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Abstract

Agriculture-dominated landscapes in proximity of forest areas serve as important biodiversity habitats when contiguous protected habitats are
fragmented. With the high rate of forest fragmentation, the role of the matrix of land use types, in sustaining biodiversity, is increasing. Many studies
have shown that significant biodiversity persist outside PAs. Primarily PAs by themselves are inadequate to protect the full extent of local biodiversity.
Due to the absence of formal protection, the conservation potential of these habitats is overlooked and, as such, its biodiversity remains undocumented.
Given its fewer PAs, the northern Western Ghats has received little attention as compared to the central and southern Western Ghats. There is a dearth
of baseline information from there on occurrences and abundances of threatened taxa. In this study we report the density and abundances of hornbills
(Bucerotidae) in the matrix of unprotected landscape of the Tillari River Basin (Maharashtra, India). Our results show that Tillari is a home to all four
hornbills of the Western Ghats. The Western Ghats endemic—the Malabar Grey Hornbill Ocyceros griseus—and the Malabar Pied Hornbill Anthracoceros
coronatus (endemic to the Indian Subcontinent), are commonly encountered here. Population density estimates from this study are comparable with
those from the adjoining protected areas in the northern Western Ghats. We report mean (+ se) densities of 4.4 (+ 1.6) individuals/km? and 6.8 (+ 1.6)
individuals/ km? for these two hornbills, respectively. The results indicate that the Tillari catchment area is a stronghold of two endemic species of
hornbills of the Indian Subcontinent. The recognition of such sites for prioritizing conservation is crucial for the persistence of threatened and endemic

biodiversity in this mosaic of anthropogenic and natural habitats.

Introduction

The expansion of conservation strategies beyond protected areas
(hereinafter, PAs) is becoming crucial given the patchiness and
limited extent of the Pas, as compared to the distribution of
threatened species and their habitats (Rodrigues et al. 2004).
Globally, agriculture, and countryside land-uses are gaining

importance as biodiversity habitats (Daily et al. 2001; Balmford
et al. 2005), especially in Asian countries where wildlife largely
overlaps human-dominated areas (Ranganathan et al. 2008;
Athreya et al. 2013; Karanth et al. 2016). But the lack of baseline
information on biodiversity of these semi-natural areas, plus
a lack of understanding of the role of non PAs in fostering

functional  connectivity  with

Fig. 1. Study area map indicating survey area
(in yellow) and adjoining protected areas in the [ Dodamarg Taluk
northern Western Ghats, India.
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PAs, hinders the formulation of
effective conservation strategies.
It demands the identification of
the zones of interaction between
PAs and human-dominated
landscapes at the regional scale
(DefFries et al. 2010).

In the Western Ghats, 70%
of the conservation priority
sites are outside PAs. They
are indispensable since they
harbour  threatened  plants,
endemic species of vertebrates,
and unique ecosystems (Das et
al. 2006). Most of these areas
include hill slopes and lowland
areas that harbour significant
biodiversity. A high rate of habitat
loss, encroachments, mining, and
poaching are the direct threats
to these ecologically sensitive,
yet unprotected areas (Gadgil
et al. 2011). As a result, the
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distribution and population status of threatened and endemic
species in the Western Ghats remains undocumented. This study
focuses on one such non-protected and irreplaceable wildlife
corridor, Tillari (Punjabi & Rao 2017), in the northern Western
Ghats (Fig. 1). The Tillari landscape (325 km?) is critical as it
serves as a corridor between the Radhanagari Wildlife Sanctuary
(351.2 km2, Maharashtra), the Mhadei Wildlife Sanctuary (208.5
kmz2, Goa), and the Kali Tiger Reserve (1,300 km2, Karnataka)
(Punjabi & Rao 2017). Part of the Tillari landscape was notified
as a Conservation Reserve in June 2020. The Tillari corridor
consists of reserved forests on slopes (600—1,050 m) whereas
the foothills and lowland areas comprise privately owned forests,
commercial plantations such as cashew Anacardium occidentale,
rubber Hevea brasiliensis, mango Mangifera indica, coconut
Cocos nucifera, banana Musa sp., paddy-dominated Oryza sativa
agriculture, and human habitation. The presence of primeval
evergreen forest patches, such as Myristica swamps, has been
reported in Tillari (Sreedharan & Indulkar 2018).

The aim of the study was to assess the population status of
hornbills (Bucerotidae), a globally threatened group of frugivores
that play a crucial role in seed dispersal in tropical forests. The
Western Ghats is a biodiversity hotspot, and is home to four
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202. Female Malabar Pied Hornbill foraging on Ficus benjamina fruits near Tillari Dam,
Maharashtra, 28 January 2019.

203. Malabar Grey Hornbill pair, female (L), and male (R), in Maneri Village, Dodamarg,
Maharashtra, 27 February 2019.
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hombill species: Great Hornbill Buceros bicornis, Malabar Pied
Hornbill Anthracoceros coronatus, Indian Grey Hornbill Ocyceros
birostris, and Malabar Grey Hornbill O. griseus. In the Western
Ghats, the Malabar Pied Hombill [202] (hereinafter, MPH;
geographic distribution range: India and Sri Lanka), and the
Malabar Grey Hombill [203] (hereinafter, MGH; endemic to the
Western Ghats) are distributed in evergreen and moist deciduous
forest types (Mudappa & Raman 2009).

Methods

Line-transect surveys were carried out in the Tillari catchment
area (15.69°N-15.84°N, 73.97°E-74.28°E; 182 km?) from
January 2019 to March 2019. Thirty-five trails of varying lengths
(0.5-4.1 km) were walked during 0600—0900 h, and 1600—
1800 h. Each trail was surveyed at least four times on an
average (range: one to six replicates per trail). The trails were
selected to represent different habitat types, hence, we could
not get abundance information for each habitat specifically.
Instead, we aimed at estimating overall abundances. The survey
covered 68.3 km, encompassed ten villages, and covered
diverse land-use types in the mosaic of agriculture, plantations,
and woodlands.

We used hornbill detections on line transect surveys to
estimate population densities in the Tillari catchment, using
distance sampling tools in the DISTANCE program (Ver. 7.1).
We detected hornbills by direct sighting or by their calls. For
each hornbill detection, we noted the species, number of
individuals (cluster size), distance of sighting, and sighting
angle. The sighting distance was measured using a Bushnell
Laser Rangefinder for direct sightings, and estimated aurally for
calls. In the case of a flock, or cluster, we measured the distance
to the centre of the flock. For birds in flight, we used the tree or
canopy closest to the flying bird as a reference mark to measure
the bird’s distance from the observer. Sighting angle was
measured using a compass in relation to the trail. All detections
were categorised into perpendicular distance classes in meters:
0-20, 20-30, 30-40, 40-60, 60-80, 80-100, 100-120,
120-150, 150-200, and 200-300 m. Only detections within
200 m (truncation distance) were used for estimating hornbill
densities. Each detection point represented an individual or a
flock of hornbills foraging or moving together. For each species,
we estimated the average cluster size and individual bird density.
We ran candidate models for half-normal, uniform, and hazard-
rate to estimate detection probability with cosine adjustment
terms. Standard model selection procedures were followed
to select the best fit models to estimate hornbill density. The
candidate model with the least Akaike's Information Criterion
(AIC) value was chosen for density estimates (Thomas et al.
2010).

Results
Direct sightings of all four hornbill species, comprising 115
clusters (151 individuals), were detected during the survey.

Malabar Pied Hornbill density

We detected 37 clusters (62 Individuals) of MPH. After truncation
at 200 m, 36 clusters were used for density estimation. The
average cluster size (£ se) was estimated to be 1.8 (£ 0.15)
birds. Overall, the MPH density (£ se) was 4.4 (£ 1.6) individuals
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Western Ghats during Jan-Mar 2019
Details

Number of villages surveyed

Number of transects

Total effort (km)

Model

Adjustment term

Number of clusters detected

Average cluster size (SE)

Detection probability (SE)

Effective strip width (SE) (m)

Encounter rate (per km)

Individual density estimate (SE) per km?
% CV

95 9% Cl

Cluster density estimate (SE) per km?

Table 1. Summary of the sampling effort and the estimated population parameters for hornbills in the Tillari landscape in the northern

Malabar Pied Hornbill Malabar Grey Hornbill
10

35

68.31

Half-normal

cosine

36 59

1.8 (0.15) 1.3 (0.06)
0.52 (0.07) 043 (0.04)
104.8 (14.3) 85.4 (8.4)
0.53 0.86

4.4 (1.6) 6.8 (1.6)
363 235

2.2-9 43-10.8
2.5 (0.9) 5.1 (1.2)

per km?2. The estimated cluster density (£ se) was 2.5 (+ 0.9)
flocks per km? (Table 1).

Malabar Grey Hornbill density

We detected 60 clusters (81 individuals) of MGH. After
truncation at 200 m, 59 clusters were used for further analysis.
The average cluster size (£ se) was 1.3 (+ 0.06) birds per flock.
The estimated MGH density (+ se) was 7 (£ 1.6) individuals
per km?. Cluster density (£ se) for MGH was 5 (£ 1.2) flocks
per km? (Table 1).

We detected four clusters of the Great Hornbill (five
individuals), and two of the Indian Grey Hornbill (three
individuals). Due to the small numbers, a density estimation
analysis was not conducted for either.

Discussion

The population density estimates of MPH and MGH from this
study can be compared with earlier studies from the Western
Ghats. The neighbouring protected area complex (Amboli-Goa-
Dandeli), identified as a hornbill hotspot by Mudappa & Raman
(2009), had MPH densities of two individuals per km? (4.4 £
1.6 individuals per km? in Tillari region). Our findings of MPH
occurring in large numbers outside PAs, not only supports those
of Mudappa & Raman (2009), but also provides robust estimates
of their densities in such areas. This study clearly exhibits the Tillari
region’s potential to support large avian frugivores like MPH. In
Dandeli, which is still one of the strongholds for MPH, Vijaykumar
& Davidar (2011) reported declining encounter rates from 8.5
birds per km (during 1983—1984) to 4 birds/km in Dandeli (in
2007) in about two decades. Encounter rates of MPH in our
study are much lower (0.53 individual per km). The structural
differences in the vegetation between Dandeli and Tillari regions
might be a plausible explanation for such a stark difference in the
encounter rates. However, we did not test the habitat correlates
in the present study. Proximity to roosting sites, fruit availability,
and season of sampling (breeding versus non-breeding) could
also influence the encounter rates. If the Tillari region has been
recently colonised by MPH, due to a spill-over effect from the
Dandeli region, then one can assume the Tillari population size
to be smaller than that of in Dandeli, however it needs further

investigation.

Estimates of MGH densities (6.8 £ 1.6 individuals/ km?) from
this study match with the earlier estimates from the protected
area network in the northern Western Ghats, which ranged
between 6 and 14 individuals per km? (Mudappa & Raman
2009). Thus, the present study provides baseline information on
MPH and MGH populations in the agriculture-dominated land
use matrix of this part of the northern Western Ghats. Our density
estimates of both homnbill species are comparable with that from
the protected areas of Amboli-Goa-Dandeli horbill hotspot
(Mudappa & Raman 2009).

Increasing research shows the conservation potential of
areas adjoining PAs and human-modified habitats for homnbills
(Rane & Datta 2015; Pawar et al 2018). Even though the hornbill
populations are either smaller, or similar to those in the PAs, these
evidences, including the present study, are critical in advocating
conservation of large-bodied avian frugivores outside Pas, along
with those within PAs. In the Western Ghats, only 30% of the
critical wildlife habitats fall under the umbrella of PAs (Das et al.
2006) and, hence, conservation efforts should extend to non-
PAs. This study helps to strengthen our understanding of hornbill
distribution ranges in the larger picture of the Western Ghats,
especially from the foothills and lowlands.

Hornbills are a flagship species of tropical ecosystems. As
seed dispersers they perform a crucial service that has earned
them the name of farmers of forests' In the Asian tropics, they
are key dispersers of large-seeded plants such as members of
Myristicaceae, Lauraceae (Kannan & James 1999; Kitamura
& Poonswad 2013; Naniwadekar et al. 2019). Like large
mammals, hornbills reflect the health of forests. In the northern
Western Ghats, hornbills overlap greatly with human-dominated
areas. Integrating multiple approaches, such as traditionally
preserved sacred groves (Bhagwat et al. 2008), restoration of
habitats (Balasubramanian et al. 2011), or community-involved
conservation interventions (Amitha Bachan et al. 2011; Rane
& Datta 2015) can ensure safeguarding biodiversity, and the
ecological functions that hornbills provide in the agriculture
dominated landscapes (Banks-Leite et al. 2014). Not enough
efforts have been put into hornbill-centric conservation in
the northern Western Ghats. The protection of nesting and
roosting sites, and community-based approaches for alternative



livelihoods have been tried in some areas (Blicharska et al.
2013). The traditional ways of conservation of biodiversity,
such as sacred groves, is a common practice in the Konkan
region. Hence, engaging with the local administration and
with communities would prove beneficial i ensuring the long-
term presence of hornbills in the region. To prioritize hornbill
conservation in the region, a Hornbill Conservation Reserve was
declared in 2011, in the Uttara Kannara District of Karnataka. In
2020-2021, the foothills and lowland forests of the northern
Western Ghats, including parts of the Tillari region, have been
notified as Conservation Reserves to augment the conservation
of the Sahyadri-Konkan corridor. Systematic surveys of this semi-
natural matrix across the foothills and lowland forests of the
Konkan region would generate crucial information on the status
of hornbills, and inform future conservation actions.
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