coastal areas of Gujarat.
Sivasubramanian (1992) reported on the breeding biology of
the colonial nesting birds of Keoladeo National Park
(Rajasthan). Subramanya (1996) compiled information on the
heronries across India.

BirdLife International (2001) classifies three species of
storks as ‘endangered’ (Oriental White-Stork Ciconia boyciana,
Storm’s Stork C. stormi, and Greater Adjutant-Stork L. dubius)
and two as ‘vulnerable’ (Lesser Adjutant-Stork and Milky
Stork M. cinerea). The Painted Stork and the Black-necked Stork
are listed as ‘near-threatened’. Many other species are suffering
regional declines in the face of ever-increasing pressure for
agricultural land and housing development. Bhitarkanika
harbours two near-threatened storks and one vulnerable stork
species. Since, there exists very little information on the

breeding status of the storks in Bhitarkanika; this study
collected information to establish base line data on the
breeding biology of the storks.

Study area
Bhitarkanika (20°30’-20°48’N 86°45’-87°03’), in Orissa (India),
is the second largest mangrove ecosystem of India. It flourishes
in the deltaic region formed by the rich alluvial deposits of the
Brahmani, Baitarani and Dhamra Rivers (Fig. 1).

We have recorded a total of 261 bird species, belonging to
49 families, from here. The annual rainfall ranges from 920-
3,000mm. Bhitarkanika contains one of the richest and most
diversified mangrove floras in the country. The region comes
under the tropical monsoon climate with three pronounced
seasons: winter (October-January), summer (February—May)
and rains (June-October). The maximum temperature is
recorded in April-May and the minimum during winter in
January. The relative humidity ranges from 70%-84%
throughout the year. Wind speed from March to June is over
20kmph, and the predominant wind direction is from the south
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Fig. 1. Map of Bhitarkanika Wildlife Sanctuary
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Methods

Fieldwork was conducted in Bhitarkanika mangroves from
August 2004 to December 2006. All the three storks do not
nest together—but at three different sites at Bhitarkanika. Asian
Openbill-Storks nest in a heronry with ten other nesting
waterbirds, while Painted and Lesser Adjutant- storks make
their own colonies. The Asian Openbill-Stork colony was
visible due to their large numbers, but the nests of the other
two species were not easily visible. To locate the latter,
secondary information was collected on presence and activity
of the storks from fishermen and other villagers—who collect
honey in the mangroves. The areas were subsequently
searched on foot, at regular intervals, to determine if nests of
the focal species occurred where indicated. On locating a
colony, similar monitoring protocols as detailed above were
carried out.

A census of Asian Openbill-Stork nests was carried out in
the last week of August (2004, 2005, 2006), just after most of
the eggs had hatched. All the trees in the heronry, with nests,
were counted and marked numerically with paint. Parameters
like, tree species, tree height, girth at breast height (GBH), bird
species nesting on the tree, number of nests, and nest height
were recorded. Nest and tree heights were visually estimated
to the nearest foot (0.30m). GBH was measured with an inch
tape. Avian species guarding nests were used as indicators to
identify nests and during the absence of adult birds we relied
on nest design and materials used, to identify the species.

With the onset, in early June 2004, of the strongly seasonal
south-west monsoon, the Asian Openbill-Stork heronry was
girded into 17 50x50m blocks. Five trees were randomly
selected from each block and marked with red paint and white
cloth for easy identification. These trees were monitored on
alternate days and, variables like tree species, nest height,
nest initiation date (NID; date on which nest material was
first placed in the marked tree by a nesting pair. Different
nests had different NIDs), clutch initiation date (date of first
egg being laid), egg laying dates, egg measurements, clutch
size (clutch size=total number of eggs in each nest). Egg
morphometry was studied as follows: Length (L) and breadth
(B) of each egg were measured to the nearest 0.1mm using
calipers. Egg volume was calculated using the formula
V=0.51xLxB? (Hoyt 1979). Total clutch volume was taken as
the sum of volumes of all the eggs in a clutch.

Monthly rainfall (mm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 2a. Monthly rainfall in Bhitarkanika mangroves

Number of nests

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

Fig. 2b. Months of egg laying by Asian Openbill-Storks

Nests that failed before full clutch size was reached were
excluded from the analysis. Nest measurements at different
stages (i.e., laying, hatching and fledgling) and nest materials
used were recorded.

We used focal-animal sampling (Altmann 1974) for
behavioral observations. One of us (GGV) carried out all the
behavioural observations. One bird of a pair was selected and
observed for a maximum of four hours per sample. We
discarded all observations of less than one minute. We
recorded durations of copulation and bouts of incubation and
incubation interval time.

Once nest building started, each nest was discreetly
marked with a small aluminum tag bearing a unique
alphanumeric code for identification of individual nests.
Nests were checked on alternate days and their status noted
by two observers simultaneously working in different parts
of the colony. Different routes were used to approach and
leave the nests. All observations were restricted to the cooler
parts of the day (06:30-08:00hrs) to avoid over-heating of
the eggs. The entire colony was not disturbed for more than
an hour per monitoring. Birds left the nest when observers
approached within 2-5m. However, they returned no sooner
the observer moved away. Our checks lasted till the last chick
had fledged from the colony. We considered young as
successfully fledged, when they were old enough to fly across
open space to trees away from their nests. For studying nest
morphometry we measured their circumference and
diameter. Even when one egg hatched, we treated it as a
hatching success Productivity was calculated as number of
chicks that survived up to the fledgling stage and dispersed
from the nest.

Nesting

Asian Openbill-Storks started to arrive to the heronry by mid
June (2004, 2005, 2006), laying eggs from early July (2004,
2005, 2006). However, Painted and Lesser Adjutant- Storks
arrive in late September (2005, 2006) and start laying eggs by
early October (2005, 2006). Asian Openbill-Storks dominated
(>60%) the breeding birds in the colony (Gopi et al. 2005).
Approximately 14,000 Asian Openbill-Storks bred in the
mixed species heronry during our study (Table 1). Painted
and Lesser Adjutant- Storks, which form their own colonies,
breed in very low numbers (Table 2). All these storks prefer
thick mangrove vegetation for nesting. Asian Openbill-Storks
prefer Excoecaria agallocha trees, while Painted Storks,
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Table 1. Enumerated number of nests in Bhitarkanika
Openbill Painted Lesser Adjutant
stork stork stork
2005 7568 13 0
2006 8493 8 4

Heritiera fomes and Lesser Adjutant-Storks, Xylocarpus
mekongensis.

Asian Openbill-Stork

The Asian Openbill-Stork is the smallest and commonest
of the storks found in India. It is sighted all over
Bhitarkanika, throughout the year, and has an approximate
population of 30,000. Breeding commences with the onset
of the south-west monsoon, in mid-June and lasts till
January (2004, 2005, 2006). They were the predominant
(66%) nesters in the heronry (20°42°09.8"N 86°52'20.8"E)
that we studied. They build a platform nest and like other
stork species, both male and female share nest building
and incubation. Asian Openbill-Stork preferred a variety
of nesting material unlike the other two species studied.
The nest material included dry twigs of Hibiscus tiliaceus, H.
fomes, Sonneratia apetala, and Salvadora persica. Green leaves
and twigs of Excoecaria agallocha were widely used to line
nests (Fig. 3).

The copulation-duration of the Asian Openbill-Stork
was 7.45 sec (+1.25 sec; n=75). The Asian Openbill-Stork
had the higher mean clutch size of 4.45 (+1.36) and 4.36
(£2.90) in 2005 and 2006 respectively, in comparison to
Painted and Lesser Adjutant- Storks (Table 3). Egg
morphometry studies revealed that Asian Openbill-Storks
produce smaller eggs, both in terms of length, and mass, in
comparison to the other storks (Table 4). Chicks hatched
after an incubation period of approximately 25-26 days
(Table5).

Lesser Adjutant-Stork
Juveniles were sighted in March 2003 by Pandav (1997).
However no breeding colony was located in Bhitarkanika
till 2005. In early September 2006, a small breeding colony
was located near Balijori creek (20°43’25"N 86°51°'46"E).
Birds were making nest-platforms using twigs of Avicennia
and Dalbergia spp. Lesser Adjutant-Storks are often sighted
in the open meadows, adjacent to mangrove forests in
Bhitarkanika, at Mahisamada plantation, Bhitarkanika
Patia, Raipatia, Baisigharia, Musadiha and Jagannathprasad
dia. These areas where they were often sighted were.
Approximate population in Bhitarkanika is 20.
Copulation-duration of Lesser Adjutant-Storks was
18.34 sec (£8.45 sec; n=5). Their nests were larger in
comparison with the other storks (Table 2), which may be
due to their larger body size. Four nests were located during
the study and all four had a clutch of three eggs each. Egg
morphometry showed a similar trend to that of Painted

Table 3. Mean clutch size

AO (n=45) PS (n =8) LAS (n=4)
2005 4.45+ 1.36 3.8 + 1.09 NA
2006 4.36 + 2.90 3.75 + 1.53 3.0 + 0.00

Storks (Table 4). Incubation period of Lesser Adjutant-Storks
was 29.56 (+1.13) days (Table 5).

Painted Stork
Seen throughout the year at Bhitarkanika Patia, banks of
Maipura River, Raipatia, Satabhaya, and Mahisamada
plantation. Breeds in a small colony (20°43’10.8"N
86°51’52.6"E) in Bhitarkanika block near Gunakar ghat
from September—January on platform nests. 14 and eight
active nests were counted during the 2005 and 2006 seasons
respectively. The approximate population is 100.
Copulation-duration of the Painted Stork was 9.56 sec
(£1.75 sec (n=15). There was no significant difference in
clutch size between the years; however the Painted Stork
had a mean clutch size of <4 eggs (Table 3). Egg
morphometry revealed that Painted Stork produce eggs
similar, both in terms of length and mass, to those of Lesser
Adjutant-Storks (Table 4). Chicks hatched after an
incubation period of approximately 29.56 days (x1.13) and
32.19 days (£1.13) respectively for 2005 and 2006 (Table 5).

Breeding success and productivity

Asian Openbill-Stork had the lowest hatching success but
higher productivity in comparison to Painted and Lesser
Adjutant- Stork. The reason could be either a larger clutch
size or higher predation during egg laying stage, compared
to the chick rearing stage, when a parent is always in the
nest. Also, higher productivity would be due to social
benefits of clustering (by increasing the fitness of the birds)
which is one among the strong hypothesis that supports
bird colonialism. Painted and Lesser Adjutant- Stork had a
higher hatching success and lower productivity, due
perhaps to higher predation pressure on chicks as
compared to the eggs. Lesser Adjutant-Stork had a higher
hatching, fledgling success and productivity than Painted
Storks.

Discussion

Ali & Ripley (1987) state that the breeding season of storks
is highly dependent on the monsoon and related water
conditions, which trigger the abundance of food. This study
also shows a strong relation between the monsoon and the
nesting activity of storks (Fig. 2).

The breeding season of the Lesser Adjutant-Stork
stretches from July to January (Grimmett et al. 1998).
According to Ali & Ripley (1987), the Lesser Adjutant-Stork,
apart from Assam, which is its stronghold, breeds in Sri
Lanka, Kerala, parts of the Malabar Coast, Tamil Nadu and
Bangladesh. Jha (1998) counted 14 nests of Lesser Adjutant-
Stork in Kahala village (Malda district, West Bengal),
though he did not state the time of year. Pandav (1997)

Table 2. Nest measurements of AO, PS, LAS reported it’s breeding in the Bhitarkanika mangroves

AO (n=45) PS (n =8) LAS (n=4) (Orissa).
2005 169.00 + 16.66 200.83+ 13.0 NA The copulation duration of Greater Adjutant-Stork was
2006 166.1% 16.3 196.25+14.52 210+15.62 25.56 sec (+£10.38 sec) (Singha et al. 2003), 10 sec in Painted
48 Indian Birds Vol. 3 No. 2 (March—April 2007)
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m 2005
m 2006

Number of nests
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Fig. 2c. Months of egg laying by Painted Storks

Stork (Desai et al. 1978), 8.77 sec (+1.15 sec) in Maguari
Stork C. maguari (Thomas 1986), 24 sec in Black-necked
Stork E. asiaticus and 15 sec in Jabiru Stork Jabiru mycteria
(Kahl 1973). In the present study, the Painted Stork's
copulation-duration of 9.56 sec (£1.75 sec) differed slightly
from the 10 sec record of Desai et al. (1978). Asynchronous
hatching was observed in all the focal species. Lack (1968),
states that in Ciconiiformes, successive eggs in a clutch are
laid two or more days apart, that incubation starts with the
first egg, and that the young hatch one or more days apart.

According to Lack (1968), the incubation period in
Ciconiidae varies between 30-33 days. Asian Openbill-Stork
had a minimal incubation period of 26 (+2.84). Incubation
period for Painted Storks was similar to that recorded by
Desai et al. (1978) in Gujarat. Lesser Adjutant-Stork had an
incubation period of 28.55 (+8.86) days. We could not
determine the reasons for the shorter incubation duration
of storks in Bhitarkanika, when compared with that given
by Lack (1968). Incubation periods for other storks are:
Greater Adjutant-Stork 30 and 35 days reported by Saikia
& Bhattacharjee (1996b) and Singha et al. (2003)
respectively; American Wood-Stork M. americana 32 days
(Heinzman & Heinzman 1965); White Stork C. ciconia 32
days (Schuz 1972); Maguari Stork 29-32 days (Thomas
1984, 1986); Painted Stork 32 days (Desai et al. 1978); White-
necked Stork C. episcopus 30-31 days (Scott 1975); Abdim’s
Stork C. abdimii 28-30 days and, 29-31 days for Marabou
Stork L. crumeniferus (Brown et al. 1982; Kahl 1972; Pomeroy
1978a). Mean clutch size of 3.8 (x1.09) eggs per nest, for
Painted Storks, was higher in Bhitarkanika vis-a-vis 2.49
reported by Desai et al. (1978).

Conservation

The Asian Openbill-Stork feeds almost exclusively on Pila
globosa mollusks, which comprise 98% of its diet (Gopi et al.
2006), obtained from the agricultural fields surrounding
the Bhitarkanika Wildlife Sanctuary. Rice paddies are
increasingly being converted into aquaculture farms in
around the Bhitarkanika. 674 aquaculture farms, covering
321ha, were located along the periphery of the park alone.
This illegal conversion of coastal wetlands will result in
loss of foraging grounds for Asian Openbill-Storks. In future
it may affect their breeding behavior and may be detrimental
to their long-term survival.

Table 4. Egg morphometry of AO, PS, LAS

Species N Mean egg

length (mm)

42.06+ 8.48
56.22+ 2.17
56.66+ 2.31

Mean egg
width (mm)

26.96+ 5.38
35.66+ 5.82
36.66+ 1.83

Mean egg
mass (cm3)

168.4 + 3.92
172 £ 4.44
174+ 1.90

AO 84
PS 15
LAS 12

Presently, the forest department conducts an annual
census at the Asian Openbill-Stork heronry. A similar
exercise should be initiated for the remoter Painted and
Lesser Adjutant- Stork colonies. The dependence of these
species on restricted nesting sites makes the preservation
and scientific management of these sites critical for
conservation.
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