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Abstract

population ecology for threatened hornbills in the
Western Ghats.

As secondary cavity nesters, exhibiting strong
nest-site fidelity, hornbills may be limited by the
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availability of nesting sites and monitoring nest

monitoring, tree cavities

occupancy is important in understanding their
breeding populations. In this study, we aimed to

Introduction

assess the current status of nest occupancy of two
sympatric hornbill species (MGH: Malabar Grey

Among Asian avifauna, up to 40% of largebodied (body mass >2 kg) bird species are
threatened with extinction due to drivers
of global change particularly land use and
climate change (Tilman et al., 2017; CampoCelada et al., 2022). Ecological constraints
coupled with changing climatic conditions are
increasingly affecting the nesting phenology
in birds; for instance, about 30% of species
showed earlier nesting in the USA over the
last century (Bates et al., 2022). Long-lived
and large-bodied species such as hornbills
are even more vulnerable due to their lifehistory traits. They are slow-reproducing birds
with small clutch size (usually 1 – 4 eggs)
and breeding once per year or at longer
intervals (Poonswad et al., 2013), being mostly
dependent on larger forest tracts with suitable
nest trees and year-round fruit resources
(Kinnaird and O’Brien, 2007). Forest loss
(Sheth et al., 2020), habitat fragmentation

Hornbill Ocyceros griseus and GH: Great Hornbill
Buceros bicornis), in the southern Western Ghats.
We quantified nest tree characteristics, nesting
status and occupancy in 2018 and identified its
correlates for 116 GH and MGH nests first located
between 1991 and 2016. Nest tree characteristics
for GH and MGH were similar to earlier research
findings, except that smaller dimensions observed
of currently active GH nest trees suggests a loss of
very large trees in the study area. Overall nesting
status for GH was 57% (N= 50), and 61% for MGH
(N= 66). GH nest occupancy in 2018 was positively
related to the apparent age of the nest, negatively
to wood density, and positively to plantation
habitat. MGH nest occupancy was negatively
associated with apparent age of nest. Nest trees
were found to be in use even after 27 years (GH,
5 nests) and 25 years (MGH, 1 nest), indicating the
importance of individual nest trees for hornbills.
Nest occupancy monitoring provides baseline
information and enhances the understanding of
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(Suttidate, 2022), land use alteration (Pawar
et al., 2021), climate change (Datta, 2022;
Pattinson et al., 2022), and illegal trade
(Phassaraudomsak et al., 2019) threaten many
species of Asian hornbills whose populations
are in decline across their distribution ranges.
Asian hornbills are secondary cavity-nesting
birds that rely on naturally-formed tree
cavities or cavities excavated by primary
cavity-nesting birds. Availability of suitable
cavities for nesting is thought to be a major
limiting factor for large-bodied birds like
hornbills (Poonswad, 1995). Hence hornbills
are known to utilise remnant nest trees even
in sub-optimal habitat with lower density of
nest tree species (Datta, 1998; Datta and
Rawat, 2004). Wide variation in hornbill lifehistory traits such as body size (0.2 to 4 kg),
nesting duration (80 to 140 days), and habitat
associations is related to differences in nest
selection by sympatric species based on body
size, shape of cavity entrance, surrounding
habitat, and availability of fruit resources at the
nesting sites (Shukla et al., 2015; Utoyo et al.,
2017). As hornbills are also known to exhibit

nest-site fidelity, nest monitoring is therefore
an important aspect of hornbill population
ecology and conservation and a metric to
identify critical hornbill habitats.

Male Malabar Grey Hornbill, Western Ghats,

Male Great Hornbill, Western Ghats, India

India (Photo: Rohit Naniwadekar).

(Photo: TRS Raman).

In Asia, nest monitoring and augmenting
nesting success by protecting and restoring
existing nest cavities have become a critical
aspect of hornbill conservation (Poonswad
et al., 2005; Rane and Datta, 2015). In the
Western Ghats of India, previous research has
focused mainly on nest and nesting habitat
characterisation (Mudappa and Kannan,
1997; James and Kannan, 2009; Girikaran et
al., 2019), and breeding incidence in relation
to habitat (Pawar et al., 2021), but little is
known of patterns of nest reuse in successive
years (Mudappa, 2005; Bachan et al., 2011).
Given hornbill nest-tree fidelity, nests may
be active in succeeding years if tree cavities
remain suitable, or become inactive due to
overgrowth of nest cavity opening or change
in cavity dimensions due to growth of the
tree along with wood decomposition within
the cavity. Nests may even become defunct
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if the trees or branches break off or become
transformed to such an extent as to become
unusable (Mudappa, 2005). Tree growth and
wood decomposition rates may be related
to tree size or age and wood density, with
hardwoods tending to have slower growth
and decomposition than softwoods (Cornwell
et al., 2009; Zheng et al., 2016), which in turn
could influence nest cavity suitability and use
over time. Whether nests remain active after
a period may therefore depend on habitat or
tree attributes such as size or wood density.

landscape (Plantation) of the Valparai Plateau
(220 km², 10°15′ N to 10°22′ N, 76°52′ E
to 77°01′ E). Details of the study areas are
available in Mudappa and Raman, 2007; Pawar
et al., 2018; 2021. To document and monitor
the nesting status of hornbills, besides nests
located during the study, we visited nests
historically known from previous studies in the
same region (Mudappa and Kannan, 1997;
Mudappa, 2000; 2005; James and Kannan,
2009; Bachan et al., 2011; Pawar et al., 2018).
These nests were monitored during the hornbill
breeding season (Dec 2017 to May 2018).
Additionally, new nests found during the
surveys were documented and monitored.

In this study, we assessed the current nesting
status of sympatric hornbill species in a
protected area and adjoining plantation
landscape in the Anamalai Hills of the Western
Ghats, India. The objectives of our study
were: (a) quantification of the present nest
occupancy of Great Hornbill (Buceros bicornis,
GH) and Malabar Grey Hornbill (Ocyceros
griseus, MGH), (b) characterization of nest
trees and, (c) identification of correlates of the
nesting status of sympatric species in relation
to habitat and tree attributes. As the final
aspect was exploratory in nature, we present
our results along with potential explanations
and hypotheses to stimulate research on
these relatively unexplored aspects of hornbill
biology.

On locating a hornbill nest, the following
nest tree characteristics were recorded: tree
species, height of nest tree, height of nest
cavity from the ground, girth at breast height
(GBH; measured at 1.3 m from the base of the
tree, or above in the presence of buttress),
location (main trunk, primary branch, secondary
branch), and orientation (compass bearing
in degrees) of the cavity opening (Mudappa
and Kannan, 1997; Datta and Rawat, 2004;
James and Kannan, 2009). Tree and nest
height were measured using a Bushnell laser
rangefinder and GBH was measured using a
measuring tape. For each nest, we calculated
the apparent age of the nest as the number
of years since it has been known by local
people and/or researchers. Estimates of the
apparent nest age are likely to be accurate as
they were documented in earlier research and
were surveyed during this study accompanied
by the same field assistants as in the previous
studies. Nest trees were categorized into
emergent, top canopy, and mid-canopy trees
based on the canopy height. We also noted if
the nest tree was alive or dead. The hornbill
species occupying active nests were identified
based on direct observation at the nest, but

Methods
Hornbill nest search surveys and monitoring
were carried out in the Anamalai Hills between
January 2017 and May 2018. The following
protected areas (PA) sites were covered:
Anamalai Tiger Reserve (958 km², 10°12′ to
10°35′ N, 76°49′ to 77°24′ E), Parambikulam
Tiger Reserve and Vazhachal Reserved Forest
(842 km², 10°31′ N to 10°33′ N, 76°70′ E to
76°81′ E). We also surveyed the plantation
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for inactive and defunct nests, we relied on
information from earlier surveys on previously
known occupants and nest location corroborated
against earlier GPS location.

The statistical analyses were executed using
R software (R Core Team, 2021). We used
packages ‘Circular’ (Agostinelli and Lund,
2022, ‘effects’ (Fox and Weisberg, 2019) and
‘ggplot2’ (Wickham, 2016) for analyses and
visualisation of results.

Each nest was observed at least one to nine times
(average number of visits = 2) during nesting
seasons from 2016 to 2018. The status of each
nest was recorded following Mudappa, 2005:

Results
We revisited and monitored 116 hornbill
nests from the Anamalai Hills (101 of which
were known from the past surveys): 50 Great
Hornbill (GH) and 66 of Malabar Grey Hornbill
(MGH). Of these, 91 nests (78%) were located
and monitored in the PA, while 25 hornbill
nests (22%) were in Plantations.

a. Active: if the nesting was in progress (i.e.,
occupied), the nest entrance was sealed, and/
or the midden had fresh droppings
b. Inactive: if no nesting had commenced and
there was no sign of fresh defecation in the
midden
c. Defunct: when the tree and/or nest cavity itself
had become unusable. Unusable nests were
mainly identified by observing the complete
or partial closure or enlargement of the cavity
entrance, if the nest-cavity bearing branch or
the tree were found to have fallen.
d. Uncertain: uncertain about the nesting status
due to a lack of clear visibility of the nest or the
midden.

Nest characteristics
GH nests were observed on 23 tree species
and MGH nests on 24 tree species. The
smaller MGH nested in native trees (89.3%)
and also in non-native trees (10.6%) like silver
oak Grevillea robusta, African tulip Spathodea
campanulata, and Eucalyptus sp. The larger

We examined differences in nest
characteristics of GH and MGH using summary
statistics, t-tests, and chi-square tests.
Directionality in nest orientation for each
species was assessed using Rao’s spacing
test of uniformity, while differences between
species were assessed using Watson’s twosample test of homogeneity. For each hornbill
species, we used generalised linear models
(GLM), assuming binomial errors and logit link
functions, to examine if the probability that a
nest was active in the recent season (2017–18)
was related to the following independent
variables: age of nest (integer variable), mean
(± SE) GBH and nest height (continuous
variables), nest tree species and habitat
(categorical variable: PA and Plantation).

Fig. 1. Nest characteristics of Great Hornbill (GH)
and Malabar Grey Hornbill (MGH) nests in the
Anamalai Hills. GBH, nest height, and tree height
measurements are based on n = 45, 44, and 42 nests,
respectively, for GH and n = 59 nests for MGH.
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Fig. 2. Pattern of orientation of Great Hornbill and Malabar Grey Hornbill nests in the Anamalai Hills, India.

GH nested in native rainforest tree species,
except for a single nest found in a silver oak
tree in a coffee plantation.

0.05), while MGH nests showed a significant
departure from uniform distribution as more
nests were oriented towards the south-east
and north-west (U = 163.6, p < 0.05; Fig. 2).

As expected, GBH, tree height, and nest
height were significantly higher for the larger
GH than small MGH (Fig. 1, Welch two sample
t-tests, t > 4.36, df > 83, p < 0.05). The mean
(± SE) GBH and height of nest trees of GH
was 1.5 times and 1.3 times greater than that
of MGH nest trees (GBH: 4.11 ± 0.24 m, n
= 45 vs 2.78 ± 0.19 m, n = 59 and height:
34.5 ± 1.05 m, n = 44 vs 26.8 ± 0.8 m, n =
59), respectively. GH nest mean (± SE) height
averaged 1.4 times higher (20.26 ± 0.97, n =
42) than that of MGH (14.9 ± 0.76 m, n = 59).

Nesting status
In PA, 56.1% of GH nests were active, 22%
were inactive, 19.5% were defunct, while
the status of 2.4% nests was uncertain. In
plantations, 55.6%, 33.3% and 11.1% of
GH nests were active, inactive, and defunct,
respectively (Fig. 3, Table 1). Out of 50 GH nests
monitored, 5 of the 6 nests located in 1991 by
previous researchers were active even in 2018
and 8 of 15 nests located between 1991 and
2000 were active in 2018. In PA, 54% of MGH
nests were active, 34% were inactive, and 12%
were defunct. In plantations, the proportion of
active, inactive, and defunct MGH nests was
62.5%, 6.3%, and 6.3%, respectively. Nesting
status of 25% of MGH nests in plantations
was unknown as we could not check the nest
occupancy during the study (Fig. 3, Table 1).
The oldest MGH nest active in 2018 was first
identified 25 years ago in 1993 (10 of 27 nests

For GH, 73.8% of the nest cavities were
located on the main trunk and the remainder
(26.2%) on primary branches. For MGH,
69.5% of the nest cavities were located on
the main trunk, 23.7% on primary branches,
and 0.1% on secondary branches. Orientation
of GH nests did not depart significantly
from a uniform distribution (U = 139.4, p >
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Table 1. Summary of nesting status of monitored hornbill nests during 2017 – 2018 in the Anamalai Hills,
Western Ghats. (GH- Great Hornbill; MGH- Malabar Grey Hornbill)

Status

Anamalai
Tiger Reserve

Parambikulam
Tiger Reserve

Vazhachal
Reserved Forest

Valparai Plateau
(Plantation)

GH

MGH

GH

MGH

GH

MGH

GH

MGH

Active (%)

62.5

59.3

70

37.5

47.8

71.4

55.6

62.5

Inactive (%)

25

40.7

20

25

21.8

28.6

33.3

6.25

Defunct (%) 12.5

-

10

37.5

26.1

-

11.1

6.25

Uncertain
(%)

-

-

-

-

4.34

-

-

25

8

27

10

16

23

7

9

16

N

Fig. 3. Status of Great Hornbill (GH) and Malabar Grey Hornbill (MGH) nests in the Anamalai Hills. Numbers
indicate count of nests. ATR – Anamalai Tiger Reserve; PTR – Parambikulam Tiger Reserve; VRF – Vazhachal
Reserved Forest; VLP – Valparai Plateau

located during 1993 – 2000 were active in 2018).
GLM analyses indicated different influences
on nesting status for the two hornbill species
(Table 2). The probability of an active GH nest
was positively related to the apparent age of

the nest, negatively related to wood density of
the nest trees, and positively associated with
Plantation habitat (Table 2, Fig. 4). In contrast,
MGH nesting status was negatively related to the
apparent age of the nest (Table 2, Fig. 5).
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Table 2. Correlates of hornbill nest occupancy—summary results of the best generalized linear models (GLM)
and model parameter estimates (± SE).

Details

Great Hornbill

Malabar Grey Hornbill

Best selected model

~ age of nest + wood density + habitat

~ age of nest

Intercept

4.29* (1.72)

1.75** (0.54)

Age of nest

0.128+ (0.07)

-0.097** (0.03)

Wood density

-9.94** (3.5)

-

Habitat (Plantation)

2.79* (1.31)

-

AIC

57.31

75.43

R2

0.22

0.15

***P < 0.001; **P < 0.01; *P < 0.05, +P < 0.10

Fig. 4. Great Hornbill nesting status in relation to apparent age of nest, wood density of nest tree species
and habitat (PA – protected area, plantation) where the nest is located. Effects are shown as lines with 95%
confidence interval bands (shaded) or mean parameter estimates and error bars based on GLM.

Discussion
The present study was the most
comprehensive hornbill nest monitoring effort
in India, covering 116 hornbill nests in a single
breeding season. As most of these nests
were first recorded between 1991 and 2008,
the evidence that a large proportion of nests
were still used during 2018, and individual
nests were still in use after 27 years (GH) or
25 years (MGH), highlights the importance of

Fig. 5. Malabar Grey Hornbill nesting status in relation
to apparent age of nest. Effects are shown as lines
with 95% confidence interval bands (shaded) or mean
parameter estimates and error bars based on GLM.
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individual/particular nest trees for hornbills.
Clear differences were documented between
MGH and GH*, with the latter using larger
trees for nesting as expected based on body
size differences and earlier research (Mudappa
and Kannan, 1997; James and Kannan, 2009).
Active nests were found in both protected
areas (79% of nests) and plantations (21%),
indicating use of human-modified habitats by
breeding hornbills. Tree and habitat correlates
of reuse of old nests were documented for
both species for the first time.

Karimala areas within the Anamalai hills, we
selected nests that were active during either
2016 – 17 and/or 2017 – 18 from the same
areas for comparison. For GH, in comparison
to James and Kannan (2009, n = 24 nests),
all parameters were on average smaller in
the present study (n = 14 nests), including
diameter at breast height of nest tree (1.05
m vs 1.33 m earlier), nest tree height (31.07
m vs 43.75 m), and nest height (18.9 m vs
22.0 m; range 11 – 25 m in the present study
vs 11.2 – 40 m earlier). With the exception of
a single Palaquium ellipticum nest tree of 45
m height, all other nest trees measured from
this area in the present study were shorter than
the average height (43.75 m) reported earlier
(James and Kannan, 2009). This suggests that
large nest trees of GH are disproportionately
fewer in recent years. Although no data are
available on tree mortality from the study area,
this may mirror patterns of decline of large
trees, especially those with cavities, in other
parts of the world (Lindenmayer et al., 2012;
Lindenmayer and Laurance, 2017). For MGH, in
comparison with Mudappa and Kannan (1997,
n = 27 nests), parameters were similar in the
present study (n = 24 nests), including diameter
at breast height of nest tree (0.85 m vs 0.75
m earlier), nest tree height (25.6 m vs 27.7 m),
and nest height (13.8 m vs 16.5 m). The lack of
similar differences in the case of MGH suggests
that the differences observed for GH are
unlikely to be due to observer effects.

Studies on other Asian hornbills have found
the preponderant use of particular tree
species for nesting, such as Dipterocarpus
in Thailand (>40% of nests) and Tetrameles
nudiflora in Arunachal Pradesh (>80%) and
Narcondam island (>30%) (Datta and Rawat,
2004; Naniwadekar et al., 2020). In the
Anamalai Hills, GH and MGH did not indicate
preponderant use of particular tree species
for nesting, with each species using about
two dozen tree species. An important finding
of this study is that 20% of nest trees were
located in plantations, including in a few large
non-native trees retained as shade trees, and
most nests were active even a decade after
they were first recorded. Although the overall
proportion of active nests is comparable in the
PA and plantations, the latter habitat has fewer
hornbills, lower breeding incidence (Pawar et
al., 2021) and fewer nests, likely due to lower
tree density and fewer large trees available in
the tea and coffee plantations.

Earlier research on nest orientation of GH
indicated that 8 of 24 nests were oriented
in the east-south-easterly direction (James
and Kannan, 2009), but our results suggest
no specific directionality (Fig. 2). In contrast,
nest orientation departed significantly from
a uniform distribution for MGH, with more
nests with north-west, south and southeast,

The nest tree dimensions recorded in this
study were smaller than those reported earlier
in the case of GH, but not for MGH. As the
earlier studies (Mudappa and Kannan, 1997;
James and Kannan, 2009) had measured
nests in the Top Slip, Karian Shola, and
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and southwest directions. Earlier research on
MGH had recorded about 41% nests oriented
towards the northeast and 22% each towards
the southwest and southeast (Mudappa and
Kannan, 1997), which roughly accords with our
findings except that more nests were found
oriented towards the northwest rather than
the northeast in the present study. The causes
for directionality and this variation from earlier
research remains unknown and may depend
on the pattern of branch breakage and cavity
formation in relation to direction of prevailing
winds and monsoon storms.

hardwood trees may make it difficult for GH
to physically modify or occupy the nest. The
positive relationship with plantation habitat
may be related to the fact that nest trees are
scarce in plantations and whatever remnant
trees remain tend to be occupied and re-used.
In contrast, MGH nesting status was only
negatively related to the apparent age of the
nest, suggesting that growth of MGH nest trees
over the years may increase their size and cavity
dimensions to an extent where they become
unsuitable for occupation by this smallerbodied species. As smaller trees usually grow
at faster rates (Bec et al., 2015), they may show
higher rate of deformation of cavities, which
may lead to partial or complete closure of the
cavity opening, rendering them unsuitable for
hornbills.

The only long-term nest occupancy
monitoring data from the Western Ghats is
of Malabar Grey Hornbill between 1993 and
2000 (Mudappa, 2005), which found a decline
in the proportion of active nests over the study
period. These were presumably replaced
by new nests over the years, although no
data are available on either availability or
formation rates of suitable nest cavities in the
study area as such, this is an area for future
research. The proportion of nests that became
unsuitable due to deformities remained low,
similar to observations from the present study.
Aspects that influenced whether a nest tree
discovered in earlier years remained in use
in 2018 differed between GH and MGH. In
the case of GH, the probability that a nest
was still active was positively related to the
apparent age of the nest, negatively related
to wood density of the nest trees, and
positively associated with plantation habitat.
As GH mainly nested in large, slow-growing
trees, the apparent age of the nest signified
years of additional growth during which the
nest cavity might have remained conducive
to occupation by GH. We speculate that
the negative relationship with wood density
may be related to the fact that change in
dimensions of the cavity or nest opening in

Long-term hornbill population monitoring
and periodic nest monitoring would yield
important information on nest tree dynamics,
nesting status, and breeding of hornbills,
which are critical in assessing impacts of
rapid environmental changes on hornbill
populations and predicting future trends.
Climatic change such as a rise in the
temperature has been reported to lead to
dramatic declines in the nesting success in
the Southern Yellow-billed Hornbills (Tockus
leucomelas) in African desert landscapes
(Pattinson et al., 2022). In the north-eastern
parts of India, fluctuation in hornbill nesting
over years may be related to untimely rainfall,
rises in temperature, and shifts in peak fruit
availability (Datta, 2022). Studies of the
relationship between climatic variables and
nesting of hornbills across multiple sites will
help in teasing apart the causal processes and
mechanisms. Such research is also useful to
identify future conservation strategies, including
restoration of unused nest cavities in the
Western Ghats.

25

IUCN HSG

Hornbill Nat. Hist. & Conserv.

Acknowledgements

and body condition of frugivorous birds. Oikos,
e08387.

For research permits, we thank the Tamil Nadu

Cornwell WK, Cornelissen JHC, et al. 2009. Plant traits

Forest Department (Permit 74/2016) and the Kerala

and wood fates across the globe: rotted, burned, or

Forest Department (WL10-46394/2017). We are

consumed? Global Change Biology 15: 2431–2449.

grateful to the forest staff including V. Ganesan,

Datta A. 1998. Hornbill abundance in unlogged forest,

Krishnasamy, Muniyandi, N. Rajesh, Veena Devi,

selectively logged forest and a forest plantation in

and S. Ganesan. We gratefully acknowledge

Arunachal Pradesh, India. Oryx 32: 285–294.

the funding support from Rufford Foundation,

Datta A. 2022. Are hornbills in danger due to extreme

UK, Science and Engineering Research Board

weather conditions? Frontline, 20 June.

(SERB, India, EMR/2016/007968), Rohini Nilekani

Datta A and Rawat GS. 2004. Nest-site selection

Philanthropies, and Arvind Datar. We thank Tata

and nesting success of three hornbill species in

Coffee Limited, Parry Agro Industries Limited, and

Arunachal Pradesh, north-east India: Great Hornbill

Tea Estates India Ltd for their cooperation. We thank

Buceros bicornis, Wreathed Hornbill Aceros

Dr Ragupathy Kannan and K. H. Amitha Bachan

undulatus and Oriental Pied Hornbill Anthracoceros

for useful discussions and sharing information

albirostris. Bird Conservation International 14: S39–

during the project. We are indebted to the field

S52.

assistants, especially Ganesan, Manikaraj, Sathish,

Fox J and Weisberg S. 2019. An R Companion to

and Sundarraj for their help with logistics and

Applied Regression, 3rd Edition. Thousand Oaks,

fieldwork. We thank the editor and two reviewers for

California.

helpful comments that improved the manuscript.

Girikaran P, Samson A, et al. 2019. Nesting tree
preference of Malabar Pied Hornbill (Anthracoceros
coronatus) in Pillur valley, Western Ghats, Southern

References

India. Nature Conservation Research 4: 45–53.
James DA and Kannan R. 2009. Nesting Habitat

Agostinelli C. and Lund U. 2022. R package ‘circular’:

of the Great Hornbill (Buceros bicornis) in the

Circular Statistics (version 0.4–95).

Anaimalai Hills of Southern India. Wilson Journal of

Bachan A, Kannan R, et al. 2011. Participatory

Ornithology 121: 485–492.

conservation and monitoring of Great Hornbills

Kinnaird MF and O’Brien TG. 2007. The ecology and

and Malabar Pied Hornbills with the involvement

conservation of Asian hornbills: Farmers of the

of endemic kadar tribe in the Anamalai hills of

forest. University of Chicago Press.

southern Western Ghats, India. Raffles Bulletin of

Lindenmayer DB, Blanchard W, et al. 2012. Interacting

Zoology 24: 37–43.

Factors Driving a Major Loss of Large Trees with

Bates JM, Fidino M, et al. 2022. Climate change affects

Cavities in a Forest Ecosystem. PLOS ONE 7:

bird nesting phenology: Comparing contemporary

e41864.

field and historical museum nesting records. Journal

Lindenmayer DB and Laurance WF. 2017. The ecology,

of Animal Ecology. DOI: 10.1111/1365-2656.13683

distribution, conservation and management of large

Bec JL, Courbaud B, et al. 2015. Characterizing

old trees. Biological Reviews 92: 1434–1458.

Tropical Tree Species Growth Strategies: Learning

Mudappa D. 2000. Breeding biology of the Malabar

from Inter-Individual Variability and Scale Invariance.

Grey Hornbill Ocyceros griseus in southern Western

PLOS ONE 10: e0117028.

Ghats, India. Journal of the Bombay Natural History

Campo-Celada M, Jordano P, et al. 2022. Assessing

Society 97: 15–24.

short and long-term variations in diversity, timing

Mudappa D. 2005. Eight years monitoring of Malabar

26

IUCN HSG

Grey Hornbill Ocyceros griseus nest cavity use and

Publishing and Hornbill Research Foundation,

dynamics in the Anamalai rainforest, India. In: The

Singapore and Bangkok.

ecology of hornbills: reproduction and population

Poonswad P, Sukkasem C, et al. 2005. Comparison of

(eds. Lum, S. and Poonswad, P.). Pimdee Karnpim

cavity modification and community involvement

Co. Ltd, Bangkok, pp. 3–10.

as strategies for hornbill conservation in Thailand.

Mudappa D and Raman TRS. 2007. Rainforest

Biological Conservation 122: 385–393.

restoration and wildlife conservation on

R Core Team. 2021. R: A language and environment

private lands in the Western Ghats. In: Making

for statistical computing. R Foundation for

Conservation Work (eds. Shahabuddin, G. and

Statistical Computing, Vienna, Austria.

Rangarajan, M). Permanent Black, Ranikhet, pp.

https://www.R-project.org/.

210–240.

Rane A and Datta A. 2015. Protecting a hornbill haven:

Mudappa DC and Kannan R. 1997. Nest-Site

a community-based conservation initiative in

Characteristics and Nesting Success of the Malabar

Arunachal Pradesh, northeast India. Malay Nature

Gray Hornbill in the Southern Western Ghats, India.

Journal 67: 203–218.

Wilson Bulletin 109: 102–111.

Sheth C, Datta A and Parashuram D. 2020. Persistent

Naniwadekar R, Ghuman S, et al. 2020. Characteristics

loss of biologically-rich tropical forests in the Indian

of Narcondam Hornbill Rhyticeros narcondami nest

Eastern Himalaya. Silva Fennica 54: 3. https://doi.

trees. Hornbill Natural History and Conservation 1:

org/10.14214/sf.10373
Shukla U, Prasad S, et al. 2015. Nest site

1–9.

characterization of sympatric hornbills in a tropical

Pattinson NB, van de Ven TMFN, et al. 2022. Collapse

dry forest. Current Science 108: 1725–1730.

of Breeding Success in Desert-Dwelling Hornbills

Suttidate N. 2022. Evaluating the utility of protected

Evident Within a Single Decade. Frontiers in

area status and conservation legislation in tropical

Ecology and Evolution 10: 1–13.

forest conservation using satellite data: A case

Phassaraudomsak M, Krishnasamy K and Chng SCL.
2019. Trading Faces: Online trade of Helmeted and

study of the great hornbill in Thailand. Journal

other hornbill species on Facebook in Thailand.

of Tropical Ecology 38(3): 127–133. doi:10.1017/

TRAFFIC, Southeast Asia Regional Office, Petaling

S0266467421000560

Jaya, Malaysia.

Tilman D, Clark M, et al. 2017. Future threats to

Pawar PY, Mudappa D and Raman TRS. 2021. Hornbill

biodiversity and pathways to their prevention.
Nature 546: 73–81.

abundance and breeding incidence in relation to

Utoyo L, Marthy W, et al. 2017. Nesting cycle and

habitat modification and fig fruit availability. Ibis

nest tree characteristics of the Helmeted Hornbill

163: 473–485.

Rhinoplax vigil, compared to the Wreathed

Pawar PY, Naniwadekar R, et al. 2018. Breeding
Biology of Great Hornbill Buceros bicornis in

Hornbill Rhyticeros undulatus, in Sumatran lowland

Tropical Rainforest and Human-Modified Plantation

rainforest. Kukila 20: 12–22.
Wickham H. 2016. ggplot2: Elegant Graphics for Data

Landscape in Western Ghats, India. Ornithological

Analysis. Springer-Verlag, New York.

Science 17: 205–216.

Zheng Z, Zhang S, et al. 2016. Hollows in living trees

Poonswad P. 1995. Nest site characteristics of four
sympatric species of hornbills in Khao Yai National

develop slowly but considerably influence the

Park, Thailand. Ibis 137: 183–191.

estimate of forest biomass. Functional Ecology 30:

Poonswad P, Kemp A and Strange M. 2013. Hornbills

830–838.

of the world: A photographic guide. Draco
*Erratum: “GH and MGH” was corrected to “MGH
and GH” on page 24 on 09 Aug 2022
27

