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Abstract

Introduction

Hornbills (Family: Bucerotidae) are one of the icon-

Hornbills are classified under the Order Bucerotiformes and Family Bucerotidae. They belong
to a group of bird species that are characterized
by their distinctive long, large down-curved and
pointed beak, commonly called the “bill”. Some
possess a casque located on the upper mandible of the bill, which is coated with a thin keratin
sheath known as rhamphotheca. The function of
the casque is debated (Kemp, 1969; Alexander
et al., 1994), and there may be more than one,
including: in aerial jousting contests (Kinnaird
et al., 2003); to provide acoustic resonance and
enhance the distinctive call of some species (Alexander et al., 1994); and to reinforce the upper
mandible, enhancing the maximum force at the
tip of the bill (Naish, 2015). There are 62 species
of hornbills in the Old World, occurring across
tropical Africa, Asia, Australasia (Poonswad et
al., 2013).

ic animal groups in Borneo, forest-dependent and
playing a significant role in the tropical rainforest
ecosystem. Here, we aim to explore the hornbill
species present in the rainforests of Tawau Hills Park
(THP), Sabah. We performed two months of field
survey using existing trails as survey transects. Detected hornbills were identified and recorded. We
recorded all eight Bornean hornbill species. THP
together with the adjoining Ulu Kalumpang Forest
Reserve to the north provide nearly 800 square kilometers of forest habitat, representing an important hornbill conservation area. Of the eight species, three are classified as Critically Endangered
or Endangered in the IUCN Red List. We sighted
White-crowned Hornbills Aceros comatus and Black
Hornbills Anthracoceros malayanus frequently flying
into the oil palm plantation to the south to feed on
oil palm fruits. Finally, we note the need to identify
and restore wildlife corridors in the plantation-forest

Borneo, the third-largest island in the world,
is home to eight species of hornbills: Whitecrowned Hornbill (Berenicornis comatus), Wrinkled Hornbill (Rhabdotorrhinus corrugatus),
Bushy-crested Hornbill (Anorrhinus galeritus),
Oriental Pied Hornbill (Anthracoceros albirostris), Black Hornbill, Rhinoceros Hornbill

landscapes of Borneo.

Keywords: Bucerotidae, dipterocarp forest, seed
disperser, Borneo
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Methods

(Buceros rhinoceros), Helmeted Hornbill (Rhinoplax
vigil), and Wreathed Hornbill (Rhyticeros undulatus) (Bennett et al., 1997; Phillipps and Phillipps,
2016; Yeap and Perumal, 2017). Recent research
on hornbills includes their taxonomy (Fitriana et al.,
2020), natural history and ecology (Kitamura, 2011;
Rahayuningsih et al., 2017), distribution (MohdAzlan et al., 2016), traditional ecological knowledge (Franco and Minggu, 2019), as well as their
responses towards human disturbance and conservation effort (Beastall et al., 2016; Yeap et al., 2016;
Budiman et al., 2017). Hornbills are important not
only to the tropical forest ecosystem as seed dispersers, but may also contribute significant benefits to socio-economy (Franco and Minggu, 2019).
Here, we aim to identify the hornbill species present at Tawau Hills Park, Sabah, a Protected Area
little-known outside Malaysia.

Study Site
Tawau Hills Park (4°22’33 N, 117°59’02 E) is a Protected Area of mainly old-growth tropical rainforest legislated before the concept of biological
diversity conservation was prominent in Sabah,
in 1979, to protect catchments for the supply of
water to Tawau town and the Semporna Peninsula located in south-eastern Sabah, Malaysia (Fig.
1). The park comprises 27,972 ha of evergreen
dipterocarp forest with some lower montane forest, and is located 24 kilometres from the Tawau
town. In the north, it connects to Ulu Kalumpang
Forest Reserve (50,736 ha), and the entire forest
block is surrounded by plantations, mainly of oil
palm (Phillipps and Phillipps, 2016; Tawau Hills
Park, 2018). Three main mountain peaks are sit-

Fig. 1. Map of Tawau Hills Park located at south-eastern part of Sabah, Malaysia. (Map created in QGIS version 3.16).
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uated in the park: Mount Magdalena (1312 m),
Mount Lucia (1202 m), and Mount Maria (1083
m). The Park not only fulfils its original intended
role, but is also a favourite recreation destination, especially for local residents, and supports
a rich diversity of native plants and animals.

Lucia. Using existing trails produces data unsuitable
for statistical analysis (Bibby et al., 1998; Hiby and
Krishna, 2001) but our aim was to simply document
hornbill occurrence.
Hornbill searching was carried out by a team of three,
starting from 06:30 to roughly 11:00 and again from
evening 16:00 to 18:00 (Table 1). The same team
members carried out all surveys. We performed
the surveys by continuously walking along the
trails (trail length 900 m to 3.3 km; Table 2). Opportunistic sightings away from the survey trails
were also recorded.

Field Survey
The survey was mainly focused in lowland forest
(i.e., near the Park headquarters) and on Mount Lucia (10.55 km away from the headquarters). We conducted the surveys for five days per week and three
weeks each month (from June 2020 to August 2020;
Table 1). Three existing trails in the lowland forests
were used as survey transects, and two on Mount

Binoculars were used as an aid to detect and
identify the birds. Photographs of hornbills were

Table 1. Hornbill survey sampling effort in the lowland forests and Mount Lucia of Tawau Hills Park, Sabah.
No. of survey days x hours/day

Total sampling

Lowland Forest
(around the headquarters
and the boundary of the
park)

25 days x 6.5 h
(June – mid-July 2020)

162.5 hours

Mount Lucia
(900 m a.s.l and 10.55 km
away from the headquarters)

20 days x 6.5 h
(mid-July – August 2020)

Total

130 hours

292.5 hours

Table 2. Trails used for hornbill survey and total length of each surveyed trail in Tawau Hills Park, Sabah.
Site/Trails

Length of trail (km)

Lowland Forest
Tallest Tree Trail
Sulphur Spring Trail
Canopy Walkway Trail

0.9
3.2
1.2

Mount Lucia
Peak of Mount Lucia
Argus Dancing Ground Trail

3.3
1.5
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taken using digital single-lens reflex (DSLR) cameras. We followed the “Birds of Borneo”, a standard field guidebook by Phillipps and Phillipps
(2016) to identify the birds. All team members
were able to identify hornbills to species level from
their calls.

commonly seen, heard, or both. Three species
(Rhinoceros, Helmeted and Wreathed) were
common on Mount Lucia, while White-crowned
and Bushy-crested Hornbills were less common
in the hilly region of THP. Oriental Pied Hornbills are a riverine forest and forest edge adapted species (Davies and Payne, 1982) and have
now even adapted to moderately man-modified environments or semi-urban areas (Banwell
and Lim, 2009) but the other seven species are
forest-dependent (Naish, 2015).

Results and Discussion
All eight species of hornbills known to occur in
Borneo were sighted in THP (Fig. 2). Of the eight
species, three are classified by IUCN as Critically Endangered or Endangered under IUCN
Red List. (Table 3). Oriental Pied and Wrinkled
hornbills were uncommon (i.e., rarely heard or
seen) whereas the remaining six species (i.e.,
Black, Bushy-crested, Rhinoceros, Helmeted,
Wreathed, and White-crowned hornbills) were

The availability of suitable nesting sites and key
food sources are the key limiting factors to the
breeding population size of hornbills (Poonswad,
1995; Anggraini et al., 2000; Naniwadekar et al.,
2015). Large forest blocks are necessary to provide
sufficient habitat to sustain breeding populations
of forest dependent-species (Kemp, 1995; Sitom-

Fig. 2. Example of location on the independent occurrence of sighted hornbill species situated at south-west of
the Tawau Hills Park. (Map created in QGIS version 3.16).
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Table 3. Checklist of hornbill species found in Tawau Hills Park from June to August 2020.
Hornbill Species

IUCN

Abundance

Helmeted Hornbill Rhinoplax vigil

CR

Commonly heard, rarely seen

Wrinkled Hornbill Rhabdotorrhinus corrugatus

EN

Rarely heard or seen

White-crowned Hornbill Berenicornis comatus

EN

Commonly heard and seen

Bushy-crested Hornbill Anorrhinus galeritus

NT

Commonly heard and seen

Black Hornbill Anthracoceros malayanus

VU

Commonly heard and seen

Rhinoceros Hornbill Buceros rhinoceros

VU

Commonly heard and seen

Wreathed Hornbill Rhyticeros undulatus

VU

Rarely heard but commonly seen

Oriental Pied Hornbill Anthracoceros albirostris

LC

Rarely heard or seen

CR = Critically Endangered, EN = Endangered, VU = Vulnerable, NT = Near Threatened,
LC = Least Concern

pul et al., 2004; Naish, 2015). Leighton (1982) estimated that at least 38,500 ha of forest is needed
for a minimum viable population of 50 pairs of the
large-bodied Helmeted Hornbill. Together THP
and Ulu Kalumpang Forest Reserve represent a single forest block of nearly 80,000 ha. The fragmentation and shrinking of natural forests in Borneo in
recent decades have resulted in blocks of habitat
that may be insufficient to sustain hornbill breeding
populations, due to both insufficient food sources
and large standing trees as nesting sites for these
cavity-nesters (Lambert and Collar, 2002). Hornbills are very selective in terms of choosing their
nesting sites. For example, studies have reported that the characteristic of nest entrances (e.g.,
shape and size), nest tree species, and the height
of the tree cavities do influence the recruitment of
hornbill assemblages in an area (Poonswad, 1995;
Datta and Rawat, 2004; Rahayuningsih et al., 2017;
Utoyo et al., 2017).

Sumba hornbills (Rhyticeros everetti) in Indonesia
and the abundance of ripe figs, provided that the
forest is large. Three fig species (Ficus subcordata,
Ficus cucurbitina, and Ficus villosa) were noted to
be common in THP. We sighted Helmeted, Rhinoceros, Wreathed, and Black Hornbills feeding
on the fruits of F. subcordata and F. cucurbitana.
According to Phillipps (2020), a total of 25 fig species have been recorded within and around the
boundary of THP. We suggest that hornbill diversity and abundance in THP may be in part due to
Ficus diversity and abundance there.
White-crowned and Black Hornbills were seen almost daily; and occasionally Rhinoceros Hornbill,
flying from the THP forest into adjacent oil palm
plantation to feed on oil palm fruits (Elaeis guinensis). Previous studies have demonstrated that
Asian hornbills have wide diet breadth (Datta,
2003). Moreover, they generally prefer red, yellow-orange, purple, or black fruits that are easily
visible and accessible in the canopy (Datta, 2003;
Kitamura et al., 2004; Kitamura et al., 2011). However, to what degree oil palm fruits contribute to
the dietary requirement of the birds in THP is unknown, and further evaluation is needed.

Figs (Ficus species, family Moraceae) represent
an important food source for hornbills. Common
fig species are important in hornbill diet and their
abundance has shown to have a positive correlation with the percent contribution in hornbill diet
(Datta, 2003). Sitompul et al. (2004) pointed out
that there is a correlation between the density of

Continuing tropical forest fragmentation and
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loss of old-growth forests, both within and outside protected areas represents a major concern for species survival; the priority mitigation
measure is to reconnect forest blocks through
restoration projects (Hansen et al., 2020). In the
context of hornbill conservation in THP and Ulu
Kalumpang Forest Reserve, we recommend
restoration projects that would specifically favour hornbills in the long term. One advantage
is that the hornbills, and other frugivorous bird
species, will tend to enhance the restoration effort by bringing additional seeds of additional
species into the restoration zone. A long-term
vision and effort is necessary. Sabah Softwood
Berhad, an agroforestry company has already
initiated implementation of such a project
through developing a 13.89 km wildlife corridor, with width ranging from 400 m to 800 m,
between Ulu Kalumpang Forest Reserve amd
Ulu Segama Forest Reserve further to the north
(Nathan et al., 2020).

landscape ecosystems to identify priority areas that need to be managed and monitored,
and thereby minimizing the impact of human
activities such as land-use conversion (Jain et
al., 2018). Besides, more wildlife corridors and
reforestation projects need to take place where
the trees replanted are figs and in particular,
hornbill favourite foods like the F. racemosa,
F. cucurbitina, F. benjamina and F. subcordata.
Workshops involving relevant stakeholders
(e.g. government agencies, NGOs, landowners) from different fields should be carried out
to deliberate about the current issues faced by
hornbills and measures needed to save them
from extinction. For example, illegal trading
elimination, protecting hornbill population and
their habitat, and providing information (i.e.
collect, analyse, update and share) to maintain
a healthy viable population are three main actions suggested in “Recommendations from
the Helmeted Hornbill Conservation Strategy
and Action Planning Workshop” that was held
in Kubah National Park, Sarawak (Jain et al.,
2018).

Conservation actions
One of the priority actions needed to protect
the hornbill species in Borneo is the enforcement of laws and legislations, both local and
international. The relevant authorities, such as
rangers, customs, wildlife officers, or police
should perform their duties full of responsibilities. This includes investigation of violation
cases, apprehending violators and issues fines,
collaboration with other law enforcement agencies, and patrol assigned areas regularly. This is
important to combat crimes like illegal logging
and wildlife trade.

A shortage of good nesting tree cavities could
be overcome by creating and placing artificial hornbill nests in the forest. Pasuwan et al.,
(2011) demonstrated that a pair of breeding
Great Hornbills (Buceros bicornis) used the artificial nest after a year it had been installed in
Budo Mountain, Southern Thailand, and the
number of hornbills utilizing the nest boxes has
increased steadily. Meanwhile, in Borneo, a pair
of Rhinoceros Hornbill has been reported using a
nest box in Kinabatangan and a fledged chick was
observed (Imrich, 2020). 1StopBorneo Wildlife, an
NGO, also installed a few nest boxes in Sukau and
found that one of the boxes was used by Oriental Pied Hornbills. Moreover, many artificial nests
have been put up and Oriental Pied Hornbills are
recorded to be nesting in people’s houses in Pa-

Apart from managing the existing protected
area, the state governments should also focus
on the forested landscape outside of the protected range. High Conservation Value (HCV)
assessments need to be performed on various
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naga Brunei. Thus, artificial nests do provide additional nesting opportunities for the hornbills, and
potentially increase viable population in the wild
(James et al., 2011; Pasuwan et al., 2011).

Beastall C, Shepherd CR, et al. 2016. Trade in
the Helmeted Hornbill Rhinoplax vigil: the
‘ivory hornbill’. Bird Conservation International
26(2):137-146.
Bennett EL, Nyaoi AJ and Sompud J. 1997.

Finally, nature conservation tourism can have a
positive impact on hornbills in Borneo. Not only
economically to the park or nature reserve, nature
tourism can also help in conserving and raising
awareness on hornbills in local ecosystems. Many
wildlife tourists are attracted by these large majestic birds and are willing to spend days looking
for and watching them. Thus, tourists can act as
eco-rangers indirectly, “patrolling” the park during
wildlife watching.

Hornbills Buceros spp. and culture in
northern Borneo: Can they continue to coexist? Biological Conservation 82(1):41-46.
Budiman, AW, and Rusman L. 2017. The Role
of Ficus crassiramea (Miq.) Miq. for Hornbill
Conservationin Borneo Fragmented Tropical
Rainforest in ICBS Conference Proceedings,
International Conference on Biological Science
Proceedings , KnE Life Sciences, pages 61–69.
doi:10.18502/kls.v3i4.688
Datta A and Rawat GS. 2003. Foraging patterns
of sympatric hornbills during the nonbreeding
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Photo 1. A Rhinoceros Hornbill on a fruiting

Photo 2. A male Oriental Pied Hornbill perched at

Caryota no, a palm species endemic to Borneo.

the entrance of the nest cavity.

Photo 3. A male Wrinkled Hornbill on the branch of

Photo 4. A female Bushy-crested Hornbill feeding on

a fig tree.

the fruit of Ficus cucurbitina.

Photo 5. A male Helmeted Hornbill perched at the

Photo 6. A White-crowned Hornbill was spotted at

entrance of nest cavity with food in its bill.

the boundary of Tawau Hills Park.
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Photo 7. Fruits of Ficus subcordata found in Tawau

Photo 8. Fruits of Ficus cucurbitina found in Tawau

Hills Park.

Hills Park.
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