DOI:10.15835/nsb13110871
AcademicPres Research Article Notulae Scientia Biologicae

Nayak A (2021)
‘@l Notulae Scientia Biologicae 13(1):10871 (_/t/ ?

Nesting tree selection by scattered heronry birds of drought prone
Northern Bankura, West Bengal, India: preference of Phoenix
sylvestris near wetland-associated habitats

Ananya NAYAK

Bankura Sammilani College, Department of Zoology, Kenduadihi 722102, Bankura, West Bengal, India; ananya0001@gmail.com

Abstract

The present study was conducted in the Gangajalghati block of Northern Bankura, India, to investigate
the habitat and nest tree preference of three colonial waterbirds viz. Nycticorax nycticorax, Egrerta garzetra,
and Ardeola grayii. The study sites were surveyed for 20 months between 2017 and 2020. A total of 817 nests
with an average of 204 per year were recorded on 13 tree species. Nycticorax nycticoraxshowed the maximum
nest count followed by Egrerta garzerraand Ardeola grayii. Relative abundance data revealed Phoenix sylvestris
as the most abundant species (45%) of the area and harbours the highest proportion (33%) of nests. Pooled
nest count data showed significantly higher (p < 0.01) total nest counts in the wetland associated habitats than
others. The study observed more nest density of all three species near a cluster of small ponds than in a large
water body. Year-wise difference in cumulative nest number and mean nest abundance of all three species was
statistically insignificant. The interspecific nearest neighbour on Phoenix sylvestris were Egrerta garzetta
(88.37%) for Nycticorax nycticorax and Nycticorax nycticorax (83.25%) for Egretta garzetta and Ardeola
grayii. Further, the study evaluated the impact of two tropical cyclones (Amphan and Fani) on the total nest
count and found that more than 75% nests (p < 0.05) were destroyed by the mighty Amphan in May 2020.
The study provides a baseline data on nesting trees and habitat preference of three species of heronry birds from
Northern Bankura.
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wetland
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Introduction

Heronry is a breeding colony of one or more species of water birds that usually exhibit group nesting in
a group of trees and shows spatial and temporal clumping of nests during the breeding season (Roshnath er a/,
2019). These may include colonial water birds like herons, egrets, storks, pelicans, ibises, spoonbills, darter,
cormorants, and other species which play an important role in agricultural ecosystem and help in pest control,
nutrient cycling as well as regulation of fish population (Roshnath and Sinu, 2017; Roshnath er a/, 2017).
Further, being one of the top carnivores in the aquatic food chain, these colonial waterbirds can serve as
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potential bioindicators and can help us to predict environmental changes at an aquatic ecosystem (Kushlan,
1993). Habitat wise studies on colonial waterbird nesting sites have found that nearly 53% of the existing
nesting sites are located within or close to human habitation and only a small proportion of the existing
heronries are found in protected areas in India (Subramanya, 1996).

A total of 26 species of colonially nesting waterbirds have been reported from India which form
heronries usually close to water (Subramanya, 1996; Narayanan et a/, 2012). Several studies have reported the
breeding biology of these heronry birds including their breeding ecology and nesting tree characteristics in
different ecosystems of India (Datta and Pal, 1993; Subramanya, 1996; Subramanya, 2005; Gopi and Pandav,
2011; Jha, 2012; Narayanan et a/, 2012, Roshnath and Sinu, 2017; Roshnath er a/, 2017; Chakraborty and
Majumder, 2018; Roshnath er a/, 2019).

The state of West Bengal represents one of the least heronry rich states in India having less than ten
existing sites with Sajnakhali Wildlife Sanctuary and Raiganj Wildlife Sanctuary being the prominent two such
sites (Datta and Pal, 1993; Subramanya, 1996). While the vast majority of studies on heronry have been
conducted from the Raiganj and Sajnakhali Wildlife Sanctuaries of West Bengal (Law, 1951; Mukhopadhyay,
1959; Chaudhari and Chakrabarti, 1973; Mukhopadhyay, 1980; Datta and Pal, 1990; Sharma 1998, 2001,
2004; Sridhar, 2004; Jha, 2006; Sharma 20072, 2007b; Pramanik ez a/, 2009, 2014, 2016) only a few studies
have attempted to determine the status of these birds from other parts of the state (Law, 1926; Dhua er al,
2013; Mondal er a/, 2014; Chakraborty and Majumder, 2018). Moreover, majority of these studies were
carried out on the Asian openbill Anastomus oscitans, Boddaert, 1783 (Law, 1926; Mukhopadyaya, 1980;
Sharma 1998, 2001; Sharma, 2007a; Dhua et a/, 2013; Pramanik er a/, 2009, 2014, 2016). Only two studies
have conducted preliminary investigations on Anastomus oscitans, Boddaert, 1783 and Leproptilos javanicus,
Horsfield, 1821 in the Bankura district of West Bengal (Dhua er a/, 2013; Mondal et al, 2014). Nest-site
selection in birds is a complex decision-making process which is crucial to offspring production and therefore
has a vital role in reproductive success and fitness (Fogarty et al, 2017; Podkowa and Surmacki, 2017). Several
factors influence the selection of nest sites in colonial birds including nest site availability, food availability,
proximity of feeding areas, camouflage and protection against predators, illumination in nest site, relative
position of the nest within the colony and distance to neighbouring nests (Cuervo, 2004; Podkowa and
Surmacki, 2017). No comprehensive study has been conducted to date to elucidate the nesting tree selection
of other heronry birds from any part of Bankura. The present study was conducted in the Gangajalghati block
of Northern Bankura to investigate the habitat and nest tree preference of three colonial waterbirds viz.
Nycticorax nycticorax, Linnaeus, 1758; Egretra garzerta, Linnacus, 1766 and Ardeola grayii, Sykes, 1832. The
study has also recorded the impact of two extremely powerful and catastrophic tropical cyclones (Fani and
Amphan) on the active nests of these birds in the region. The study embodies 4 years’ observations (2017-2020)
on the nest tree and habitat preference of these heronry birds in Gangajalghati block of Bankura district.

Materials and Methods

Study area

The present study was conducted in 21.5-hectare (215000 m?) heronry situated in seven different
locations (Table 1) of Gangajalghati community development block in the northern part of Bankura District,
West Bengal, India (Figure 1). These seven locations cover about 25 square kilometres of Gangajalghati
community development block. Some of the notable landforms surrounding the study area are Gangajalghati
forest on the North, Damodar River (18 km) on the North and Northeast, Koro hill (400 feet, 5 km) and Sali
River (5 km) on the South, Sali Reservoir or Gangdua Dam (4 k.m) on the Southwest and Susunia hill (1,470
feet, 18 km) on the West. Among these Koro hill, Sali River and Sali Reservoir constitute three of the seven
study sites (Table.1). The study area encompasses a diverse range of habitats (Figure 2) such as a large number
of freshwater ponds (31), river bank (Sali), a small hill (Koro), a dam (Sali Reservoir), a canal originated from
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the Sali reservoir, agricultural fields, scattered trees and scrub vegetation (Table 1). Sali reservoir or Gangdua
dam (23.40°N and 87.08°E), constructed on river Sali is the second largest dam in the district with a length of
1494 meters and serves for local farmland irrigation and a drinking water supply project (Nayak, 2019). The
topography of the block has been described as an undulating plain with irregular hillocks and lateritic upland
with numerous fault and joint structures in the pediments (Das and Gupta, 2019). Gangajalghati block is a sub
topical climate region that exhibits high temperatures (35-45 °C) during summer season and about 12-15 °C
in the winter season (Das and Gupta, 2019). However, the maximum temperature sometimes may reach up to
48 °C and minimum temperature sometimes may go down to as low as 5-7 °C. The pre-monsoon months
(March-May) experience frequent Nor'westers (Kal Baisakhi-a short-lived dusty squall at the onset of the
southwest monsoon) with strong winds and heavy rainfall creating a destructive phenomenon leading to severe
destruction over the area through which it passes (Chakrabarty et a/, 2007). The region experiences an annual
average rainfall of 1350 mm and the monsoon season (June to September) contributes approximately 80% of
the total rainfall (Das, 2017). Trees occur in scattered patches throughout the landscape interspersed with
scrub vegetation which are more densely distributed near wetland associated areas (Table 3). Some other
common plants of the area are Acaciasp, Aegle marmelos, Argemone mexicana, Borassus flabellifer, Calotropis
gigancea, Carica papaya, Clerodendrum inforrunarum, Colocasia esculenta, Datura sp., Haldina cordifolia,
Justicia adhatoda, Moringa oleifera, Musa paradisiaca, Opuntia spp, Psidium guajava, Ricinus communis etc.
Paddy is the principal crop of the area with some common vegetables being Brinjal, Cabbage, Cauliflower,
Potato, Onion, Radish, Tomato e.t.c).
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Figure 1. Geographical location of the study area: Seven study sites in Gangajalghati block of Bankura

district, West Bengal, India
(Map data: India and West Bengal from Nayak, 2020 with permission from the publisher; Bankura district was
generated using QGIS; Gangajalghati Block modified after Das, 2017).
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Table 1. The GPS coordinates and altitudes of the seven study sites located in the Gangajalghati block

. Area
Sk Locafhty (,)f GF,’S Altitude studied Habitat type Number of
No sampling sites coordinate Wetlands
(hectare)
) ) 23.399978, -
1 Bhairabpur village 87108305 110 meters 1.5 Human Habitation Pond (3)
Barren Land, Pond (2),
2 Gangdua Dam 23406043, 107 meters 8 Agriculture Land and | Reservoir (1) and
87.086375 .
Eucalyptus plantations a Canal (1)
) ) 23.385764, o
3 Kapista Village 87137337 105 meters 1.5 Human Habitation Pond (7)
‘ 23388551, )
4 Koro Hill 87115815 98 meters 2.5 Agriculture Land Pond (6)
Nayak Para Durga | 23.417739, o
5 Bari 87115170 120 meters 2.5 Human Habitation Pond (7)
23.421461, Agriculture Land and
6 Purano Bandh 87112079 118 meters 2 Human Habication Pond (5)
. 23.381505, ‘ Pond (1) and
7 Sali River Bridge 87 114871 95 meters 35 Agriculture Land River (1)

N e

Figure 2. Different types of habitats found within the study area, Gangajalghati block
a. A pond surrounded by Indian date palm trees in Gangajalghati village; b. Vegetation around Sali river; ¢. Habitat
around Gangdua dam & d. A colony of Phoenix sylvestris near Koro hill.
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Field methods

The above-mentioned study sites (Table 1) of Gangajalghati block were surveyed for 20 months between
1 May 2017 and 30 September 2020. The observations were carried out for four seasons (May to September)
during the entire survey period to study the nesting tree preferences of three colonial waterbird species viz.
Nycticorax nycticorax, Linnaeus, 1758; Egretta garzetta, Linnacus, 1766 and Ardeola grayii, Sykes, 1832. Each
study site was divided into two zones, wetland associated habitat (WL), located within 10 meters of a water
body and others (OTH) that are located beyond the range. The birds and their nests were observed using a
binocular (Olympus 10 x 50 DPS) and photographed using a Canon EOS 1200D DSLR Camera with a 55-
250 mm lens and a Sony DSC-H400 compact camera with 63x Optical Zoom to support further identification.
The birds were identified using standard field guides (Ali and Ripley, 1987; Grimmett er a/, 2011). Nesting
locations were also recognised through chick’s call even at night hour. In order to document total number of
bird nests in every season, each study site was visited thrice in a month and the number of nests of each species
and their nearest nest neighbour were recorded. Calculation of nearest nest neighbour distance was done
according to the method of Brown and Brown, 2000. However, the study recorded nearest nest neighbour in
four (Phoenix sylvestris, Azadirachta indica, Terminalia arjuna, Tamarindus indica) tree species out of 13
species studied (Table 2) and did not record the number of eggs, hatchlings or number of chicks fledged
successfully per nest. Tree characteristics (species, height, distance from water body) and nest height from the
ground of some (nests on Phoenix sylvestris and Azadirachta indica) of the heronries from the study site were
recorded. A graded pole (1m) was used to measure the tree height (Roshnath and Sinu, 2017). To avoid
disturbance during breeding season, measurements of tree height were carried out in non-breeding period
(March and April of each season). To determine the impact of cyclone Fani and Amphan on the nest numbers,
total number of nests recorded from four (Phoenix sylvestris, Azadirachta indica, Terminalia arjuna,
Tamarindus indica) tree species before and after (for the next three days) the cyclones were compared. None
of the species was captured or killed during the entire period of the study.

Table 2. Three species of heronry birds and their nest number observed in the study area

Family | Common name | Scientific name No. of nests
2017 2018 | 2019 | 2020
Little egret Egretta garzetta 74 92 71 78
Ardeidae Black-crowned night heron Nycticorax nycticorax 117 130 94 56
Indian pond-heron Ardeola grayii 33 30 25 17
Total 224 252 190 151
Statistical analysis

Statistical data analysis and graphical representations of data except post-hoc Tukey HSD (honestly
significant difference) were performed using Microsoft Office Excel, 2010. To compare relative nesting tree
preference (Figure 5A), relative habitat preference (Figure 5B) and effect of cyclone Amphan and Fani on the
nest number (Figure 8) one-way analysis of variance (ANOVA) using means of group data was conducted
setting Alpha to 0.05. Tukey’s HSD post hoc analysis between pairs or subgroups after a significant ANOVA
result, was performed using Tukey HSD calculator (astatsa.com) to identify specific variables that differ
significantly.
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Results

The present work recorded a total of three species of heronry birds belonging to family Ardeidae and
order Pelecaniformes (Figure 3). A total of 817 nests with an average of 204 per year were recorded during the
entire study period (Table 2). The study observed heronries only on 13 tree species (Table 3). A total of 841
trees of 13 species were examined and nearly 55% of them harboured heron rookeries. Majority of the heronries
were scattered across seven different locations in the close vicinity of human habitation with diffuse vegetation
and several ponds. A one-way ANOVA (F=64.11, p < 0.001) of pooled nest count of the two habitat types
followed by a Tukey’s HSD test (p < 0.01) showed a significant difference between the total nest counts in the
wetland associated (WL) and other habitats (OTH) (Figure 5B). These findings are consistent with the
previous studies that showed increased nest occurrence at colony sites near wetland habitats (Kelly ez a/, 2008;
Roshnath and Sinu, 2017; Chakraborty and Majumder, 2018). The study observed more heronry bird nests
(data not shown) of all three species near study sites with a cluster of small ponds rather than in area with
scattered or large water body (Sali Reservoir). The highest number of nests were recorded in the Gangajalghati
village study sites (Nayak Para Durga Bari and Purano Bandh) having 11 small and a large pond in cluster.
Previous studies have shown that a group of small wetlands with higher habitat heterogeneity can harbour more
waterbird species than a larger one with equivalent area (Brown and Dinsmore, 1986; Scheffer et al, 2006; Ma
et al, 2010). Further, the study has observed more nesting in the trees on the narrow pond dykes surrounded
by other ponds or scrub vegetation. This type of habitat reduces human disturbances and predator attack.
Moreover, small sized pond makes it easy for foraging and meeting the other requirements for different

waterbird species (Ma et al, 2010).

Figure 3. Three species of heronry birds surveyed in the study area

1. Alittle egret guarding the nest on an Indian date palm tree (Phocnix sylvestris); b. Nearest neighbours, above: A
black-crowned night heron guarding the nest on a date palm tree, below: A little egret guarding the nest on the
same tree; c. A black-crowned night heron sitting near the nest on a Neem tree (Azadirachta indica); d. An Indian
pond-heron in breeding plumage sitting near the nest on a Neem tree.
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Table 3. Summary of number, height of nesting trees of different species and nest numbers (mean + SD)
per tree recorded during four years (2017 to 2020) in the study area

Sl Common name Scientific name Mean eree SD M.ean tree SD Mean nest SD

No number height (m) number
1 | Indian date palm | Phocnix sylvestris 52.5 12.12 6.32 1.10 68.25 17.19
2 Neem Azadirachta indica 10.25 0.95 7.98 1.12 33.5 10.47
3 Bamboo Bambusa sp. 9 0.81 7.6 1.36 8.5 3.10
4 Arjun Terminalia arjuna 5.5 1.29 8.75 0.83 21.25 3.59
5 Tamarind Tamarindus indica 5.5 1.29 10.47 1.25 14.75 4.03
6 | Toothbrush tree Streblus asper 5.5 1.29 5.45 0.73 8.75 2.06
7 Coconut Cocos nucifera 4.75 1.25 11.36 0.93 5.75 2.06
8 Cotton tree Bombax ceiba 4.75 1.5 10.97 0.79 9.5 191
9 Banyan Ficus benghalensis 4.5 1.29 8.78 0.9 7.75 1.25
10 Jamun Syzygium cumini 3.75 0.95 9.55 1.26 10.75 4.85
11 Sacred fig Ficus religiosa 3.75 1.25 10.82 0.82 9.75 2.62
12 Chakalta Adina cordifolia 35 2.64 7.02 2.17 35 3
13 Gambhar Gmelina arborea 2.75 1.89 7 2.33 2.25 1.5

other trees (Figure SA).

SD=Standard Deviation

Relative abundance data for nesting trees recorded in the study sites revealed Phoenix sylvestris as the
most abundant (45%) species followed by Cocos nucifera, Azadirachta indica, Bambusasp. and others (Figure
4A). The results of relative nest abundance per tree showed that Phoenix sylvestris harbours the highest
proportion (33%) of nests followed by Azadirachta indica, Terminalia arjuna, Tamarindus indica and others
(Figure 4B). Similar results were obtained in the cumulative nest numbers documented in each tree species
(Figure 5A). A one-way ANOVA (F=13.52, p < 0.00001) and Tukey’s HSD test (p < 0.01) revealed that
Phoenix sylvestrisharboured significantly (F=13.52, p <0.00001) higher number of nests in comparison to the

the seven study sites of Gangajalghati block
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Figure 5. Box plots representing A. Tree-wise cumulative nest number and B. Habitat-wise total nest
number recorded during the present study in four tree species

Each box plot shows minimum, lower quartile, median, upper quartile, and maximum values. Mean values were
compared using one-way ANOVA with pair-wise comparisons made with Tukey's HSD (honestly significant
difference) tests. Nest number recorded in four trees: Phoenix sylvestris, n=273; Azadirachta indica, n=134;
Terminalia arjuna,n=385 and Tamarindus indica, n=59. Groups not sharinglowercase letters are significantly different
(Tukey’s HSD test, p < 0.01). WL=Wetland associated habitats, OTH=Other habitats.

The results of year-wise cumulative trend of nest number (Figure 6A) revealed a considerable difference
in the nest number of all three species in each year. However, the difference was statistically insignificant (p >
0.05) as indicated by the results (F=0.3902) of one-way ANOVA (results not shown). Similar results were also
obtained in the year-wise mean nest abundance of three different species (Figure 6B). The lowest cumulative
nest number and mean nest abundance of 2020 could be partially attributed to the extensive nest damage

caused by the tropical cyclone Amphan at the beginning (May) of their breeding season.
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Figure 6. A. Box plots representing year-wise cumulative nest number and B. Histograms representing
year-wise mean nest numbers of all three species

Nest numbers were recorded for 20 months between 1 May 2017 and 30 September 2020 from 13 tree species. Each
box plot represents minimum, lower quartile, median, upper quartile, and maximum values. In both the cases, the mean
values were compared using one-way ANOVA with pair-wise comparisons. However, the differences were statistically
insignificant (p > 0.05). SE=standard error.
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The present study also estimated the cumulative percentage of nearest neighbours of these three birds
in four (Phoenix sylvestris, Azadirachta indica, Terminalia arjuna, Tamarindus indica) tree species from the
study area (Figure 7). However, the survey recorded only interspecific nearest neighbours and conspecific
neighbours were excluded from the calculation. In Phoenix sylvestris most black-crowned night heron nests
(88.37%) had little egret as their nearest neighbour, followed by Indian pond-heron (11.62%). However, most
lictle egret nests (83.25%) had black-crowned night heron as their nearest neighbour, followed by Indian pond-
heron (16.75%) and most Indian pond-heron nests (83.25%) had black-crowned night heron as their nearest
neighbour, followed by little egret (16.75%) (Figure 7A). Similar results were also observed among
neighbouring nests of the three birds on Azadirachta indica, Terminalia arjunaand Tamarindus indica (Figure
7B-D). Further, in all the trees studied, black-crowned night herons placed their nests higher in the canopy
than little egrets and Indian pond-herons. These results are consistent with several prior studies that observed

black-crowned night herons to build their nests higher in the canopy (Kazantzidis et al, 1997; Li et al, 2006).
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Finally, the study evaluated the impact of two tropical cyclones (Amphan and Fani) on the nesting of
these three bird species. In 2019, Fani hit the study area at the midnight of 3rd May and caused a loss of 30%
of total nests of all three species (Figure 8B). However, the damage was statistically insignificant (p > 0.05) as
indicated by the results (F= 0.9678) of one-way ANOVA (Figure 8B). A massive nest destruction was recorded
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by the impact of the catastrophic tropical cyclone Amphan that hit the study area on May 20 in 2020 (Figure
8A). More than 75% nests were destroyed by the mighty storm that hit the state capital Kolkata with a wind
speed of 112-130 kmph along with heavy rain. The percentage of cumulative nest loss by Amphan was
significantly higher than before the cyclone as revealed by the one-way ANOVA (F= 9.07, p < 0.05) and
Tukey’s HSD test (p < 0.05) (Figure 8A). Further, the cyclone resulted substantial damage to some of the
remaining nests. However, the extent of such damage was not determined in the present study. Although a
huge negative impact on nest number was recorded by the strike of Amphan and Fani, the study did not find
any uprooted nesting tree caused by the two cyclones. The deep root systems of the nesting trees might have a
key role in protection of these trees from the powerful tropical cyclones and Nor'westers. Studies have shown
that tree species adapted to drought-prone regions generally have higher root-to-shoot ratios and deeper root
systems than species occurring in the mesic climatic conditions (Brunner et a/, 2015).

A B

Number of nest

Befors Cyclone Al 020 After Cyelone 2020 Before Cyclone Fami, May 2019 After Cyclone Fam, May 2019
Figure 8. Box plots representing the effect of tropical cyclones A. Amphan and B. Fani on total nest count
Each box plot shows minimum, lower quartile, median, upper quartile, and maximum values. Mean values were
compared using one-way ANOVA with pair-wise comparisons made with Tukey's HSD (honestly significant
difference) tests. Nests were recorded in four trees: Phoenix sylvestris, n=273; Azadirachta indica, n=134; Terminalia

arjuna, n=85 and Tamarindus indica, n=59. Groups not sharing lowercase letters are significantly different (Tukey’s
HSD test, p < 0.05).

Discussion

Although several studies have reported the preference of these herons toward urban environment, a
considerable population still enjoys the rural habitat (Subramanya, 1996). A recent study (Roshnath er al,
2019) in India has shown that these birds prefer to colonize urban ecosystems having reduced predation
pressure. Besides these three species of the present study, Gangajalghati block harbours several other species of
heronry birds including Anastomus oscitans, Ardea alba, Ardea intermedia, Ardea cinerea, Ardea purpurea,
Bubulcus ibis, Microcarbo niger, Phalacrocorax fuscicollis e.t.c. Studies have reported that these bird species
and human can coexist in perfect harmony over long time (Kushlan, 2007). Thus, there is an urgent need to
identify and protect potential heronries in different parts of West Bengal as well as India and for that more
comprehensive works on these colonial waterbirds at the district or state level are essential and should be
supported by nature lovers, ornithologists, local people, government, and non-governmental organisations
(Subramanya, 1996).

Usually heronries in close proximity to human habitation are often regarded as a nuisance due to the
constant guttural chatter of the nestlings, offensive odours emitted from accumulated droppings, massive
amounts of guano, decomposing birds and eggs at the site and the public's perception that heronries may be
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health hazards (Grant and Watson, 1995; Roshnath and Sashikuma, 2019). However, the study found that the
local people of the study sites do not regard these activities as a disturbance to their daily life.

Phocnix sylvestris and some other nesting trees of the herons and egrets are scattered throughout the
Gangajalghati block. Studies have shown that scattered trees of a terrestrial landscape serve many ecological
functions and can act as “keystone structures” for maintaining biodiversity including the heronry birds
(Prevedello eral, 2018; Koju ez al, 2019). Usually heronry rich sites of India do not harbour Phoenix sylvestris
as a dominant species of the study area but the present work has found that Phoenix sylvestris serve as an
attractive tree for nesting herons in the scattered heronry sites of Bankura district. Several reasons might be
there for this tree preference by the herons in the study area. Phoenix sylvestris can thrive well in a drought
prone district like Bankura and a large number of frugivorous birds contribute in their seed dispersal and
therefore help in the perpetuation of the species. A large number of Phoenix sylvestrisare grown near the water
bodies and therefore make an ideal nesting place for the birds. Selection of these trees for breeding reduces the
interspecific competition over nest sites as very few other birds choose Phoenix sylvestris for the nesting
purpose and these spiny date palms provide cover and protection to the chicks from the predators. Further,
many villagers of Gangajalghati block and other parts of the district play a significant role for the protection of
the wild date palm trees as they earn their livelihood by collecting sap and producing jaggery items from it.

The existing heronry sites of Gangajalghati block are now under several disturbances of anthropogenic
as well as natural origin. Extremely powerful tropical cyclones, severe thunderstorms during the summer
months, persistent drought conditions of northern Bankura district, hunting by indigenous tribes, siltation and
accumulated sediments in the fish ponds and deforestation nearby wetlands habitats are among the main
threats affecting the population of these heronry birds in the study area.

Tropical cyclones produce strong winds, heavy rainfall and high storm surges that result in devastating
effects on terrestrial and marine ecosystems by increasing mortality of the flora and fauna (Weimerskirch and
Prudor, 2019). More than 150 tropical cyclones have originated over the Bay of Bengal during the past five
decades and the South Bengal districts including Bankura have experienced a significant number of such
devastating storms (Bhardwaj and Singh, 2020; Mishra and Vanganuru, 2020). The present study documented
the effect of Amphan, a powerful and catastrophic tropical super cyclone on the three species of nesting heronry
birds at the study area. Amphan was a devastating super cyclone that appeared in the Bay of Bengal since 1999.
These severe weather events can exert detrimental effects on breeding waterbirds including heronries affecting
their reproductive success or even population size (Hennicke and Flachsbarth, 2009). Being canopy dwellers
and sensitive to wind conditions, these birds are particularly vulnerable to the cyclones as they cannot find
shelter while experiencing the extreme weather event (Weimerskirch and Prudor, 2019). Several studies have
documented the disastrous effects of tropical cyclones on heronries and other nesting birds in India (Taher,
1985; Naik and Parasharya, 1988; Subramanya, 1996; Debata, 2019). Besides cyclones, Nor'westers are very
common during the pre-monsoon months (March-May) and are usually accompanied with severe squalls of
130-150 km/hr leaving strong negative impacts on bird life and another biota of the region (Litta ez a/, 2012).
Severe thunderstorm and especially the hailstorms exert similar destructive effects on nesting birds causing mass
death of hundreds or thousands of birds (Narwade et a/, 2014).

Bankura is one of the most drought-prone districts of West Bengal and Gangajalghati block, the study
region remains one of the seven drought affected blocks of the district (Bhunia er a/, 2020). The district
received the maximum number of drought events during at monsoonal period which coincides with the
breeding season of these birds (Bhunia er a/, 2020). Several previous studies in India have shown that nesting
of many heronry birds depends on the availability of water and severe drought events of their habitats lead to
failure of nesting in these birds (Ali, 1979; Breeden and Breeden, 1982; Verghese et al, 1982; Ganesh er al,
2014). Drought-driven dry habitats can result in non-availability of food and disturbance at breeding sites in
these colonial waterbirds (Ganesh ez a/, 2014). The regular nesting of the three species was hampered in 2010
which was another severe drought year in Bankura (data not shown). The present study recorded more nesting
sites of these birds around pond or wetland associated habitats rather than in flooded agricultural fields. The
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limited availability of nest trees in the agricultural fields might constitute an underlying cause for their
abundance near wetland associated habitats (Koju et a/, 2019). Further, being a drought affected area in the
northern Bankura, the agricultural fields of Gangajalghati rarely remains in a flooded state for long time and
therefore offer less food to these piscivorous birds. Construction of a series of small ponds in a drought-prone
district like Bankura might help in the conservation of several waterbird species as well as mitigation of the
water scarcity problems in the rural areas. Although majority of the heronries in India are found near large
water bodies and human habitation (Subramanya, 1996; Chakraborty and Majumder, 2018), the present study
recorded a smaller number of heronry nests near Sali Reservoir, the second largest dam in Bankura district.
Except a small village (Balidiha) and an ecological park, the dam is mostly surrounded by agricultural fields
having sparse vegetation. The ecological park is dominated by Acacia auriculiformisand Eucalyptus sp both of
which are usually not preferred as nesting trees by the heronry birds of the area.

Tribal hunting of eggs and nestlings is another serious threat to heronries of the study site. In some of
the heronries, local tribal hunters frequently raid the nesting colony for eggs and nestlings. Several studies in
India have reported the adverse impact of hunting on heronries and other waterbirds (Nagulu and Ramana
Rao, 1983; Ragunatha er a/, 1992; Ramachandran eral, 2017).

Another problem for these heronry birds in the study area is siltation and sediment accumulation in
some of the ponds near their habitats. These ponds suffer from massive accumulation of organic sediments due
to solid waste and unplanned sewage disposal driven by lack of initiatives and financial support from numerous
stakeholders of the pond. The anoxic conditions created in such ponds might generate several toxic agents
which in turn will reduce the number of fish and other animals used by these waterbirds as their food.

Several trees near the wetlands of the study area have been cut down during the last two decades.
Deforestation and human activity near a heronry may result in decreased food availability, loss of nesting
habitat, reduced reproductive success and ultimately may induce abandonment of breeding colonies (Bowman

and Siderius, 1984).

Conclusions

The present study provides a baseline data on nesting trees and habitat preference of three species of
heronry birds from Northern Bankura. The study has recorded the importance of Phocnix sylvestrisas a nesting
tree of these birds in a drought prone district like Bankura. Further, the work has documented for the first time
the impact of two tropical cyclones on the nesting of these species. Long term conservation of these scattered
heronries of the area might lead to the formation of larger heronries in near future. This can be achieved by
preparing a complete inventory of heronries in the district, and constant monitoring of the nesting population,
ascertaining their conservation needs, securing suitable breeding habitats with preferred tree species and
undertaking a public awareness campaign to stop hunting of these beautiful birds.
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