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Abstract

The White-bellied Heron (Ardea insignis) is verging on extinction, but very little is known about its basic
ecology and biology, hindering effective implementation of the conservation actions. To date, nothing has
been known about the predators of this species, nor the causes of nesting failure sufficiently understood.
We carried out a systematic survey to locate the nests of theWhite-bellied Heron along the Punatsangchhu
river basin. One active nest was monitored continuously until the fate of the nest was confirmed. Camera
traps were set up on the failed and abandoned nest and on artificial nests baited with dyed chicken and
dummy eggs. The evidence strongly suggests that Masked Palm Civet Paguma larvata is an egg predator
of the White-bellied Heron and responsible for a single nest failure at Burichhu, Tsirang. Also, potential
bird egg predators of at least seven genera were documented. Nest predation bears immense significance
in the conservation of rare species. To this end, conservation management should implement evidence-
based nest protection methods from their natural predators to reduce and prevent further nesting failures.
Additionally, an intensive study is required to glean vital information on the causes of nesting failures,
including the nesting predation from their breeding sites and its impacts on their nesting behavior.
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Introduction

The White-bellied Heron (or WBH) Ardea insig-
nis is critically endangered with an estimated
global population of 50-249 mature individuals
(BirdLife International 2018) while only 60 indi-

viduals were recorded across their range countries
(Price and Goodman 2015). The population distri-
bution of WBH seems to have undergone further
contraction from its once common areas in
Bhutan, India and Myanmar, while extirpated
from Nepal and Bangladesh (BirdLife Interna-
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tional 2001). The WBH is described as ‘solitary,
very wild and wary’ (Baker 1929).

The first active nest of WBH was reported from
Bhutan in Zawa, Wangduephodrang district in
2003 (Royal Society for Protection of Nature
[RSPN] 2011), nearly 70 years after its last record
from Myanmar. While nesting in Bhutan has ex-
clusively occurred in the Chir Pine Pinus rox-
burghii since its first sighting, the first successful
breeding on the broad-leaf species was reported
(Khandu et al. 2020a) in 2018. Limited informa-
tion available on its breeding behavior suggests
that the WBH requires tall trees in an undisturbed
forest for its nesting (Baker 1929). WBH pre-
ferred tall trees for nesting as they provided open
space for their landing and take-off flights while
increasing the visibility of the surroundings (Mon-
dal and Maheswaran 2014, Acharja 2019a). The
WBH breeds only once a year which normally
lasts about five months from the onset of its
courtship behavior from February to fledging of
the juveniles towards June.

Nest failure in WBH seems quite common if not
frequent in Bhutan. In every breeding season,
about 1-2 cases of nesting failure from critically
low numbers of active nesting counts (ca. 2-4) are
reported (S. Tshering, pers. comm.) from Bhutan
which is the breeding stronghold in the region. In
2019, a two-week-old chick and two eggs went
missing from a nest in Tsaidang, Zhemgang dis-
trict due to unknown reasons; likewise in 2020,
two eggs followed the same fate while a recently
hatched chick succumbed to parental infanticide
(Acharja et al. 2021). BothAda and Nangzhina ar-
eas under Wangdue Phodrang district also re-
ported nesting failures in the past (RSPN 2009).
Records also show that two WBH nests were de-
stroyed by forest fires and one by a windstorm
(Acharja 2019a). While there is a lack of in-depth
study to understand the actual causes of its nesting
failure, it is presumed that nest predators are one
of the major factors.

Thus, understanding that nest predation bears im-
mense significance for the conservation of rare
species, such as theWhite-bellied Heron, identify-
ing the nest predator remains challenging. That
breeding success directly depends on the avail-
ability of food is the accepted paradigm for the in-
ternational ornithological community (Guppy et
al. 2017). It is not until recently that the impact of
predation began to be accommodated in the exist-
ing paradigm (Birkhead et al. 2014). Nest preda-
tion causes reduced nesting success (Ricklefs
1969, Bellamy et al. 2018). Predation risk alone
reduced the number of offspring by 40% in the
Song Sparrow Melospiza melodia (Zanette et al.
2011). In the absence of mitigation of predation
risks, the decline in population persists despite
habitat improvement, reduced human distur-
bances, etc. (McMahon et al. 2020). Therefore,
this study presents a record of the first nest preda-
tion of WBH causing a single nest failure and pro-
vides vital information on other potential nest
predators prevalent in their breeding habitat.

Methods and Results

Study Area

This study was conducted in Burichhu (27° 5'
10.15" N, 90° 4' 28.76" E), Tsirang district (Fig.
1). The district is situated at an elevation of 300 to
4,200 m asl (Forest Resources and Management
Division [FRMD] 2016). The district generally
experiences hot and humid summers and dry and
moderately cold winters. The annual rainfall
ranges between 1,000-3,000 mm (FRMD 2016)
and the temperature ranges from 12°C-21°C (Na-
tional Center for Hydrology and Meteorology
2017).

Burichhu is one of the breeding hotspots of the
WBHwithin its habitat in Bhutan with at least five
successful breeding records hitherto (Acharja
2019b). WBH is sighted regularly in this region
throughout the year owing to the availability of
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both roosting and foraging microhabitats. The
area is sparsely populated by humans with about
six households within a 1 km vicinity centroid to
our nesting study site. The riverine forest (<370 m
asl) is dominated by Tetrameles nudiflora and
Syzygium spp. while the mid-region (620-770 m
asl) is dominated by Pinus roxburghii (Ghemiray
2016).

Survey and observation of active natural nest

An area count method (Kushlan 2011) with a sys-
tematic approach was employed to locate the ac-
tive nests in the known areas (for details refer to
Khandu et al. 2021).

The Punatsangchhu (chhu = river) created a phys-

ical barrier between the active nest and the ob-
servers, helping reduce disturbance due to our
presence. The distance between the observers and
the nest was always maintained at ca. 500 m. To
address the “uncertainty principle” (Lenington
1979), we made no effort to visit the nest site and
take physical measurements during the period of
nest occupation by the WBH. Since observer dis-
turbance is associated with reduced nesting suc-
cess (Götmark 1992) and can cause nest
abandonment and desertion (Conover and Miller
1979, White and Thurow 1985), all observations
were made vigilantly following necessary nest
watching protocols (Philips et al. 2007). Also, our
initial observation from the same location ap-
peared to pose no disturbance as inferred through
the behavior of the nesting pair.

Figure 1. Map of the study area showing the location of the nesting tree of the White-bellied Heron Ardea insignis and
observation vantage point at Burichhu, Tsirang district, Bhutan.
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The continuous monitoring of the active nest
lasted for only 11 days (22 May-1 June 2018) be-
cause the incubating WBH completely abandoned
the nest at 12:58 hr (Bhutan Time; UTC +6 hrs) on
the last day. The observations were made from
06:00-19:00 hrs using binoculars (10 x 42) and a
20-60x monocular spotting. The nesting behavior
was videoed using a Nikon D7200 coupled with a
500-mm zoom lens with a 2x converter. Our team
continued observing the nest until dusk and early
morning of the next day hoping for the return of
the incubating pair. But the nest was completely
abandoned.

Nest examination for the cause of the failure

On 2 June 2018, after almost three hours of jour-

ney into the thicket and difficult terrain on foot we
reached the nesting site of the WBH. We carefully
scanned for any clues such as pug marks, poops,
or scratches on the nesting trees and the surround-
ing areas to discern the fate of the nest. We found
pieces of broken eggshells scattered on the ground
(Fig. 2A-B) which were separated between 68-
223 cm apart. This was a probable clue to rule out
that the eggs were not dropped accidentally from
the nest. The nest was constructed on the canopy
of Magnolia champaca, about 15.5 m in height,
32.8 cm in DBH, and about 150 m from the near-
est feeding location.

We climbed up the nesting tree (without any
climbing gear) and scanned the open nesting plat-
form (ca. 122 cm in diameter), which was primar-

Figure 2. Eggshells of the White-bellied Heron Ardea insignis were scattered on the ground (A-B, note the light blue
colour), mammalian scat on the failed White-bellied Heron nest (C) and measurement of the seeds contained in the
scats (D).
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ily constructed of dry twigs. We found what ap-
peared to be mammalian scats on the nest (Fig.
2C). We collected the scats in a zip lock bag and
took their morphometric measurements (Fig. 2D).
The scat was mostly composed of intact seeds.
The average size of the seed was approximately
1.1 cm in height and 0.8 cm wide.

Camera trapping, artificial nest construction and
baiting

After confirming that the nest of the WBH was
predated, we set up a camera trap (Ltl Acorn
5310A) on the failed nest along with six chicken
eggs dyed in light blue. The camera trap was set
up to take one color photo shot per burst in JPEG
format (8 megapixels) and videos for 10 sec when
the passive infrared sensor was triggered. We
recorded two attempts of egg predation from the
failed nest by the Masked Palm Civet Paguma lar-
vata (Fig. 3-left).

We also set up six artificial nests following the
similar architecture of the natural nests (refer to
Acharja 2019a for details) and baited them with 4-

6 dyed chicken eggs to capture other potential egg
predators within the WBH habitat (Fig. 3-right).

The artificial nests were placed on different live
tree species between 100-1,000 m from the natural
nest enclosure. All artificial nests were placed
with a camera trap (HCO Scoutguard 560C) on
the nearest branch from the nest enclosure. Every
one to two weeks, the artificial nests were revis-
ited to download the data, replace the camera bat-
teries and refill the baits.

From a total of 76 trapping nights generated from
six camera traps over four months, we recorded 7
different species of potential egg predators from
the artificial nests (Fig. 4). Grey Treepie Den-
drocitta formosae, Rattus sp., Assam Macaque
Macaca assamensis and Hoary-bellied Himalayan
Squirrel Callosciurus pygerythrus were the pre-
dominant predators of the artificial nests while
Common Green Magpie Cissa chinensis and
Black-crested Bulbul Rubigula flaviventris were
sighted twice, and Black Bulbul Hypsipetes leuco-
cephalus was sighted only once (Table 1).

Figure 3. Masked Palm Civet Paguma larvata from the failed nest of the White-bellied Heron Ardea insignis (left) and a
setup of the artificial nest (right).
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Figure 4. A suite of potential egg predators camera trapped in the artificial nests. From top to bottom right side: Black-
crested Bulbul Rubigula flaviventris, Grey Treepie Dendrocitta formosae and Common Green Magpie Cissa chinensis.
From top to bottom left side: Hoary-bellied Squirrel Callosciurus pygerythrus, Assam MacaqueMacaca assamensis and
Rattus sp.
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Table 1. Predator details of the artificial nests.

Discussion

Examination of eggshell remnants scattered
around the nesting tree and feces on the nest gave
us certain information on the identity of the egg
predator. However, it was only through the fast de-
ployment of the camera trap with baits on the
failed nest that enabled us to capture the most
highly likely egg predator. Moreover, civets are
also known to repeatedly visit their foraging sites
reinforced by the availability of food resources
such as the presence of many mature fruits (Zhou
et al. 2008). Although no evidence of the nesting
predation was recorded until this study, RSPN
(2009) speculated that predation by small mam-
mals posits a significant threat to WBH.

The Masked Palm Civet is a generalist feeder with
its diet consisting of birds, mammals, reptiles,
mollusks, fruits, etc. (Iwama et al. 2017) and
shows highly adaptable feeding habits based on
the availability of food resources over time and
space (Zhou et al. 2008). Therefore, it is possible
that nest predation by civets would pose a signifi-
cant challenge for the breeding success of WBH,
particularly when other food sources become
scarce or show more preference towards birds and
eggs in their diet niche. Landscape modification
and habitat loss, particularly forest fragmentation,
is also associated with increased predation rates
by the generalist predators due to the exposure of

concealed nests (Lahti 2001, Eggers et al. 2005).
With further loss and degradation of riparian habi-
tat of WBH, mounting anthropogenic pressures
such as construction of hydropower and roads, de-
forestation, sand and gravel mining, forest fires,
etc., it is likely that predation risk would become
more frequent.

While the Masked Palm Civet attempted twice to
predate the egg baits kept in the natural nest of the
WBH, it was not captured in any of the artificial
nests with the same type of bait and within a sim-
ilar landscape and habitat. Artificial nests have
their limitation to gauge actual predation dynam-
ics by rendering them more attractive than the nat-
ural nests for the predators (Bravo et al. 2020) or
vice versa. Using dyed chicken eggs might have
removed natural egg scent as cues for the potential
predators. Likewise, the lack of parental activity at
artificial nests could have prevented direct sight-
ing by the predators, causing a decrease in preda-
tion rates or, the lack of parent-mediated removal
of egg concealment might have the opposite effect
(Major and Kendal 1996, Moore and Robinson
2004).

The WBH parents alternately start incubating the
eggs as soon as the first egg is laid, without com-
pleting the clutch. This behavior further supports
the “nest failure hypothesis” which states that
birds with higher perceived risk of nest predation
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early in their nesting cycle favor asynchronous
hatching (Clark and Wilson 1981). Also, after
hatching we observed that WBH feeds their juve-
niles alternately in the nest while one of the par-
ents guards the nest consistently. One of the
dominant night roosting behaviors of the WBH is
resting with open eyes which is possibly related to
threat and predator surveillance (Khandu et al.
2020b).

We have also recorded a suite of potential preda-
tors belonging to at least seven genera using artifi-
cial nests. Since small birds were not much of a
direct threat to the WBH as one of the parents
guards the nest, it is likely that civets and primates
can pose a serious nesting failure. We observed
that the presence of a troop of Assam Macaques,
Golden Langurs (Trachypithecus geei) and Gray
Langurs (Semnopithecus entellus) closer to the
nest seemed to alert the parent WBH guarding or
incubating. They did not attack or drive the parent
WBH away. However, playing, and violent shak-
ing of nesting or neighboring trees by the
Macaques and Langurs could potentially cause
eggs to drop from the nest.

While the predator removal management ap-
proach is highly contentious, its use is a common
method to protect the vulnerable bird species and
reverse population decline; it is imperative to
ascertain its implications based on all available
evidence (Smith et al. 2010). A detailed study is
required to understand the nest predation ofWBH.
We found vegetative climbers profusely growing
on the nesting tree, which might have provided
easy access for the predator to reach up to the nest,
which was built on the tree canopy. Removing
climbers and shrubs within the periphery of the
nesting tree might deter predation attempts and in-
crease nesting success. Going by the mean (± SD)
diameter at breast height of the nesting trees (62.0
± 17.7 cm) (Acharja 2019a), it seems that using
nest guards can be effective with fewer resources.
The effectiveness of applying various nest guards

such as cone and stovepipe baffles has been tested
and found to increase the nest success rates by 7%
across multiple species (Bailey and Bonter 2017).
It has been suggested that the Common Raccoons
Procyon lotor are responsible for Grey Herons
Ardea cinerea abandoning their nests in Hok-
kaido, Japan based on claw marks left on the
nesting trees (Ikeda 1999, Matsunaga 2005).
Additionally, Matsunaga in 2018 observed a rac-
coon on the nesting tree, probably predating the
chicks of the Grey Herons. Consequently, guard-
ing the nest using metal sheets around the trunk of
the nesting trees has proved effective as the Grey
Herons continued breeding on the same site (Mat-
sunaga 2018). Similarly, the use of predator exclu-
sion called ‘Racoon guards’ were attributed for
increasing the nesting success and population of
the Great Blue Heron Ardea herodias (Hjertaas
1982, Duyke 2009).

Given our prior investigation of the nesting sites,
it is also feasible to erect solar electric fence
around the nesting tree to prevent the intrusion of
mammalian predators. Electric fencing is a proven
technique to prevent nesting predation by small
mammals such as coyotes and foxes on the shore-
birds (Forster 1975, Winton et al. 2000). Since
WBH uses the same nesting trees for multiple
breeding seasons, protecting the nesting tree with
the help of nest guards and electric fence before
the onset of its breeding season would help di-
rectly reduce disturbance to the birds and also
serve as a long-term investment for the recovery
of the WBH population. Empirically tested and
viable conservation approaches to nest predation
prevention and enhancing nesting success must
be explored (more information at Conservation
Evidence [www.conservationevidence.com]) and
cautiously implemented. Since this study is lim-
ited by sample size, extensive further study is re-
quired to understand the nest predation rates and
enlist the full complement of the nest predators
across the WBH habitats in Bhutan and other
range countries.
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